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This paper introduces a novel roadmap for best understanding the
connections and impact of Artificial Intelligence (Al) in Higher Education
(HE). It draws on insights from nine Al 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 Al, learning about
Al, and preparing for Al” developed by Holmes et al. (2019); and describes
“developments, enablers and disablers,” for the “now, next and later” of
Al 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 Al and HE.

1. Introduction

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

For Higher Education (HE), learning about Al has long been a focus, with many
data science, coding and Al courses offered by the Computer Science and
Science, Technology, Engineering and Mathematics (STEM) departments in
most HE institutions around the world. Al 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 Al 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 Al is increasingly present, is
affecting jobs, and might be laden with biases and be unfair or untransparent?
Instead, most Al research focuses on using quantitative experiment to
determine whether the Al ‘works’ and how it might be ‘improved’, while there
is little research into the impact of Al-powered student profiling, automated
assessments, intelligent tutoring systems, or other uses of Al 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 Al 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 Al
and HE. We began with nine case studies of Al in HE applications in Denmark,
Portugal, and the United Kingdom®3. An analysis of the nine case studies found
that all could be categorized as “learning with Al,” 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-kEahgjmFk6dds-
Dn?usp=sharing
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number of interviews with Al-HE experts in the three same countries. The case
studies and interviews together revealed that the evidence about the
development of Al in HE was confusing. Accordingly, we aimed to develop a
simplified picture, categorizing the available information about the
connection of Al and HE. Drawing on the project’s review of multiple
roadmaps and related approaches, a novel roadmap for the connections
between Al and HE was devised (Figure 1).

2. Developing an Al-HE roadmap

Based on our case study data, and a review of various roadmaps and related
approaches, the Al-HE roadmap was designed (Figure 1). The roadmap brings
together two key dimensions: first, the learning with Al, learning about Al, and
preparing for Al 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 Al in
HE.

Learning with Al

Learning about Al

Preparing for Al

Figure 1: Al-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 Al 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.**
Participants were randomly divided into three groups, one for each segment
of the framework (learning with Al, learning about Al, preparing for Al). 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) Al
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.®® Finally, the resulting whiteboard (Figure
2) was summarised and analysed to create Table 1.

% https://zoom.us/
15 https://miro.com/
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Enablers

Preparing for Al

Figure 2: Al-HE roadmap template completed by AIT multiplier event participants.

3. The AI-HE Roadmap

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

125



Sunumpuey

JO uoI31UZ023.4 213BWOINE PUB YOO
$94N309|

03PIA 3AI| 40 Suluoinded pajewoliny
SUOIIUSAJIUI

104 8uid8e} pue uonipald

1nodoup Joj Suiedasd sulydew Jo asn

wJou ay3 Suiwodaq W
SIUBWUOJIAUR |eYSIp palioddns-i29d W W
9210Y2 J33Jed e se suolIn}iIsul ssoloe paydope M 3
90U319S 493NdW0I Ul 1S3J33Ul Ul YIMOID) e 8ulaq spieoqysep sanAjeue Suluiea m
(3uels 1J-19S B 1M }I UaA3) a3e (8urio3004d-2 Buipnpoul)
-|ooy2s Aq |y punouJe 1saJaiul 3uiseaudu| e JUBWISSISSE J0) SPOYIDW USALIP-Ble(
11 Suidipaud snf jo peaisul (S221A43S 9A13IUS0) 24NZY JOSOIIIA
24n1ny sy Sulj|spow {y 404 AlAIeSID e (430 ‘SDO0N) ‘wJojie|d |V 9|8009 ‘| SMY ‘U0SIBAN

sweal yoleasal

@3IV uo sas4nod 3ujuies| uadQ

INgI) swaojield 3ua4und jo uoidopy

126

Aq pasn g 03 $21Y37 | 04 SBUIBPIND @ (S921A43S 3A1HUS0D) 24NZY LOSOUDIA 3H Ul S9|NpOW 153} Ul | 4O UOl3eIZRIU|

‘Wwlojie|d |V 2|3009 ‘|¥ SMV ‘UOSIBAN
NG|) swJiojield |y uo Sululesy s Jaydea] e

JH Ul SIUSPNIS pUEB SJaYdea} Joy SyJewyouaq pue

S9INPOW 1531 Ul SIIY3T |V JO UOIRISIU| e SpJepuels ‘swyliiog|e uo UoIeWIo| e

IV HLIM SNINYV3A1

IV LNO8GV SNINYVI

|V 404 ONIHVdIHd




1 WoJy pa323dxs ag ued Jo

Op UBD | 3BYM JO Uoie1dadxa ydiy oo
| Ul S9SBIQ 4O SSaUIEME JO 3DB|

e 03 Suipes| ‘eyep paJinided uj UaAS pue
‘swea) 3uidojaAap Ul AJISISAIP JO Xoe]
MOU swa3sAs |y Buidojansp

