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AArrttiiffiicciiaall  IInntteelllliiggeennccee  iinn  HHiigghheerr  EEdduuccaattiioonn::  AA  RRooaaddmmaapp  aanndd  
FFuuttuurree  PPeerrssppeeccttiivveess  

Wayne Holmes, José Bidarra and Henrik Køhler Simonsen 

This paper introduces a novel roadmap for best understanding the 
connections and impact of Artificial Intelligence (AI) in Higher Education 
(HE). It draws on insights from nine AI in HE case studies, from Denmark, 
Portugal and the United Kingdom, collected in an ERASMUS+ funded 
project. The roadmap builds on the model “learning with AI, learning about 
AI, and preparing for AI” developed by Holmes et al. (2019); and describes 
“developments, enablers and disablers,” for the “now, next and later” of 
AI and HE. We also illustrate the roadmap with the input of expert 
workshop participants and point to its future use to support researchers, 
developers and teachers on the connections between AI and HE. 

11..  IInnttrroodduuccttiioonn  

The potential of Artificial Intelligence (AI) has taken a long time to be 
exploited. In fact, many recent advances are yet to reach widespread use. 
Nonetheless, AI-powered systems are increasingly being deployed in schools, 
colleges and universities, as well as in corporate training around the world. 
While many people fear that AI in education means robot teachers, the reality 
is less dramatic but potentially still transformative. The connection between 
AI and education is also more complex than is often assumed. At the very 
least, it involves learning with AI, learning about AI, and preparing for AI 
(Holmes et al., 2019). Learning with AI (often known as “Artificial Intelligence 
in Education” or “AIED”) involves student-facing applications of AI (such as the 
so-called intelligent tutoring systems, dialogue-based tutoring systems, 
exploratory learning environments, automatic writing evaluation, and 
conversational agents), system-facing AI (for recruitment, timetabling and 
other back-office applications), and theoretically at least teacher-facing AI 
(although there appear to be currently few such examples). Meanwhile, the 
connection between AI and education also involves learning about AI (how AI 
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works and how to create it) and preparing for AI (the impact of AI on humans, 
raising issues such as biases, fairness, and surveillance). 

For Higher Education (HE), learning about AI has long been a focus, with many 
data science, coding and AI courses offered by the Computer Science and 
Science, Technology, Engineering and Mathematics (STEM) departments in 
most HE institutions around the world. AI is also increasingly being used in HE 
for automatically profiling students and predicting student outcomes, as well 
as for assessment and evaluation. Similarly, a few HE institutions are also using 
adaptive systems, such as the so-called intelligent tutoring systems, with the 
aim of (although not necessarily the reality of) personalising course offerings 
to individual students (Zawacki-Richter et al., 2019).  

However, meanwhile, there appears to be little focus by HE institutions on 
preparing their students, or the wider public, for the growing impact of AI on 
humanity – a role that it could be argued HE institutions should readily adopt. 
What does it mean to live in a world in which AI is increasingly present, is 
affecting jobs, and might be laden with biases and be unfair or untransparent? 
Instead, most AI research focuses on using quantitative experiment to 
determine whether the AI ‘works’ and how it might be ‘improved’, while there 
is little research into the impact of AI-powered student profiling, automated 
assessments, intelligent tutoring systems, or other uses of AI in HE on HE 
students and teachers. In particular, there appears to have been little effort 
to understand the present, near future and far future of AI in HE. 

This gap is something that we aimed to address as part of an Erasmus+ 
project, entitled “Artificial Intelligence in Teaching” (AIT) (2019-1-DK01-
KA203-060293). In particular, our work set out to support decision-makers, 
educators, learning scientists and other stakeholders to better understand 
and engage more productively with the emerging connections between AI 
and HE. We began with nine case studies of AI in HE applications in Denmark, 
Portugal, and the United Kingdom13. An analysis of the nine case studies found 
that all could be categorized as “learning with AI,” of which five could be 
described as so-called intelligent tutoring systems. We also conducted a large 

�����������������������������������������������������������
13 https://drive.google.com/drive/folders/1A_08TY-zImFU9V4-kEahqjmFk6dds-
Dn?usp=sharing  
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number of interviews with AI-HE experts in the three same countries. The case 
studies and interviews together revealed that the evidence about the 
development of AI in HE was confusing. Accordingly, we aimed to develop a 
simplified picture, categorizing the available information about the 
connection of AI and HE. Drawing on the project’s review of multiple 
roadmaps and related approaches, a novel roadmap for the connections 
between AI and HE was devised (Figure 1). 

22..  DDeevveellooppiinngg  aann  AAII--HHEE  rrooaaddmmaapp  

Based on our case study data, and a review of various roadmaps and related 
approaches, the AI-HE roadmap was designed (Figure 1). The roadmap brings 
together two key dimensions: first, the learning with AI, learning about AI, and 
preparing for AI classification (Holmes et al., 2019); and second, a time-related 
wide lens divided into now, next and later. To this was added four arrows to 
indicate key actors involved in the ongoing and future development of AI in 
HE. 

