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ABSTRACT

The objective of the article was to identify as relations between IoT, Big Data and Artificial Intelligence with
the microfoundations of the dynamic capabilities. It was characterized as an exploratory, descriptive and
inferential research, with a quantitative approach. In non-parametric tests (Chi-squate / Spearman
correlation), in Portuguese companies, totaling 137 respondents with valid questionnaires (only business
and IT managers) were applied. It has been shown that as 3 technologies, 10T, Big Data and 1A, in different
proportions of performance, are large in the 3 microfoundations of our dynamic capabilities. The highlight
was for the performance presented by Big Data in the Seising microfoundation. The highest correlations
were observed for the Seising microfoundation, with emphasis on the strong correlation between IoT and
Big Data and moderate correlations between Big Data and Al
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INTRODUCTION

In recent years the economy has been evolving at high speed through a process of transformation, where the
driving matrix is basically formed by advanced innovations in the areas: digital, material and biological. In the digital
category of the fourth industrial revolution, there is an emphasis in cloud computing, IoT, Artificial Intelligence
and Big Data, which are part of the so-called Digital Transformation, which is a perspective of the use of
information and communication technology (ICT) where it comes to act as a preponderant element in the
transformation and reconfiguration of organizational elements, such as: strategy, processes, culture and structures
(Hess et al., 2010).

The digital transformation in Portugal, is undergoing the process of migration of the so-called take off zone,
where the digitalization is relatively low, but with fast growth, to the Stand Out area, where those at that level have
a high degree of digital development and increased productivity through technological innovations (Chakravorti et
al,, 2017).

In addition to this digital transformation, organizations need to be able to reconfigure themselves in the face
of such a competitive market. These Dynamic Capabilities (DC) are being analysed as an event in organizations
and arousing interest in the academic environment, as well as in the corporate environment and in its various
segments. This article aims to identify the relationships between elements of digital transformation and the micro-
foundations of dynamic capacities.
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THEORETICAL REFERENCE

Elements of Digital Transformation: IoT, Artificial Intelligence and Big Data

As cloud computing (CC) is combined with technologies such as embedded systems, microelectronics,
communication and sensors, the concept of “Internet das Coisas” from the English Internet of Things (10T) atises. This
term was first used by Ashton (2009) when working with RFID (Radio Frequency Identification) concept.
However, today's definition is broader, as it encompasses a range of applications such as health services, public
services, transportation, etc Gubbi et al. (2013). In addition, it is considered the new technological and economic
wave (Mukherjee et al., 2017).

For Makridakis (2017) the impact of industrial and digital or information revolutions has substantially affected
society, but there is a new revolution being formed by Artificial Intelligence (AI) and that will generate a strong
impact on companies and jobs. Today's Al is present in everyday life for people and businesses. An example of
which are voice recognition features, face recognition, and writing suggestions available on today's smattphones.

According to Schwab (2016) artificial intelligence and robotics, will generate a turnaround in organizations with
respect to the administrative functions in which it will occupy. The author also states that by 2025 there will be an
inflection point where 30% of the corporate audits will be performed by Al robots, and this will happen because
Al finds it easy to match standards and automate processes, which makes the adoption of this technology be
recommended.

On the other hand, Big Data is emerging as a relevant topic among scholars and professionals, and it is defined
as a holistic approach to managing, processing and analysing data in five dimensions, and which aims to deliver
sustained value, measure performance, create skills and improve the decision-making process. The big data makes
it possible to improve the efficiency and effectiveness of organizations, and it allows the process of decision making
to be based on evidence and not intuition (McAfee and Brynjolfsson, 2012).

The Big Data dimensions are called "5Vs", and they are: Volume - satisfaction, accessibility to data; Variety -
diversity of sources and types of data; Speed - time needed to access the information and to make a decision;
Veracity - confidence in the accuracy presented by the data; and Value - what information improves on results, the
financial value used to obtain data with a good level of quality (Magada and Canary, 2014; McAfee and
Brynjolfsson, 2012).

Dynamic Capabilities

The theme of Dynamic Capabilities (DC) has been seen as an event in organizations and arousing interest in
the academic environment, as well as in the corporate environment in its most diverse segments, ranging from the
strategic area to human resources management, marketing, innovation, entrepreneurship and information and
knowledge management.

