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Abstract: Increasing disruption and turmoil continuously challenges organizations regarding the
achievement of short- and long-term objectives. Such a hostile environment results from both
the natural evolution of the business landscape complexity and the emergence of unpredictable
disruptive evets such as the COVID-19 pandemic. More than ever, organizations should continuously
develop business strategies that help them to become more agile, adaptative, sustainable, and
effectively respond to the countless business risks (threats and opportunities). Innovation, such as the
development and implementation of new technology, new ways of thinking and executing work, are
just some of the major factors that can help organizations to increase their likelihood of success. In this
work, is proposed the incorporation of a heuristic risk model into a typical organizational business
intelligence architecture, to identify collaborative critical success factors across the different phases of
a project life cycle which can be used to guide, monitor, and increase the success outcome likelihood of
ongoing and upcoming projects. Some benefits of the incorporation include: a higher speed regarding
the collection and treatment process of project collaborative data, the output of more accurate results
with residual bias associated, a timely and efficient 360◦ view regarding the identification of project
collaborative risks, and the impact (positive or/and negative) of these on a project’s outputs and
outcomes. Finally, the model capabilities of performing descriptive, predictive, and prescriptive
analysis, enables the generation of unique and actionable project’s lessons learned which can be used
to make more data-informed decisions, and thus enhances the achievement of sustainable competitive
advantages. The development and implementation of the proposed incorporation is illustrated with
a with a real case study.

Keywords: organizational risk management; organizational network analysis; critical success factors;
business intelligence architecture; sustainability; organizational digital transformation; industry 4.0

1. Introduction

The incredible pace of change caused by nature and human behavioral phenomena,
pressures organizations to be more flexible and agile [1,2]. In the actual business landscape,
essentially characterized by a gig economy model, organizations must craft and execute
strategies the most efficient and effective way possible, otherwise they risk disappearing.

A way that is simultaneously intriguing, fruitful, and dangerous, is to act on an orga-
nization’s intra- and inter-collaborative dimension to help organizations efficiently develop
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and implement their strategies. It is intriguing, because it is by nature a complex, hard to
understand, and still a very underresearched subject. It is fruitful, because if approached
correctly, it provides unique and competitive advantages. Finally, it is dangerous, because
if not performed correctly, organizations risk failure on a large scale. In other words, acting
on an organization’s intra- and inter-collaborative dimension, implies to understanding
the extent to which the myriad of organizational collaborative behaviors impact outputs
and outcomes.

In short, we can identify three different, but interrelated collaborative dimensions in
organizations. They are: (1) people, (2) environment, and (3) tools.

In the people dimension organizations should seek the implementation of effective
ways of working that simultaneously increase productivity and efficiency while reducing
costs, by addressing internal behavioral change and effective leadership. Effective lead-
ership, also known as a “no one-size fits all approach,” aims essentially to develop and
implement a customer centric approach and enable a better customer experience (elimi-
nate customer friction), incorporated in an organization’s mission, vision, values, brand
promise, and service credo [1,2]. Leadership is still about vision, buying in, empowerment,
adoption of an ambidextrous leadership style, and most of all, it is about producing useful
change [1,2].

In the tools dimension, organizations can use or/and develop techniques, processes,
frameworks, and procedures in order to increase efficiency, productivity, quality, safety,
and overall satisfaction (employees, customers, and suppliers) through a sustainable way
of thinking and executing work. Since the development of the management principles
by Henri Fayol in the 1920s, or the standardization of work developed by Henry Ford
in the 1930s, business, management and leadership tools, such Agile methodologies, Six
Sigma, Lean Management, Design thinking, Brainstorming, World Class Manufacturing
(WCM), Total Quality Management, Balanced Score Card, Flow Tree Diagrams, Cost Benefit
Analysis, just to name a few, have been helping organizations in the most diverse areas
such as finance, economy, engineering, medicine and so on, to become more efficient and
sustainable [3–5].

In today’s business landscape, essentially characterized by microchips, transistors,
telecommunications, and the internet of things, the fourth industrial revolution is heading
at full speed towards organizations [3–5]. Computers are redefining human experience
at a rapid pace, providing new solutions, greater possibilities, and unlocking secrets of
the universe. From driving cars to diagnosing disease, from sorting photographs to flying
planes, from optimizing crop yields to predicting climate patterns, today’s computing
platforms are advancing the human experience in positive and unpredictable ways [3–5].
Namely the advances in the data science field have been continuously providing orga-
nizations an efficient competitive advantage to run their business more efficiently [3–7].
Such advances enable the creation of more and diverse data (usually called Big Data) in an
astonishing speed stored in digital platforms, which is becoming more and more central in
the development of organizational strategies. Such Big Data can be analyzed by the appli-
cation of artificial intelligence tools, such as machine learning, or data mining techniques
(CRISP-DM or SEMMA frameworks for example) to perform descriptive, predictive, and
prescriptive business analysis [3–7]. However, if such data are not properly managed, it
may bring organizations many challenges and issues that are difficult to solve [3–5].

In recent years, enabled by the advance of the internet of things (the ability of being
connected), organizations have been developing digital structures that collect and analyze
data to create knowledge for sustainable business [1,3–5]. A very popular structure known
as Business intelligence (BI) architecture analyzes large sets of internal, and external orga-
nizational data in order to find hidden unique insights (behavioral patterns and trends)
to produce actionable business insights to help organizations in the decision-making pro-
cess [3,4]. A BI architecture is a networked digital structure that is analysis structured, and
unstructured data allocated in systems such as supervisory control and data acquisition
(SCADA), that arrives from many different business sources, such as finance, human re-



Sustainability 2022, 14, 3234 3 of 24

sources, engineering, sales, marketing, just to name a few [3–5]. According to research,
organizational BI structures are responsible for predicting over 70% accuracy in online
marketing campaigns [6]. BI structures can help organizations to manage internal and
external Big Data to create unique insights, such as predicting customer and brand lifetime
value, predicting customer churn, predicting customer segmentation, predicting disease
spread, performing predictive maintenance, performing risk modelling, performing fraud
detection, performing sentiment analysis, and performing predictive up and cross sell, just
to name a very few [4–6].

In the environment dimension which regards not only to the environment as the
nature of mother earth but also where organizations exist and operate, aspects, such as
how organizations position themselves in the market, analyze and understand the different
business needs, develop strategic business plans, integrate different working cultures,
predict how disruptive changes may affect well-established business models, their internal
organizational structure, circular economy, and the three principal pillars of sustainability,
just to name a few, are of critical importance to organizations [7–9].

The three mentioned dimensions aim to ground stability and dynamism, built upon
a network of teams within a people-centered culture that operates in rapid learning and
fast decision cycles which are enabled by technology and guided by a powerful common
purpose to co-create value for all stakeholders [8]. Continuously improving the three
mentioned dimensions will contribute to transforming organizations into agile organisms
enabling them the ability to quickly and efficiently reconfigure strategies, structures, pro-
cesses, people, and technologies in order to keep delivering value and minimize the loss of
opportunities in today’s volatile, uncertain, complex, and ambiguous (VUCA) business
landscape [7,8].

However, despite all the advances in the three dimensions described above, there
are still many challenges that organizations must overcome in a daily basis. For example,
effective decision-making is almost fully dependent upon high quality and on timely
information; thus, only when having reliable systems that in a timely manner outputs
meaningful information, can decision-making become more efficient and effective [7–9].
Another example of a challenge is that digitalization process has not been always successful.
This essentially occurs because organizations are quickly realizing that they lack proper
foundational digital platforms and systems on which to build other applications in a
scalable, competitive way [7].

In this study is proposed the incorporation of a heuristic project risk model used to
identify project critical success factors (the POL model [9]) developed based on three key
pillars (1) project management, (2) risk management, and (3) social network analyses) into
a typical organizational BI architecture. In Figure 1 is illustrated the overall incorporation
process. The heuristic project risk model analysis all the different phases of a project lifecycle
in search for unique repeatable behavioral patterns that are associated to successful, and
unsuccessful delivered projects.

The incorporation of the heuristic risk model into a BI architecture contributes to
the development of several interrelated organizational and social dimensions, such as
innovation, working culture, sustainability, competitive advantages, and digitalization
just to name a few. Concretely, the proposed incorporation aims to make organizational
processes and procedures more effective and efficient as these are critical aspects of success
in organizations as suggested by several research [1,3,5,6,8–12]. The overall process of the
incorporation is illustrated in a case study where all the steps are detailed. The importance
of illustrating the overall process through the illustration of a case study relies in the
complexity associated with the overall incorporation process due to the fact that it comprises
the connection of several different organizational areas.
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Figure 1. Incorporation of a heuristic project risk model into a BI architecture. Adapted from [10].

The main aim of the incorporation is to illustrate how organizations can explore poten-
tial hidden opportunities to drive sustainable business and achieve competitive advantages,
using the capabilities offered by the tools and techniques comprised in the actual data
science package (intelligent networks, data mining, algorithms, metrics, machine learning
and so on), to understand in a measurable way how the different working cultures that
exist within and between organizations impact their outcomes and outputs.

As a result of the proposed incorporation, organizations obtain higher speed regarding
the collection and treatment process of project collaborative data, more accurate results with
residual bias associated, and a timely and efficient 360◦ view regarding the identification of
project collaborative risks and the impact (positive or/and negative) of these on project’s
outputs and outcomes. Still the capabilities of the model to be incorporated in performing
descriptive, predictive, and prescriptive analysis, enables the generation of unique and
actionable project lessons learned which can be used to make more data-informed decisions,
and thus enhance the achievement of sustainable competitive advantages.

