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informatics

We need an overarching lens for designing

effective, usable, ethical learning technology

You’ve made a wise choice! J
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Kristen Nygaard 
August 27, 1926 – August 10, 2002

Internationally acknowledged as the co-inventor 
with Ole-Johan Dahl of object-oriented programming 
and the programming language Simula. 

He also was a pioneer of participatory design and the 
“Scandinavian school of systems development”.

http://kristennygaard.no

http://kristennygaard.no/
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“Informatics is the science that has as its 
domain information processes and related 
phenomena in artifacts, society and nature”. 

Nygaard, K. (1986): Program Development as a Social Activity, Invited Lecture, Proceedings of the IFIP 10th World Computer Congress, 
INFORMATION PROCESSING 86, Dublin. Elsevier Science Publishers, pp. 189-198. Available at: https://ojs.ruc.dk/index.php/pdc/article/view/97/89

https://ojs.ruc.dk/index.php/pdc/article/view/97/89


7

No management hand-waving about valuing 
“user participation”

Let’s get specific: who are we talking about?

Nygaard, K. (1986): Program Development as a Social Activity, Invited Lecture, Proceedings of the IFIP 10th World Computer Congress, 
INFORMATION PROCESSING 86, Dublin. Elsevier Science Publishers, pp. 189-198. Available at: https://ojs.ruc.dk/index.php/pdc/article/view/97/89

https://ojs.ruc.dk/index.php/pdc/article/view/97/89
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How will such users get to “participate”? 

Nygaard, K. (1986): Program Development as a Social Activity, Invited Lecture, Proceedings of the IFIP 10th World Computer Congress, 
INFORMATION PROCESSING 86, Dublin. Elsevier Science Publishers, pp. 189-198. Available at: https://ojs.ruc.dk/index.php/pdc/article/view/97/89

https://ojs.ruc.dk/index.php/pdc/article/view/97/89


“Informatics is a distinct scientific discipline, 
characterised by its own concepts, methods, 
body of knowledge and open issues. 
It covers the foundations of computational 
structures, processes, artefacts and 
systems; and their software designs, their 
applications, and their impact on society”

https://www.informatics-europe.org

This laid the foundations for Informatics today…

https://www.informatics-europe.org/


“Informatics concerns itself with the study of living, 
working and building in a digital world. Wherever 
technology touches people, it must be designed with 
ultimate care. This requires mastery of technological 
knowhow and a deep appreciation of the social, 
cultural and organizational forces at work.”

https://www.informatics.uci.edu/explore/chairs-welcome

This laid the foundations for Informatics today…

https://www.informatics.uci.edu/explore/chairs-welcome
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learning
informatics

Note that the terms Education(al) Informatics have been proposed, and some definitions of this are similar, albeit 
limited to educational institutions — I prefer a broader focus on lifelong/lifewide learning.

Levy, P., Ford, N., Foster, J., Madden, A., Miller, D., Nunes, M. B., et al. (2003). Educational informatics: An emerging research agenda. Journal 
of Information Science, 29(4), 298-210.  [reprint]
Collins, J.W., and Weiner, S.A..(2010). Proposal for the creation of a subdiscipline: Education informatics. Teachers College Record 112, no. 10: 
2523–2536. [reprint]

https://www.researchgate.net/profile/Andrew_Madden/publication/33042866_Educational_Informatics_An_Emerging_Research_Agenda/links/0fcfd5072e4c438c69000000/Educational-Informatics-An-Emerging-Research-Agenda.pdf?_sg%5B0%5D=uXO-bleJZCQXXV_yclwNAPPoT5nsa_OjECt7Bt5acPxUYY7uUgV8UIcVqmxhxLJP2T00j9bnq-XtrN3dknxLCQ.FZTxggbVW3qj_kvKw_vdp5yYFMLRsxxE0qM6-5O79HwF_6KENv_Bl3H_Xm689DWayAjmIyONs9Ek4Gj4ffOpgA&_sg%5B1%5D=4EwjnjOEKu1eCVwElLFLYnd10JnNU9YU6XRzvNchSIXCc2mhcnEm0e88XjeZHZr-fIOyrv-z8M-1ZO2Vl6qX2Q55BzbnmhjmapBDYwqUrcis.FZTxggbVW3qj_kvKw_vdp5yYFMLRsxxE0qM6-5O79HwF_6KENv_Bl3H_Xm689DWayAjmIyONs9Ek4Gj4ffOpgA&_iepl=
https://dash.harvard.edu/bitstream/handle/1/4569474/Collins%20Weiner%20TCR%202010.pdf
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learning informatics
How does this lens translate into deploying Analytics/AI for learning?