For Fernandes et al. (2017) and Vogel and Giittel (2013) DC currently emerges as a vibrant field of study within
the theoretical framework based on the management of resources and strategies, and for authors there is a
significant growth in the number of citations and articles that address the theme "Dynamic Capabilities". The
origin of the DC, which is resource-based view (RBV) (Alvarenga et al., 2016; Teece, 2007; Wamba et al., 2017).
From the point of view of dynamic capacities acting as routines and processes, Teece (2007) defends the necessity
of micro-fundamentals of dynamic capacities that are related to processes, and that can: act by analysing the
external environment in which the firm is inserted (Sensing) through processes which aim to: direct internal P&D
work; seek suppliers to complement the organization's innovations; seek scientific and technological developments
outside the firm; recognize target market segments, changing customer needs and generating customer-driven
innovations; take advantage of the chances/opportunities detected (seizing) in processes such as: customer
solutions; selection of organizational boundaries; selection of decision-making protocols; build loyalty of
commitment; decentralization and decomposition; and managing threats and transformations arisen from
organizational changes (managing threats/transforming) with processes of: co-specialization; governance; and
knowledge management.

In short, the dynamic capacity is the grouping of organizational skills, behaviours and organizational capacities,
as well as processes and routines that lead the company to differentiate itself in the competitive market in face of
its competitors. And, as it is stated by Teece (2007), although the long-term performance of the firm is determined
in some way by the way the (external) business environment rewards its assets, the development and exercise of
dynamic (internal) capabilities are at the centre of the business success or its failure.
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METHODOLOGY

The present study was characterized as exploratory, descriptive and inferential, because it tried to identify
possible relations and differences between a set of variables, and without necessarily worrying about the issue of
causality. They were analysed using non-parametric tests. Regarding the nature of the research and approach to the
problem, a quantitative study was done, using the descriptive research survey method, with cross-section.

For the quantitative study the sampling used was non-probabilistic and its elements were selected according to
the convenience of the researcher. For the application of the questionnaires an electronic instrument of
questionnaires was used. The link was sent by e-mail, in an Institutional way, by the Universidade Catdlica do Porto,
through its Newsletter, to the members of the Association of Former Students of the Faculty of Economics and
Management of the Catdolica Porto Business School. A total of 247 questionnaires were answered. After the analysis
and exclusion of incompletely answered questionnaires and the questionnaires answered by people who were not
business or I'T managers, there were still 137 valid questionnaires. The study used an adaptation of the importance
matrix x performance of Martilla and James (1977), and in part of the model was added a dimension called "future
importance” up to 2025 in the respondents' perception, since the elements of digital transformation, as stated by
Kane et al. (2015), are still in the stage of maturation in organizations and this third dimension will bring the
perspective of the importance of these technologies on the dynamic capacities in the next 7 years, that is, until
2025, the year when, according to Schwab (2016), some points of inflection of the fourth industrial revolution will
be detected,.

One of the inferential tests developed was Qui-square independence, which aims to compare proportions,
allowing it to assess the adherence between a frequency distribution associated with a sample consisting of
observations expressed in any scale and a theoretical distribution (Guimaraes and Cabral, 1997). Another non-
parametric test used to analyse the correlations was the Spearman coefficient that evaluates the magnitude of the
relationship between ordinal variables.

The Cronbach alpha obtained was relatively high for the questions involving the dynamic capacities, being 0.92
for the 9 questions of the 3 technologies, totalling 27 items with Likert-type scale. When separated by categories
(technologies), the value of 0.909 was obtained for questions related to 10T, 0.919 for Big Data and 0.934 for
Artificial Intelligence.

ANALYSIS AND INTERPRETATION OF RESULTS

Respondents Profile

In the descriptive statistics, there was a greater participation of respondents from large companies (49.6%),
which added to the percentage from medium-sized companies (16.1%), they are the majority of respondents with
65.7%. Micro-enterprises accounted for only 20.4%, and small companies with the lowest percentage of 13.9%.
Of these companies, 59.1% are multinational and 40.9% are national, so most respondents are part of a company
that operates in other countries. The researchers chose to select only questionnaires answered by managers, be
they business or IT, and the results showed a broad predominance of business managers with 92.7%, while IT
managers were only 7.3%.

