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Tis paper presents the defnition, use, and evaluation of intelligent management frameworks for global cooperation.Te research
work brings new concepts and ideas to design new management models and artifcial intelligence solutions in sustainable
environments. An intelligent management framework is a fexible and efcient vertical association of models, architectures, and
processes. It is a mixed (architectural and methodological) association of services and procedures across ITdepartments of global
organizations. Te paper presents a general top-down approach to design these frameworks for global, cooperative models of
intelligence.Te approach includes fve levels of abstraction and three refnement techniques.Tese elements are used to design an
evaluation case study with global services and process-oriented cooperation for current sustainable targets in education. In our
future work, we will implement these management solutions for government organizations currently involved with digital
transformations.
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1. Introduction

Tis paper presents our current investigations to address in-
telligent management from a globally oriented perspective. We
design and evaluate new management frameworks based on
intelligent models for sustainable global organizations. More
particularly, the paper brings four main contributions to
knowledge in themodeling and building of globalmanagement:

• Te exploration of relevant research concepts like
“sustainability” and “cooperation.”

• Te presentation of some concrete ideas to globally
cooperate using adaptable, natural techniques and
systems.

• Te use of our models and abstractions (initially in-
troduced in [1]) to derive new management frame-
works supporting global, cooperative intelligence [2].

• Te design evaluation of our management frameworks
in sustainable organizations working in education.

We present our intelligent management frameworks
(IMFs) as open, fexible mechanisms for global directions in
sustainable organizations. Further, we analyze intelligent
cooperation using an evolved version of a top-down design
approach (inspired in our previous work [3]) based on fve
abstractions and three refnement techniques. Here, our ab-
stractions point to the modeling of abstract levels of global,
cooperative intelligence. And they focus on organizational
aspects of development like, for example, “service.” Te re-
fnement techniques facilitate the design of lower-level
structures and mechanisms in the organizations. Indeed,
we have defned several model enhancements for moving
from one abstraction to another, according to some pre-
selected aspects of design (e.g., “process” or “architecture”).
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Te new abstractions incorporate what we have called
Global Services and Process-Oriented Cooperation
(GS&POC) models as core, fexible designing elements. A
GS&POC model incorporates intelligent services (based on
knowledge and behavior structures), architectures, and pro-
cesses mainly inspired by the latest Information Technology
Infrastructure Library (ITIL v4) process standards. Intelligent
services are identifed frst. Ten we move down to design
GS&POCmodels by means of identifying, integrating, and/or
adapting the architecture and processes to compute and/or
methodologically deliver the services. Te IMF vertically as-
sociates these architectural and procedural bases of GS&POC.

Sustainable Development Goals (SDGs) currently in-
volve large organizational and technological innovations.
Tey integrate many relevant social aspects for sustain-
ability. However, new global solutions are needed for ef-
fectively managing human, natural, and technological
resources for this. Indeed, progress must be made toward
sustainability management and the achieving and assess-
ment of the SDGs using specifc indicators across many
sectors.

We have investigated this major problem and concen-
trated our eforts on searching for management solutions in
the global cooperation of education-related sectors (e.g.,
government or research). We have designed an IMF case
study for solving managing issues in sustainable educational
organizations.

Furthermore, this year, we have moved into the practical
evaluation of our IMF by running several investigations and
publications. In this recent research work, we have provided
substantial demonstrations on the fexibility and feasibility of
our management framework to develop intelligent, co-
operative Digital Library Systems (DLSs) for government
organizations currently involved with digital transformations.
Tese investigations show how our IMF proposal provides
signifcant benefts in the integration andmanagement of new
cooperative processes and new artifcial intelligence (AI)–
driven services within DLSs. Finally, in these investigations,
we are using qualitative analysis methodologies aimed at
capturing participant perceptions regarding the applicability
of our IMF with these systems. Tese participants are being
selected from a targeted sample of professionals in govern-
ment IT departments, digital transformation ofces, and AI-
related policy and infrastructure roles.

Te paper is structured as follows. Section 2 presents our
main research goals. In Sections 3 and 4, we summarize our
ongoing investigations and preliminary research work toward
sustainable organization management in education. Section 5
describes the initial foundations of our frameworks. In Section
6, we describe our top-down approach to design IMFs. Te
core features of our IMFs are described in Section 7. Section 8
presents our evaluation case study with SDGs. In Section 9, we
assess this case study. Conclusions and future work are
presented in Sections 10 and 11, respectively.

2. Research Goals

Our main objective is investigating global cooperation by
means of defning and evaluating a top-down approach to

designing IMFs for new global intelligent systems in sus-
tainable education. Other, more explicit goals are:

1. Presenting our ongoing investigations around current
global cooperation and sustainability (Section 3).

2. Summarizing, reviewing, and evolving our pre-
liminary research work to model and build global
intelligent systems supporting high-level cooperation
(Section 4).

3. Presenting our more concrete ideas to integrate global
intelligence, cooperation, and management (Section
5) as the initial foundations of our frameworks.

4. Presenting our top-down approach to design IMFs as
open, direct, and dynamic combinations of services,
architectures, and processes (Section 6).

5. Defning the IMF frameworks based on this design
approach (Section 7).

6. Evaluating the design of an IMF framework in sus-
tainable education organizations (Section 8).

7. Assessing our design evaluation case study
(Section 9).

8. Planning our future investigations to continue eval-
uating our IMF frameworks in real, global organi-
zations (Section 11).

3. Ongoing Investigations

From a general perspective, we investigate global co-
operation and how to resolve current management issues in
sustainable organizations within educational environments.

3.1. Sustainability Management. A major current, global
problem is sustainability. Public and private organizations
across the world must become active agents for sustainable
development. Tey must solve global issues (like poverty,
hunger, or education for all) and plan targets for future
generations. And little has been done in terms of global
solutions to help these organizations to become sustainable
and to manage this sustainability.

Current organizational sustainability requires new,
revolutionary social and technological performance. It re-
quires many changes in organizational targets, structures,
principles, priorities, and values; it requires new strategies
and new management solutions for the relationships that
take place inside the organizations and with other organi-
zations. Indeed, the new organizations must be socially
responsible for future generations using new local and global
partnerships and management.

Human resource management is vital for organizations
and governments which intend to become sustainable.
Activities and principles of this management must develop
new talents needed for their globalization. However, “it is
becoming increasingly more difcult to fnd competent,
motivated workers who have good attitudes and work
ethics” [4]. We believe that it is necessary to promote moral
and ethical global solutions to stimulate, support, and
manage staf development in superior frames of intelligence;
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in global, cooperative frames of cognition where individual
development must be placed in lower abstractions and
collective development in higher abstraction.

3.2. Education and Cooperation. Current global develop-
ment of societies underlines the importance of education.
Indeed, education is “one of the main drivers of the progress
of a country” [5].

Nowadays, educational organizations in global envi-
ronments require new collaborative actions for providing
quality and efcient educational services to all. “Te pop-
ulation does best if individuals cooperate” [6]; “cooperation
is a key aspect of social evolution” [7]; “humans cooperate to
build societies” [8]; “close cooperation between many en-
tities for the beneft of public interest is one of the most
important determinants for public sector organizations” [9];
“cooperation improves performance” [10]. Indeed, some
educational systems are now capable of delivering some
integrated services and collaborate for student satisfaction.
Tese systems allow education professionals to make better
system supported decisions for the learning of their students.
For example, Moka and Refanidis [11] designed a system to
automatically schedule the educational activities of a stu-
dent. Using this, the student can take “informative de-
cisions” to attend to learning objects. More recently, in [12],
a collaborative online learning environment improves stu-
dents in group’s attitudes involving social interactions.

Te educational sector also needs a global environment
where professionals and students can cooperate using
global educational services. “Digital tools, online platforms,
and collaborative technologies” are transforming the ed-
ucational environments into a “globalized and inter-
connected domain” [13]. And for this end, we believe that it
is important to design management mechanisms that
create new global educational services and efciently
maintain these for our future generations. Indeed, sus-
tainable education must preserve the quality and efciency
of appropriate global solutions across current organiza-
tions. And the support of government institutions and their
management actions are “essential success factors,” pro-
moting international cooperation around the world and
increasing general awareness using social networks and
media [14].

Further, the educational sector must contribute to the
establishment of global citizens through the design of new
studies dealing with social and ethical responsibility; new
studies dealing with principles of “respect, equity, justice,
honesty, and transparency” for human resourcemanagement.