95041 Ag 93pajmous| ulewop Jo oe7
papJemal ||om AjaJed si Alueul|didsip
-1Inw se Ajg|os sisiualds Jaindwod Ag
paumo, Aj9|os 3uiaq syuswdo|anap |y

(o1wapued-isod) sislud 21WOU03

IV 404 SNIYVd3IHd

IV Y3M SIAT JUS4IND

J0 uoneJZaul SullSIXa-UOU /100
SJ9Yoea} awWos Joy

Sui8uajjeyo Suiaq uoizdope uolzeAoul|
sJayoeay paddesys-awiy

40} 92130e4d Ul USPINQ |EUOIIIPPE UE
8u1aq 11 Jo (Ay|eas pue) uondadiad syl
SJ9Y2ea] JOj 1USIU0D JO uoleidepe mojs
pue Sulules] Sulydea) Joj puny Jo 3oeT
(o1wapued-1sod) SISO 21WOUODT

IV LNO4gY SNINYV3I1

S403e2Np3

1s8uowe |y Uo Sa1aua1adwod paywi
A80]jouy2al Ul JUBWISIAUI

pue 92UBUJIIAOS 21831RJ3S JO YIET
1snJ3siw 01 Suipes)

‘| JO SSUJEME JUSIDIHNSUI JUBIIND
e1EP PRJUB|RGWI YIIM Paulel) ‘| paselg
(Buyew

-UoIs129p uewny SulplLIA0 pue)
1uad||o1ul Ajnuy se |y 4o uo1ndaduodsIiA
uondope ul sded ay3 Suluapim
(o1wapued-3sod) SiS14d 2|WOU0D]

SME| 913|050

saunseaw AJoje|n3aJ pue |eanl|od
SUONDLIISaJ ¥YddD

IV HLIM SNINYV3I1

sia|gesiq

MON

127



|V 9|qeule|dxa
puNoJe 159J4931Ul Yd4easad SUIMoID) e
yoJeasad Aseul|didsip-4o1u| e

(SDOOW '8'9) |v 1noge 3ulules)
10§ S|eLI31BW JO AY[IGB|IEAR SPIA ®

s10adse uewny ayi pue ASo8epad sanss| pue ‘sayoeodde

3y} U0 SN0y ued Asy3 1y oS ‘s1ayoeal ‘sa|8ojouyaay |y A3y Sulyoeay ‘syuapnis
10} Sy|se} AABay-e1ep JO UOIIRWOINY e 92UBI25 J2INdW0-UoU JOJ WN|NJLIND e

Suaz139 N3 ||e JOJ WN|NJLIIND Swa3sAs0da a8ue| Jo JUBWIYSI|qrISD

S,[e1IuapaId-0JdIW e 4O uoia|dwo) e pue sudiedwed uoljewlou| e

|V 404 SNIMVdIHd IV LNO8GV SNINYVIT

Sydomawiely soinAjeue Sulules] e
(SpJepueis ‘syuewyduaq ‘swyiliose
‘spJeoqysep) |V Y3nodyl Juswssasse

pue uolsiAiadns Juspnis :3uljpuey
e1ep J0j S|apow JH Jo uolejuswsa|duw| e
(s3j40M18U G ‘si0ssa004d
INYY "8°3) se21nap Jo Alljigepaoyse pue
AJAI3O3UU0D “Uamod Buissadoud Jaiealo) e

IV HLIM SNINYV3IT

sia|geus

MON

128



$I1Y13
$213000J pue [euoleINdwod ujulea] e

AlIA1BRUD [euolleINdWOD Uo Sululel] e

:syuswdojpnsg e

IV 4O4 SNIYVd3Hd

Buluses|
paseq-auljuo Uo sisAjeue JUaWIIUAS e
SUOI}EPUSWIWOI3
40 uopieiasduaiul uo djay Suipnjoul
‘SSIAI7 03Ul Sanyljigeded |y Jo uolled3a1u] e
Aoelayl| eiep Jo 1ed se Adeuall| |V e
IV Yum Adldeljiwe) pue 1snJi Ul Yimolo e
Suiuresy yoddns
S|003 9AI3RJOQR(|0D PUE S10G1BYD e
SujuleJ) Ul S|001 YV PUB YA e
|V 3n0ge SOOOIN PUE S[e1IUSPaII-0401W
YuMm 3uluredy s|qissadde ‘pealdsapip e