The proposed incorporation is aligned with the latest research concerning the impor-
tance of data in an organizational and social dimension, highlighted in the well-known
terms of industry 4.0 and the organizational digital transformation process [3,12]. In this
regard, it provides organizations a more valuable and data-driven approach regarding
the management of organizational collaborative initiatives which is possible because the
proposed incorporation automates the processes of collection, processing, and analysis of
behavioral data associated with successful and unsuccessful project outcomes, enabling
a continuously refining process regarding the identification of project critical successful
factors through a continuous improvement cycle which is characterized as a supervised
machine learning model. The proposed incorporation will also enable to better under-
stand the relationship between dynamic interactions and innovation by analyzing in a
more data-informed approach the implications that key innovation factors proposed by
several researchers, such as diversity and inclusion [13,14], the adoption of an ambidex-
trous leadership style [2], or still the adoption of a more hands-on approach regarding the
management innovative collaborative networks [15] have in innovation outcomes. This is
particularly important in organizational and research dimensions because it is aligned with
several research that argue that innovation is a primary source of competitive advantages
and success [16,17]; however, very little is known about the real factors (individual and
collective) that drive innovation [18].
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Still, the proposed incorporation enables to measure the importance of the mix of
formal and informal organizational networks more accurately in an organizational context,
which will help to support or contradict either research that argues the importance of
informal organizational networks in improving performance and innovation [19–22], or
research that argues that other factors have higher importance in improving performance
and innovation [23]. In this area, the proposed incorporation will be crucial to shed light
in which behaviors lead to the two collaborative extremes ((1) collaborative overload
or (2) lack of collaboration), that ultimately may lead to the emergence of event risks,
variability risks, ambiguity risks, emergent risks, and collaborative risks as proposed by
several research [24–26].

Finally, the efficient application of the proposed incorporation contributes to the to the
three fundamental pillars of sustainability ((1) economic, (2) social, and (3) environmen-
tal [27–29]), which according to research can be a fruitful source of benefits which includes
an increase in revenue (organizations that engage in sustainable initiatives experience at
about 20% of increase revenue, 16% of cost reduction, and 30% increased brand value [28]),
and a change in consumer behaviors (more than 50% of consumers are willing to pay 5%
more for products delivered and produced in a sustainable way, and 76% would wait one
extra day for a delivery [27]).

2. Literature Review
2.1. Risk Management in Organizations

According to the Project Management Institute (PMI) a project can be defined as a
temporary endeavor with a well-defined start and finish, that aims for the creation of
a unique value, product, or service [30]. It is through the efficient accomplishment of
projects that organizations deliver value and execute their strategies [30,31]. Such tools and
techniques usually comprise a set of best practices based on lessons learned, which have
been collected across many years of experience and are supported essentially by math and
statistics. Project management can be defined as the application of knowledge, skills, tools,
and techniques to project activities, to meet project requirements, across all the different
project phases of a project lifecycle [30].

However, regardless of how an organization is equipped with the best tools and
techniques and best practices, implementing a project is always associated with risks
(threats or/and opportunities). Risk can be defined as an uncertain event or a set of
circumstances that, should they occur, will have an effect (positive or negative) on the
achievement of one or more objectives [30]. In project management, risks are usually
associated with how they impact project scope, quality, schedule, costs, and resources, the
so-called project triple constraints [30]. Some types of risks include [25,26] event risks (risks
related to something that has not yet happened, but if it does happen, it will impact on
one or more project objectives), variability risks (characterized by a number of possible
known outcomes but one does not exactly know which one will really occur), ambiguity
risks (uncertainties that emerge from lack of knowledge or understanding, also called of
know-how and know-what risks which may include the application of new technology,
market conditions, competitor capability or intentions, and so on), emergent risks (known
as “Black Swans”, such risks cannot be seen because they are outside a person’s experience
or mindset that usually they arise from game-changers and paradigm shifters, such as the
release of disruptive inventions or products), and collaborative risks (risks that arise from
the different behavioral patterns of project entities such as individual stakeholders, groups,
departments, organizations, across a project lifecycle).

Project risks can be seen as project critical success factors as proposed by project man-
agement authors and researchers [31–33]. Project critical factors may include experience of
project teams, project manager’s ability to solve problems [31], poor management during
the strategy formulation stage [33], project mission not properly defined, lack of top man-
agement support, undetailed project schedule, poor client consultation (voice of customer),
lack of necessary and proper technology, and expertise, ambiguity client acceptance, lack
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of proper monitoring and feedback of project activities, poor communication, and non-
readiness to handle crises and deviations from plans or contingency plans, just to name
a few. Project risk management, which combines the project management and the risk
management scientific fields, can be defined as the whole process (that includes principles,
frameworks, procedures, standards, and application of best practices) that comprises a
set of well-defined and structured steps, supported by mathematical approaches such as
statistics and probability, to effectively and efficiently manage a variety of risks in projects
(as the above mentioned) that may emerge across the different phases of a project lifecycle.

A very popular standard that helps organizations to manage risk is provided by the
International Organization for Standardization (ISO) 31000:2018 [34].

This standard contains a set of well-defined principles that aim the creation of value in
organizations by effectively identifying and managing risks guided by eight sequential and
circular well-structured steps as illustrated in Figure 2b. These include: (1) establishing
scope, context and criteria (defining risk management scope activities, which includes
internal and external context where organizations seeks to define and achieve its objectives,
and risk criteria which specifies the amount of risk that an organization is willing to take);
(2) risk identification (finding, recognizing and describing risks that might help or prevent
an organization achieving its objectives); (3) risk analysis (understand the nature of risk,
uncertainties, risk sources, consequences, likelihood, events, scenarios, controls, and their
effectiveness); (4) risk evaluation (comparing risk analysis results with established risk
criteria to determine where additional action is required); (5) risk treatment (specify risk
treatment and monitoring plans); (6) record and reporting (continuously monitoring and
reviewing the evolution of identified risks and the efficacy of applied controlled measures);
(7) communication and consultation (the diffusion of risk related information across orga-
nizational structure); and finally (8) monitoring and review (includes the monitoring of
implemented measures, and the emergence of new risks).

Figure 2. Risk management process according to the PMI [30] (a), and the ISO [34] (b).



Sustainability 2022, 14, 3234 7 of 24

The ISO 31000:2018 standard is a high-level perspective approach that can be incorpo-
rated and adapted into each organizational risk management structure. To a certain extent
and with the respective adaptations, such as what the PMI performed, as it defined their
project risk management standard approach as illustrated in Figure 2a [30]. The PMI’s
approach includes seven circular well-structured steps, which mirror the risk management
standard proposed by the ISO 31000:2018 illustrated in Figure 2b. These include: (1) plan
risk management (the process of defining how to conduct risk management activities for
a project); (2) identify risks (the process of identifying individual project risks as well as
sources of overall project risk, and documenting their characteristics); (3) perform qualita-
tive risk analysis (the process of prioritizing individual project risks for further analysis
or action by assessing their probability of occurrence and impact as well as other charac-
teristics); (4) perform qualitative risk analysis (the process of numerically analyzing the
combined effect of identified individual project risks and other sources of uncertainty on
overall project objectives); (5) plan risk responses (the process of developing options, select-
ing strategies, and agreeing on actions to address overall project risk exposure, as well as to
treat individual project risks); (6) implement risk responses (the process of implementing
agreed-upon risk response plans); and finally (7) monitor risks (the process of monitoring
the implementation of agreed-upon risk response plans, tracking identified risks, identi-
fying and analyzing new risks, and evaluating risk process effectiveness throughout the
project). The heuristic risk model to be incorporated into a BI architecture, was developed
as a functioning philosophy of approaches to risk management defined in both the ISO and
the PMI risk management standards as illustrated above.

2.2. Social Network Analysis in Organizations

The application of graph theory to analyze social behavior has exponentially increased
over the years [35–37]. Such application, known today as a social network analysis (SNA),
can be defined as the application of graph theory to study the dynamic interaction of
entities within a network [36,37]. The SNA focuses on relationships between entities rather
than entity’s individual attributes [36,37]. It assumes that social actors such as individuals,
groups, or organizations, are embedded within a network of interdependent relationships
with other social actors, where the intersection of such relationships defines an individual’s
role, its position in the social organizational structure, or even an organization’s position in
the market [36–39]. A typical social network can be defined as a set of entities (E1, . . . , En)
also called of nodes or actors, which can be characterized by some of their attributes, such
as their age, sex, beliefs, educations, social status, and are usually connected by directed or
reciprocal links that represent preferences [36]. Such entities may represent individuals,
groups, or organizations, whereas the connections represent a given relationships between
those entities such as like, dislike, advice, friendship, trust, support, interest, and depen-
dency just to name a few [36]. In Figure 3 are illustrated the typical SNA steps (Figure 3a)
and a typical social network representation (Figure 3b).

The typical steps to run an SNA include (Figure 3a) [19]: (1) identify a strategically
important group (target an important group within an organization, defining the bound-
aries which may include the function, department, key people, a particular community
or even a country and the type (degree detail) of information to be collected, that must
be analyzed internally and cross functional); (2) access meaningful and actionable rela-
tionships (define how to obtain valuable and insightful information without too much
disturbance by strategically develop observations, surveys, or consulting logs or email
communication); (3) map relationships (following the process of mapping it as illustrated
in Figure 3b); (4) visual analyses results (when a social network is not too dense to be
analyzed with a naked eye as in Figure 3b, it is possible to immediately draw conclusions);
(5) quantitative analyses results (consists in the application of SNA metrics to quantitatively
measure mapped interactions); (6) create meaningful feedback sessions or follow-up (orga-
nize and execute follow-up interviews); (7) implement supportive or corrective measures
in order to aim to a desired status, (8) assess progress and effectiveness (continuously
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monitoring of effectiveness of implemented measures); and finally (9) re-assess (perform
another SNA assessment usually after a period of 9 up to 12 months to asses effectiveness
of implemented measures).