3.3. Global Cooperation and Related Studies. Global co-
operation is “difcult to achieve” [15]. Social, cultural, and
language diferences between humans and systems may
cause major difculties. And we cannot observe our biology
to understand and support our true “cooperative nature.”
Biological models, like neural networks, are not sufcient
[15]. We need looking into human relations, global be-
havioral capacities, and moral thinking. We need numerous
individuals globally acting together to produce relevant

shared outcomes. Indeed, global cooperation requires that
humans learn special, global capacities to construct positive
collective actions. Tese abilities involve, for example,
establishing shared objectives (like SDGs) and performing
collaborative activities. Further, this cooperation requires
specifc regulations to appropriately coordinate all this
positive global activity.

Cooperation has been studied by many researchers in
Human-System Integration, Human-Machine System, and
Human-Machine Teaming. For example, in [16], Hoc
proposed the next defnition for cooperation: “Human and
machine are in a situation of cooperation if: (a) each of them
strives toward goals although interfering with the goals of
the other (at least based on resources or procedures), and (b)
they try to manage such interference to make easier the
activities of the other.” Te frst point highlights common
objectives like SDGs. But this common goal could be the
same for cooperation and for competition. Tus, we need
appropriate frameworks to guarantee that our IT supports
the positive objective of cooperation. We need management
frameworks guiding the design of computational models
able to support positive collective actions. However, more
investigations will be required to connect with the positive
nature of our actions (see also [2]).

3.4. Technologies and Services. “No nation, great or small, in
the world today and tomorrow can secure its future alone”
[17]. Te global network of relationships is growing between
individuals, organizations, and states. Companies and or-
ganizations at large produce new global services to increase
prosperity for all citizens. And current technologies are
important to facilitate this globalization. However, tech-
nologies can also cause “new spikes in inequality” [18].

“Today’s business is strongly infuenced by globaliza-
tion” [19]. “Managers and employees are exposed to global
strategic decisions and cross-cultural interactions” [19].
Companies “operate in a complex environment” [20]
characterized by the global economy and the integration of
new IT based on current AI technology. Tey need “gath-
ering, analyzing, and delivering” global information to help
grow business and markets. And these global data are largely
obtained using the web. However, the web needs more
intelligence [21] and there are developing felds like “web
intelligence” [22] to perform global services in the
connected world.

Te frst organizations based on global services used
“knowledge networks” built upon professionals managing
“domains of knowledge” [23]. Since 2013, the world turned
in an economy “driven by services” [24]. And “success in
global service innovation required companies to develop
capabilities that support increased relationship intensity and
interactions” [25].

Te knowledge management systems provide useful,
global information to employees. Tey allow capturing,
creating, and disseminating a “great deal of information”
[26]. For example, Chioreanu et al. [27] designed an in-
formation monitoring platform for the industrial robot’s
feld. Tis architecture generally supports the management
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of industrial robotic systems based on ITservices. It provides
customizable services for cooperation among all the actors
involved in the robotics sector.

3.5. AI and Management. More general management sys-
tems have also been implemented with recent AI technol-
ogies. For example, Qiaohong et al. [28] presented
a middleware architecture for an intelligent management
system. And this is an important basis for low-level software
platforms. But intelligent management ideas need to be
combined with current AI technology as an important part
of the management practice [29]. In doing so, Information
Communication technologies and recent Machine In-
telligence techniques will be able to support new manage-
ment behaviors. However, wemust be careful that there is no
complete replacement in this management.

Te integration of AI systems within societies has many
legal limitations and several jurisdictions have begun to
propose AI regulations, for example, in Europe. As we shall
see, the proposed framework starts at high-level abstractions
where these limitations are widely considered. For example,
it is important to underline the fact that we do not manage
general purpose AI systems.Te term “global” is used here to
mean “global cooperation” as the ultimate objective. Further,
we look at ethical andmoral concerns that are also important
in current AI regulations. In this sense, it is important to
underline the following facts.

• We design “system behavior” instead of having access
and/or control of “human behavior.”

• Human process managers control system behavior
design within our architectures (see also [30]).

• We propose high-level management (in process ori-
entation) that supervises major processes (activities)
around the models, services, and architectures of the
framework. And this high-level management must not
be replaced by machines.

Multiagent systems have been proposed for providing
“computer supported cooperative environments” where
“coordination, negotiation, and communication among
various organization units” are required [31]. Agent-based
models have also been used as computational models to
“explore group behavior” in [32]. Tello-Leal et al. [33] also
presented an “agent-based platform.” Tis allows “collab-
orations among heterogeneous and autonomous healthcare
organizations focusing on the process-oriented integration.”

More generally, AI technology is currently used in public
service organizations to improve policy decision making and
to enhance public service delivery for citizens [34]. Further,
AI applications are very successful for internal management
issues [35] like cybersecurity or fnancial management. Te
existence of high-quality datasets as well as fast machine
learning algorithms allow the successful completion of all
these tasks with large amounts of data. However, recent
studies like [36] underline the fact that there are also major
risks in the AI technology adoption in governments.

Tis year, we have concluded some investigations on the
design of intelligent software architecture for cooperative
DLSs extensively used in governments and related organi-
zations. With this research work summarized in [37], we
have demonstrated how these systems require new archi-
tectural modeling techniques to incorporate new co-
operative actions as well as new AI-driven services (mapped
to concrete AI applications) implementing decision support
and recommendation processes. Further, in [37], we have
provided an evaluation case study for our software archi-
tecture to achieve SDG4, ensuring inclusive and equitable
education worldwide.

3.6. ITIL Processes and AI. A process model shows “cause-
efect relationships”; it shows “how the business entities are
afected by the process actions” [38]. “A collaborative
process defnes the global view of the interactions between
organizations to achieve common business goals” [33]. It
focuses on “the coordination of activities to improve the
management of resources and services” [33]. Process
managers in the public sector need “cooperation skills to be
able to build and to sustain relationships with citizens” [9].
However, this cooperation does not seem to be supported by
current standards in process-oriented management.

IT Service Management (ITSM) has been used as
a general framework to “implement and manage quality IT
services” provided by “an appropriate mix of people, pro-
cesses, and IT” [39]. It is concerned with the planning,
organization, ofering, deployment, and maintenance of IT
services instead of IT technologies. More recently, ITSM has
been adopted in combination with advancing AI technol-
ogies like, for example, chatbots in customer services [40],
simulating the way humans would behave as conversational
partners ofering the IT services.

ITIL is a collection of best practices in ITSM; it provides
a general framework for robust ITSM; it is a global process-
oriented standard used in the development and governance
of IT infrastructures. ITIL helps to create and maintain
successful IT systems that “add value” to companies and
organizations [27]. ITIL provides IT services with “better
performance and quality” [41]. Further, ITIL helps to
evaluate current knowledge built with social networking
from the service management viewpoint [42].

With the advances of AI, the latest version of ITIL (ITIL
v4) is being used in large environments with machine
learning techniques. Tese investigations enable real-time
decision making in complex markets. Further, they improve
organizational responses by managing large data volumes
(from the web) as currently required. However, the in-
tegration of ITIL v4 with current generative AI fndings and
with global, cooperation-oriented processes has not been
clearly established and need to be investigated. Indeed, most
ITIL tools support the work of individual actors rather than
supporting the cooperation among “all the parties involved
in the processes” [43]. With other words, “ITIL lacks co-
operative perspectives” [44].

4 International Journal of Intelligent Systems
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4. Preliminary Research Work

Our preliminary research work establishes the use of in-
telligent models and abstractions as initial foundations for
our new global approach to AI [2]. Tis new approach can
help in the modeling and building of new computational
models supporting global cooperation and, consequently,
sustainability. In this section, we adapt and evolve this work
for themanagement issues that we explore later in this paper.

4.1. Intelligent Models and Abstractions. So far, we have
presented three main types of models: “generic models”;
“computational models”; and “operative models” (see Fig-
ure 1). As we describe in our recent publication [1], we
consider these as intelligent models since they are mainly
inspired by knowledge-based and behavior-based founda-
tions of AI. Further, our generic models focus on cooperative
intelligence, our computational models incorporate AI-
driven services, and our operative models use concrete AI
technologies like chatbots.

