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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
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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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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


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


Four Defining Characteristics of Action Research

• Practical Nature 

• Change-Oriented 

• Part of a Cyclical Process 

• Teachers are Active Researchers and Participants

Martyn Denscombe. The Good Research Guide: For small-scale social research projects (6th Edition). McGraw-Hill Education (UK). (2017).





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
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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
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SAMR and the Use of Technology to Enhance Reading Performance in Middle School

http://eric.ed.gov/?id=ED489534
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SAMR and the Use of Tablets in Education

http://oasis.col.org/bitstream/handle/11599/1012/2015_Tamim-et-al_Tablets-for-Teaching-and-Learning.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
Extended Thinking

Strategic Thinking

Skills and Concepts

Recall and Reproduction

Webb, Norman L. Depth-of-knowledge levels for four content areas. (2002)

http://facstaff.wcer.wisc.edu/normw/All%20content%20areas%20%20DOK%20levels%2032802.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

Recall and 
Reproduction

https://itunes.apple.com/us/course/greenhouse-management/id592235450
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Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
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with functional improvement

Modification 
Tech allows for significant task redesign

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable
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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

Strategic 
Thinking

https://itunes.apple.com/us/app/garden-plan-pro/id450770076?mt=8


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

Extended 
Thinking

https://itunes.apple.com/us/app/numbers/id361304891?mt=8
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Complex Causality

Significance
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Measuring College Learning Project + Resource Center - Online at: http://highered.ssrc.org/projects/measuring-college-learning-project/

http://highered.ssrc.org/projects/measuring-college-learning-project/


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://itunes.apple.com/us/app/newsela-student/id966371321?mt=8
http://thecrashcourse.com/curriculum.html
http://idp.bl.uk


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://itunes.apple.com/us/app/timeline-eons/id429829445?mt=8
https://itunes.apple.com/us/app/mapprojector-create-and-present-maps/id368998876?mt=8


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://storymap.knightlab.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

https://itunes.apple.com/us/app/keynote/id361285480?mt=8


Communities of Practice and Personal Learning Networks
• Internally: School as Community of Practice 

• A domain of shared interest, commitment, and competence; 
• A community where joint activities, discussions, information sharing, and help processes are 

focused around and by the domain; 
• A practice with a shared repertoire of resources, such as experiences, stories, tools, and problem-

solving approaches. 
• Externally: Individual Personal Learning Networks 

• Loosely structured around a range of tools, individually chosen - no two PLNs are the same; 
• Usually online, but may involve face-to-face components (e.g. meetups); 
• Resources may range from professional society websites, to educator blogs, to Facebook groups, 

to Twitter feeds; 
• Involvement may range from primarily reading sources, to participating in discussions, to authoring 

new materials.

Will Richardson and Rob Mancabelli. Personal Learning Networks: Using the Power of Connections to Transform Education. Solution Tree. (2012)

Etienne and Beverly Wenger-Trayner. Introduction to communities of practice: A brief overview of the concept and its uses. (2015) Online at: http://wenger-trayner.com/introduction-to-communities-of-practice/

http://wenger-trayner.com/introduction-to-communities-of-practice/
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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 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



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
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