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O trabalho é um aspecto central da vida humana, pois € um meio para obter recursos
financeiros e relevancia social. Tecnologias sempre foram criadasupdiar o trabalho
humano em tarefas especificas ou tdasa desnecessarias. No longo prazo, as
tecnologias impactaram positivamente o trabalho e, em geral, trouxeram beneficios para
a sociedade. No entanto, as primeiras geracoes de trabalhaddide goecoma adocao
de novas tecnologias tiveram seus empregos impactados negativamente. Os sistemas de
computacdo podem ser usadé@® apenas para automatizar o trabalho, mas também para
ajudar no processo de adocao responsavel da automacdo. Estpraede o
desenvolvimento de ummodeloque permite a avaliagcdo colaborativa do impacto das
tecnologias de automacao no trabalho. Dwmisdelossao desenvolvidos usando a
metodologia Soft Design Science Research. O primeiro usa crowd computiagadea
o impacto das tecnologias de automacao nas ocupagdes. O segundo usa groupware para
avaliar de forma colaborativa o impacto de uma determinada tecnologia em uma
ocupacao em uma empresa. Os resultados da tese mostram diferentes oportunidades para
a aplicagédo d Trabalho Cooperativo Suportado por Computador em apoio a Avaliagdo

de Tecnologia colaborativa da automagzartir dgoerspectiva do trabalho.
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Work is a central aspect of human life because it is a means to obtain financial
resources and social relevance. Technologies have always been created to help human
labor with specific tasks or even make them unnecesbatiie long run, technologies
positively impacted work and, in general, brought benefisotiety However, the first
generations of workers that face the adoption of new technologies had their jobs
negatively impacted. Computing systems can be useonhpto automate work but also
to help in the process of responsibly adopting automaiibis thesis proposes the
development ofa modelthat allows the collaborative assessment of the impact of
automation technologies on work. Twoodek are developedsing the Soft Design
Science Research methodology. The first one uses crowd computing to survey the impact
of automation technologies on occupations. The second one uses groupware to
collaboratively assess the impact of a given technology on an occupatic@ompany.

The results of the thesis show different opportunities for the application of Computer
supported Cooperative Work in support of the collaborative Technology Assessment of

automation from the perspective of work.
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1. Introduction

1.1Background

As we enter the @ Industrial Revolution, changes to work are expected to
intensify. We are already seeing some of these chasgesrhailing companies dispute
the industry with taxi drivers, advances in Al and robotics make us question the limits of
machines, and-commecegiants make traditional stores file for bankruptcy.

Amidst this turbulence, nestandard employment grows and becomes the new
standard in some countriéee Brazil. Unionsare slow to adapt to the new world of work
and governments follow suit. Worlsego through a representation crisis and, even worse,

suffer the consequences of the new business models and automation.

In the longrun, economics teaches us we should not weegauseechnological
change is positive fa@mploymentand automation tends to free humans from the burden
of lesser activitie$AUTOR, 2015) Still, concerns with thehort termaregenuineandit

would be risky talismissthemasNeo-Luddism.

If we are to build a better society with the help of new technologies, a joint effort
from companies, government, unions, and individuals is necessary. Congaasbke
to discover and responsibly integrate new technologige their production.
Governmentgandrive the investment in research and innovation while helping workers
to adapt to the changes provoked by technology. Uniortseamgincreasingly pressude
to reinvent themselves to hdtporganizevorkers that are impacted by automation or are
subject to gQquestionabl e Amodernod wor Kk
themselves informed and educated about new technologies to remain rébevihiet

labor market

As can be seenmuch work is needed in order Buccessfully adopt new
technologies while bringing benefits to society as a wholetl@isdhesidringsa small
contribution to thisyecessargffort by discussing the impact of automation anapasing

models to collaboratively assess the impact of automation technologies on work

1.2Relevance
The relevance of this thesian be seefiom three perspectives the relationship

between work and technologggal political/leconomic, and academic.

r el



Article 7 of the Brazilian Constitutioestablisheshe rights of the urban and rural
workers and, among thenm Item XXVII is therighttofipr ot ect i on agai nst
(BRAZIL, 2018) Still, as it happens to marmpnstitutionalrights in Brazil, the right of
a worker tobe protected from thentroductionof new technologies to production is
mainly ignored as there is littk® nocontrol over this procesand workerdend tobe

alienatedrom the decision process of technology adop{BRAZIL, 2014)

This protection inthe case of automation is highly needed as irresponsible
automation can worsehdeconomicsituatian in Brazil A situationalreadyworrisome
as the unemployment rate in tinenesterended inJuly 2020was B.8%, the highest rate
since the survey began in 20IThe COVID-19 pandemic has been making this scenario
even worse as the number of unemployed people raised by 27.6% from 10.1 million in
May to 12.9 million inAugust. Another unprecededtnumber that was reached during
the pandemic was that more than lddlthe workingage population did ndtavea joh
a group that comprises the unemployed and the population out of the workforce, those
that did not seek a job in the 8aysbeforethe survey. The high unemployment is not
only an effect of the recent pasmdic, asthe unemployment rats above 10% since 2016
(IBGE, 2020)

If the current situations complicated, the future exqually challengingas60% of
Brazilian workershave a high risk of automation in the coming decadssshown in
Chapterd. The Automation Readiness Index, calculated’bg Economist Intelligence
Unit (2018) which considers the innovation environmesducation policies, and labor
market policies of 25 countries, gives Brazil a 46.4 sctire dveragescoreis 62.1)
putting the country in the ¥9position. In the innovation environment category, Brazil

stands in last place, in education policies flace, and in labor market policies 3

The academy has been making efforts in different research fields to help society
to create new jobs and better deal witbadoption of new technologies. Sintedawn
of computation, for instance,the consequeres of automationare problematized
(WIENER, 1960) The challengeof protecting society againstthe undesirable
consequences of technology involves the simultaneous development of our understanding

of such technologies and teeolution of theechnologieshemselvegWIENER, 1960)

Nowadays, this preoccupation is still alive as the IEEE includes @Guitielines

for Ethically Aligned Design, the issue ofiAutonomous and Intelligent Systems



neglecting the complexities of employmerand thefimismatch between the rate of
technological change and workforce (re)traitifdEEE, 2017) Another contemporary
example of the preoccupation of trecademiccommunity with the impact of
technologies the Al Open Letteii signed by over eight thousand people including
researchers such as Stephen Hawkimgludes the conea over Al adverse effects such
as unemploymen{FUTURE OF LIFE INSTITUTE, 2015)

1.3Goal Research Question, and Premisses

There is a dispute over several centuries between two ecotiweasegarding
the impact of new technologies on laljbtMA; SOUZA, 2017; MONIZ, 2013, 2014)
The first thesis defendsthat the adoption ofnew technologiess likely to cause
technological unemployment that is defineddogynes(2010)as "unemployment due to
our ability to find ways to save the use of work beager than the ability to find new uses
for work." Today, this theory has been defended by several authors who believe that the
industrialrevolutionthat we are going through is different from the previous ceres

will cause an increase in unemploymTRAWN, 2016)

The second thesabout the impact of new technologieghat, as has happened
in recent centuriesntroducingnew technologies into production will make certain jobs
obsolete as new jobs are created, with a given balance betweewrtiber of jobs

destroyed and generated.

According toa Future Research about work in 208&xried out byl aboratorio
do Futuro 2017) the concretization of each of these theses would lead us to different
future scenarios. In the pessimistic scenario for the future of workfident that
technological unemployment would not be a probldre,social atorsdid not prepare
themselvegoroperly, causing an increase in unemployment and throwing part of the
population into an economically useless class while a stitelownsthe technological
advancesln the optimistic scenario, the second thesis woeldutfilled because the
social actorsvould recognize the need tdnan aportion of the workers unemployed by

the technology to occupy new jobs.

The description of these two scenartemmonstratethat social mobilization to
deal with the new technolagg and their impacts is essendiainemployment can affect

one, twq or more generations depending on how fast the society adapts.



In addition to the impadif the industrial revolutioon thequantity and qualityf
jobs available, there is alsmimpact on organizations. Thus, understagdhow new
technologies modify the organization of wasknecessaryo evaluate the real impact
and to make the necessary adaptations to the management and the production process
(MONIZ; KRINGS, 2016) It is worth noting thathe deploymentof technologies such
as roboticgo production tends to increase the complexity of the productive sysie®
productivity, andmakeany "unexpected eveénthave asignificart impact on productivity
(MONIZ, 2015; MONIZ; KRINGS, 2016; PFEIFFER, 2016hn Brazil and other
developing countries such as India and China, the impact of new technologies on the
production process is even m@®erebecauseompanies in these countries are worse
managed than tise in developed countri¢gBLOOM, 2012)

Therefore, it is essential to carry out the Technologhsakessmendf these new
technologiesyhich includes scientific research carried out through systematic methods
of the consequences of the application of a given techn{@&giNWALD, 2009) This
assessmertdanbe usedoy the various actors capable of engendering social changes so
that the technologies cdre hanessedn the best way for Brazilian economic and social
development. Legislators, entrepreneurs, workers, NGOs, judges are some examples of
theactors who can find value in the evaluation of emerging technologies.

Given this context,hte goal of this thesis ig0 developa modelthat allowsthe

collaborativeassessmermf the impacof automatiortechnologie®n work.

The thesis seeks to answer the followmegearch question can Computer
Supported Cooperative WofCSCW)be used tdelp the participatory assessment of
work-disruptive technologiés

The thesis is based on the thpgemisesbelow.

1. Work is centrato society and individuals;
2. When new technologiesare applied to production, oskers are themost
impacted group

3. Workers are thenain specialistsn terms of their own working activities.



1.4 Methodology
In order to achieve this goal, Design Science Reséaudedasthemethodology
More specifically, the Soft Design Science Research approach to Design Scielbee will

appliedto generatéghe modek that attend to the research goal.

1.5 Contributions

In summary, the contributions of this thesis are the following.

A review of the acaeimic literature about the future of work;
An estimation of the impact of automation in Brazil;
A proposal of a model supported by a crowdsourcing system to survey the impact
of automation technologies on occupations;

1 A proposal of a model supported by gomare to collaboratively assess the
impact ofanautomation technolggon a given occupation in @mpaly;

1 A proposal of an algorithm that calculates professional career pathways for
workers considering the data available in Brazil;
An evaluation of the 3eCheckout technol ogy i mpact
A technology forecasting about the future of convenience stores;

Two examples of the application of the Soft Design Science Research approach.

1.6 Structure

The remainder of thiwork is organizedas folows.

Chapter 2 presents Design Science Reseahithvis the Methodology used in

the thesis.

Chapter 3 presents the Literature ReviBust, the Theoretical Background of the
thesis that includes Technology Assessment, a discussion about Expertise ledgemw
and ComputeSupported Cooperative Work is presented. Next, a literature review about
the Future of Work is presented including its Social, and Wortt Organizational trends.

