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We investigate the impact of new digital 
technologies upon occupations. We argue that 
these impacts may be both destructive and 

transformative. The destructive effects of digitalization 
substitute human labor, while transformative effects of 
digitalization complement it. We distinguish between 
four broad groups of occupations that differ with regard 
to the impact of digitalization upon them. “Rising star” 
occupations are characterized by the low destructive and 
high transformative effects of digitalization. In contrast, 

“collapsing” occupations face a high risk of destructive 
effects. “Human terrain” occupations have low risks 
of both destructive and transformative digitalization, 
whereas “machine terrain” occupations are affected by 
both types. We analyze the differences between these four 
occupational groups in terms of the capabilities, which can 
be considered bottlenecks to computerization. The results 
help to identify which capabilities will be in demand and 
to what degree workers with different abilities can expect 
their occupations to be transformed in the digital era.
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As the world of labor becomes increasingly digi-
tized, many occupations face significant chang-
es. On the one hand, these changes induce an 

increasing relative demand for certain skills that can-
not be performed by digital machines. Demand also 
increases for skills that are necessary for interacting 
with digital technologies. On the other, occupations 
that require skills that can be substituted by these 
digital technologies may face a high risk of becom-
ing obsolete. This paper presents a novel approach to 
conceptualizing the different effects of digitalization 
on occupations by arguing that occupations may be 
affected by transformative and destructive digitali-
zation in distinct ways. We construct a map that il-
lustrates the different impacts of digitalization upon 
occupations. We also analyze the composition of ca-
pabilities necessary in occupations that are affected 
by different aspects of digitalization to contribute to a 
better understanding of the skills that make workers 
more competitive in the digital era.
Previous studies that investigated the effects of digi-
talization on occupations mostly focused on the 
risk of the replacement of human workers by new 
digital technologies, that is, the destructive effects of 
digitalization. In particular, Frey and Osborne [Frey, 
Osborne, 2017] concluded that about 47 percent of 
the US labor force are currently in jobs that are highly 
likely to be replaced by machines in the next ten to 
twenty years. Other studies analyzing various coun-
tries largely confirm that new digital technologies 
are likely to replace a substantial share of the human 
workforce although the average risk of automation 
varies a lot across countries (see, e.g., [Arntz et al., 
2017], for a study of OECD countries; [Manyika et al., 
2017; Chang, Huynh, 2016], for an analysis of ASEAN 
countries, and [Sorgner et al., 2017], for an analysis of 
selected G20 countries).
Evidence on the transformative effects of digital tech-
nologies on occupations is, however, scarce. Felten et 
al. [Felten et al., 2018] developed a measure of advanc-
es in artificial intelligence that they link to abilities 
and occupations. Such transformative effects suggest 
that an occupation will experience substantial chang-
es, including changes in the skill requirements for in-
dividuals working in this occupation, but machines 
will not necessarily replace the human workers (e.g., 
[Brynjolfsson et al., 2018]). The transformative effects 
of digitalization might also be related to stronger hu-
man-machine interactions (e.g., working with robots, 
applying AI to solve job-related tasks, etc.). 
In this paper, we argue that digitalization impacts oc-
cupations in a gradual, two-dimensional way, rath-
er than being either destructive or transformative. 
Indeed, the results of our empirical analysis suggest 
that about 75% of the employees in the United States 
are affected by either destructive or transformative 
digitalization, but not both, while the remaining 25% 
are affected by both digitalization types or virtually 
unaffected by any type of digitalization. We also ana-

lyze the differences in skill requirements between oc-
cupations differently affected by digitalization.

