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„Good Old Fashioned AI“ 
versus  

Deep Learning

A. KRR: Wissenrepresentation und 
Schlussfolgern,  

B. PLAN: Planen 
C. MAS: Multi-Agent Systems 
D. RBT: Robotik 
E. PHIL: Philosophische Fragen 
F. NLP: Prozessieren natürlicher 

Sprachen 
G. CV: Computer vision 
H. ML: Machine Learning

Skansi, S. (2018). Introduction to Deep Learning: From Logical Calculus to Artificial Intelligence. Springer International Publishing. https://doi.org/10.1007/978-3-319-73004-2
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Socio-Econ. Plan. Sci. Vol. 7, pp. 283-294 (1973). Pergamon Press. Printed in Great Britain 

THE APPLICATION OF A MARKOV CHAIN 
IN EDUCATIONAL PLANNING 

JAMES N. JOHNSTONE and HUGH PHILP 

School of Education, Macquarie University, North Ryde, New South Wales 2113, Australia 

(Received 24 September 1972) 

Mathematical models can assist educators in the preparation of their educational plans and 
their potential in this regard is being increasingly realized. As a result, models have found 
application at all levels at which planning is conducted. 

This paper examines the potential of one model-the Markov Chain-which is capable of 
predicting enrolments for an education system. 

The model is aonlied to the New South Wales State Government education system between 
1947 and 1961 anh‘the projected enrolments compared to the actual enrolments-in those years. 

Some success is achieved but it appears as if the data rather than the model are responsible for 
this. The limitations of the Markov Chain approach are discussed and present research and 
directions listed. 

INTRODUCTION 

THE APPLICATION of mathematical models to educational planning is a comparatively recent 
development. Administrators and planners of education systems have found that their ad 
hoc procedures are no longer adequate to take into account the many variables impinging 
on their environment. In an attempt to overcome this difficulty and to try to introduce a 
tighter methodological approach to their systems, planners have turned to mathematical 
models. These have been used successfully in one field allied to education-economics. 
Consequently, international funding agencies like the World Bank and U.N.E.S.C.O. and 
research organizations like O.E.C.D. and I.I.E.P. have recently been devoting a significant 
part of their resources to investigating the possibilities of applying to education systems, 
models analogous to those found useful in economics. 

Some of the models developed have examined variables (particularly enrolments) in a 
total education system. Such models aggregate more activities, pupils and resources to- 
gether than, for example, planning models developed for a particular institution or a small 
set of institutions. They also offer greater potential to an educational planner who cannot 
merely combine forecast numbers and requirements for a number of institutions but who 
must examine the total demands made on and by the system he is planning. 

The present paper is concerned with the applicability of one model-the Markov Chain 
model to planning on a total system basis. This model has been widely acclaimed and used 
(see, for example [2-61) but few studies have thoroughly tested the model over a long time 
period to determine if it is really valid for prediction purposes. If the model cannot predict 
values for enrolments in past years, then values predicted for future years cannot reasonably 
be accepted. 

283 

Bildungsplanung mit Markovketten 
(1972)
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Education 
Sector

United Nations

Educational, Scientific and
Cultural Organization

2019

联合国教育、

科学及文化组织

منظمة الأمم المتحدة
للتربية والعلم والثقافة

Οрганизация
Οбъединенньιх Ηаций по

вопросам образования,
науки и культуры

Organización
de las Naciones Unidas

para la Educación,
la Ciencia y la Cultura

Organisation
des Nations Unies

pour l’éducation,
la science et la culture

United Nations
Educational, Scientific and

Cultural Organization

BEIJING CONSENSUS
on ar tificial  intelligence and education

CONSENSUS DE BEIJING
sur l ’intelligence ar tificielle et l ’éducation

CONSENSO DE BEIJING
sobre la inteligencia ar tificial  y la educación

ПЕКИНСКИЙ КОНСЕНСУС
по  искусс твенному  интеллекту  и  образованию

北京共识
人工智能与教育

توافق بيجين
بشأن الذكاء الاصطناعي والتعليم

2019

User empowerment through 
Media and Information Literacy 
responses to the evolution 
of Generative Artificial 
Intelligence (GAI)