Figure 3. Typical nine SNA assessment steps (a), and the typical representation of a social network (b).

The SNA process can be categorized into five different dimensions. They are [38,39]:
(1) structure (mapping of relationship patterns among the different entities and can be mea-
sured at individual and collective level with the application of SNA centrality metrics such
as in/out/total degree, closeness, betweenness, prestige (for individual), and connectivity,
centralization, density, transitivity (for collective); (2) relationships (characterization of time
dependent, intimacy dependent, emotional intensity and reciprocity dependent links (ties)
between actors within a network such as strong and weak ties, negative or positive ties,
directed or indirect ties, weighted or non-weighted ties, frequency, tie’s stability over time,
tie’s multiplexity and so on); (3) resources (analysis of the relationship between tie quantity
and strength and actor’s resources); (4) attributes (analysis of the relationships between
actors personality and position within the network’s structure); and (5) cognition (focuses
on individuals’ cognitive interpretations of the network, how an actor is perceived in the
network related to power, prestige, influence and so on).

Because it is very difficult to find anything that is not one way or the other connected,
SNA can be applied in a wide range of different areas such as agriculture [40], organizational
science industry, management, and leadership [41], and political science [42], just to name
a few. Because dynamic relationships are complex by nature, they cannot be explained by
traditional social theory and data analysis methods, rather by methods that are based on
sociology which take into consideration the individual’s social context in the process of
making choices [9]. SNA is the most accurate and appropriated approach to study and
analyze such dynamic relationships by applying a variety of centrality metrics developed
based on graph theory [9,36], a mathematical structure that is used to model pairwise
relationships between entities such as persons, organizations, departments and so on [9,36],
that contributes to explain the way social structures evolve across time, and how they
impact the environment where they exist [43].

In an organizational context, the application of SNA can be translated as the chal-
lenge of correlating the countless actor’s dynamic interaction behavioral patterns, with
organizational outcomes (for example a project’s outcome, successful or unsuccessful) [9].

Assessing and understanding how the mix of formal and informal organizational net-
works impact organizational outputs and outcomes, can be leveraged to improve decision
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making. Regarding organizational performance measurement, it is highly appropriate that
the study of organizational behavior, as one of the most critical aspects in organizational
performance, focuses on the attributes of individuals [38,39]. However, exclusive focus on
the individual in isolation to search characteristics that defines a successful employee, does
not see the entire picture.

Though individual skills and expertise are important and to a certain extent decisive,
the way people jointly work, and the function of both the attributes of the people and
their environments, are even more decisive when it comes to performance and innova-
tion [9,22,39]. The application of SNA in organizations has been gaining high popularity
across the recent years essentially because it enables to map networks of informal col-
laboration (usually a mix between formal and informal networks of collaboration) such
as communication (who and with which frequency communicates with who regarding
personal and professional subjects), information-flow (how information flows within and
across functional departments), problem solving or advice (who goes to whom for advice
or expertise know-how on work or personal related matters), know-how (who knows what
and how), access (who has access to whom), and trust (who trusts whom), just to name a
few [9,44].

In a social network, centrality refers to the structural location of an entity, rather than
the entity’s own inherent attributes such as age, tender, or gender just to name a few [35,36].
Research suggests that centrality is a measure of importance, influence, prestige, control,
and prominence and it can be quantitatively measured by the application of graph theory
centrality metrics [45,46]. In a project management environment, network centrality is
associated with informal power in collaborative social networks [9] that will influence
coordination and decision making in project management and ultimately influence project
outcome, such as success or failure [47–49]. The heuristic risk model to be incorporated
into a BI architecture, was developed as an analytical tool for application of the SNA tools
and techniques in the quantitative identification of the different behavioral patterns across
the different phases of a project lifecycle.

2.3. Business Intelligence Architecture in Organizations

Business intelligence (BI) can be simply defined as a set of strategies and technologies
used by an organization for the data analysis of business information [50]. BI comprises a set
of tools, methodologies, systematic processes, technologies, frameworks, and architectures
that acquire or collect, transform (usually organizational business data) from both internal
and external raw data into insightful, valuable, actionable and meaningful information
that organizations can use to understand past, actual, and future business trends such as
consumer behavioral patterns, supporting them in a more efficient and effective way in the
organizational strategical decision-making process [51].

The term business intelligence is credit to Howard Dresner, who described BI as being
a set of concepts and methods to improve business decision-making processes by using
fact-based computerized support systems [52]. A BI architecture describes the standards
and policies for organizing data through the help of computer-based tools, techniques and
technologies that originate business intelligence systems used for data collection, analysis,
and reporting [10–12,52]. Although several literatures show the countless benefits of a BI
architecture, research argues that such benefits are not always clear, essentially due to the
application of non-efficient metrics [52,53].

BI comprises many interrelated dynamic areas or components such as data science,
data mining, machine learning, Big Data, data analytics, business analysis, systems en-
gineers, risk management, programming, just to name a few [11]. Usually, a typical
organizational BI has an architecture as it is illustrated in Figure 4 [10].

In Figure 4 is illustrated the typical architecture (the flow diagram throughout the
information is acquired, treated, and disseminated) and main components (comprised
by data sources, data management systems known as extract, transform and load, data
warehouses, business analytics, and reporting) of a business intelligence system.
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Figure 4. Typical BI architecture. Adapted from [10].

First a typical BI architecture implies to have an organizational dynamic intercon-
nected network of communication where information that is produced, internally and/or
externally acquired (data source) from diverse organizational areas such as sales, finance,
human resources engineering, marketing, or directly from diverse organizational data
systems such as customer relationship management (CRM) or enterprise resource planning
(ERP) or simply just single office or other files formats, can be easily accessed and are fully
readable [10].

Second, the accessible and readable information available in such databases, undergoes
an extraction process that consists of cleaning, consolidating, and transforming, so that such
information contained in diverse data sources, can fit into the data warehouse “architecture”.
After that, the treated information is loaded into the data warehouse. This is the process
of extracting (pull data from external sources), transforming (transform pulled data into
demanded standards) and loading (data converted into a data warehouse) BI information
(ETL), also called the data incorporation process. For example, this process essentially
extracts data from a sales database and transforms it (combines, matches and so on), to fit
in the model of the data warehouse tables. For example, a tool to execute such process can
be the SQL Server Incorporation Service (SSIS), which essentially connects to multiple data
sources such as Oracle, DB2, Text Files, XML, Web services, SQL Server, and so on.

Third, the BI data warehouse store data that arise from the ETL data entry point [10].
Data warehouses are built on normalization standards, which are efficient for transactional
systems, for example, to reduce redundancy and increase performance of queries for reports
and analytics. BI systems and tools make use of data warehouses as a source of information
to generate reposts and analyses.

Fourth, although data warehouses that are designed to be the source of analysis and
reports work much faster than operational systems for producing reports, they are still not
fast enough to cover all requirements (queries). This happens because a data warehouse
it is still a relational database, and databases have several constraints that reduce the
response time of a given query. The requirement for faster processing and a lower response
time on one hand, and aggregated information on another hand, originates another layer
in BI systems. This layer, called the data model (BI Semantic Model (BISM)), contains
a file-based or memory-based model of the data for producing very quick responses to
reports and visualizations [10]. One of the most well-known solutions for a data model, is



Sustainability 2022, 14, 3234 11 of 24

provided by Microsoft and is split into two technologies: the OLA cube technology (also
called multidimensional), which is a file-based data storage that loads data from a data
warehouse into a cube model, which contains descriptive information as dimensions (for
example, customer and product) and cells (for example, facts and measures, such as sales
and discount), and the in-memory tabular model, which is faster in terms of response
time than the OLA cube model. The in-memory tabular model loads all data rows from
tables into the memory and responds to queries directly from memory. Both, tabular and
multidimensional solutions, are provided by Microsoft is a combination of SQL server
analysis services (SSAS), and the BI semantic model (BISM).

Fifth, the reporting and visualization BI system, is the part that the final user can see.
Final information can be visualized through several different methods such as strategic and
tactical dashboards, scorecards, critical success factors (CSFs), key performance indicators
(KPIs) and detailed or consolidated reports [10]. There are countless applications to visual-
ize results and create reports such as the Microsoft Power BI (from Microsoft) or Tableau
(from Salesforce) or even simply Microsoft Excel (from Microsoft) just to name a few.

Finally, every organization that has a BI architecture has a master data management
(MDM) system process and data quality services (DQSs). An MDM is the process of
maintaining the single version of truth for master data entities across multiple systems [10].

Alongside the data warehouse, one of the most important components from a BI
system is the business analytics (BAs), or simply the analytics. BAs can be simply defined
as a continuous and iterative exploration of past business performance [11]. BA is the com-
ponent of BI that analyzes collected, transformed, and treated raw data collected through
several different data sources, searching for patterns in such data, enabling organizations
to predict trends. It enables organizations to learn from the past and make better and
more data-driven decisions for the future and make better business adjustments to ongoing
business activities to improve business outcomes. BAs can be divided in six different
stages, ((1) descriptive, (2) exploratory, (3) explanatory, (4) predictive, (5) perspective and
(6) experimental) and function on two timelines (the past and the future). In Table 1, are
illustrated the different BA stages function of the two timelines and a brief description on
each one of them [11].

