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Abstract—In this Systematic Review of the Literature (SRL) the term
“technological competence” is analyzed. The analysis is conducted within the
areas of knowledge in which the term has been studied, considering the defini-
tions that have been associated to the term, the approaches proposed by the au-
thors that make use of the term, the transformation of the concept throughout
the time, and the boundaries of application with other similar terms, such as
technological capability and technological skill. A total of 140 publications fo-
cused on technological competences are analyzed. The publications correspond
to a time span ranging from 1994 to 2016, and include research articles from
recognized databases and, to a lesser extent, gray literature articles. Finally, the
term technological competence applied in the productive sector is redefined
such as it allows focusing on projects for technological absorption or training in
industry.

Keywords—Technological competences, e-competences, technological capa-
bility, e-skills.

1 Introduction

The term technological competence represents the central focus of the SRL, which
is intended to define a particular concept applied to the productive/industrial sector.

A first discussion related to the term technological competence in industry within
the context of the Information, Communication and Collaboration Technologies
(ICCT), is about the specialization in knowledge management. Technological compe-
tences can be understood as specific performance applied to different professional
fields. From this perspective, two types of competences are required when it comes to
professional performance: technological competences and professional field’s specific
competences. Therefore, when a professional task that requires a technological com-
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petence is performed, actually both types of competences are being used, each with its
own operational logic.

Secondly, technological competences are articulated with specific knowledge of
the different professional fields. Hence, the technological competences would act
transversally for processing information, knowledge, communication and intelligence
in any professional field. Related to the performance, it is expected that the technolog-
ical competence operates symbiotically with other field-specific competences, this is,
one competence type cannot be separated from another. In this sense, technological
competences would appear as a “modelers” of the professional competences.

The conceptualization of technological competence and the identification of its
significant features for designing suitable training and evaluation proposals for enter-
prises (companies) are obtained by analyzing and comparing all the definitions asso-
ciated with it, from multiple approaches in the professional field, along with its trans-
formation throughout the time.

The present study is divided into six sections. The first section is devoted to justify
the SRL and the objectives and research questions are pointed out. The second section
addresses the SRL method by describing the search parameters, discrimination pro-
cess, coding and every aspect related to the identification and classification of the
information. In the third section, the graphical results of the SRL are provided and
briefly analyzed in order to point out the main findings. The fourth section presents
the discussion of the findings as well as the conclusions, where the research questions
are clearly resolved. Fifth and sixth sections correspond to references and authors
information, respectively.

1.1  Objective of the review

To analyze the concept of technological competence and its relationship with ca-
pability and technological skill as conceived from the seminal origin of the term, the
transformation of its meaning throughout the time, the field of knowledge of its crea-
tion, conceptualization and correlation among the terms related, and the re-definition
of the technological competence applied to the industrial sector.

1.2 Research questions

This investigation is focused on a deep understanding of the technological compe-
tence concept. Furthermore, it is intended to provide insightful responses to the fol-
lowing research questions:

e Which are the elements that best describe the characteristics of a technological
competence?

e What are the approaches and their conceptual relationship associated to the techno-
logical competence term?

e How the concept of technological competence has changed throughout the time?

e Which terms are relevant to the concept of technological competence?
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2 Review Method

The SRL is presented from a theoretical-conceptual perspective about the term
technological competence with the respect to an epistemic construction.

The analysis is based on the review of research works that have been published be-
tween 1994 and 2016, considering the exploration of the term technological compe-
tence and the difference between capability and technological skill. The analyzed
papers are classified into three approaches: enterprise, educational and economical.
Throughout this paper, the term “data” is regarded to the results obtained from the
SRL.

2.1 Reference framework for information search

The first step towards the integration of the SRL was to establish the conditions
necessary for collecting the data that would guide the search of published papers. An
important aspect was to consider only research works focused on the conceptualiza-
tion of the term from a theoretical perspective.