Finally, recent literature abothlieimpact of automation on work is riewed.
Chapter 4 presents a study about the Impact of Automation in Brazil

Chapter Sdiscusseshe proposal of the thessd how the two models designed

in the following chapters



Chaptes 6 and 7 present the first and second design cyobspectively that
developed théwo models proposeih the thesis.

Chapter 8presents theantributionsof the thesislimitations of the work and

future work.



2. Methodology

This Chapter presents a discussion about the methodology used in this thesis. It
starts with a presentation of the epistemology of Design Science (DS). It then explains
the Design Science Research (DSR) paradigm and finishes with the descadpti
different approaches to operationalize the paradigm with a focus on the Soft Design

Science Research (SDSR), as summarizétguarel.

Epistemology

Paradigm

Approach + Operational

Figurel: Hierarchy of the Design Scientethodology

2.1 Definition

In order tounderstand Design Science Research, it is necessary to explore its
origins. First published in 1969, Her bert
Artificialo put forward the discussion of
natural and socliaciences because of its focus on creating models rather than describing
the universe around SIMON, 1996) Design Sence ReseardDSR)comes from this
epistemological discussion being the research method applied by those who seek to
developa modelo solve a reaworld problem(DRESCH; LACERDA; JUNIOR, 2015;
HEVNER; CHATTERJEE, 201Q)

According toHevner & Chatterjee 2010) DSR is a research paradigm in which
a researcher seeks to answer questions relevant to human problems by creating an
innovative model. Both the designing process and the resulting model must comtribute
the academic community.

DSR is a relatively new research paradidt it is already weHlaccepted in
Information Systems (IS) being widely used to generate models while having its



definition, methods, and evaluatidachniquesdiscussed and improve@®LTURKI;
GABLE; BANDAR, 2011)

Hevneret al. (2004)developed a set of guidelinés using DSR in IS research,
thati despite being focused on systems for organizations, whechadrthe case of this
thesisi may present some valuable principles for conducting DSR and are described

below.

Guideline 1: Design aa model The result of DSR in IS must be an diftifact
thatcanbe understoods the constructs, models, and methodsl us develop and use
the information system. By the end of the design attiéactis notnecesarily ready to
be deployed but must be a reliable representation of the problem making the solution
easily perceptible. Still, instantiations of tletifact are essential to demonstrate its

viability in at least one situation.

Guideline 2: Problem Relevanc€&he objective of the research must be relevant
not only to the academic community Hotthe endusers, producing changes in their
reality that takes therloser to their goals.

Guideline 3: Design Evaluatioesignis an iterative and incremental activity
Evaluatingthe resulting artifacat the end of each iteratiamessential to imprawit. In
any design cycle, thartifact features musbe comparedvith its requirementdeing

completedbnly when they are satisfied effectively.

Guideline 4: Research Contribution® well-executed DSR must provide
contributions to either the area of the design model and design methodolggpehal,
the resultinaartifactis the primary research contribution of a DSR, but the design process

may also provide relevant contributions to the foundations and methodology of DSR.

Guideline 5: Research RigdDSR efforts must use a knowledge baseatifely
to justify their decisions both of the theoretical foundations of the desigiisardearch

methodology that bring about thetifact

Guideline 6: Design as a Search Procdasssence, thaesignis a search process
for an effectivesolutionthat involves utilizing the available means to reach a desirable
end while respecting the constraints of the environnidns.demands knowledge about
the application domain such as the requirements and constraints, and the solution domain

which are the tehnical and organizational aspects of the proposed model. In this process,
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DSR involves the simplification of a problem and its decomposition in subproblems
which will eventudly evolve ancexpand to a morespproximaterepresentation of a given

reality makng the solution increasingly more relevant.

Guideline 7 Communicatiorof ResearchThe communication of research must
be twofold, satisfying both the technical community and theused community. The
technical community mudte providedvith enough inbrmation about the model and its
design process to allow for either repeatability of the research project in other contexts or
improvement of the provided model. The amskrs must have a clear understanding of
the problem that the research was seekingoloe to evaluate if the solution can be

implemented in their context.

2.2 Approaches

As DSR is a research paradigm, its principles and guidelines are tole¥Wajtho
guide practicd ALTURKI; GABLE; BANDAR, 2011; BASKERVILLE; PRIESHEJE;
VENABLE, 2009; PEFERS et al., 2007Yhus, sveral approdtes havédeen proposed
for DSR, or, asDresch,Lacerda &Janior 015) call them, rethods formalized to
operationalize researohNext, four approachedevelopedpecificallyfor the IS research

field will be briefly discussenh chronological order.

Thefirst approaclhis called Information System Design Theory (ISDT) and was
proposed byValls, Widmeyer& El Sawy(1992)to be a predictive theory integrating
normativeand descriptive theories to design more effective systems.

The authors highlight that Adesigno is b
product and a process. Consequently, a design theory must deal with two dependent
aspects, one dealing with theoduct and the other one with the process. Each aspect of

the theoryis constitutef the following components:

1 Design Product:
1. Metarequirements: describe the class of goals to which the theory can be
applied;
2. Metamodel: describes the clasd models tha can meet the meta
requirements;
3. Kernel theories: the group of theories from natural and social sciences that

govern the design requirements;



4. Testable design product hypothesis: the set of hypeshieat can be used

to determine if the metdesign meetthe metarequirements of the design.
1 Design Process:

1. Design method: describes the procedures for the construction of the
model;

2. Kernel theories: the group of theories from natural and social sciences that
govern the design process;

3. Testable design process hypothesis: the set of hypotheses that can be used
to determine if the design method result@imodelconsistent with the

metadesign.

Walls, Widmeyer& El Sawy(1992)defend that the design process starts right
after the problem identificatioThe design process composed of several cycles, each
involving increasinglydetailed decisioamaking, and terminates when the arsegr

accepts the system.

Design Science Resea Methodology (DSRM) is theecondapproach to DSR
to be discussed here. It was put forwardBfferset al. (2007)because they felt a need
for a common framework for DSR in IS that constituted a process model for research and

a mental model to allow readers and reviewers to identify and evaluate a DSR.

The authors considergldata methodology for DSR should be composethoge
parts a definition of DSR, practice rules, and a process for carrying.ifTbetlast one,
the process, was chosen as their focubéimg underdeveloped the literaturePeffers
et al. (2007) write that the proposed process is not the only waysswsDSR as a

methodology butrepresents suggestion adn excellent way to undertake it.

By analyzing seven of the most important papers about B&ferset al.(2007)
defined that DSRM invol&the following activities:

1. Problem identification and motivatiowtefine the problem, preferably by
atomizing it to allow the solution to capture its complexity. Justify the
value of a solution to the problem;

2. Define the objectives for a solutiononsideringthe problem defined in
the previous activity determine the lgectives that the solution must

achieve

10



3. Design and developmerthis activity involves the creation of tlagtifact,
be it a construct, model, method, or instantiation;

4. Demonstration:here, theartifact mustbe testedor its capacity to solve
one or moe instances of the problem, which coddd undertakenn
several manners such as experimentation, simulation, or case study;

5. Evaluation: complementary to the previous activity, this one entails
comparing the performana# the artifactin the demonstratiowith the
objectives defined in activity two. If the designer is satisfied with the
performance, the next activity cae done Otherwise the design process
must iterate back to activity three;

6. Communication: the problem and its relevance, the desigregspthe
artifact andits effectivenss mustbe communicatetb the academic and

other interested communities.

Pefferset al. (2007)highlight that researchers are not expedttefbllow each of

these activities sequentialind the process coulgk startecit almost any step.

The third approachdescribedhere is called Soft Degn Science Research
(SDSR) and was proposed Baskerville,PriesHeje & Venable 2009) The authors
defend that, despite the iteratslgaracteof the DSR paradigm, the DSR Haeen mostly
regardedhs episodic. They believe that this happeesausdngineering and Computer
Science anchor theory to a set of specifications so complex that the construction process
of the artifact becomes equally complicated and expensive, making revisions to the

artifactafter evaluation so costly that thase not undertaken

In order to make DSR iterativBaskerville PriessHeje & Venable 2009)propose
that the design and tlagtifacti must necessarily be simpler,
if the proces is tobe repeatednultiple time® Therefore, the authors emphasize the
importance of prototyping in SDSR. Thienplestform of theprototypebeing a mockup
prototype that models the physical aspects oattitact

The SDSR approach comes from conmgnthe DSR paradigm with the Soft
Systems Methodology, which emerged from the combinatioAatibon Research and
SystemsScience. The authors understand that the Soft Systems Methodology provides a
set of critical activities and techniques that come fgystem thinking that coulte

adaptedor use in DSR. Seven activities compose the proposed approach:

11



1. The specific problens identifiedand delineated;

2. The problems expresseds a set of specific requirements;

3. In the systems world, the specific requiestts are abstracted and
translated to a general problem;

4. A general solution is then developed based on a set of general
requirements;

5. The general and specific requiremesits compared

6. A searchs donefor the specific components that will provide effective
instance of a solution to the general requirements;

7. An instance of the specific solution is built and deployed in the social
system, thus changing the specific problem, allowing learning to be

derived and starting the cycle again.

Thefourth and last approach to DSR to be presented here is the DSR Roadmap
proposed bylturki, Gable &Bandar 2011) As the previous creators of DSR approaches
discussedAlturki, Gable & Bandar 2011)also saw a lack abperationalzationin the

DSR methodology that tends to have a high level of abstraction.

In order to overcome this drawback to DSR application, the authors made a
literature review of sixty papers about DSR gmdposé theDSR Roadmap based on

the literature. The Roadmap involves the following fourteen activities.

1. Document the spark of an idea/problem that can come either from
practitioners or the literature;

2. Investigate and evaluate the importance ofpttudlem/idea;

3. Evaluate the new solution feasibility within the timeframe and resources
available;

4. Define the initial research scope and goal, which can beteevisedhs
the design progress;

5. Decidewhetherthe research falls under the DS paradigm;

6. Estabish if the research is about DS research (creatinagrtifacy or DS
science (evolving DS methodology);

7. Define the theme as being construction, evaluatoboth;

8. Define the necessary skills, tools, and experience required for the design;

9. Define alternéve solutions to the problem;

10. Explore theknowledgebase for the support of the alternatives;
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11.Plan for the construction and evaluation of din&fact
12. Develop/construct thartifact
13. Evaluate thaurtifact

14.Communicate findings.

