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Abstract

This empirical study investigates the current adoption patterns and future perspectives of
digitalization in industrial firms in developing countries, with a view to understanding how
diversity and heterogeneity can determine the adoption of digital technologies at firm level. To
achieve this goal, a comparative analysis is conducted based on surveys of 1,158 firms of varied
sizes and manufacturing industries carried out between 2017 and 2019 in Brazil, Argentina,
Ghana, Thailand and Viet Nam. The surveys asked firms about their current and expected use of
digital technologies over the next five to ten years; the efforts currently being undertaken to enable
future use of such technologies, as well as the foreseeable impacts of digitalization on skills,
energy consumption and sustainability. The main results show that very basic generations of
digital technologies currently prevail in the surveyed countries, but expectations for the future are
that major strides towards digitalization will be made. Nevertheless, the majority of firms is not
well prepared to achieve the projected future advances, with large firms in high- and medium
high-technology industries seeming better positioned to introduce digital technologies compared

to their smaller peers from lower-technology industries.

Keywords: Industry 4.0; digitalization; manufacturing industries; industrial firms; developing

countries.
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1. Introduction

The objective of this paper is to conduct a comparative analysis of digitalization in industrial firms
in five countries: Argentina, Brazil, Ghana, Thailand and Viet Nam. The analysis is strongly
empirically oriented as it is based on surveys of firms carried out between 2017 and 2019. All
surveys included key questions and took an innovative approach to questioning firms about their
current and expected adoption level of digital technologies (DTs). The surveys differed in certain
aspects: the surveys in Argentina, Ghana, Thailand and Viet Nam explored issues associated with
skills and employment; the surveys in the latter three countries also question firms about the
implications of digitalization on energy efficiency and environmental sustainability.

Building on the understanding that digitalization is a process of convergence of established and
emerging technologies, this paper examines the extent to which different DT generations can
coexist within firms. It explores the development from a stand-alone use of established
technologies in specific business functions—such as product development—towards an
integrated, interconnected and intelligent economic system, bringing together internal business

functions and external relations of a firm in real-time with its clients and suppliers.

This paper examines which DT generation is currently being used by firms in Argentina, Brazil,
Ghana, Thailand and Viet Nam and their expectations in digital developments over the next five
to ten years, comparing adoption patterns among the countries, firm size, industry and current
engagement efforts to prepare for the projected future. Given the novelty of the surveys’ approach,
specific indicators were developed to allow for a sound comparative exercise. Finally, the sub-
group of firms that are more advanced in the adoption of DTs was questioned about the
implications of these technologies on skills, employment, energy efficiency and environmental

sustainability.

The five-country surveys, covering approximately 1,200 firms, provided the empirical base to
examine the extent to which advancements in digitalization are evolving in each country.
Furthermore, we placed a focus on whether two structural features of developing countries,
namely diversity—the co-existence of different patterns of specialization in countries’ production
structure—and heterogeneity—the co-existence of different levels of capabilities and
competences among firms, industrial sectors—is also present in the digitalization adoption

patterns.

The structure of the paper is as follows. Section 2 presents the analytical and methodological
framework underlying this exercise, including a review on the debate on digitalization. Section 3

provides a detailed account of the research process in the five countries: content of the



guestionnaire (including common and distinctive features); how surveys were carried out and the
method used in the design and development of a comparable database for the five countries. A
comparative analysis is carried out in Section 4 and covers two topics. The first is the discussion
and comparison of the current and expected adoption of DTs, as well as the nature of measures
currently being undertaken by the surveyed firms to achieve their projected DT generation. The
second topic is the discussion of the implications of the current and projected adoption of
advanced DTs on employment and skills, energy use and sustainability. The final section

summarizes the main results and presents the main lessons gleaned from the comparative analysis.

2. Analytical and methodological framework
2.1. Goals and motivations

The main goal of this study is to understand the current adoption patterns and future perspectives
of digitalization in industrial firms in selected developing countries. The central research question
driving this study is how structural and behavioural features of firms can determine the adoption
of DTs. The proposed analytical framework rests on the concepts of diversity and heterogeneity.
Diversity relates to the co-existence of many different patterns of specialization in the production
structure of countries and regions. Heterogeneity refers to the co-existence of many levels of
capabilities and competences in the production structure of either a country, a region, a sector or
firm, or across different firms, industries or regions, for example. Although diversity is a common
feature of every industrial formation in the world, heterogeneity usually constitutes a key
distinctive feature of industrial sectors and firms in developing countries. This study therefore
examines the extent to which different DT generations coexist among firms with similar structural

features such as location (country), size and industry.