The search was conducted in the databases of the Association for Computing Ma-
chinery (ACM), EBSCO Host, ELSEVIER, Institute of Electrical and Electronics
Engineers (IEEE), JSTOR, SCOPUS and ScienceDirect.

Also, gray literature was considered as long as it belongs to international organiza-
tions, government institutions and doctoral dissertations. It is worth mentioning that
grey literature is mostly obtained from citations included in the primary sources of
information analyzed.

2.2 Search criteria

The search was conducted using the terms competence, capability and skill, con-
sidering a theoretical-conceptual perspective, intersected with the word technology.
Boolean operators were used for applying these search criteria.

The keywords considered during the search are: ecompetence, technology compe-
tence, technological competencies, technological competence, ICT competence, digi-
tal competence, computing competence, technology capability, technology skill, e-
skills, IT-Skills.

The specific search criteria executed in the search engine of each database is:
“ecompetence” OR “technology* competence” OR “technological competence” OR
“ICT Competence” OR “digital competence®* OR “computing* competence*” OR
“technology* capability” OR “technology skill**” OR “e-skills” OR “IR-Skills**”.

Once the search was conducted, the obtained data is sorted by relevance to the sub-
ject of study, in order to clearly identify which is the most convenient contribution of
each work.
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2.3 Screening of the literature

Screening of the literature consists in determining whether or not the papers com-
ply with the following features and conditions:

e The paper provides a theoretical study or it contains a comprehensive empirical
framework.

e The publication year is not constrained, since it is of interest to investigate how
term technological competence has evolved over the years.

Studies carried out within any area of knowledge can be considered.
Studies published in English are preferred. However, works published in Spanish
can be considered as long as they belong to publishers of recognized quality.

e Qray literature can be admitted given that it provides the perspective of interna-
tional organisms about the technological competences. Also doctoral dissertations
can be included provided that they are from recognized educational institutions.

e Papers must strictly consider the terms competence, capability or technological
skill from a development of human potential point of view.

e The terms competence, capability and skill must be strictly referred to the technol-
ogy ambit, papers that address these terms unrelated to technology would not be
considered.

Preliminary results of the search, prior to screening and selection process, provided
a total of 50,756 published works. Table 1 presents the number of papers correspond-
ing to each of the considered databases.

Table 1. Number of publications per database

Database Number of publications

|Association for computing machinery (ACM) 38707
EBSCO Host 729

ELSEVIER 5045
Institute of Electrical and Electronics Engineers (IEEE) 1285
JSTOR 1617
SCOPUS 2571
Science Direct 802

After the screening process, 140 papers were selected for the analysis. Selected pa-
pers are classified as articles for dissemination of science and gray literature, being
67% of the former and 33% of the latter. There is a significant different among the
number of papers pre-selected during the search process and the number of selected
papers after the screening process. However, this is something expected due to the
application of the selection criteria, where the description and definition of the tech-
nological competence is considered only from a theoretical-conceptual perspective.

During the screening process, it was observed that the conditions with the highest
exclusion ratio are: a) Papers must strictly consider the terms competence, capability
or technological skill from a development of human potential point of view, and b)
The terms competence, capability and skill must be strictly referred to the technology
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ambit, papers that address these terms unrelated to technology would not be consid-
ered.

24 Codification and data selection

After the screening process, a codification system was established to classify the
collected data according to specific terms. A total of five indexing terms were consid-
ered, defined as: technological learning, technological capability, technological skill,
core/basic competence and technological competence. The latter is further classified
into three categories according to the geographical region of the publisher, given the
previously importance of this matter. Table 2 presents the classification of collected
data by indexing terms.

