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I. A Paradox



–Archilochus

“The fox knows many things, but the hedgehog knows one big thing.”



–Isaiah Berlin, The Hedgehog and the Fox

“For there exists a great chasm between those, on one side, who relate 
everything to a single central vision, one system, less or more coherent 
or articulate, in terms of which they understand, think and feel [...] and, 
on the other side, those who pursue many ends, often unrelated and 
even contradictory, connected, if at all, only in some de facto way...”



Kristen Kereluik, Punya Mishra, Chris Fahnoe, and Laura Terry, “What Knowledge Is of Most Worth: Teacher Knowledge for 21st Century Learning”. Journal of Digital Learning in Teacher Education (29) 4 (2013)
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–H.G. Barnett, Innovation: The Basis of Cultural Change

“If we may use a biological analogy, an innovation is like a genetic cross 
or hybrid; it is totally different from either of its parents, but it resembles 

both of them in some respects.”





Bootstrapping the Augmentation System (Engelbart, 1968)
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Yu, Wenya, et al. "Research of an emergency medical system for mass casualty incidents in Shanghai, China: a system dynamics model." Patient preference and adherence 12 (2018).
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Introduction 

Two main types of simulation models are discrete event simulation (DES) and system 
dynamics (SD). DES is aimed for detailed description of system behavior modeled as a 
sequence of discrete events or system's state changes at specific points in time with use 
of stochastic variables. SD aggregates entities and events in stocks and continuous 
flows in order to simulate the behavior of complex systems which are supposed to be 
deterministic in nature although they include variables (flows or rates) of probabilistic 
character [1-4]. Although there are a number of similarities between the two methods in 
regard to basic concepts, objectives, steps in a sound simulation study, application 
domains and analysis of simulation results, simulation software for respective 
applications is based on different techniques [1-4]. Both methods are used in many 
very diverse areas including biomedical research, epidemiology, public health and 
health system research [4]. Their use in education has a long tradition, too [5]. In order 
to simulate real world phenomenon with a set of mathematical formulas one can 
develop special program written in virtually any general-purpose programming 
language (or even use a tool like spreadsheet program) or exploit one of the 
application-oriented simulation packages [1,6-8]. 
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II. Enter AI



Distribution of Automatibility in the US 
(Task-Based vs. Occupation-Based Approach) DELSA/ELSA/WD/SEM(2016)15 
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Figure 2. Distribution of Automatibility in the US (Task-Based vs. Occupation-Based Approach) 

 

Source: Authors’ calculation based on the Survey of Adult Skills (PIAAC) (2012) 

28. In conclusion, using information on task-usage at the individual level leads to significantly lower 
estimates of jobs “at risk”, since workers in occupations with – according to FO – high automatibilities 
nevertheless often perform tasks which are hard to automate.  

C. Results for other OECD countries 

29. Figure 3 3 shows the share of workers at high risk by OECD countries, i.e. the share of workers 
whose automatibility is at least 70%. This share is highest in Germany and Austria (12%), while it is 
lowest in Korea and Estonia (6%).6 The results for Germany are very similar to the results of a recent 
representative survey among German employees, where 13 % of employees consider it likely or highly 
likely that their job will be replaced by machines (BMAS 2016). Furthermore, our results for Germany are 
comparable to a recent study by Dengler and Matthes (2015), who use a different methodological approach 
but also find that 15% of all jobs in Germany are at risk of automation. Moreover, they also find a bi-polar 
distribution of automatibility with moderate polarisation.  

                                                      
6.  We exclude the Russian Federation from our sample. This is because when we restrict the Russian PIAAC 

sample to those observations where all relevant variables are non-missing, then the distribution of these 
variables is not representative. The results for Canada should be treated with some caution, as relevant 
explanatory variables for extrapolating the automatibility are missing, see Annex B. 

