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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)



ConverSketch by Karina Branson – https://www.conversketch.com

https://www.conversketch.com
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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} 


�|�u;�;lbvvbomv�1-�v;�=�|�u;�-77bঞom-Ѵ��-ulbm]ķ��b|_�|o|-Ѵ��-ulbm]�
dominated by past and future COƙ emissions

-ő�
�|�u;�-mm�-Ѵ�;lbvvbomv�o=���ƙ�ŐѴ;[ő�-m7�o=�-�v�0v;|�o=�h;��momŊ��ƙ�7ub�;uv�Őub]_|őķ�-1uovv�C�;�bѴѴ�v|u-ঞ�;�v1;m-ubov

Methane (MtCHƛ/yr)

Nitrous oxide (MtNƙO/yr)

Sulfur dioxide (MtSOƙ/yr)

SSP1-1.9
SSP1-2.6
SSP2-4.5

SSP3-7.0

SSP5-8.5

SSP1-1.9
SSP1-2.6
SSP2-4.5

SSP3-7.0

SSP5-8.5

SSP1-1.9
SSP1-2.6

SSP2-4.5

SSP3-7.0

SSP5-8.5

0ő �om|ub0�ঞom�|o�]Ѵo0-Ѵ�v�u=-1;�|;lr;u-|�u;�bm1u;-v;�=uol�7b@;u;m|�;lbvvbomvķ��b|_�-�7olbm-m|�uoѴ;�o=���ƙ emissions
�_-m];�bm�]Ѵo0-Ѵ�v�u=-1;�|;lr;u-|�u;�bm�ƑƏѶƐŊƑƐƏƏ�u;Ѵ-ঞ�;�|o�ƐѶƔƏŊƐƖƏƏ�ŐºC)

0
200
400
600

800

0

10

20

0

40

80

120

2015 2050 2100

2015 2050 2100

2015 2050 2100

-20

0

20

40

60

80

100

120

140

2015 2050 2100

Carbon dioxide (GtCOƙ/yr)

SSP1-1.9
SSP1-2.6

SSP2-4.5

SSP3-7.0

SSP5-8.5

""�ƐŊƐĺƖ

-1

0

1

2

3

4

5

6

Total
Őo0v;u�;7ő

Aerosols
land use

Non-COƙ
GHGs

COƙ

ºC

-1

0

1

2

3

4

5

6

Total
Őo0v;u�;7ő

Aerosols
Land use

Non-COƙ
GHGs

COƙ

ºC

-1

0

1

2

3

4

5

6

Total
Őo0v;u�;7ő

Aerosols
Land use

Non-COƙ
GHGs

COƙ

ºC

-1

0

1

2

3

4

5

6

Total
Őo0v;u�;7ő

Aerosols
Land use

Non-COƙ
GHGs

COƙ

ºC

-1

0

1

2

3

4

5

6

Total
Őo0v;u�;7ő

Aerosols
Land use

Non-COƙ
GHGs

COƙ

ºC

""�ƐŊƑĺѵ ""�ƑŊƓĺƔ ""�ƔŊѶĺƔ""�ƒŊƕĺƏ

$o|-Ѵ��-ulbm]�Őo0v;u�;7��-ulbm]�|o�7-|;�bm�7-uh;u�v_-7;őķ��-ulbm]�=uol�COƙķ��-ulbm]�=uol�non-COƙ�GHGs and cooling from changes in aerosols and land use

";Ѵ;1|;7�1om|ub0�|ouv�|o�nonŊ��ƙ GHGs

�m;�-bu�roѴѴ�|-m|�-m7�1om|ub0�|ou�|o�-;uovoѴv

Approved Version Summary for Policymakers IPCC AR6 WGI 

 SPM-18 Total pages: 41 

 
 
 
 

 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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Projected changes in extremes are larger in frequency and intensity with 
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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/


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


After the Swan: Four Paths
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Unpacking the Impact: Three Layers

Networks Agents

System 
Dynamics



Networks Agents

System 
Dynamics

ConverSketches by Karina Branson – https://www.conversketch.com

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
https://www.conversketch.com




• 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?