Table 1. Business analytics stages.

Point in Time Analytics Stage Stage Question Brief Description

Analysis about
the past

Descriptive What happened?
Resume facts about the performance of a business for
example. Consulting business records, logs, outputs,
and outcomes.

Exploratory What is going on?
Dive deep into the data to understand patterns and
confirm hypothesis either using ad hoc software or
simply follow leads.

Explanatory Why did it happen?

Identify root causes for outputs and outcomes by
following methodical processes such as storytelling,
structured interviews, social network analysis,
and so on.

Analysis about
the future

Predictive What will happen?
Identify the likelihood of future outcomes based on
historical data. Correlations between past events
(situations) and past outcomes.

Prescriptive How do we take advantage?
Identify ways and means to take advantage of the
findings and predictions. This can be performed
through simulations.

Experimental How well will it work?
Test hypothesis or alternatives to understand actual
performance on the field. This can be performed on
the filed in a real case.
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As it is illustrated in Table 1, there are six different stages in business analytics, where
three of them are related with the analysis of the past, and three are related with the analysis
of the future. Being able to efficiently analyze interpreter data is a critical success factor to
accurately predict future trends, outputs, and outcomes such as a project outcome (success
or failure). The heuristic risk model is to be incorporated into the above-described typical
BI architecture.

3. Materials and Methods

In this section is illustrated the incorporation process of the heuristic project risk
model (the heuristic risk model (project outcome likelihood model) [9]) to identify project
critical success factors into an organizational business intelligence architecture. First it is
introduced the project risk model to be incorporation into a BI architecture, and then the
incorporation the project risk model into a typical BI architecture.

3.1. Introduction to the Heuristic Project Risk Model

In Figure 5 is illustrated the project risk model to be integrated into a BI architecture.
The heuristic project-risk model [9] illustrated in Figure 5, has as major function the identi-
fication of project critical success factors across the different phases of a project lifecycle.

Figure 5. The heuristic risk model functioning principle, adapted from [9].

The model illustrated in Figure 5 was developed based on three principles: (1) project
management (contributes to the terminology used in project management, and the structure
of a project lifecycle), (2) social network analysis (contributes to the tools and techniques
to uncover and measure the dynamic interactions of project people throughout a project
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lifecycle), and (3) risk management (contributes to the risk identification and treatment
process and framework). The model was divided in two parts.

In part 1 the model identifies and quantitatively measures critical success factors from
past delivered projects regarding how to project people’s dynamic interaction across a
project lifecycle. First, specific data collected in project meetings, mails, and surveys, form
successful and unsuccessful delivered projects are collected according to outcome type
(successful or unsuccessful delivered) analyzed through the application of SNA centrality
metrics and statistics. Then, for each set of analyzed successful and unsuccessful delivered
projects, two project’s profiles are be created. One profile characterizes all successfully
delivered projects (PSP), and the other profile characterizes all unsuccessful delivered
projects (PFP). The characterization is quantitatively performed by the application of the
same SNA centrality metrics in both successful and unsuccessful delivered projects. After
that, the model compares each metric of successful against unsuccessful delivered projects
searching for unique repeatable behavioral patterns (RDBPs) for success and unsuccessful
delivered projects. Finally, if the value of a given metric has a different value for the
successful delivered project from the unsuccessful delivered project (if RDBP are found), a
project critical success factor is identified (CSFs). The contrary is also true.

In part 2 the heuristic risk model uses the identified critical success factors in part 1 to
provide guidance to upcoming projects, in order to enhance the chances of project success
outcome. First, for an ongoing project the same approach from part 1 is undertaken to
create the actual point project profile (AP_PP), and then the values are compared with
the values that are the critical success factors (identified in part 1), and the function of the
output; the model indicates if the project is heading to a successful outcome (if the AP_PP
values are aligned with the CSFs), or if not (if the values of the AP_PP are not aligned
with the CSFs). In order to identify critical success factors, the project risk model analyzes
five global collaboration types. They are: (1) communication and insight, (2) internal and
cross boundaries-collaboration, (3) know-how sharing and power, (4) clustering (variability
effect, PSNVar), and (5) teamwork efficiency. They are illustrated in Table 2.

Table 2. The five global collaboration types of the heuristic risk model [9].

1. Communication and insight

Analyzes how important project stakeholders are conducting the project
communication, and the impact in project outcome. Analyzes the feedback
level between the different project teams, the impact of the presence of
important stakeholders in project outcomes, how the internal and external
mail communication is made, and so on.

2. Internal and cross boundaries-collaboration
Analyzes to which extent is one team more dependent on the other,
regarding project related information across the different phases of a project
lifecycle, and the volume of E-mail sent to seek and provide project-related
information, and the impact in project outcome.

3. Know-how sharing and power
Analyzes the extent to which project-related information provided by one
team to other team or teams is recognized as important and decisive, and the
impact for a certain project outcome.

4. Clustering (variability effect, PSNVar)
Analyzes the extent to which the variability (changing the project team set) of
the project social network across all phases of a project lifecycle, influences
project outcome.

5. Teamwork efficiency
Analyzes the extent to which a project outcome is associated to the feedback
speed of project information-related between different project teams across
all phases of a project lifecycle.

Each of the five global collaboration types are analyzed by the application of developed
metrics based on SNA centrality metrics, such as Role attendee Degree, Mail cohesion
Degree, Feedback Degree, Information Seeking/Providing Degree, Action Key Players,
Meetings Cohesion Degree, and Transferring speed [9]. The application and incorporation
of the heuristic risk model into a typical BI architecture comprises two essential analyses:
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(1) analysis about the past (the descriptive, exploratory, and explanatory analysis), and the
(2) analysis about the future (the predictive, prescriptive, and experimental analysis). These
two essential analyses are illustrated in Table 3. In Table 3 are illustrated the relationships
between the project risk model [9], the ISO risk management process [34], and a typical BI
architecture [10,11].

Table 3. Relationships between the heuristic risk model, ISO Risk management process and a
BI architecture.

SNA Assessment Approach
(Heuristic Risk Model) ISO Risk Management Process BI Architecture Components (BA)

Identify a strategically important group.
Objective: Successful and unsuccessful
delivered projects. Project dynamic
collaboration data from the different
phases of a project lifecycle.

Scope, context and criteria

Analysis about the past.
It comprises the following

three analytics components:
1. Descriptive,
2. Exploratory,
3. Explanatory

Assess meaningful and actionable
relationships. Objective: collect, and
prepare collaborative data (mails,
meetings, and surveys) from successful,
and unsuccessful delivered projects from
the different phases of a project lifecycle.

Risk identification

Visualize the results. Objective: prepare
and draw social network relationships
maps function of collected information

Risk analysis

Quantitatively analyze the results.
Objective: Prepare and calculate
network’s relationships centrality metrics
function of collected information.
Identify project critical success factors.

Risk evaluation

Create meaningful feedback sessions.
Objective: discuss and implement
corrective measure function of identified
project critical success factors.

Risk treatment
Analysis about the future.
It comprises the following

three analytics components:
4. Predictive,

5. Prescriptive,
6. Experimental

Recording and reporting

Communication and consultation

Assessing progress and effectiveness.
Objective: prepare social networks
relationships maps.

Monitoring, and reviewing

As it can be seen in Table 3, two major blocks can be defined. The first block regards
the analysis about the past (essentially descriptive analysis), and the second block regards
the analysis of the future (essentially predictive analysis).

The first block concerns three analytic types (descriptive, exploratory, and explana-
tory). These correspond to part 1 of the heuristic risk model where project critical success
factors are identified. This includes identifying strategically important groups, assessing
meaningful and actionable relationships, visualizing the results, and quantitatively analyz-
ing the results. In terms of the risk management approach, the first block comprises the
activities of scope, context and criteria, risk identification, risk analysis, and risk evaluation.

The second block concerns the analysis about the future comprising three analytics
(predictive, prescriptive, and experimental) which correspond to the part of the heuristic
risk model where identified project critical success factors are used to support or guide
upcoming projects. In terms of a typical SNA assessment, it comprises the activities of
creating meaningful feedback sessions and define and implement corrective or supportive
measures and assess progress and effectiveness of implemented measures. In terms of
risk management approach, the second block comprises the activities of risk treatment,
recording and reporting, communication, and consultation, and monitoring and reviewing.
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3.2. Incorporation Process of the Heuristic Risk Model into a Typical Business
Intelligence Architecture

In this section the incorporation of the project risk model into a typical organizational
BI architecture is illustrated. In Figure 6 is illustrated a typical organizational BI architec-
ture [10] (grey), and the incorporation of the project risk model structure (orange) into the
BI structure.

Figure 6. Incorporation of the heuristic project risk model into a typical BI architecture.

Before initiating the steps illustrated in Figure 6, a “logical place” (also known as the IT
infrastructure) within an organization must be created. This step includes all the tasks and
activities related with IT in order to create the necessary networks of communication which
supports the collecting, storing, analyzing, and reporting systems. In Table 4 is illustrated
the respective steps illustrated in Figure 6.
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Table 4. Incorporation process steps of the heuristic risk model into a BI architecture.

Step Description

1

Relational data from collaborative successful and unsuccessful delivered projects must be collected using methods, such
as surveys, observations, and logs. Collected data should mirror the five global collaboration. types (5-GCT) of the
project risk model. Because the heuristic approach does not guarantee optimal or perfect results, the more projects that
are analyzed, the more reliable is the identification of project critical success factors.