‘syuswdojanaq e

1N08gY SNINYVI1

SUOIIN|OS pJeoqysep ojul pajesodiodul
(S924n0Sa4 JO 9SN pue aduepUdlIEe
104 "8°9) swa3sAs Supyoeuy wodj eleqg e
Suruies)
910W?aJ J0} SPOYIaW JUSWISSISSE
9|geuns jo yuawdo|aAap pue 3ulioidosd
-9 JOJ SWISIUBYD3W 91BINIJE 2ION e
SUOIUBAJSIUI
Aj2WI3 8J0W ydNnw pue uoldipald
apeJ3 Joj 3uriedaud sulyoew Jo asn e
[V 199W YV PUB YA o
n3
9Y31 $S042€e 3|V JO4 SPJEpUR)S UOWWO) e
AZa1ea3s ayy
40 1ed se papnjoul ulaq |y yHm ‘JH ul
uoljewWIO)sURL] [eUSIQ 404 JIOMBWEI] @

‘syuswdojanaq e

IV HLIM SNINYV3I1

syuswdojenaqg

1X3N

129



(sAemyied pazijeuostad
1sn[ 30U ‘saw023n0 pazijeuostad
'9°1) BuluJes)| pasijeuossad Ainil e

jJuawade3ua Aylunwwo) e

(31895 |RUOIIRUIDIUI

pue |euolleu ‘|edo| 1e) uoledNpa

03Ul |V JO uole8aiul pue Juawdo|anap
1oddns 03 saAlje}ul 3ulpuny e

(QINOD-1s0d) Sulutes)

404 unndwoo jo Ayjigeidasde ul Yiys v
Sunndwoo

SAI10944 pUB |y |euollisodsig

(N3 3y1 ueyysayio

2J9YM3S|d SyJomawel) 1uajeAinba

pue 2oue||dwod Yd4do 404 pardope)
e1ep Yiim Suljesp Joj swisiueydsw
dAIHSUs-Adealud Jo uojzesodiodu)
UOI1BD141149D J|WIBPEIE. Uleydyo0|g

JH ut |y 01 yoeoudde N3 d1asiuewNy

sJa|qeuy

IX3N

UOI1e|0S] U23Jds BUISIY e

[V 404 ONIHVd3Idd

|¥ Inoge Sujuses| jo Ayxajdwod 3uisly e

IV1N0Ogv SNINYVAT

S91S19A0J3U0D 2¥jey-daap

wouy Buisiie eipaw [eUSIP JO ISNUISIA
Suiuses| pue

Suiyoeay 4oy 3|geins a9 10u Aew 1eyy
SuU0IIN|0S 404 Y231-81q uo Aduspuadap
-J2A0 pue wsljeyded [eaiSojouyoa ]
Adrjod N3 yum

S159493Ul |eI2J3WWOD [BqO|S JO ySe|)

IV H1/IM DNINYVIT

sJa|gesiq

IXaN

130



Suisiu sqof swodul Mo e m M
|V 40 3sn S9NSSI |BJOW puE [BJ1Y13 O} PIDIISa S[apow xa|dwod 4o AlljigelaY e o 5
peaidsapim 03 anp sso| gol yum 3uijeaq e Ajurew xa|dwod 001 93pajmou) |V e sanss| AdeAld pue A1unJss e ‘
Sunndwoo
[EUOIIOWS JOJ | YIIM S24n3sa8
pue sjeusis |eai3ojoisAyd Jo uoida1aQ e
sa1303epad UsALIp-|Y JO JuswWdo|dAS] e g
|V + UOISIA J23ndwo) e W S
S$300(-9 JBWS PaJo|ie| e .m m

3uiuies| anndepe pasamod-|y e

SJ03N} [BNMIA paJamod-|y
1UBWISSaSSE pUP JURIU0D Sujules|
284e| 1 A12100S JO UOIIBWIOSURIY | @ SJ3yoeal Joj $|001 Sulioyine |y e paJojiel 4o} ‘uoliezijeuossad Suiyoea] e