As canbe seenthe DSR aproaches in the field of IS are relatively simil@his
is expecteds they belong to the same research paradigm. Still, one of these approaches
has to be selected to guide the design process. Thus, the remainder of this thesis will
follow the SDSR apprad proposed byaskerville,PriessHeje & Venable 2009) The
choice for the SDSR comes from the fact that it is the approaclh&iiost concern for
the iterative character of the design and a strong emphasis on the importance of
prototyping. Asthe author of this thesis is not a developer, prototyping is a fundamental
activity that enables the construction and evaluati@ambdelwith much less effort than

developing a system would demand.

The main drawback of this approach is the evaluattmase whictis combined
with the last step dhedevelopment of the model. Nevertheless, this could be considered
a problem with every DSR approadro solve this lack of discussion about evaluation,
literaturespecifically about evaluation witleconsidered when performirlisimportant

step in the design cycles.
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3. Literature Review

This Chapter presents the Literature Review of the thesis and is divided in three
parts corresponding to the three subchaplae the first one, the Theoretical Background
of the thesis that includes Technology Assessment, a discussion about Expertise &
Knowledge, and Comput&upported Cooperative Work is presented. In the second one,
a literature review about the Future ob¥¥ is presented including its Social, and Work,
and Organizational trends. Finally, in the third one, recent literature about the impact of

automation on work is reviewed.

3.1 Theoretical Background

Thissubdapter provides an overview of some theories serve as a background
to the development of the models presented on Chapters 6 atdsfarts with the
presentation of Technology Assessment (TA) where its definition, history, and types are
discussed. Next, a brief discussion about knowledge andli&dge/sharing with a focus
on the relationship between experts and laypeasmgeesented-inally, the research field
of ComputerSupported Cooperative Work (CSCW) is introduced with particular
attention to crowd computing and groupwavhkich are used tsupport the first and
second models, respectively

3.1.1Technology Assessment

After reviewing the literature about the future of warlstarted searching for a
way of predicting the impact of technological change on work. This searaheledthe

reseach field of Technology Assessment, which will be presehtrd

Technology Assessmeoanbe definedas

The most common collective designation of the systematic methods used to
scientifically investigate the conditions for and tiesequences of technology
and technicising and to denote their societal evaluaii®RUNWALD, 2009)

The term has been subject to changes and different interpretations since its
creation making it necessary to understand its historphwervethe diversity of

definitions.

During the 60s, thdelief that technology would naturally lead humanity to a

better world could no longer be sustainethus, dealing with the impacts and
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consequences of technology became a relevant issue for politics, sangksgience
(GRUNWALD, 1999)

It was during that periothat the development of the concept of TA began in the
United State®f Americadue to studies from three advisory groups to the Congress: the
National Academy of Sciences, the National Academy of Engineemtgthe National
Academy for Public Administteon (COATES, 2016) Another two remarkable efforts
werecreatingthe Program of Policy Stigk in Science and Technology by the National
Aeronautics and Space Administration and the Program of Technology Assessment by
the National Science Foundation both at the George Washington Uni(@G/TES,

2016)

The culmination of all these efforts was the creation, in 1972, of the Office of
Technology Assessment (OTA) by the AJEongres§COATES, 2016; GRUNWALD,
2009; TRAN; DAIM, 2008; VAN DEN ENDE et al., 1998peveral factis motivated
the creation of the OTAncluding:

1 The need of the Congress for an earlier awareness, waanuhgnderstanding of
the consequences of the introduction iatsociety of new technologies tne
substantial expansion of existing oi€OATES,2016; TRAN; DAIM, 2008)

1 The asymmetrical access to technically and politically relevant knowledge
possessed by the BSxecutive and legislative bodies was deemed to create a
dangerous unbalance between these two povegrardingtechnologyrelated
issueGRUNWALD, 1999)

The term ATechnol ogy Assessmento itseldf
Emilio Daddarig responsible for introducing the bill that created the QUOATES,
2016; GRUNWALD, 2009; TRAN; DAIM, 2008; VAN DEN ENDE et al., 1998je
defined TA as:

A form of policy research which provides a balanced appraisal to the
policymaker. Idedy, it is a system to ask the right questions and obtain correct
and timely answers. It identifies policy issues, assesses the impact of
alternative courses of action and presents findings. It is a method of analysis
that systematically appraises the nafusignificance, status, and merit of a
technological prograrflUS CONGRESS, 1968)
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OTA thrived for almost 20 years beforeetof costcutting initiatives dismantled
it (COATES,2016)

As it canbe devisedrom the history of the OTA, the concept of TA was created
to improve government decision makiiBRAN; DAIM, 2008). This was supposed to
happenby the establishment oh neutral approach anthe promotion ofan early
awareness of both the course of development and of all the societal consequences of new
technologiegVAN DEN ENDE et al, 1998)

In the 70s and 80s, these original assumptions and operating modes of TA became
increasingly problematic as unforeseen eventsh sas the oil crisis made many
assessmentsf the period to becomworthless(VAN DEN ENDEet al, 1998) Thus,
newstyles of TA é.g, Strategic TA and Constructive TA) were created as it became a
more strategic and focused t¢uIAN DEN ENDE et al, 1998)

Nowadays TA is widely known in the government, policyand business
communities of the US where itwas created although currently it is virtually
unpracticed theré but its center of activity has switched to Eur¢@®OATES, 2016)
There is an international community devoted to TA including institutions and
organizations (e.g.the European Parliamentary Technology Assessment Network),
networks (e.g.the Germaranguage network TA), disciplinary organizatiprend
conferences (e.gthe European Association for the Study of Science and Technology
andthe Institute of Electrical and Electronics Engineers initiatives concernedthéth
social implications of technologylsRUNWALD, 2009)

Speaking of TA typeshe Traditional TA (also called Classical TA, Awareness
TA, or Early Warning TA) incorporates practices of the O However,it is a later
stylizaion and not a precise historical reconstruci@RUNWALD, 2009) Its objective
is to provide policy options and to raise awareness of future technological developments
(VAN DEN ENDE et al, 1998)

The following six elementare consideretb bethe basis of the traditional TA
(GRUNWALD, 2009)

1. Positivism the view that TA should only provide valfiree knowledge about
technology and its impact while decisions concernadjtics are out of its

jurisdiction;
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2. Etatism Traditional TA is concerned witldvising onpolitics, and it is the
responsibilityof the Statdo guide technology advancement with social concerns
in mind;

3. Comprehensivenesis was believedhat TA shouldorovidecompleteknowledge
of the consequences of the technologies;

4. Quantification in order to reduce the subjectivity of the results of TA, the
traditional approach puesxceller expectations in the quantification of the effects
of technology;

5. Prognoticism society was seenas a nhatural system whose laws coblel
discovered allowing politicians to know beforehand what could be done to
respond to thadvere effects of technologuncovered by TA;

6. Orientation towards expertf Traditional TA, experthadthe soleresponsibity

for providingknowledge to decisiemakers.

A different type of TA, callecConstructive Technology Assessme@ff), was
developed in the Netherlands aisdbasedn the idea that dealing with the impacts of
technologiess a responsibility that starts in the technology design phase because the more
you know aboutthe impact of technologyhe leastyou can do to influencet
(GRUNWALD, 2009) As this style of TA demands, its practitioners are mainllipub
and academic research institutes that seek to influence the development of tedmnology
aligning it with social demands and expectatiQqd&sAN DEN ENDE et al,, 1998)

This approach to TA originates from the modern views of the Science and
Technology Studies (STS) research field that claims that the very design of technologies
is intertwined with societal procesg88AN DEN ENDE et al,, 1998)

A third type of TA originated from a desire to increase the participation of more
people in the procesAs canbe seerfrom the description of the Traditional TA, it was
extremely centralized in the hands of two actors: politicians (decisionism) and experts
(expetocracy), resulting in demands for more participatory approaches following
democratic principle§GRUNWALD, 2009)

Participatory TA(pTA) is one answer to this demamd.A does sdy adding to
experts' effds the views o$ocialgroups such dsbbyists affected citizens, neaxperts,
and the public in general in the process of analyzing technologies and their impacts
(GRUNWALD, 2009)
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There is an expectation that the inclusion @fider group of participants in the
TA process will improve the legitimacy of the decisions made concerning the
techndogies (GRUNWALD, 2009) However,this promisecan only be fulfilled in
specific condition§GRUNWALD, 2004)

3.1.2 Expertise & Knowledge

Technological change is not only a technioatteras power disputes play a
crucial role in defining who comes out as a winfiem this processThus, considering
that knowledge about new technologies and their impact is a weapon in this battle, before
going forward, some thinking has to be dethkdato the struggle concerning knowledge
production and sharing. This Chappeesentsa brief history of knowledge sharing and

then a discussion about the relationship between the Knowledge Society and expertise.

AHuUmMan a &kiowledgebaseds (BOHME; STEHR, 1986) Several
technologies have increased human capacity to acquire, atateshare knowledge.
Language cabe consideredne of the firstas many skills, myths, and prophecies were
passed down the generations orally. Writing is one reamiaty technology that allowed
the storage of information and facilitated its sharifige invenion of the printing press
in 1470 represented massie step in the sharing of knowledge as tenseerby the
explosion in theconsumptionof printed books frm 1454to 1750 in Western Europe
(Figure2) (BURINGH; VAN ZANDEN, 2009)
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Figure2: Book consumption between 148450 in Western Europe. Based omriBgh & VanZanden 2009)
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The invention of the computer and, later, the Internet represent ahethees
in this long history of evolubtn in humanityp &nowledge sharingapacity. Nowadays,
in the Web 2.0 erajastamounts of data are generated every Aafact thatshows how
much data we are creating is that more dedacreatedin 2014 and 201%han in the
entire previous history of the human rgdARR, 2015) We are in the middle of an
exponential climb in the productioof datg asFigure 3 shows (GANTZ; REINSEL,
2012) That does not mean that we are producing that much knowledge or that we are
extremely more intelligent than our ancestors. As the previous know$bdgeg
technologies)CTsalsohel p t he spread of ofPWNK®etal,ews and
2019) These phenomena are there to prove that this history represents an evolution in the
capmcity of sharing knowledge, but not necessarily in the quality dribe/ledge that is

being shared
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Figure3: Exponential growth of the digital universe. Based on (GANTZ; REINSEL, 2012).