2
Collected data are stored initially in a dedicated database. This database can be developed in any type of the most
recommended available software if it remains reliable across time. This database is the one which contains the
information related to projects that were successful and unsuccessful (temporarily).

3
Temporarily stored data undergo a process of cleaning, treatment, and validation of collected data ETL process (extract,
transform and load (ETL) process) which essentially consists in efficiently extracting necessary and sufficient
information for the next steps.

4 Treated data are first stored in a database called a data warehouse. The data stored in the data warehouse are data that
are already in the respective database format (usually in matrixial form) and ready to be analyzed.

5

Stored data in the data warehouse go through an analytic process. In this step, a set of SNA centrality metrics such as
degree, in-degree, out-degree, betweenness, closeness, among others, are applied to the collected data in order to
quantitatively measure the dynamic interactions of project people across the different phases of a project lifecycle
captured in project meetings, mails, and surveys. The analysis process aims for the identification of project critical
success factors across the different phases of a project lifecycle of delivered projects. It is in this step, the project risk
model concludes if there are or not critical success factors, and functions of the analyzed data.

6

Once the calculations are executed, the results may be displayed in charts (bar, circular, spider, and so on) and in
network diagrams (graphs). Usually, results illustrated in charts regard the factors that are identified as critical for
project success as well as the associated numerical value for each factor function of a given SNA centrality metric. The
results illustrated in a network form (graphs) show the mapping of organizational relationships that are the mirror of
the mix of formal and informal dynamic relationships between project stakeholders across the different phases of a
project lifecycle. Both, charts, and networked results, are vital to the next step where decisions are to be taken.

7

The decision-making process takes place. Here, due to the function of the results obtained, decisions are taken in order
to align the identified dynamic behavioral collaboration patterns with the organizational goals and objectives. Once the
decision-making process is over, and the managers know what actions they need to take in order to guide the project
people to the successful dynamic behaviors, it is time to implement them in an ongoing or upcoming project.

8

Once decisions are agreed upon, it is vital to implement them in the most efficient way possible. In this step which
direction a project (ongoing project) is heading is measured and monitored (success or failure). This analysis is formed
through the comparison between implemented measures of a function of the information of the critical success factors,
and the ongoing status of a project.

9

At the end of a given project, all the produced relational data aree collected and associated to the respective project
outcome. These data then go to the heuristic risk model database (2) as new input data for the identification of project
critical success factors. This initiates the automatic continuously improvement cycle of refining project critical success
factors. In this step, the data collected from a finished project (either successful or unsuccessful) are analyzed through
the same circuit from steps 1 to 9.

4. Application Case and Results
4.1. Introduction to the Case Study

A small organization in northern Europe in the life sciences area decided to incorporate
the heuristic project risk model into their BI architecture. The incorporation took place in
2019. The organization (named as organization A in this work due to legal and protection
reasons) develops equipment and techniques that are utilized in the health area, namely in
the development of equipment for detection of internal human organ malfunctions. The
organization has 3 different locations and 42 employees in total. Because the organization
has a BI architecture where the different laboratories are connected to exchange project
information in a timely, secure, and efficient way, the incorporation of the heuristic project
risk model was seen as an advantage to enhance the capabilities of the organization regard-
ing the collaborative dimension between some of their laboratories. Another reason for the
incorporation of the heuristic risk model is the past problems that the organization experi-
enced in the collaborative dimension. Therefore, organization A decided to implement a
collaborative working approach that aims for the continuous monitoring of collaborative
initiatives between different R&D departments. Organization A is not part of the team that
developed the heuristic risk model, nor part of the team that developed the incorporation
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of the heuristic risk model into a BI architecture. The main objective of organization A with
the incorporation of the heuristic project risk model into the BI architecture is to enhance
the capabilities of the heuristic project risk model in the identification of project critical
successful factors, so that these can be replicated in future collaborative projects, and thus
increase their success outcome likelihood.

Before starting the incorporation of the heuristic project risk model into organization
A’s BI architecture, a few steps must be taken to access the feasibility of the implementation
in two different but related dimensions: (1) human, and (2) financial.

The steps to access the feasibility of the incorporation may strongly vary from organi-
zation to organization (function of the industry type, confidentiality level, trust level, size,
and so on) and therefore no standard approach is suggested. Nevertheless, the conduction
of a typical SNA to identify the readiness and acceptance degree of an organization is
recommendable. Regarding the human dimension, it evaluates the degree of acceptance of
a given organization social network on the incorporation of the heuristic risk model into a
BI architecture. In this dimension, subjects such as legal, ethical, and personal concerns
must be properly addressed, where General Data Protection Regulations (GDPRs) [54]
represent the fundamental pillars that an organization must comply with. Regarding the
financial dimension, a general cost-benefit analysis must be conducted in order to validate
the ROI associated with the incorporation process. Here, strategic tools and techniques
such as a SWOT analysis are critical to identify the advantages and disadvantages of both,
the incorporation and application of the heuristic risk model. In Table 5 are illustrated
some of the major points that organization A addressed to access the feasibility of the im-
plementation of the heuristic project risk model regarding the two mentioned dimensions
into organization A’s BI architecture.

Table 5. Assessing the feasibility of the incorporation of the heuristic project risk model into organi-
zation A’s BI.

Human Dimension Financial Dimension

Are employees willing to participate without a respective
counterpart or compensation?

Is there a financial cost-benefit analysis that clearly addresses
the return of investment (ROI) in all dimensions that comprise
the incorporation process?

Are the data collection methods aligned with
GDPR regulations?

Is there an existing BI architecture able to incorporate the
heuristic project risk model?

Are the impacts (positive and negative) of conducting an
assessment clearly understood by the organization and each one
of the participants?

Is there a need to create first a BI architecture to incorporate the
heuristic project risk model? Is there a respective
cost-benefit analysis?

Are data collection methods (questions addressed to the
employees) too invasive? Do the overall benefits outnumber costs?

Are data collection methods extracting meaningful and
actionable insights?

Are benefits being calculated in a short-, middle- or long-time
term approach?

Are results of the assessment being used for constructive critical
approach meetings?

Does the organization have/need to create a back-up/exiting
plan in case of withdraw?

Is there a need to have a specialized network analysist to
conduct the whole assessment? Which will be the platform supplier of the whole incorporation?

Is there the risk of the emergence bias in the assessment process?
Is there a strategy to efficiently deal with them?

Which will be the softwares used? Source-free? Cloud services
for matrices database-systems? Software as a service (SaaS),
platform as a service (PaaS), or infrastructure as a service
(IaaS)? Other?

After having conducted the feasibility study regarding the incorporation process
of the heuristic project risk model into organization A’s BI architecture, organization
A concluded that the advantages potentially clearly outnumber the disadvantages and
decided to step forward.
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4.2. Incorporating the Heuristic Risk Model into a BI Architecture

The incorporation process of the heuristic project risk model into organization A’s BI
architecture follows all the steps described in chapter 3, Figure 6. In Figure 7 are illustrated
the different locations of organization A and the incorporation process of the heuristic
project risk model into organization A’s BI architecture.

Figure 7. Case Study, organization A’s locations (a), and respective incorporation process diagram (b).

As can be seen in Figure 7a, organization A has three different locations (location 1, 2,
and 3) with a different number of employees at each location (19, 15, and 8 respectively).
The circles and respective colors represent one employee and the department where it
belongs. The results illustrated in Figure 7 illustrate the tone of the four phases organization
A used to manage their R&D projects; the development phase, also known as the second
phase (phase II) of an R&D project lifecycle. The project had a duration of about one year
and a budget of about EUR 0.5 million. This phase was chosen because it is a critical phase
in an R&D project once it determines the allocation of the individual energies and efforts
of the different R&D department’s elements. The links between the different elements of
organization A represent the mix of formal and informal relationships that arise from the
results obtained from the application of the heuristic risk model. The network illustrated
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in Figure 7a represents the ‘who communicates with whom’ network regarding work-
rated matters with regular and high frequency in a daily-basis within and between the
different geographical three locations of organization A (a1, a2, and a3). For example, in
Figure 7a it can be seen that the department’s head of location 2 has the highest number of
nominations (7 links), where 5 out of 7 are of high frequency (bidirectional high frequency)
on a daily basis. In Figure 7b is illustrated the incorporation process of the heuristic project
risk model into organization A’s BI architecture. To efficiently conduct the incorporation
process organization A followed all the steps illustrated in Figure 6. These steps are briefly
described in Table 6, where they are adjusted to the organization A’s needs and profile:

Table 6. Incorporation process steps of the heuristic risk model into organization A’s BI architecture.

Step Description

1

Organization A defined an intranet platform for the assessment (data introduction point) where the responses to the
questions in the surveys addressed to the 42 employees of organization A are saved. Organization A decided only to
collect data through the application of project surveys, and therefore used their intranet site where the employees can
access to participate in the assessment. At the time of the assessment, each one of the 42 elements received an email in
their inboxes with a link that directions them to this intranet site where they then can see the questions and provide the
respective answers.

2

Organization A created a dedicated database for the reception of all data that is captured in the surveys (answers to the
questions addressed to the 42 elements). The dedicated database also has a dedicated server with redundancy
replication to a second server (backup) in the case of any malfunction event. The database was named as relational
database, which represents the first deposit where relational data are stored.

3

Collected data are checked for validity by applying a routine that identifies unanswered questions and invalid
question’s answers. This process takes place as the respondents take the survey in the intranet site of organization A. In
other words, the survey cannot be finished (submitted) if the respondent does not comply with all the pre-defined
survey rules.

