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BEFORE WE GO ANY FURTHER…
Acknowledgements to CIC colleagues whose work I’ll be sharing…

…and to the many others I’ve worked with, without whom I’d have nothing to say!



UTS CONNECTED INTELLIGENCE CENTRE UTSCIC.EDU.AU
CIC catalyses the use of data and analytics 
among UTS students, educators, 
researchers and leaders

We teach human-centred data science • design 
analytics tools for UTS • evaluate these • 
disseminate internally and globally

We aim to shape debate on big data in education, 
and human-centred analytics in society



Why “C21 competencies”?

Wicked Problems

4

Future of Work
Data:Analytics:AI



Wicked problems —
academic analysis since 
the late 1960s (Horst Rittel) 

Now spanning policy, 
management, education,  
computing…

Overview at CogNexus Institute by Jeff Conklin, student of Horst Rittel
http://www.cognexus.org/id42.htm

“A wicked problem is one for which 
each attempt to create a 
solution changes the 
understanding of the problem. 

Wicked problems always occur in a 
social context — the wickedness of 
the problem reflects the diversity 
among the stakeholders in the 
problem.”

Try a Google Scholar search on “wicked problems”



Wicked problems are 
widely recognised
as presenting serious 
challenges to 
conventional policy, 
strategy and design 
practice

http://www.apsc.gov.au/publications-and-media/archive/publications-archive/tackling-wicked-problems



http://hereticsguidebooks.com

Techniques for tackling 
wicked problems are 
now out of the labs, 
road-tested, and being 
documented in 
accessible forms for 
practitioners, e.g.



http://dougengelbart.org/events/1968-demo-highlights.html

Computational 
support for tackling 
wicked problems 
also goes back to 
the early 1960s



Institute  for  the  Future
http://www.iftf.org/futureworkskills



C21

10

competencies



utscic.edu.au
Institute  for  the  Future
http://www.iftf.org/futureworkskills



“Knowledge of methods alone will not 
suffice: there must be the 
desire, the will, to employ 
them. 
This desire is an affair of personal 
disposition.”

John Dewey

Dewey, J. How We Think: A Restatement of the Relation of Reflective Thinking to the Educative Process. Heath and Co, Boston, 1933 

Knowledge, Skills & Dispositions



“It’s more than knowledge and skills. For the 
innovation economy, dispositions 
come into play: 
readiness to collaborate; 
attention to multiple perspectives; 
initiative; 
persistence; 
curiosity.”                           Larry Rosenstock

High Tech High
San Diego

hightechhigh.org

LearningREimagined project: http://learning-reimagined.com
Larry Rosenstock: http://audioboo.fm/boos/1669375-50-seconds-of-larry-rosenstock-ceo-of-hightechhigh-on-how-he-would-re -imagine-learning

Knowledge, Skills & Dispositions
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“One of the key issues emerging from these 
findings was the learner’s orientation 
towards the unknown, 
uncertainty and ambiguity, and their 
tendency to either retreat from it or move into 
it. The former effectively precludes deep 
learning, and the latter is the beginning point 
for it.”

Ruth Deakin Crick & Chris Goldspink

Deakin Crick R. and Goldspink G. (2014) Learning Dispositions, Self-theories and Student Engagement, 
British Journal of Educational Studies, 62,1,1-17. DOI: http://dx.doi.org/10.1080/00071005.2014.904038

Knowledge, Skills & Dispositions



learning
15

analytics



Learning Analytics: a form of computational social science

16

Computing/ 
Data Sciences

Education & 
Learning
Sciences

Human-Centred
Informatics



Cautionary note: Learning Analytics are not neutral

17

epistemology

pedagogyassessment

Knight, S., Buckingham Shum, S. and Littleton, K. (2014). Epistemology, Assessment, Pedagogy: Where Learning Meets Analytics in the Middle Space. 
Journal of Learning Analytics, 1, (2), pp.23-47. http://epress.lib.uts.edu.au/journals/index.php/JLA/article/download/3538/4156
Knight, S. and Buckingham Shum, S. (In Press). Theory & Learning Analytics. Handbook of Learning Analytics & Educational Data Mining. 

the
middle

space of 
learning analytics

What kinds of learner activity do 
the analytics value by tracking it? 
(so what is not valued?) 

Do the analytics value the same 
things as the official assessment 
regime?