Table 2. Classification of data by definition of terms

Classification by definition of terms |Scientific articles . Gray T'otal' % by term
literature publications
Technological learning 11 1 12 8.6%
Technological capability 17 0 17 12.1%
Technological skill 7 9 16 11.4%
Core/Basic competence 15 0 15 10.7%

) Regional 2 1 3 2.1%
Technological ;5 a1 5 8 13 9.3%
competence -

International 36 28 64 45.7%

The definitions associated with the terms technological competence, technologic
capability and technological skill were thoroughly analyzed in each paper, in order to
determine how the concept was specifically applied and how it was related to other
authors. This allows classifying each research work into one of the dimensions pro-
posed in table 2.

Given that the technological competence is the focus of this research work, the 80
papers that fall into the technological competence dimension, which represent 57.1%
out of the overall selected research works, have the most impact to re-define the con-
cept of technological competence associated to the industry. Nevertheless, the rest of
the research works that fall into the other dimensions constitute a reference frame-
work and outline for the concept.

It was identified during the screening process that the terms technological capabil-
ity and technological skill are intersected with the term technological competence.
Therefore, as part of the results, the relationship and main differences between: a)
technological competence and technological capability, and b) technological compe-
tence and technological skill, are concisely described.

With respect to the term technological learning, from the analysis of the studies
provided by [1][2]1[31[4]1[51[6]1[71[81[9][10] we identified that it could be associated to
the lifelong education in matter of technology. Hence, it has no similarities, from a
conceptual perspective, with the technological competence. On the other hand, based
on the studies carried out in [11][12][13][14][15][16][17], the term core/basic compe-
tence corresponds to a more general concept related to technical, administrative and
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professional knowledge, that is not limited to the technological aspects, in conse-
quence there is no need to compare it to the technological competence term.

3 Results of the Review

The results obtained from the SRL are divided into two dimensions:

e Individually: Conceptual analysis of the technological competence, how the con-
cept has been transformed throughout the time and how other authors relate the
concept, nomenclature and application approaches

o Collectively: conceptual comparatives of the technological competence with re-
spect to technological capability and technological skill terms. The general struc-
ture of the achieved results is depicted in Figure 1.

Analysis of the term
technological

cogp_ictence
Individually Collectively
Transformation
through the time Comparison to technological
capability and technological skill
Relations from other
authors
Nomenclature
of the term
Application
approaches

Fig. 1. General structure of achieved results

:

Collected data are referred to research works conducted by universities, research
and development centers, public and private organizations, located in several coun-
tries. Figure 2 provides the representativeness of each publication country as observed
in the selected data.

m Spain

m México

m United Kingdom

uUSA

m Netherlands

m Brazil

= Argentina

= Colombia

m South Korea

wIreland
Denmark
Chile
England
Paraguay
Dominican Republic
Venezuela

Germany

12%

Fig. 2. Representativeness of publication countries according to databases
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The information provided in figure 2 corresponds to the percentage of journals reg-
istered in each listed country, where the topic technological competence figures as
part of its publication scope. For the pie chart depicted in figure 2, considering 100%
of all selected publications in the SRL. Countries are listed in decreasing order of its
percent value, being Spain, Mexico, United Kingdom, USA and the Netherlands the
countries with the highest percent value, having 25%, 15%, 12%, 9%, and 8% respec-
tively for each one. Brazil, Argentina and Colombia are represented with 6%; and
with minimum representation are South Korea and Ireland with 2%, and Denmark,
Chile, England, Paraguay, Dominican Republic, Venezuela and Germany with 1%
each.

m Spain

m Mexico

mUSA

m Colombia

m Argentina

m South Korea

m Brazil

m United Kingdom

m China

m France
Turkey
Pera
Netherlands
Ireland
United Arab Emirates
Finland
Taiwan

Canada

Fig. 3. Percentage of authors per country that have studied the term technological competence

The pie chart shown in figure 3 represents the percentage of research works per
country conducted in higher education institutions or research centers that periodical-
ly publish studies related to the technological competences subject. Among the listed
countries, Spain, México, USA and Colombia figure with 38%, 21%, 6%, and 6%,
respectively. With moderate to low participation are Argentina, South Korea, Brazil,
United Kingdom and China having 5%, 5%, 4%, 3% and 2% each. Finally, with min-
imum participation are France, Turkey, Peru, Netherlands, Ireland, United Arab
Emirates, Finland, Taiwan and Canada.

