= ag)

GLOBALISATION
CONFERENCE

Globalisation Conference
Apeldoorn, The Netherlands
August15, 2024

FULL
PAPERS



GLOBALISATION
CONFERENCE
Contents
Theme 1. The Digital REVOIULION........ oot e e eeeeeennns 3
Revolutionizing higher education: A technical review of artificial intelligence
11 (=0 = 11 0] o 3
Theme 3. Cultural Exchange in a Globalised World...............ooiiiis coiiiiiee 17
The effects of the multiple facets of culture on mental health: A focus on globalising
=Y I oAV 01 AV T o = Vo 1] o £ TR 17
Theme 5. Environmental ChallenNges..........cooouviiiiiiiiiiiies e e 19
Sustainability leadershipTleadership in a new reality.............cccceovviiiiiiiiinn v, 19
Theme 10. Education in a Globalised Era............ccooooiiiiiiiiiiin i .32

Implementation of Eco-systems of OpenScience Schooling: Challenges and insights
TN FOUE COUNTIIES ... ettt s r e e e e e e e e e e e eeennennnaan o 32



EN

GLOBALISATION
CONFERENCE

Theme 1. The Digital Revolution

Revolutionizing highereducation: A technical review of artificial intelligence
integration

Authors:
Hind Albasry, Dadi Chen, Rauf Abdul

Abstract:
Artificial intelligence (Al) storms through, making qualitative breakthroughs in performance
and production in all lifefields, including higher education. This study presents a
comprehensive investigation of diverse dimensions of Al technologies employed in the
realm of higher education to outperform current learning outcomes, aiming to utilize
automation, optimization, and data-driven decision insights functions offered by Al. A
systematic approach is adopted by reviewing the current literature and analyzing the latest
case studies to build solid Al architecture by identifying the diverse array of where Al
technologies areused in the higher education sector. The study investigates adaptive
learning systems, intelligent tutoring systems, virtual assistants, learning analytics, natural
language processing (NLP), virtual reality (VL), augmented reality (AR), plagiarism dei@tt
tools, automated grading systems, and personalized recommender systems. The results
demonstrate the transformative role of Al in restructuring higher education, where Al
enhances dramatically pedagogical practices, personalizes learning experiences,
improves student engagement and retention, optimizes administrative workflow, and
fosters a dynamic educational environment. This study provides the stakeholders in the
higher education sector with insight into the Al technologies and architectures that shdd
be adopted to attain a competitive edge and enhance learning outcomes.

Introduction:
Digital development in the 21st century is driven by artificial intelligence (Al). This
technological tool is revolutionizing many industries including higher education by
enabling machines to mimic human behavior (Bates et al., 2020; Zhai et al., 2021; &het
al., 2020; Ahmad et al., 2021). Among the most important human behaviors that can be
simulated by Al are pattern recognition, language understanding, learning, adaptation,
problem-solving, decision-making, and finally perception (Chen et al., 2020; Wang et al.,
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2020; Ouyang & Jiao, 2021; Khosravi et al., 2022). Simulating human behavior with high
efficiency enables people to enhance productivity, improve the decisiormaking process,
and push for innovation and creativity in all fields, the most important of whicls

education (Yang et al., 2021; Guan et al., 2020; Zhang & Aslan, 2021; Kumar et al., 2023;
Kabudi et al., 2021).

The realm of Al includes many technologies, but there are basic and pivotal technologies
that will be discussed and defined for the reader to facilitate understanding of the rest of
the technical concepts that will be called through this paper, which are rachine learning
(ML), natural language processing (NLP), and data analytics. By understanding the basic
technologies of Al in higher education, readers gain a comprehensive understanding of
how Al can advance the reality of higher education and promote pive teaching and
learning practices that in turn contribute to a smooth transition. In higher education, these
technologies contribute directly or indirectly to customizing educational experiences for
students to meet the individual needs and preferenceslin addition, they enhance and
evaluate teaching and learning, enhance institutional efficiency, and play a major role in
advancing the field of development and innovation. The technologies are:

Machine learning (ML) algorithms: ML is an important branch of Al, where algorithms are
developed that enable computers to learn, predict, and make decisions based on the data
that is fed to them and the goals for which the model is designed (Luan & Ts2021; Kuleto
Ja ¢ GIOAW=MEING WO ¢ OFF AW=M=ZZb OWFf OWNWVUWUI ¢ 0 AWl~x WHY
education (Luan & Tsai, 2021). This branch contributes to many important and basic
applications that help in identifying patterns, prediction, customizaion, automation,
optimization, anomaly detection, autonomous systems, continuous learning, and
adaptation (Kuleto et al., 2021). In higher education, ML is used to predict student success
and personalized educational experiences and design content deliveity individual

b gel WUt bWOKUT + Weido ¢ ORF AW=M= = b HOLWW

Natural Language Processing (NLP): The second crucial branch in the Al realm is NLP. To
mimic human behavior the machine needs to interact with human languages. The NLP
algorithm is used to understand, interpret, and generate text or speech (Fuchs, 2023;
Algahtani et al., 2023). This revolutionizes education in different ways. Nowadays,
students can have virtual assistance, chatbots, and language translation tools, and many
Al tools help with the education process (Fuchs, 2023). NLP contributes by enabling
natural language interfaces that facilitate interactive learning environments (Algahtani et
al., 2023).
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Data Analytics: This is also one of the most important branches of Al.-&ivolved data
analytics include collecting, analyzing, interpreting, and visualizing data to extract valuable
insights that can support decisionmaking in Al systems. By utilizing Aéchniques in data
analytics, the patterns, trends, correlations, and any other meaningful information are
extracted to be harnessed and improve the overall system performance (Nguyen et al.,
2020; Ashaatri et al., 2021; Sekli & De La Vega, 2021). In ediima, data analytics process
the educational data to give an insight into student performance, engagement, and
learning patterns (Nguyen et al., 2020; Ashaari et al., 2021). This technique leads to a
continuation of updating and learning in the education gstem for the benefit of the
students (Sekli & De La Vega, 2021).

Overall, the integration of Al technologies in higher education promises improved
efficiency, tailored support mechanisms, and dynamic learning environments, fostering
enhanced academic experiences for students and educators alike. Considering the vital
role of higher education for the community, the incorporation of Al tools in this sector
becomes crucial to keep pace with the paradigm shift. It significantly contributes to
enhancing teaching effectiveness, improving learning experiences, supporting studési
success, and driving innovation and research. To take advantage of Al", the stakeholders
need a thorough comprehension of Al system architecture in the educational environment
to build a clear vision and effectively implement strategies for its integtéon and

utilization. Thus, this study conducts a systematic literature review of the last four years
(202071 2024). Based on the literature review conducted in this work, the literature shows
that there is a lack of comprehensive understanding of Aased architecture in higher
education. Therefore, this paper builds a clear vision of a holistic Al systems architecture
in higher education.

The remainder of this paper is structured as follows: Section Il discusses the research gap
and methodology, Section Il presents the overview of the literature review, Section IV
details the results obtained from the search procesduy introducing the holistic

architecture of Albased systems in higher Education, Section V deliberates on the
challenges and limitations of Atbased systems in higher education, and Section VI
concludes the study with suggested future works.

Research Gap and Methodology
In this section, the research gap is defined, and the research methodology is clarified. The
research gap is the lack of a recent study investigating Al technical systems in higher
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education, as will be explained in the literature reviews section and based on our
investigation the holistic vision of the Albased higher education architecture will be

drawn. Initially, a systematic literature review study is conducted to explore diffemt
technical Al systems in higher education, focusing on the weknown library, Google
Scholar. Google Scholar is widely used, and it is an opespurce academic search engine
that provides access to a variety of scholarly literature, including journal &icles,

conference papers, and dissertations. This engine provides many features to filter recently
published references and those with a high citation index, along with indicating the source
in which they were published. Google Scholar was chosen as theimary resource for
several factors:

1. Google Scholar indexes a wide range of academic publications from various
disciplines. It provided us with comprehensive coverage of research related to Al
in higher education.

2. Google Scholar's search algorithms prioritize reputable and frequently cited
sources. This ensures relevant and reliable literature is included.

3. The filtering feature can be used to select recently published publications which
were from 2020 to 2024. This enables us to monitor the latest developments and
trends in Al in higher education.

The search strategy involves using specific keywords related to Al and higher education,
terAéWet Wb | gRNRARc G W UqUWadRNIDURDWL f brwAllbec RNG
wm cagel ciWxcecUNeeNIJWALI YR T RUDWB xAb wArdlm? ¢ q¢c W U
qUcHSRUNDW 't qUGt mAWE UT WHET eHecqRYUC TG WqRHRSUYGYDN
combined and used to query Google Scholar, resulting in a comprehensive collection of

relevant publications. To ensure the inclusion of highguality, influential research, search

results are filtered based on citation metrics, such as the number of citations. Highly cited
publications are prioritized, as they indicate scientific importance and influence within the

academic community. In addition, preference was given to phlications from reputable

journals and conferences, which undergo rigorous peer review processes to ensure

methodological rigor and academic rigor. Inclusion criteria for selected publications

include relevance to the research topic, date of publication whin the selected period

(2020-2024), and availability of fulitext access. Studies that meet these criteria are

included in the review, while those that do not meet these criteria are excluded. Data

extraction involves retrieving basic information from tle selected publications, including
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authors, year of publication, title, abstract, and main findings. This information is collected
and analyzed to define Al systems in higher education and draw a clear vision of the
structure of the modern educational system based on Al. Overall, the systeatic literature
review methodology adopted in this study ensures a comprehensive definition of current Al
systems in higher education, taking advantage of the rich resources available from Google
Scholar. By focusing on recent and highly cited publicationgthis study aims to provide
valuable insights and contribute to the advancement of knowledge in this field.

Literature Review
In this important part of the study, a systematic review of the literature for the last four
years is conducted todefine the main systems and technologies of Al in higher education.
The keywords defined in the previous section were used for search in Google Scholar. The
following groups of literature are found. The first group of literature: Bates et al., 2020; Zhai
et al., 2021; Hemachandran et al. al., 2022, focused on Alased technologies, where they
ensure that Al technologies are revolutionizing the educational landscape by providing
personalized learning experiences, facilitating learneteacher interaction, and predicting
academic success by using different systems such as intelligent tutoring systems, virtual
learning assistants, and personalized learning. The second group of literature (Chen et al.,
2020; King & ChatGPT, 2023; Ahmad et al., 2021; Luan et 2020) verified that Albased
platforms provide insights into student performance and behavior, support adaptive
learning styles, and enable the detection of academic misconduct, such as plagiarism. The
q6RITWNI YeGWu ! ¢ 6! ¢ UwCuCkdiloyt & Rlelsidlaz 202 M 6 WE 1Y W1
Dempere et al., 2023; Zhang & Aslan, 2021; Kumar et al., 2023) confirm that the ongoing
research and innovation in the field of Al are reshaping higher education, providing new
opportunities for learning, collaboration, andengagement. Also, many sources address
the ethical aspects of adopting Al in higher education as Yang et al., 2021; Guan et al.,
2020; and Rudolph et al., 2023. This amazing development faces great challenges, as
ethical considerations must be considered,and the decisions made by Al need to be
explained, and therefore there is a need to design systems that can be interpreted and
understood in a transparent and simplified way for users.
The literature has been reviewed. They cover various aspects but none of them provide a
comprehensive view of Albased architecture in higher education. However, the content in
q6 JWI Rl ¢qel WWIWeT t Wet WgYW WnROWDWGY! Wt 3! 5 YI
MADI + YUCOTRAUDT Wx el URUNwAWMBER]I qecidlWx el URUNDwALW
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Pt 0ttt aR00quwaWe UT W9 YUqURUUqWARHYGAGWUT ¢ qRY UntOWN 6
examine different Atbased systems in higher education by using more sophisticated
keywords and classifying the literature into themes.
Themes Definition:
The classifications are presented in six themes. For accuracy and practical purposes, each
q6 G WHYUHG:T UT Wn!l YGWqé DWnR2 WG Y qul IRHJIUqWe U1
ERGYOU!I wmtOWNS W R+Waq6 3Gt Wel WWGI 3t 3UqIT Wet WnyYd