Along with the history of the relation between humanity and knowledge, another
onecanbe told the one about experts, those that hold knowledge. As peo@ecan
accesknowledge nowadays than ever in history, we could infer that experts have lost
most of their power. Indeed, if weomparethe shaman from ancient history, vested in
godgiven poweyand a modern engineave can see an immense differemegarding
powerb ut t he engineersodé relevance cannot be i

on (scientific) knowledge
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As early as in the 70s, there were predictions of the coming of a new type of
society(BELL, 1974) Since then, several theories have been put forward to describe this
new societyfBELL, 1974; CASTELLS, 2002; TOFFLER, 1980; TOURAINE, 197Al)
these theories share a common trateget bel i ef in the dAprofoul
irreversible effecthats ci ent i fi ¢ knowledge is having on
(BOHME; STEHR, 1986)

Contemporary society can be considered a knowledge society given the
penetration of scientific knowledge every sphere of lif§BOHME; STEHR, 1986)
Stating that the knowledge society has arrived does not mean, as some may believe, that
the whole world is no longer an industrial society. This movement is stmibae ofthe
waves, as severajfes of societies may coexist around the world and even in a given
country(TOFFLER, 1980)Thus, the rise of a new type of society cannot be understood
as a revolutionary development but a gradual change of the former S@ABHME;
STEHR, 1986)

In a society dominated by knowledge, expertise is a central concept. A definition
of expertise is that it fArefers to a widely
or technique that iaccorded status and authority by the peers of the person who holds it
and accepted by mem@FBCHER,RI0AYt he | arger publ i

Thus, western society has evolvedaas ipr of essi onal society
expert disciplines that speak to and regulate all aspects of contemporary life. Professional
experts have a high degree of inpuence in r
However, this is not to imply thalhe professions are a relatively new phenomenon; the
traditional professions emerged as part of the legacy of the seventeenth and eighteenth
century Enlightenment in EuropBy the end of the Second World War, professj@ss
we know themhad emerge@FISCHER, 2009)

The centrality of the professions in our society is one of the main reasons that trust
has emerged as a critical sociopolitical issue. Modern life dependarhentally on
trusting experts we do not know who often move in elite circles socially distant to the
l i ves of everyday <citizens and speak | ang
(FISCHER, 2009)

A recent study sheds light on the issue of trust in our society. It shows that people

are more likely to trust search engines (59%) than human editors (41%). The study also
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reveals thah p e rpeeos(suEls as friends andinily) are considered as credible as
technical or academic expe(BSDELMAN, 2017)

Even if people trusthe internet morg¢han other people, there is a difference
betwe@ being an expert and just having access to a pool of knowledge, even if it allows
you to take action. This is not a new issue, as the following passage from Aristotle shows:

Ailt is possible to do something that s
either by chance or at the suggestion of another. A man will be a grammarian,

then, only when he has done something grammatical and done it
grammatically; and this means doing it in accordance with the grammatical
knowl edge (ARISTOTLENER9) f o

Besides this difference between having the knowledge and just using it,
professionals set themselves apart from laypeople in modern societies because they are
entrusted with the right of using and guarding a given body of knowledge by their peers,
govenment and society as a who[@ARSONS, 1975)That is, they enjoy a different

social status.

If leaving it to experts to solve social problems is increasingly being questioned,
the solution seems to be bringing citizens to weigkeitisions that will impact their own
l i ves. However, b y in this askectwegcanasee thBtrthisisinbt&s st a
trivial task.As the Democracy Index shows, despite having a high grade in two variables
of the index, Electoral Process andralism (9.58 out of 10and Civil Liberties (8.24),
Brazil hasa badevaluation of the otheelevantvariables, namely Political Participation
(6.11), Functioning of Government (5.36), and Political Culture (5.0HE
ECONOMIST INTELLIGENCE UNIT, 2018)

We could then derive from this situation that the involvement dfesis in the
participatory/democratiy Brazil initiativesis a challenging tasiStill, it is by creating
opportunities for participation in decisions impacting society that the political culture will

evolve in Brazil.

3.1.3 Computer-Supported Cooperative Work

Computer systems have become an important and ubiquitous tool for
collaboration that can be used in participative Technology Assessment. It has been
successfully applied tgsupport collaboration irdifferent situations such as politics,

science, and business. This Chapter presents the research area of CSCW that is concerned
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with the development of such systems. The Chapter is divided into two parts, the first one
provides an overview of the CSCh¥earch field and the second one shows some of its

diverse applications.

The phrase Comput&upported Cooperative Work was coined in 1984 by Irene
Greif and Paul Cashman during a workshop that was discussing the role of technology in
the work environmentNICOLACI-DA-COSTA; PIMENTEL, 2012) The authors
created the phrase to refer to a set of concerns regarding the support of a group of
individuals working together with computer systems. As such, the area of CSCW is
expansive(BANNON; SCHMIDT, 1989) even morgtoday as computer systems are

used everywhere.

The term Groupware issued t o d e f -based sysitems that supEort
groups of people engaged in a common task and that provide an interface to a shared
envi r o(EhENGIBBS; REIN, 1991) What differentiates computer systems in
general and groupware is that the lageoncerned with three key areas: communication,
collaboration,and coordinatior(ELLIS; GIBBS; REIN, 199). This division in three
areas inspired the creation of the 3C Model that considers the activities related to
communication, cooperation (instead of collaboration), and coordination as the basis for
the collaboration of a groufFUKS et al, 2012) The 3C Model helpgo classify
groupware accordngtohe degree to which each system
(FUKSet al, 2012)

As the Internet progressed, new possibilities appeared for CSCW and new
applications of groupware appeared that were concerned with an expanded group of
people that resembled a crowd given the number of people involved. Gime wiost

prominent applications of groupware to this new era of the internet is crowdsourcing.

Crowdsourcing was first discussed by Jeff Howe in a Wired magazine article back
in 2006 (MORAES et al, 2014; SCHNEIDER; DE SOUZA; MORAES, 201Howe
was interested in showing how different industries such as the pharmaceuticals and
television were tapping into the potential of a crowd through the internet; he called this
process crowdsourcing. This crovparticipationwas not always free butould cost
companies much less thhming and payinggemployeegHOWE, 2006)

The bag process of crowdsourcing involves the submission by a requester of a

certain task to be executed to an intermediation platform where a provider (worker) can
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analyze the task, accept it, and then post the result in the same platform to receive his

paymei upon the approval of the result by the requgEAO; ZHU, 2014)

In the past years, crowdsourcing grew, and its possibilities diversified. One
possible classification of Crowdsourcing systems is givdfigare4 where the systems
are divided into four quadrants according to the heterogeneity of the tasks toed
individual or collective characteristic of the wo(l6EIGER; ROSEMANN; FIELT,

2011)
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Figure4: Classification of crowdsourcing stems (GEIGER; ROSEMANN; FIELT, 2011)

Crowd rating systemseek to aggregate the collective opinion or assessment of a
crowd and have na priori right or wrong result from each contribution. Statistic
proceduresare usuallyapplied toaggregate the result€rowd processing systeratso
aggregate individual homogeneous contributions but they can be evaluated individually
and objectivelyCrowd cration systemsvolve the execution of heterogeneous tasks by
the crowd to create a common result that has to be evaluated as the full result of the efforts
of the individuals. Finallycrowd solving systenare similar to crowd processing, but
there are ififerent possible solutions to a given problem, and, as such, the tasks executed
by the individuals are heterogeneous. In this case, the final result is the best solution given

by the individual efforts of the crowd.
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As the plurality of CSCW shows, theradhbeen a significant advancement in the
field during the more than three decades since its creation and its applications nowadays

are everywhere to be seen.

In terms of laypeople participation, a speciiiterestof this thesis, Natural
Sciences are alagly making good use of CSCW systeassprojects in citizen science
shows The movement is answering social desires such as people's thirst for data and a
push to improve the transparency and accessibility of sci¢RVEIN, 2018) We can
highlight successful experiences in the field of citizen science such as EteRNA
massive open laboratotiyatallowed a crowd of laypeople to test RNAustture designs
(LEE et al, 2014; TREUILLE; DAS, 2014j and Fast &encei a Brazilian platform
that allows experts to set up experiments and recruit the crowd to part{€&ateVES,
2016) Recruiting the crowds a stratgy thathas also beeapplied inanother Brazilian
casethat useshumars as sensoras in CrowdView, a system that allows citizens to
identify and report problems in their c8ILVA, 2017).

In the field of Futureoriented Technology Analysi&TA), which Technology
Assessment is a part of, some computational systems could be classified as groupware
such asAutobox Forecast PragandSAS Forcast Server. Still, these systearesfocused
on Technology Forecasting, not Technology AssessiiBxRiRBOSA, 2018) As such,
there is an opportunity for recruiting the crowd or creating groupware to help in

Technology Assessment.

Thus, we proposein Chapter 6, a system to leverage the power of crowd
computing to rable lay people to act as expefitkis will be accomplished not only by
breaking bigger and complex tasks into smaller ones and distributing them to a crowd, as
crowd computing advocates but also by subverting the expert logic when considering that
workee 6 s Kk n o wl e dogvejobadiiatiastis sd ritrethat they can be considered

experts when asked to do taskat involveanalyzing their work.

In Chapter 7, the proposed system is groupware, as géooun the collaboration

of a smaller number gfarticipants. Still, similarly to the previous one, this system is also

grounded on the idea of | everaging workersa®ao
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3.2Future of Work

A broad perspective about the future of work is an essential firstosteypds the
development of modek that are effective in helping society to cope with new
technologiesFurthermore, the very choice of a problem to dwell on depends on knowing

the challenges ahead.

This Chapter seeks to provide a glimpdge the future ofwork. In the first part,
a brief history of workis told which helpsto situate the currerthanges in a historical

landscape whilghe second part presents a literature review about the future of work.

Work has a central role in society for centuriesvnbut it has not always been
like that as the idea of work changed several tilAssan example hie meaning of the
words used inthéat i n | anguages iftrabalhodfinvRontuguese ors uc h a
fitravailo in French,is multiple and changed throughoustory. Etymologically, its
origins go back to theatinw o r tdpalfimdé whi ch means,andhirttsar t ur e d
the fact that the wide recognition of work as being fundamestale have todayas not
shared by our ancestqSLBORNOZ, 1988)

In Greeksociety, only slaves or secouthss citizens used to work as it was
mainly a physical activity considered undesirable by the uplpss peopléDE MASI,
2000) Work remained an activity reserved for the unfortumatheMedieval Periochs
it was considered something be avoidedy the members of th€atholic Church and
the noblefLAFARGUE, 2013)

The ethics of the religious denominations that derived from the Protestant
Reformation went in direct opposition with the Catholic view of work by viewing it as a
mears to salvationWEBER, 1930) This change in the meaning of work wadremely
importantfor the Industrial Revolution that wasftalow, for it provided the cultural and

moral justification to keep people working for 16+ hours per day.