In this paper, we introduce a new type of model: the
“management model.” As we shall see, the more we refne our
generic models, the more we can achieve lower management
abstractions to combine models of intelligence (not only
computational intelligence) or adaptivemodels of intelligence.
Tis refnement includes some concrete mechanisms (like
learning, adaptation, or decision making) and/or procedures
(like process activities) to really facilitate and support (never
replace) management in future sustainable environments.

For example, a management model for a sustainable
organization could be a globally evolved version of
a knowledge management solution for an ITdepartment. As
a frst global approximation, this type of management might
be like a new computational model where the manager
behaves as a kind of “stereotype” using knowledge. But this is
not the global solution that we propose. We believe in
“people and management” as a human solution based on
global capacities; as a solution specially dedicated to im-
proving thinking and behaviors; and as a set of open, natural
procedures that help driving people (in their life, in their
careers) toward sustainability.

Figure 1 illustrates our preliminary intelligent models
and some relevant associations among them. In general, we
can achieve computational models of intelligence from very
generic abstractions based on organizational entities and
their cooperative, manageable links. A more complete
computational model supports generic abstractions of in-
telligence using concrete AI techniques and software engi-
neering methods. And this computational model can
facilitate the design of a subsequent management model.
Indeed, we can design management solutions based on the
support of computational intelligence. However, this is not
required; we can achieve our management models without
the support of any computation and/or architectural design.
Tis last modeling technique represents a methodological
solution. Further, we can use our management models to
guide the lower-level design of our computational and/or
operative models. Similarly, we can defne operative models

(very close to current technologies and standards) without
management. We can integrate our technological solutions
into computational models. Te most appropriate design for
a global organization might depend on the higher organi-
zational entities and their associations.

We are currently investigating the role and efciency of
these models to intelligently cooperate with humans and
systems in sustainable environments. Indeed, we are run-
ning several interpretations and uses as cornerstone pieces of
what global, cooperative intelligence could be [2]. For ex-
ample, we are beginning to develop new models of in-
telligence focusing on:

• Te modeling of global sustainable environments.
• Te meaning of open, natural management.
• Te modeling of moral, principled behaviors.
• Te design of cooperative system behaviors.
• Te design of fexible, collaborative system actions.
• Te design of process-oriented cooperation.

In this paper, we organize and evolve some of these
aspects. We investigate new global abstractions using three
core designing elements: services, architectures, and pro-
cesses. And a GS&POC model, as we describe later, sum-
marizes some of these investigations. More generally, the
paper brings fve explicit abstractions to support intelligent
cooperation from a globally oriented management
perspective.

As we shall see, we also propose several refnement
techniques for adapting (and evolving) each of these ab-
stractions to our cooperative objectives, either locally (to
improve local developments of intelligence) or globally (to
solve themost helpful intelligence). All these abstractions are
related throughout our general design methodology. We
methodologically produce fexible and efcient abstractions
across the organizations. And, following this methodology, it
is possible, for example, to design very technical solutions for
fnal operative models. Indeed, the last two abstractions that
we present in this paper allocate a “methodological model”
next to a “technological model.” Te methodological model
is mainly focused on the procedural part of the cooperative
processes. Te technological model is built upon the se-
lection, distribution, and/or integration of currently avail-
able technologies like AI.

Tese refnement techniques introduce levels of detail to
support superior, generic models of cooperative intelligence.
Indeed, we support top, global cooperation in terms of
collective system actions producing “global efects” like col-
lective goals [45]. Further, these refnement techniques in-
troduce levels of interaction, since cooperation arises from
“interaction structures” [6].

4.2. Global AI. We investigate new computational solutions
to support our intelligent models (including the manage-
ment model) in the context of what we have called Global AI
[2]. Tis new approach helps to improve human behaviors
and thinking, supporting cooperative models of global, true,
natural intelligence, as we describe in [2].

International Journal of Intelligent Systems 5
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We work on the theoretical (not so much practical)
integration of Knowledge-Based and Behavior-Based ap-
proaches to AI. And we have established new concepts,
ideas, and general solutions to defne this new, globally
oriented approach to AI based on system cooperation.

In [2], we concentrate most of our eforts in the mod-
eling of intelligent cooperation based on new global ca-
pacities, sustainable thinking, and moral behaviors. We
model new integrated systems of humans and machines
from a new, globally oriented perspective instead of just
building the models from either the behavior approach (as
initially introduced in [46]) or the physical symbol system
(as widely applied in classical AI) or the most recent data-
driven methods (like machine learning or deep learning) or
the latest evolutions of knowledge approaches based on
generative AI [47]. Ten we design computational in-
telligence solutions to support this global view of in-
telligence. For example, in this paper, we present new, open
management frameworks, architectural designs [37], and
methodologies that can be adapted to any scenario such as
a global, sustainable organization or a company, as we
describe in Section 8. Further, we design some fexible and
efcient low-level elements (e.g., global networks of system
behaviors, knowledge registries, etc.) to computationally
support our most generic, conceptual abstractions, giving
new engineering insights into our Global AI approach.

Te investigations that we present in [48] focus on the
design of learning-oriented solutions for educational envi-
ronments. Tis research work provides a complete archi-
tectural design for scientifc behavior and knowledge, to
convince people to share well-structured knowledge, and
collaborating with each other in an intelligent, open, and
globally efcient way. In practice, this type of investigations
allows us exploring the design of new architectural solutions
for intelligent eLearning systems between research centers,
universities, government organizations, sociocultural

entities, and industries. Further, we investigate intelligent
software platforms [37] to be able to support our high-level
abstractions of intelligent cooperation with physical and/or
virtual models of computational intelligence.

In these learning-oriented designs, we suggest modeling
generic eLearning environments and mapping these into
computational interactions while adapting high level ar-
chitectures. Further, we apply some classical AI principles to
analyze generic eLearning environments as knowledge-
based systems. And we exploit some behavior-based in-
sights to design intelligent system actions for fnal, operative
platforms. Tis largely hybrid approach helps us approxi-
mate workable integration among knowledge and system
behavior from a computational (mainly virtualized)
perspective.

Now, in this paper, we extend some of these initial ideas
toward a more concrete foundation of our global approach
to AI. Basically, we integrate what we believe in as the
unique, global, superior intelligence [2] that surrounds us,
with new abstractions and management techniques to
support human behaviors and thinking. In essence, we
explore the term intelligence and point to new balanced
principles of ethical and moral development for people and
organizations toward global cooperation.

More particularly, this paper presents the fundamentals
of a general methodology to design a management frame-
work for global, cooperative models of intelligence. We
introduce an overall top-down approach to design IMFs in
global environments. And, in this approach, we combine
services, architectures, and processes, moving from high
levels of cooperative intelligence to highly objective models
of management and computational solutions to
support these.

Te approach incorporates several of our models (e.g.,
computational models) and refnement techniques (like
service-oriented refnement) to generally characterize

OE2
Organizational

entity 1
C12

OE1
Organizational

entity 1

Generic model

Operative model

Management model

Computational model

Figure 1: Models of intelligence: generic models, computational models, management models, and operative models.
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organizational/cooperative system behaviors and lower-level
actions. More generally, we use this top-down approach to
design/evolve some cooperative abstractions. Tese facili-
tate, mainly, the identifcation and overall description of:

• Global management frameworks based on intelligent
services, high-level architectures, and cooperative
processes.

• AImodels supporting organization, enterprise systems,
and management interactions.

• Active models of intelligent management that integrate
operative global/local services, architectures, and
processes.

All these models and frameworks represent the result of
several years of investigations in AI and innovative solutions
for enterprise systems and ITmanagement. Further, we have
created all our abstractions and techniques following some
of our initial ideas in behavior systems (like [3]), AI solutions
(e.g., [2]), and intelligent software architectures (like [37]).

5. Global Intelligence, Cooperation,
and Management

We understand intelligent cooperation as a global integrated
system where all the participants can cooperate with each
other having the most appropriate models for thinking and
moral/ethical behaviors. And to achieve this, we propose
a global top-down methodology that helps to identify and
refne the most suitable services, architectures, and processes
supporting and managing new open, natural organizations
(see Figure 2).

Tis top-down approach facilitates the creation of
computational and operational models to support global
behaviors and thinking so that everybody in these organi-
zations can develop more cooperative intelligence.

