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1. Black Swans and Antifragility





Black Swan Events

• Cannot be predicted ahead of time 

• Have a major effect 

• Can be rationalized retrospectively

Taleb, Nassim Nicholas, The Black Swan: The Impact of the Highly Improbable (2007)
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geographical patterns of many variables can be identified at a given level of global warming, common to all 
scenarios considered and independent of timing when the global warming level is reached. 
{1.6, Box 4.1, 4.3, 4.6, 7.5, 9.2, 9.6, Cross-Chapter Box 11.1, Cross-Section Box TS.1} 
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 Near term, 2021–2040 Mid-term, 2041–2060 Long term, 2081–2100 

Scenario Best estimate 
(°C) 

Very likely 
range (°C) 

Best estimate 
(°C) 

Very likely 
range (°C) 

Best estimate 
(°C) 

Very likely 
range (°C) 

SSP1-1.9 1.5 1.2 to 1.7 1.6 1.2 to 2.0 1.4 1.0 to 1.8 

SSP1-2.6 1.5 1.2 to 1.8 1.7 1.3 to 2.2 1.8 1.3 to 2.4 

SSP2-4.5 1.5 1.2 to 1.8 2.0 1.6 to 2.5 2.7 2.1 to 3.5 

SSP3-7.0 1.5 1.2 to 1.8 2.1 1.7 to 2.6 3.6 2.8 to 4.6 

SSP5-8.5 1.6 1.3 to 1.9 2.4 1.9 to 3.0 4.4 3.3 to 5.7 

 
 
 
B.1.2 Based on the assessment of multiple lines of evidence, global warming of 2°C, relative to 1850–
1900, would be exceeded during the 21st century under the high and very high GHG emissions scenarios 
considered in this report (SSP3-7.0 and SSP5-8.5, respectively). Global warming of 2°C would extremely 
likely be exceeded in the intermediate scenario (SSP2-4.5).  Under the very low and low GHG emissions 
scenarios, global warming of 2°C is extremely unlikely to be exceeded (SSP1-1.9), or unlikely to be exceeded 
(SSP1-2.6)25.  Crossing the 2°C global warming level in the mid-term period (2041–2060) is very likely to 
occur under the very high GHG emissions scenario (SSP5-8.5), likely to occur under the high GHG 
emissions scenario (SSP3-7.0), and more likely than not to occur in the intermediate GHG emissions 
scenario (SSP2-4.5)26. 
{4.3, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.4, Box SPM.1) 
 
B.1.3 Global warming of 1.5°C relative to 1850-1900 would be exceeded during the 21st century under the 
intermediate, high and very high scenarios considered in this report (SSP2-4.5, SSP3-7.0 and SSP5-8.5, 
respectively). Under the five illustrative scenarios, in the near term (2021-2040), the 1.5°C global warming 
level is very likely to be exceeded under the very high GHG emissions scenario (SSP5-8.5), likely to be 
exceeded under the intermediate and high GHG emissions scenarios (SSP2-4.5 and SSP3-7.0), more likely 
than not to be exceeded under the low GHG emissions scenario (SSP1-2.6) and more likely than not to be 
reached under the very low GHG emissions scenario (SSP1-1.9)27. Furthermore, for the very low GHG 
emissions scenario (SSP1-1.9), it is more likely than not that global surface temperature would decline back 
to below 1.5°C toward the end of the 21st century, with a temporary overshoot of no more than 0.1°C above 
1.5°C global warming. 
{4.3, Cross-Section Box TS.1} (Table SPM.1, Figure SPM.4) 
 

 
25 SSP1-1.9 and SSP1-2.6 are scenarios that start in 2015 and have very low and low GHG emissions and CO2 emissions declining to 
net zero around or after 2050, followed by varying levels of net negative CO2 emissions. 
26 Crossing is defined here as having the assessed global surface temperature change, averaged over a 20-year period, exceed a 
particular global warming level. 
27 The AR6 assessment of when a given global warming level is first exceeded benefits from the consideration of the illustrative 
scenarios, the multiple lines of evidence entering the assessment of future global surface temperature response to radiative forcing, 
and the improved estimate of historical warming. The AR6 assessment is thus not directly comparable to the SR1.5 SPM, which 
reported likely reaching 1.5°C global warming between 2030 and 2052, from a simple linear extrapolation of warming rates of the 
recent past. When considering scenarios similar to SSP1-1.9 instead of linear extrapolation, the SR1.5 estimate of when 1.5°C global 
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Masson-Delmotte et al. (eds.) IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press (2021).

https://www.ipcc.ch/report/ar6/wg1/
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A NATION OF IMMIGRANTS