Design for educator and learner agency

Design socio-technical systems

Design for imperfect computational models 

LA/AIED System Integrity > algorithmic accountability
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Learning Analytics?

AI in Education?
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What is Learning Analytics?

Learning
student engagement

teaching practice
curriculum design

instructional design
pedagogy

assessment
epistemology

…

Analytics
data

statistics
classification

machine learning
text processing

visualisation
predictive models

…
this is not a straightforward dialogue!
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A key circle is missing…

Human
Factors

stakeholder involvement
participatory design cycles

user interface design
privacy and ethics

end-user evaluation
organisational strategy 

staff training
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Learning Analytics: A Human-Centred Design Discipline

Learning Analytics

Human 
Factors
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Learning Analytics

Human 
Factors

So where does Artificial Intelligence fit in?

Automated
Feedback
& Tasks

Sensing 
beyond the 
keyboard
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So where does Artificial Intelligence fit in?

AI
now the computer 
has greater agency

e.g.
“adaptive learning”: tune the task
to each learner’s current ability

give personalised feedback based 
on the learner’s progress

chatbots/avatars

AI
now the computer can 

sense more of the human world
e.g.

speech, gestures, posture, 
physiology, facial expression…

+ mobile and sensor data:
use of physical tools, 

location, other apps…



http://simon.buckinghamshum.net/2019/05/human-centred-analyticsai-in-education

Human-Centred Analytics/AI in Education

http://simon.buckinghamshum.net/2019/05/human-centred-analyticsai-in-education
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Design socio-technical 
systems

Learning Informatics Principle 1



Framework @UTS for educators to co-design Analytics/AI 
à augment teaching practice

PhD by Antonette Shibani: http://simon.buckinghamshum.net/2019/11/congratulations-dr-antonette-shibani
Shibani, A., Knight, S. and Buckingham Shum, S. (2019). Contextualizable Learning Analytics Design: A Generic Model, and Writing Analytics Evaluations. Proc. 9th International 
Conference on Learning Analytics & Knowledge (LAK19). ACM Press, NY, pp. 210-219. DOI: https://doi.org/10.1145/3303772.3303785. Eprint: https://tinyurl.com/lak19clad

Student
Task 

Design

Feedback
& User 

Interface

Features
in the 
Data

Educators

Analytics/AI 
designers

Assessment

http://simon.buckinghamshum.net/2019/11/congratulations-dr-antonette-shibani
https://doi.org/10.1145/3303772.3303785
https://tinyurl.com/lak19clad


Ac
kn

ow
le

dg
em

en
t: 

ht
tp

s:
//w

w
w

.fr
ee

ve
ct

or
.c

om
/ji

gs
aw

-p
uz

zl
e#

 

Educator
/Student
Resources

Learning
Design

Evaluation Analytics
Capability

Bundling analytics with educator resources
Integrating Writing Activities with Writing Analytics

Higher Education Text Analytics 
consortium:
http://heta.io/resources

UTS Orientation Portal:
https://uts.edu.au/acawriter

http://heta.io/resources
https://uts.edu.au/acawriter


Strong learning design and feedback design practices 
can compensate for weak machine intelligence

http://bit.ly/daffi2020

DAFFI 2020: 
Designing Automated Feedback for Impact 
8-9 Sept. 2020 • bit.ly/daffi2020

http://bit.ly/daffi2020


Raising data/learning analytics literacy
(staff and students) UTS Open: https://open.uts.edu.au

https://open.uts.edu.au/


Raising data/learning analytics literacy
Disseminating innovations in Learning Analytics to the UTS community 
Briefings • Hands-on Training • Teaching into degree programs