©Shutterstock

2024mobile learning week 2019  ●  1

 

Artificial Intelligence for
Sustainable Development
Synthesis Report
Mobile Learning Week 2019

United Nations
Educational, Scientific and

Cultural Organization

2019 
ARTIFICIAL 

INTELLIGENCE
and GENDER 
EQUALITY

United Nations

Educational, Scientific and
Cultural Organization

Key findings of UNESCO’s  
Global Dialogue

2020

https://www.zotero.org/groups/4643604/ai_in_arts_und_creative_education_curated/
search/UNESCO/titleCreatorYear/items/4N7YDPZM/item-list

Adopted on 23 November 2021

Key facts
UNESCO’s
 Recommendation on 

 the Ethics
 of Artificial
Intelligence Supported by:

2023

UNESCO- 
Empfehlung  
zur Ethik  
Künstlicher  
Intelligenz
Bedingungen zur Implementierung 
in Deutschland

2023

4
WORKING 

PAPERS

The New Regional Convention 
for the Recognition of 
Studies, Degrees and 
Diplomas in Latin 
America and the 
Caribbean (2019)
A comparative approach 

to recognition 

processes in 

the regionChatGPT  
and Artificial Intelligence in higher education

Quick start guide  

Portrait created by DALL.E 2, an AI system 
that can create realistic images and art in 
response to a text description. The AI was 
asked to produce an impressionist portrait of 
how artificial intelligence would look going to 
university. Concept by UNESCO IESALC.

2023
WORKING 

PAPERS

Harnessing the Era of Artificial 
Intelligence in Higher Education

A Primer for Higher Education Stakeholders 

2023

 
 

Education in the age  
of artificial intelligence

OUR GUEST

Frankétienne, 
Haitian writer: 
“Creation is 
an odyssey with 
no stopovers” 

• Africa, the hotbed 
for edtech 

• Estonia, an early 
convert to digital 
technology 

• An algorithm 
to combat school 
dropout in 
Argentina

• Interview with 
Stuart J. Russell: 
“Teachers will 
always be needed”

October-December 2023
CourierT HE  UNE SCO

2023

Mobile Learning Week 2020  •  1

 

Artificial Intelligence and Inclusion 
Compendium of Promising Initiatives
Mobile Learning Week 2020

#MLW2020

Education 
Sector

United Nations

Educational, Scientific and
Cultural Organization

2020

mobile learning week 2019  ●  1

 

Artificial Intelligence in Education 
Compendium of Promising Initiatives
Mobile Learning Week 2019

United Nations
Educational, Scientific and

Cultural Organization 2019
CourierT HE  UNE SCO

July-September 2018

Artificial 
Intelligence
The promises 
and the threats

2018

Guidance for generative AI 
in education and research

2023
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Digital 
Literacy Networking Teacher as 

Innovator

"encourage all members of society – 
irrespective of gender, language, age, 
background, location and differing 
abilities – to participate fully in society 
and influence the decisions that affect 
their lives; and – foster cross-cultural 
understanding, tolerance and the 
peaceful resolution of conflict.“ (p.7)

ICT in education no longer regarded as a 
specialized area only for ICT teachers,  
but understood under the premises of social 
and economic goals – „a key focus of education 
systems worldwide“ – such as:
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„Indeed, schools are transformed into learning organizations in which all the members are involved in learning. 
Teachers can then be seen as master students and knowledge facilitators and producers, who are constantly 
engaged in educational experimentation and innovation in collaboration with their colleagues […].“ (p. 24)

"encourage all members of society – 
irrespective of gender, language, age, 
background, location and differing 
abilities – to participate fully in society 
and influence the decisions that affect 
their lives; and – foster cross-cultural 
understanding, tolerance and the 
peaceful resolution of conflict.“ (p.7)