[V 404 DNIYVdIHd IV LNO8gV SNINYVI1 IV HLIM DNINYV3IT

131



"S13|qDU3 puUD SJ3|qDSIP ‘S1udwWdolanap :dowppol IJH-Y T d|gel

132

uol39910.4d elEp pue JUdsUOI ‘AdeAlud
8ulnsua Joj syiomawely eS| anindepy e

IV ySnoJyi s10qoJ J23ews e

SWwa1sAs 8ulioIn1 snowouoiny e

si3|qeu3
L EIRA

UOISIBAUOD swJopieid uadp e U0119313p Selq pue 2211SN[ e

|euOISsa404d 104 S||14S MAU Bululed] e SeaJe 3I0M MU Joj Buluies] e Suindwod wnueny e

[V 404 ONIYVdIHd IV LNO8gV SNINYVI1 [V H1IM SNINYV3I1




4. Outcomes of the AlI-HE Roadmap Table

Drawing on our nine case studies and our interviews with Al-HE experts, we
drafted a detailed Al-HE roadmap table (Table 1). The table is based on the Al-
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 Al in HE.

Key now developments mentioned by participants under “learning with Al”
included adopting existing platforms and using Al in learning analytics. Under
“preparing for Al”, participants mentioned that some research is currently
being conducted into integrating ethics into Al, and that there also appears to
be a growing interest in computer science as a career choice. Under “learning
with Al”, participants mentioned that some of the most important disablers
include GDPR restrictions, obsolete legislation and a lack of Al competencies
among teachers. Meanwhile, under “preparing for Al” 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 Al in HE and an increasing range of curricula and materials for
learning about Al.

Key next developments mentioned by participants under “learning with Al”
included the development of common standards for AIED in the EU and the
controversial use of machine preparing for grade prediction. Under “learning
about Al” participants predicted that VR and Al will increasingly be used
together. In addition, participants mentioned a growing interest in Al literacy.
Similarly, under “preparing for Al,” participants predicted that learning
computational and robotics ethics will become increasingly important. Also
under “learning with Al,” 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
Al” and “preparing for Al” included the “humanistic” approach to Al in HE
being adopted by the EU and UNESCO (Miao and Holmes, 2021), and the
potential use of blockchain to underwrite academic certifications.

Key later developments under “learning with Al” speculated by participants
included the possibility of teacher personalization, Al-powered virtual tutors
and the detection of physiological signals during learning. Under “learning
about Al,” participants speculated the possibility of Al authoring tools for
teachers. Probable disablers under “learning with Al” included security risks
and privacy issues. Meanwhile, under “preparing for Al”, and the fact that we
might have to deal with job losses due to the use of Al was also mentioned.
Finally, under “learning with Al” participants suggested enablers such as
guantum computing, and under “learning about Al” the need for training for
new work areas.

5. Now Developments: an example

Finally, we give one exemplar “now development” which to some extent
addresses all three Al and HE connections (“with,” “about,” and “for”). This is
the “Al in Business Economics” project (Figures 3 and 4) developed by the Al-
E@ project group in Denmark, which is one of the nine cases in the AIT project
(see also Sgrensen and Hultberg in this anthology). The Al in Business
Economics Project firstly focuses on “learning with Al” 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 Al,” 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.

134



AIEQ Customer Satisfaction AIEQ Fraud Detection AIEQ Introduction to Al
Yarset ovnarie 8 og rcethedes Furset hande o & og afeerieg af svg Kurseter en rosukton t kunsty rtedgens

AIEQ Introduction to Machine Leaming AIEQ Decision Trees Bookkeeping
Vurset e en trcction 4 Maskvarg Horset hancir o besisige e o Abvmiot KNKE oty og

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

Finally, the Al in Business Economics project also includes “preparing for A
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 Al for different purposes.
Some of these modules are shown below in Figure 3.

|’Il

Ethics of duty Utilitarianism Virtue Ethics

Basisviden om pligt etikken Basisviden om nyttettik Basisviden om dydsetik

Figure 4: Selected Packages on Ethics in the Al in Business Economics Project.
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The six student packages and two teacher-oriented packages in the Al 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.

5. Conclusion

In this paper, we have offered a novel roadmap, which we have illustrated
with expert perspectives on Al in HE. The roadmap was developed by the AI-T
Erasmus+ project, and involved nine comprehensive case studies and
interviews with Al 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 Al”, “learning about Al” and “preparing
for Al” 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 Al 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 Al in HE. Nonetheless, we argue
that the roadmap can be used to frame and help analyse existing and future
research in Al 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, Al tools that best serve the HE learners of today and tomorrow.
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In addition, as well as their well-established work teaching about Al, 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 Al is ubiquitous and
has complex, wide-ranging and profound implications.
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