Transformative and Destructive Effects of 
Digitalization on Occupations
Previous studies have mainly focused on the destruc-
tive effects of digitalization, that is, the probability 
that human workers can be replaced by machines 
(e.g., [Brynjolfsson, McAfee, 2014; Acemoglu, Restrepo, 
2019]). This literature finds that large shares of the 
workforce in the United States are active in occupa-
tions that either face a very high or a very low risk of 
destructive digitalization, while only a rather small 
share of workers are found in occupations that face a 
mid-level risk [Frey, Osborne, 2017]. 
In contrast, the transformative effects of digitaliza-
tion, i.e., the extent to which digitalization will affect 
occupations without necessarily replacing human 
workers, received much less attention in the litera-
ture. Such transformative effects of digitalization may 
change the way people work in their occupation or 
occupational content, with a tendency to make hu-
man workers more productive. Usually, transforma-
tive digitalization is discussed in connection with the 
complementary effects of technology, that is, when 
there are extensive human-machine interactions 
[Autor, 2015].
It appears that destructive and transformative digita-
lization has already begun to impact labor markets, 
but they do so in different ways. In their analysis of 
labor market transitions in the United States, Fossen 
and Sorgner [Fossen, Sorgner, 2019] demonstrate that 
destructive digitalization triggers individual transi-
tions into unemployment and unincorporated, neces-
sity-driven entrepreneurship, whereas transformative 
digitalization facilitates incorporated, opportunity-
driven entrepreneurship. A study by Sorgner [Sorgner, 
2017], which focuses on the impacts of destructive 
digitalization on individual labor market transitions 
in Germany, arrives at similar results. 
It is plausible to assume that occupations are not af-
fected by digitalization in a purely destructive or 
transformative way. Instead, occupations rather differ 
from each other gradually in terms of digitalization’s 
impact on them, thus, implying that an occupation 
might face different levels of transformative and de-
structive risks at the same time.
Figure 1 demonstrates this idea visually by plotting 
all occupations on a two-dimensional chart where 
the horizontal axis represents destructive effects and 
the vertical axis represents the transformative effects 
of digitalization on occupations. In this way, all oc-
cupations can be divided into four major groups that 
describe the extent to which an occupation is affected 
by both transformative and destructive digitalization.
The group “rising stars” in Quadrant I consists of 
occupations upon which transformative digitaliza-
tion has a high impact, but in these occupations, this 
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does not lead to the replacement of human workers, 
so the risk of destructive digitalization is low. These 
occupations are facing significant changes in terms 
of work processes due to digitalization and, conse-
quently, in terms of skill requirements. However, not 
all tasks performed in these occupations can be taken 
over by machines. Therefore, human workers are not 
at risk of replacement, only the division of labor be-
tween humans and machines is changing. Individuals 
working in these occupations will need a high level 
of flexibility to be able to adjust to rapid changes in 
their occupations. It is also likely that there is great 
need for acquiring further qualification in such oc-
cupations.
The group “machine terrain” in Quadrant II consists 
of occupations that are characterized by high trans-
formative and destructive impacts of digitalization 
simultaneously, which means that these occupations 
are transformed due to digital technologies in ways 
that could make human workers obsolete.  The main 
difference between the occupations in the group “ma-
chine terrain” and those in the group “rising stars” is 
that digitalization transforms the work content of the 

“machine terrain” occupations in a more radical way, 
such that there remains almost no need for human 
workers.
Individuals in occupations that are part of the “hu-
man terrain” group (Quadrant III) are rather unlikely 
to be replaced by machines (low destructive digitali-
zation effects). At the same time, digital technologies 
do not exert much transformative influence on these 
occupations either. Thus, it can be assumed that indi-
viduals in these occupations possess skills that can-
not currently be performed by machines and there is 
little need for human-machine interactions in such 
occupations. Moreover, the progress in new digital 
technologies designed to overcome these bottlenecks 
in computerization might be relatively slow. Manual, 

non-routine tasks, especially those that need to be 
performed in unstructured environments, possibly 
constitute a major part of the tasks in these occupa-
tions.
Finally, the “collapsing” occupations (Quadrant IV) 
are occupations that face a high risk of destructive 
digitalization, in which there will be little need for 

“human” skills. In the future, it will be possible to 
automate these occupations nearly completely with-
out even transforming the occupations substantially. 
These occupations are likely to consist of manual and 
cognitive routine tasks. The computerization of occu-
pational tasks is rather straightforward in “collapsing” 
occupations. 
To summarize, the four groups of occupations can be 
distinguished by the level of digitalization’s impact, 
which can be either destructive, transformative, or 
both. It is also very likely that the groups are different 
concerning the skills of individuals working in these 
occupations. In the following empirical sections, we 
categorize occupations into the groups and analyze 
the differences between them.