CIC Events archive: https://cic.uts.edu.au/events

https://cic.uts.edu.au/events


CIC’s organisational positioning
VC

DVC 
Research

Faculty

School

Centre

Academics

DVC 
Education

CIC Student 
Support

Learning 
Tech

DVC 
Operations

IT

BI

Analytics

LMS

Analytics

Provost

CDO

(Schematic to show key groups CIC collaborates with)

HYBRID INNOVATION/SERVICES CENTRE: 

Launched 2014 after 3 years cross-university 
consultation à Connected Intelligence Strategy

Reporting to DVC (Education & Students)

Analytics R&D in a non-faculty centre: 
academics, PhDs, full-stack & UX developers, 
data scientists, professional admin support, 
interns

Academic and training programs:

§ Transdisciplinary Master of Data Science & 
Innovation (2015-18)

§ PhD program in Learning Analytics (2016-)

§ Online and blended data literacy (2015-20)

Deploy IT-approved systems UTS-wide



CIC skillset

Board Room
VC/DVCs/Deans/Directors

Common Room
Academic staff

Server Room
IT Division

Interpersonal skills 
+ 

Education, Learning Design, Interface 
Design, Programming, Web Development, 
Text Analytics, Machine Learning, 
Statistics, Visualisation, Decision-Support, 
Sensemaking, Creativity & Risk, 
Participatory Design



Organizational architecture for hybrid analytics 
innovation + service centres

29

A comparison of the drivers behind the creation of 2 
university analytics innovation centres, and the org 
structures that enable impact:

University of Technology Sydney’s 
Connected Intelligence Centre

University of Michigan’s 
Digital Innovation Greenhouse

EDUCAUSE Review
https://er.educause.edu/articles/2018/3/architecting-for-learning-analytics-innovating-for-sustainable-impact

https://er.educause.edu/articles/2018/3/architecting-for-learning-analytics-innovating-for-sustainable-impact
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Design for educator 
and learner agency

PhDs by Carlos Alvarez-Prieto and Vanessa Echeverria:
http://simon.buckinghamshum.net/2020/09/congratulations-dr-carlos-prieto-alvarez
http://simon.buckinghamshum.net/2020/05/congratulations-dr-vanessa-echeverria

Learning Informatics Principle 2

http://simon.buckinghamshum.net/2020/09/congratulations-dr-carlos-prieto-alvarez
http://simon.buckinghamshum.net/2020/05/congratulations-dr-vanessa-echeverria


Multimodal student data from simulations



Who did what, when in a nursing simulation? Team Timeline for evidence-based debriefings

Patient’s state changes

Nurses 1-3

Uses a device

Administers medication

Personalised feedback on high performance teamwork

Echeverria, V., Martinez-Maldonado, R. and Buckingham Shum, S. (2019). Towards Collaboration Translucence: Giving Meaning to Multimodal Group Data. In Proceedings of ACM Conference on Human 
Factors in Computing (CHI’19). ACM: NY. Paper 39, pp. 1-16. https://doi.org/10.1145/3290605.3300269 Open Access Eprint: http://bit.ly/chi19utscic

http://bit.ly/chi19utscic


Co-design techniques to engage students and 
staff in designing multimodal learning analytics

Prieto-Alvarez, C.G., Martinez-Maldonado, R. and Buckingham Shum, S. (2018). 
Mapping Learner-Data Journeys: Evolution of a Visual Co-design Tool. Proceedings 
of the 30th Australian Conference on Computer-Human Interaction (OzCHI’18), 
Melbourne, Australia, Dec. 2018, ACM, New York, NY, USA, pp. 205–214. 
DOI: https://doi.org/10.1145/3292147.3292168

https://doi.org/10.1145/3292147.3292168


MODELLING THE SEMANTICS OF LOCATION
Extensive consultation with educators informed the modelling of 5 
key “zones of interest” to help interpret positional data