4

A routine places the data collected in the surveys into 2 × 2 adjacent matrices. For each answered question comprised
in the survey, an adjacent 2 × 2 matrix is generated. An adjacency matrix is defined as a square matrix that is used to
represent a finite graph (also known as an organizational social network), where elements (responses of the
respondents) of the matrix indicate whether pairs of vertices (people) are adjacent or not in the graph [36]. The
responses of the respondents can vary from 0 to 1. For example, a zero (0) value between any two vertices (elements of
organization A) represents the inexistence of a connection (preference or nomination). On the other side a 6= 0 value
between any two vertices represents the existence of a preference or nomination. The preferences or nominations can
vary in their intensity and are represented by quantitatively numerical values that are 6= 0. There is also the possibility
to generate an incidence matrix. An incidence matrix is a logical matrix that shows the relationship between two classes
of objects, such as for example people and a given event [36]. These matrices are very important because when data
from potential respondents are not available to generate an incidence matrix, an incidence matrix can be deduced.

5

A routine picks the data in the matrixial form and plot the respective networks, where the employees are represented by
dots as illustrated in Figure 7a, and the preferences or nominations are represented by quantitatively links representing
different intensities. Simultaneously, graph algorithms (SNA centrality metrics, such as in, out, and total-degree,
average degree, density, closeness, betweenness and so on) perform a quantitative analysis to the matrices located in the
dynamic matrixial database. This results in two different but related analyses: (1) visual, and (2) quantitative. The
visual analysis illustrates what is called as a real time picture or sometimes an X-ray view, into the organizational social
network. When networks are not too dense (when they do not have too many links and/or entities) such as in the case
of the network in Figure 7a, is it possible to outdraw between 85 and 100% of results. In other words, this means that
with a visual analysis it is possible to perform a complete analysis of a network without applying quantitative
metrics.The quantitative analysis can be seen as a quantitative support of what is observed in the visual analysis (when
a visual analysis is possible to obtain a complete understanding of what is going on in the social network) or can be seen
as the only possible way to perform a complete analysis of social network when a it is impossible to draw results from a
visual analysis (when for example in a social network too many links and/or entities exist).

6

The results are displayed using dashboarding tools. These tools, such as Power BI from Microsoft, ORA CASOS from
Carnegie Mellon University in Pennsylvania USA [55], and UCINET from a group of researchers in the SNA field (Lin
Freeman, Martin Everett, and Steve Borgatti) [56], just to name a few, illustrate in both a visual and quantitative way the
results of the assessment. These traditionally include bar, circular and trend line charts, dendrograms, and
graph-networks.
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Table 6. Cont.

Step Description

7

The decision-making process takes place with qualitative and quantitative data support output by the previous step. In
this step results from the assessment can be included as feed (input data) for the strategical decision-making process
tools or techniques such as a SWOT analysis, VRIO analysis, PESTLE analysis, Porter’s Five forces, or Cost-benefit
analysis, just to name a few.

8 In an ongoing project, results of the assessment regarding the ongoing project are compared with previously identified
project critical success factors and analyzed in which direction is the ongoing project heading to (success or failure).

9

The overall process is automatically continuously monitored, providing input to the begining (start) of the analysis
circuit, acting as supervised machine learning process. For example, it may include the reformulation of questions to be
addressed to employees to extract more efficiently insight regarding a particular subject that was highlighted as critical
importance in previous assessments. Steps 7, 8, and 9 are entirely customizable to the function of the objectives and
goals of a given organization.

5. Discussion

In the previous section all the steps of the incorporation of the heuristic risk model into
an organization A’s BI architecture are detailed and described. In this section, we discuss
the incorporation process (benefits and limitations) as well as the benefits obtained.

The major objective of the presentation of this case study is to illustrate the required
best practices, benefits, and difficulties, regarding the incorporation of the heuristic project
risk model into an organizational BI architecture. Though the organization is relatively
small, the process of incorporation of the heuristic risk model into a BI architecture was
successfully concluded, and fully translated all the average difficulties and benefits that an
organization should encounter across the whole incorporation process.

Regarding the benefits and difficulties of the incorporation of the heuristic project risk
model into organization’s BI architecture, these can be divided in two dimensions: (1) for the
employee (employee feedback), and (2) for the whole organization (managers/results feedback).

Regarding (1) employee feedback, the great majority accepted the whole process
of the incorporation. The great majority reported advantages in the whole process of
automatizing the assessment of the heuristic project risk model, because it enabled them
to answer the survey questions in a more comfortable environment than the traditional
assessment performed in a room providing answers on a sheet paper, or directly proving
answers to their superiors. This enabled them to fell less pressured, which in turn may
contribute to bias reduction while providing answers to the surveys. Some employee said
still that the incorporation brought another level of collaboration, boosting accountability
and empowerment within the organization A’s social network.

Regarding the (2) results feedback for the whole organization, the overall efficiency
of organization A increased by 12% compared with the previous traditional assessment.
However, on the downside, some employees felt that they were being over-monitored by
the whole incorporation. Some employees reported that the trust level would never be the
same as before because people would be always playing look-a-like, because they knew
that they were being constantly monitored and where afraid that the incorporation process
results would impact their compensations and career progression.

A major benefit of the incorporation proposed in this work is that it enhances the
capabilities of the process of the identification of project critical success factors across the
different phases of a given project lifecycle. This means that the process will become faster
and more accurate (contrary to a full analytical approach). A faster process means that the
speed of the processes of data collection, data cleaning, data transformation, calculations,
and results displaying will greatly increase. A more accurate process means that the
descriptive, predictive, and prescriptive analytic processes contained in the heuristic project
risk model to be incorporated into a business intelligence architecture, is performed with
more exactness.

These two factors combined (faster, and more accurate) efficiently enable the gener-
ation of more, and more diverse project-related knowledge in a more quantitative data-
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supported way, enabling thus a more efficient 360◦ view approach regarding the impact
(positive or/and negative) of potential collaborative risks in project outcomes.

The incorporation proposed in this work, if performed in an efficient way, enables
the generation of unique and actionable project lessons learned, that due to their ability
of being fully quantitatively measured can easily be reproduced, applied, and monitored
in upcoming projects, contributing thus to the achievement of sustainable competitive
advantages in project’s environments.

In today’s business landscape, information is one of the most important resources
an organization has right after an organization’s most valuable assets, their people [57].
This means that when an organization can make decisions based on timely and accurate
information, the organization can improve its overall performance. In this line of thought,
the incorporation presented in this work enables organizations to make better informed
and more data-driven business decisions, which can be the source of competitive advan-
tages. This is true if organizations can extrapolate information from indicators in the
external and internal environments and make accurate forecasts regarding future trends or
economic conditions.

6. Conclusions

In this work the incorporation of a heuristic project risk model into a typical orga-
nizational business intelligence architecture is proposed and described. The proposed
incorporation aims for the timely and efficient identification of project collaborative risks
and was developed by combining two critical project areas (1) project risk management,
and (2) social network analysis. The objective of the incorporation presented in this work
is essentially to enhance the potential of the process of identification of project critical
success factors, which is enabled by the application of the heuristic project risk model in
projects environments.

In academical terms, the proposed incorporation in this work addresses some impor-
tant fields of research, such as innovation, sustainability, project risk management, and
social network analysis. Regarding the innovation perspective, the proposed incorporation
in this work can be seen as an innovation model to be explored by organizations as they
engage in collaborative initiatives. This fact is aligned with the latest research that argues
that a more hands-on approach (more control from managers over their team’s activities
and interactions) in collaborative initiatives drives better results than a more hands-off
approach management style [15]. The proposed incorporation in this work contributes to
the identification in a quantitatively way of how much diversity and inclusion really counts
for successful organizational outcomes as it is proposed by some authors [13,14,54], and
how best it should be managed.

In a project risk management perspective, the proposed incorporation in this work
contributes with a unique insight into the dynamic relationships between project people
across the different phases of a project lifecycle, regarding some of the actual identified most
common risks that may occur as projects are being undertaken, as proposed by [25,26].

Through the application of a social network analysis and centrality metrics in an
automated perspective (product of the incorporation of the heuristic project risk model
in the BI architecture) based on graph theory, the proposed incorporation in this work
contributes to the development of existing and new social networks analysis centrality
metrics as a critical tool in the identification of project critical success factors regarding the
dynamic interaction of project people across the different phases of a project lifecycle as
proposed by [9,35–37,57].

In a managerial perspective the proposed incorporation in this work aims to improve
organizational processes and procedures by unlocking the power of the identification of
project critical success factors, making organizations leaner and more agile, contributing
to the achievement of sustainable competitive advantages. As direct consequence of the
application of the heuristic project risk model in a project management environment, the
proposed incorporation enables organizations to identify and refine in an automated way
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project critical success factor across the different phases of a project lifecycle. Identifying
project critical success factors is considered the heart of the engine (incorporation of the
heuristic project risk model into a BI architecture) that aims to help organizations achieve
sustainable competitive advantages [1,9].

Finally, the proposed incorporation in this work provides organizations a set of compet-
itive advantages that are essential, translated by the optimal management of organizational
resources, thus becoming more resource-management sustainable promoting alignment
with the 17 UN Global Goals [29] and the three major components of sustainability, people,
planet, and profit. This fact provides organization employees and their customers a higher
sense of awareness regarding a sustainability mind-set, which is translated into more profit
for organizations. In fact, research shows that more than 50% of consumers are willing
to pay 5% more for products delivered sustainably, and 76% would wait one extra day
for delivery [27]. Furthermore, according to research organizations that engage in sustain-
able initiatives experience at about 20% of increase revenue, 16% cost reduction, and 30%
increased brand value [28].