3.1  Technological competence—conceptual analysis

Transformation of the term throughout the time: The analysis of the term tech-
nological competence was carried out based on the comparison among the perspective
of different authors and considering various approaches proposed within the field of
application of the term. The papers selected to conduct the analysis were those that
specifically studied the technological competence from a conceptual point of view,
and, from them, it is determined if the concept has undergone any change over time.
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From the analysis, it was observed that most of changes identified in the concept of
technological competence correspond to the addition of elements that diversify the
definition of the term, although they do not modify the foundations of the basic struc-
ture. The scope of the study contemplates the analysis of papers published along a
period of 22 years. The number of published papers per year is summarized in figure
4 together with a reference map.

_
[=}
I
I

(=T S - ]

Number of publication of technological
competence

1989
1993
1994
1996
1997 |
1998 |
1999
2000
2002
003
004
005 |
006
2007 |
2008
2009

Year of publication

Fig. 4. Number of publications per year

Authors list: The procedure for data analysis is based on a researchers’ triangula-
tion approach. The approach is characterized by the comparison of several interdisci-
plinary contributions, proposed in multiple areas of knowledge.

The references selected for conducting the conceptual study of the technological
competence are listed in table 3. Here, the references are classified according to their
nomenclature, focus, and cross-references. Cross-references are those references in-
cluded in the reviewed papers, which contribute to the construction of the theoretical
basis of the research work, and to the conceptual construction of the term. Further-
more, a diversity of nomenclatures for the technological competence term is de-
scribed, and similar conception and application patters are found within the different
approaches explored in each area of knowledge.

From the results is observed that 56% of the papers are related to an industrial (en-
terprise) approach, 37% to educational approach, and 2% to the economical one.
Likewise, cross-references that include a specific definition for the technological
competence are identified in their corresponding reference.

In the educational ambit, the concept of technological competence is oriented to
the specialized teacher training. There is evidence of studies where universities are
designing strategies for teachers training and for integrating technological elements
within the classroom. Also, administrative processes designed as a response to the
demands of a national development plan focused on innovation provide significant
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information regarding the concept of technological competence. In general, the key
elements of such studies are teachers and students.

In the enterprise approach, the term technological competence is defined from a
broader context. In this field, technology is particularly required by the urge for up-
date along with the problems caused by the growing digital gap in industry, which is
alarming. In [19] learning in industrial environments is addressed and the need for the
development of technological competences is analyzed. The work is carried out with-
in the electrical sector, but it can easily be extended to consider multiple productive
fields. In [22] the results of the integration of three elements — vision, resources and
capabilities — are presented. This integration is provided by the development of indi-
vidual or collective learning processes. The learning processes incorporate different
technological flows of the enterprise, envisioning the necessity of collaboration in
order to embrace the technological development and the construction of new para-
digms of innovation in an industry [20].

Marc Giget was a pioneer in the definition and representation of the term techno-
logical competence within the industry. Back in the 80°s decade, Giget was analyzing
the Japanese industry and its potentialities. He explained, in an original and symbolic
way, the function of technology in industry by means of a tree structure [72] and by
1997, he conceptualized the term technological competence, which has been the
benchmark for over 70 research works [21]. The definition provided by Giget in [21]
integrates three main edges named as knowledges. The edges describe knowing how
to conceive, how to produce and how to sell, and also includes the entire administra-
tive cycle of an industry, not only the use of technology as an element external to the
processes and activities of the industry. As a result of the analysis, it is stated that
Marc Giget is the seminal author of the concept given its contribution to the adminis-
trative approach with the paper L’Innovation dans I’enterprise in 1996 [20].

Table 3.