Descriptive Statistics of the Matrix Importance (current and future) x Performance

According to Teece (2007) the dynamic capacity Sensing, which has processes that enables analysing of the
internal and external environment in which the organization is inserted, and through the analysis of the means and
medians obtained through Likert-type scale analysis, which among the 3 tecnhologies (IoT, Big Data and Al), Big
Data has the best performance (median 4 and average 3.97), followed by IoT (median 4.00 and average 3.50), and
lastly the use of Artificial Intelligence, still with an incipient performance or almost without use (median 2.00 and
average 2.15). According to Dobre and Xhafa (2014), the technologies that involve Big Data are more accessible
to organizations, which may be contributing to better performance among the 3 technologies surveyed. In addition,
Big Data favours the capture of external data and information, which is the main focus of the dynamic capacity
Sensing. An example is what occurs with social networks where very economical analyses are possible and opinions
of the external environment are faster (Venkatram and Geetha, 2017). This task involves monitoring internal and
external technological developments and assessing customer needs, expressed and latent, as well as: learning,
interpretation and creative activity (Dobre and Xhafa, 2014). Such detection (sensing) is essential for the company
to sustain itself over the long term as customers, competitors and technologies change (Teece et al., 2016).

The processes focused on customer solutions, selection of organizational boundaries, selection of decision-
making protocols and related to the building of employee loyalty and commitment are part of the Seizing micro-
foundation of dynamic capabilities that allow the use of resources to meet needs and opportunities taking
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Importance: 0,55
Performance: 0,37
Future Importance: 0,52

Figure 1. Spearman correlation between IoT, Big Data and Al and Sensing dynamic capacity

advantage of them (Teece, 2007; Teece et al., 2016). Higher averages and medians were identified in the three
technologies if compared to the dynamic sensing and threat management capacities, with respect to performance.
Once again there is a predominance in the performance of Big Data technology in relation to IoT and Al, with
averages 4.41, 4.10 and 3.18, respectively. These averages, as well as the observed medians, that are superior in the
performance of the 3 technologies for the capabilities of exploiting opportunities detected in the internal and
external environment of the organization, suggest the greater use of technologies for these processes, and this is
in agreement with what Teece (2007) says, who informs that to address the opportunities (Seizing), there must be
maintenance and enhancement of technological competencies and complementary resources, and then when the
opportunity is mature, investing heavily in the technologies and designs most likely to achieve a market acceptance.

For the dynamic capacity to seize opportunities, it was observed that the performance and importance (current
and future) of the use of Big Data was superior to the other dynamic capacities and technologies. This fact may be
occurring because this dynamic capacity has relation with the process of decision making, through the definition
and use of decision protocols. The justification for using Big Data technology is due to its use on the process of
decision making, where better decisions are sought, in order to increase the likelihood of success and risk
minimization (Erevelles et al., 2016; Venkatram and Geetha, 2017; Vieira et al., 2017).

According to Meirelles and Camargo (2014) and Teece (2007) there is a third capacity that serves as a foundation
for dynamic capacities, which is called the capacity to manage threats and transformations (Managing
Threats/Transforming). It was observed through the analysis of averages and medians, that the performance of
Big Data technology was superior to IoT and Al The superior performance of Big Data technology in this micro-
foundation can favour the learning process of the organization, and according to Barrales-Molina et al. (2013),
there is significant influence and effect of the learning mechanisms in generating dynamic capacities.

Inferential Statistics (Chi-square and Spearman's Correlation) of the Elements of Digital
Transformation and Microfoundations of Dynamic Capabilities

Based on the non-parametric tests the data was analysed from two perspectives: from the point of view of the
correlations between the technologies in the face of each micro-foundation of the dynamic capacities; and from
the perspective of the correlations between importance x performance x perspective of future importance in the 3
technologies. Initially the chi-square test was performed, where the hypothesis Ho, meant that there was no
statistically significant association, and Hi meant that there was association. The results show that the associations
are statistically significant among all technologies and micro-foundations of dynamic capacities. After obtaining
the Chi-square results, we applied the Sperman correlation test on the correlations involving IoT, Big Data and
Al, with the dynamic capabilities in the 3 micro-foundations Teece (2007), in order to analyse the strength of the
correlations.