Te core principles of this new approach refer to the
unique, superior intelligence that needs to be transferred to
our organizations [2]. And we would like to solve current
management issues by means of supporting such superior
intelligence with our models and frameworks. Further, we
want to communicate major principles and laws from this
superior intelligence to really help people understand and
drive their life and careers toward globally oriented, sus-
tainable development. Terefore, in our research work, we
start the modeling and building of our solutions considering
these principles and laws.

We defne our models as open, natural ecosystems of
organizations that need cooperating with each other. Indeed,
our fnal objective is to be able to extract and defne
GS&POC models for concrete management frameworks.
More particularly, we use generic models to analyze high
level intelligence and service-oriented designs to develop
lower-level architecture. Further, we evolve these into
methodological aspects of design to fnally achieve the core
defnitions of our global processes.

Figure 2 shows an overall view of this research work. In
this picture, we illustrate the top cooperative intelligence
that we gently consider with our frameworks. Basically, we

conceptualize the top intelligence of our solutions and
extract our models (green boxes in Figures 2 and 3) to
fnally design the type of frameworks that support the
overall functioning of these models. In other words, we
defne our frameworks once we have designed our sup-
porting models, with sufcient detail, at an appropriate
level of abstraction.

Figure 3 exemplifes this design method. In this case, we
look at the organizations and their cooperative links in the
most generic abstractions, whereas we focus on the archi-
tecture, services, and AI systems at the computational level
of abstraction. Further, we decide on ftting technology
abstractions at the operative level so that the full range of
architectures, services, and AI techniques become accurately
available in all the interconnected organizations.

In these solutions, we understand cooperation as a global
architecture where human mental processes can relate to
each other with or without systems. It is a global network
where all the employees can share some kind of knowledge
(thinking) and interact (collaborate) in a positive, efective
way through appropriate, moral/ethical behaviors. Usually,
individuals think and execute their own behaviors, for their
own beneft, and for their organizations. And managers
should be responsible for developing both individual and
organizational behaviors according to their human
capacities.

In our models, all the individuals and organizations
behave and think according to a single intelligence, a single
mind, and a single heart. Ten cooperation becomes natural,
without much thinking, reasoning, or computation support.

We understand human capacities as the major belonging
of our intelligence. Indeed, we can all work as part of
a cooperative mind. Cooperative knowledge and behaviors
relate to each other in a simple, natural way. And the same
results can be achieved in our organizations.Tus, we would
like global organizations to think and behave in a natural
way based on human capacities. And our computational
models must support these.

Nowadays, there are thousands of organizations that
require some motivational support to encourage people in
these objectives. Tere is, indeed, a strong tendency to
approach some of the principles of behavior-based AI
around motivational agents. But we must be careful that we
do not replicate “human emotions.”

In our approach, we consider organizational capacities as
competences that can be developed from within individual
capacities and related motivations. Tese competences can
be seen, for example, as suitable combinations of manage-
ment, business (or governance), and/or computational
abilities. In practice, we analyze these capacities and support
them with our GS&POC models. For example, we analyze
global management as a set of human capacities that help to
develop individual and cooperative models for our superior
(nonreplicable) intelligence.

We believe that most human capacities (global or in-
dividual) are adaptive, in nature, to any unknown, changing
condition. And so, we would like to achieve with our sys-
tems, especially, in the case of complex, large-scale
organizations.

International Journal of Intelligent Systems 7
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In general, the adaptation process of a human capacity
occurs from the working of some inner connections (and
related mechanisms) to the outside world. And the repli-
cation of an adaptation process for our systems depends,
mainly, on the computational level of abstraction. In this
abstraction, we apply behavior-oriented insights from AI to
design system behaviors and lower-level actions.

In our generic abstractions, all participants (humans)
can cooperate and become truly adaptive to external
changing conditions. And we design artifcial systems for
helping people improve their behaviors and thinking, for
helping people cooperate with each other. Tus, we require
our computational models to have appropriate inner (lower
level) workings, just as humans need too, to develop

themselves as core elements of their organizations. Further,
we believe that the AI of these internal mechanisms depends
mostly on new work of humans, and not only on IT
solutions.

Some organizations develop their own technology to
improve business or public governance, and to secure their
operative environments and data. In our abstractions,
humans select (and/or develop) technologies to facilitate
human work. Tus, we require human behavior and
thinking to take control over current technologies. And this
is, from our point of view, one of the most important aspects
of the “process in the organization,” especially in IT de-
partments, where the IT management is becoming very
complex to foresee, due to current heterogeneous platforms

Cooperative intelligence
(conceptualization)

Abstraction and refnement

Models of cooperative intelligence

Generic
models

Computational
models

Operational
models

Organizations

Cooperative
links

Architectures

Services

AI systems

Technologies

Operative
services

Figure 2: Design aspects for modeling and supporting cooperative intelligence.

Cooperative intelligence
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Abstraction and refnement

Generic
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Computational
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Models of cooperative intelligence

Intelligent management frameworks

Global 
management 

framework

Global 
services 

and processes

Local 
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Figure 3: Intelligence, models, and frameworks.
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(and changing situations) in their operative environments.
However, current AI systems are solving some complex
situations analyzing enormous amounts of data.

6. A Top-Down Approach

Here we present a fve-level, top-down approach to design
IMFs using service-oriented, architecture-oriented, and
process-oriented refnement techniques. Tis approach
serves to design the kind of structures and mechanisms that
are required to support our global views of intelligence.

Figure 4 illustrates the fve abstractions of our approach.
Tese abstractions and the refnement techniques (used to
move from one abstraction to another) are described in the
following sections.

6.1. Generic Cooperation Abstraction. Te frst abstraction is
a qualitative network of global organizations, a generic
cooperative model among generic organizations and top-
level cooperation. In this network, the nodes represent the
organizations, and the edges show their cooperative and
manageable links. It is a dynamic model for global
organizations.

Figure 5 represents a global model with four generic
organizational entities involved in global cooperation. Tese
are Industrial Organizations (O1), Government Institutions
(O2), Sociocultural Entities (O3), and Companies (O4).

Each of these organizational entities encapsulates some
industry, government, sociocultural, or enterprise functions
and objectives with cooperative values. It is a globally ori-
ented institution that integrates moral/ethical behaviors and
knowledge and computational models to support these. And
in our approach, all the organizations respond to the same
laws and ethical principles. Te type of principles charac-
terizing our global intelligence approach [2].

Furthermore, each organizational entity represents
a cooperative unit that we describe in terms of global
modeling like, for example:

• Global Knowledge and Behavior Participants.
• Global Knowledge and Behavior Managers.
• Global Knowledge and System Behaviors.

Te cooperative links (edges) can be either directed or
bi-directed arrows (see Figure 5). A bi-directed edge means
that the organizations that it connects can cooperate
(through knowledge acquisition and/or system behavior
interactions) in both directions. A directed edge represents
a single directed action and/or system behavior pattern.

In our computational models, every organization that
they support represents either a private or a public in-
stitution with moral/ethical behaviors and thinking, as it
corresponds to global intelligence. With generative AI ap-
proximations, however, the computational model would
only support knowledge-based conversations with trained
models.

Te computational model of an organizational entity
requires some kind of functional mechanism to support both
knowledge acquisition and cooperative system behavior

executions. It is an intelligent architecture that controls the
registration and intelligent delivery of knowledge and the
execution of moral, principled system actions to support
top-level behaviors.

Each top-level organization can be divided into any
suitable set of suborganizations and internal interactions.
And this helps us to design more detailed collaborations
inside and outside the organizations.

We defne and use several types of interactions (e.g.,
collaborative tasks) to mean multiple, fexible low-level
cooperation. All these interactions add new qualitative
and quantitative information to our models.Te overall map
of interactions of a cooperative model describes the top
cooperative model. Te shape and complexity of this net-
work depends on the decisions made during the design
process.

A suborganization incorporates low-level knowledge
and behavior elements like, for example:

• Global Knowledge Providers and Consumers.
• Global Behavior Contributors and Managers.
• Global Resources and System Behavior Patterns.
• Individual Functions (e.g., “reasoning”).
• Organizational Functions (e.g., “collaborating”).
• Intelligent Actions (e.g., “system behavior control” or
“knowledge acquisition”).

Te individual and organizational functions as well as
the intelligent actions underline the introduction of com-
putational intelligence in the approach. Tis is further de-
tailed in the following abstractions.