The industrial revolutions deserve special consideration in the history of work as
they represent fiprofound @EANDBES HEE9)Intheset he me a
periods work went relatively quickly through severe changesThe 15t Industrial
Revolutioni which took place in the XVIII centuriyrepresented the shift froartisanal
production to the factory mode of production boosted by the new gieamred
machinegLANDES, 1969) Several intellectuals perceived tteangesappening in this
period and even though their accounts differed in several viaygere are some points
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of convergenceBoth Adam Smith andKarl Marx saw how the wik that wasdoneby
the artisans was being replaced by a highly specialized workrthaghtseverabdverg
effects to the workerass well apositive economic resul{fARX, 1887; SMITH, 2009)

Another period in which work has changed rapidly was durin@thidustrial
Revolution when electricity was invented and applied in the productickNDES,
1969) The characteristics of the factory systemre further intensifiethy the works of
entrepreneurs shcasFrederickTaylor that brought the scientific administration to the
factories andHenry Ford, that seek to intensify the division and specialization of work
by the creation of the production lines. The electrification of production meant that
machinessubstituted some of the work done by the people. Around that Jinbes

Fayol 6s wor k hel ped twhitealtagvark was iacreasmgnp ani e s

The invention of Information and Computation Technologies (IGFs)their
application on business around tH# 0s represent the main event of 8feIndustrial
Revolution (CASTELLS, 1996) With the ICTs came new industries and new types of
jobs, the main product severalcompanies became informatiandthe third sector of
the economyServicessecto) represented for the first time mn historyi thelargestshare

of GDP ofvariousdeveloped countries.

Robotics, Artificial Intelligence, bicand nanotechnology are considered the tip
of the iceberg of what might be called #&Industrial Revolution (SCHWAB, 2016)
As these technologs@re further developeahd used, usually in combinatiome will see

even more changes to work.

The literature revieypresentedhere aims to show some of the trends indicated
the literature that will help to shape work in the upcoming decatibat folows is a

description of how this researalas undertaken

On November 1, 2016 asearchvas maden both the 1SI Web of Science and

Scopus databases for journal and conference papers in English containing the specific

a

phrase fAfutwemepl ofymwot kofofjobsfidbephorabhteo fie

i K e y wooThid search resulted it48 papers relevartp this literature review. Two
conclusions cabe drawrfrom the distribution of papers publishedthgyear presented
in Figureb. First, since 1956 there are records of papers published on the subject which

shows that thacademidnterest in predicting the future of work is an old one. Second,
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from 199 to 2016, at least one paper on the future of work was published which shows

a continuous academic efforte@plore it
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Figure5: Distribution of papersbout the future of worky publication year

In order to mak@redictiors about the futuref work, authors tend to rely on their
knowledge about the past and the present of work, technology, s@idtygconomy.
Taking that into account, papers published before 204r@ not consideretd maintain

therelevanceof the review

Considering the papers published from 2010 to 206 werefound in the
original searchtheliterature review followed the steps showrnTiablel. Fromatotal d
102 papers that resulted from the sear2# duplicateswere removed After the
inspectional reading (which considers only the paper title, abstract and a quick reading of
its parts)(ADLER; VAN DOREN, 2014)of the remaining 78 papers, 2@&re selected
for syntopical reading (comparative readingnotiltiple papers on the same subject)
(ADLER; VAN DOREN, 2014)

Tablel: Summary of literature review stages

Literature review stage # of papers
Search on ISI Web of Science 37
Search on Scopus 65
Total 102
Duplicates 24
Total - Duplicates 78
Approved upornnspectional reading 24
Document unavailable 4
Approved to analytical reading 20
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The papers reviewed except(FINKEL, 2015; GRATTON,2010; HODGSON,
2016; PETRIE, 2015) are concerned with the future of specific subjects #rat
intertwinedwith the future of work. The main subjects explored by the authors are work
life fit (GALINSKY; MATOS, 2011; KHALLASH; KRUSE, 2012)education and skills
(WILSON, 2013) automation (ADAMSON, 2015) crowdsourcing( HOdF EL D;
HIRTH; TRAN-GIA, 2011) economy (KUBIK, 2013), artificial intelligence
(BRUNDAGE, 2015) flexicurity (ZHANG et al., 2015)employmen{MORTENSEN;
VILELLA -VILA, 2012; STRAWN, 2016) retirement(MAXIN; DELLER, 2011),
volunteer work(CROWSTON,2011) work as play(SMITH, 2011) future of work
narratives (FORLANO; HALPERN, 2015) the International Labour Organization
(MOORE, 2016)andonline collaboratiofRYDER, 2015)

This multiplicity of subjects demonstrates that instead of creating competing
scenarios for the future of work, articles on siubdject are concerned with how multiple
aspects of the future society and work will behave in the next decades.ifTlwus,
necessaryo build the puzzle of the future of work usitige severapiecesthat compose
it and that argiven by the reviewed litature. Some of #ssepiecescompeteto fill the
same space meaning that sometimes authors will diverge in their views about some
aspects of the futurd@his differenceis expectedsincethe future isunknown andauthors

may use different methods to predic possibly yielding divergent conclusions.

The trends henceforth presented are divided into two main groups: the first
comprisa trends related to social topics.g, economy, educatigrand employment),

whilethe second is concerned with trends dipetd work and its organization.

The introduction of the social trends is paramoumjaloring the future of work
since there is no work isolated from society @iecg-versa As such social changes might

helpto explainor evenanticipatesomeshifts towork.

3.2.1Social trends
Automation

In the 1% Industrial Revolution some activities that demandadman physical
labor were replacedby machine power of various sort®uring the currentindustrial

revolution,moderately repetitive or predidtie tasksexecuted byntellectual and skilled
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workers are expected to be automafBis automationis neither necessarily bad nor
good, but it isasignificantdriver of the future of worKADAMSON, 2015)

Automation is one of the forces changing our conceptions of job, career and task
uniformity aso r g a n i ramttnuowsrogedsight and bureaucraog giving way to
improvisation, innovatiorandnetworking(KUBIK, 2013). There is a belief that humans
will remain working because of our creativitfKUBIK, 2013), intuition, and
sophisticated judgme@iODGSON, 2016)

Employment

The trends found in the reviewed literature regarding employmeniaite
diverse. Some of them are divergent and cannot happen in the same future,sebitario
others coulde thoughof as belonging téhe samefuture scenario.

Two major lines of thought that cére considereds competing with each other
are: we wil see increasing unemployment in the fuiiR¥ DER, 2015; STRAWN, 2016)
or there will be no unemployment but bjodisplacement(ADAMSON, 2015;
BRUNDAGE, 2015; FINKEL, 2015; HODGSON, 2016)

Still, some authors give different perspectives on the future of employihdrk
(2013)defend thatthere will be arincreagd need for educated workers while the need
for lower-level skills shall cease to existilson 2013)takes on a different approach and
considers that technology can make sorobsjredundant or obsoletélowever,
unemployment cabe avoidedsince there is no limit to what humans can do, regardless
of their skills.Wilson (2013)then poses the question as to whether these actithaés

humars can perform better than the machimgk generate viable incomes.

Petrie 015)writes that the workforce will become more seffiployed in the
future while Khallash &Kruse g012)says that labor mobility is increasing and will
follow this trend Gratton 010)considers that globalization will allow talentide tapped
wherever they arevhile those that are not connected to the global market or do not have
the required sks will be excludedGalinsky & Matos 011), Maxin & Deller (2017),
andMortensen &Vilella-Vila (2012)point to the increase of older employees as being

themost substantigdrojected growth in the labor force.

Education
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Education should accompany the skills required by work as it becomes more
knowledgeintensive(HODGSON, 2016; MOORE, 2016Also, the democratiation of
education in this future society turns into an obligation if we wish to stop a social divide
that is likely to happen (or to intensifpetween those ready for the work of the future
and the rest of the populatigdODGSON, 2016)

Some authors highlight the importance of education to account for the skills
required in the trends of thettire of work that they layout. Training people for self
employmeni{FINKEL, 2015)and the importance of Science, Technology, Enginegring
andMathematic§STEM) formation(WILSON, 2013)are the projected requirements for

education in the reviewed literature.

Trends for education include the increasing importance of technology aga tool
changing educatio(BRUNDAGE, 2015; KUBIK, 2013; WILSON, 2013pParticularly
Al woul d have an fAethical obliipatlgduetothed o f
automation potential of Al people will spend more tienon education activities rather
than working and might needtrainingto transition to new careefBRUNDAGE, 2015)
Anothernoteworthyapplication for technology would Iisilicon-based apprenticeships
which involve the combination ofiumans, smartmodek, and smart environments
wherein systems provideasterapprentieship functions that fuse learning goactice
into a single proces3hese apprenticeship®uld have thecapacityto closethe learning

performing gap caused by current education and training mgdgBIK, 2013).
Social welfare

The thematic of the future of work tendsdimsely relateto social welfare as
observed in the reviewed literature. Concerns toward future trends regarding welfare
gravitate around two main topics: retirem¢@RATTON, 2010; MAXIN DELLER,
2011)and work contract flexibilizatio(MORTENSEN; VILELLA-VILA, 2012).

The increase itheretirement agan the number of workers that keep on working
beyond the statutory retirement agad inthe life expectancy are challengesdarrent
social welfare that arbeing debated in the developed countries such as Germany
(MAXIN; DELLER, 2011). These challengesan be expected to turn into global
problems in the upcoming decad&RATTON, 20D).
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As work contracts become more flexiptiie to increases in the usepoéctices
such asutsourcing, crowdsourcingndparttime jobs there is a growing concern about
the impact of theseewtypes of work contracts on the social welfare systeroe they
defy traditional j obs de(MORTENSEN) YISELLA-n d wor k
VILA, 2012).

Universal Basic Income isne of theproposedsolutions for the problems that
social welfares facing(HODGSON, 2016; STRAWN, 2016pespiteresistance from
some countries to the idea, that may sdikeda socialist approach to the probldhmere
are developednations such as Switzerland considering a@ldeption of theUniversal
Basic IncomgSTRAWN, 2016)

Economy

Trends in the future adheeconomy are taken into account in most of the reviewed
literature (ADAMSON, 2015; BRUNDAGE, 2015; GALINSKY; MATOS, 2011,
GRATTON, 2010, HODGSON, 2 0 INeGIA, 200 dKPBK, D ; HI RT
2013; MAXIN; DELLER, 2011; MOORE, 2016; MORTENSEN; VILELLXILA,
2012; WILSON, 2013)

The emerging econoniylabeledKnowledge oBorderles€Economyi has some
features thadistinguishesit from previous economigsilODGSON, 2016; KUBIK, 2013;
MOORE, 2016; MORTENSEN; VILELLAVILA, 2012; WILSON, 2013) Production
is becomingincreasingly complex and informationtensive, rather than involving the
processing ofmaterials and things as it used to be the case in the prewvidustrial
Economy(HODGSON, 2016; MOORE, 2016)

Furthermorethere is a change in the means of production. Knowledge workers
are the main assets of the companies in this new ecoasrthe production goes from
being capitalintensive to become more knowledgéensive. (HODGSON, 2016;
MOORE, 2016)

Other characteristics of the emerging economy arfenittions unlike previous
economic systems based on scarcityis participative as it allows consumers and
stakeholders to have increased choice and involvement in the market, as enterprises turn
to open access and peer production to involve more prosumes it is technologically

rooted because it is driven by a variety of digital technologies in divarsmmerce and
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social configurationsand finally, it is global as it involvesnore significanpercentages
of the global populatio(KUBIK, 2013).