About 44 million people in the 
United States—around one in 
seven—were born in another coun-
try. However, most residents have 
immigration in their family history. 
Some 36 million Americans can 
look to their parents to find it, 
while 235 million—or about 75 
percent of Americans—can look 
back to their grandparents’ gen-
eration or earlier.12 Although it is 
easy to think of the foreign-born 
as a single population, they are 
made up of people from different 

12 E. Trevelyan, C. Gambino, T. Gryn, 
L. Larsen, Y. Acosta, E. Grieco, D. Harris, 
and N. Walters, “Characteristics of the 
U.S. Population by Generational Status: 
2013,” Current Population Survey Reports, 
P23-214, U.S. Census Bureau, Washington, 
DC, 2016.

countries and backgrounds. Of 
the 44 million foreign-born living 
in the United States in 2016, just 
under one-half were Hispanic 
(Table 3), consistent with 
estimates from the American 
Community Survey which show 
that the majority of foreign 
born in the United States came 
from Latin America and the 
Caribbean.13 About one-quarter 
of the foreign-born population 
in 2016 was Asian, and a little 
under one-fifth was non-Hispanic 
White (Table 3). These numbers 

13 E. Grieco, Y. Acosta, G. de la Cruz,  
C. Gambino, T. Gryn, L. Larsen, E. Trevelyan, 
and N. Walters, “The Foreign-Born 
Population in the United States: 2010,” 
American Community Survey Reports, 
ACS-19, U.S. Census Bureau, Washington, 
DC, 2012.

reflect the current total or stock 
of foreign-born living in the 
United States. The largest send-
ing regions of migrants have been 
changing recently, however. Of 
those who arrived before 2000, 
most came from Latin American 
countries, followed by Asian coun-
tries. Since 2010, that trend has 
reversed with Asia replacing Latin 
America as the largest sending 
region of migrants to the United 
States.14 

14 “Selected Characteristics of the 
Foreign-Born Population by Period of Entry 
to the United States,” 2012–2016 American 
Community Survey 5-Year Estimates, Table 
S0502, U.S. Census Bureau, Washington, 
DC, 2017. 

Figure 4.
Foreign-Born People Living in the United States: 1850 to 2010, Projected 2020 to 2060
By 2028, the foreign-born share of the U.S. population is projected to be higher than at 
any time since 1850.

Projection

Number of foreign-born 
(in millions)

Source: U.S. Census Bureau, 1850–2000 Decennial Censuses, American Community Survey 2010, 2017 National Population Projections 
for 2020–2060.
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Vespa, Jonathan, Lauren Medina, and David M. Armstrong, “Demographic Turning Points for the United States: Population Projections for 2020 to 2060,” Current Population Reports, P25-1144, U.S. Census Bureau, Washington, DC (2020).

Shonel Sen. National Population Projections: 2020, 2030, 2040. University of Virginia Weldon Cooper Center for Public Service. (2019)

https://www.census.gov/content/dam/Census/library/publications/2020/demo/p25-1144.pdf
https://statchatva.org/2019/02/11/national-population-projections-2020-2030-2040/


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

 15 

Figure 2. Distribution of Automatibility in the US (Task-Based vs. Occupation-Based Approach) 

 

Source: $XWKRUV¶�FDOFXODWLRQ�EDVHG�RQ�WKH�6XUYH\�RI�$GXOW�6NLOOV��3,$$&�������� 

28. In conclusion, using information on task-usage at the individual level leads to significantly lower 
HVWLPDWHV�RI� MREV� ³DW� ULVN´�� VLQFH�ZRUNHrs 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
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Table 2 depicts examples of jobs that have high, medium and 
low levels of similarity. It indicates that a job pair is most likely to 
have a degree of job-fit that would enable a viable job transition if 
similarity scores are at least 0.85 or above. Figure 1 depicts the 
overall job-fit matrix between all 958 types of jobs (categorized 
by job family) in the United States in our dataset. Where a zone 
is highlighted in dark blue, the corresponding row and column 
define two occupations with a combined profile that suggests a 
high degree of job-fit.

By themselves, similarity scores provide a useful tool for 
a systematic and comprehensive comparison of job-fit and 
for identifying viable job transition options. However, as with 
any composite index, the scores provide a highly aggregated 
summary view of the theoretical viability of any given job 
transition. Additional filter criteria are needed to ensure that the 
job-fit indicated by the aggregate similarity score stays realistic.