Arntz, M., T. Gregory and U. Zierahn (2016), “The Risk of Automation for Jobs in OECD Countries: A Comparative Analysis”, OECD Social, Employment and Migration Working Papers, No. 189, OECD Publishing, Paris.

https://www.oecd-ilibrary.org/social-issues-migration-health/the-risk-of-automation-for-jobs-in-oecd-countries_5jlz9h56dvq7-en


Advanced G20 Countries: Jobs at High Risk of Automation 
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Figure 4. 9% of jobs are at high risk of automation in advanced G20 countries 

 

a. Jobs are at high risk of automation if at least 70% of tasks are at risk of being automated. Jobs are at risk of significant change if 
between 50% and 70% of tasks are at risk of being automated. 

b. Data for Belgium correspond to Flanders and data for the United Kingdom to England and Northern Ireland. 

c. Data correspond to 2012 for countries participating in the first round of the Survey of Adult Skills: Australia, Canada, France, 
Germany, Italy, Japan, Korea, United States and United Kingdom. Data correspond to 2015 for countries participating in the 
second round of the Survey of Adult Skills: Turkey. 

Source: OECD calculations based on the Survey of Adult Skills (PIAAC) (2012, 2015); and Arntz, Gregory and Zierahn (2016), “The 
risk of automation for jobs in OECD countries: A comparative analysis”, OECD Social, Employment and Migration Working Papers, 
No. 189, OECD Publishing, Paris 

Even these estimates, however, should not necessarily be equated with actual or expected employment 
losses from technological change, for at least three reasons. First, the adoption of new technologies is often 
a slow process due to a host of economic, legal and societal hurdles, so that actual automation will take 
place at a far slower pace than what might be expected. Second, even in the case where new technologies 
are introduced, workers can adjust to the challenge of automation by switching tasks, thus preventing 
technological unemployment. Third, technological change does not just destroy jobs, but also generates 
new ones through its effect on productivity and the demand for new technologies. For example, it has been 
estimated that, for each high-tech job created in industries such as Computing Equipment or Electrical 
Machinery, some 4.9 additional jobs are created for lawyers, taxi drivers, and waiters in the local economy 
(Moretti, 2011).3 Sometimes, technological innovation can even have very unpredictable effects on labour 
markets like, for example, the effect that the contraceptive pill had on female labour force participation and 
employment.  

Overall, it is not clear that the digital revolution has, to date, had a dramatic impact on either the 
destruction or creation of jobs. In the United States, for example, the emergence of new technology-related 
industries throughout the 2000s - including online auctions, video and audio streaming, and web design - 
has had only negligible effects on aggregate employment patterns, employing less than 0.5% of the 
workforce (Berger and Frey, 2016). Instead, most job growth in advanced economies has recently come 
from either technology-using (e.g. professional services) or other sectors that are not particularly intensive 

                                                      
3  Similarly, Goos et al. (2013) estimated that in the European Union over the period 2000-2011, the creation 

of one high-tech job resulted in more than four additional non-high tech jobs in the same region.  
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Organisation for Economic Co-operation and Development (OECD), Future of Work and Skills. Paper presented at the 2nd Meeting of the G20 Employment Working Group, Hamburg, Germany. (2017)
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https://www.weforum.org/agenda/2019/03/there-are-more-people-older-than-65-than-younger-than-5-for-the-first-time-heres-how-thats-changing-the-world/


MEXT - Summary of Report: Towards a Qualitative Transformation of University Education 
for Building a New Future - Universities Fostering Lifelong Learning and the Ability to 

Think Independently (2012)

“Gakushiryoku - ability required for university graduates for an 
unpredictable era including the education, knowledge and 

experience to make correct decisions in the face of unexpected 
difficulties.”

http://www.mext.go.jp/en/publication/report/title01/detail01/1380275.htm


https://www.wired.com/story/best-algorithms-struggle-recognize-black-faces-equally/




III. Remixing the EdTech Quintet
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Ruben R. Puentedura, “Technology In Education: The First 200,000 Years” The NMC Perspective Series: Ideas that Matter. NMC Summer Conference, 2012.

http://www.youtube.com/watch?v=NemBarqD6qA
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Class Homework