As for future research, and because the information survey-based collecting process is
strongly conditioned by the good will of the participants (which contains a certain amount
of bias), it is suggested that further research should be undertaken in order to develop new
ways of collecting project information related data, that can minimize or eliminate bias.
This aspect is particularly important because according to the latest research, the unique
and powerful insight that social network research provides to the study of social structures
and the respective scientific knowledge generated, is to a certain extent challenged or even
threatened by suspicious ethics committees [57]. This happens, because such committees
consider that the three main principles of biomedical research are not fully met when an
automated SNA assessment is undertaken in an organization, (1) consent, (2) the possibility
to opt out, and (3) anonymity [58,59]. Furthermore, the data collection process is still
aggravated by the recent growing on personal data protection, including for example
the appointment of new supervision agents, such as Data Protection Officers (DPOs) in
organizations that restrict access to critical relational data to the effective application
of SNA in organizations [58–60]. Still, due to the fear of the increasing cyberattacks,
participants become, to a certain extent, reluctant to provide personal information, due
the apparent fragility that digital platforms are seen to have, regarding protection against
those cyberattacks. Such challenges have direct implications on the data colleting process
when applying the heuristic risk model, which are amongst the major barriers to efficient
functioning of the incorporation proposed in this work. Here, further investigation should
be carried out in order to minimize potential damages in case of breaches and leaks
originated by cyberattacks, and law infractions in data collection methods.

Because the application described in this work addresses a relatively small orga-
nization, it is also suggested to implement the incorporation in more (larger and small)
organizations in order to address the model behaviors regarding the identification of project
critical success factors. By doing so, it is possible to improve the applicability and feasibility
of the model and the overall incorporation in different environments/scenarios.

Author Contributions: Author M.N. carried out the investigation methodology, writing—original
draft preparation, conceptualization, the formal analysis, collected resources, and application. Other
remaining authors (J.B., A.A., C.S., E.N., H.V.) contributed with the review, and validation. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2022, 14, 3234 23 of 24

References
1. Saraiva, C.; Mamede, H.S.; Silveira, M.C.; Nunes, M. Transforming physical enterprise into a remote organization: Transformation

impact: Digital tools, processes and people. In Proceedings of the 2021 16th Iberian Conference on Information Systems and
Technologies (CISTI), Madrid, Spain, 22–25 June 2021; pp. 1–5. [CrossRef]

2. Kotter, J.P. Leading change: Why transformation efforts fail. IEEE Eng. Manag. Rev. 2009, 37, 42–48. [CrossRef]
3. Berman, J. Principles of Big Data Preparing, Sharing, and Analyzing Complex Information; Morgan Kaufmann: Burlington, MA,

USA, 2013.
4. Shearer, C. The CRISP-DM model: The new blueprint for data mining. J. Data Warehous. 2000, 5, 13–22.
5. Poulson, B. Data Science Foundations: Data Mining LinkedIn Learning. Available online: https://www.linkedin.com/learning/

data-science-foundations-data-mining/text-mining-algorithms?u=77012418 (accessed on 25 April 2020).
6. Capgemini-Doing Business the Digital Way: How Capital One Fundamentally Disrupted the Financial Services Industry.

Available online: https://www.capgemini.com/wp-content/uploads/2017/07/capital-one-doing-business-the-digital-way_
0.pdf (accessed on 31 May 2020).

7. Füllemann, M.; Dahle, M.; Salmerón, F.; Rossbach, V. Industrial Products Makers Chart a New Path to Digital, BCG. 2020.
Available online: https://www.bcg.com/publications/2020/industrial-products-makers-chart-new-path-digital.aspx (accessed
on 31 May 2020).

8. Nunes, M.; Abreu, A.; Bagnjuk, J. A Model to Manage Organizational Collaborative Networks in a Pandemic (COVID-19) Context.
In Smart and Sustainable Collaborative Networks 4.0. PRO-VE 2021. IFIP Advances in Information and Communication Technology, France,
22–24 November; Camarinha-Matos, L.M., Boucher, X., Afsarmanesh, H., Eds.; Springer: Cham, Switzerland, 2021; Volume 629.
[CrossRef]

9. Nunes, M.; Abreu, A. Applying Social Network Analysis to Identify Project Critical Success Factors. Sustainability 2020, 12, 1503.
[CrossRef]

10. Rad, R. Microsoft SQL Server 2014 Business Intelligence Development Beginner’s Guide; Packt Publishing: Birmingham, UK, 2014.
11. Ponnambalam, K. Business Analytics Foundations: Descriptive, Exploratory, and Explanatory Analytics. Available online:

https://www.linkedin.com/learning/business-analytics-foundations-descriptive-exploratory-and-explanatory-analytics/
stages-of-business-analytics?u=77012418 (accessed on 29 March 2020).

12. Lutfihak, A.; Evrim, G. Disruption and ambidexterity: How innovation strategies evolve? Procedia Soc. Behav. Sci. 2016, 235,
782–787.

13. Bouncken, R.; Brem, A.; Kraus, S. Multi-cultural teams as sources for creativity and innovation: The role of cultural diversity on
team performance. Int. J. Innov. Manag. 2015, 20, 1650012. [CrossRef]

14. Rizy, C.; Feil, S.; Sniderman, B.; Ellen Egan, M. Global Diversity and Inclusion Fostering Innovation through a Diverse Workforce.
Available online: https://images.forbes.com/forbesinsights/StudyPDFs/Innovation_Through_Diversity.pdf (accessed on 14
January 2020).

15. Narsalay, R.; Kavathekar, J.; Light, D. A Hands-Off Approach to Open Innovation Doesn’t Work. 2016. Available online:
https://hbr.org/2016/05/a-hands-off-approach-to-open-innovation-doesnt-work (accessed on 20 January 2020).

16. Nunes, M.; Abreu, A. Applying social network analysis to support the management of cooperative project’s behavioral risks.
FME Trans. 2021, 49, 795–805. [CrossRef]

17. Porter, M.E. Competitive Advantage: Creating and Sustaining Superior Performance; The Free Press: New York, NY, USA, 1985.
18. Dyer, J.H.; Gregersen, H.; Christensen, C.M. The Innovator’s DNA—From the December 2009 Issue. 2009. Available online:

https://hbr.org/2009/12/the-innovators-dna (accessed on 15 January 2020).
19. Cross, R.; Parker, A. The Hidden Power of Social Networks: Understanding How Work Really Gets Done in Organizations; Harvard

Business School Press: Boston, MA, USA, 2004.
20. Arena, M. Adaptive Space: How GM and Other Companies Are Positively Disrupting Themselves and Transforming into Agile Organizations;

McGraw Hill Education: New York, NY, USA, 2018.
21. Nunes, M.; Abreu, A.; Saraiva, C. Identifying Project Corporate Behavioral Risks to Support Long-Term Sustainable Cooperative

Partnerships. Sustainability 2021, 13, 6347. [CrossRef]
22. Abreu, A.; Nunes, M. Model to Estimate the Project Outcome’s Likelihood Based on Social Networks Analysis. KnE Eng. 2020, 5,

299–313. [CrossRef]
23. Ng, D.; Law, K. Impacts of informal networks on innovation performance: Evidence in Shanghai. Chin. Manag. Stud. 2015, 9,

56–72. [CrossRef]
24. Cross, R.; Rebele, R.; Grant, A. Collaborative Overload. Harv. Bus. Rev. 2016, 94, 74–79.
25. Hillson, D. How to Manage the Risks You Didn’t Know You Were Taking. Paper Presented at PMI®Global Congress 2014—North America,

Phoenix, Arizona, USA, 26 October 2014, 2014 ed.; Project Management Institute: Newtown Square, PA, USA, 2014.
26. Abreu, A.; Martins Moleiro, J.D.; Calado, J.M.F. Fuzzy Logic Model to Support Risk Assessment in Innovation Ecosystems.

In Proceedings of the 13th APCA International Conference on Automatic Control and Soft Computing (CONTROLO), Ponta
Delgada, Portugal, 4–6 June 2018; pp. 104–109.

27. Accenture-More than Half of Consumers Would Pay More for Sustainable Products Designed to Be Reused or Recycled, Accenture
Survey Finds. Available online: https://newsroom.accenture.com/news/more-than-half-of-consumers-would-pay-more-for-
sustainable-products-designed-to-be-reused-or-recycled-accenture-survey-finds.htm (accessed on 1 April 2020).

http://doi.org/10.23919/CISTI52073.2021.9476463
http://doi.org/10.1109/EMR.2009.5235501
https://www.linkedin.com/learning/data-science-foundations-data-mining/text-mining-algorithms?u=77012418
https://www.linkedin.com/learning/data-science-foundations-data-mining/text-mining-algorithms?u=77012418
https://www.capgemini.com/wp-content/uploads/2017/07/capital-one-doing-business-the-digital-way_0.pdf
https://www.capgemini.com/wp-content/uploads/2017/07/capital-one-doing-business-the-digital-way_0.pdf
https://www.bcg.com/publications/2020/industrial-products-makers-chart-new-path-digital.aspx
http://doi.org/10.1007/978-3-030-85969-5_21
http://doi.org/10.3390/su12041503
https://www.linkedin.com/learning/business-analytics-foundations-descriptive-exploratory-and-explanatory-analytics/stages-of-business-analytics?u=77012418
https://www.linkedin.com/learning/business-analytics-foundations-descriptive-exploratory-and-explanatory-analytics/stages-of-business-analytics?u=77012418
http://doi.org/10.1142/S1363919616500122
https://images.forbes.com/forbesinsights/StudyPDFs/Innovation_Through_Diversity.pdf
https://hbr.org/2016/05/a-hands-off-approach-to-open-innovation-doesnt-work
http://doi.org/10.5937/fme2104795N
https://hbr.org/2009/12/the-innovators-dna
http://doi.org/10.3390/su13116347
http://doi.org/10.18502/keg.v5i6.7048
http://doi.org/10.1108/CMS-05-2013-0077
https://newsroom.accenture.com/news/more-than-half-of-consumers-would-pay-more-for-sustainable-products-designed-to-be-reused-or-recycled-accenture-survey-finds.htm
https://newsroom.accenture.com/news/more-than-half-of-consumers-would-pay-more-for-sustainable-products-designed-to-be-reused-or-recycled-accenture-survey-finds.htm


Sustainability 2022, 14, 3234 24 of 24

28. Bennell, D. Sustainability Strategies. Available online: https://www.linkedin.com/learning/sustainability-strategies/manage-
supply-chains-responsibly-2?u=77012418 (accessed on 1 March 2020).