Data
Measures of the Impact of Digitalization on 
Occupations
To map occupations according to the impact of 
digitalization, we use two measures of occupational 
susceptibility to digitalization that we interpret as de-
structive and transformative impacts. To measure de-
structive digitalization, we use computerization risks 
of occupations estimated by [Frey, Osborne, 2017]. 
The measure captures the risk of the replacement of 
human workers by machines in the next 10-20 years 
based on expert judgments and selected character-
istics of occupations from the O*Net database com-
piled by the US Department of Labor.1 In a first step, 
technology experts provided their estimates for 71 
occupations concerning their susceptibility to auto-
mation in the next 20 years. In a second step, this list 
of hand-classified occupations was used as a training 
dataset for a machine learning algorithm that classi-
fied the remaining occupations in the O*Net database 
based on the job requirements identified as comput-
erization bottlenecks.
As in [Fossen, Sorgner, 2019], we use a measure of past 
advances in AI developed by [Felten et al., 2018] as an 
indicator for transformative digitalization. This mea-
sure is based on the AI Progress Measurement data-
set provided by the Electronic Frontier Foundation 
(EFF) in combination with O*Net occupational data. 
In contrast to the measure of destructive computer-
ization that predicts future developments, the mea-
sure of transformative digitalization is based on past 
developments (2010-2015) in 16 categories of AI.2 

Figure 1. Effects of Digitalization on Occupations

 Source: соmpiled by the authors.
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1 O*Net is a database of quantitative indicators of occupational requirements, workforce characteristics, and occupation-specific information in the United 
States.

2 Categories of AI are, for example, image recognition, speech recognition, and translation, among others.
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These AI categories are linked to 52 distinct abilities 
that O*Net uses to describe job requirements. This 
way, the authors estimated progress scores in AI per-
formance for each occupation.
Both measures of destructive and transformative dig-
italization are available at the 6-digit code level of the 
System of Occupational Classification (SOC). For 751 
occupations from O*Net, we were able to merge both 
the measures of the computerization probability and 
of advances in AI.

Occupation-Specific Characteristics
Our measures of occupation-specific characteristics 
that we use to describe the occupations also stem 
from the O*Net database. We use O*Net variables 
corresponding to the bottlenecks to computeriza-
tion, as defined by [Frey, Osborne, 2017]. These au-
thors identify three broad areas of capabilities that 
are particularly difficult for machines: perception 
and manipulation, creativity, and social intelligence. 
Table 1 lists and describes these variables. We assume 
that these occupational characteristics are the most 
important for distinguishing between the four groups 
of occupations that differ with regard to the impact 
of digitalization, since they represent capabilities that 
are likely to be in high demand in the future due to 
their low susceptibility to digitalization. 

Results
Descriptive Statistics for Digitalization Impact 
Measures 
Descriptive statistics of both measures of digitaliza-
tion are shown in Table 2. The destructive digitaliza-
tion measure takes values between 0 and 1, reflecting 
its probabilistic nature. The transformative measure 

is an index that takes positive values but does not al-
low for straightforward interpretation. Larger values 
of this measure indicate more pronounced advances 
in AI in a particular occupation, which we interpret 
in terms of the stronger transformative impact of dig-
italization upon that occupation.  
We argue that both digitalization measures capture 
different impacts on occupations. This is supported 
by Figures 2 and 3, which show the distributions 
of the measures of destructive and transformative 
digitalization, respectively. The measure of destruc-
tive digitalization, which is operationalized by the 
computerization probabilities, has a pronounced 
U-shaped distribution suggesting that a large share 
of all occupations face either a very high or a very 
low risk of destructive computerization (Figure 
2). The share of occupations with middling levels 
of computerization risk is rather low. At the same 
time, our measure of transformative digitalization, 
which is operationalized as advances in AI, has a 
well-pronounced bell-shaped distribution (Figure 
3). This means that a large share of all occupations 
face moderate levels of transformation due to digi-
talization, while only few occupations face a very 
strong risk of transformative digitalization or will re-
main almost unaffected. However, there are several 
occupations in our sample (airline pilots, air traffic 
controllers, surgeons, and physicians) with impact 
scores of transformative digitalization that are more 
than three standard deviations above the population 
mean. Indeed, these occupations face a very strong 
impact from transformative digitalization, but they 
are unlikely to disappear, since the destructive digi-
talization risk for these occupations is very low to 
moderate. Last but not least, a large negative correla-
tion coefficient between both digitalization measures 

Таble 1. Computerization Bottlenecks and Corresponding Variables from O*Net

Computerization 
bottleneck O*Net variable O*Net description

Perception and 
manipulation

Finger dexterity The ability to make precisely coordinated movements of the fingers of one or 
both hands to grasp, manipulate, or assemble very small objects.