The following section discusses the nature of DTs and its development over time. The discussion
addresses the key elements for constructing the analytical framework and the empirical strategy

adopted in the five national surveys carried out for the present study.

2.2. Digital technologies: implications for business models and competitiveness

In a broad sense, digitalization refers to advances in information and communication technologies
(ICTs) which changes the way firms produce and market their products, as well as how people
work and how they buy and consume these goods. Digitalization is usually associated with
“Industry 4.0”, a concept first introduced in Germany nearly a decade ago. The very concept of
Industry 4.0 involves the notion of evolution towards advanced digital generations. It also
encompasses a varied group of digital solutions, applied to different business functions of firms

— product development, production, relations with suppliers and clients, etc. The most advanced



stage allows for the integration of business into digital networks and the fusion between real and
virtual environments, with significant impacts on how industrial firms create and deliver value to
customers. Also, the “Industry 4.0” concept blends “soft” technologies (big data, artificial
intelligence) with “hard” ones (sensors, robots, high performance computers) by means of
communication networks that allow relevant information to be made available in real-time along
a supply chain. It is increasingly becoming clear that 4.0 technologies may result in disruptive

changes in business models, competition patterns and market structures.

It must also be considered that the path towards Industry 4.0 has been made possible due to a
significant decrease in the costs of core technologies, such as those related to sensors, processing
and storage of large databases. Thus, the supply and use of DTs are expanding exponentially due
to steadily decreasing costs (IEL/NC et al., 2018). Nonetheless, the 4.0 digitalization of an
industrial firm requires substantial investments. Hence, although a trend towards digitalization is
clear, the pace of diffusion differs significantly across industrial sectors and countries, with
developing economies still at an early stage.

The essence of Industry 4.0 is the merging and integration of different but complementary DTs
into converging systems. Rosenberg’s seminal concept of technological convergence (1963), the
notion of generic technologies (Gambardella & Torrisi, 1998) and of general purpose technologies

(Cantner & Vannuccini, 2012) are therefore quite useful.

According to Andreoni (2017), five features distinguish key technological systems such as digital
ones: they are transversal, for they can be used in and have an impact on various industries and
supply chains; they are embedded into integrated systems; they potentially enhance quality,
allowing for a continuous improvement of products and services; they are likely to enhance
productivity by allowing for continuous improvement of production processes and operations;
and they are strategic, in the sense that they will play a major role in addressing future social and
economic challenges. Digitalization in manufacturing should be understood as an evolutionary
process (Kagermann, Wahlster & Helbig, 2013). Firstly, it involves specificity because it is a
context-based process and because solutions are idiosyncratic to firms, value chains, locations
and markets. Secondly, adopting DTs yields long-term benefits due to cumulative learning and

experimentation with technologies, systems and processes.

An OECD report (2017) points out that Industry 4.0 firms are firms that have been able to
effectively catch-up with and create specific solutions based on innovations on three fronts:
production (“advanced manufacturing”), information processing (big data, cloud computing,

etc.), and integrative use of information (artificial intelligence, smart systems, etc.). In light of the



competitive pressures and environmental stimuli firms are subject to, many different solutions
from the vast range of technologies can be combined to solve the specific problems the

manufacturing sector faces.

Nonetheless, neither are all technologies associated with digitalization from the fourth generation,
nor will all firms indiscriminately adopt them. Some DTs have been used in manufacturing for a
very long time, such as microelectronic-based automation, robotization, mobile communication,
sensors and CLPs. Nonetheless, new digital generations will evolve along the trajectory of
integration, interconnection and intelligence. Firms’ decision-making process to engage in DTs
is quite complex. Starting from the assumption that industrial firms are somewhat familiar with
DTs, an investment decision must take into account the purpose, the business function or the
scope of the business functions and, building on that, the choice of DT generation. More
importantly, investments in soft and hard technology solutions should consider the availability
and mobilization of further resources, their existing and, more importantly, emerging capabilities,
as advanced digital-biased skills are a novelty and most firms have scarce resources.