29. UN Documents—Our Common Future, from One Earth to One World. Available online: http://www.un-documents.net/ocf-ov.
htm#I (accessed on 1 June 2020).

30. PMI®. Project Management Body of Knowledge (PMBOK®Guide), 6th ed.; Project Management Institute, Inc.: Newtown Square, PA,
USA, 2017; pp. 10–11.

31. Pinto, J.K.; Slevin, D.P. Critical success factors across the project life cycle: Definitions and measurement techniques. Proj. Manag.
J. 1988, 19, 67–75.

32. Nunes, M.; Abreu, A.; Saraiva, C. A Model to Manage Cooperative Project Risks to Create Knowledge and Drive Sustainable
Business. Sustainability 2021, 13, 5798. [CrossRef]

33. Xue, B.; Liu, B.; Sun, T. What Matters in Achieving Infrastructure Sustainability through Project Management Practices: A
Preliminary Study of Critical Factors. Sustainability 2018, 10, 4421. [CrossRef]

34. ISO—The International Organization for Standardization. Available online: https://www.iso.org/home.html (accessed on 1
April 2020).

35. Nunes, M.; Abreu, A. A Model to Support OI Collaborative Risks Applying Social Network Analysis. In Boosting Collaborative
Networks 4.0. PRO-VE 2020. IFIP Advances in Information and Communication Technology, Valencia, Spain, 23–25 November; Camarinha-
Matos, L.M., Afsarmanesh, H., Ortiz, A., Eds.; Springer: Cham, Switzerland, 2020; Volume 598.

36. Wasserman, S.; Faust, K. Social Network Analysis in the Social and Behavioral Sciences. In Social Network Analysis: Methods and
Applications; Cambridge University Press: Cambridge, MA, USA, 1994; pp. 1–27. ISBN 9780521387071.

37. Martino, F.; Spoto, A. Social Network Analysis: A brief theoretical review and further perspectives in the study of Information
Technology. Psychol. J. 2006, 4, 53–86.

38. Brass, D.J. A social network perspective on organizational psychology. In Oxford Library of Psychology. The Oxford Handbook of
Organizational Psychology; Kozlowski, S.W.J., Ed.; Oxford University Press: New York, NY, USA, 2012; Volume 1, pp. 667–695.

39. Everett, M.G.; Borgatti, S.P. Induced, endogenous and exogenous centrality. Soc. Netw. 2010, 32, 339–344. [CrossRef]
40. Faulkner, W.; Apollo, M.N. The potential of Social Network Analysis as a tool for monitoring and evaluation of capacity building

interventions. J. Gend. Agric. Food Secur. 2017, 2, 125–148.
41. Kacanski, S.; Lusher, D. The Application of Social Network Analysis to Accounting and Auditing. Int. J. Acad. Res. Account.

Financ. Mang. Sci. 2017, 7, 182–197. [CrossRef]
42. Ward, M.; Stovel, K.; Sacks, A. Network Analysis and Political Science. Annu. Rev. Political Sci. 2011, 14, 245–264. [CrossRef]
43. Durland, M.; Fredericks, K. An Introduction to Social Network Analysis. New Dir. Eval. 2006, 2005, 5–13. [CrossRef]
44. Nunes, M.; Abreu, A. The Benefits of Applying Social Network Analysis to Identify Collaborative Risks. In Technological Innovation

for Applied AI Systems. DoCEIS 2021. IFIP Advances in Information and Communication Technology, Caparica, Portugal, 7–9 July 2021;
Camarinha-Matos, L.M., Ferreira, P., Brito, G., Eds.; Springer: Cham, Switzerland, 2021; Volume 626.

45. Freeman, L. Centrality in social networks conceptual clarification. Soc. Netw. 1979, 1, 215–239. [CrossRef]
46. Ove, F. Using centrality modeling in network surveys. Soc. Netw. 2002, 24, 385.
47. Dogan, S.; Arditi, D.; Gunhan, S.; Erbasaranoglu, B. Assessing Coordination Performance Based on Centrality in an E-mail

Communication Network. J. Manag. Eng. 2013, 31, 04014047. [CrossRef]
48. Wen, Q.; Qiang, M.; Gloor, P. Speeding up decision-making in project environment: The effects of decision makers’ collaboration

network dynamics. Int. J. Proj. Manag. 2018, 36, 819–831. [CrossRef]
49. Nunes, M.; Abreu, A.; Bagnjuk, J.; Tiedtke, J. Measuring project performance by applying social network analyses. Int. J. Innov.

Stud. 2021, 5, 35. [CrossRef]
50. Nedim, D.; Clare, S. Measuring the Success of Changes to Existing Business Intelligence Solutions to Improve Business Intelligence

Reporting. In Proceedings of the 10th International Conference on Research and Practical Issues of Enterprise Information
Systems (CONFENIS), Vienna, Austria, 13–14 December 2016; pp. 225–236.

51. Lönnqvist, A.; Pirttimäki, V. The Measurement of Business Intelligence. Inf. Syst. Manag. 2006, 23, 32–40. [CrossRef]
52. Rouhani, S.; Asgari, S.; Mirhosseini, V. Review Study: Business Intelligence Concepts and Approaches. Am. J. Sci. Res. 2012, 50,

62–75.
53. Ranjan, J. Business intelligence: Concepts, components, techniques, and benefits. J. Theor. Appl. Inf. Technol. 2009, 9, 60–70.
54. GDPR—General Data Protection Regulation. Available online: https://gdpr-info.eu/ (accessed on 21 July 2021).
55. ORA—CASOS. Available online: http://www.casos.cs.cmu.edu/projects/ora/ (accessed on 12 August 2021).
56. UCINET. Available online: https://sites.google.com/site/ucinetsoftware/home (accessed on 12 August 2021).
57. Nunes, M.; Abreu, A. Managing Open Innovation Project Risks Based on a Social Network Analysis Perspective. Sustainability

2020, 12, 3132. [CrossRef]
58. Molina, J.L.; Borgatti, S. Moral bureaucracies and social network research. Soc. Netw. 2021, 67, 13–19. [CrossRef]
59. Kotsios, A.; Magnani, M.; Vega, D.; Rossi, D.L.; Shklovski, I. An Analysis of the Consequences of the General Data Protection

Regulation on Social Network Research. ACM Trans. Soc. Comput. 2019, 2, 1–22. [CrossRef]
60. Nunes, M.; Abreu, A.; Bagnjuk, J.; D’Onfrio, V.; Saraiva, C. A Heuristic Model to Identify Organizational Collaborative Critical

Success Factors (CSFs); In Proceedings of the 2021 6th International Young Engineers Forum (YEF-ECE). Caparica, Portugal, 9
July 2021; pp. 63–68.

https://www.linkedin.com/learning/sustainability-strategies/manage-supply-chains-responsibly-2?u=77012418
https://www.linkedin.com/learning/sustainability-strategies/manage-supply-chains-responsibly-2?u=77012418
http://www.un-documents.net/ocf-ov.htm#I
http://www.un-documents.net/ocf-ov.htm#I
http://doi.org/10.3390/su13115798
http://doi.org/10.3390/su10124421
https://www.iso.org/home.html
http://doi.org/10.1016/j.socnet.2010.06.004
http://doi.org/10.6007/IJARAFMS/v7-i3/3286
http://doi.org/10.1146/annurev.polisci.12.040907.115949
http://doi.org/10.1002/ev.157
http://doi.org/10.1016/0378-8733(78)90021-7
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000255
http://doi.org/10.1016/j.ijproman.2018.02.006
http://doi.org/10.1016/j.ijis.2021.05.001
http://doi.org/10.1201/1078.10580530/45769.23.1.20061201/91770.4
https://gdpr-info.eu/
http://www.casos.cs.cmu.edu/projects/ora/
https://sites.google.com/site/ucinetsoftware/home
http://doi.org/10.3390/su12083132
http://doi.org/10.1016/j.socnet.2019.11.001
http://doi.org/10.1145/3365524

	Introduction 
	Literature Review 
	Risk Management in Organizations 
	Social Network Analysis in Organizations 
	Business Intelligence Architecture in Organizations 

	Materials and Methods 
	Introduction to the Heuristic Project Risk Model 
	Incorporation Process of the Heuristic Risk Model into a Typical Business Intelligence Architecture 

	Application Case and Results 
	Introduction to the Case Study 
	Incorporating the Heuristic Risk Model into a BI Architecture 

	Discussion 
	Conclusions 
	References