Do learners see the analytics? 
What does this say about the 
pedagogy?



learning
18

analytics
C21?
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As analytics aggregate lower level data
& A.I. gradually automates lower order skills…



utscic.e
du.au

Humans must move to the higher ground…
• Train data scientists to combine algorithmic intelligence with the 

deep skills that won’t be automated (anytime soon)

• Deploy all the Educational & Data Science expertise we have to 
cultivate the higher order graduate qualities

As analytics aggregate lower level data
& A.I. gradually automates lower order skills…



utscic.e
du.au

Humans must move to the higher ground…
• Train data scientists to combine algorithmic intelligence with the 

deep skills that won’t be automated (anytime soon)

• Deploy all the Educational & Data Science expertise we have to 
cultivate the higher order graduate qualities

As analytics aggregate lower level data
& A.I. gradually automates lower order skills…

Cultivate those higher qualities that are distinctively human
and devise practical, authentic ways to evidence them



Can learning analytics help cultivate the 
crossbar for T-shaped graduates?

22http://tsummit.org/t

New process-centric 
feedback possibilities 
for Learning Analytics

Traditional domain for 
Intelligent Tutoring Systems



C21 analytics:
self-report 

23

& observation



Deakin Crick, R., S. Huang, A. Ahmed Shafi and C. Goldspink (2015). Developing Resilient Agency in Learning: The Internal Structure of 
Learning Power. British Journal of Educational Studies: Published online: 24 Mar 2015. http://dx.doi.org/10.1080/00071005.2015.1006574 24

Assessing learning dispositions: 
Crick Learning for Resilient Agency survey



Immediate visual analytic generated by CLARA
(Individual and cohort profiles + detailed reports + spreadsheets enabling further analysis)

Rapid Visual Feedback to 
Stimulate Self-Directed Change 

A framework for reflection 
and coaching

Deakin Crick, R., S. Huang, A. Ahmed Shafi and 
C. Goldspink (2015). Developing Resilient 
Agency in Learning: The Internal Structure of 
Learning Power. British Journal of Educational 
Studies: Published online: 24 Mar 2015. 
http://dx.doi.org/10.1080/00071005.2015. 1006574



Taking responsibility for my own 
learning over time through 
defining my purposes, 
understanding and managing my 
feelings,  knowing how I go about 
learning & planning my learning 
journey carefully.

Deakin Crick, R., S. Huang, A. Ahmed Shafi and 
C. Goldspink (2015). Developing Resilient 
Agency in Learning: The Internal Structure of 
Learning Power. British Journal of Educational 
Studies: Published online: 24 Mar 2015. 
http://dx.doi.org/10.1080/00071005.2015. 1006574
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Structural Equation 
Model underpinning 
CLARA 

Deakin Crick, R., S. Huang, A. Ahmed Shafi and 
C. Goldspink (2015). Developing Resilient 
Agency in Learning: The Internal Structure of 
Learning Power. British Journal of Educational 
Studies: Published online: 24 Mar 2015. 
http://dx.doi.org/10.1080/00071005.2015. 1006574



ReView

Explaining to students 
how their grades are 
shaped by different 
Graduate Attributes

28Thompson, D. (2016). Marks Should Not Be the Focus of Assessment — But How Can Change Be 
Achieved? Journal of Learning Analytics, 3 (2), 193–212. http://dx.doi.org/10.18608/jla.2016.32.9



ReView

Visual interface for 
self-
assessment, 
enabling 
benchmarking against 
cohort average, and 
the tutor’s 
assessment

29Thompson, D. (2016). Marks Should Not Be the Focus of Assessment — But How Can Change Be 
Achieved? Journal of Learning Analytics, 3 (2), 193–212. http://dx.doi.org/10.18608/jla.2016.32.9



Student Effort 
Tracking & 
Visualisation

30Nagy, R. (2016). Tracking and visualizing student effort: Evolution of a practical analytics tool for staff and 
student engagement. Journal of Learning Analytics, 3 (2), 165–193. http://dx.doi.org/10.18608/jla.2016.32.8



31Nagy, R. (2016). Tracking and visualizing student effort: Evolution of a practical analytics tool for staff and 
student engagement. Journal of Learning Analytics, 3 (2), 165–193. http://dx.doi.org/10.18608/jla.2016.32.8



from self-report/obs. 

32

tobehaviour

C21 analytics…



from clicks
33

to constructs

C21 analytics…



From self-report to 
activity analytics for 
dispositions?

Proxies for
“Conscientiousness”?

Shute, V. J. and M. Ventura (2013). Stealth Assessment: Measuring 
and supporting learning in video games. Cambridge, MA, MIT Press.