ICT in education no longer regarded as a 
specialized area only for ICT teachers,  
but understood under the premises of social 
and economic goals – „a key focus of education 
systems worldwide“ – such as:
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„AI is currently used in education in the 
form of customizable content through 
adaptive learning programmes and 
software, tracking and monitoring 
diagnostics, automation of grading and 
even AI tutors. It will continue to bring 
new opportunities for enhanced 
learning, new forms of learning and offer 
more flexible lifelong learning pathways. 
Nevertheless, there are rising concerns 
over the issues of ethics, data security 
and human rights alongside the 
penetration of AI in education.“ (p. 19)
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2018: AI mainly perceived as a tool, not as something that disruptively 
changes knowledge landscapes, scientific methods and research, media- 

and cultural production, informal learning, etc.

„AI is currently used in education in the 
form of customizable content through 
adaptive learning programmes and 
software, tracking and monitoring 
diagnostics, automation of grading and 
even AI tutors. It will continue to bring 
new opportunities for enhanced 
learning, new forms of learning and offer 
more flexible lifelong learning pathways. 
Nevertheless, there are rising concerns 
over the issues of ethics, data security 
and human rights alongside the 
penetration of AI in education.“ (p. 19)
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Artificial Intelligence in Education:

Challenges and Opportunities for

Sustainable Development

Education 
Sector

United Nations

Educational, Scientific and
Cultural Organization

2019„the ways in which AI could be used to 
improve learning and equity in education in the 
developing world. The section addresses two 
main topics: one dedicated to improving 
personalisation through AI (pedagogical scale) 
and the other focused on education 
management information systems (systemic 
management scale)“ (p. 13)

„AI to promote personalisation and   
better learning outcomes“

„Data analytics in Education Manage-ment Information 
Systems (EMIS) and the evolution to Learning 

Management Systems (LMS)“
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Artificial Intelligence in Education:

Challenges and Opportunities for

Sustainable Development

Education 
Sector

United Nations

Educational, Scientific and
Cultural Organization

2019
First challenge:  

a comprehensive public policy on AI for 
sustainable development

Third challenge:  
preparing teachers for AI-powered education 

and preparing AI to understand education

Fourth challenge:  
developing quality and inclusive data systems

Fifth challenge:  
making research on AI in education significant

Sixth challenge:  
ethics and transparency in data collection, 

use and dissemination

Second challenge:  
ensuring inclusion and equity in AI in 

education

participate in shaping the tool

„Unfair discrimination. When Machine Learning algorithms are trained on a 
certain data set (let’s say with students from a Western European country), 
then the result might not be directly applicable to students from other parts of 
the world. The training data set might be biased towards a certain group and 
therefore might discriminate unfairly when used on a different group.“ (p. 34)

Terms like „diversity“ and „culture“ not 
mentioned in the paper; thus very limited 

awareness of inherent cultural biases of AI.
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联合国教育、

科学及文化组织

منظمة الأمم المتحدة
للتربية والعلم والثقافة

Οрганизация
Οбъединенньιх Ηаций по

вопросам образования,
науки и культуры

Organización
de las Naciones Unidas

para la Educación,
la Ciencia y la Cultura

Organisation
des Nations Unies

pour l’éducation,
la science et la culture

United Nations
Educational, Scientific and

Cultural Organization

BEIJING CONSENSUS
on ar tificial  intelligence and education

CONSENSUS DE BEIJING
sur l ’intelligence ar tificielle et l ’éducation

CONSENSO DE BEIJING
sobre la inteligencia ar tificial  y la educación

ПЕКИНСКИЙ КОНСЕНСУС
по  искусс твенному  интеллекту  и  образованию

北京共识
人工智能与教育

توافق بيجين
بشأن الذكاء الاصطناعي والتعليم

2019

Policy Recommendations
• Outcome of the Beijing International Conference on 

Artificial Intelligence  (AI) and Education 16 to 18 May 
2019


• Participants including 50 government ministers and vice 
ministers,  


• as well as around 500 international representatives from 
more than 100 Member States, United Nations agencies, 
academic institutions, civil society and the private sector.