Theme 1:

This theme introduces the intelligent tutoring system as one of the important
systems in modern higher education. The following recent publications shed light on
various aspects of intelligent tutoring systems: (Alam, 2023; Mousavinasab et al., 2021;
Conati et al., 2021; Guo etal., 2021; St RO ¢ Rl W WU qlé¢ G IOAW=M=Z=Z6 WE! ! f GG
These references explore this system in different ways. Alam (2023) explored the use of Al
to develop intelligent tutoring systems aimed at enhancing classroom experieres and
improving learning outcomes. Also, Mousavinasab et al. (2021) conducted a systematic
review to identify the characteristics, applications, and evaluation methods of intelligent
tutoring systems. Furthermore, Conati et al. (2021) investigated persohaxplainable Al
(XAl) through a case study in intelligent tutoring systems. In addition, Guo et al. (2021)
provided an interdisciplinary and scientific perspective on the development and trends in
research on intelligent tutoring systems. StHilaire et al. (2022) discussed the
transformative potential of intelligent tutoring systems in online learning environments.
El'fOaG¢cAWecUT W TEHEt RWBIZM=Mb WT 32130 YGWI We UWRUq
networks and fuzzy logic to enhance students' academiperformance.
Theme 2:
Furthermore, in this theme, the personal learning platform is introduced as a second
important system of Atbased architecture in higher education. The following recent
publications offer insights into different dimensions of personal learning platforms:
(Tapalova & Zhiyenbayeva, 2022; Bhutoria, 2022; Whalley et al., 2021; Alamri et al., 2020;
Rane et al., 2023; Essa et al., 2023; Chang et al., 2023). Tapalova and Zhiyenbayeva (2022)
examined Al in education specifically in the context of personalized leamg pathways. In
addition, Bhutoria (2022) conducted a systematic review exploring personalized learning
and Al in different countries. Also, Whalley et al. (2021) investigated the effects of Al on
flexible personalized learning in the wake of the COVHD9 pandemic. Alamri et al. (2020)
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explored the use of personalized learning to motivate learners in online higher education.
Rane and Choudhary (2023) discussed integrating Al for personalized and adaptive
learning into Education 4.0 and 5.0 frameworks. Essa, Celik, and Humatendricks (2@23)
conducted a systematic review of the literature on personalized adaptive learning
techniques based on ML techniques. In addition, Chang et al. (2023) examined
instructional design principles for Atenabled chatbots that support selfregulated learning
in education.

Theme 3:

Moreover, this theme presented the virtual learning system as part of the architecture. The
following recent publications provide perspectives on various facets of virtual learning
system: (Wang et al., 2023; Rudolph et al., 2023; Hannan & Liu, 2023; MdRadhim et al.,
2022; Dempere et al., 2023). Wang et al. (2023) investigated the potential impacts of Al on
international students in higher education. The authors focused on generative Al, chatbots,
and analytics and their impact on international student secess. Also, the work of Rudolph
et al. (2023) addressed the competitive landscape of chatbots in higher education,
examining platforms such as Bard, Bing Chat, ChatGPT, and Ernie, and examining their role
in the evolving Addriven educational environment.Meanwhile, Hannan and Liu (2023)
highlighted the emergence of Al as a new source of competitiveness in higher education
and discussed its multifaceted applications and implications. In addition, Muhammad
Rahim et al. (2022) presented an innovative Alased chatbot adoption model designed for
higher education institutions. They used a hybrid P..SEM neural network modeling
approach. Finally, Dempere et al. (2023) explored the specific impact of ChatGPT on higher
education, providing insights into its impacs and impacts within the educational sector.
Theme 4:

In the fourth theme, the predictive analytics system is unveiled as one of the main systems
of holistic Al-based architecture. The following recent publications delve into the

intricacies of predictive analytics systems: (Doleck et al., 2020; Luan et al2020; Gao et

al., 2021, Fischer et al., 2020; Teng et al., 2023; Umer et al., 2023). A comparative analysis
of ML frameworks specifically deep learning for predictive analytics was conducted in
(Doleck et al. 2020), where the authors highlighted the diveesapproaches and
methodologies used in higher education. The authors Gao et al. (2021) presented key
technologies in Al, elearning, and big databased e-learning, focusing on the impact of Al
technology on advancing higher education outcomes. Given the iportance of data,
especially big data, for ML and deep learning of this system, Fischer et al. (2020) explored
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the potential and challenges of big data mining in education, highlighting the need for
ethical and responsible data practices to harness the full potential of these technologies.
Also, Luan et al. (2020) discussed the challenges and future trends of bigtd in Atbased
education and highlighted the complexities and opportunities inherent in leveraging large
scale data analytics to improve education. Designing educational models that help in the
decision-making process was one of the ideas and works of Tgret al. (2023). The authors
proposed a data and Akdriven decision-making model for higher education systems,
providing insights into the application of Al in improving institutional processes and
student support services. Finally, Umer et al. (2023) exained the current state of
predictive analytics in higher education, and in their work, they identified opportunities,
challenges, and future directions for leveraging predictive modeling to enhance student
success and institutional effectiveness.

Theme 5:

The fifth theme considers the adaptive assessment system. The following recent
publications shed clarity on multiple dimensions of adaptive assessment system:
(GonzalezCalatayud et al., 2021; Hooda et al., 2022; Kumar, 2023; Gardner et al., 2021;
Cope etal., 2021). GonzélezCalatayud et al. (2021) provided a comprehensive systematic
review highlighting the potential benefits of Al in student assessment. Hooda et al. (2022)
investigated practical applications of Al for assessment and feedback to enhance stlent
success in higher education contexts. Interestingly, Kumar (2023) investigated the
ROGIRHEc qRYUt WYnWnéHaOq! WAWGADI + k Wet YWYnW
Gardner et al. (2021) critically examined whether Al represents a real breakthrgiu or
merely an exaggerated advance in educational assessment. Finally, Cope et al (2021)
explored the impact of Al on general knowledge acquisition and its assessment within-Al
based learning environments.

Theme 6:

The last theme is about the curriculum recommendation system. The following recent
publications explore diverse angles of curriculum recommendation system: (Urdaneta
Ponte et al., 2021; Zhang et al., 2021; Raj & Renumol, 2022; Saito & Watanobe, 2020; da
Silva et al., 2023). UrdanetaPonte et al. (2021) conducted a comprehensive systematic
review that highlighted the potential benefits of Al in content recommendation for
education. One year later, Raj & Renumol (2022) conducted a systematic review of the
literature specifically on adaptive content proposals, focusing on their importance in
tailoring learning experiences to individual students' needs. One year ago, Silva et al.

f WRU
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(2023) conducted a systematic review of the literature on educational recommender
systems, providing insights into research trends and opportunities in this area. Zhang et al.
(2021) delved further into practical applications of Al in recommender systemgpcusing

on its role in personalized learning environments. Finally, Saito and Watanobi (2020)
further explored the development of learning path recommendation systems with a
particular focus on programming education, highlighting the importance of tailord

content recommendations in specialized fields.

To sum up, based on the literature review, the presented themes above are the
recommended systems of Albased architecture in higher education. The selection of
these systems is a result of the high citation factor of references in each theme.
Significance of the Six Key Themes:

This section elucidates the significance of selecting each system within the classified
themes as the primary component of the proposed holistic Abased architecture in higher
education, as outlined below:

Theme 1:

Traditional tutoring requires significant time and effort from the teaching staff. Through the
integration of Al and data analysis, the Abased intelligent tutoring system (ITS) provides
support to higher education educators. The ITS system provides persalized and

adaptable instructions to individual learners to simulate the role of a human teacher more
efficiently. It is a system capable of delivering personalized learning experiences, providing
immediate feedback, and adapting instruction based on stdent performance and needs
(Alam, 2023; Mousavinasab et al., 2021; Conati et al., 2021; Guo et al., 2021:HBtaire et
COMAW=MZIZ6WE!I ' faacAWC T ¢HEt 6RAWEME Mb O
Theme 2:

Traditional education is designed in a onesize-fits-all way. There is a fact that says every
person has a different and special style of education. Integrating personal education based
on Al into the education structure will enhance specialized educationas the Atbased
personalized learning system aims to design the learning experience according to the

b gqel WUkt WRUT R2RT 2¢O WG WnWI BORWDY AWORIT+ awe 01T W
personalized learning pathways, content and activities, allowing studets to progress at
their own pace and receive targeted support. Abased Learning systems utilize a variety of
Al technologies to improve the learning experience (Tapalova & Zhiyenbayeva, 2022;
Bhutoria, 2022; Whalley et al., 2021; Alamri et al., 2020; Raret al., 2023; Essa et al., 2023;
Chang et al., 2023).
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Theme 3:

To enhance the personalization of education, and based on what we concluded in the
literature review, we adopt an Abased virtual learning system in our proposed
comprehensive education infrastructure as it supports and complements distance
learning envionments. The virtual learning system provides personalized instruction and
interactive learning experiences through online platforms, digital tools, and immersive
resources (Wang et al., 2023; Rudolph et al., 2023; Hannan & Liu, 2023; Mohd Rahim et al.,
2022; Dempere et al., 2023).

Theme 4:

The focus of the Al predictive analytics platform in higher education is to improve student
outcomes and institutional performance through datadriven insights. These systems
analyze diverse data sets using Al techniques to provide actionable recommendatis and
guide decision-making (Doleck et al., 2020; Luan et al., 2020; Gao et al., 2021, Fischer et
al., 2020; Teng et al., 2023; Umer et al., 2023).

Theme 5:

The Albased adaptive assessment system in higher education specializes in providing
personalized assessments that adapt to individual students' abilities and learning paths.
These personalized assessments adapt to individual students' abilities and leamg paths
through digital platforms, leveraging Al algorithms to dynamically adjust assessment items
based on student responses (GonzaleLalatayud et al., 2021; Hooda et al., 2022; Kumar,
2023; Gardner et al., 2021; Cope et al., 2021).

Theme 6:

The Al content recommendation system in higher education delivers personalized
educational resources tailored to individual preferences and interests. Using Al
algorithms, this system analyzes user data and content metadata and provides relevant
recommendations through digital platforms and learning management systems (Urdaneta
Ponte et al., 2021; Zhang et al., 2021; Raj & Renumol, 2022; Saito & Watanobe, 2020; da
Silva et al., 2023).

IV. Holistic Architecture of Al -Based Systems in Higher Education:
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In this section, a holistic Atbased architecture is proposed for higher education, informed
by the literature review conducted in the preceding section, as illustrated ifigure. 1. The
architecture incorporates the systems introduced in the preceding themes. It is
noteworthy that the studies reviewed in the literature section underscored the significance
of all Al systems introduced in the themes. Consequently, these systems havesbn

Intelligent
Tutoring

t-ion System \ System

I\ )/
y 4
A N / V
/ ~ g t'/ ) \
Content Personalized
Recommend Learning }
\
4

Based
Education
Systems /.
N 4

4

Adaptive Virtual
Assessment Learning
System \ System

Predictive
Analytics

~ —

Figure.1l: Key Al-Based Higher Education Systems

integrated to construct a comprehensive Al systems architecture for higer education. In
the subsequent subsections, informed by the literature, the Abased systems are listed,
and the Al technologies associated with each are introduced, where the associated
technologies for each theme are depicted irFigure. 2.