In the Sensing dynamic capacity, which has processes that enables the analysis of the internal and external
environment, we observed weak correlations regarding the performance observed by the respondents, among the
3 technologies. These relatively low correlations of performance may be due to the currently low use of these
technologies, for this micro-foundation specifically, as demonstrated in the descriptive statistics.

Regarding the current importance attributed, moderate correlations between the three technologies were
detected. The highest being the correlations between IoT and Al technologies. When analysing the correlation
involving the perceived future importance, the moderate correlation observed was between IoT and Big Data
technologies, as shown in Figure 1.
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Importance: 0,56
Performance: 0,48
Future Importance: 0,51

Figure 2. Spearman correlation between IoT, Big Data and Al and the dynamic Seizing ability

It is worth emphasizing the greater correlation between IoT and Big Data in the current and future importance
for this micro-foundation which is related to the processes that enable the analysis of environments in search of
innovation and also taking into consideration external aspects to the organizational environment. It is suggested
that this higher correlation may be happening because of the managers' petception that IoT allows people and
things to connect at anytime, anywhere through devices that can transmit data with anything on any network. This
transmitted data together with relevant information which are converted into knowledge and can be used by
technologies such as Big Data, for Yerpude and Singhal (2017). This may reveal many emerging research
otientations in some very specific and specialized domains.

When analysing the correlations between technologies, with the micro-foundation of the dynamic Seizing
capability (taking advantage of chances and opportunities), which involves processes focused on customer
solutions, selection of organizational boundaries, decision-making processes, and loyalty and commitment, it was
observed, as shown in Figure 2, that there is a predominance in moderate correlations for the current importance
(0.62) and the perspective of future importance (0.61), and strong correlation for performance (0.70) between IoT
and Big Data technologies. This strong correlation can also be related to the real use of IoT and Big Data
technologies in the Portuguese companies surveyed, as it was also demonstrated in the descriptive statistics,
obtaining higher values for this micro-foundation of exploring the detected opportunities.

These higher correlations between IoT and Big Data may be occurring, as stated by Yerpude and Singhal (2017),
since 10T is evolving and its junction with Big Data enables correct decision making at the right moments, as well
as allowing the identification of hidden trends and allow for future forecasting. Emphasis is also placed on the
important role played by 1oTs in operational agility, indicating the need for managers to invest in such destructive
technologies and to improve the IT organizational infrastructure of their enterprises, in order to take advantage of
a large amount of data and information through devices connected to the Internet to develop operational agility
and manufacturing scalability (Akhtar et al., 2017).

Because it was in the micro-foundation where the best performance of the three technologies was obtained,
also observed was the existence of moderate correlations between Big Data and Al technologies. This may suggest
that organizations have already begun to understand the relationship between Big Data and Al techniques. For
Akhtar et al. (2017), today's business operations ate flooded with structured and unstructured data, and modetn
companies can rely on new tools and techniques to process data and share information, and expert systems of
artificial intelligence can provide their data mining tools and learning tools of machines for the conversion of
information into knowledge (Gubbi et al., 2013; Pan, 2016).

Regarding the dynamic ability to manage threats and transformations arisen from organizational changes
(managing threats/transforming), with processes linked to decentralization and decomposition, co-specialization,
governance and knowledge management, we can see a prominence, as shown in Figure 3, for the moderate
correlations between Big Data and Al technologies, where the observed performance was 0.60, the current
importance attributed was 0.67 and the future perspective of importance was 0.66.

What can justify these higher correlations between Big Data and Al for this micro-foundation of the dynamic
capacity is that there is a perception, also taking into account descriptive statistics, with a mean and median (4.09
and 4.0 respectively) that are high for Big Data performance for this micro-foundation, which has a relation, as
Meirelles and Camargo (2014) states, that they combine assets, have processes that integrate external know-how,
learning, sharing and knowledge integration. These characteristics demand a treatment of information and
knowledge, which according to Pan (2016), is possible with the integration between Big Data and Al that enables
the use of important data and transform them into usable knowledge, and from knowledge to intelligent behaviour,
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Importance: 0,52
Performance: 0,48
Future Importance: 0,55

Figure 3. Spearman correlation between loT, Big Data and Al and the dynamic capacity Managing
Threats/Transforming

connects data from multiple fields and supports merger and innovative services across different areas to develop
new technologies and operations.