• Referring to the Qingdao Declaration (2015)

Government/state level

• Planning AI in education policies: SDG4, LLL

• AI for education management and delivery

• AI to empower teaching and teachers

• AI for learning and learning assessment

• Development of values and skills for life and work in the AI era

• Promoting equitable and inclusive use of AI in education

• Ensuring ethical, transparent and auditable use of education 

data and algorithms

• Monitoring, evaluation and research

Organizations

• Monitor and assess the impact of the AI divide 
and disparities in AI development across 
countries


• promote the equitable use of AI in education 
in the context of the global and regional 
Education 2030 architecture


• provide platforms for international exchange 

• …

Director-General of UNESCO

• Establish an ‘AI for Education’ platform 
to act as a clearinghouse for open-source 
AI courses, AI tools, examples of AI in 
education policies


• Develop guidelines and resources in 
consultation with Member States to 
support the development of policies and 
strategies


• Support the integration of AI skills into 
ICT competency frameworks for teachers


• …
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联合国教育、

科学及文化组织

منظمة الأمم المتحدة
للتربية والعلم والثقافة

Οрганизация
Οбъединенньιх Ηаций по

вопросам образования,
науки и культуры

Organización
de las Naciones Unidas

para la Educación,
la Ciencia y la Cultura

Organisation
des Nations Unies

pour l’éducation,
la science et la culture

United Nations
Educational, Scientific and

Cultural Organization

BEIJING CONSENSUS
on ar tificial  intelligence and education

CONSENSUS DE BEIJING
sur l ’intelligence ar tificielle et l ’éducation

CONSENSO DE BEIJING
sobre la inteligencia ar tificial  y la educación

ПЕКИНСКИЙ КОНСЕНСУС
по  искусс твенному  интеллекту  и  образованию

北京共识
人工智能与教育

توافق بيجين
بشأن الذكاء الاصطناعي والتعليم

2019

Qingdao Declaration (2015)

leverage ICT for learning is 
no longer a specialized skill

ethical use of data, including 
safeguarding the privacy and 

confidentiality

build bridges between formal, non-
formal and informal learning

access to digital 
learning tools for all

teacher 
professionalization

open access strategies
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منظمة الأمم المتحدة
للتربية والعلم والثقافة

Οрганизация
Οбъединенньιх Ηаций по

вопросам образования,
науки и культуры

Organización
de las Naciones Unidas

para la Educación,
la Ciencia y la Cultura

Organisation
des Nations Unies

pour l’éducation,
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United Nations
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on ar tificial  intelligence and education

CONSENSUS DE BEIJING
sur l ’intelligence ar tificielle et l ’éducation

CONSENSO DE BEIJING
sobre la inteligencia ar tificial  y la educación

ПЕКИНСКИЙ КОНСЕНСУС
по  искусс твенному  интеллекту  и  образованию

北京共识
人工智能与教育

توافق بيجين
بشأن الذكاء الاصطناعي والتعليم

2019

Beijung Consensus (2019)

human-centered, human-controlled AI 
→ human interaction must remain at 

the core of education

responsibly develope innovative AI 
solutions, where the benefits of AI use 

clearly outweigh the risks

adopt AI platforms & data-based learning 
analytics for integrated lifelong learning

effective inclusion: impairment, 
disabilities, non-native speakers

develop AI applications in education free from 
gender bias, based on gender-sensitive data

introduce new models for delivering 
education and training

prepare teachers to work effectively in 
AI-rich education settings

participate in shaping the tool

AI as a competitor to human decision-making

risks = central aspect

Qingdao Declaration (2015)

leverage ICT for learning is 
no longer a specialized skill

ethical use of data, including 
safeguarding the privacy and 

confidentiality

build bridges between formal, non-
formal and informal learning

access to digital 
learning tools for all

teacher 
professionalization

open access strategies

effective
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12.00 - 13.30
Splendens Hall