 

 

Figure 1: AI-HE roadmap template. 
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Having established the roadmap, the next step was to populate it with 
relevant information. To achieve this, at the AIT project’s final international 
multiplier conference, we invited participants (a total of 9 AI and HE experts 
from 3 countries) to contribute their insights. Due to COVID-19 restrictions, 
the conference was held online, using the video conferencing system Zoom.14 
Participants were randomly divided into three groups, one for each segment 
of the framework (learning with AI, learning about AI, preparing for AI). The 
three groups then discussed, each in their own separate breakout room and 
moderated by a member of the AIT research team, the following topics: (i) AI 
and HE, (ii) the two dimensions of the roadmap (“about,” “with,” and “for,” 
and “now,” “next”, and “later”), (iii) their implications, and (iv) a third 
dimension: “developments” (what is being/will be developed), “disablers” 
(what is preventing those developments), and “enablers” (what is enabling 
those developments). Participants then contributed their insights to the 
roadmap using the ‘post-it note’ and ‘comment’ facilities of the Miro 
collaborative whiteboard platform.15  Finally, the resulting whiteboard (Figure 
2) was summarised and analysed to create Table 1. 

 

�����������������������������������������������������������
14 https://zoom.us/ 
15 https://miro.com/ 
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Figure 2: AI-HE roadmap template completed by AIT multiplier event participants. 

33..  TThhee  AAII--HHEE  RRooaaddmmaapp  

Table 1 represents a summary and analysis of the AI-HE Roadmap as 
completed by AIT multiplier event participants. It identifies multiple issues in 
terms of the three dimensions: (i) learning with AI, learning about AI, and 
preparing for AI; (ii) now, next, and later; and (iii) developments, disablers, 
and enablers. 
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44..  OOuuttccoommeess  ooff  tthhee  AAII--HHEE  RRooaaddmmaapp  TTaabbllee  

Drawing on our nine case studies and our interviews with AI-HE experts, we 
drafted a detailed AI-HE roadmap table (Table 1). The table is based on the AI-
HE roadmap, and includes the “learning with, learning about and preparing 
for” categorization, the “now, next, later” temporal dimension, and the 
considerations: “developments”, “enablers” and “disablers”. The key 
contribution of this paper is the roadmap itself. The issues raised in the 
workshop and summarised in the table probably represent only the tip of the 
iceberg. Further research is now needed for a more nuanced and in-depth 
understanding of the now, next and later of AI in HE. 
 
Key nnooww  developments mentioned by participants under “learning with AI”  
included adopting existing platforms and using AI in learning analytics. Under 
“preparing for AI”, participants mentioned that some research is currently 
being conducted into integrating ethics into AI, and that there also appears to 
be a growing interest in computer science as a career choice. Under “learning 
with AI”, participants mentioned that some of the most important disablers 
include GDPR restrictions, obsolete legislation and a lack of AI competencies 
among teachers. Meanwhile, under “preparing for AI” participants suggested 
that one of the most important disablers is the lack of a coherent 
multidisciplinary approach. On the other hand, enablers included a rising 
awareness of AI in HE and an increasing range of curricula and materials for 
learning about AI. 
 
Key nneexxtt  developments mentioned by participants under “learning with AI” 
included the development of common standards for AIED in the EU and the 
controversial use of machine preparing for grade prediction. Under “learning 
about AI” participants predicted that VR and AI will increasingly be used 
together. In addition, participants mentioned a growing interest in AI literacy. 
Similarly, under “preparing for AI,” participants predicted that  learning 
computational and robotics ethics will become increasingly important. Also 
under “learning with AI,” participants suggested that an important disabler is 
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likely to be a clash with “Big Tech” (i.e. companies such as Google and 
Facebook). However, there also seems to be a number of enablers. 
Participants mentioned that the most important enablers for “learning with 
AI” and “preparing for AI” included the “humanistic” approach to AI in HE 
being adopted by the EU and UNESCO (Miao and Holmes, 2021), and the 
potential use of blockchain to underwrite academic certifications.  
 
Key llaatteerr  developments  under “learning with AI” speculated by participants 
included the possibility of teacher personalization, AI-powered virtual tutors 
and the detection of physiological signals during learning. Under “learning 
about AI,” participants speculated the possibility of AI authoring tools for 
teachers. Probable disablers under “learning with AI” included security risks 
and privacy issues. Meanwhile, under “preparing for AI”, and the fact that we 
might have to deal with job losses due to the use of AI was also  mentioned. 
Finally, under “learning with AI” participants suggested enablers such as 
quantum computing, and under “learning about AI” the need for training for 
new work areas.  