Regarding technologyhreeeconomic trendsra indicated The first of them is
about the potential that Al may have on the s@donomic impact of intelligence and
wealth in life depending on its accessibility and usability to/byraad population
(BRUNDAGE, 2015) The second one is thave may be about to experience an
information technology productivity avalameas the productivity gains of the past seven
decades arrive in a few yedrthe answer to the productivity paradox is that early benefits
are fAspentodo on further devel opABAMSONUuNt i | a
2015) Finally, crowdsourcingthe outsourcing of activities to a crowd, usuallgotigh
computer systems3 following the path left by outsourcing iegards to the delegation
of work from countries withhigh wage andHuman Development Indesto poor or
developng economieg H O diBEHIRTH; TRAN-GIA, 2011)

The rise of the new economy is believed to shape work aro ifiow people to
reconnect with what makes them happy and create aguiglity experience rather than
using quantitative indicators to measure consumg@E&ATTON, 2010)Also, it allows
the worklife issue tabe playedn different wayqdGALINSKY; MATOS, 2011)

Socieeconomical challenges

Besides providing trends for the future of society and economy, the reviewed

literaturealso put forward some challenges that we are likely to face in the future.

The challenges we are going to be facamg dividedinto two groups.The first
groupconcernsmosty, companies. This group of challenges comprises the global war
for talents(KUBIK, 2013), managing an aging workforce and dealing with a demand of
greater worlife flexibility from employees of all age§SALINSKY; MATOS, 2011)
solving the problem athe power imbalance between agency (outsourced) and company
workers(ZHANG et al., 2015)andmanaging and leading higrerforming virtual teams
(GRATTON, 2010; MOORE, 2016)

In the second group afhallenges are those thatolve society as a whole:
consolidation of worke@legal rights mainly for the most recent work contract types
(e.g. agency and crowdsourcing workefldODGSON, 2016; ZHANGet al, 2015)
trade unions importanc FORLANO; HALPERN, 2015; HODGSON, 2016)
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information ownership(HODGSON, 2016) advanced education and training for
everyong(HODGSON, 2016)growing inequalitytHODGSON, 2016; RYDER, 2015)
gender equalitfRYDER, 2015) need for new regulatorframeworks to manage new
technologieg FINKEL, 2015) such as artificial intelligenc€RUNDAGE, 2015)or,

more specifically, the ones resulting from the combined use of artificial intelligence and
robots (e.g. Killing Autonomous Maching®dDAMSON, 2015) changes in the welfare
state required to accompany trends as the ageing of the worKBrRelNSKY;
MATOS, 2011) rise of a global instead of a local workfor@eUBIK, 2013); work
contracts flexibility (ZHANG et al, 2015) and the threat of unemployment due to
automationSTRAWN, 2016)

3.2.2Work and organizational trends

After presenting the social trends, we can move forwaah#dyzethe trends of
the future of work highlighted in the reviewed literature. The trends presentedrbere
dividedinto the following parts: workplace and working time, work contract, skills, and

work organization.
Workplace and working time

The changing nature of society and econaingwed above helps to change (the
opposite also happens) the workplace and working time creating a different work in the

future than the one we have nowadays.

There is a growing acceptance of the flexibilization of the workplace as employees
are allowed to perfon more and more work out of the offi(@ALINSKY; MATOS,
2011; GRATTON, 2010; HODGSON, 2016; KHALLASH; KRUSE, 2012; WIU$0O
2013) This trend cafve viewedas a return to the piadustrial mode of working where
you live (KHALLASH; KRUSE, 2012) This change is happening because it allows for
better work-life flexibility (GALINSKY; MATOS, 2011; HODGSON, 2016;
KHALLASH; KRUSE, 2012)i which is an increasing demand from employeesd
because ICT is getting ever cheaper making telework an opportunity for companies to
save money(GALINSKY; MATOS, 2011; KHALLASH; KRUSE, 2012; WILSON,
2013)

Work can changén two waysto allow the workplace to change from the office

to anywhere.Workers can havemore autonomy and freedof@&RATTON, 2010;
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HODGSON, 2016)or theycan begivensmaller and repetitive tasks that require little to
no coordination with colleagué¢sH O doF EL D; HI &MAROIL).T RAN

ATi-measedd wor k wildl al so come into ques
increasingly see time as a currency that is more or just as important as money
(GALINSKY; MATOS, 2011) According to the reviewed literature, tHsppendor
threereason$: CT al | ows empl oyees t o ewenytinkebaadhyt i me
everywhereGALINSKY; MATOS, 2011) the rise in paftime work(MORTENSEN;

VILELLA -VILA, 2012), and the increasing number of workers on the group of above
legal retiring age thaput family and healthas priorities abovevork (CROWSTON,
2011)

Work contract

One of the characteristics of the futufework will be the plurality of types of
work contracts. Workers might becoimereasinglydetached from individual companies
and organize themselves in groups defined by specific skills resembling guilds from the
pre-industrial ergd MAXIN; DELLER, 2011).

Another type of work contract that appears asrereasing component of the
work landscape is the agency wqdHANG et al, 2015) The use of outsourcing and
crowdsourcing platfons with the purpose of outsourcing workpreserg yet another
kind of work contract thaappeas as a trenq HOMF EL D; HI &RHRP1I1DT RAN
In these platforms, since the tasks (microtasks) might be executed in hours or even in
minutes, there can be no work contfadd OdbF EL D HI &RAMRO11)T RAN

Voluntary work,like the one used to develop or improve open source software, is
also a type of work contract that is expected to increase in the {@GROWSTON,
2011)

Finally, all the previas forms of work contract described here and even the usual
bilateral conventional work contrabetweena single compangnd a workemay fall
into or resemble the broader category of-setiployment in the future. That happens
becausé even in traditioal work contracti employees are being given more control
and autonomy over/on their work as owners of part of the intangible means of praduction
This trend igypical of the knowledge econonaynd makeemployees more independent

from their bossewhile allowing foreaser change of company.
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Skills

There is a prediction that we will see in the future an increase in the demand of
both high and low dspecially in personal services) skilled workers creating a
Apol ari zationo (WLSON k20I3)lor deatmandisriour gl as s
(MORTENSEN; VILELLA-VILA, 2012).

Some efforts are being made to predict which skills kéllmos$ neededn the
future (MOORE, 2016; SMITH, 2011)The21%-centuryskills index created by Gallup,
Microsoft, and the Pearson FoundatifdOORE, 2016)and The Partnership for 241
Century Skillsorganized by some states in the United States and global organizations
have created lists of skillsahthey envision asrucial for the future(SMITH, 2011)
These listanclude critical thinking and problem solving, communicatidmowledge
construction, globalwaareness, selfegulation, realvorld problemsolving, technology
use in learninggollaboration, and creativity and innovati®ddOORE, 2016; SMITH,
2011)

Given the new types of work contract discussed above and the weakening of the
relationship between workers and companies
invest in the skills ofheir employeemight be reducedhn the future and education will
become an issue for workers and the government to @@BGSON, 2016)Thisissue
is even more significanif the trend for continuous education throughout life
(GRATTON, 2010; KUBIK, 2013; WILSON, 2013)ecomesealin the future.

Work organization

In the future,how work is organizedis going to changeAs work gets more
knowledgeintensive and worker® become more specialized, it gets harder to subject
them to direct supervisiofiHODGSON, 2016)The geographical dispersion of workers
will also make this type of supervisidriraditional in the organizations of thedustrial

Economyi more challenging

Crowdsourcing is a relatively new type of slkarganization that is expected to
have a surge in the futufeHO dMF EL D; HI &R RO11)ARreMNgranularity
of work chaacterizes s the division of tasks goes up to the level of cheap rasks
that canbe distributedamonga big group b workerslocated anywhere in the world
( HOMFELD; HI &RARO11)T RAN
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Another trend related to this topic is the capacity of decentralizing organizations
mainly dueto the advances techncal capacity and co§KHALLASH; KRUSE, 2012)
In the future, moreorganizations that are seifganized, selfnanaged, peedo-peer,
paticipatory, and peopleentered arexpectedo be createKHALLASH; KRUSE,
2012)

3.3 Automationimpact on Work

From the challenges that the future of work presents, automation is undoubtedly
one of the mogtiscussed not only in this industrial revolution but throughout history. As
such, this thesis focus on this specific aspect of the future of work that will be better
explored in this Chapter.

By analyzing previous industrial revolutions and their imp@aemoglu &
Robinson 2013, andSchwab 2016)found out that the capacity of a nation to adapt to
technological innovations is a determining factor of its progfestr (2015)showsthat
past waves of technological change causedjdiereduedin specificeconomic sectors
while increasingin others, thus balancing the job market. So, in the -lomg
technological change has been powering economic progress and increasing job quantity

and quality.

The concern over the impact of technology on job quantity and quality is not new.
Take, for instace, the story of the invention of the knitting machine. William Lee was an
inventor that saw the high demand for knitted dapsconsequencef a law passed by
Queen Elizabeth I as an opportunity to invent thienitting machine to increase
productivity.Hewent on togpresent his creation to tiiueenwhichrefused to grant him
a patent. He then built an improved version and saw his patent denied once again. The
Queen said to Lee¢Thouaimest high, Master Lee. Considéiou what the invention
could do b my poor subjects. It would assuredly bring to them ruin by depriving them of
empl oyment, t hus AGEMOGLY; ROBINSON,I2&L8) gar s 0

Should the positive historical perspective of the interaction between work and

technology reassure us about the future?

The past performance is not inditve of a positive, or at least neutral, relationship
between work and technology because there are manyfatitersinvolved. It is not
because things have worked out in the past thatwtiibyork in the futurg ADAMSON,
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2015) We cannot put aside the i mportance of v
public policies to hel p wdeci%oatoslowfdowmthe new | o
application of technology on production so as not to destroydbegumingmnarkets.

By looking only at the longerm impacts otechnology we risk ignoring the
shortrun impactsproduced As an exampleMarx (1887)tells us about the invention,
back in 1579, of the ribbeloom, the machine used for weaving, whose inventor was
murdered by the mayarf a town in Germany because he was apprehensive that the new
technology might throw a large number of workers on the sivisei (1887)also reports
on the results of the gradual extinction of the English Haoch weae r s 6 jJ obs whi «
took decades to took place and finished in 1838 causing many to die of starvation.

Throughout the history of technological change, stories like these abound. There
are always dispute between technology and labor with different playeexbside and

various outcomes.