Figure 5 from report to The John D. and Catherine T. MacArthur 
Foundation Reports on Digital Media and Learning
http://myweb.fsu.edu/vshute/pdf/Stealth_Assessment.pdf
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From clicks to 
constructs in the 
iRemix system

38

Martin, C., Nacu, D. & Pinkard, N. (2016). 
Revealing opportunities for 21st century learning: 
An approach to interpreting user trace log data. 
Journal of Learning Analytics, 3 (2), 37–87. 
http://dx.doi.org/10.18608/jla.2016.32.4



From clicks to 
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iRemix system
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Martin, C., Nacu, D. & Pinkard, N. (2016). 
Revealing opportunities for 21st century learning: 
An approach to interpreting user trace log data. 
Journal of Learning Analytics, 3 (2), 37–87. 
http://dx.doi.org/10.18608/jla.2016.32.4



From clicks to 
constructs in the 
iRemix system
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Martin, C., Nacu, D. & Pinkard, N. (2016). 
Revealing opportunities for 21st century learning: 
An approach to interpreting user trace log data. 
Journal of Learning Analytics, 3 (2), 37–87. 
http://dx.doi.org/10.18608/jla.2016.32.4



From clicks to constructs in the iRemix system
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Martin, C., Nacu, D. & Pinkard, N. (2016). 
Revealing opportunities for 21st century learning: 
An approach to interpreting user trace log data. 
Journal of Learning Analytics, 3 (2), 37–87. 
http://dx.doi.org/10.18608/jla.2016.32.4



From clicks to constructs in the iRemix system
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Martin, C., Nacu, D. & Pinkard, N. (2016). 
Revealing opportunities for 21st century learning: 
An approach to interpreting user trace log data. 
Journal of Learning Analytics, 3 (2), 37–87. 
http://dx.doi.org/10.18608/jla.2016.32.4



From clicks to constructs in the iRemix system
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Martin, C., Nacu, D. & Pinkard, N. (2016). 
Revealing opportunities for 21st century learning: 
An approach to interpreting user trace log data. 
Journal of Learning Analytics, 3 (2), 37–87. 
http://dx.doi.org/10.18608/jla.2016.32.4



From clicks to constructs in the iRemix system

44

Martin, C., Nacu, D. & Pinkard, 
N. (2016). Revealing 
opportunities for 21st century 
learning: An approach to 
interpreting user trace log 
data. Journal of Learning 
Analytics, 3 (2), 37–87. 
http://dx.doi.org/10.18608/jla.2
016.32.4



45

Milligan, S. and Griffin, P. (2016). Understanding learning and learning design in MOOCs: A measurement-based 
interpretation. Journal of Learning Analytics, 3(2), 88– 115. http://dx.doi.org/10.18608/jla.2016.32.5

From clicks to constructs in MOOCs

Defining a C21 capability of “Crowd-Sourced Learning”
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From clicks to constructs in 
MOOCs

Defining a C21 capability of  

Crowd-Sourced 
Learning
(Part of a 
larger map)

Milligan, S. and Griffin, P. (2016). 
Understanding learning and learning 
design in MOOCs: A measurement-based 
interpretation. Journal of Learning 
Analytics, 3(2), 88– 115. 
http://dx.doi.org/10.18608/jla.2016.32.5
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From clicks to constructs in 
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Milligan, S. and Griffin, P. (2016). 
Understanding learning and learning 
design in MOOCs: A measurement-based 
interpretation. Journal of Learning 
Analytics, 3(2), 88– 115. 
http://dx.doi.org/10.18608/jla.2016.32.5
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From clicks to constructs in 
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Defining a C21 capability of  
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Learning
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larger map)
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interpretation. Journal of Learning 
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A focus on learner agency and 

design-mode thinking

Example: Promising Ideas Tool

Choice-Making among emergent ideas

From clicks to constructs 
in Knowledge Forum

Chen, B. & Zhang, J. (2016). Analytics for Knowledge 
Creation: Towards Epistemic Agency and Design-
Mode Thinking. Journal of Learning Analytics, 3 (2), 
139–163. http://dx.doi.org/10.18608/jla.2016.32.7
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From clicks to constructs 
in Knowledge Forum

A focus on learner agency and 

design-mode thinking

Example: Epistemic Discourse 
Moves tool

Choice-Making among discourse moves

Chen, B. & Zhang, J. (2016). Analytics for Knowledge 
Creation: Towards Epistemic Agency and Design-
Mode Thinking. Journal of Learning Analytics, 3 (2), 
139–163. http://dx.doi.org/10.18608/jla.2016.32.7
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learning
embodied

C21 analytics…



Instrumenting collaborative spaces
Analyse  the  students’  activity  
traces  for  significant  patterns