6.2. Service-Oriented Abstraction. In our top-down ap-
proach, we propose a service-oriented refnement technique
to create global, intelligent services at the second level of
abstraction. Te resulting intelligent services integrate
knowledge and system behavior structures. Tey represent
basic elements of knowledge and system behavior
interactions.

Te service-oriented refnement technique facilitates the
evolution of our generic cooperative models into global
platforms of intelligent services. Basically, this technique
consists of analyzing global objectives and functions and
describing these in the form of “services.” Tese service
descriptions facilitate also the next process-oriented re-
fnement, like in ITIL v4. Nevertheless, we can be fexible in
the way that we approach the design of our GS&POC
models.

For example, we can identify the architecture and
related activities (basic processes) frst and extract the
global services at last. Te only problem that we have
found with this second approach is that it is difcult
modeling the organizations without having any idea about
the type of services that they can share through their
cooperation. Further, we try to support high level in-
telligence and so we think that these sharable structures
like services should be identifed frst, in terms of, for
example, static forms of intelligence (e.g., system behavior

International Journal of Intelligent Systems 9
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patterns). Ten we can design all the dynamic mecha-
nisms and functions that help to control and process such
system structures.

Using our approach, we defne global services as basic
combinations of single intelligent services, according to our
higher-level abstractions. An intelligent service integrates
knowledge and system behaviors. Te fnal service model
depends on the high-level network of interactions and the
refnement process to support these. It represents a set of
dynamic structures to help thinking and acting in global,
cooperative networks.

In [37], we describe four major types of services:
knowledge-based services, behavior-based services, hybrid
services, and generative AI services, to mean that all these
services can be mapped to special purpose AI applications
based on classical or more recent AI techniques. For ex-
ample, a knowledge-based service can be mapped to an AI
application implementing decision making processes or
recommendations based on traditional rules (e.g., fuzzy
control rules) over the knowledge of the system (data and
metadata registries describing knowledge). Similarly, a be-
havior-based service can be mapped to an AI application

LA1: generic cooperation abstraction Generic model

LA2: intelligent service abstraction Service model

LA3: high-level architecture abstraction Computational model

LA4: process abstraction Methodological model

LA5: low-level architecture abstraction Technological model

Service-oriented refnement

Architecture-oriented
refnement

Process-oriented
refnement

Technology-oriented
refnement

Figure 4: A top-down approach to design IMFs.
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cooperative intelligence

O1: industries O4: companies

Knowledge
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Knowledge
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System behavior
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Figure 5: Generic model of knowledge and system behaviors.
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implementing decision making processes or recommenda-
tions based on trained models (using neural networks and
learning algorithms) over the system behaviors and low-level
actions of the system.

Furthermore, we refne our superior models in the form
of services following a top-down technique largely inspired
by the ITIL v4 framework. Following these standards, the
global service strategies are identifed frst for making
a unique environment of interactions. Tey provide di-
rection (toward strategic objectives) and a vision for de-
veloping our global services. Tey are an integral input for
global service design where most of our processes are in-
volved during process-oriented refnement (see Section 6.4),
including service catalog management, service availability
management, and capacity management.

Global service development makes the services available
for all their users, meeting the strategy and its objectives
through processes like change management and deployment
management. Finally, global service operations maintain the
services to ensure that they operate as they were designed to.
Some of the processes involved in these operations are in-
cident management and problem management. But we
believe that all these processes can be better approximated
and methodologically defned once the architecture of the
organization has been established.

6.3. Architecture-Oriented Refnement. Te third abstraction
represents an architectural approach to system design. In this
level, we design, adapt, and/or integrate service-oriented ar-
chitecture with more detailed knowledge-based and system
behavior–based structures and engines. Nevertheless, we can
also be fexible in the way that we add the architectural el-
ements into our models and abstractions. Indeed, it is possible
to identify and defne new global services while we develop
new computational models (with or without AI systems) to
support human knowledge and system behavior networks.

In our previous work [48], we designed some registration
and intelligent delivery engines (IDEs) for learning-oriented
models. Here, we introduce new architecture designs to
develop more thoughtful engines and system behavior
modules in our abstractions.

Our intelligent architecture statically and dynamically
generates global services using hybrid registries, service
registration and management engines (RMEs), and service
delivery engines to help higher level abstractions. All these
functional elements serve to create, integrate, and control
system behavior executions (like low-level system actions),
knowledge acquisition, and/or decision-making processes
using AI techniques.

A hybrid registry includes knowledge structures and
system behavior patterns, as initially identifed in service
defnitions (in the second abstraction). Intelligent engines
compute higher level interactions (among mapped appli-
cations) according to this.

Te RMEs create, store, and administer intelligent ser-
vices. Te delivery engines process and intelligently deliver
these services. Tese engines implement intelligent pro-
cessing mechanisms to support top-level cooperative tasks.

Its underlying control mechanism highlights relevant “AI”
being processed by the engine. Further, behavior-oriented
AI techniques can be used to train new structures so that
architecture can be observed to learn new system behaviors
(and lower-level actions).

We use these registries and engines as fexible design
elements for our computational models. Indeed, we can
integrate these functional elements at any abstraction of an
intelligent cooperation. For example, Figure 6 shows a top
computational model based on intelligent services registries,
RMEs, and IDEs. In this computational model, some in-
dustrial and government organizations can register and
deliver intelligent services using those engines. Te em-
ployees of the industrial organization can internally register
and manage some services while publishing other services
into the government organizations. Similarly, the employees
of the government organization can register and deliver
globally oriented services into the interconnected (co-
operatively linked) industrial organization.

When we integrate registration, management, and de-
livery engines into a computational model, we make the
underlying mechanisms and systems processing the services
of the modeled cooperation. In essence, what this cooperative
network means is that we can support a generic cooperative
model with a functional architecture where all the participants
can access and execute global services. Every time an employee
makes a request through a delivery engine, the mechanisms
and controllers of this functional module collect the corre-
sponding service templates and execute knowledge processing
and system behavior interactions accordingly. Tus, the
resulting architecture is “almost operative.” However, it re-
quires some method to describe how to register, manage, and
deliver these services. And this is what we defne in the fol-
lowing process-oriented refnement technique.

Using current AI techniques, architecture-oriented re-
fnement would take advantage of AI applications based on
data-driven computational models trained with large and
changing datasets (using neural networks and learning al-
gorithms). Tis would reduce the computational eforts in
developing the applications mapped from the services at the
cost of energy in applying the learning methods.

6.4. Process-Oriented Refnement. Te fourth abstraction is
based on process orientation. Here we introduce methodo-
logical aspects of design to continue supporting our top-
level, intelligent cooperation. We identify and integrate
lower architectural elements of development with some
general procedures to complete a general, abstract defnition
of IMFs based on some ITIL v4 processes.

An ITIL process is a “structured set of activities designed
to accomplish a specifc objective” [39]. And every process
needs management to control its overall performance toward
efciency and objective achievement. Tese control mecha-
nisms and the process enablers (resources and capabilities)
form the process model. Te most important resources of the
process model are people, capital, infrastructure, application,
and information. Process managers ensure that the processes
are executed correctly.

International Journal of Intelligent Systems 11
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In our approach, we defne a global process as a set of
roles, responsibilities, and activities that encapsulate the
main features of our higher-level abstractions. One global
process can include one to many of these process elements.
Te roles and responsibilities defne who is responsible for
doing what, in terms of creating and/or managing the
global (and local) services and functional engines of our
architecture. Te activities formally describe the methods
for these processes.

Other relevant concepts related to our global process’s
defnitions are authority, capacity, and accountability [49].
Tese are directly connected to the following role defnitions
for our IMF proposal:

• IMF Manager: Overall responsible for the IMF solu-
tion. He/she has the capacity and the authority to
supervise all the processes involved in the solution.

• Service Owner: Person responsible for one specifc
service. He/she has the capacity and the authority to
supervise all activities around service design, man-
agement, and delivery. Tis owner reports to the IMF
Manager.

• Process Manager: Supervises and has authority in all
activities of a specifc process and is responsible for
maintaining an appropriate level of competence and
capacities in all people involved in the process. Tis
manager reports to the IMF Manager.

• Architecture Manager: Supervises all process activities
involving the design, confguration, implementation,
exploitation, and maintenance of the software archi-
tecture, overseeing major capacities involved. Tis
manager reports to the IMF Manager.