Al Intelligent Tutoring System:

From the literature defined inTheme 1, Akbased technologies are defined for ITS in this
part, as shown in Figure. 2. These technologies are used in intelligent tutoring systems to
improve the learning experience, the most important of which is ML, where ML algorithms
are used to evaluate stulent data and design instructions accordingly according to the
individual style, preferences, and performance of each student. There is also NLP

quUAESUYOYN! WaécqWIUe HT It Wa 6 W !+ qidptdland We UT 131+ q
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respond to them using natural human language and in several languages, where
interactive interactions and conversation are enhanced. Also, obtaining insights into
student learning behaviors from analyzing data, identifying areas of difficulty, and
monitoring progress over time is one technique that can be adopted under this system's
framework. Difficulty level, pace and teaching content can be adjusted dynamically based
on student performance and reaitime feedback through adaptive algorithms to ensure a
personalized learning journey. Finally, to enrich the capabilities of this system, the
integration of deep learning models such as neural networks is considered progress
towards obtaining more complex and accurate interactions with students.

Al Personalized Learning System:

The literary group foiTheme 2identified the technologies that enhance this system as

follows, as shown in Figure. 2. Without a doubt, ML is the first one, where ML algorithms

are used to analyze student data, predict learning preferences, and adapt instructions and
recommendations fol W ¢ HE Wt qal WUkt W GUARRcGWINWNe!l URUNWGE
Rt Wet Ul WagYWJIUOcCHGUWqS6RY W !+ qUaWgqYWwesUT JIt qeU0l We
and inputs, thus also enhancing interactive learning interactiongnd conversation. In
CITTRQRYUAWT ¢qcecwWeUca! qREY Wl JWet 13T W6 131 JWa Y W # q
behavior, monitor his learning progress, and identify areas for improvement. Finally, a
recommendation system that uses recommendation algorithmsto suggest personalized

DT emAcqRYUcaWl 3t Yel A AWHYee | + 3t QWY WUIT eH#e qRYUC
and preferences.

Al Virtual Learning System:

From the literature review inTheme 3, the most important technologies in virtual learning
systems are extracted, which are: ML systems, NLP, and data analysis, as shown in Figure.
2. These technologies analyze student data, understand student questions and input,
gather insights into studentlearning behaviors, track progress, and identify areas for
improvement through data analysis, as explained iTheme 1and Theme 2. In addition to
the basic technologies above, virtual reality (VR) and augmentation regl (AR)
technologies add an element of excitement to higher education as they are an interactive,
illustrative educational method that helps students understand difficult concepts. These
technologies also help create immersive learning experiences, allowg students to
interact with digital content and simulations in a safe virtual environment.
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Al Predictive Analytics System:

The primary Al technologies used in predictive analytics that were extracted from the
literature reviews inTheme 4in the previous section are ML and NLP, as shown in Figure.
2. Additional special technologies are deep learning and big data technologies. The focus
in this Theme 4is on special technologies. Deep learning uses neural network techniques
to handle complex data structures and extract meaningful features from large sets of data,
enhancing the accuracy and predictive power of learning models. Bidata technologies

are used, such as computing frameworks, to efficiently process and analyze large amounts
of data.

Al Adaptive Assessment System:

The reviewed literature inTheme 5presented the main technologies used in the Al

adaptive assessment system, as shown in Figure. 2. The primary Al technologies used in
the Al adaptive assessment system in higher education are ML and of course NLP. The ML
algorithms in this system create aaptive assessment items tailored to individual learning

Gecqét oW x AWRY Wet UT WagVYweUed! Adwt qeT 30qt «k Wwe Ut 517

assigned to them, such as reports, research, and graduation projects, providasights into

q6 Wt qal DUqt Kk WaYNRHECTG W6 ROt RUNDWGI YHIIt + Awe Ol

support to learners. There are also technologies associated with big data, which in turn are
used to analyze large amounts of student assessment data, ideify patterns, and improve
the assessment algorithms used to improve accuracy and reliability. This system is
distinguished by a technology or subsystem of this system, which is the item response
theory (IRT) system. This system is used to calibrate assesgent items and assess

students' abilities based on their responses. This enables the assessment system to select
appropriate items and accurately assess the student's competence.

Al Content Recommendation System:

There are Al technologies used to facilitate this system's tasks, extracted from the
literature on Theme 6, as shown in Figure. 2. The basic technology used in this system is
NLP. NLP is used to analyze textual content such as major course descriptionslearning
objectives to extract semantic information and improve content relevance and accuracy of
recommendations. The technologies foiTheme 6are collaborative filtering, content-based
filtering, and hybrid methods. Collaborative filtering employs algothms that analyze user

TN
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interactions and preferences and recommend content like items that similar users have

previously liked, viewed, or accessed. In contenbased filtering, algorithms analyze the

attributes and features of educational resources, for example, keywords, topicsand

GNgcl caqecAlgyYWw IAYAGGUIUI WRYUqUUaaqllg6c¢c qdc aqH6 It We
hybrid methods are a combination of collaborative filtering and contentbased filtering to

provide more accurate and diverse recommendations that consider user prefences and

item characteristics.
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Figure. 2: AlBased Education System - Al technologies

V. Challenges and Limitations of Al -based Systems in Higher Education
Despite what the Atbased systems offer, there are many challenges facing them that must
be addressed. The challenges are summarized in this section. The first challenge is
designing and implementing the system, which requires experience in Al, ML, and
educational psychology. These are the technical requirements that must be available to
enable the system in any scientific institution. Getting a system aligned with curricula and
teaching practices requires careful coordination and alignment. There are alsethical
considerations that must be considered, including the privacy of student data and the bias
of the algorithms designed for this system. Technology contributes to exacerbating
educational inequality. Lack of social and emotional support when communiating and
guiding students, as human interaction is necessary to motivate the student and provide
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human support to the student. The guidance and personal contact provided by human
teachers cannot be replaced. The final challenge is scalability and accommodating large
numbers of students and diverse learning environments. Data quality and availabilitys®

is a challenge, where the accuracy of the Al models depends on the data quality and
availability. The poorquality data or insufficient data can lead to inaccurate predictions. Al
models are complex, especially deep learning models. It is difficult tainderstand and thus
trust the underlying predictions. Overfitting is also one of the things that the predictive
systems may suffer. The models learn to memorize the training data rather than generalize
to new data. This leads to poor performance on unseedata.

VI.  Conclusion
The holistic Atbased architecture in higher education is drawn based on the systematic
literature review of the recently adopted higher education systems. From the wellnown
mB] YYNGUWEHRS YOG C! wWIRAI ¢1 ! Allg 6 1IJWE RN éwied. BidhR a 1IJT We U
the systematic review, six themes have been concluded: Al Intelligent Tutoring System, Al
Personalized Learning Platforms, Al Virtual Learning System, Al Predictive Analytics
System, Al Adaptive Assessment System, and Al Content Recommendations8m. The
significance of each system under each theme is defined. Each system is adopted as a
main part of Atbased higher education architecture. The final version of the Alased
architecture in higher education is proposed. The Al technologies under eh system are
explained. This paper gives the stakeholders an accurate and recent view of the future of
Al-based higher education, to help make the right decision regarding modern educational
methods based on Al. The future work will focus on addressingéithallenges and
limitations of implementing Al-based architecture in higher education.

Theme 3. Cultural Exchange in a Globalised World
The effects of the multiple facets of culture on mental health: A focus on

globalising and evolving agents

Authors:
Kriszta Timea Rostas, Fahad Shakeel
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Abstract:

This paper aims to explore the effect of multicultural environments on the mental health of
individuals by analysing the influence of different facets of culture on mental health,
considering the varying sociocultural contextsand the different social determinants

The current conceptualizations of culture do not consider a global perspective. Hence this study
develops a more global lens to study culture and how a global aspect might be igniting new mental
health concerns. The study pertaining to the value pyr&tmedkéel, 2021) is used to model the
different facets of culture namely: traditional, transitionary and global. These facets identified
within and across these classes are linked to mental health problems through the careful
examination of the social detemmants pertaining to each specific facet of culture including (a) the
social structures of the classification and its inherit bonding designs (b) stress levels connected to
societal roles (c) associating coping mechanisms and (d) types of social suppert. T
manifestations of these four characteristics in the three classes lead to formulation of six
hypothesis associating distinct cultural facets with mental health issuesapfropriate choice

of factors constituting mental health midigsubject to chage like culture itselthat remains a
fundamental dilemma.

We use the notion of cultural facets and posit that the elements within this classification influence
mental health problems differently. Our preliminary findings suggedhthétaditional cultural
classification is predicted to have less frequent mental health issues as compared to a more global
culture; however, the global cultuneoves towards reducesdtigmatization and offemrigorous
individual remedial measures suitable for susahielong term stability.

This study explores the classification of culture with disregard to individual contextual
circumstances. Individual contextual circumstances have an important role as mental
health detriments (Maté, 2022) which can be explored better in an empirical studyVe
suggest various potential circumstances as recommendations for future empirical research
including individual differences relating to socioeconomic status, gender roles, ethnic
origins and generational differences.This study suggests that culture need® be studied
using a broader global lens. A global lens helps understand the changing discourse of
culture and how it can manifest itselfin different mental health problems.

This study, using a global model, stresses the importance of linking new globally grounded
behaviour as antecedent of mental health problems. The consideration of culture, as fluid
in nature, helps in better understanding the emerging mental health concerns.
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Theme 5. EnvironmentalChallenges

Sustainability leadershipT leadership in a new reality

Authors:
Tina Huesing, Joop Remme

Abstract :

The concept of sustainability as introduced by the UN report Our Common Future is

TUnRUWDT Wet Wwd 3JWaqRUN LW 6 1J tothpiddnising e atility 6f itwre | 13+ 13 0 q LW
N0 ¢qRYUY WagYWaWUqWgé JRI WYs UWOWUIT t+ wiowf UW= MMM
companies to align strategies and operations with universal principles of human rights,

labor, environment and anticorruption, and tat IJLWI¢ Haq RY Ut Wadéc¢c qc T 2¢ URII W
introduction of the Sustainable Development Goals brought some goal clarification, but

also presented new challenges. Current models of leadership are not suitable to address

these challenges. How do our notionf leadership need to change to manage the

transition to sustainable business?

Leadership theory has evolved from tratbased to transformational to servant leadership

theories; a more recent focus has been a turn from leadership to followership theories. The

desire to embrace a new business model based on sustainability requires aew approach

to leadership.

In this conceptual paper, we explore the paradigm shift needed for sustainability

leadership by applying a negative epistemology. Rather than trying to clarify what

mt et q¢ RUCHRGORq! Wet We WH2t RUWE Y Wa YT Dawlet £+ Wnl Y
what we can expect not to be sustainable and therefore not to be included in the

leadership needed to achieve a sustainable business model, provides more insight into

what sustainability leadership is.

We do know that sustainability is systemic and thereby requires a paradigmatic change

approach. Conducting a change program is difficult enough, but when it involves a

paradigm shift, it has become exponentially harder. The paradigm shift has to allow for
transformation in multiple areas of the business at the same time resulting in a call for

leadership.