Manual dexterity The ability to quickly move your hand, your hand together with your arm, or 
your two hands to grasp, manipulate, or assemble objects.

Cramped work space, 
awkward positions

How often does this job require working in cramped work spaces that requires 
getting into awkward positions?

Creative intelligence Originality The ability to come up with unusual or clever ideas about a given topic or 
situation, or to develop creative ways to solve a problem.

Social intelligence Social perceptiveness Being aware of others’ reactions and understanding why they react as they do.

Negotiation Bringing others together and trying to reconcile differences.
Persuasion Persuading others to change their minds or behavior.
Assisting and caring for 
others

Providing personal assistance, medical attention, emotional support, or other 
personal care to others such as coworkers, customers, or patients.

Note. This table was adopted from [Frey, Osborne, 2017]. These authors also include a variable “fine arts” as part of the bottleneck “creative intelligence”. 
We do not use this variable in our analysis because it is coded as “irrelevant” for more than half of the occupations in O*Net.

Source: соmpiled by the authors..
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(ρ = -0.48) further reflects that our measures capture 
different aspects of digitalization.

Mapping the Effects of Digitalization on 
Occupations
In this section, we map occupations according to the 
expected impact the new wave of digitalization will 
have upon them. We also describe the four major 
groups of occupations with respect to required capa-
bilities, as outlined above.
Figure 4 shows our mapping of the occupations using 
the measures of destructive and transformative digi-
talization. We split the chart area into four quadrants 
at the median values of the two measures, weighted 
by US employment in the occupations (Table 2). The 

majority of occupations fall either into the group “ris-
ing stars” or “collapsing” occupations, and thus, they 
face either high levels of transformative digitalization 
or they are severely affected by destructive digitaliza-
tion, but not both. This is not very surprising given 
the strong negative correlation between the destruc-
tive and transformative digitalization measures. This 
observation is also compatible with the previous liter-
ature that discusses substitutive and complementary 
effects of digitalization on labor markets. However, 
there are also many occupations on the map that are 
strongly affected by both digitalization types (“ma-
chine terrain” occupations) or that are not affected by 
digitalization in any significant way (“human terrain” 
occupations). This result suggests that digitalization 
cannot be viewed as impacting occupations in an ei-
ther destructive or transformative way. Rather, digita-
lization should be considered as having more gradual 
and complex effects upon occupations. While we sug-
gest differentiating between the two dimensions here, 
future research might identify even more relevant di-
mensions.
Figure 4 further illustrates the employment shares 
in each quadrant that are indicated by the size of the 
bubbles, each of which represents one of 751 occupa-
tions. Employment shares are highest in the “rising 
stars” group (37% of total employment in the United 
States) and the “collapsing” occupations group (38%), 
while 11% of the workforce are employed in “ma-
chine terrain” occupations and 12% in “human ter-
rain” occupations.3 Table 3 lists occupations with 
more than one million employees and those with very 
large or very low scores in the measure of advances in 
AI. These occupations are labeled in Figure 4 using 
the same occupation identification numbers as in the 
table.

Таble 2. Descriptive Statistics  
of Digitalization Measures

Impact of 
digitalization:

Destructive 
digitalization

Transformative 
digitalization

Operationalization:
Computerization 

probabilities 
[Frey, Osborne, 

2017]

Advances in AI 
[Felten et al., 2018]

Mean 0.579 3.170
Median 0.690 3.164
Standard deviation 0.371 0.706
Minimum 0.003 1.417
Maximum 0.990 6.537
Number of 
observations 751 751

Note: Values reported are weighted by the employment in each 
occupation in the United States.
Source: соmpiled by the authors.

Figure 2. The Distribution of the Measure  
of Destructive Digitalization

Figure 3. The Distribution of the Measure of 
Transformative Digitalization

Source: compiled by the authors. Source: compiled by the authors.

3 There is also a tiny share of employment (about 1%) in occupations that have the weighted median level of computerization probabilities (destructive 
digitalization impact), and thus, we did not assign them to any quadrant. These occupations are housekeepers and painters of transportation equipment 
(both between “human terrain” and “collapsing occupations”), as well as light truck or delivery services drivers (at the intersection of lines representing 
median values of both digitalization measures).