When evaluating the correlations between the current importance vs. current performance and the perspective
of future importance vs. current performance of the 3 technologies and their respective micro-foundations of
dynamic capacities, we could see larger (moderate) correlations in the micro-foundation of seizing opportunities
(Seizing) and between the current importance vs. current performance. This data suggests, when we also analyse
the averages and the medians that this may have happened due to the better performance of these 3 technologies
for this micro-foundation of dynamic capacity. It was also possible to observe an increase in the future importance
compared to the current importance in the 3 technologies for the 3 micro-foundations, mainly the Artificial
Intelligence technology.

FINAL CONSIDERATIONS

The results were presented using descriptive and inferential statistics (Chi-square test and Spearman's
correlation), and it was demonstrated that the three technologies, 10T, Big Data and Al, in different proportions
of performance, are used in the 3 micro-foundations (to analyse the environment; to seize opportunities; to manage
threats and transformations) of dynamic capabilities. The highlight was for the performance presented by Big Data,
which obtained the highest values in the 3 micro-foundations. On the other hand, artificial intelligence, in terms
of performance, is a more distant reality of Portuguese companies, obtaining the lowest values, and IoT was
somewhere in between as far as performance is concerned. For the 3 technologies, the highest values are related
to the Seizing micro-foundation (seize the opportunities) which is related to processes that involve solutions for
clients, decision making, definition of organizational boundaries, as well as loyalty and commitment of the
employees. Therefore, it is suggested that the best performance is the one of the Big Data technology in the micro-
foundation Seizing. This may be due to increased access to these technologies, even by legacy transactional systems
such as ERP, and Datawarehouse frameworks and Analytics solutions that are in some way related to Big Data
technology.

With respect to the current importance and prospect of future importance up to 2025, for these 3 technologies
in the micro-foundations, Big Data technology was again observed with greater prominence, followed by IoT and
Al It is worth emphasizing that analysing the existing gaps between current importance and future importance,
the technology that has a greater difference is Artificial Intelligence in the 3 micro-foundations. It is suggested that,
even with the low use (evaluated in the performance), the managers believe that AI will have increased importance
in the organizations within the next 7 years, mainly in the micro-foundations Seizing and Sensing, respectively.
Given the analysis of the correlations between the 3 technologies and the 3 micro-foundations, it was possible to
infer from the non-parametric tests, that there are statistically significant associations between them and for the
Sensing micro-foundation we found weak correlations related to performance and the 3 technologies. This may
be happening due to the low use for this micro-foundation, which has processes related to finding suppliers to
complement innovations, searching for scientific and technological developments external to the organization, and
seeking recognition of customer segments external to the organization.

The higher correlations were observed for the Seizing micro-fund (taking advantage of the chances and
opportunities detected), with emphasis on the strong correlation of performance between IoT and Big Data
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technologies, which may be occurring due to the greater use of the two technologies. Moderate correlations were
also observed between Big Data and Al, even with the low performance of Artificial Intelligence technology. These
correlations may be associated with the types of processes that involve this micro-foundation of dynamic capacity,
since they include seeking solutions for clients and decision making. These types of processes need to analyse large
quantities of data of companies. Perhaps for this reason Big Data is highlighted and with moderate and strong
correlations with other technologies.

On the other hand, the micro-foundation of the dynamic capacity to manage threats and transformations due
to organizational changes has a greater (moderate) correlation between Big Data and Al technologies, which may
be occurring due to the processes of this micro-foundation being related to the combination of assets, knowledge
integration (internal and external), learning and knowledge integration, which are characteristics conducive to the
integration of these two technologies that allow knowledge mining and data combination with other technologies
in order to promote new methods and a dynamic evolution. When comparing the correlations between current
importance versus current performance and perspective of future importance versus current performance, the
moderate correlation between the current importance versus performance, shows that the performance/use of the
technology may be influencing this perception of importance, the higher the performance, the greater the
importance attributed to technology, especially to the micro-foundation Seizing (Seizing opportunities).
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