Echeverria, V., Martinez-Maldonado, R. and 
Buckingham Shum, S. (2019). Towards 
Collaboration Translucence: Giving 
Meaning to Multimodal Group Data. 
In Proceedings CHI 2019. Paper 39, 1-16. 
(May 4-9, 2019, Glasgow, UK) 
https://doi.org/10.1145/3290605.3300269

https://doi.org/10.1145/3290605.3300269


Making multimodal streams meaningful for 
nursing student team feedback

From multimodal logs to curriculum outcomes

Embodied strategies

Actions and procedures

Communication with patient

Changes in emotional arousal

# and length of utterances by the patient
# and length of utterances by nurses

Presence in meaningful zones

Wrist acceleration intensity
Actions registered by the manikin

Electrodermal activity peaks

Critical procedures

Distance to the patient and the trolley

Interactions with objects 

Teamwork communication

Proximity to patient/objects 
Intensity of physical activity

Physical

Social

Epistemic

Affective

Dimensions of 
collaboration

Multimodal 
observations

Higher-order 
constructs

Patient-centred
care

&
Teamwork

1

2

Curriculum 
outcomes

CHI’19: https://doi.org/10.1145/3290605.3300269

https://doi.org/10.1145/3290605.3300269
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https://doi.org/10.1145/3290605.3300269


Making multimodal streams meaningful for 
nursing student team feedback

From multimodal logs to curriculum outcomes

Embodied strategies

Actions and procedures

Communication with patient
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(from ACAD Framework)
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Multimodal data sources

CHI’19: https://doi.org/10.1145/3290605.3300269

https://doi.org/10.1145/3290605.3300269
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Toolkit available http://ladeck.utscic.edu.au

LA-DECK: card-based co-design tool for LA

Prieto-Alvarez, C.G., Martinez-Maldonado, R. and Buckingham Shum, S. (2020). LA-DECK: A Card-Based Learning Analytics Co-Design Tool. Proc.10th
International Conference on Learning Analytics and Knowledge, Frankfurt, March 2020, ACM. 10 pages. DOI: https://doi.org/10.1145/3375462.3375476

http://ladeck.utscic.edu.au/
https://doi.org/10.1145/3375462.3375476
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LA-DECK: card-based co-design tool for LA

Prieto-Alvarez, C.G., Martinez-Maldonado, R. and Buckingham Shum, S. (2020). LA-DECK: A Card-Based Learning Analytics Co-Design Tool. Proc.10th
International Conference on Learning Analytics and Knowledge, Frankfurt, March 2020, ACM. 10 pages. DOI: https://doi.org/10.1145/3375462.3375476

https://doi.org/10.1145/3375462.3375476


Automated 
formative 
feedback on 
reflective writing

Knight, S., Shibani, A., Abel, S., Gibson, A., Ryan, 
P., Sutton, N., Wight, R., Lucas, C., Sándor, Á., 
Kitto, K., Liu, M., Mogarkar, R. & Buckingham 
Shum, S. (2020). AcaWriter: A learning analytics 
tool for formative feedback on academic writing. 
Journal of Writing Research, 12, (1), 141-186. 
https://doi.org/10.17239/jowr-2020.12.01.06

https://doi.org/10.17239/jowr-2020.12.01.06


Participatory prototyping with educators 
to build trust in the NLP

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators

Learning Analytics researchers work with 
academics (3 hour workshop)

Goal: calibrate the parser detecting affect in 
reflective writing, working through sample texts

Rapid prototyping with a Python notebook, then 
integrated into full application for further testing

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators


Design for imperfect 
computational models 

Kirsty Kitto, Simon Buckingham Shum, and Andrew Gibson. (2018). Embracing Imperfection in Learning Analytics. In Proceedings LAK18: International Conference on 
Learning Analytics and Knowledge, March 5–9, 2018, Sydney, NSW, Australia, pp.451-460. (ACM, New York, NY, USA). https://doi.org/10.1145/3170358.3170413

