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Abstract. This paper presents the development of a Learning Ecosystem (LE) to
cope with the challenges brought by the characteristic complexity and uncertainty
of research and innovation projects. These projects are made up of consortium
partners who constitute a complex socio-technical system (STT), which works
towards the development of cutting-edge technology by creating new and valuable knowledge. Through the creation of a LE grounded in complexity, learning
and knowledge management theories, the project consortium aims to enable an
efficient knowledge exchange and effective learning processes within the system,
which are ultimately conducive to the achievement of the project goals. After a
review of the literature about complex STTs and LEs, the development of the LE
for a specific project taken as a pilot is discussed in detail, elaborating on its
components, knowledge flows, learning processes, learning tools, and the methods to assess its effectiveness.
Keywords: Complex socio-technical system, learning ecosystem, effective
learning, knowledge gap, research and innovation project

1

Introduction

Complexity in engineering has been studied from different perspectives and different
foci due to the absence of a unique concept or an overarching complexity theory, with
works discussing its source, typology, scope, concepts, etc. [1]–[3]. The study of complexity has been associated with challenges arising from uncertainty, iteration, multidisciplinary, and dynamic behavior, which are all characteristic of research and innovation (R&I) projects [4]. In this context, the complexity arises not only from the technology embedded in the subject of the project itself, but also the socio-technical interactions between actors involved in the project, as well as the social and technological
pressures from external stakeholders which represent the target of the projects’ output
[3]. This degree of complexity is often found in R&I projects financed by the European
Union, and calls for solutions that enable the management of complex socio-technical
systems (STS) while allowing for effective innovation and supporting organizations in
being more adaptive in their response to change and uncertainty [5]. Furthermore, modern views on STS aim to promote not only innovation, but also knowledge sharing and
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learning within, as creating these opportunities is conducive to an informed decisionmaking process along the system [6], [7].
The present work uses complexity theory to describe the organizational context of
the R&I project “Ecosystemic knowledge in Standards for Hydrogen Implementation
on Passenger Ship” (e-SHyIPS) as a complex STT, and to develop a methodology that
aims to address, in particular, the efficient exchange of knowledge within the system.
Section 2 discusses the characterization of the e-SHyIPS project as a complex STT,
identifying its elements, their interactions, and highlighting the importance of
knowledge and learning. Section 3 reviews the literature on LEs, and section 4 builds
on the previous sections to develop the “e-SHyIPS LE”, detailing its components, learning tools, and measures of effectiveness. The work finishes with the conclusions and
next steps presented in Section 5.
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Complex socio-technical systems in research and innovation
projects: the e-SHyIPS case

When it comes to R&I projects, adopting a socio-technical view is based on the notion
that the actors involved in the project (project consortium members) interact and negotiate a solution that can be considered “satisfactory” in terms of the actors performance
and the project outcomes, and that the activities conducted by the actors are not only
affected by the technical properties of the project’s subject, but also by the manner in
which they act and interact, ultimately influencing their performance and the project
outcomes [4]. Considering the external forces also exerting their influence, this perspective is more pragmatic and richer as it can provide a better understanding of the
reality of a project, which is of great value for research and practice.
Several succinct definitions of complexity can be found in literature, but, due to the
nature of the concept itself, they manage to capture its dimensions only partially. Thus,
a number of studies are concerned, instead, with describing its characteristics as a way
to grasp the complexity of a certain system [8]. Saurin and Sosa [8] describe a complex
STS as having a particular set of characteristics which include: a large number of dynamically interacting elements, wide diversity of elements, unanticipated variability,
and resilience.
The e-SHyIPS project is a Horizon Europe project that aims to define a pre-standardization plan for the update of the International Code of Safety for Ship Using Gases
or other Low-flashpoint Fuels (IGF code) pertaining to hydrogen-based fuels passenger
ships, and a roadmap for the boost of Hydrogen economy in the maritime sector. The
scientific and technical contents addressed in the context of the project are divided into
4 categories called “experimental pillars”. The project consortium is made up of 14
partners, each with a specific expertise that determines their role and participation in
the project experimental pillars, which include: vessel designers, regulatory entities,
fuel cells R&D centers, ferry and containership companies, computing centers,
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hydrogen suppliers, port operators, and engineering consultants. Several approaches
and scientific research methodologies are used to gather relevant state of the art and to
guide experimental activities, such as literature reviews, theoretical studies, surveys and
interviews. The project also envisions the involvement of a wide list of external stakeholders in order to collect baseline information, best practices, expertise, feedback, and
more. These stakeholders include Advisory Board members and consortia of projects
working in similar topics or “Cluster Projects”. They are expected to be continuously
involved in the project development and to provide constant and rigorous knowledge
contributing to the activities of the consortium. Therefore, the interactions between all
actors (external stakeholders and consortium partners) involve the flow of knowledge
within and outside of the organization as well as the associated learning activities and
processes. Table 1 gathers all elements of the organizational context and presents them
as evidence to characterize the e-SHyIPS project as a complex STS as per Saurin and
Sosa (2013) [8].
Table 1. Examples of evidence that characterizes the e-SHyIPS project as a complex STS.
Characteristics of complex
STS [8]
1. A large number of dynamically interacting elements
2. Wide diversity of elements
3. Unanticipated variability
4. Resilience
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Examples of evidence in the e-SHyIPS project
Number of consortium partners, number of Advisory Board
members, number of Cluster Projects
Types of knowledge exchange, actors and stakeholders’
types of expertise, types of learning processes
Types of decisions taken by the consortium partners, doubts
arising during decision-making, sources of uncertainty
Adaptations of internal procedures on the basis of feedback
received from external sources