Meeting of UNESCO AI Ethics Experts without Borders Network

Organized by UNESCO

14.00 - 15.30
Splendens Hall

Regular Session of the UN Interagency Working Group on AI

Co-Chaired by UNESCO and ITU

15.30 - 16.00 Networking coffee break
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Closed Consultations with Ministers on the Interim Report of
the UNSG’s High Level Advisory Body on AI

Organized by the UNSG Tech Envoy’s Office

18.00 - 19.30 
Splendens Hall

GPAI Workshop on AI Global Regulation Challenges

Organized by GPAI Working Group on Innovation and
Commercialization

19.30
Elegans Hotel
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Dinner
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76

ENSURING DIVERSITY
AND INCLUSIVENESS

Central to the Recommendation are four core values which lay the 
foundations for AI systems that work for the good of humanity, individuals, 
societies and the environment:

VALUES

2

ENVIRONMENT AND
ECOSYSTEM FLOURISHING

4

LIVING IN PEACEFUL, JUST, AND 
INTERCONNECTED

SOCIETIES

1 2
RESPECT, PROTECTION AND

PROMOTION OF HUMAN RIGHTS 
AND FUNDAMENTAL FREEDOMS 

AND HUMAN DIGNITY 

1

3
ENSURING DIVERSITY
AND INCLUSIVENESS
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5. Right to Privacy, and Data Protection
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7. Transparency and explainability
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„Public awareness and understanding 
of AI technologies and the value of 
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ethics training, media and 

information  literacy and training led 
jointly by governments, 
intergovernmental organizations, civil 
society, academia, the media, 
community leaders and the private 
sector, and considering the existing 
linguistic, social and cultural  

diversity […].“ (p. 23)
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Recommendation on  

the Ethics 
of Artificial 
Intelligence
Adopted on 23 November 2021

2022

POLICY AREA 8: 
EDUCATION …

• LITERACY provide adequate AI literacy education to the public; promote the acquisition of 
“prerequisite skills” for AI education, such as basic literacy, numeracy, coding and digital skills, and 
media and information literacy as well as critical and creative thinking, teamwork, communication, 
socio-emotional and AI ethics skills (p. 33)


• DIVERSITY promote the participation and leadership of girls and women, diverse ethnicities and 
cultures, persons with disabilities, marginalized and vulnerable people (p. 34)


• ETHICS develop AI ethics curricula for all levels (p. 35)

• HUMAN-CENTERED AI should support the learning process without reducing cognitive abilities 

and without extracting sensitive information (p. 34)

• GOVERNANCE/CONTROLLING AI systems used in learning should be subject to strict 

requirements when it comes to the monitoring, assessment of abilities, or prediction of the learners’ 
behaviours (p. 34)

… AND RESEARCH

• PROMOTE RESEARCH encourage research initiatives on the responsible and ethical use of AI 
technologies in teaching, teacher training and e-learning p. 34); promote and support AI research, 
notably AI ethics research (p. 35)


• RESEARCH-BASED DEVELOPMENT ensure that any future developments with regards to AI 
technologies should be based on rigorous and independent scientific research (p. 35)


• CULTURAL, EDUCATIONAL, ETHICAL EXPERTISE IN RESEARCH include cultural studies, 
education, ethics, international relations, law, linguistics, philosophy, political science, sociology and 
psychology (p. 35); ensure that AI researchers are trained in research ethics and require them to 
include ethical considerations in their designs, products and publications (p. 35)


• CRITICAL METHODOLOGICAL AWARENESS encourage scientific communities to be aware of 
the benefits, limits and risks of their use (p. 35)
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Artificial Intelligence in Education:

Challenges and Opportunities for

Sustainable Development

Education 
Sector

United Nations

Educational, Scientific and
Cultural Organization

2019

联合国教育、

科学及文化组织

منظمة الأمم المتحدة
للتربية والعلم والثقافة

Οрганизация
Οбъединенньιх Ηаций по

вопросам образования,
науки и культуры

Organización
de las Naciones Unidas

para la Educación,
la Ciencia y la Cultura

Organisation
des Nations Unies

pour l’éducation,
la science et la culture

United Nations
Educational, Scientific and

Cultural Organization

BEIJING CONSENSUS
on ar tificial  intelligence and education

CONSENSUS DE BEIJING
sur l ’intelligence ar tificielle et l ’éducation

CONSENSO DE BEIJING
sobre la inteligencia ar tificial  y la educación

ПЕКИНСКИЙ КОНСЕНСУС
по  искусс твенному  интеллекту  и  образованию

北京共识
人工智能与教育

توافق بيجين
بشأن الذكاء الاصطناعي والتعليم

2019

User empowerment through 
Media and Information Literacy 
responses to the evolution 
of Generative Artificial 
Intelligence (GAI)

©Shutterstock

2024mobile learning week 2019  ●  1

 

Artificial Intelligence for
Sustainable Development
Synthesis Report
Mobile Learning Week 2019

United Nations
Educational, Scientific and

Cultural Organization

2019 
ARTIFICIAL 

INTELLIGENCE
and GENDER 
EQUALITY

United Nations

Educational, Scientific and
Cultural Organization

Key findings of UNESCO’s  
Global Dialogue

2020
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4
WORKING 

PAPERS

The New Regional Convention 
for the Recognition of 
Studies, Degrees and 
Diplomas in Latin 
America and the 
Caribbean (2019)
A comparative approach 

to recognition 

processes in 

the regionChatGPT  
and Artificial Intelligence in higher education

Quick start guide  

Portrait created by DALL.E 2, an AI system 
that can create realistic images and art in 
response to a text description. The AI was 
asked to produce an impressionist portrait of 
how artificial intelligence would look going to 
university. Concept by UNESCO IESALC.

2023
WORKING 

PAPERS

Harnessing the Era of Artificial 
Intelligence in Higher Education

A Primer for Higher Education Stakeholders 
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Education in the age  
of artificial intelligence

OUR GUEST

Frankétienne, 
Haitian writer: 
“Creation is 
an odyssey with 
no stopovers” 

• Africa, the hotbed 
for edtech 

• Estonia, an early 
convert to digital 
technology 

• An algorithm 
to combat school 
dropout in 
Argentina

• Interview with 
Stuart J. Russell: 
“Teachers will 
always be needed”

October-December 2023
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2023
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Artificial Intelligence and Inclusion 
Compendium of Promising Initiatives
Mobile Learning Week 2020

#MLW2020

Education 
Sector

United Nations

Educational, Scientific and
Cultural Organization

2020

mobile learning week 2019  ●  1

 

Artificial Intelligence in Education 
Compendium of Promising Initiatives
Mobile Learning Week 2019

United Nations
Educational, Scientific and

Cultural Organization 2019
CourierT HE  UNE SCO

July-September 2018

Artificial 
Intelligence
The promises 
and the threats

2018

Guidance for generative AI 
in education and research

2023
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UNESCO approaches to AI in Education 
vs.  

educational research on AIEd
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ai literacy

personalization

ai enhancing education 
and learning

education enhancing 
benefits of ai  

inclusion 
& equity

lifelong learning

accessibility (e.g. DIVA)

ICT-literacy

adaptive learning

assessment

migration

individualizing learning
data-enhanced educationai awareness

critical thinking
creative thinking

communications skills
teamwork

socio-emotional skills
gender

disability

vulnerability

educational governance

avance collaborative learning
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ai enhancing education 
and learning

education enhancing 
benefits of ai  

conditions

impact

societal 
participation

human 
centeredness

actually addressing 
issues

informed decision 
making

raising own 
voice

human control

economic 
participation

enhanced 
sustainability 


(indirect, eg. less poverty)

cultural 
expressioninclusive 

growth

robustness security

transparency

explainability

fairness

data 
protection

privacy
AI ethics 
policies

ethics
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