In general, technologies applied to production are designed to save human work
(AUTOR, 2015; MARX, 1887) Be it tractors, production linesr spreadsheetshe
primaryg o a | i s to substitute huifANROREe20M5) r t for
Nevertheless, automation not always results in wothkeirsy fired Tasks that cannot be
substituted are generally complemented by automation because most work processes
depend on a multifaceted growb inputs such as rationality and physical effort or
technical mastery and intuitive reasoning. Usually, each of these inputs plays an essential
role andtheimprovement of productivity in a group of tasks almost necessarily insrease
the economic valuefdhe remaining task®AUTOR, 2015)

The interplay between technology and employment has long been an important
subject. The beginning of eadew Industrial Revolutiobrings abounew discussions
on the topicas the fear of technological unemploymesdppearsral the prospects of
technological bonanza are revisit®de are now living onsuch moment, ascreasing

discussion about th&" IndustrialRevolutionoccurs

Understanding the impact of new technologies applied to production in each
industrial revolution might be one of the reasons wigimpactof automation has been
positive In terms of job quality, the current wavé automation is expectdd increase
worker s6 precision in essential areas such a

i nput, and augment wor kersdé capacity to d
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(ACTION AND RESEARCH CENTRE, 2019; CHARTERED INSTITUTE OF
PERSONNEL AND DEVELOPMENT; PA CONSULTING, 2019)n terms of the
impact of this new wave of tecblogies orjob quantity, predictions tend t@ry widely.
However, the current industrial revolution provides opportunities to use automation in a
broad range of occupations resurrecting the phantom of mass technological
unemployment that has reappearedesal times over the past two centur{@JTOR,

2015)

One fact that is ndisputed is that automation has impacted the world of work in
the past, is doing it right now, and will dontthe future. The adoption of automation has
been accelerated with the COVII® pandemic, as it happened with other trends that
were expected to take years or decades to happen but are happening in a much shorter
time (BLIT, 2020; CHERNOFF; WARMAN, 2020; DING; MOLINA, 2020;
MCKINSEY GLOBAL INSTITUTE, 2020, p. 8 WORLD ECONOMIC FORUM,
2020)

In this scenario, companies, governments, and workers must prepare themselves
faster than ever to deal with the increapade of automation work if it is to bring about

positive results once again as it did in the paatlly, it does not seem to be the case so

far. When it comes to companiesd preparedn:e

Chief People Officers showedlat only 36% consider themselves prepared to respond to
the future complexity of business and technology to effectively support their business
(SHRM EXECUTIVE NETWORK; WILLIS TOWER WATSON, 2020)n terms of
nati onsod r ead i askhsEconbnust Inteligenoe br@@18)shaows even

the more advanced economiesich as Germgnand East Asian countries, anet

preparedo deal withthe current wave of automation.

In Brazil, this unpreparedness is even more prominent as no detailed analysis of

the i mpact of automation on the countryads

From thehope of shorter working weeks to the fear of mass unemployment,
technology relationship with work has been an important topic for a long time now. In
the past few years, with the advancement of Al, Robotics, and other technologies, society
has been lookingt the potential that technology represents for impacting work.

The current impact of technology on work can be seen as a myriad of phenomena

that can be classified in four groups to facilitate our study dfigufe 6): automation
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involves machines executing tasks that were previously done by humangmenting
human work(e.g., seHcheckout machines at grocery stores); brokerage is the mediation
done by the technology of the relationship between buyers and sellers (e.g., Uber);
management is when technology helps to recruit, monitor and organize workers (e.g.,
schedulingsoftware used by retail); digitization is the use of technology to transform
physical goods into digital assets that can be easily shared (e.g., Microsoft Office)
(ACTION AND RESEARCH CENTRE, 2017)

Automation Brokerage

Technology that Technology as a mediator
substitutes or augments between buyers and
human work sellers

e.g.: Self-Checkout e.g.: Uber

Digitisation Management

Technology that turns Technology that helps the
physical assets into data | recruitment, monitoring
to facilitate sharing and organization of work

e.g.: Microsoft Office e.g.: scheduling

Figure6: Four ways in which technology and work interact. BaseAdion And Research Cent(2017)

Automation itself happens in many forms. Usually, more than one of these forms
occur at the same time when adopting a single technology. Automatiosubstitute
expanding the former capacity of workers; generate new activities for humans to execute;
and transfer activities from workers to customéfCTION AND RESEARCH
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CENTRE, 2017) The focus here is on the substitution capacity of automation
technologies but it is essential to note the other possible facets of automation to recognize
its impact as a whole.

When looking at the benefits of automation in the currefit lddustrial
Revolution, we can highlight its potential for reducing errors, increase productivity,
augment human capacity, overcome the challenge of the aging population, and improve

speed and ality.

Unlike humans, machines do not get tired or have any feelings whatsoever; they
can make decisions very fast, and based on troves of data. These characteristics give them
an advantage over humans in certain activities where they can reduce erroskgnd
such as driving cars and trucks or storing and dispensing medication in pharmacies
(MCKINSEY GLOBAL INSTITUTE, 2017a)

Machines have great potential to augment human capacity in activities where they
cannot replace us yRAUTOR, 2015) One example is aninated diagnostic advice that
augments doctorsdé capacity to deal with a r
rays and Magnetic Resonance Imaging but does not replace the human capacity of
adequately communicating with patients or interpreting teot®ns. Another example
is augmented human management as used by Uber to allow few human managers to
organize thousands of drivers by using algorithms and data an@WSKINSEY
GLOBAL INSTITUTE, 2017a) As these examples show, the capacity of the
technologiesinthe™ ndustri al Revolution all owal bhem
sectors such as agriculture and production, but also healthcare, and eqHGiIINGES;

MONIZ; FREY, 2021; MONIZ; KRINGS, 2016)

The Mckinsey Global Institute(2017a) estimates that automation can raise
productivity growth globally by 0.8 to 1.4% annualhhis productivity injection brought
by theadoption ofautomation also helps to mitigate the impact that aging populations
will have in advanced and emerging economies (including Brazil) that have to deal with
this challenge for the labor mark@CKINSEY GLOBAL INSTITUTE, 2017a)
Furthermore Steinmuller 001) understands that ICTiswhich are at the core of the
current industrial revolutioin are different from previous leading technologies, such as
steel and chemicals, because of the conditions of entry and, sometimes, producing them

do not require an exprags amount of investment. According to the authdms t
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difference would allow developing countriesskip some of the accumulation of human
resources and investments thatleapfddggangeéd

in terms of economic advancent.

For all the optimistic predictions made about automation, the threat of
technological unemploymentreatenedsocieties before and this time there is also no
escape fromthis challenge At least not from the debate about technological
unemployment whih abounds in the recent academic literature and popular discourse
even though automation $ianot reduced employment levels in the p@RNTZ;
GREGORY; ZIERAHN, 2016; AUTOR, 2015; SPENCER, 2Q18lill, this particular
adverg effect of automation is back in the research agenda of acadehmEzA,;
RAYMOND BARA, 2018; ARNTZ; GREGORY; ZIERAHN, 2016; FRANK et al.,
2018; FREY; OSBORNE, 2017; KRINGS; MONIZ; FREY, 2021; MITCHELL;
BRYNJOLFSSON 2017; NEDELKOSKA; QUINTINI, 2018; SPENCER, 2018)
Moreover, not only the academy is interested in better understanding the future of
employment; international agencies, governments, and consulting groups are also
exploring the theme. The Internatioha@bour Organization (ILO) put the future of work
at the center of the activities that mark its"1@@niversary in 201@NTERNATIONAL
LABOUR ORGANIZATION, 2015) The World Economic Forum has been publishing
reports on the future of jobs and related themes since it started discussthinthesttial
Revolution(WORLD ECONOMIC FORUM, 2018a)covernments such as the United
Kingdom and the United States have also been trying to understand the current wave of
technology and its impact on employmgitKk COMMISSION FOR JOBS AND
SKILLS, 2014; US GOVERNMENT, 2016)

Somepapers and reports abotlte impact of automation have been recently
published. The methodologieof these studiesan be different becausethey are

concernedvith different period and countries

With over five thousand citations, the paper writbgrFrey & OsborneZ017)is
the most citedreferenceabout the impact of automatiofhe authorsfocused on
estimating the impact of what they call compuration @utomatiorcaused by computer
controlled equipmenton the occupationdisted inthe USA occupation classification
Their methodology involwrelating the computezation bottleneckshey identified to
work variabledistedin the O*NET (an online servigarovidingadetailed description of
most UR occupations maintained by the A®epartment of Labor)lhese bottlenecks
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were Social Intelligence, Creativity, and Perception and Manipulafiti. the helpof
a group of machine learning research#rsyevaluatel 70 of the 702 occupatioms the
O*NET in terms of eaclwork variable Using statistical methogdshey were able to
estimate the probability of automation of the full list of occupations. Thédtsesfuheir
work showed that 47% of U&cupations were at high riggrobability higher than 70%)

of computeriation in the coming decades.

Due to keing such a relevant wortese resultgvere applied to other countries
Deloitte @015a)appliedthemto Switzerland andliscoveredhat 48% of current jobs
could be automated in tlteming years or decades, dbdlaitte (2014)appliedthemto
the UK, where the results showed that 35% of jobs weeehggh risk of automation.
Brookfield Institute(2016)did a similar study for Canada afalind outthat 42% of the
countryo6s | abor f or oneln Gesnang,tthe Yaiugidhalso af 2% of a U
of workers at a high risk of automatigiBONIN; GREGORY; ZIERAHN, 2015;
KRINGS; MONIZ; FREY, 2021) Other studes applied the same methodology to
developng countries and the share of the workforce in jobs witigla risk of automation
ranged from 55%Uzbekistah to 85% (Ethiopigd (SANTOS; MONROY; MORENO,
2015; WORLD BANK GROUP, 2016)

Diff erent fromFrey & OsborneZ017) otherresearchrsfocus on skill rather than
tasks(ARNTZ; GREGORY; ZIERAHN, 2016; MCKINSEY GLOBAL INSTITUTE,
2017a; NEDELKOSKA; QUINTINI, 2018; PRICEWATERHOUSE COOPERS, 2018)
Arntz, Gregory & Zierahn 2016)studied 21 OECD nations and fournét, on average,
9% of jobs have a high risk of being automated. [Ekiel ranges from 12% in countries
such as Germany and Spdm 6% in Korea and Estonia. Building on this work,
Nedelkoska &Quintini (2018) broadened the study to 32 OECD countri€bey
estimate that 14% of jobsn these countries are highly automatable (probability of

automation higher than 70%anging from 6% in Norwago 33% in Slovakia.