Ref Nomenclature Focus Definition / Cross Ref

[18] [Technological competences |Educational [‘Knowing how to make use of new technologies, especially
informatics technologies, in two senses, as sources of information
and as tools for processing, ordering and analyzing data”

[19] [Technological competences [Business “It is used to define a new strategic core of the company, through
a broad connotation that includes not only the proficiency of the
technologies themselves, but also all the elements of knowledge
accumulated by the company. In particular: Know how to con-
ceive, due to the technological proficiency and the ability to
identify markets. Know how to produce, due to the knowledge of
processes and costs, the ability to organize production, internally
or externally. Know how to sell, for the domination of distribution
networks and communication” [20][21]

“It is the result of the integration of three elements: vision,
resources and capabilities, which is eased by the development of
feedback processes of learning, individually or collectively
originated, that incorporate the different technological trends of
the company.” [22]

[23] [Technological competences |Educational “Finite system of cognitive dispositions that allow us to do
infinite actions to successfully perform into an environment
mediated by artifacts and cultural tools”

[24] [Technological competencies [Business “They are the technical assets of a company. Competences are a
subset of the capabilities in a company”
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[25] [Technological competences [Business “Is the result of the integration of three elements defined and
controlled by the company: the strategic challenge, technological
resources and dynamic capabilities, which implies knowing how
ito conceive, produce and sell.” [20][26]

[27] [Technological competence [Business “Organization and technical capacity involved in achieving a
certain level of production performance with technological
effects” [28]
“Collective learning in the organization, especially how to
coordinate the different production techniques and integrate
multiple technologies flows.”[29]

[30] |Technological competence [Business “Potentiate the curricular integration of information technolo-
ICT Competence gies”[31]

[32] [Technological distinctive Business “Process of technological innovation, being a flow magnitude that
competencies allows describing processes for the generation of technological

knowledge” [33]
“Unique combination of knowledge and capabilities that allow
|generating a number of profitable innovations” [34][35]

[36] [Technological competence [Business “National technological competences determine the technological
Technological specialization specialization of a country™

[37] {Technological competence |Economic “They are expressions of the knowledge assets of a company,
Technological capability operating in different levels of the productive apparatus” [28][38]

“It considers having the knowledge and skills to understand, make
luse and make decisions about technology” [39]

[40] [Technology/Technological [Business “Include basic technical skills that involve knowledge of tech-
Competences Technology niques designed to carry out business processes, and the use of
Management Competence tools and equipment necessary to perform an operational activity

[41] |Computer competence Educational |Informatics competence

Technological competence
Digital competence

“Set of capabilities acquired in the informatics field that enable
the possibility to proficiently interact with the computer, in
addition to recognizing and identifying its elements, for personal,
academic and /or professional purposes, by using specific soft-
'ware in order to manage information, communication and to solve
iproblems” [42]

“Set of knowledge, skills, dispositions and behaviors that train the
individuals to know how the ICT work, what they are used for,
and how they can be used to achieve specific objects.” [43]

Technological competence

“Knowledge of the possibilities brought out from the new tech-
nologies for improving teaching. Making use of the ICT in
educational field, as for example, in the organization of the
teaching-learning processes that take place in the classroom.
Select, use, design and produce ICT-based teaching materials that
[promote acquiring meaningful learning y that turn the classroom
into a lab where student’s responsibility and prominence are
encouraged” [44]

Digital competence

“It involves the safe and critical use of Information Society
Technologies (IST) for work, leisure and communication. It is
lbased on the core competences of TSI: the use of computers to
obtain, evaluate, store, produce, present and exchange infor-
mation, communicate and participate in collaboration networks
through the Internet” [45]

Informative competences

“It is the set of knowledge, skills, dispositions and behaviors that
enable individuals to recognize when they need information,
'where to find it, how to assess their suitability, and use it accord-
ingly to a given problem. It is common to all disciplines, to all
learning environments, to all levels of education. It allows ap-
prentices to master the content and expand their research, to be
more autonomous and take more control of their own learning”
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[43]