DTs represent a firm’s qualitative competence and a competitive leap for firms. Going digital can
radically alter performance patterns and modes of managing and monitoring operations. If
successfully introduced, DTs lead to increased efficiency, lower transaction costs and
optimization of logistics. For example, information and communication technologies combined
with artificial intelligence result in real-time approximation (represented by information flows) of
activities carried out by employees, suppliers, service providers or customers in different

organizational, business units or industrial plants.

The digital-led integration of business functions may have resulted in changes to a firm’s
organizational structure and relations with customers and suppliers, potentially leading to lower
administrative costs and stocks of parts, components and finished products. DTs also imply
greater flexibility in the design, production and delivery of solutions to meet clients’ demands.
Additionally, the use of digital solutions such as artificial intelligence and augmented reality
virtually simulate production and market environments, allowing for the development and testing
of new products and services in a much more cost effective way, thus reducing time to market,
from R&D to sales

In anutshell, DTs potentially allow firms to alter their business models towards greater efficiency,
product customization, shorter lead times and increased flexibility, especially as regards the use
of resources (whether tangible or intangible). Thus, business models and value chains may evolve
towards higher levels of integration, interconnection and intelligence, thus potentially enhancing

the competitiveness and market position of industrial firms.



2.3. Digital technologies: implications on skills and employment

The implications of digitalization on skills are a much debated topic, given the complex nature of
the changes involved: the appropriate skills profile and the adequate ratio of employees to the
tasks that are relatively unknown if the reference is the highest potential integration,
interconnection and intelligence DT might bring about. As mentioned in the previous section, this
is the “ultimate reference point” for business models. The wide variance in adoption formulas
available to firms in terms of digital generation and the scope of business functions that can be
digitalized has also gained attention. The organizational, capabilities, skill and employment
implications have a direct relationship with the nature of digital investments that need to be made

by an industrial firm at a given moment.

Thus, it comes as no surprise that uncertainty still prevails as to how advanced DTs will affect
skills and employment patterns in the short and medium term. Economic history shows that in
times of profound technological change, some countries and firms manage to absorb innovations
while others do not and start lagging behind. Thus, the impact of DTs on work and skills is likely
to differ across space and agents. Nonetheless, the future of work and skills in the face of rapid
digitalization should be discussed. A brief non-exhaustive discussion on specific issues related to

skills and jobs is provided here based on the account in Albrieu et al. (2019a).

The following patterns observed in previous eras of technology-intensive structural changes, just
like the current one associated with DTs, may induce transformations in the skill profile and
guantity of jobs needed to perform production activities. Experts now argue that “technological
unemployment” will soon appear. Most importantly, as DTs may reduce the marginal costs to
replicate goods to a minimum, traditional production structures associated with standardized mass
production are largely at risk, especially those based on the extensive use of labour in routine
tasks. There is also concern about the impacts of automation on the types of tasks performed
within jobs. Evidence shows that workers will dedicate more hours to complex tasks and
interpersonal relations rather than to less complex tasks, which will have become automated
(Pounder and Liu, 2018). It is therefore reasonable to explore the extent to which digital

automation might actually result in job loss.

Technological change usually affects skills demand and tends to favour workers with skills that
complement the new technology, according to Acemoglu (2002). However, the set of skills that
are necessary to perform work in a workplace that has introduced fourth generation DTs has yet
to be defined, although it is expected to be concentrated in three groups: 1) general cognitive
knowledge, 2) specific technology-related knowledge (or IT skills), and 3) socio-emotional (or
soft) skills.



A report prepared by Deloitte (2017) predicts that soft skill-intensive occupations will account for
two-thirds of all jobs by 2030 as compared to half of all jobs in 2000, and that the number of jobs
in those occupations is likely to increase 2.5 times more than the employment rate in other
occupations. As a result, the future of labour will essentially depend on human brain power
supplementing the flexibility derived from the ability to process and integrate information of
many different kinds, as well as to perform complex tasks and to communicate them to others.
From this perspective, opportunities will arise in activities that capitalize on strictly human
capacities, such as curiosity, imagination, creativity and social and emotional intelligence. Hence,
over 30 per cent of all new high paying jobs will be linked to “essentially human” social attributes
(Levy and Murnane, 2013). The increasing diversity of the workforce is likely to intensify demand
for more creative labour, particularly in emerging “hybrid” jobs that integrate technical and
project management skills, mobilizing competencies associated with various domains of

knowledge.