Learning Ecosystems

Knowledge sharing and learning within the system are subjects of modern studies about
complex STS due to their impact in the decision-making and the overall system output
[6]. Furthermore, in recent years the learning environment has been approached as a
system, with works highlighting the importance of mapping and understanding all complex relationships arising between the elements within [9]. The high complexity of
modern learning setups calls for frameworks that can appropriately represent the dynamics between all involved stakeholders and the impact of external influences [10]. In
this context, a LE is defined as consisting of stakeholders incorporating learning processes and learning utilities within specific environmental borders [11]. The individual
behavior of stakeholders contributes positively or negatively to the success of the LE,
while the relationships and interactions between them are related to the flow of information as well as the transfer and transformation of knowledge [12].
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The e-SHyIPS Learning Ecosystem

The present work adopts the LE methodology to accurately represent the complexity
identified in the e-SHyIPS project in order to address the challenges noted in Section 2
from a learning point of view, namely, the multiple knowledge flows and learning processes taking place between a variety of stakeholders. While the hydrogen maritime
economy is an issue of direct application based off the project, the method described is
intended to focus on areas where there is a high degree of uncertainty and multiple
interconnected elements that are both known and unknown. The development of the eSHyIPS LE is guided by 3 main principles: i) giving visibility to processes and outcomes, ii) encouraging the diversity of perspectives in the decision-making, and iii)
having an efficient exchange of knowledge. A brief introduction to the e-SHyIPS LE is
given in section 4.1, while the theoretical foundation of the LE is laid out in section 4.2.
Finally, section 4.3 describes the proposed methods to assess the effectiveness of the
LE, this is, to assess the learning effectiveness.
4.1

Components

The e-SHyIPS LE (Figure 1) is created with the involvement of the project consortium
and stakeholders from maritime, technological, and hydrogen sectors. In the highly innovative and dynamic context of the project, this methodology will enable the ecosystem to react quickly to the changeability needs of hydrogen and fuel-cell fast developing technologies, as well as to bring together a diverse set of perspectives. In order to
achieve the project objectives, the LE continuously monitors, controls, and pulls the
knowledge gaps identification and resolution, integrates the results from experimental
activities, and promotes the capture of new knowledge. Based on the contents described
in Section 3, the components of the e-SHyIPS LE are as follows:
• Learning stakeholders. The 14 members of the consortium represent the learning
stakeholders. Throughout the duration of the project they will engage with each other
as well as external actors.
• Learning contents. The knowledge directly related to the 4 experimental pillars. This
knowledge can be originated from within the ecosystem (internal sources) or from
sources beyond the learning environmental borders (external sources).
• Learning processes. The activities facilitated through the use of specific tools for the
acquisition and creation of knowledge and, as a consequence, the closure of
knowledge gaps. There are 4 main learning processes taking place in the e-SHyIPS
LE: i) learn by experimenting, ii) learn by searching, iii) learn by imitating, and iv)
learn by interacting.
• Learning environmental borders. The boundaries of the ecosystem enclosing the
learning stakeholders (i.e., the consortium members). The learning processes involving exclusively the learning stakeholders are referred to as endogenous learning,
whereas the learning processes involving the learning stakeholders and interactions
with external forces are referred to as exogenous learning.
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Figure 1. The e-SHyIPS Learning Ecosystem