• Cooperation Manager: Supervises all process activities
around the design, integration, and administration of
cooperative system behaviors being incorporated into
the software architecture. Tis manager reports to the
Architecture Manager and controls major capacities
involved with system behaviors.

• Process Staf: Tey are responsible for performing all
the activities of the assigned process and report to the
Process Manager. Tey have no authority to impose
their solutions.

Te resulting processes around these services establish
most of the methods (activities) that are required to convert
our computational models (with or without architectural
elements and/or AI systems) into operative models of in-
telligent services. Tese models behave as highly distributed
systems. Tey incorporate hybrid intelligent mechanisms
and processes to execute the services. Te fnal users of these
operative abstractions contribute to their global networks,
either creating new cooperative knowledge or executing
intelligent system actions according to the global and/or
local processes. Tus, a fnal user can be either a human, an
automated service, or another basic process.

Using our global processes and high-level architecture,
the employees of an organization could search, fnd, and/or
create new services based on, for example, individual and/or
organizational system behaviors. Te managers can super-
vise and authorize these new services, according to our
process-oriented abstractions.

ITIL processes can be used in combination with AI
techniques. For example, Zarrazvand and Shojafar [41] used
fuzzy cognitive maps to model “the problem of needing ITIL

Employee1

Employee2 

Manager2

Manager1

OE1 : industrial
organization

OE2 : government organization

In (11,12)

Ex (11, 21) Ex (21,12)

SE11 SE12

SE21
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Figure 6: Architectural module integration.
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processes.” In [40], chatbots are used to simulate how
humans behave as conversational partners ofering the IT
services. In our top-down approach, we can also introduce
AI techniques and, more particularly, learning methods to
drive data among lower-level elements of our architectures.
Further, we can incorporate online chatbots to support
intelligent language models and conversations for user-
oriented services.

6.5. Technology Abstraction. Finally, we propose a technical
abstraction (the ffth level) based on more detailed archi-
tectural orientation and processes. In this last abstraction, we
introduce some technological aspects of development to
continue supporting our cooperation. More particularly, we
create, adapt, and evolve special purpose technologies to
complete our GS&POC models. And we design fnal IMFs
using efcient technologies like, for example, AI data-driven
methods. But we can be fexible and efcient in the way that
we adjust our technologies and related standards.

Te employees of an organizational entity can specialize
in any of the available abstractions. For example, a software
engineer could specialize in architecture-oriented abstrac-
tion for intelligent SOA constructions. Model builders (and
other related roles) can construct system abstractions from
higher level designs, looking at local components (e.g., in
one organization) or global elements (e.g., knowledge
sharing interactions). Further, web technologies and web
intelligence techniques can be incorporated at this level of
abstraction to develop the knowledge registries and their
interfaces. Further, we can refne our architectural com-
ponents at the level of data so that new AI data-driven
methods can also be incorporated to automate part of the
higher-level models.

7. IMFs

An IMF is a vertical association of GS&POC elements (e.g.,
“global services”) that can be obtained through our ab-
stractions and refnement techniques. An IMF is a direct,
open, and fexible combination of services, architectures,
and processes. It is an organized set of structures and
mechanisms to support and manage intelligent cooperation.
In practice, we defne two types of IMFs: local IMF (LIMF)
and global IMF (GIMF).

A LIMF describes the management solution of an or-
ganizational entity. GIMFs represent vertical structures for
associated organizations. It is an intelligent process-oriented
framework that helps to develop computational models to
support top global, cooperative intelligence. One GIMF can
include one to many LIMFs.

In our approach, managers need to develop themselves,
as much as they need to develop the human capacities of
their employees and business (or governance). Tus, our
management solutions start at the “inner capacities of in-
telligence” and move into processes-oriented abstractions.
Once a manager is ready to behave naturally, ethically, and
morally, and to think securely, people can understand how
to cooperate, according to his/her instructions. Further,

once a manager has internally evolved to behave safely, all the
employees will be able to follow him/her and to cooperate. If
the manager does not know how to respond to external and/
or internal changes, the employees cannot develop appro-
priate capacities. And our computational models must
support these adaptive processes and individual/organiza-
tional capacities.

Te major feature of our top-level cooperative model is
“morality.” It is a global solution for promoting and sup-
porting moral and ethical behaviors and thinking. It is
a large-scale, integrated system that can be globally trans-
ferred to “management” in terms of moral and ethical
principles.

Other important aspects of our management solutions
are “trust and respect.” Human cooperation relies on these.
People cannot really cooperate when they do not trust each
other. It is extremely difcult for a manager to trust an
organization if the organization does not follow this
principle.

We all learn how to get to know people and organiza-
tions.Te question is: what is the best approach to encourage
people to cooperate with others? Our knowledge manage-
ment supports the most natural, more open human behavior
through appropriate service defnitions.

Te employees and managers cannot know all the details
of their heterogeneous operative models, especially in global,
large-scale organizations. We need to trust how the orga-
nization globally works, without knowing all its internal
mechanisms; we need to support openmodels of intelligence
to be able to trust how the global mechanisms function, and
more particularly, how to achieve our goals. In this sense, the
high-level design of our computational models (architec-
tures) provides sufcient knowledge about the organization
for these goals.

Te changing conditions of our working environments
can negatively infuence our tasks. However, we can solve
this negative efect. We trust the human capacity to resolve
any negative situation and to focus on “positive thinking”
until the environment reaches an equilibrium. Tis stabi-
lization makes sense “within and outside” the individual; it
can occur in complex cooperative environments as generally
required in global cooperation.

We all learn in our minds how to behave safely. And
cooperative behavior cannot be difcult to foresee. Any
cooperative behavior is approachable by mentally healthy
people. Having a positive thinking about “our colleagues”
truly improves cooperation. And our computational models
must support this.

“Training and development give people greater control
and ownership over their jobs, making them capable of
taking care of customers and creating better manage-
ment–employee relationships” [4]. And managers must be
“prepared to efectively cope with national diversity and
global strategic complexity” [19].

8. Evaluation Case Study

In September 2015, many world leaders adopted the 2030
Agenda for Sustainable Development under UN initiative.

International Journal of Intelligent Systems 13
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Tis includes 17 SDGs and 169 targets, mainly to tackle
current climate change, to end poverty across the entire
world, and to promote quality education to all. Since then,
many governments have been translating the global SDGs
into national targets, procedures, and legislations. Tey have
established long-term national visions according to their
capacities. Indeed, many organizations around the world are
currently involved in these national strategies, recognizing
the critical relevance of sustainability for all. However, very
few have engaged in sustainability management. Tese or-
ganizations need efective, responsible management, playing
an active role in moving toward the achievement of the
SDGs, i.e., making these goals a reality at the local (national)
and global levels.

In general, the management of SDGs requires large
technological system transformations [50]. However, this is
not the major problem. Te major issue is how to achieve
and manage global sustainable solutions with real and ef-
fective global service delivery to all countries [51] and how to
deliver and manage new global services through global
cooperation [52]. And following [53], these subsequent goals
involve four major processes: prioritizing SDGs, contextu-
alizing SDGs, collaborating with other organizations, and
innovating through business process remodeling.

Education also plays a prominent role in SDGs; it is
a critical tool for making sustainable development and
management. SDG4, based on education, is at the heart of
the current national strategies. Tis global goal ensures
“inclusive and equitable” education and promotes “lifelong
learning opportunities for all”; it ensures global education
plans; it attempts providing “good education for all” [5]; it
can transform knowledge and obtain moral/ethical behav-
iors from all citizens. And all this requires a “reorientation”
of the educational systems and their technologies so gov-
ernments can incorporate and measure sustainability in
their educational plans and legislations.

In our case study, we design an IMF to accelerate current
progress toward these SDG4 achievements. We assume that
global cooperation with SDG4 can help in the management of
more commitment for education, especially for developing
countries. Indeed, global cooperation with our IMFs can help
governments and education-related institutions to grow more
global, more intelligent capacity in education.

Translating the global SDG4 into an educational context
of a nation requires a long-term vision (model) supported by
clear national targets, cooperative strategies, and related
educational processes for the year 2030. A successful SDG4
implementation requires close coordination (management)
of national target eforts as well as concrete organizational
responsibilities, ensuring long-term, global solutions for our
future generations. Furthermore, various groups within
society (e.g., business and citizens) must cooperate with the
educational entities in defning and implementing this
global, sustainable vision for national targets. For example,
governments involved in the 2030 agenda can collaborate to
give primary school to all children in developing countries.
And the private sector groups can provide more investment
to improve technological access to education and learning in
these countries.