While the need for technical skills remains high, the need for people with communication,
interpretation and synthetic thinking skills is on the rise. These new social skills, in turn, are
leading to a change from an education model focussed on STEM (science, technology,
engineering and math) to one focussed on STEAM, which includes general culture and arts
education (indicated by the letter A in the acronym). The skills required to meet the challenges
posed by the advent of DTs call for a restructuring and modernization of school curricula,
especially in the fields of logic, creative thinking, problem solving, project work and teamwork.
Changes in education in all fields and at all levels, including formal and non-formal learning
mechanisms, are necessary. Such profound change implies the need for novel education models.
The need to replace traditional “cocoons” of scientific disciplines that characterize most of today’s
education is an immense challenge for all societies (IEL/NC et al., 2018). Another relevant issue
is the impact of digital innovations on “professionalization”. In an industrial society, the notion
of a ‘career’ plays a central role in defining a stable and steady set of capabilities a professional
must possess to perform a given “job” or have a given “occupation” to resolve problems in
accordance with the organization’s or industry’s needs. Within the emerging scenario of digital
transformation, not only is the set of capabilities underlying a number of “occupations” rapidly
changing, but it continues to remain undefined; stable jobs and professions associated with formal
qualifications that once outlined the traditional “professional career” are being replaced by more
flexible and fluid employment relationships. From the perspective of the individual, success in
the workplace is how being treated more as a result of the individual’s own efforts and self-
efficacy to cultivate an autonomous mind set and to continuously acquire high-value skills to meet

the constantly changing training requirements.



To conclude, digital innovations associated with Industry 4.0 technologies have not only changed
the relationship between people and computers—whether in the realm of production,
consumption or work—but have also given rise to increasingly integrated, interconnected and
intelligent systems in which individuals play a crucial role. As DTs are disseminated and the set
of skills and capabilities required of workers begin to be adjusted, people and machines will
increasingly complement each other, with the former becoming more relevant and less
substitutable, since it is human input that defines how machines will perform and how they will

enhance and maintain human capabilities.

2.4. Digital technologies: implications for developing countries

In developing countries, where heterogeneity is a key feature of their production structure, it may
be assumed that with respect to DTs, adoption patterns will vary depending on the firms’ profile.
That is, within the same time and space framework, firms producing goods and services using
traditional production processes and structures may co-exist with firms in which digitalization

represents an essential part of their business strategy and means of production.

The study of DT adoption patterns in Argentina, Brazil, Ghana, Thailand and Viet Nam provides
valuable insights into digitalization in developing countries, as they all share two common
features: 1) diversity, and 2) heterogeneity. Country-specific features, however, preclude making
any generalizations when drawing lessons from the experiences of these countries. For example,
they all have a different structural configuration in terms of the geographic location of firms, the
role of industrial firms in global value chains, and the relative importance of different industries

in the country’s industrial matrix, among others.

Nevertheless, digitalization is an emerging process that has yet to be consolidated. This means
that robust firms and governments in developing countries will also undertake efforts to achieve
digitalization. The concepts initially proposed by Abramovitz (1986) can be adapted to shift the
discussion to the firm level and investigate how firms incorporate digital technologies. In
developing countries, the focus must essentially be on firms that are at a more advanced DT stage
(classified as firms that are forging ahead); firms that are lagging behind and firms that have the
capability of moving forward with DTs (classified as firms that are moving on) (Ferraz et al.,
2019).

In light of this, the relevant issues and corresponding implications for public policy that must be
addressed are as follows: should the adoption of advanced DTs deliver competitive advantages,
would firms that are forging ahead force out those that are lagging behind? In other words, if the

access to and adoption of DTs became pervasive, would firms that are lagging behind be able to



catch up and would windows of opportunity open up for “latecomers”? Who would benefit from
technological change and sustainable growth in the long term? These are the questions the present

comparative analysis seeks to answer.

2.5. Detecting digital technologies at firm level: the traditional approach

A vast body of literature exists on the definition of DTs, their potential uses and implications on
various factors, particularly business, skills and employment. Much effort has been undertaken to
gather, compile and disseminate information on the emergence and diffusion of these technologies
at the country level — notably, at the developed country level. This notwithstanding, comparable
survey-based country and firm-level data are scarce. Additional studies are necessary to
comprehensively examine the implications of digitalization for corporate planning and policy
assessments, especially in developing countries.