Given these Black Swan nesting grounds, what do you see as 
the three most pressing challenges for your school?



Given what you have seen thus far, including the challenges 
listed by participants, what questions do you have at this point?



2. SAMR and Antifragility



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



Unit of Instruction

Building Antifragility

1. Before the Swan



Learning

Antifragility

Environment
Resilience

Antifragility

Resilience

Infrastructure

Building Antifragility

2. Unfolding the Unit



Infrastructure

Learning

Environment

Building Antifragility

3. Scaffolding with SAMR



Environment

Collaboration

Infrastructure

Telepresence

Learning

STEM Activity
Building Antifragility

4. An Example in 3 Parts
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Educational Technology Division, Ministry of Education, Singapore, e-Pedagogy: Technology Makes Good Teaching Better. Ministry of Education, Singapore. (2020)



Defining Hybrid Modes of Learning

Hybrid Modes of Learning are those where:


• Some students attend class remotely online, and some students attend class in face to face 
(f2f) mode;


• At least some of the instruction takes place synchronously for both groups;


• The students that are remote, and those that are f2f may change over time in predictable or 
unpredictable fashion - for example:


• Predictable: a rotation schedule, required by classroom COVID-19 occupancy limits, where 
half the students are remote one week, and f2f the next;


• Unpredictable: in any given week, a student may not be able to attend f2f due to COVID-19 
exposure, and have to attend class remotely.



Infrastructure: Telepresence and Hybrid Modes

S A M R
Design 
Focus

Robust Substitutive 
Use of Zoom

Enhancing 
Telepresence

Defining 
Collaboration

Scaffolding    
Agency

Practices

• Personal space

‣ On/off choice 

• Total “on” time

‣ Limited duration 

• Environmental space

‣ Backgrounds 

• Space differentiation

‣ Breakout rooms 

• Classroom materials

‣ Resource libraries

• Spaces

‣ physical 
‣ conceptual 

• Uses

‣ learning 
‣ social 
‣ recreational 

• Presence

‣ local/remote 
‣ sync/async

• Collective functions

‣ create asymmetric 

actions 
• Local/Remote

‣ define reciprocal 

options

• Creating student 
spaces


• Supporting student 
projects


• Framing student 
worlds



Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modifi
Tech allows for signifi

Redefi
Tech allows for the creation of new tasks, 

previously inconceivable

Infrastructure 
Primary Focus: Shared Telepresence

https://apps.apple.com/us/app/zoom-cloud-meetings/id546505307


Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modifi
Tech allows for signifi

Redefi
Tech allows for the creation of new tasks, 

previously inconceivable

Amplification 
Primary Focus: Rich Collaboration Spaces

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

Redefi
Tech allows for the creation of new tasks, 

previously inconceivable

Integration 
Primary Focus: Enhanced Social Networks

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

Modifi
Tech allows for signifi

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable

Differentiation 
Primary Focus: Shared Video Creation

https://apps.apple.com/us/app/airmix/id1514019906


Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modifi
Tech allows for signifi

Redefi
Tech allows for the creation of new tasks, 

previously inconceivable

Infrastructure 
Primary Focus: Analytic/Modeling Tools

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

Modifi
Tech allows for signifi

Redefi
Tech allows for the creation of new tasks, 

previously inconceivable

Amplification 
Primary Focus: Device Data Sensors

https://apps.apple.com/us/app/sparkvue/id361907181


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

Redefi
Tech allows for the creation of new tasks, 

previously inconceivable

Integration 
Primary Focus: Computational Thinking

https://apps.apple.com/us/app/carnets-jupyter-with-scipy/id1559497253


Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modifi
Tech allows for signifi

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable

Differentiation 
Primary Focus: Making/Measuring



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



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:


• What Are Black Swan Events?

• 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

• A Black Swan Game

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/Erm3MP9ipIs
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
https://shapingedu.asu.edu/blog/serious-fun-all-unconferences-black-swan-game
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