Tus, the top-level generic model for our IMF draws
a superior cooperative intelligence among these education-
related entities and groups (see Figure 7). Tis cooperative
network incorporates generic governments, civil society
entities, research entities, educational institutions, and
private sectors. And three core elements of this generic
model are the SDG4-centered action plan, the monitoring
and reporting procedures, and cooperative strategies placed at
the government entity. Additionally, there are more co-
operative strategies and SDG4 indicators identifed within
the other entities of the cooperative model.

With the action plan, the government can execute, for
example, relevant tasks with educational institutions or private
sectors. For example, the government can reorient educational
systems by inserting sustainability in national legislation. Te
monitoring and reporting procedures are needed to track
progress until 2030, evaluating national target achievement and
measuring adequate SDG4 indicators in each entity involved.
Tis SDG4-related, high-level management also includes co-
operative strategies within the other entities to encourage
“faster achievement” of the SDG4 and “SDG principle-based
management” [5]. For example, these cooperative strategies
between entities must promote the following:

• Improving education quality and curriculum: Gov-
ernments can collaborate with universities and re-
search institutions to regularly update curricula based
on industry needs. For example, Finland has imple-
mented a competency-based approach where curricula
are revised every few years to match global trends in
technology and sustainability. Additionally, in Ger-
many, dual education programs integrate practical
vocational training with academic learning, ensuring
graduates are job ready.

• Adjusting the progress of science and technology:
Countries like Singapore have integrated AI-driven
learning analytics to personalize student education. AI-
driven platforms can analyze students’ progress and adapt
learning content, accordingly, helping slow learners while
challenging advanced students. Another example is South
Korea’s investment in virtual reality classrooms, which
allow students to conduct virtual science experiments
without requiring physical lab equipment.

• Improving research and innovation: Te European
Union’s Horizon Europe program funds collaborative
research projects across member states, ensuring
knowledge exchange and innovation in sustainability
and education methodologies. Likewise, the
United States’ National Science Foundation (NSF)
grants support interdisciplinary research projects
combining AI and sustainability education.

• Creating global partnerships: UNESCO’s Global Ed-
ucation Coalition is a prime example, where public and
private sectors join forces to develop digital education
platforms for underprivileged students worldwide.
Another example is the African Virtual University,
which partners with institutions across Africa to
provide higher education through online learning.

14 International Journal of Intelligent Systems
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• Improving educational environments: Te “One
Laptop per Child” initiative provides digital devices to
students in developing countries, enabling remote and
interactive learning opportunities in rural areas. In
addition, the Indian government has implemented the
E-Pathshala program, which ofers free digital text-
books and resources to students and teachers.

• Improving research funding: Governments and pri-
vate entities, such as the Bill & Melinda Gates
Foundation, provide grants to research projects aimed
at developing innovative educational tools and
methodologies. Te Chinese government’s Tousand
Talents Program also funds returning scholars to es-
tablish research institutions focused on educational
technology.

• Augmenting student mobility and joint research:
Erasmus+ in Europe allows students and researchers
to study in diferent countries, promoting cross-
cultural exchange and academic collaboration. Simi-
larly, the Fulbright Program in the United States funds
international student and faculty exchanges to foster
academic cooperation worldwide.

Indeed, relevant eforts to achieve and manage sus-
tainable education must be done at every entity through the
execution of these cooperative strategies. Further, as frst-
level management, the government is responsible for
establishing the corresponding, lower-level cooperative
procedures and compiling and supervising progress reports
from all the related entities.

We use our top-down approach to design an IMF for this
sustainable model. In the frst abstraction of our IMF (see

Figure 8), all the elements of the top generic model are
mapped into cooperative system behaviors, knowledge, and
legislations. Each entity is responsible for executing moral,
principled system behaviors to complete cooperative pro-
cedures according to the legislations. And each entity
contains appropriate knowledge registries to execute these
cooperative system behaviors. For example, in educational
institutions, some of these principled system behaviors that
would be delivered according to human actions must be:

• Informing the government about new educational
plans: Universities should submit annual reports on the
efectiveness of their sustainability courses. For example,
Harvard University continuously refnes its environ-
mental studies programs based on policy changes and
global sustainability needs. In contrast, Denmark’s
Green Schools initiative involves local communities in
shaping sustainability-focused curricula.

• Informing the government about current indicators in
sustainability: Schools can participate in sustainability
audits, measuring factors such as energy consumption
and waste management, then reporting these fndings to
national education authorities. For instance, Japan’s
Eco-Schools Program requires schools to meet specifc
sustainability benchmarks before receiving certifcation.

• Sharing and updating global legislation on sustainable
education: Institutions like the United Nations Uni-
versity collaborate with policymakers to ensure edu-
cational content aligns with international
sustainability regulations. Te Global Compact on
Learning has developed standardized sustainability
education guidelines adopted in multiple countries.

SDG4 model
cooperative intelligence
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Government

E3
Civil society

E2
Private sector

C12

C14 C15

C13

E4
Edu. institutions
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Cooperative
strategies

Indicators

Cooperative
strategies

Indicators

Cooperative
strategies
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Figure 7: Generic model: cooperative intelligence for SDG4.
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• Sharing professionals’ curriculum and making ap-
propriate actions: Universities should establish in-
ternational faculty exchange programs to allow experts
in sustainability to teach across diferent institutions,
enriching the global academic environment. Teach for
All network connects teachers worldwide, enabling
cross-border teaching.

• Requesting help and support for improving educational
environments: Schools in developing countries can
request support from international organizations like
UNICEF to provide infrastructural improvements such
as solar-powered classrooms. In Rwanda, the African
Development Bank has funded the construction of
sustainable schools powered by renewable energy.

And the knowledge registries of this same institution
must incorporate at least:

• Precise information about sustainable curriculum: A
central database where universities document best
practices for integrating sustainability into diferent
subjects. For example, Australia’s National Centre for
Sustainability provides an online repository of lesson
plans and case studies.

• Precise information about sustainable studies: Re-
search publications and case studies on the impact of
sustainability education on students’ career paths and
societal contributions. Te United Kingdom’s Higher
Education Sustainability Initiative compiles research
data from multiple institutions to track sustainability
education outcomes.

• Educational legislation on sustainability: A repository
that tracks changes in educational policies related to

sustainability, ensuring compliance with international
agreements. Te European Commission’s Eurydice
network provides a centralized database for moni-
toring sustainability-related education laws.

• Curriculums of educational professionals: A record of
faculty members specializing in sustainability educa-
tion, making it easier to allocate teaching resources
efciently. Te International Society of Sustainability
Professionals maintains a global directory of certifed
sustainability educators.

Trough the service-oriented refnement of our top-
down approach, we design an intelligent services portfolio
(catalog) into a GS&POC model that is key for the
achievement of SDG4 at this national level. Tis ensures the
well-being of future generations. Some of these intelligent
services involving knowledge and cooperative system be-
haviors within the educational institution could be:

• Updating sustainable curriculum: Universities can
implement AI-driven course recommendations that
adjust curricula based on the latest research in sus-
tainability and industry demands.

• Updating sustainable studies: Institutions can develop
online repositories where educators share best practices
and successful case studies in sustainability education.

• Navigating professional curriculums: AI-powered
career guidance systems can analyze students’ in-
terests and skills to suggest personalized learning paths
toward sustainability-focused careers.

• Updating educational legislation: Governments can use
blockchain technology to maintain transparent and up-
to-date records of sustainability-related education policies.

E1
Government

E3
Civil society

E2
Private sector

E4
Edu. institutions

E5
Research

SDG4 IMF frst abstraction
behavior and knowledge networks

Cooperative
S. behaviors

Knowledge

Cooperative
S. behaviors

Knowledge

Cooperative
S. behaviors

Knowledge

Cooperative
S. behaviors

Cooperative
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Figure 8: SDG4 IMF: frst abstraction with knowledge registries and system behavior cooperation.
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• Reporting progress in SDG4: Digital dashboards that
aggregate real-time data on SDG4 metrics, enabling
policymakers to track progress and make informed
decisions.

• Developing sustainability certifcation programs:
Universities can collaborate with global accreditation
bodies to ofer sustainability-focused certifcations,
ensuring students and professionals gain recognized
credentials in sustainable practices.