Developing countries must determine which DTs firms have already adopted and which ones they
expect to adopt in the near future. Additionally, the profiles of digitally advanced firms and digital
laggards must be defined, as well as the implications on skills and labour and major challenges,
risks and opportunities associated with digitalization.

As reviewed in IEL/NC et al. (2018) and Ferraz et al. (2019), several surveys conducted by
international consulting firms, such as Accenture (2017), Deloitte (2018, 2017), McKinsey Global
Institute (2018) and Geissbauer, Vedso and Schrauf (2016) assessed the level of diffusion and the
impacts of Industry 4.0-related digital technologies. Many of them focus on the assessment of
specific technological solutions and measure the impact of diffusion in terms of potential benefits.
Attempts are often made to determine enterprise readiness to incorporate DT into different

organizational procedures.

Although these studies provide supporting evidence that is quite useful for understanding the
emerging process of technological change related to the Industry 4.0 paradigm, their overall
approach has several shortcomings. According to Albrieu et al. (2019a), they are related to the
vast number of possible technological solutions; their specificity according to each industrial
activity and the specific processes or business functions and similar such factors within each
activity. More importantly, digital solutions have been around for a long time, i.e. only focussing
on the most advanced solutions disregards the fact that some of the previous generations of

technologies are not necessarily obsolete from a practical perspective.

Due to these shortcomings, a recent study carried out in Brazil to investigate the DT adoption
patterns by industrial firms (IEL/NC et al., 2018) developed an alternative approach. This

approach differs from the traditional one in three relevant aspects. Firstly, departing from the



specification of an industrial firm as a set of business functions, the alternative approach focusses
on the role different DT generations have played in each firm and not the adoption (or not) of
specific technologies by the firms. Secondly, as technological progress is rapidly changing as is
firms’ intention to adopt DTs, the current use and future trends of DTs are determined. Thirdly,
to “ground” future expectations, firms were asked about the current measures they are taking to

prepare for their projected future by plotting a dynamic trajectory instead of a static point in time.

2.6. Detecting digital technologies at firm level: an alternative experimental
approach

The development of the experimental empirical research strategy builds on three assumptions.
Firstly, as DTs have been available to and used by industrial firms across different industrial
sectors for at least three decades, it must be assumed that firms are using DTs from different
generations, not only fourth generation DTs. Secondly, DTs are used in specific “locations” of a
firm—hereinafter referred to as business functions—such as supporting product design,
production management or relations with suppliers. Thirdly, as firms may be using DTs regardless
of what industry they operate in, the questions should be addressed to all firms, regardless of the

economic activity they perform.

The concept of “digital technology generation” is key for this alternative research approach: it
requires a time-related dynamic approach, since it seeks to capture the evolutionary logic behind
the technological progress observed in DTs. When properly specified, these DT generations can
be subject to observations in business environments and, if successful, elucidate the extent to
which diversity and heterogeneity features of developing countries are present in the digital

domain.

The analytical framework defines technological generations as different “levels” or “stages” of
technological development in terms of the nature of firms’ DT use to perform a given number of
business functions. Taking the Industry 4.0 paradigm as the fundamental reference point, four
generations of DTs were stylized, from the most rigid type (first generation) to the most

integrated, interconnected and intelligent one (fourth generation), as detailed below:



e First generation - rigid production: the use of DTs for a specific purpose within a
specific function (e.g. CAD in product development).

e Second generation - lean production: the use of DTs that partially link two or more
business functions (e.g. CAD-CAM, linking up product development and production
processes).

e Third generation - integrated production: DTs are integrated and interconnected in all
business functions (e.g. enterprise resource planning software applications or web-based
sales support systems).

¢ Fourth generation - integrated, connected and smart production: use of DTs with
information feedback within the organization to support decision-making processes (e.g.
business management with support from big data and artificial intelligence).

As it is assumed that firms’ strategies, competencies and performance differ from one another, it
is also reasonable to assume that they differ with regard to how and for what purposes DTs are
used. To better capture the “location” of the introduction of digital solutions, five business
functions are specified: 1) relations with suppliers, 2) product development, 3) production

management, 4) customer relationships, and 5) overall business management.