Learning Informatics Principle 3

https://doi.org/10.1145/3170358.3170413


We must equip graduates with the 
distinctive qualities that will keep 

them in jobs that won’t be 
automated…

…but if we want to use LA/AIED in 
such teaching and learning, 

tracking/assessing such 
competencies will be imperfect



The Navajo rug

“In a Navajo rug there is always an imperfection 
woven into the corner. And interestingly 
enough, it’s where “the Spirit moves in and out 
of the rug.” The pattern is perfect and then 
there’s one part of it that clearly looks like a 
mistake . . .
Perfection is not the elimination of imperfection. 
[…]  Perfection, rather, is the ability to 
incorporate imperfection! 
[…] You either incorporate imperfection, 
or you fall into denial.”

http://exhibitions.kelsey.lsa.um
ich.edu/less-than-perfect/navajo.php

Richard Rohr (2011). Breathing Under Water: Spirituality and the Twelve Steps. 
Cincinnati, OH: Franciscan Media
See also: https://medium.com/bedolabs/success-through-imperfection-c3ef21cb32ed

http://exhibitions.kelsey.lsa.umich.edu/less-than-perfect/navajo.php
https://medium.com/bedolabs/success-through-imperfection-c3ef21cb32ed


Cultivating the disposition and capacity to 
“learn how to learn”
Reflection and metacognition are among 
the highest order outcomes that we aspire 
to cultivate in learners — the desire and 
skills to observe one’s thoughts, emotions 
and actions, and glean insights

Reflection on machine intelligence is part of 
this: critical engagement with AI is now a 
lifelong learning competency

Tracking such competencies is currently at 
the edge of A.I.

Learning Analytics in such 
contexts will in principle have a 

high degree of 
imperfection



Authentic learning à C21/LLL competencies
Embodied, skilled performance: 
an important part of the learning experience is 
physically embodied (e.g. inspecting a forest; a 
social services risk assessment) it’s impossible 
to tightly control what will happen, as well as 
making outcomes far harder to digitally 
monitor. 

Wicked problems (Horst Rittel): 
problems with no correct answer, and no 
stopping rules — even the definition of the 
problem is contested

Learning Analytics in such 
contexts will in principle have a 

high degree of 
imperfection



Authentic learning à C21/LLL competencies

Socially and psychologically complex 
performance: scenarios where the outcome 
is emergent in nature, a function of many 
drivers that result in unpredictable and/or 
unique outcomes (e.g. a social worker client 
interview; conflict resolution)

Deep reflection: the sense that a learner 
makes of their experience, or a shift in 
worldview, which by definition is not accessible 
to the machine, but to which a machine might 
have partial access

Learning Analytics in such 
contexts will in principle have a 

high degree of 
imperfection

Can we design for this?
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https://w
w

w
.new

scientist.com
/article/dn24466-the-hallow

een-trick-that-conjures-ghosts-of-the-m
ind

cognitive dissonance
provides a teachable moment…

https://www.newscientist.com/article/dn24466-the-halloween-trick-that-conjures-ghosts-of-the-mind


Imperfect Learning Analytics à cognitive dissonance

49Kirsty Kitto, Simon Buckingham Shum, and Andrew Gibson. (2018). Embracing Imperfection in Learning Analytics. In Proceedings LAK18: International Conference on 
Learning Analytics and Knowledge, March 5–9, 2018, Sydney, NSW, Australia, pp.451-460. (ACM, New York, NY, USA). https://doi.org/10.1145/3170358.3170413

“…as D’Mello and Graesser [15] demonstrate, it is when the 
student experiences dissonance because the 
analytics fail to match their expectations that 
they are likely to reflect on why they think the 
machine is wrong. We believe that this form of critical 
questioning is more likely to happen if the student has been given 
an underlying reason to be a little distrustful of the classifier.”

https://doi.org/10.1145/3170358.3170413
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Gavriel Salomon, David Perkins and Tamar Globerson (1991). 
Partners in cognition: extending human intelligence with 
intelligent technologies. Educational Researcher 20, 3 (1991), 2–9.