Pricewaterhouse Coopef2018)alsousedthe methodologyof Arntz, Gregory &
Zierahn @016) calculaing the potential job aomationacross industriegnd foundhat
Transportation and Storage, and Manufacturing arernks with most workers at risk i
the long run @p until2030),with 51 and 45% respectively. Still,n the shorrun (early
2020),Pricewaterhouse Coopef2018)believesthat the areaat most risk (around 8%
of the workforce) are Finaecand Insurance, Service Professionals, Scientific and
Technical, and Information and Communication.
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TheMcKinsey Global Institut¢2017a)estimated that less than 5% of occupations
of the 46 countries studieate subject to full automatigrconsidering the adaptation of
currently available technology. Thalsoestimate that about half of the activities that

people are paid to execute could potentially be automated.
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4. The Impact of Automation in Brazil

As canbe seerfrom the previous Chaptethere isa growing body of research
about automation, but a study focused
was not done so failhe study presented on this Chapterase of the first efforts of
estimating the impact of automation on Brazil in the context of thdndustrial

Revolution.

This effort becomes even more urgent as the current C@¥Ipandemic is set
to accelerate automation worldwid8LIT, 2020; CHERNOFF; WARMAN, 2020;
DING; MOLINA, 2020; MCKINSEY GLOBAL INSTITUTE, 2020, p. 8; WORLD
ECONOMIC FORUM, 202Q)A recentglobal surveydone by the World Economic
Forum(2020)shows that 5& of employers are planning on acceleigthe automation
of tasks as a response to COVID with the number reaching 68% in Brazil. Another

survey, this ongvasdone by thévickinsey Global Institut¢€2020)with 800 executives,

n

shows that 67% of companies have significantly (20%) or somewhat (47%) accelerated

automation and artificial intelligence adoption since the start of the CQ9lButbreak.

The effects ee already bing perceived, mainly by iperson seasice workers with
a higher risk of viral transmissidhat are beingeplaced bynachineso that companies
do not stop providing their servic€EHERNOFF; WARMAN, 2020) Regionally, the

effect of automation during the pandensdieing felt as shown by a recent analysis done

by the Federal Reserve Bank of Philadelphia (USA) where the workers in automatable

occupations were more displaced during the panderaicttiose that have a lower risk
of automation DING; MOLINA, 2020).

4.1 Dataand Methods

In thisstudy, the Brazilian Classificatiaxf Occupation¢Classificacdo Brasileira
de Ocupacded CBO)was usedThelatestversion of the CBO has 2,614 occupations
which are updated from time to time by selected institutions supervistu Byinistry
of Labor(MINISTRY OF LABOR, 2018a)Anothervital source of information wathe
Annual Report of Social Infanation(Relagdo Anual de Informacdes SocidisRAIS)
in its most recent release with data fro@cember 2018RAIS isa yearlydata collection
instrument ofthe Brazilian governmerthrough whichcompanies with more than ten

employees must inform aboilieir employeeshemselves
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Thisstudy converts the computexition probability calculated irey & Osborne
(2017) to the United States to thBrazilian occupations To do so,we adaptedhe
crosswalk between the CBO and the O*NET occupations creatkthbiente 2014) a
researcher from the Institute of Applied Economibss{jtuto de Economia Aplicada
IPEA).

To explore the future impact of automationon employment in Brazilthe
probability of automation of occupationss crossedith socioeconomic datasing the
following formula that was created bifrank et al. (2018) to analyze the impact of

automaion on American cities.

O n NI

In which:

n "Q denotes the automation probability of occupafi@andi @ iQ Qis
the number of people employed in occupaii@dm a given groupQ divided by the total

numberof people employed in treame group

The Automation Index© can be interpreted dise expected percentage of total
employment in a given growgubjectto automationFRANK et al, 2018) The formula
was usedhereto compare the impaof automation in different groups according to
worker® e du c atandage laende Ic ecorprainseatos @nd size.

It is important to note the limitations of our methodology. The RAIS database
used on this work cove#ds million workers while, according tqIBGE, 2020) there are
91.2 million people n B rwarkforde e main reason for this gap is the number of
selfemployed people anthoseworking off the bookswhich accounts for 34.1 million
workers(37.4% of the totaljIBGE, 2020) Another group that is nogported in the RAIS
is domestic workergepresenting.2 millionworkers(6.8% of the total)Finally, filling
in the RAIS form is only mandatory for companies with more than 10 emplaybieh
also accounts for part of the gdyeverthelessanother limitation of theRAIS datdbase
is that 1,561,885 worker8.4% of the totglwere registered as nantassified and were
left out of ourstudybecausave could notcalculate the probability of automation for their

occupations.
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The methodologycan be criticized forapplying the automation probability
calculated byrrey & OsborneZ017)to the Brazilian reality. Technology adoptioocurs
differently from country to countryand even moreso from developectountries(e.g.,

USA) to developing nationas Brazi] as it usually takes more time for innovations to be
adopted in thdatter group. Comin & Hobijn (2010) analyzed the diffusion of 15
technologies in 166 countries over two centyreslthey foundthat, on average, it takes

45 years for countries to adopt a technoldgpwever,this value variesignificartly
between technologies and from country to courttywever,more recent technologies
have beentaking much less time to spreadgorldwide (COMIN; HOBIJN, 2010;
STEINMUELLER, 2001) For example the Internet took, on averagejght years to
diffuse while steam and motor ships took 123 yg@®MIN; HOBIJN, 2010) Taking

this into consideration, we believe that the gap of five years between the Oxford research
0 which was first published online in 20X8 and our own, and the fact that the
predictions that resultefrom it do not have a specific time frame for coming to fruition
(the authors writeoi s ome unspecified number of years,

help mitigate thidimitation.
4.2 Results

4.2.1 Automation in Brazil

The impact of automation in Brazil is analyzed here in terms of the most impacted
occupations, the impact of automation in the workforce as a whole, and the historical

evolution of the workforce.

Table2: List of the ten occupations with the most workers in Brazil

CBO Occupation Name P(Auto) lj::)‘:"l’g:f CBO Code |SOC Code
Admmustrative Assistant 96% 2,149,783 411010 439061
Office Clerk 96% 1,924 601 411005 439061
Retailer Salesclerk 92% 1,900,305] 521110 412031
Janitor 66% 1,536,815] 514320 372011
Production Line Feeder 93% 059.103( 784205 537063
Cashier 97% 866.801| 421125 412011
Truck Driver (Regional and International Routes) 79% 851,399] 782510 533032
Middle-Level Teacher m Fundamental Teaching 56% 706,677 331205 259041
Nursing Technician 6% 625,372 322205 292061
Securnity Guard 84% 605,550( 517330 339032
Total 12,126,466
Total (Brazil) 46,631,115
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Table2 shows the ten occupationsith the highest number of workers in Brazil
represenng over 26% of the totatumberof workers in thdatest RAB from 2016 As
the table showsevenof those occupatiortsave a probabilt of automation higher than
70%, and irfive of them, the probability ikigher than92%.

The distribution of the totaBrazilian employmentgainst theprobability of
automationis presented ifrigure?. In this graph, as well as in the next one, workers are
grouped by the probability of automation in
comprises the workers whose 0&%P(Auto) O 5% and so onThe probability of
automation ranges from the occupatieastsusceptible to automatigMusic Therapist
d 0.0028)to the most susceptibl@elemarketing Operata@ 0.99). Theresultsshow
that 6% of Brazilianworkers aret ahigh risk of automation (probability of automation
equalto or higher than 70%)18% areat medium risk (30%0 probability < 70%), and

22%areatlow risk of automation (probabilit9)30%).
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B Senior Members of Government, Managers of Public Interest Organizations and Companies, Managers
9.000.000 B Science and Arts Professionals
B Medium Level Technicians
8.000.000 B Agriculture, Forestry and Fisheries
@ Continuous Industrial Goods and Services Production
» 1-000.000 Production of Discrete Industrial Goods and Services
H B Administrative services
‘1‘6 6.000.000 B Services, Sellers of Commerce in Stores and Markets
= B Repair and Maintenance Services
‘6 5.000.000
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£ 4.000.000
=3
=

3.000.000

2.000.000
1.000.000

23 4 5 6 1 8 9 10 1 12 13 14 G
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Figure7: Brazilian workforce distributed by P(Auto)

As can be seeim Table3, the occupational groups that contribute with the most
workers in the highiisk level are Services, Sellers of Commerce in Stores and Markets
with 7.8 million workers Administrative Servicewith over 7.6 million workers at high
risk of automationand Production of Discrete Industrial Goods and Services with 6.1
million workers. On the lowisk side, the occupation group that contributes with the most
workers is the Science and Art Professignwith 4.7 million workers, followed by the
Medium Level Technicians with 2.2 million workers, and Senior Members of
Government Managers of Public Interest Organizations and Companies, and Managers

with 1.13 million workers.
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Table3: Distrubution of workers by automation risk level

Automation Risk Level
Occupational Group Low Medium High Total
Workforce | % | Workforce | % | Workforce | %

Senior Members of Gov., Managers of Public Interest Org. and C ompanies, Managers 1,139,771 | 70% 108,600 | 7% 381,883 [23%| 1,630,254
Science and Arts Professionals 4,754,939 | 88% 389.637 | 7% 279,489 | 5% 5,424,065
Medium Level Technicians 2,278,404 | 42%| 1495582 | 28%| 1,588,154 |30%| 5,362,140
Agriculture, Forestry and Fisheries 13,941 | 1% 95,433 | 7% 1,350,213 [ 93% | 1,459,587
Contmuous Industrial Goods and Services Production 51,970 | 3% 321,683 [21% ] 1,123.801 | 75%| 1,497,454
Production of Discrete Industrial Goods and Services 409,557 | 5% 1,314,442 | 17%| 6,161,892 | 78% | 7,885,891
Admmnistrative services 596,647 | 7% 753417 | 8% 7,621,615 [ 85%| 8,971,679
Services, Sellers of Conmerce in Stores and Markets 651,942 | 6% 3,179.887 | 27%| 7.861.828 | 67% | 11,693,657
Repair and Mamtenance Services 29.448 | 3% 652,044 | 61% 388.505 [36%| 1,069,997

Total 9,926,619 | 22% | 8,310,725 | 18% | 26,757,380 | 60% | 44,994,724

The analysis of thehange iroccupationsn the past in terms of their probabyli

of automation shows thanh everyautomationgroup the change in employment from

2003 to 208 was positiveyhich mears thatthe workforcerosein all groupg(Figure8).

The workforce at high risk of automation was increased by over 9 million workers while

the lowrisk group was raised by 4.4 million workeri€fgroup with the most significant

increase in mployment was théwentieth,assisted mainly by the 2.5 million workers

from the Administrative Services and the 759 thousand workers from the Services, Sellers

of Commerce in Stores and Markets groups.

Figure8: Change in the number of workers, from 2003 to 2016, for each automation group

4.2.2 Automationandwor ker s 6
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education levels in Brazis show in the graphin Figure 9. The value of the indexs

higher when the education leval lower, and there is a considerable drop inirlex

between théncompleteHigher Educationand Complete Higher Education levels from
0.69 to 0.37 and then
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