55..  NNooww  DDeevveellooppmmeennttss::  aann  eexxaammppllee  

Finally, we give one exemplar “now development” which to some extent 
addresses all three AI and HE connections (“with,” “about,” and “for”). This is 
the “AI in Business Economics” project (Figures 3 and 4) developed by the AI-
EØ project group in Denmark, which is one of the nine cases in the AIT project 
(see also Sørensen and Hultberg in this anthology). The AI in Business 
Economics Project firstly focuses on “learning with AI.” It developed six 
student packages that can be accessed by teachers and students and used as 
cases in the business economics classes. The student packages also to some 
extent include “learning about AI,” as they also feature modules introducing 
machine learning, deep learning and neural networks, clustering, regression 
algorithms and data preparation. Some modules are shown in Figure 3. 

 

ϭϯϱ�

 

 

Figure 3: Selected Packages on AI in the AI in Business Economics Project. 

 

Finally, the AI in Business Economics project also includes “preparing for AI,” 
as it also offers digital learning modules introducing relevant philosophy and 
ethics, ethics of duty, utilitarianism and virtue ethics to prepare both teachers 
and students for the ethical implications of using AI for different purposes. 
Some of these modules are shown below in Figure 3. 

 

 

 

Figure 4: Selected Packages on Ethics in the AI in Business Economics Project. 
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The six student packages and two teacher-oriented packages in the AI in 
Business Economics project are, at the time of writing, being tested by 
students and teachers at the eight Danish Universities of Applied Science and 
Copenhagen Business School. Results to date have been very encouraging and 
will be reported in detail later. 

55..  CCoonncclluussiioonn  

In this paper, we have offered a novel roadmap, which we have illustrated 
with expert perspectives on AI in HE. The roadmap was developed by the AI-T 
Erasmus+ project, and involved nine comprehensive case studies and 
interviews with AI and HE experts, from three countries (Denmark, Portugal, 
and the United Kingdom).  

 

As we noted, the key contribution of this paper is the roadmap itself (Figure 1) 
– which combines the “learning with AI”, “learning about AI” and “preparing 
for AI” classification (Holmes et al., 2019), the “now, next, later” temporal 
dimension, and the “developments”, “disablers” and “enablers” 
considerations. We hope that others will find the roadmap useful to help them 
better understand and enhance the connection between AI and HE (in 
research and teaching).  

 

The issues raised by workshop participants (Figure 2) and summarised in Table 
1 are wide ranging and thought-provoking, but they probably represent only 
the tip of the iceberg of possibilities and implications. In addition, some are 
controversial and others possibly overly-optimistic. Accordingly, further 
research is now needed to enable a more nuanced and in-depth 
understanding of the now, next and later of AI in HE. Nonetheless, we argue 
that the roadmap can be used to frame and help analyse existing and future 
research in AI in HE. By creating a strategic overview of the existing and 
potential developments, enabler and disablers, the aim is to enable 
researchers and developers to develop, in liaison with teachers and other 
stakeholders, AI tools that best serve the HE learners of today and tomorrow. 

ϭϯϳ�

In addition, as well as their well-established work teaching about AI, it is hoped 
that HE institutions will also carefully consider their roles in helping prepare 
all their students, indeed all citizens, for a future in which AI is ubiquitous and 
has complex, wide-ranging and profound implications. 
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FFiirree  pprriinncciippppeerr  ffoorr  oonnlliinnee  eefftteerruuddddaannnneellssee  

Peter Thaysen 

Making continuing education more applicable for IT-teachers it is 
necessary to find the proper principles for how learning objects and other 
online materials for continuing education that appeal to the way teaching 
is planned and executed. This article argues that principles of 
microlearning, just-in-time delivery of learning, transfer knowledge and 
easily generated micro credentials all help makelearning objects and other 
materials more accessible to teachers based on experiences from the 
testing and data collection done in relation to project National Cyber- & IT-
security.  

11..  IInnddlleeddnniinngg  oogg  pprroobblleemm  
For en uddannelsesinstitution er efteruddannelse af undervisere en 
kontinuerlig og vigtig proces. Problemet er dog ofte, at det er svært at få 
undervisning og efteruddannelse til at fungere sammen, så underviseren får 
den rette efteruddannelse, og på det tidspunkt og i den form, som gør det 
nemmest for underviseren at inddrage den nye viden i undervisningen. I 
projekt NCIS (National Cyber- og IT-sikkerhed) har vi arbejdet med at udvikle 
en model for efteruddannelse, som tilgodeser alle disse behov, og som vil 
kunne bruges af uddannelsesinstitutioner fremadrettet, som en del af deres 
forretningsmodel i relation til strategier for kompetenceudvikling af 
medarbejdere. Netop sikring af den faglige udvikling på arbejdspladsen og 
læring af nye kompetencer er centralt for en række forskellige typer af 
arbejdspladser, ikke mindst undervisningsinstitutioner. Den faglige ledelse 
bliver derved en mere central del af den samlede ledelsesopgave. Og det 
kræver. 
 
Denne artikel undersøger, hvordan man kan imødekomme en efterspørgsel 
på IT-sikkerhedskompetencer, hvor underviserne får det rette 
kompetenceløft på det rette tidspunkt og i den rette form, med fokus på 
brugen af læringsobjekterne. 
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