Te interactions between the top cooperative entities
(their system behaviors) and the precise exchange of in-
formation (knowledge) required to carry out these services
can be performed by the service-oriented architecture
characterizing our IMF.

In Figure 9, we represent this architecture connecting the
government and the educational organizations. Tis fgure
shows how the employees in both organizations can register
and/or use new intelligent services. Additionally, the
managers in both organizations can administer these in-
telligent systems according to lower-level processes, as we
describe later.

Tis global information system (Figure 9) is crucial for
measuring progress toward SDG4 implementation according
to all the educational indicators. It enables simultaneous data
collection and further processing toward efcient and ade-
quate sustainability reporting. Further, with this computa-
tional model, we automate “some” of the processes related to
the management of current educational entities in sustainable
development. Basically, all these processes, obtained through
the process-oriented refnement of our approach, introduce
some specifc methods to register, manage, and deliver the
intelligent services of the architecture.

Some of these processes for services design management
are:

• Service portfolio management (creating and admin-
istering new services using the service RME).

• Service availability management (when and how to
make the services available through the service delivery
engine).

• Resource capacity management (administering the
capacity of all the resources of the services).

Some of the processes for services development and
operations include:

• Service architecture management (to integrate and
manage the services within the architecture).

• Service deployment management (to deploy the ser-
vices within the architecture).

• Change management (to administer all the changes
involved with new services and/or evolved services).

• Incident management (to administer all possible in-
cidents in the operative model of architecture).

• Problem management (to administer all the resources to
solve any possible problem in the operative architecture).

For each of these processes, we must defne the activities,
roles, and responsibilities to guarantee that all of them are
performed correctly. Te activities represent the core
methodological defnitions of our IMF. Further, there is
a top-level management supervising the global performance
of all the processes toward SDG4 achievement.

Te quality of our intelligent services can be evaluated
through the analysis of our cooperative processes toward
SDG4, including the coordination of activities for decision
making and information exchange. Finally, managers using
this IMFmust guarantee that topmoral/ethical behaviors are
completed so the organization performs at a higher level of
intelligence.

 . Case Study Assessment

Te intelligent management model based on GS&POC can
play a fundamental role in improving the administration of
educational resources and in optimizing cooperation be-
tween academic institutions at a global level. In the context
of the SDGs, specifcally SDG4 on quality education, this
approach would allow for the coordination of eforts be-
tween governments, universities, and private entities to
promote more sustainable and inclusive educational
strategies.

An example of the implementation of an IMF in edu-
cation could be its use in a network of universities seeking to
optimize the distribution of educational resources at an
international level. Using our architecture based on AI, these
institutions could share methodologies, materials, and
learning tools in real time, reducing operational costs and
improving educational quality in developing countries. In
addition, intelligent cooperation systems would allow for the
identifcation of gaps in education, facilitating the efcient
allocation of funds and teaching staf in regions where they
are most needed. Te expected impact of the IMF in this
context would be measured through various key perfor-
mance indicators, such as access to digital education, student
retention rate, and improvement in teacher training.

Likewise, its application could facilitate the imple-
mentation of personalized learning platforms that adapt to
the individual needs of students, promoting more inclusive
and efective educational models. Altogether, the IMF would
ofer a scalable and adaptable solution that would help
accelerate the fulfllment of the educational objectives set out
in the 2030 Agenda.

As we have suggested in Section 8, the current man-
agement of SDGs requires to deliver new intelligent services
through global cooperation. And, with our framework, we
have demonstrated that it is possible to design global co-
operation (in an educational environment) and to in-
corporate intelligent (AI-driven) services to perform such
cooperation. In our most recent publications, where we
continue evaluating the feasibility and fexibility of IMFs,
our cooperative system behavior interactions (incorporated
from top level cooperative model) activate and run possible
combinations of AI-driven services. Tis is especially
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relevant for developing countries which can incorporate
such cooperative system behaviors to be able to activate AI-
driven services being delivered by developed countries.
More generally, this capability demonstrates how the in-
telligence of the approach is also strongly connected to the
sustainability of our case studies.

10. Conclusion

Tis paper has presented an innovative approach to de-
veloping smart management frameworks that facilitate
global cooperation in sustainability-oriented organizations.
Using models such as GS&POC, it has been demonstrated
how smart services, organizational architecture, and pro-
cesses can be integrated into a fexible framework to improve
decision making and efciency in educational settings and
beyond. Te top-down design methodology has been key in
this process, allowing a structured evolution from concep-
tual models to operational implementations. Further, the
work has shown:

• Relevant insights to manage global, generic
organizations.

• New principles and rules for intelligent management
with related AI solutions.

• New organizational principles for process-oriented
cooperation which are not supported in current
standards like ITIL v4.

• GS&POC abstractions based on suitable computa-
tional intelligence for our IMFs.

Te development of our smart management frameworks
is especially relevant in the context of the SDGs, where global

cooperation is essential to achieving common goals.
Trough this study, the potential of these frameworks to
optimize resource management and improve operational
efciency of organizations in diferent sectors has been
identifed. Beyond education, IMF could be applied in areas
such as public service management, healthcare, and digital
governance, ofering innovative solutions for sustainable
development.

In terms of future applications, this work lays the
groundwork for the design of smart cooperation systems in
multiple domains. Te fexibility of the model allows it to be
adapted to diferent scales, from individual organizations to
international collaboration networks. In this sense, the IMF
not only represents a step forward in organizational man-
agement but also opens new possibilities for the digital
transformation of public and private entities.

11. Future Work

Te next step in this research will be the validation of the
proposed framework in real environments by implementing
pilots in educational and governmental organizations. To do
so, we will seek to collaborate with institutions interested in
adopting IMFs based on GS&POC, implementing concrete
demonstrations and evaluating their impact through specifc
performance and user satisfaction metrics.

Prior to these implementation pilots, we are planning to
run other publications yet providing formal defnitions and
technical implementation details for our IMF proposal. Tis
shall include concrete data structures and data faws between
abstractions, integration algorithms, system diagrams,
pseudocode, and other formal notations for our abstractions
and refnement techniques. Tis work will provide further

Employee
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Manager

Internet

Internet
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services

Intelligent
services

Indicators

E1: government

E2 : educational institution
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Figure 9: SDG4 IMF: third abstraction with intelligent services and engines.
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technical interpretations and will enhance future re-
producibility of our IMF approach.

Parallelly, we will investigate concrete implementation
details for the AI techniques integration within our IMF. In
this paper, we have outlined how our intelligent services
incorporate both knowledge and behavior structures and
mechanisms. Future investigations will explore how these
intelligent services can be mapped to AI applications based
on concrete trained models using neural networks and
learning algorithms. Additionally, we will investigate how to
implement the cooperative system behaviors of the frame-
work using appropriate knowledge-oriented and behavior-
oriented AI techniques. For example, it might be interesting
to investigate how our framework can be connected to well-
known models like the Skill/Rule/Knowledge-based model
of Rasmussen [54], more recently extended for cooperation
in [55].

Another key aspect of our future work will be the in-
tegration of advanced AI technologies in the IMF. Tis will
include the application of machine learning techniques for
process optimization, as well as the development of in-
telligent agents capable of facilitating cooperation between
diferent entities. Te incorporation of web intelligence and
data-driven AI technologies will improve the responsiveness
and adaptability of these frameworks in complex and
changing scenarios. In addition, the possibility of extending
the model to additional sectors such as healthcare and public
administration, where smart cooperation can generate
a signifcant impact, will be explored. It will be analyzed how
IMFs can contribute to improving data management in
critical infrastructures, optimizing resource allocation in
hospitals and strengthening the resilience of governments in
the face of global crises. Tese advances will contribute to
consolidating the role of the IMF as a key tool for sustainable
development and global cooperation in the digital age.
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[19] J. Bücker and E. Poutsma, “Global Management Compe-
tencies: A Teoretical Foundation,” Journal of Managerial
Psychology 25, no. 8 (2010): 829–844, https://doi.org/10.1108/
02683941011089116.

[20] C. Scarlat, “Intelligent Management,” FAIMA Business &
Management Journal 3, no. 2 (2015): 3–4.

[21] D. Gayo-Avello, D. Alvarez-Gutierrez, A. Cernuda-Del-Rio,
J. Gayo-Avello, L. Vinuesa-Mart́ınez, and N. Garćıa-Fernández,
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