Introduction
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The concept of sustainability has evolved to meet the needs of advancing societies. From
q6 W71 20T qdac¢ Ul W UNnRURQRYUWBIN®Y T WY NnWt 2t q¢ RUCH
HYOGGI YaGRt RUNW6 WWe HRGRq! WYNnWne qe lthé bichiidde ¢ qRY U
specific notion of the Sustainable Development Goals (UN Agenda 2030, 2015), the shifts
in the conceptual framework force entities to reevaluate their core values and their
leadership structure. We propose a hew conceptual framework of leadship for
sustainability which we hope will dismantle outdated perceptions of leadership and propel
a new one which highlights the interconnectedness of the individual, the organization and
the larger, changing world. We perceive leaders as visionaries, yteaditional leadership
QYT ot WaWet el JDWq6WRI W2¢te JWA! W6 IRI WeHRTIRq! UWgq
leadership models address characteristics of leadership mainly within an organization.

And although global leadership takes into considerabn the complexity in which global
business operates, the assessment of a leader within this model is focused solely on their
leadership within the business (Stahl, Pless, Maak, & Miska, 2018). Even when the
organization is perceived as an open system, anéadership as interactional, the current
models do not take into consideration the complexities that arise when stakeholders are
defined in a much broader network of interest groups. Often, shareholders are prioritized,
even when a stakeholder approach isised, or stakeholders are defined in a narrow sense.
Furthermore, corporate time horizons do not accommodate longerm environmental and
social well-being. Therefore, even within the context of modern sustainability leadership
models, the embraced goals ad visions typically fall within businessas-usual models.

The role of business in sustainability efforts is dynamic and encompasses not only
environmental but also social and cultural dimensions. Seeing the basic goal of
sustainable business as addressing triple bottom line (Elkington, 1997), we propose a
new approach to leadership that focuses on the transition needed to achieve the
audacious goal of empowering leaders as true visionaries who are tasked with sustainable
development. This shift requiresa mindset change, a new understanding of leadership that
includes individuals at all levels who are empowered to contribute solutions and foster a
culture of shared responsibility for thewell-beingof our planet and the ethical future of
humanity. The lealership framework that we envision involves three interlocking

dynamics: the individual, the organization with purpose, and the wider reality. The person
leading from the envisioned model must simultaneously make sense of all three realities
and achieve results in all three. We bring our approach using via negativa to the forefront of
our assertion by offering our methodology first. By doing so, we hope to shed light on the
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new aspects of leadership for sustainability that have not yet received enough attention.

Then, we address current leadership insights in the literature review to examine the

shortcomings of existing models. Finally, we present our new conceptual framewordf

leadership for sustainability. We conclude with an outlook and provide suggestions for

future research.

Methodological approach

For over a year, we met regularly and engaged in collaborative exploration by sharing our

interest in sustainability, stakeholder management and leadership. Our different

backgrounds in philosophy and global leadership allowed us to create a space of inqyi

and growth, as we constructed a framework grounded in qualitative research methods. We

used dialogic inquiry to deepen our understanding of this topic by actively contributing to

and reflecting on our conversations to construct new knowledge in collabation.

mp~We URUNYt WeUOT WeUT WLt qeUT RUNDY Wel JWGH YNNI Wttt R21IJ0
RT ¢t Wel YW W2Rt RaUT AW+ q3UT JT aWe UT W WndaWHEqIT LW
conversations inevitably led back to our curiosity about the challenges kders face when

tasked with embracing business as a force for societal good (Cooperrider & Selian, 2022).
ERURIUWs JWe NI WUT Wadbc¢ aqlimidel I t-GeRneduathasJ T Wbt 21 gqc¢ R
(Northouse, 2021; Elkington,1997) we quickly embraced a via negatiapproach during

our inquiry sessions. This approach is based on a philosophical tradition (Carabine, 2015)

that goes back to the cave metaphor of Plato wherein the men in the cave realize that they

do not see reality, but shadows. This perception of anl&red version of reality applies to

q6 W InRURqRYUWYnWt 2t q¢ RUCHTGWIWI W20 YGGWUqWYnq
sRO6YeqUWHRYGG!I YGRt RUDW@6 WWE ARGRa! WYnWneaaqgel JWNIY
(Brundtland, 1987, p. 54.) Since a sustainable futurenly exists in our imagination, we

HcUkqWl YG! WYUWJIAGGRI RACOGWt UYs GUT NUWqYWNe RT JWYe
eliminating what we know is not sustainable and simply what cannot be when we

conceptualize how to lead for sustainability. With this via neg@va mindset, we developed

the conceptual framework presented here.

Literature Review

In this section we provide brief summaries of traditional leadership theories and

sustainability in business to explore the intersection of leadership and sustainability. We

identify the need for a new approach to leadership for sustainability by showingé

limitations of traditional leadership models. In addition, we highlight emerging trends in

leadership theories that address leadership for sustainability.



EN

GLOBALISATION
CONFERENCE

Traditional leadership theories

Current leadership theories originating in scientific research have been around for at least
100 years (House & Aditya, 1997; Andersen, 2016). Early theories, such as trait and
behavioral theories, focused on identifying the inherent qualities and charactestics of
effective leaders and certain leadership traits continue to play a major role in our
understanding of leadership effectiveness. The Big Five theory provided a framework to
better research traits (Judge, Bono, llies, & Gerhardt, 2002). Trait abdhavioral theories
suggest that leadership can be developed. The field evolved and shifted towards
contingency theories that consider the situational variables influencing leadership
DnnWDHEqR2IJ0IJ + OW[ RIT G I k1t W9 Y UqR ehxaskddentedNod 1Y | | LU
relationship-oriented and that their leadership style is fixed (Fiedler, 1967). While House
(1971) in his PathGoal Theory suggested that leaders can change their style and behavior
and thereby enhance follower performance and satisfadbn. Contemporary theories, such
as transformational leadership, further expand our understanding by examining how
leaders can inspire and motivate followers (Bass, 1985; Northouse, 2018; Bass & Riggio,
2006). Servant leadership theory and followership tharies (Greenleaf, 1998; UhBien,
Riggio, Lowe & Carsten, 2014) suggest a more distributed approach to leadership,
promoting a collaborative environment. With the line between leaders and followers
blurred, they recognize the reciprocal nature of influencdetween leaders and followers.
They advocate a focus on the greater good and the overall wilking of the organization or
even the community. In summary, servant leadership and followership theories both
emphasize ethical leadership, strong relational dpamics, the development and
empowerment of individuals, and a collaborative approach to achieving the common
good. Our theory is informed by many of the models discussed above. Each provides
important insights into the multifaceted concept of leadership. he work determines what
leadership will be most successful in achieving the goals. New goalssummarized here as
sustainability goals T require a new approach to leadership. We look to the emergent fields
of practice-based theory, especially practicebased management theory, and responsible
management (Tengblad, 2012; Rasche, 2020). Practideased theory often uses the terms
leadership and management interchangeably. Mintzberg (2009) sees managers as leaders,
and leadership as management practiced well. Hes concerned with getting business
executives to focus on critical societal issues and challenges them to not only attend to
the evident conditions of social or environmental problems but to address the underlying
cause of these problems (Mintzberg, 2019)As Andersen (2016) put it, leadership of



EN

GLOBALISATION
CONFERENCE

organizations is about what you do and accomplish. If what you do and accomplish needs

to change, leadership must change as well. We recognize that current approaches to

leadership did not evolve to address societal issues. We are interested in understamgj
how our concept of leadership needs to change to address the global issues our world is

facing and to lead organizations to where they are a force for good.
Sustainability in business

Only a few years ago, few fellow CEOs woulthve agreed with CEO Ray Anderson that

Het RUIDH Y WRY WeWmwd ¢ TY! WHRa2 GGl RaqWRUWHE 2t RUN W6 13 LW

Today, global CEOs work together on some of the most pressing environmental and social
Kt Wac |

issues in groups like the UN Global Compag Wui©O ] 9b Allq 6 W Ws YI G1
sustainability initiative. The concept of sustainability and its dimensions are well

articulated in the Brundtland Report, formally known as "Our Common Future", published
by the World Commission on Environment and 8velopment (WCED) in 1987. The report

provides one of the most widely recognized definitions of sustainable development:

"Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to neet their own needs" (Brundtland, 1987,

p. 54). This definition has been foundational in shaping the understanding and
implementation of sustainability globally now commonly framed as follows:
a) Economic Sustainability: This dimension focuses on maintaining the economic

capital necessary to support a high quality of life and economic stability over time.
It involves efficient resource use, ensuring economic activities are profitable and

viable inthe long term without depleting natural resources.
b) Environmental Sustainability: This aspect emphasizes the protection and

management of natural resources and ecosystems. It seeks to minimize ecological

damage, prevent pollution, and conserve biodiversity, ensuring that natural
resources are available foffuture generations.

c) Social Sustainability: This dimension is concerned with maintaining and developing
social capital. It involves promoting social equity, inclusion, and cohesion, ensuring

that all individuals and communities have access to essential services,

opportunities, and a good quality of life. The three dimensions have been integrated
into concepts like the Triple Bottom Line of economic prosperity, environmental
guality, and social justice, sometimes also referred to as people, planet and profit
(Elkington, 1997). B integrating these dimensions, sustainability ensures a holistic

approach to development.

N |
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The role of business in promoting sustainability

The SDGs acknowledge the interconnected nature of social, environmental and economic
development and as such provide a systemsased perspective on sustainable

development (Rasche, 2020). The business sector is called out as an important actor (UN

Agenda D30, para 67): Private business activity, investment and innovation are major

drivers of productivity, inclusive economic growth and job creation. We acknowledge the

diversity of the private sector, ranging from micreenterprises to cooperatives to

multinationals. We call upon all businesses to apply their creativity and innovation to

solving sustainable development challenges. In 2000 the UN Global Compact (UNGC) was

founded with the understanding that governments andhonprofits alone cannot achieve

the MDGs (precursors to SDGs), and that business has a major role to play. Today member

YI D¢ URA¢qRYUt WAYOGOGRqWqY Wbaget JWEHqRYUWRULW 2 GGY
(UNGC Business Application). In a recent policy report, th@ECD (2021) notes that while

there might be a tension between financial and sustainability objectives in business,

business is well suited to offer products and services that do not negatively impact

HRYT R21JI1 + Rq! IOWm[ RI GF WY nWe Gd W RALWHEoctrd YI RIJE WH
Het RUDHt Ws RS WS DWE?] + wlWlbi§E9? AW=ZMEINAWGHOWZY b HOW
developing and producing new offerings that present business opportunities as well as

creating value-add for society at large. Not only in the environmentalraa but also in the

social area are businesses contributing to a better society, e.g. by eliminating child labor.

NS WW WGY!I quwHYUHG2T It Wagé ¢ aqllmt 6 RngRUNWaY LW 2t q¢ R
cUT Wt ql erdqgel ¢cOWHEe UNIt 18fRéstband ddriimtReéntiok corpdrae 0 g2 | 1J 1O
GRUecT Ut hlWb8E9? AW=M=NAWGHOW=Y b IOWNGS JWHzt RUIJ t WHC
(Salzmann, lonescuSomers, & Steger, 2005). However, when business leaders take a
systems-based perspective, they ask what rte the business has in society and redefine

the purpose of the business. This goes beyond looking for financial payoffs and addresses

the fundamental question of which role business should play in society. Business leaders

who ask this question understandthe major role their organization can play in the global

change to sustainability.