Timely  feedback  for  personal  and  
team  reflection

R. Martinez, K. Yacef, J. Kay, and B. Schwendimann. (2012). An interactive teacher’s dashboard for monitoring multiple 
groups in a multi-tabletop learning environment. Proceedings of Intelligent Tutoring Systems, pages 482-492. Springer



Multimodal data streams

Voice

Gesture

Pen

Touch

R. Martinez, K. Yacef, J. Kay, and B. Schwendimann. (2012). An interactive teacher’s dashboard for monitoring multiple 
groups in a multi-tabletop learning environment. Proceedings of Intelligent Tutoring Systems, pages 482-492. Springer



Co-location activity dashboards
Multimodal  data  fusion  and  analysis… …to  deliver  visual  analytics  for  reflection

e.g.  this  dashboard  shows  team  member  
participation  on  different  modalities

R. Martinez, K. Yacef, J. Kay, and B. Schwendimann. (2012). An interactive teacher’s dashboard for monitoring multiple 
groups in a multi-tabletop learning environment. Proceedings of Intelligent Tutoring Systems, pages 482-492. Springer

Voice

Gesture

Pen

Touch



Visual analytics of f-f teamwork

R. Martinez, K. Yacef, J. Kay, and B. Schwendimann. An interactive teacher’s dashboard for monitoring multiple groups in 
a multi-tabletop learning environment. Proceedings of Intelligent Tutoring Systems, pages 482-492. Springer, 2012.



Other surface-based collaboration analytics

Martinez-Maldonado, R., Schneider, B., Charleer, S., Buckingham Shum, S., Klerkx, J. and Duval, E. (2016). Interactive 
Surfaces and Learning Analytics: Data, Orchestration Aspects, Pedagogical Uses and Challenges. 6th International 
Learning Analytics & Knowledge Conference (LAK16). Edinburgh, UK. ACM. http://dx.doi.org/10.1145/2883851.2883873



Posture correlated with learning gains

Bertrand Schneider, Paulo Blikstein. (2015). Unraveling Students’ Interaction Around a Tangible Interface using Multimodal Learning Analytics. 
Journal of Educational Data Mining, Volume 7, No 3, pp.89-116. http://www.educationaldatamining.org/JEDM/index.php/JEDM/article/view/JEDM102



Posture correlated with learning gains

Bertrand Schneider, Paulo Blikstein. (2015). Unraveling Students’ Interaction Around a Tangible Interface using Multimodal Learning Analytics. 
Journal of Educational Data Mining, Volume 7, No 3, pp.89-116. http://www.educationaldatamining.org/JEDM/index.php/JEDM/article/view/JEDM102

“the “active” posture is 
positively associated with 
students’ learning gains …
while the “passive” one is 
negatively correlated with 
students learning gains 

…Additionally, we found that 
the number of times 
students transitioned from 
one posture to another was 
also significantly correlated 
with their learning gains”

Active posture
(both arms on table)

Passive posture
(arms crossed)

Semi-active
(one hand on table)



A field exercise…

64



Posture analysis of fieldwork students

65
Masaya  Okada  and  Masahiro   Tada.  2014.  Formative   assessment  method   of  real-­world   learning   by  integrating   heterogeneous   elements   of  
behavior,   knowledge,   and  the  environment. Proceedings   4th  International   Conference  on  Learning   Analytics   and  Knowledge (LAK  '14).  
ACM,   New  York,  NY,  USA,   1-­10.  DOI=  http://dx.doi.org/10.1145/2567574.2567579



writing

66

as a window

C21 analytics…

on the mind



Highlighted sentences are colour-coded 
according to the type of rhetorical move 

(e.g. summary signposting for the reader)

Sentences have Function Keys signalling where an academic 
rhetorical move has been recognised (e.g. a claim of Novelty )

AWA: Academic Writing Analytics
ANALYTICAL writing



UTS Civil Law: student feedback
§ “takes the emotion out of having your work scrutinized” Respondent 12

§ “it was not embarrassing in the way that it can be when a tutor or marker 
gives feedback” Student 7

§ “I realise now what descriptive writing is - the software had quite a bit to 
say about my lack of justification - also true - pressed for time and difficult 
circumstances have caused this for me in this instance - good to see it 
sampled.” Respondent 9

§ “I definitely found it useful. It also made me realise that I tend to use bold, 
certain language in making my point towards the end of each paragraph 
rather than up front at the beginning (when introducing my point).” Respondent 5

68Knight, S., Buckingham Shum, S., Ryan, P., Sándor, Á., & Wang, X. (Forthcoming). Academic Writing Analytics for Civil Law: Participatory Design 
through Academic and Student Engagement. International Journal of Artificial Intelligence in Education