Learners’ engagement with intelligent 
technology should not be mindless. 

On the contrary we should design for…

“nonautomatic, effortful and 
thus metacognitively guided 
processes”



“Embracing Imperfection in Learning Analytics”
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1. Robust learning design 
ensures that the activity 
involving automated feedback 
is meaningful whether or not 
the technology always works

2. Explicit encouragement 
— in student briefings, and in 
the user interface — to push 
back if they disagree with 
the feedback



Cultivating “automated feedback literacy”
“Feedback literacy” (Boud) 
feedback ≠ transmitting information: 
systemic implications for learning 
design and assessment

As analytics/AI enable increasing 
amounts of automated feedback, 
learners must now develop a new 
literacy: knowing how much to trust the 
machine’s judgement, and being able to 
push back when they disagree

http://bit.ly.daffi2020

http://bit.ly.daffi2020/
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LA/AIED System Integrity
> “algorithmic accountability”

Learning Informatics Principle 4



Remind me, why should I trust this system? 



Growing public literacy around algorithmic bias and 
the need for accountability is to be welcomed

55

…but is there anything distinctive about algorithms for teaching 
and learning that shapes how we frame “accountability”?



Stakeholders and key transitions 
in designing a Learning Analytics system

Ethical Principles

Educational/Learning 
Sciences researcher

Learning Theory

Algorithm

Learning Analytics
Researcher

Educator

Learner
Learning Outcomes

Educational Insights

Programmer

Software, Hardware
User Interface

Data



So the algorithm is just one ingredient. A better name might be

LA/AIED System Integrity

Remind me, why should I trust this system? 
Because… <argument>



Educational/Learning 
Sciences researcher

Programmer

Software, Hardware

Educator

Learner

Ethical Principles

Algorithm

Learning Outcomes

Learning Theory
Learning Analytics

Researcher

User Interface

Educational Insights

Accountability in terms of: Computer Science

Data



Educational/Learning 
Sciences researcher

Programmer

Software, Hardware

Educator

Learner

Ethical Principles

Algorithm

Learning Outcomes

Learning Theory
Learning Analytics

Researcher

User Interface

Educational Insights

Accountability in terms of: Data Science

Data Training 
Data



Educational/Learning 
Sciences researcher

Programmer

Software, Hardware

Educator

Learner

Ethical Principles

Algorithm

Learning Outcomes

Learning Theory
Learning Analytics

Researcher

User Interface

Educational Insights

Accountability in terms of: User-Centred Design

Data

Design Process



Educational/Learning 
Sciences researcher

Programmer

Software, Hardware

Educator

Learner

Ethical Principles

Algorithm

Learning Outcomes

Learning Theory
Learning Analytics

Researcher

User Interface

Educational Insights

Accountability in terms of: 
Learning Sciences & Educational Technology

Data



More detailed version…

62LASI tutorial: http://simon.buckinghamshum.net/2019/11/black-box-learning-analytics

http://simon.buckinghamshum.net/2019/11/black-box-learning-analytics


63ICLS 2018 keynote: http://simon.buckinghamshum.net/2018/06/icls2018-keynote

Elsewhere I have argued that this constitutes 
a transition in education’s knowledge infrastructure
and discuss different theory à analytics mappings

http://simon.buckinghamshum.net/2018/06/icls2018-keynote


Towards “data agreements” and “data shop stewards” 
with students and academics

64



65

to conclude…
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learning informatics
How does this lens translate into deploying Analytics/AI for learning?

Design for educator and learner agency

Design socio-technical systems

Design for imperfect computational models 

LA/AIED System Integrity > algorithmic accountability



Balancing and 
aligning the 
elements

User Experience

Learning Design

Organisational 
Strategy
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Stakeholder Agency

https://unsplash.com/photos/ObpCE_X3j6U