Furthermore, the e-SHyIPS LE is affected by the following external forces:
• The Advisory Board and the Cluster Projects. Actors with whom the learning stakeholders interact synchronously or asynchronously on a regular basis. They are considered as not fully external actors, since the consortium has a direct line of communication with them; but also not fully internal actors, since they are not part of the
learning stakeholders, do not engage in their regular activities, and do not share the
same objectives and attitudes.
• External sources. The external sources from which knowledge can be acquired.
These include academic literature, standards and regulations currently in place, case
studies, and the activities carried out by organizations of interest to the consortium
(enterprises, similar projects’ consortia, etc.) The feedback received from the European Commission about the project performance is also a valuable external source.
4.2

Learning Framework

The learning framework lays out the theoretical foundation of the LE as well as the
learning tools developed on the basis of said theory. The interactions and relationships
between the learning stakeholders are described in terms of knowledge flow and learning processes. The knowledge flow refers to the processes that the learning contents go
through as the learning stakeholders make sense of it, while the learning processes refer
to the activities that facilitate the flow of knowledge [13]. The developed tools are intended to support the learning stakeholders in the various learning processes. The main
objective of the learning framework is to support the identification and closure of
knowledge gaps.
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Knowledge Flow
The knowledge flow refers to the processes that the learning contents go through as the
learning stakeholders make sense of it. The processes involved in the flow of
knowledge are encapsulated in the concept “Knowledge Management”, which refers to
the management of knowledge within an organization “by steering the strategy, structure, culture and systems and the capacities and attitudes of people with regard to their
knowledge”, ultimately achieving an organization’s goals by making the factor
knowledge productive [14]. Several models of Knowledge Management covering a
wide spectrum of perspectives are abundantly described in literature. Therefore, there
is some degree of diversity in the knowledge flows described by these models depending on the disciplinary context [15]. Those with relevance to context of the e-SHyIPS
LE can be grouped into the following three main stages: i) Knowledge Gap Identification, ii) Knowledge Gap Resolution, and iii) Knowledge Capitalization. Each stage is
made up of the phases shown and described in Figure 2.

Figure 2. Knowledge Flow in the e-SHyIPS Learning Ecosystem

Learning Processes and Learning Tools
Once a knowledge gap is identified it can be bridged through the acquisition of existing
knowledge, often from outside the organization, or the creation of new needed
knowledge, often within the organization. In line with the boundaries described in section 4.1, four learning processes, also referred to as “Learn by X”, are put in place in
order to acquire or create knowledge, each one with an associated tool and source of
knowledge (Table 2) which are described as follows:
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Table 2. Learning processes with their corresponding tool and source of knowledge
Learn by X

Learning tool

Source of knowledge

Learn by searching

Document library

Learn by imitating
Learn by interacting

Repository of observed actions
Repository of interactions

Learn by experimenting

A3 Experiment cards

Academic literature, state of practice and standards
External actors, Cluster Projects,
Advisory Board members
Consortium partners, Cluster Projects, Advisory Board members
Experiments

1. Learn by searching. Exogenous learning process involving the comparison, integration, and synthetization of information from external sources [16]. To support the
acquisition of knowledge from the academic literature, state of practice and standards, a document library has been created as the supporting learning tool. The documents are added by the consortium partners along with information meant to facilitate their consultation: general information, keywords, associated experimental pillars, and associated knowledge gaps.
2. Learn by imitating. Learning process involving the acquisition of knowledge through
passive or active observation of an act followed by its imitation [17]. The dedicated
learning tool is meant to ensure that all relevant observations are recorded in a single
repository, storing those corresponding to external actors (exogenous learning) and
Cluster Projects and Advisory Board members (exo/endogenous learning). These
observations also include information about the associated experimental pillars and
knowledge gaps.
3. Learn by interacting. Type of learning that relies on the experiences of the consortium partners and their interactions beyond the environmental boundary of the ecosystem [18]. Similarly to learn by imitating, the dedicated learning tool is meant to
ensure that all relevant interactions are recorded in a single repository, primarily
those with Cluster Projects and the Advisory Board (exo/endogenous learning). Internal interactions are already recorded during meetings. These interactions also include information about the associated experimental pillars and knowledge gaps.
4. Learn by experimenting. Learning process that involves the creation of new
knowledge from the development of experiments within the consortium. In order to
setup the experimental plans, the A3 problem-solving approach is used to document,
communicate, and transfer the created knowledge [19]. The dedicated tool is called
the “A3 experiment card”, which has been adapted for the project and also includes
information about the associated experimental pillars and knowledge gaps.
4.3