Computerization probability [Frey, Osborne, 2017]
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In the next step, we analyzed the characteristics of 
the occupations in each quadrant. Specifically, we 
analyzed the level of capabilities needed in the oc-
cupations that currently constitute computerization 
bottlenecks, and thus, cannot be performed well by 
machines. We use the eight occupational character-
istics that have been identified as computerization 
bottlenecks by [Frey, Osborne, 2017].
Table 4 shows the average required levels of each 
computerization bottleneck capability for the occu-
pations in each quadrant. Values marked in boldface 
represent an above-average level as compared to the 
full sample. This table clearly demonstrates that “ris-
ing stars” occupations require above-average levels 
in almost all capabilities that currently constitute 
automation bottlenecks, and the level of these capa-
bilities is below average in “collapsing” occupations. 
The only skill, for which we find an opposite result, is 
manual dexterity. Manual dexterity seems to be less 
important for “rising star” occupations than for col-
lapsing occupations. This is probably due to recent 
developments in the technologies of Industry 4.0, in 
particular, industrial robots that achieve high levels 
of manual dexterity, which are comparable to those 
of humans. A sample of “collapsing” occupations can 
be found in the manufacturing sector, such as electro-

mechanical equipment assemblers, but also in servic-
es, such as fast food preparation workers and waiters.
Occupations in the group “machine terrain” that face 
high impacts of both destructive and transformative 
digitalization show above-average levels of such capa-
bilities as working in a cramped workspace, manual 
dexterity, and finger dexterity. A typical occupation 
in this group is the occupation of heavy and tractor-
trailer truck drivers, which demands manual skills 
and is performed in unstructured environments. This 
occupation is likely to be replaced by machines in the 
future, because it faces strong transformation due 
to AI that allows for the development of self-driving 
vehicles. A less typical occupation in this group is 
executive secretaries and executive administrative as-
sistants, who possess many characteristics of the “ris-
ing stars” occupations, such as above-average levels of 
social perceptiveness, assisting and caring for others, 
persuasion, and originality. However, due to the very 
strong transformative impact of AI, in particular, in 
areas of voice recognition and text recognition, these 
occupations face the risk of replacement in the fu-
ture. An example of this development is the already 
existing AI scheduling assistant Amy, which is able to 
independently schedule meetings and communicate 
with humans.4 Thus, “machine terrain” occupations 

Figure 4. A Map of Effects of Digitalization on Occupations

Note. Each bubble represents one occupation. The size of the bubbles reflects total US employment in the occupations. The horizontal and vertical 
lines represent median values of both measures of digitalization, weighted by employment. The map shows occupational identification numbers for 
selected occupations: occupations with employment of more than 1 million, occupations with very large or very low scores in advances in AI, and 
the occupation closest to the median scores of both digitalization measures. Table 3 provides details on these occupations.

Source: соmpiled by the authors.

4 https://x.ai/
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Таble 3. The Impact of Digitalization upon Selected Occupations

Occ. ID 
(Fig. 4) SOC code SOC label

Advances 
in AI 
score

Compu- 
terization 

prob.

Total 
employ-

ment
Quadrant

Occupations with U.S. employment exceeding one million
1 41-2031 Retail Salespersons 2.717 0.92 4 155 190 IV
2 41-2011 Cashiers 2.472 0.97 3 354 170 IV
3 43-9061 Office Clerks, General 2.644 0.96 2 789 590 IV
4 35-3021 Combined Food Prep. & Serving Workers, Incl. Fast Food 2.018 0.92 2 692 170 IV
5 29-1141 Registered Nurses 4.267 0.01 2 655 020 I
6 35-3031 Waiters and Waitresses 2.232 0.94 2 244 480 IV
7 43-4051 Customer Service Representatives 2.939 0.55 2 146 120 III
8 37-2011 Janitors & Cleaners, Except Maids and Housekeeping 2.031 0.66 2 058 610 III
9 53-7062 Laborers & Freight, Stock, & Material Movers 2.775 0.85 2 024 180 IV
10 43-6014 Secretaries & Admin. Assist., Except Legal, Medical, and 