For example, prospective job movers are unlikely to be hired 
when their work experience and educational background are 
significantly divergent from the requirements of a job. The US 
Bureau of Labor Statistics’ Occupational Information Network 
(O*NET) provides a reasonable measure of this profile, in the 
form of so-called ‘job zones’. Job zones capture an occupation’s 
expected level of education, related experience, and on-the-
job training required to perform a job. They are measured on a 
1-to-5 scale, where occupations in job zone 1 require little or no 
preparation (for example dish washers) and occupations in job 
zone 5 require extensive preparation (for example molecular and 
cellular biologists). By restricting job zone changes to no more 
than -1 or +1, our analysis allows us to control for unrealistic or 
unrewarding moves. The restriction also ensures consistency 
in the actual level of skills and knowledge use within any given 
occupation.

Figure 1: Job transition matrix between 958 jobs in the United States
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Source data: Burning Glass Technologies and US Bureau of Labor Statistics.

World Economic Forum, Towards a Reskilling Revolution: A Future of Jobs for All, 2018.

https://www.weforum.org/reports/towards-a-reskilling-revolution
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Source data: Burning Glass Technologies and US Bureau of Labor Statistics.

Job
Job family
Remuneration
Similarity score with previous job

Key

Cooks, Fast Food

Food Preparation  
and Serving 
Occupations

wage: $21,000

Figure B14: Examples of Pathways for Cooks, Fast Food

73 
opportunities 
with pay rise

Food Cooking Machine 
Operators and Tenders
Production Occupations
wage: $30,000
similarity score: 0.86

Waiters and Waitresses
Food Preparation and Serving Occupations
wage: $24,000
similarity score: 0.94

Combined Food Preparation and 
Serving Workers, including Fast Food
Food Preparation and Serving Occupations
wage: $20,000
similarity score: 0.94

First-Line Supervisors of Food 
Preparation and Serving Workers
Food Preparation and Serving Occupations
wage: $35,000
similarity score: 0.89

Refuse and Recyclable 
Material Collectors
Transportation Occupations
wage: $38,000
similarity score: 0.88

Figure B15: Examples of Pathways for Mine Cutting and Channeling Machine Operators

Mine Cutting 
and Channeling 
Machine 
Operators

Construction 
and Extraction 
Occupations

wage: $51,000

18 
opportunities 
with pay rise

20 
opportunities
with pay cut

Structural Iron and Steel Workers
Construction and Extraction Occupations
wage: $56,000
similarity score: 0.86

Tile and Marble Setters
Construction and Extraction Occupations
wage: $45,000
similarity score: 0.86

Rail-Track Laying and Maintenance 
Equipment Operators
Construction and Extraction Occupations
wage: $53,000
similarity score: 0.86

Excavating and Loading Machine 
and Dragline Operators
Transportation Occupations
wage: $45,000
similarity score: 0.91

Subway and Streetcar Operators
Transportation Occupations
wage: $62,000
similarity score: 0.86

Nuclear Equipment 
Operation Technicians
Life, Physical and Social Science Occupations
wage: $78,000
similarity score: 0.85

1 
opportunity
with pay cut

Combined Food Preparation and 
Serving Workers, incl. Fast Food
Food Preparation and Serving Occupations
wage: $20,000
similarity score: 0.94

World Economic Forum, Towards a Reskilling Revolution: A Future of Jobs for All, 2018.

https://www.weforum.org/reports/towards-a-reskilling-revolution
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Black 
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Event
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Term Risk
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Risk



Networks Agents

System 
Dynamics



Networks Agents

System 
Dynamics

https://shapingedu.asu.edu/blog/black-swan-thinking-project-session-1-why-little-dutch-boy-was-little-doomed-boy
https://shapingedu.asu.edu/blog/black-swan-thinking-project-session-3-who-framed-narrative-cock-robin
https://shapingedu.asu.edu/blog/black-swan-thinking-project-session-2-how-leopard-didn%E2%80%99t-get-its-spots




• How do I make this unit of instruction antifragile? 

• How do I make this course antifragile? 

• How do I make this degree antifragile? 

• How do I make this institution antifragile? 

• How do I make this student learning antifragile?



2. SAMR, the EdTech Quintet, and Antifragility



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)

http://files.eric.ed.gov/fulltext/EJ1010753.pdf
http://files.eric.ed.gov/fulltext/EJ1010753.pdf