Current intersection of leadership and sustainability

While exploring responsible leadership, Adler and Laasch (2020) remind us that leadership

Rt Wet t RUNWq6 WWhe It qRYUWBNY Ws 6 ¢ qWIIUT ewlle UT Wa6 1J
F YOWq6RUNDWaSECqkt WYnW2c¢cde JWaVY W Y HRAGmerns w Wbl G HOLWN M
HIJ! YUT Wq6 WRI WYl R URA¢qRYUt WHeqWGat qliget JLWE W q
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choice not to engage, to not think about an issue, the choice just to continue what we have

T YOUWRUWaqG6 WWGEt qAWRY AWRUWN e AqALWle WHGE YRAUDwWbL T
leadership to move a business, the community in which it operates and byx&ension the

world towards a path of sustainable development for the greater good of all. It requires

system-level change. Traditional leadership models assume a mission, vision and goals for

the business that can be achieved following a welthought-out strategy and

implementation plan. The focus is on business goals that are narrowly defined. Even in
organizations where leaders adopt an opersystems perspective, the interaction with the

external environment tends to serve those actors who provide the busess with resources

(Berglund and Sandstrom, 2013). Traditional leadership models assume that goals and

direction can be defined so that the organization can follow. Adler, an expert researcher on
cross-He Gigqel ¢cOWINET I+ 6 RGLWnN Y | YUKcqUit W Y13 cLll 6t YS L aialY CLLag |3 ql
cUT WRYODGUHqR2JG! WaVYscecl T WeHSWY qd 31 WYUWe WNaYHE
sk 23Wa¥el 0T WY201 W6 JWGet quWPMW! el + Awe UT W6 Ys
HUoWGe qWRUqY WG| ¢ H q RAA0,465)LEXtant eaderdhip tdddélsxdo ot H 6 A

support leadership that is needed to address the big problems the world is facing today.

We need leadership that takes a wholevorld perspective. Additionally, sustainability

UIIJT t Wstakehdiderpartnershipp wllc t+ Wa 6 WWGI RG¢ I ! W2 IJ6RHTIIWNYI
(UN Agenda 2030, 2015, goals 17.16 and 17.17; Rasche, 2020; MacDonald, Clarke &

Huang, 2022). Current leadership models do not assume aspirational goals involving

myriad partners. Sustainability efforts lave shown success when charismatic leaders have

focused on them in their agenda. Ray Anderson, founder and former CEO of Interface, Inc.,

was a pioneer in sustainable business practices and transformed Interface, a global carpet

tile manufacturer, intoamY T DG WYnWt 2t q¢ RUCHRORq! tOWc WWid¢ceaUHGE L
aiming to eliminate any negative impact the company might have on the environment by
sM=MioW OT W1+ YOkt WAYGOGRqUUUqlUgY LWt 2t q¢ RWSpHR G Rq !
recycling andthe development of modular carpeting that reduced waste and extended

product life. Another example is former CEO of Unilever Paul Polman who embedded

sustainability into Unilever's core business strategy through the Unilever Sustainable Living

Plan (USLP)Under his leadership, Unilever aimed to halve its environmental footprint

while doubling its business. Because the USLP needed a different kind of leader and

leadership, the Unilever Leadership Development Program (ULDP) was created (Polman &

Winston, 2021, 85). Also, Yvon Chouinard, founder of Patagonia, has built Patagonia into a

leading example of environmental stewardship in the business world. The company is
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committed to using sustainable materials, such as organic cotton and recycled polyester,
in its products. Patagonia's "Worn Wear" program encourages customers to buy used
Patagonia gear and trade in old items for repair and reuse, promoting a circular ecamy.
These examples show the possibility to transform a business into a sustainable operation;
at the same time, they highlight the limits of current thinking on leadership for
sustainability. Anderson, Polman and Chouinard are pioneers of a new leadership
CGGl YEH6EWNY! We WH2t ROVt WagéeqWe UT It qe U+ WRat W
challenges, such as climate change, inequality, and poverty.
The Need for a New Approach
By identifying the gaps and inadequacies of the current approach, we introduce our own
contribution to the evolving field of leadership for sustainability. In short, we agree with
¢RI I WeUT W9VYel qRANIWLZMNNALWOL Wa éparatlsashdadlaf T 1J1 + 6 R
leadership, but a particular blend of leadership characteristics applied within a definitive
AYUqU+ qwiOWNE JWNe Gt Ws WWE¢2WWRT WUqRNRIWT WRUWq6 IW
summarized as follows:

a) Narrow definition of the purpose of business; failure to embrace ethicahpproach

b) Linear approach to leading businesses

c) Narrow definition of stakeholders, incl failure to integrate stakeholdeicentric

approach

d) Inadequate time horizon (shortterm focus)

e) Centralized, positional leadership mindset
These gaps lead us to identify the following principles for our framework of leadership for
sustainability:

a) Ethical grounding and valuesdriven decision-making

b) Systemic thinking and adaptability

c) Awareness of the whole stakeholder context

d) Visionary and longterm focus

e) Inclusive and collaborative leadership mindset
The framework, its elements and principles are explained in the next section.
Conceptual framework of leadership for sustainability
With recognition of established extant leadership theories and visions of sustainability as
discussed in the previous section, we now offer a new framework of leadership for
sustainability. The new framework was developed from the assumption that leadershi
needs to meet a particular situation. Nevertheless, in our framework, three proposed
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realities closely intertwine and interact. The impetus of one reality directly influences the
others.

Figure 1. Conceptual framework of leadership for sustainability

Organization
with Purpose

Wider
Reality

To begin with, we see leaders in this framework as individuals without focusing on the

unique qualities of the individual. We recognize the wider reality in 6 RH 6 Waq 6 J WG J¢ T 1J1 K
vision is both grounded and responsive to. The final reality, the reality of the organization

with a purpose, connects the leader with the wider reality and envisions the organization

within a wider stakeholder context. While older moded of leadership emphasize the

uniqueness of a particular individual, the proposed model places the individual in a

stakeholder context, putting more emphasis on the relationships than on the uniqueness

Ynwe UWRUT R2RT 2 ¢ 0 IOWN 6 1J LiHinkbie imiddset thridlighodit thellR + LWa Y Wn Y
organization which borrows from a trait approach to leadership and requires the leader to

have a wider moral expansiveness (Crimston et al, 2016). Stakeholder leadership builds on

the purpose of the organization, and in oumodel, this is shared with those who expect

leadership (Kempster et al, 2011, Bass & Riggio 2006). Current theoretical constructs

cannot solve the myriad sustainability agenda challenges that societies and economies

are scrambling to address. That is whywr framework requires a complete paradigm shift

in both leadership and in the collective expectation of who and what a leader feels
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responsible for. This paradigm shift is reflected in our assertion that the framework is
based on leadership within three realities. In addition to the three elements, we identified
five principles that allow the framework to represent leadership for sustaability:

a)

b)

d)

Ethical grounding and valuesdriven decision-making Embracing the ethical
dimension of the sustainability agenda promotes leadership that is informed by this
focus. While older models of leadership already had an ethical component, we
propose that the ethical dimension is the soul of sustainability development
(Bottery, 2014). This grounding of ethics promotes leadership with a greater
sensitivity to moral expansiveness.

Systemic thinking and adaptability Older models of leadership have tended to be
limited in focus. Today, with increased complexities and interdependencies
common to sustainability concerns, leadership for sustainability requires systems
thinking (Palaima ¢ al, 2010). A holistic perspective based on an understanding of
how different components of a system interact and influence each other is needed.
Awareness of the entire stakeholder context We extend traditional definitions of
stakeholders to include non-humans, animals, natural resources and entire
ecosystems found on earth. Since this awareness is central to our framework, we
devote our next secton to expanding on this principle.

Visionary and longterm focus The emphasis of the wider reality in our framework
compels the leader to formulate and communicate a vision with the intent of
inspiring others while progressing far into an unknown future. This contrasts with
traditional short-term strategies and localized focus which exist in many industries
and models.

Inclusive and collaborative leadership mindset Emerging theories of leadership
such as servant leadership (Khan et al, 2021; Greenleaf, 1998) that are grounded in
inclusivity and collaboration are more appropriate for leadership for sustainability
than older, established models. With a paradigm shift, as explained above, the
three realities work together guided by the five principles. As indicated above, a new
approach to stakeholder engagement is central to our framework of leadership for
sustainability. We are now going deeper into a discussion of stakeholder leadership
and sustainability.

Stakeholder Leadership and Sustainability
Some of the challenges we are addressing in this section have to do with the context of
leadership; and while they may differ in degree of intensity, it is beneficial to consider
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challenges derived from the international arena in which the firm is operating. Other

challenges may be more universal to leadership, such as how to convince others to

participate in a change program which they are uncertain of. At any rate, the most

important challenge is probably direction. When it comes to sustainability, the vision has

to be extrapolated from assumptions of the unknown future and then articulated to

overcome resistance and get buyin. Sustainability leads onto a road to an undefined

destination. While collective admiration of leaders as heroes has been gauged by how

accurately they envision the future, our definition of leadership challenges the

assumptions of reality in the changing landscape towards an unknown future. Another

obstacle lies in governance. In publicly traded companies, Board members answer to

current shareholders and make sure the company remains attractive to future

shareholders. Often, policies towards sustainability are slowed down or even canceled

when Board members B¢ | Waé ¢ qllgdé ! WA UUYqWaEY U2 RUHII W 6 13 LW
BINOYMNAWGENUIWNEZbs W WnRURqRYUWY nWmt q¢et WEYTT I wa LW
cnnAqUWY! WRY WennWEqll WA! Wagé JWe HERII21JG 13U q WY n Wa
RUqI GU#IqREUYIAFLWCE t Wt 2t q¢ RUCHROR! WYHTWUHQR2 13t A
more extensive. Understanding stakeholder interests and developing relationships with

stakeholders transcends beyond the formal relationships companies maintain with

stakeholders such as shareholders, suppliers and governmental agencies. The analysis of

cW 2t q¢ RUCAHARORq! WeNWUT ¢ WRU2Rq It We Ws RT Wwe OT 131t
mBAYOGGYUL Awlict WRUq! YT e BT WH! Weeéel T RUWBIN®S Y b IOWN 6
(CPRs) alread Wl JHYNURAIt Wag6 WWIiRARqWUI We2¢RIECAHRTORGg! WY’
resources, which are vulnerable and finite. We extend this theory by emphasizing how

leadership needs to expand what is cherished, precious and shared. Stakeholders include

people, and these days also animals and even ecosystems. This brings us to a new

phenomenon in stakeholder management, the relationship with nornuman stakeholders.

fOow WEPI0OqW! Yel t W63l YWwéet WARROWNI smard nWe q q 3 Uq
entities" (Sartasuaso, 2015). Sustainability requires leadership to consider animals, plants

and even entire ecosystems as stakeholders. This poses new and obvious challenges,

such as difficulties in communicating. An example of this specific set of barriers can be

found in the recent experiences of the Netherlands train company, Prorail. The company
experienced badgers building tunnels under the tracks. Cleverly, Prorail selected

specialized biologists as representatives for the badgers and collaborated with them to

develop alternatives to meet the needs of the badgers (Prorail, 2016). This instance
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showcases innovation to include norhuman stakeholders and address their interests. In
leadership for sustainability, stakeholder management broadens from a narrow focus on
those stakeholders who hold business resources to include the wider reality of soety,
including future generations and nonhumans like whole ecosystems. Hence, the task of
leaders becomes much more complex but not impossible.