Executive 2.580 0.96 1 841 020 IV
11 43-5081 Stock Clerks and Order Fillers 2.155 0.64 1 795 970 III
12 11-1021 General and Operations Managers 3.352 0.16 1 708 080 I
13 43-3031 Bookkeeping, Accounting, and Auditing Clerks 2.848 0.98 1 675 250 IV
14 25-2021 Elementary School Teachers, Except Special Educ. 3.734 0.00 1 485 600 I
15 53-3032 Heavy and Tractor-Trailer Truck Drivers 3.918 0.79 1 466 740 II
16 41-4012 Sales Rep., Wholesale & Manuf., Except Techn. Prod. 2.788 0.85 1 367 210 IV
17 43-1011 First-Line Supervisors of Office & Admin. Support 

Workers
3.307 0.01 1 359 950 I

18 25-9041 Teacher Assistants 2.539 0.56 1 249 380 III
19 49-9071 Maintenance and Repair Workers, General 3.668 0.64 1 217 820 I
20 41-1011 First-Line Supervisors of Retail Sales Workers 3.358 0.28 1 172 070 I
21 43-6011 Executive Secretaries & Executive Admin. Assistants 3.194 0.86 1 132 070 II
22 13-2011 Accountants and Auditors 3.698 0.94 1 072 490 II
23 25-2031 Secondary School Teachers, Except Special & Techn. Educ. 3.601 0.01 1 053 140 I
24 33-9032 Security Guards 2.897 0.84 1 006 880 IV

Occupations with highest scores in advances in AI
25 53-2011 Airline Pilots, Copilots, and Flight Engineers 6.537 0.18 68 580 I
26 19-2012 Physicists 5.907 0.10 16 860 I
27 29-1067 Surgeons 5.780 0.00 43 230 I
28 53-2012 Commercial Pilots 5.682 0.55 29 900 I
29 53-2021 Air Traffic Controllers 5.680 0.11 23 970 I
30 29-1021 Dentists, General 5.414 0.00 87 700 I

Occupations with lowest scores in advances in AI
31 39-5092 Manicurists and Pedicurists 1.972 0.95 51 990 IV
32 39-4021 Funeral Attendants 1.953 0.37 29 810 III
33 51-6021 Pressers, Textile, Garment, and Related Materials 1.942 0.81 56 600 IV
34 35-3041 Food Servers, Nonrestaurant 1.939 0.86 205 330 IV
35 35-9011 Dining Room Attendants & Bartender Helpers 1.896 0.91 390 920 IV
36 51-3023 Slaughterers and Meat Packers 1.896 0.60 88 500 III
37 53-7061 Cleaners of Vehicles and Equipment 1.864 0.37 288 110 III
38 37-2012 Maids and Housekeeping Cleaners 1.849 0.69 865 960 -
39 39-5093 Shampooers 1.839 0.79 14 220 IV
40 45-2041 Graders and Sorters, Agricultural Products 1.572 0.41 38 950 III
41 39-3093 Locker Room, Coatroom & Dressing Room Attendants 1.515 0.43 17 280 III
42 41-9041 Telemarketers 1.510 0.99 288 760 IV
43 41-9012 Models 1.417 0.98 1020 IV

Occupation with median score in advances in AI and computerization risk
44 53-3033 Light Truck or Delivery Services Drivers 3.173 0.69 780 260 -
Notes. The 1st quadrant contains “rising stars” occupations; the 2nd quadrant contains “machine terrain” occupations; the 3rd quadrant contains 
“human terrain occupations”, and the 4th quadrant contains “collapsing” occupations. The advances in AI are adopted from [Felten et al., 2018] and the 
computerization probabilities from [Frey, Osborne, 2017].