In line with the research carried out by IEL/NC et al. (2018), presented in Table 1, the concepts
of technology generations and business functions were combined to create a roadmap of four
digital technology generations, each corresponding to different ways the performance of five

business functions can be carried out.!

! Similarities between the 4h generation of the proposed framework and the German framework Industrie 4.0 are purely
coincidental.
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Table 1: Digital technology generations according to business functions

G . Supplier Product Production Client Business
eneration : : . .
relationship  development  management relationship management
Manual Stand-alone .
transmissio computer Stand-alone Spregd sheet ielgaton
Gl . . - registry of systems by
n of orders  aided design -  automation contacts area/department
(e.g. fax) CAD P
o P v
G2 CAD-cAM . W devices to .
n of orders integrated supDort sales management in
(e.g. email) CAM PP few areas
Digital
system for Process Internet-based Integrated
. Integrated .
G3 processing . product execution, support for platform to
orders, svstem automated sales & after support
stocks & Y system services decision-making
payments
ellsii Business
Real-time . Machine to relationships
G4 web-based m\;éretﬁ?:] machine - based on online sumagﬁ[g(ejrgen;i
relations g M2M system monitoring, PP ybig

product use data analytics

Note: DT generations were specified with the support of specialized engineers. The best foreseeable technologies in
2017 were considered to consist of G4.

Source: 12027 Final Report (IEL/CNI et al., 2018).

Technologies included in G1 and G2 generations have been around and available for as long as
numerical control programming systems exist (late 1950s), although solutions such as CAD have
evolved and been widely disseminated in recent years owing to parametric engines. G1 is best
described as a stand-alone process, as firms use DT for very specific tasks in localized business
functions. Their relations with suppliers and clients are based on manual or telephone
transmissions and registrations are carried out via ledgers, logbooks and/or spreadsheets. By
adopting these technology generations, even if firms’ efficiency and the quality of their products,
processes and operations are significantly improved, the transition from G1 to G2 does not require
major efforts in terms of organizational changes and investments. The development and
associated changes involved in the transition from G1 to G2 are incremental, and firms may end

up being lean, quality-bound and productive.

At G3, all business functions are digitally integrated. If the ERP systems function effectively, the
flow of information allows for the conversion of various business functions. At this stage, the
standardization of production, communication and administrative procedures must be well
developed. As a result, downtimes and production waste due to information failures are

minimized. At the same time, the degree of involvement with suitable partners—suppliers and
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clients—is high and the firm can activate or respond to demands near real-time. Transitioning
from G2 to G3 requires significant efforts: firms should make the necessary investments to fully
integrate their business functions and to comprehensively and effectively standardize their

processes and information systems.

The G4 digitalization level is very high: the enterprise is a cyber system. If effectively and
comprehensively implemented, the best representation of a G4 enterprise is that it has a digital
twin: process management and product development are based on virtual modelling; big data and
artificial intelligence are fully being used, including in external relations and basic process
prevention, and optimization in decision-making can in fact be delegated to the existing cyber
system. To move from G3 to G4, substantial changes are necessary, as G4 is characterized by the
use of advanced communication devices, robotization, sensorization, big data and artificial
intelligence, among others. At this stage, G4 solutions are most likely introduced gradually, but
the end result is an integrated, interconnected and “intelligent” business model, that differs

considerably from the one adopted by a full G3 firm.

Aside from determining firms’ current DT use (or the technological generation in use), the
investigation also aimed to denote the firms’ future expectations in terms of digital technology
adoption. Consequently, firms were asked about the DTs they expected they would be using in
five to ten years. To better understand firms’ intention to evolve from their current technological
stage to the projected one, the nature of the efforts they are currently undertaking (if any) to

achieve the projected level of digitalization had to be assessed.

Firms were therefore asked to identify which types of measures were being undertaken with the
purpose of achieving the projected level of digitalization for each business function: no action at
all, ongoing initial studies, planning has already started or has been formalized, and formal plans
have been formalized and are already in place. It is assumed that qualitative leaps towards a higher
technology generation can only be achieved by means of explicit entrepreneurial efforts involving
business planning and investments to acquire technologies and adequate resources in terms of
physical infrastructure, knowledge and skills. This approach not only reveals firms’ actual and
expected digital technology generation—a preliminary sign of development and progress—but

this foresight exercise also ascertains firms’ current level of readiness to prepare for the future.
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3. Field research strategy and implementation

Experts agree that the availability of empirical data specifically on industrial firms’ digitalization
patterns enhances the understanding of the nature and pace of such phenomena. In order to provide
entrepreneurs and policymakers with quality information on the nature of digital transformation,
data was collected from 1,158 firms from five developing countries with support from different

partners?.