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


Social Mobility Visualization Storytelling Gaming
200,000 

years
70,000 
years

40,000 
years

17,000 
years

8,000 
years

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


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



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

Infrastructure 
Primary Focus: EdTech Baseline 

Implement shared tools and practices

Amplification 
Primary Focus: System Dynamics 
Enhance selected leverage points

Integration 
Primary Focus: Networks 

Create people/practice networks

Differentiation 
Primary Focus: Agents 

Develop learner/community agency



Hybrid Modes and Telepresence

S A M R
Design 
Focus

Appropriate 
Substitutive Use of 

Zoom
Stocks & Flows Networks Agents

Practices

• Personal space 
‣ On/off choice 

• Total “on” time 
‣ Limited duration 

• Environmental space 
‣ Backdrops  

• Group differentiation 
‣ Breakout rooms 

• Asynchronous presence 
‣ Libraries of created 

resources

• Spaces 
‣ physical 
‣ conceptual 

• Uses 
‣ learning 
‣ social 
‣ recreational 

• Presence 
‣ remote 
‣ local

• Individual groupings 
‣ optimize via network 

analysis 
• Collective function 
‣ create asymmetries 

• Local/Remote 
‣ keep in reciprocal 

picture

• Creation of own 
spaces 

• Driver of own 
projects 

• Bring world into 
picture



Video, Duration, and Attention

• Total Maximum Time: 11 minutes 
• Ratio of Segments: 1:2:3 (approx.) 
• One Possible Breakdown: 

• 2 minutes for background 
• 4 minutes for development 
• 5 minutes for application

Hu, H., Zhang, G., Gao, W. et al. Big data analytics for MOOC video watching behavior based on Spark. Neural Comput. & Applic. 32, 6481–6489 (2020).

https://doi.org/10.1007/s00521-018-03983-z
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ZCD
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Lev Vygotsky, Mind in Society: The Development of Higher Psychological Processes. Harvard University Press. (1978)



Van Geert, Paul. "Vygotsky’s dynamic systems." Lev Vygotsky: Critical assessments 4 (1997): 3-21.
Galperin, P.Ia. “Stage by Stage formation as a method of psychological investigation”. Journal of Russian and East European Psychology, 30(4), 61-80 (1992)
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The EdTech Quintet – Associated Practices

Social Provides diversity to the ZPD

Mobility Creates the context for the process

Visualization Aids in segmenting ZPD, bridging gaps

Storytelling Aids in the integration of the ZPD

Gaming Provides frameworks for independent practice



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

Infrastructure 
Primary Focus: EdTech Baseline 

Implement shared tools and practices

https://www.geogebra.org


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

Amplification 
Primary Focus: System Dynamics 
Enhance selected leverage points

https://miro.com


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

Integration 
Primary Focus: Networks 

Create people/practice networks

https://visone.ethz.ch
https://visone.ethz.ch
https://visone.ethz.ch
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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

Differentiation 
Primary Focus: Agents 

Develop learner/community agency



Additional Resources
• SAMR and the EdTech Quintet: 

• For an overview of both models in one location, this video covering the basics is probably the best place to start: 
• Technology in Education: A Brief Introduction – https://youtu.be/rMazGEAiZ9c 

• One particularly accessible and concise introduction focusing exclusively on the SAMR model was codeveloped with Common Sense Education: 
• What is the SAMR Model? – https://youtu.be/9b5yvgKQdqE 
• How to Apply the SAMR Model – https://youtu.be/ZQTx2UQQvbU 
• The Impact of the SAMR Model – https://youtu.be/SWU0Dzz6gs0 

• The EdTech Quintet has a rather interesting set of connections to older - much older - technologies, as discussed in this presentation: 
• The NMC Perspective Series: Ideas that Matter – https://youtu.be/NemBarqD6qA 

• Finally, for those wishing to dig a little deeper, a conversation between Dr. Bebell and Dr. Puentedura has more of the inside story on the research: 
• Demystifying SAMR – https://youtu.be/L9h9ePoXqS8 

• Black Swan Thinking: 
• Dr. Puentedura's ongoing project, sponsored by ASU under its ShapingEDU umbrella: 

• Of Swans, Dragons, and How to Tell Them Apart (Without Getting Singed) 
• Session 1: Why The Little Dutch Boy Was The Little Doomed Boy 
• Session 2: How The Leopard Didn’t Get Its Spots 
• Session 3: Who Framed The Narrative Of Cock Robin? 
• Black Swan Thinking Foundations

https://youtu.be/rMazGEAiZ9c
https://youtu.be/9b5yvgKQdqE
https://youtu.be/ZQTx2UQQvbU
https://youtu.be/SWU0Dzz6gs0
https://youtu.be/NemBarqD6qA
https://youtu.be/L9h9ePoXqS8
https://youtu.be/yEgrzTEps6M
https://shapingedu.asu.edu/blog/black-swan-thinking-project-session-1-why-little-dutch-boy-was-little-doomed-boy
https://shapingedu.asu.edu/blog/black-swan-thinking-project-session-2-how-leopard-didn%E2%80%99t-get-its-spots
https://shapingedu.asu.edu/blog/black-swan-thinking-project-session-3-who-framed-narrative-cock-robin
https://youtu.be/y49BPy7Bclg
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