Assessing the effectiveness of the Learning Ecosystem

Being able to assess the effectiveness of the overall LE is as important as laying the
theoretical foundation and developing the corresponding learning tools. The attributes
through which the effectiveness of the ecosystem can be measured are knowledge and
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learning; however, these are subjective and intangible concepts whose measurement is
not simple as it depends on several contextual factors arising from the characteristics
of the LE. The measurement of the effectiveness of knowledge management and learning are current topics of research focused not only on the LEs found in the educational
system, but also in those in the scope of organizational learning.
In the context of the e-SHyIPS LE, the individual knowledge gap is selected as the
unit of analysis to be used in the assessment of its effectiveness. Therefore, the effectiveness of the ecosystem will be determined primarily by the number of knowledge
gaps that are successfully closed within a certain time period. Thus, effectiveness is
defined as the degree to which something contributes towards the closure of knowledge
gaps. Considering this, there are two manners in which the effectiveness of the LE can
be measured: i) the performance of the learning tools, and ii) the feedback from the
learning stakeholders making use of the learning tools.
Learning tools performance
The performance of the learning tools is measured through their contribution towards
the resolution of knowledge gaps. Thus, a set of KPIs both absolute and relative were
defined for each of the learning tools. These KPIs will be tracked throughout the development of the experimental pillars. A sample of the KPIs corresponding to the tool
“Repository of observed actions” corresponding to the process “Learn by Imitating” is
shown in Table 3 below. The KPIs will be measured and updated regularly, with eventual adjustments to better track the performance of the learning tools.
Table 3. KPIs to measure the effectiveness of the Learn by Imitating tool
KPIs
Absolute

Relative

Description
• Total number of organizations identified as Cluster Projects
• Number of members belonging to each sector in the Advisory Board
• Number of organizations contacted/Total number of organizations in the cluster
• Number of organizations contacted that contribute towards the closing of
knowledge gaps/Total number of organizations in the cluster

Feedback from learning stakeholders
The effectiveness of the learning tools will also be measured as they are perceived
by the learning stakeholders i.e., measuring the quality of the experience of learning
stakeholders as they use the tools for the closing of knowledge gaps. The proposed
media to collect the feedback are surveys, questionnaires and/or interviews scheduled
every number of months.
• Surveys. The surveys aim to assess the following features:
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─ Contents. Learning stakeholders’ perception of the contents offered and whether
it facilitates its expected purpose.
─ Ease of use. The difficulty of using the tools by the learning stakeholders in order
to fulfill its purpose.
─ Availability. The guaranteed access to the tools at any time.
• Interviews. The interviews are meant to have immediate access to the experience of
learning stakeholders as they are using the tools. The interviews also have the purpose of enabling the tracking of the status and evolution of knowledge gaps.
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Conclusion and next steps

The objective of this work was to capitalize on complexity, learning, and knowledge
management theories to develop a methodology to enable an efficient exchange of
knowledge. The e-SHyIPS LE, thus, not only supports the project consortium to work
towards achieving the objectives of the project, but also the overall objective of R&I
projects, such as those funded by the European Union, to promote learning and to advance the scientific and technological community through the creation and sharing of
knowledge. This methodology represents a pivotal work to create solid learning environments to guarantee achieving the project outcomes despite the inherent complexity
and challenges presented by these type of R&D projects
As for the next steps, the LE is planned to be deployed in the context of the project
and real data is expected to be collected according to Sections 4.2 (Learning Framework) and 4.3 (Assessment of the LE effectiveness). General findings will be exploited
to implement the LE in R&I projects dealing with similar complexity or similar complex STS.
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