WorldSchool Home

Learning Environments

Contextual Search/Augmented Reality 
Sensors/Recorders 

Mobile Tools 
Cloud Resources

The Lively SketchbookThe Curiosity Amplifier

Ruben R. Puentedura, “The Lively Sketchbook”. Hippasus Blog. (2010)
John Seely Brown. “A New Culture of Learning”. NMC Summer Conference, Closing Keynote. (2010)
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http://hippasus.com/blog/archives/43
https://www.youtube.com/watch?v=B4FPH-Oo1iM
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Image
Assembly

Sequential
Art

Moving
Image

Interactive
Media

Interactive
Fiction

5-Card Nancy Comic Life Premiere Pachyderm Inform 7

Narrative sources;
Narrative constraints

Pictorial vocabulary;
Narrative transitions;

Text/image integration
CDS Seven Elements;
Montage structures

Narrative structures;
Narrative flows Ludic elements

Infinite Canvas

Prezi
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Formal Definition of Game (Salen & Zimmerman)

“A game is a system in which players 
engage in an artificial conflict, defined by 
rules, that results in a quantifiable 
outcome.”

Katie Salen and Eric Zimmerman. Rules of Play: Game Design Fundamentals. The MIT Press, 2003.

G
am

in
g

https://mitpress.mit.edu/books/rules-play


The EdTech Quintet – Associated Practices

Social Communication, Collaboration, Sharing

Mobility Anytime, Anyplace Learning and Creation

Visualization Making Abstract Concepts Tangible

Storytelling Knowledge Integration and Transmission

Gaming Feedback Loops and Formative Assessment



Social
Mobility

Visualization
AI + XR

Social
Storytelling

Localization

Analysis

Communication



IV. SAMR and Agency



Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modification 
Tech allows for significant task redesign

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable

En
ha

nc
em

en
t

Transform
ation

Ruben R. Puentedura, As We May Teach: Educational Technology, From Theory Into Practice. (2009)

https://itunes.apple.com/us/itunes-u/as-we-may-teach-educational/id380294705?mt=10


Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modification 
Tech allows for significant task redesign

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable

https://botpress.io
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Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modification 
Tech allows for significant task redesign

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable

Stephen, Okeke, et al. "An Efficient Deep Learning Approach to Pneumonia Classification in Healthcare." Journal of healthcare engineering (2019).

https://www.hindawi.com/journals/jhe/2019/4180949/


Artificial Intelligence

Extended Reality

Computational Thinking

Substitution

Augmentation

Modification

Redefinition

Taxonomy of AI 
(e.g. Russell & 
Norvig 2011)

Taxonomy of XR 
(e.g. Milgram & 
Kishino 1994)

Dimensions of CT 
(e.g. Brennan & 
Resnick 2012)



Pace of Innovation

Patient Safety

Deeper Learning

Substitution

Augmentation

Modification

Redefinition

Quality Models 
(e.g. Deming 1982)

Error Models 
(e.g. Reason 1990)

DoK Models 
(e.g. Webb 1997)



Innovation

Safety

Learning

Substitution

Augmentation

Modification

Redefinition

Quality Models 
(e.g. Deming 1982)

Error Models 
(e.g. Reason 1990)

DoK Models 
(e.g. Webb 1997)

AI

XR

CT

Taxonomy of AI 
(e.g. Russell & 
Norvig 2011)

Taxonomy of XR 
(e.g. Milgram & 
Kishino 1994)

Dimensions of CT 
(e.g. Brennan & 
Resnick 2012)



Hippasus

Blog: http://hippasus.com/blog/ 
Email: rubenrp@hippasus.com 

Twitter: @rubenrp
This work is licensed under a Creative Commons Attribution-Noncommercial-Share Alike 3.0 License.

http://hippasus.com/blog/
mailto:rubenrp@hippasus.com?subject=The%20Way%20of%20the%20Foxy%20Hedgehog:%20Reflections%20on%20Medical%20Education%20in%20an%20Age%20of%20Thinking%20Tools
http://twitter.com/rubenrp