Key Characteristics of Leadership for Sustainability

Leadership is usually sought out when a company (or any other social structure) is going
through a change process. And historically, the more complex a change process, the more
intense the leadership challenge. Certainly, for a sustainability agenda, theeason for
leadership is both urgent and complicated (e.g. Burnes & By, 2012). Sustainability requires
rethinking the familiar approaches to all human activity. As in all change initiatives, the
existing approach needs to be examined and replaced by a bettalternative. This can be a
painful process, as the existing approaches were at least familiar. Most people involved
had invested in them, both emotionally and in terms of acquired skills. Another
characteristic of sustainability that relates to leadershp is that it involves discussing and
managing sensitive issues. We can see those issues come to light already with the
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an accusatory tone. Modern models of leadershipincluding the model proposed here,
acknowledge that leaders who develop more extensive relationships with other people and
entities deepen trust and empathy enabling them to address sensitive and challenging
issues. Sustainability requires systemic chang, which is more challenging than a linear
solution and may be experienced as overwhelming. It requires a more holistic vision and, in
connection with that, a more complex story to inspire others. This requires more
developed leadership skills, such as vioning and personal mastery (Senge, 2006). It also
requires more communication, because the holistic vision is projecting onto an unknown
future. Sustainability requires the development of shared intent. The shared intent
expresses the shared interests okveryone, and everything related to the commons. This
shared interest unites all people and all realities on the planet and perhaps beyond.
Discussion and conclusion

There are several implications our conceptual model has for organizations and leadership
development as well as for society at large. We hope that our suggested paradigm shift
informs future research into leadership and sustainability.

Implications for organizations
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Though specific aspects might differ, depending on industry and culture of the
organization, common implications will bring the sustainability agenda to the forefront of
each leadership model. Applying a via negativa approach, leaders will evaluate whether
particular course of action helps to shape a sustainable future or poses a challenge to it.
N6 Rt Wi RUWWYnn Whe Bt gRYURUNDWGE! WEWIGWaqY W Rt #Y21I
al, 2019), in the way in which a sculptor liberates a statue from theusrounding marble.

The new leadership approach requires adjustments from leaders and other people who are
involved. As indicated by Barrett (2011), it involved developing a new type of learning
system within the organization. Other stakeholders will haveat adjust their expectations
from their leaders who are following this framework. The framework of leadership for
sustainability highlights the interconnectedness of the individual, the organization and the
larger world with all its stakeholders. Thereforeprganizations need to evolve to embrace
high levels of uncertainty and shift to organizational structures that foster collaboration

with a wide network of stakeholders. This alteration echoes the trend found in goal 17 of
the SDGs calls for strengtheningylobal partnerships and cross sectorial and innovative
multi -stakeholder partnerships to achieve the 17 goals by 2030.

Implications for leadership development

We identified ethical grounding, systemic thinking and a collaborative mindset as key skills
and mindsets needed for leaders for sustainability. Ethics education, particularly in
business schools, needs to be strengthened. The call for more ethics educatiois

supported by an increased demand from business leaders (see, for example, Sigurjonsson,
Arnardottir, Vaiman, and Rikhardsson, 2015) but more research is needed in this field.
Additionally, leaders at all levels of the organization need to be betterdimed in systemic
thinking. They need to understand how their actions impact ecosystems and people in
faraway places and then develop ways to lead that are true to the ethical purpose of their
own organization and the greater good.

Broader implications for society

The proposed model of leadership will change the societal context of the organization, as
the leadership will be in many more, closer relations with various societal groups. As
pointed out by Maak et al, (2006), the development of newer approaches to leadhip has
already gone in that direction, in responding to the issues of leadership, in line with what
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social dynamics and political processes.

Future research directions



EN

GLOBALISATION
CONFERENCE

While we are encouraged by more recent explorations of leadership forms that have
evolved from a central leader to shared forms of leadership, more research in
collaborative, distributed models of leadership is needed to support the needs of true
leadership for sustainability. Using a practice approach, i.e. starting with what leaders
actually do, and including insights from research into global leadership effectiveness
(Rickley & Stackhouse, (2022) will advance the field of leadership for sustainabilityu®
approach has been informed by research done primarily in the Western hemisphere using
Western logic. We believe our conceptual framework of leadership for sustainability would
benefit greatly from insights gained in other cultures, perhaps using neWestern logic. As
we showed in our discussion of ecosystems and other noiuman stakeholders,
indigenous groups and governments in the Global South are leading the way for
sustainability. More research here would strengthen our understanding of the wider ragf,
recognizing all stakeholders. Stakeholder management theory would need to include
stakeholders who are not yet born.

Via negativa as a method to develop new knowledge

Finally, we recommend using a via negativa approach in leadership research to focus on
possible obstacles for leadership for sustainability. This approach, especially when used
in interdisciplinary research, promises to be very helpful by focusing on whahust be
removed from our current reality to preserve what needs to be protected.

As well as systemic, sustainability and the SDGs are universal in nature and global goals.
To achieve them, result benefits from a shared effort. This suggests a better fit with
leadership models that call for managing shared challenges by sharing leadergh
Sustainability and the SDGs are global goals, and we can adopt shared leadership
concepts from global leadership theory.

Finally, we explore the link to moral leadership since the SDGs express a moral
responsibility not only towards the present generation but also towards future generations.
We suggest that the SDGs represent virtues that require leadership based on a virtue
perspective, e.g. curiosity and courage in exploring the new realities.

Theme 10. Education in a Globalised Era

Implementation of Eco-systems of OpenScience Schooling: Challenges and
insights in four countries
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Abstract :

The objective of the study is to identify the challenges in the implementation of the
Ecosystems of Open Science Schooling (Ee@SS) project as perceived by different
stakeholders. The EceOSS Project, which started in October 2020, is to help secondary
schools and science teachers change traditional science education classrooms to a
collaborative and sustainable science learning environment through multiple activities in
collaboration with educational institutes, families, enterprises and broader society
partners, so that permanent ecosystems of open science schooling can be developed and
sustained.

Four secondary schools from four European countries, i.e. Poland, Lithuanian, Romania,
and Turkey, participated in the Erasmus+ project. The research was designed based on
el NYaqt t! kt WEYARRYHeazOqel ¢GWNSIY!I ! WeUT W71 YUNnWUHAI
were collected from the interviews with 25 students, teachers, school administrators and
ecosystem partners who participated in the project, analysed and visualised with the
online analytical tool InfraNodus. The studies of four ecosystems show the shared
structure of ecosystem and yet with own particularities in vision and methodology, and the
visualisation demonstrates the common topics and knowledge gaps in the description of
the participants about OSS ecosystems.

Insufficient alignment between traditional educational frameworks and the OSS model
emerged as a significant challenge in the study of the four national arelakeholder

groups. In addition, the direct application of OSS around topics like forestry, biodiversity,
etc., has led to a tangible impact on student engagement and understanding of science in
real-world contexts, as well as communicative and digital conpetence. The study

identified a knowledge gap and research need, particularly on integrating OSS within
standard curricula without disrupting regular schooling structure. The integration of OSS
into existing educational frameworks calls for comprehensive [anning, necessary
resources, and strategic alignment with educational policies.
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Introduction

In recent years, while technological advancements have rapidly transformed various

industries, science education within primary and secondary schools has largely retained a
compartmentalised and isolated approach. This traditional model has increasingly ben

subject to critical scrutiny. A move to establish a collaborative climate to involve

community partners, such as universities, companies, scientists, technology experts and
government agencies, is high on the agenda of science education around the wolldnn,

1996). Schools now are more interested in how students integrate science into their lives

rather than whether they can explain fragments of theoretical science (Lee & Woalff

Michael, 2002). Science learning involving external partnerships allows stients to be

engaged in knowledge integration as they participate in a community of practitioners, use

powerful scientific tools and investigate science problems of their own interests (Linn,

1996). However, the experience of integration and partnership wiin the community is not

without challenges; it requires feasible careful planning, effective negotiations, sufficient
preparations and an overhaul of school curricula. A sustainable, interactive, and efficient

system is necessary for the mobilisation ofhie resources for learning in the community,

and this is explored in the present research.

mpEGUIUW AEYYORUNDwWs R W INCEI T4+ WagYW ARIDUHIDIWG ¢ |
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agent of community welkbeing; families are encouraged to become real partners in school

life and activities; professionals from enterprise, civil and wider society are actively

involved in bringing realll Rn JWGI YTWHEqt WRUqVYWaq6 WWHEGEH 1T YY O Wb
NMb IOWf qic Gt YWH¢cTGOr WnVY!l Wagd WG YGYageYULWYnWGe!l qU
researchers, innovators, professionals in enterprise and other stakeholders in scienee

related fields, in order to work on realife challenges and innovations, including

¢ttt YRRECqUT WIgq6RHc G We UT Wt YRARcOWEUT WwyAYUY O RALWRY
Building upon the foundations laid by the initial OSS project (2012020), the follow-up

project emphasised the creation of vibrant learning ecosystems involving students,

teachers, families, and external partners to address local scientific challenges antbster

innovation. This project is called the Ecosystems of Open Science Schooling (EQSS)

project. It was headed by Wittenborg University of Applied Sciences, together with

University of Eastern Finland as the knowledge partners, and Europe/Treballaarnb

Europa Associacio from Spain. The project spans two years from 1st October 2020 to 30th
September 2022. Its main aim is to help secondary schools and science teachers to be
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involved in changing traditional science teaching into missiorbased science learning
together with other members of the ecosystems, such as families, professionals and
institutions. The missions in the context are the sciencéearning assignments or projects
focusing on a particular reatlife topic, question, or challenge with the support of schools
and external partners. During the tweyear period, partner schools from Lithuania,
Romania, Spain and Turkey conducted various interesting science missions dractivities

in their respective countries. The successful activities have not only enhanced the learning
of science on the part of the students but have also brought big social impacts to the local
communities.

To inform the development and implementation of Ec@OSS, a research component was
integrated into the project. This study aimed to identify the challenges encountered during
the implementation of Eco-OSS, as perceived by various stakeholders, and to expkor
potential solutions. By examining the experiences of four countries participating in the
Eco-OSS projecy Lithuania, Romania, Poland, and Turkey this research contributes to a
deeper understanding of the factors influencing the success of OSS initiativeBased on
surveys and interviews with the students, teachers, school administrators and ecosystem
partners, the ideas about the project implementation and challenges in the perspectives of
four national groups (Romania, Lithuania, Poland and Turkey) wereported in the case
studies, and ideas and challenges from the four stakeholder groups were visualised and
analysed by the online analytical tool InfraNodus.

The theoretical framework underpinning this study draws upon constructivist learning

q6 Yl ! AWzl YOnWUAI JUOUWI kt WERBYGYNRACOGWE! + q3Gt WN
particularly the concepts of the More Knowledgeable Other (MKO) and the Zone of
Proximal Development (ZPD). The following sections will outline the research
methodology, present the findings, and discuss their implications for the development and
implementation of Eco-OSS.

Literature Review

Science education has been subject to criticism for failing to provide students with
meaningful learning experiences (Montero, et al., 2019; Tobin, 1990; Tobin & Gallagher,
1987). Traditional approaches, often confined to textbooks and laboratory settingsreate

a disconnect between classroom knowledge and realvorld applications. Thus, the
boundaries become visible between knowledge taught at school and real life, such as
community and social activities, economics or politics, etc., and in a fundamental
approach not bonded with many aspects of daily life (Lee & Wolfflichael, 2002; Latour,
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1993). Consequently, students develop a narrow perception of science as an isolated
discipline, overlooking its pervasive influence on daily life (Lee & WolWMichael, 2002).
Science is integral to human interaction, informing decisioamaking on health,
environment, and societal challenges (Yacoubian, 2018). However, laboratoflyased
instruction has limitations in developing problemsolving skills and fostering a deep
understanding of science's role in addressing societal issues (Tobin & Gallagher, 1987). T
bridge this gap, students must engage with realvorld scientific practices through
community involvement and collaboration (Howaard & Mataheru, 2019).

The prevailing educational paradigm hinders Europe's pursuit of sustainability goals
(European Commission, 2015; Scharmann, 2007), contradicting the EU's initiatives for a
smart and sustainable future (European Commission, 2015). In an increasingly
interconnected world, citizens require a strong foundation in science and technology to
address emerging challenges (European Commission, 2015). To achieve this, science
education must transcend school boundaries and foster partnerships with industry and
the broader community (Montero, et al., 2019; European Commission, 2015; Lee & Woalff
Michael, 2002).