The data represents the current and projected adoption of DTs by industrial firms. The study
mapped the digital technology generation firms see themselves as having employed to date and
the DTs they expect to be using in the next five to ten-year period, taking into account the
empirical roadmap presented in the previous section. In addition, the study also collected
information on the potential impacts of advanced digitalization on employment and skills, as well

as on energy consumption and sustainability.

This comparative exercise is based on data collected from five different and independent surveys.
The first one was carried out in Brazil in 2017 as part of the 12027 initiative (IEL/NC et al., 2018);
the second one was conducted in Argentina in 2018 (Albrieu et al., 2019a); the remaining surveys
were carried out in 2019 in three developing countries selected by UNIDO (Ghana, Thailand and
Viet Nam).

This chapter describes the main features of each survey, the specifications of the sampling method
adopted in each case and the samples obtained. It also elaborates on the general procedures of
data collection and screening used in each national survey. Finally, the procedures used to design
a comparable database for the five countries are explained. Sectoral commonalties are the guiding

feature of the establishment of the comparable database.

3.1. Questionnaire design and procedures for data collection

Each survey addresses specific issues, but all three surveys share common features. The most
complete questionnaires were applied in Ghana, Thailand and Viet Nam, where surveys contained
three blocks of questions (in addition to questions related to the main features of firms): (i) current
and expected DT use; (ii) employment and skills, and (iii) energy and sustainability. The
Argentine survey did not explore the latter two sets of questions, while the Brazilian one focussed

on current and expected use of DTs only.

2UNIDO in Ghana, Thailand and Viet Nam, Albrieu et al 2019%) in Argentina and IEL/CNI (2018) in Brazil.
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The following examples of questions illustrate the nature and scope of each survey:

e Current and expected use of DTs: “To manage supplier relationships, which of the
following technologies are currently being used and are expected to be adopted in the
upcoming years (five to ten years)? (1) Manual electronic purchase order transmission;
(2) Electronic purchase order transmission; (3) Electronic handling of inventories,
purchases and invoices; (4) Real-time supply chain management.”

e Readiness levels: “Which course of action is the firm currently taking towards the
adoption of the technology(ies) to be adopted in the next five to ten years? (1) No action
nor studies; (2) Initial studies, but no action yet; (3) Approved project but no clear plans
for implementation; (4) Actions already in progress/execution.”

o Skills: “In the next five to ten years, how important will these skills be when hiring a new
employee (very important = 5, somehow important = 4, not that important = 3, not
important at all =2, do not know = 1): Soft skills (team work, communication skills...),
Skills related to human-machine interaction (design, use of new technologies); Skills
related to science, technology, engineering and mathematics (STEM); Skills required for
manual and repetitive tasks.”

e Energy and sustainability: “In the next five to ten years, how important (very high
contribution = 1, high contribution = 2, moderate contribution = 3, low or no contribution
= 4) will the contribution of advanced digital and production technologies in improving
environmental sustainability be in any of the following dimensions: saving water; saving

energy; saving materials; minimizing waste; enhancing recycling.”

Either telephone interviews followed by internet data collection or face-to-face interviews were
carried out. Firms were randomly chosen from databases on industrial firms in each country (see
next section). Considerable efforts were made to mobilize firms to respond to the survey. This
required identifying the most appropriate person in each firm to answer the survey questions — it
was determined that the questionnaire respondent was to at least have access to and participate in

high-level meetings on strategic planning of the company.

3.2. Main features of national surveys

To extract firms from each country, a database containing a directorate of industrial firms, a
methodology known as proportional probabilistic sampling, was used. This is the most
recommended method to build samples of small dimensions. It relies on the specification of
parameters. Out of three parameters, two must be defined; the third one remains as the adjustment

variable. The parameters used in this study were the number of firms in the sample, the margin of
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error (the acceptable range for the estimated share of the population parameter) and