Reflective writing – sharing what you experience, feel, are 
unsure of… how you are changing, and intend to change…

expressions about learning context and its effect on thoughts and feeling
‘From previous experience this approach has always worked as I have been eager 
to learn.’

expressions of reflecting specifically on changes in learning
‘I will develop goals for myself for each week I have learned a new skill…By 
becoming aware of my learned cultural viewpoints I can understand how to 
overcome them.’ 

expressions about applying theory to practice
‘I realized that there are different ways of doing something; what we were taught is 
not how they do things here.’

verbs that show awareness or shifts in perception
I began to understand… I could see… I could visualize… I could perceive… I 
became aware…



Reflective writing (Nursing)

v1:  detection  of  textual  features  and  highlighting

Buckingham Shum, S., Sándor, Á., Goldsmith, R., Wang, X., Bass, R. and McWilliams, M. (2016). Reflecting on Reflective 
Writing Analytics: Assessment Challenges and Iterative Evaluation of a Prototype Tool. 6th International Learning 
Analytics & Knowledge Conference (LAK16). Edinburgh, UK. ACM Press. http://dx.doi.org/10.1145/2883851.2883955



emergent
71

themes
C21 analytics…
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multiple
C21 analytics…

holistic
intelligences

learning



Towards analytics for an integrative educational system

Randy Bass 
Georgetown University

Thought leadership on the future of 
higher education and the role of 
analytics for holistic learning

Reinventing Higher Ed series
http://reinvent.net/series/reinvent-the-university
Formation by Design Project
https://futures.georgetown.edu/formation
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transparencyscepticism & 
C21 analytics…



…who are sceptical of tracking technology and imposed 
authority — so they may have fun gaming the analytics and they want to 
know what’s in the black box

…who want to be creative — could our analytics encourage thinking 
outside the box? Do our analytics dictate the use of a single tool for all activity?

…who care about where the world’s going and how they can 
make a difference — could our analytics equip them to learn on real world 
problems?

Let’s pretend for a moment that we actually 
wanted to create “21st century learners”…

75



…who understand the importance of diversity in 
perspective for complex problems — do our analytics assume one 
correct answer, or build collective intelligence to negotiate a solution?

…who value their autonomy, but want to belong — do our 
analytics attend to agency, community building, and social learning?

…who know they need to nurture reflective, contemplative 
space if they’re to grow as people — do our analytics have anything 
to contribute to this kind of internal narrative?

Let’s pretend for a moment that we actually 
wanted to create “21st century learners”…

76



Algorithmic accountability in learning?

77http://simon.buckinghamshum.net/2016/03/algorithmic-accountability-for-learning-analytics



e.g. a Cluetrain Manifesto attitude to analytics?

78

1. Markets are conversations.

2. Markets consist of human beings, not demographic sectors.

15. In just a few more years, the current homogenized "voice" of business—the sound 
of mission statements and brochures—will seem as contrived and artificial as the 
language of the 18th century French court.

39. The community of discourse is the market.

73. You're invited, but it's our world. Take your shoes off at the door. If you want to barter 
with us, get down off that camel!

74. We are immune to advertising. Just forget it.

Etc…

cluetrain.com
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ambiguitylearn to work with

C21 analytics…



“developing an awareness of and 

being in uncertainty is a 

critical condition in any 

creative endeavour”
Theresa Anderson

Anderson, T.K. 2010, 'Kickstarting Creativity: Supporting the productive faces of 
uncertainty in information practice', Information Research, vol. 15, no. 4, pp. 1-16. 
http://InformationR.net/ ir/15-­4/colis721.html

Engaging with Risk and Uncertainty

https://www.youtube.com/watch?v=ri_lsR9fHZg



“Liminal Space… when you have left the tried and true
but have not yet been able to replace it with anything else. 

Limina is the Latin word for threshold, the space betwixt and between
http://sojo.net/magazine/2002/01/grieving-sacred-space

…when you are between your old comfort zone and any possible new 

answer… If you are not trained in how to hold 
anxiety, how to live with ambiguity, how to 
entrust and wait, you will run…

anything to flee this terrible cloud of unknowing.”  

Richard Rohr O.F.M



could shift our

82

assessment regimes

C21 analytics…



To go deeper…

Learning Analytics for 21st Century Competencies.
(Eds.) Buckingham Shum S. & Deakin Crick, R. 
(2016). Journal of Learning Analytics (Special 
Section), 3(2), pp. 6-212.
http://dx.doi.org/10.18608/jla.2016.32.2

http://learning-analytics.info

Thank You!  /  twitter @sbuckshum /  Simon.BuckinghamShum.net