Learning is regarded as the process of constructing knowledge from sensory data and prior
knowledge (Tobin, 1990; Kara, 2018). Constructivism posits that students should
experience what they are learning in a direct way so that they can make sense of whay
are learning (Driscoll & Burner, 2005). As Thomson (2018) emphasizes, knowledge
acquisition is grounded in personal experience. Constructivist pedagogy prioritizes
exploration, social interaction, and studentcentred learning to facilitate knowledge
construction (Driscoll, 2005). In addition, Moreover, connecting new information to real

life contexts is crucial for meaningful learning (Kamphorst, 2018; Suero et al., 2019). By
engaging students with the world beyond the classroom, open schooling approhes can
foster a deeper understanding of societal challenges and potential solutions (Howaard &
Mataheru, 2019).

Vygotsky's Sociocultural Theory emphasizes the critical role of social interaction in
cognitive development (Vygotsky, 1978). It stresses the significance of social interaction in
the cognitive development of children, as he believed that community is theentre of
HE6RGT | DOkt WhaWecURUNWACYt RUNKWLIE! DYt t! AWLUNPT Yb tO
problem-solving strategies through engagement with more knowledgeable individuals
within their community (McLeod, 2024). Tomasello, et al. (1993) identified theegprimary
learning mechanisms: by imitative learning (copying another), instructed learning (learning
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from teachers) and collaborative learning (learning from peers). Central to Vygotsky's

framework are the concepts of the More Knowledgeable Other (MKO) and the Zone of

Proximal Development (ZPD). The MKO, not limited to adults or teachers, can be peers or

even technology (McLeod, 2024). The ZPD represents the gap between independent and

guided learning, highlighting the potential for cognitive growth through social interaction

(Figure 2.1). This points out that social interaction and involvement in the camunity

t 2GGY!l qt Wt gqel WUqt k UWHYNRURqR2JIWI D230 YGaWUqlet Ws
(McLeod, 2024).

ZPD and scaffolding

Knowledgeable others I
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own

esity of Plymouth, 2013

What | can learn with help
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© steve Wheeler, Unives

Figure 2.1. ZPD and Scaffolding (McLeod, 2024)
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complex system of relationships affected by multiple levels of the surrounding

environment. Interactions within the biological, familial, community, and societal contexts

shape development (Bronfenbrenner, 2000)The model of Entrepreneurship Education

Ecosystem EEE) further illustrates this interplay, emphasizing the interconnectedness of

curriculum, culture, pedagogy, physical environment, and motivation in the

multidimensional ecosystem (Mueller & Toutain, 2015; Toutain et al., 2019) (see Figure

2.2).
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Figure 2.2. Dimensions & Dynamics of Entrepreneurship Education Ecosystems (EEE)
(Toutain et al., 2019)

The Open Science Schooling (OSS) approach centres on communibgsed science
missions. To facilitate the transition from traditional to missionbased science education,
infrastructures of science resources (also known as ecosystems) should be made readily
available to educators and schools. The Ec®SS project aims to develop and test
accessible science resource infrastructures (ecosystems) within partner communities,
providing guidance for broader implementation in other schools in Europe. Research by
Mulero, Grau & Torra (2019) indicates that OSS provides a much broader perspective to
students, as it instigates them to find solutions to real problems plaguing society and
encourages the involvement of other members of society.

However, integrating OSS into practice presents significant obstacles, as highlighted by
Mulero et al. (2019) and Mulero et al. (2022). A primary challenge lies in the mismatch
between the fragmented subjectbased structure of school curricula and the holstic
nature of reatworld problems. Rigid timetabling and bureaucratic hurdles further impede
OSS implementation (Mulero et al., 2019; Mulero et al., 2022). While teachers recognize
the potential of OSS to increase student engagement, they often encounteifficulties in

its practical application. Moreover, securing stakeholder involvement is an ongoing
challenge.

Research methodology

Research design

el W It Wel #SWs ¢t W 3t RNDUWT WHet WT wWwyOWx y2We! nYaqt
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Education Ecosystem (EEE), with a focus on the challenges and facilitators among
stakeholders during the implementation of the Ecosystems of Operscience Schooling
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(Eco-OSS). As planned in alignment with the research objectives, we focus on the following
guestions in the research:

Main research question:

What are the primary challenges and facilitators of implementing Ecosystems of Open
Science Schooling (OSS) in four selected countries?

Sub-research questions:

1. How do the specific socio-cultural, educational, and policy contexts of the four
countries shape the implementation of EceOSS to engage students in science
learning?

2. What are the key differences and similarities in the challenges encountered during
the implementation of Eco-OSS across the four countries?

3. How do main stakeholders (teachers, students, parents, administrators,
policymakers) perceive the impact of EceOSS on student learning, their
motivations, roles and challenges in the implementation?

4. What strategies and supports have been most effective in overcoming
implementation challenges and fostering the sustainability of OSS?

To answer the above questions, we designed the research in two parts. The first part

focused on observing EceOSS implementation through reports, journals, photos, and

videos collected from the four schools through basecamp.com, supplemented by a

preliminary survey of 25 key stakeholders (13 students, 7 teachers, 3 school

administrators, and 2 external partners). The survey covered participants' background

information, local ecosystems and missions, newly acquired knowledge and skills, and the
engagement ard contributions of ecosystem partners.

The second part involved interviews with another group of key stakeholders. The interview
guestions for students focus on their experiences and engagement in the E€0SS

GRt +t RYUt IOWNGS WWRUqUI 2RWs Whe It qRYUY Wn Y1 Uay1J¢ #E 1]
do it?) and needs (What do | need to do it?), as well as the support they have (or not) from

the school administration and easiness/difficulties to collaborate with the ecosystem

(How the school administration can help me to do it?). The interview quésens for the

school administrators address their motivation and attitude towards engaging ecosystem

partners, their ability to offer support (financial, technology, equipment, contacts etc.) to

T u20YGWe UT Wa ¢ RUq ¢ R U UThedintetdieviAVdtlY ektérial paradtsy + 1+ 130 1O
focuses on their motivation in supporting the ecosystems, their roles in the
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implementation of the ecosystems, and challenges in the sustainability of it. Data from
both parts were integrated to provide irdepth explanations for the research questions.
Participants of the study

The participants in theresearch are students, teachers, school administrators and
Ecosystem partners involved in the project. We employed opportunity sampling, asking
project coordinators in each national group to contact available and willing participants.
Due to participants' busy schedules and pandemic restrictions, we offered flexible
research involvement. Interviews were conducted in January and February 2022, following
observations and a preliminary survey. An additional 25 participants, different from the
initial survey goup, were interviewed (see Table 3.1).

Table 3.1 The distribution of the interviewees and the means of interviews

National Students  Teachers  School Ecosyste
groups (school n=9) Administr  m
captains) ators partners
(n=8) n=4) (n=4)
Romani  Online interviews 1
a
Interview by the 2
teachers
Email interviews 1 1 1
Lithuani  Online interviews 2 1 1
a
Interview by the
teachers
Email interviews 1 2
Poland Online interviews 1 1* 1
Interview by the
teachers
Email interviews 2 2

Turkey  Online interviews
Interview by the
teachers
Email interviews 2 2 1 1

Note: * interview with a translator.
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Data analysis

The WUAS and UEF research teams collected and analysed the data. Part 1 findings
provide a background on challenges and insights among interviewed stakeholders for Part
2. InfraNodus analysed and visualized Part 2 data, highlighting thought and challenge
features in the OSS ecosystems. This webased, open-source tool employs text network
analysis to identify influential words connecting different topics within a context (e.g.,
Feyissa & Zhang, 2023; Gunawan, 2024). It combines clustering and graph commuynit
detection to group densely connected nodes and those separated by structural gaps. GPT
4 Al is integrated to suggest questions, facts, and ideas based on text analysis.

After removing common conversational terms and repetitive, redundant, and irrelevant
words, we uploaded the data to the website for analysis. The findings are reported in the
following.

Results

Research findings are reported in two parts. An overview of the four ecosystems provides a
background for the report of the analysis of the interview data.

Overview of four ecosystems

The four case studies of Romania, Lithuania, Poland, and Turkey provide diverse yet
comparable perspectives on the implementation of Ecosystems of Open Science
Schooling (EceOSS), as illustrated in Table 4.1. eommon thread across all cases is the
central role of the school as a hub for learning and collaboration. Each case study
emphasizes the significance of partnerships with external stakeholders in enriching the
educational experience. Furthermore, a core cmponent of ECo-OSS is the shift towards
experiential learning, involving students in handson activities and realworld problem-
solving.

While the concept of an ecosystem is shared, the specific composition and scope vary
across the cases. The Romanian and Polish schools in the research focus primarily on the
school environment, while the Lithuanian and Turkish schools encompass a broader
community. The extent of involvement and influence of external partners also differs.
Despite these variations, all cases highlight the importance of studententred learning

and the benefits of collaboration.

Challenges encountered during EceOSS implementation include the transition to new
teaching and learning approaches, time constraints, resource limitations, effective partner
collaboration, and especially the impact of the COVIB19 pandemic. However, the jpsitive
outcomes for both students and teachers are evident. Students demonstrate increased
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motivation, engagement, and a broader skill set, while teachers experience professional
growth and job satisfaction.
The successful implementation of ECGOSS has the potential to create a more dynamic
and engaging learning environment, fostering both personal and academic growth for

students.

Table 4.1 Overview of the four OSS ecosystems

Ecosystem and Mission
Overview

Open Science
Schooling
Implementation
Outcomes

Ecosystem
Implementation
Outcomes

Roman
ia

The Romanian OSS
ecosystem focuses on
implementing an outdoor
education ecosystem in
response to COVID19
restrictions, following a
national campaign. The
ecosystem comprises
the school, students,
teachers, parents, and
multiple external
partners. The primary
goal is to create a
conducive learning
environment, addressing
students' social,
psychological, and
academic challenges
arising from the
pandemic.

Outdoor learning
fostered a sense of
"classroom without
walls," promoting
motivation, active
engagement, and
better relationships
with peers and
teachers. Students
gained autonomy,
confidence, and
curiosity. Teachers
discovered students'

hidden talents andthe

limitations of
curriculum -focused
teaching.

The ecosystem, led by an
enthusiastic teacher,
successfully implemented
outdoor learning activities.
Collaboration with
external partners brought
expertise, resources, and
diverse learning
experiences. The initiative
fostered a more open
school culture, though
challenges related to
teacher mentality and
collaboration remain. The
ecosystem had mutual
benefits for all
stakeholders, including
improved student
outcomes and enhanced
partner visibility. Overall,
the Romanian ecosystem
highlights the potential of
outdoor education within
an ecosystem framework
to address educational
challenges and create
positive learning
experiences.
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Lithua
nia

Poland

TheLithuanian OSS
ecosystem is broad,
encompassing students,
parents, teachers,
community, and external
partners. It's focused on
community needs, like
environmental
awareness and health
knowledge. Students and
teachers collaborate to
identify local issues,
transforming them into
learning missions.

The Polish OSS
ecosystem is a blend of
internal school dynamics
and external
collaborations. It
emphasizes learning
beyond the classroom,
involving students,
teachers, and external
partners like universities.
The primary goal is to
motivate students,
enhance their skills, and
bridge the gap between
secondary and higher
education.

Open Science
Schooling
Implementation
Outcomes Learning is
seen as place
independent,
emphasizing comfort
and engagement.
Students developed
various skills,
including
communication,
critical thinking, and
research. Teachers
also benefited, gaining
confidence and
broadening their
perspectives.