Source: compiled by the authors.
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Таble 4. Digitalization Impacts and Computerization Bottlenecks of Occupations by Quadrants

Occupational group "Rising stars" "Machine 
terrain"

"Human 
terrain"

"Collapsing 
occupations" Total

Quadrant Q1 Q2 Q3 Q4
Digitalization measures

Advances in AI [Felten et al., 2018] 3.817 3.562 2.581 2.61 3.17
Computerization prob. [Frey, Osborne, 2017] 0.186 0.865 0.477 0.916 0.579

Computerization bottlenecks
Finger Dexterity 35.959 40.280 33.002 34.157 35.359
Manual Dexterity 23.013 35.913 25.143 30.744 27.832
Cramped Work Space 22.580 33.128 22.882 17.883 22.172
Originality 47.134 34.973 32.516 30.634 37.501
Social Perceptiveness 51.154 38.138 40.148 37.994 43.163
Negotiation 43.228 32.274 31.706 32.369 36.281
Persuasion 46.133 34.616 35.193 34.408 38.88
Assist. & caring for others 49.183 38.703 46.508 37.087 42.972
US employment 44 948 480 13 736 680 14 150 910 46 584 950 121 110 540
Share of US employment (%) 37 11 12 38 100.00

Note: The table reports on the mean characteristics of occupations weighted by US employment in the occupations. The shares of the occupations in the 
four quadrants do not add up to 100% because occupations that lie exactly on the split lines are not assigned to any quadrant. Boldface values are above 
the weighted average values for the total sample.

Source: compiled by the authors.

are different from “collapsing” occupations in that 
these occupations more strongly rely on non-routine 
manual and cognitive skills while their content faces 
strong transformation. For example, secretaries and 
administrative assistants below the executive level 
can be replaced by machines with less transformation 
of the tasks and therefore belong to the “collapsing” 
group. Moreover, “machine terrain” occupations are 
different from the “rising star” occupations in that 
they more strongly rely on (non-routine) skills that 
can be performed by new digital technologies thus 
making human workers in them increasingly redun-
dant. 
Last but not least, the “human terrain” occupations 
require above-average capability levels of “assisting 
and caring for others” and working in a “cramped 
workspace”, while they have below-average levels for 
other computerization bottlenecks. Sample occupa-
tions in this group are, for instance, teacher assistants, 
customer service representatives, and funeral atten-
dants, among others. Both digitalization impacts, 
transformative and destructive, are relatively low in 
these occupations.
In sum, the capabilities representing computerization 
bottlenecks are prevalent in the “rising star” occu-
pations, whereas they are relatively unimportant in 
the “collapsing” occupations. “Machine terrain” oc-
cupations seem to rely more strongly on non-routine 
manual skills, such as manual and finger dexterity, 
which can potentially be automated in the future 
through significant transformations, while the auto-
mation bottleneck of “assisting and caring for others” 
requires human workers in “human terrain” occupa-
tions in the foreseeable future.

Conclusions
This paper conceptualizes the effects of the new wave 
of digitalization on occupations by proposing a map 
of occupations that differ from each other in terms 
of the impact level of destructive and transformative 
digitalization. While transformative digitalization 
changes the content of occupations without neces-
sarily replacing human workers, destructive digitali-
zation may make human workers obsolete, without 
necessarily transforming occupations. Mapping oc-
cupations in this way allows us to distinguish between 
four major groups of occupations, which we entitled 

“rising stars”, “machine terrain”, “human terrain”, and 
“collapsing” occupations.
This distinction proves to be meaningful in the em-
pirical analysis, which reveals that a substantial 
share of occupations that employ about 75% of the 
US workforce face either a high transformative, but 
low destructive impact of digitalization, or vice versa 
(each group accounts for about 37-38% of total em-
ployment in the United States). A key difference be-
tween “rising stars” and “collapsing” occupations is 
that the former require higher levels of creative and 
social intelligence. Therefore, human workers cannot 
be replaced in these occupations in the near future 
and will work together with new AI technologies 
in transformed occupations, in contrast to the “col-
lapsing” occupations, which require fewer of these 
skills and can therefore be more easily replaced by 
machines. Workers in the “rising stars” occupations 
will have to cope with substantial changes in their 
occupations, probably by means of acquiring further 
qualifications in order to remain competitive, even if 
the risk of replacement by machines is relatively low. 
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Workers in “collapsing” occupations may need re-
qualification to avoid potential unemployment.
Another substantial part of occupations, employing 
about 11% of workers, are confronted with the sig-
nificant transformation of their occupational content 
due to AI, which puts these workers at risk of becom-
ing redundant. Many of these occupations are char-
acterized by relatively high levels of manual skills. 
Although workers in “machine terrain” occupations 
might also need to obtain further qualification to face 
the transformative changes in their current occupa-
tions, in the long run these workers might need to 
re-qualify themselves, since the risk of replacement 
is high. 
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