Learning is seen as
flexible, occurring in
various settings.
Students developed a
range of skills,
became more curious
and confident.
Teachers also
benefited from
professional
development. The
focusis on
experiential learning
and developing
positive attitudes
towards science and
the world.

Ecosystem
Implementation
Outcomes The ecosystem
is problem-oriented, with
students and teachers
driving mission
development. Outdoor
learning fostered
engagement,
communication, and skill
development.
Partnerships with external
organizations enriched
learning experiences.
Challenges included
COVID19 restrictions,
managing student
engagement, and adapting
school administration.

The ecosystem is a
combination of internal
school initiatives and
external partnerships.
Collaboration is key, with
universities playing a
crucial role. Challenges
include coordinating
efforts and managing the
transition to a new
learning approach. The
overall aim is to improve
student achievement and
foster a stronger
connection between
schools and universities.
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Turkey The Turkish OSS Learning is considered The ecosystem is driven by
ecosystem views the more effective outside student-led initiatives,
school as a central hub  the classroom, with with teachers providing
connected to families, students showing guidance. Partnerships
partners, and the wider  increased with external
community. Learningis  engagement and organizations are valued
seen as a collaborative  curiosity. Students for their expertise and
process, with students,  developed a range of resources. Challenges
teachers, and external skills, including primarily arose from the
partners working communication, COVID19 pandemic,
together on problem- teamwork, and affecting planning and
solving missions. The research. Teachers implementation. Overall,
focus is on creating a became more open to the focus is on creating a
supportive environment  collaboration and supportive learning
for student growth and integrated environment through
development. partnerships into their collaboration and

teaching. experiential learning.

Visualisation and analysis of the interviews

In the following, we visualised and analysed all the answers in the interviews using
InfraNodus network analysis (Paranyushkin, 2019; 2022) about the features and
challenges of ecosystem and OSS missions in general and in the stakeholder groups. The
purpose of the visualisation is to illustrate and analyse the text network structure of the
interview data to highlight the focuses and gaps in the descriptions about OSS ecosystem
by different stakeholders. The focuses show the features of the present ecosystemhile

the gaps reveal the possible missing connections or future challenges of it. We report the
nRUT RUNt WeHYeqWagsWWnWleqel Ut WRUWqS WWGE!I qRARGe U
i.e., the most influential elements and network structure of the da, the topical groups in
relation to ecosystem, and the structural gaps. In the following quotations from the
interview, the initials of the countries and the abbreviations of their roles are combined to
refer to various participants in the interview, e.g Romanian Student 1 (RS1), Lithuania
Teacher 2 (LT2), Polish School Administrator (PSA), and Turkish Ecosystem Partner (TEP).
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Table 4.2 Comparison of the most influential words among groups

Groups Most Influential Elements
Students teacher, school, learning
Teachers student, school, teacher

School school, student, science

administrators

Ecosystem school, student, science,
partners project

All groups student, school, science

Network Modularit
y

Structur

e

Focused
Focused
Biased

Focused

Biased

.23
2
2
24

.18

Influence
distributio
n

50%

50%

80%

50%

80%

Table 4.2 gives an overview of the most influential elements and the network structure of

the groups. The most influential elements in all the interview data arst aqqe T JUq AW HE Y Y
F ARVDUBU®WIOWNG JWa Yt quWRUNnde JUqReGWNI Ye Gt Wt 6 Ys wOyY
cT ORURY ql ¢qVY!l t WeOT WyEYt !+ qUGt WedaWnYrHet DT WYOLW
tgel WUOqAWawel URUNALW #R U H IWWdifesdntiliSdpécivesibases A LA 2 q LU
on their roles in the ecosystem and missions. Students and teachers mentioned each

other, while administrators and partners focused more on students and the open science

project (Table 4.2).
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learning

student

activity .
science

school ..

time Meeting

teacher
: @ understand

work partner mission

& people

Main Topical Groups:
22%: school = educational = change
21%: student I teacher 7 university
13%: project I mission [ partner

13%: science ™ learning I interesting

Figure 4.1 The network graph of all the interview data (source: InfraNodus)

The network structure gives an overview of the text by a combination of text network

modularity, distribution of influence and narrative dynamics. The network structures of all

q6 JWRUqUI 2Rs Wl ¢ q¢ We UT Wadé WNI Ye GWY Wi ®d My & RIG 10 |
q6 WY qd6 3l WNI Ye Gt Wel W 13t #I RAWI Wet WmwenVYHet I wiOW
focusing on one topic. Focused means a structure focusing on a certain idea, but there is

also some diversity on the global level (Paranyushkin, 2022). The wriddistribution of the

nodes in the groups of students, teachers and partners can result from their more various
experiences from field work. While in general, the answers from different groups of

participants are still focused on the common topics about OS ecosystems. In Figure 4.1,
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RaquWwrc OWAHPDW WUYUWa6¢ qgé IWa Yt queEYGaGYUG! WaWUgqRYU
F HRUDUARUmIOWWN S DWa ¢ RUWqYGRHACGWNI Ya Gt WEl WWedt Y WA
case studies, e.g., schools as educational institutions make changes in the community,

students and teachers working together with universities, the projects and missions

supported by partners, and the missions make science learning interesting. However, it

seems from the gap that the interview data about the project does not reveal much abt

the connections between the ecosystems and the components of the missions, e.g., how

each of the missions contributes to the formation of the ecosystem, or how the ecosystem

is developed and sustained by the missions.

effective

laboratory

learning level

activity

interested .
science

interesting part

project - teaching
benefit
start

partner s
mission

idea

Figure 4.2. The structural gap in the whole group interview data

From the perspective of structural gap, it can be seen that in the data of all participants,
the nodes about OSS activities, such as project, mission, partner, etc., are distant from
those describing school education, such as science, learning, teachingaboratory, etc.
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(Figure 4.2). The two distinctive topical groups showed that OSS activities were perceived
as very different from teaching and learning at school, as can be illustrated by the

guotations of interviewees.
Topic summaries in groups

In the following, we report the findings based on the graphs of each group of the
Fqet DEYOTl I+ oW WWHSE Y WWh IJEYE ! qak Wet Wa6 Wt 13!

about it.

university
centre
toun learning
home
effective
experience
learn science
online time
part issue connected
related
interesting
place SChOOI student  vaccination
S
project
community partner
skill role
mission )
neip teacher
e person \
people
idea .I“gndystand
Y/ tell
Al
2y ® ecosystem
class
connection
biology
group
made

Main Topical Groups:

18%: partner M project M time
18%: teacher M school ¥ student
16%: community M people M change

16%: learning M science ™ interesting

[ RDe | WWNOWNG JWa ¢ RUWY GRACE O WN linfrenciudid&n) Wa 6 I W qe
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Students

[ Yel WqYGR#HAcC G WNI Ye Gt We !l DWGI YA RUNWUqWRUOW qeal WUqt
was apparently about the open science schooling project with partners. They defined

ecosystem by the connected learning environment cocreated by teachers, the schoaind

t el WUqt oW + Wag6JWt qal JU0qt Wl 3t B RAJT AWBLERYH It q
¢l YeUT Wewt réeYYaWeUT WaWlel URUNWWLIAENSL We U1 Wf Waéb
to be interconnected, the principal with teachers, teachers with studens, and also

b el WUqt Ws Rag6 Wags DRI WGel WUqt WYl Wnl RUWOT + wlWelAENSB
the students in the project are quite aware of the change they can make for the community

and people, which has raised their interest in learning scied A lWW¢ + W ¢ RT WH! WY U 1J W
AHUJOGRID2VJWf WE¢2P0Waget WUWe Wt qUGWqY WGl YqUHEqWYe !l WEY
nl et ql ¢cqRYUt W e WWqY W6 JWGeUT WG REAWMs JWs 31 Wwe U
were sitting in front of our computers both realizing schol's material and fulfilling the

ORtt RYUt WRUW@6 JWEHYH 't qUaGWGI YTURqwWLAEZ=L HOWLW

experiment

learning

effective
boring

interesting science
activity

town friend

good
issue

help

community
people

change

[ RDa2 | JWNOANWNS JW ql efgel ¢caWnNe GWRUWaq6 JW qal 3Uqt
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N6l DWRY We WNe GWHWqs JWUWaé JWas YWagYGRHACGLWNI Ye Gt
mAYGG2URg! WGHNYGHWWeEUT WHG6¢UNUwWb[ RNe | 1JWNHNb oW
students did not talk very much from their perspective about how the change omé

HYGGzURq! WeUT WGUYGH WWHec UWAHD WG ET WWAH! Waqdé WRI Wh RU
preliminary study they showed their awareness about the contribution to the community of

the OSS missions.

great
rt
lead 8o
group
meeting
create Student
erasmus
understand
: work idea t h
project eacher
involved mission
time
i partner
bring team
school
@ ecosystempeople
teaching environment
community education
open
problemSyStem
mean
tool

Main Topical Groups:

25%: time M people M meeting

25%: student W teacher W group

19%: learning ™ improve M study

17%: school @ good ™ education
[ RDe | WWNOPWN6 JWa ¢ RUWgYGRAcOWNI Ye Gt WRULWq6 WLWaldeé
Teachers
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Figure 4.5 shows how ecosystems work in the eyes of teachers. It involves time and
GUUqRUNWs RS WGUYGI NAWBECGT W gqen nWellJa Ga Y! 1313t AlWq
RUt qRagza qRYUt WYz qWYnlaé W A#SEY YO W 130 ¢ qldivells Ra 6 WIJ
Yl tt WYnWwYe !l Wt #6YYaWe Ul Wag6 JWRUqUI ¢AHqRY Ut WRq WG
(LT2). It enhances the skills of teachers and students in the group work and management

of the project. The educational missions help students learn in and outfeschool with good

e cRq! WYnWUIT eA¢cqRYUWEUWWY nWaqé WWalde #HE I+ W 13t
camp, and we studied outside as well. We went to the museum. We went to people to have

these kinds of investigations ... about customs, aboutsome& JT RARU¢ 0 WGT ¢ Uqt Ws 1J1
t OYs W21 ! Ws WGdwWel ANNG FOWNIIEHG Il + Wedt YW eaRt T
Hl DeqUTl Waet quWHEYGWWn! YOG Waqé WWaldée #6 I wlWAWHE 21 1JWq
b gqelT WUt WNWaqln! YaWaqdé It WWEHaqR2RqRIIt wlWblANNGB 1O

activity
place

idea

mission study

bring partner learning

school

ecosystem Science

; environment
teaching

Gommitaity education good
improve
problemSyStem

mean

[ RPDe | WWNZWRNEJIJW ql efqgel ¢dWNe GUWRULWq6 IWalJe #6111
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From the structural gap we see a missing link between the school education (e.g., school,

education, teaching, etc.) and the improvement of learning (e.g., learning, improve, study,

etc.) (Figure 4.6). This might be due to the focus of the OSS missions awbsystem in this

interview instead of school education. However, it can be also a reminder for us how the

ORtt RYUt WRc¢ UWAHPDWIGAHT T IT WRUW #8YYOWUIT em#e qRYU LW
long term.

[ RPDe |l WWNOTWRN JWa ¢ RUWqYGRHAc O WNI Ye Gt WRU W6 LW H6
InfraNodus)

School administrators

The school administrators are aware of the central role of the school in the ecosystem and

q6 Wi YHecOWRYGGa URq! W[ RN2 | DWNKTb OWS UIJWY™n Wa 6 130
HOUql DWY nWaq6 JWIHYH !+ qadwWe U1 Wad W qatibnldkba + We | 1J