ICT competences or ICT use competences

“Use ICT as a tool for expression and communication, for provid-
ing access to sources of information, as a mean for documents and
data storage, for presentation tasks, research learning and collabo-
rative work” [46]

[47]

Technological/Electronics
competence
e-Competence/e-skills/IT-
skills

Business

“The knowledge, skills, abilities and attitudes of taking advantage
of the new information technologies, used for education or for
'work, and, in general, for any process of knowledge generation. It
involves the ability to apply specific knowledge and use the
know-how to solve cognitive and practical problems”

(48]

Technological competence

Business

“Finite system of cognitive dispositions that allow us to do
infinite actions to successfully perform into an environment
mediated by artifacts and cultural tools” [23]

[49]

Technological distinctive
competencies

Business

“They are identified by the current state and progress of science
and relevant technologies, also by generating advanced techno-
logical processes, assimilating new technologies and useful
innovations, attracting and retaining qualified scientific-technical
ipersonnel, and mastering, generating or absorbing basic and
fundamental commercial technologies.”

“The experience of the organization in the mobilization of diverse
scientific and technical resources, through a series of routines and
iprocedures that allow new products and production processes to
be developed and designed.” [S0][51]

[52]

Technological competence

Business

“Resources needed to generate and manage improvements in
investments, processes and organization of production, products
and equipment. These resources are accumulated and incorpo-
rated into individuals (experience, skills and tacit knowledge) and
organizational systems.” [53]

[54]

Technological distinctive
competencies

Business

“It refers to the capability for obtaining information about the
status and progress of science and technology. Capability to
generate advanced technological processes, to assimilate new
technologies and useful innovations, to attract and retain their
qualified technical-scientific personnel, to master, generate or
absorb technology. Efficiency in the creation of programs aimed
to the development of competences or the absorption of technolo-
gy, either from TR&D centers, or suppliers and customers”
(definition obtained from the description of the evaluation instru-
ment)

[55]

Technological competence
/digital/ICT

Business

“Capability, knowledge and attitude about the use of ICT over its
various functions and application contexts”

[56]

Technological competence
Technological specialization

Business

“It represents the regularity of the technological activity of a
country in the different technical or knowledge fields, this is, the
technical areas in which the country develops technological
entrepreneurships, among all the technological possibilities” [57]

[58]

Technological competence

Business

“The ability to identify, accumulate, codify and apply different
types of knowledge. It determines, to an important extent, the
capacity of a company to undertake processes of learning, both
internal and external. The more advanced the competences, the
greater the capacity to codify the tacit knowledge that circulates
'within the company and to absorb external knowledge.”

[59]

Digital competence

Economic

“The ability to search, obtain and process information, as well as
to use it in a critical and systematic way, evaluating its relevance
and identifying the differences and links between real and virtual
information. People must be able to use tools to produce, present
and understand complex information, and have the necessary
skills to access, search for and use Internet-based services, but
they must also know how to use information society technologies
ito support the critical thinking, creativity and innovation” [45]

[60]

Digital competence
ICT Competence
Computer competence

Educational

“The necessity to acquire knowledge, skills and attitudes that
enable people to interact with ICT as the acquisition of other
skills such as teamwork, learning to learn, etc., is facilitated.
Technology not only stimulates creativity and innovation, but also
contributes to intercultural dialogue and plays an important role to

overcome individual learning problems.” [42][43][45][61][62]
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[63] [Technological competence [Business “Concept that includes different types of dynamic competences
Digital competence and levels, particularly in those jobs that require highly special-
o _skills ized technical knowledge. It is increasingly necessary that any

employee has some degree of digital competences that allows him
to perform his work exploiting ICT.”

[64] [ICT competence Educational [‘Those referred to the knowledge and use of different telematics
tools” [65]

[66] [e-Competence/ICT skill/e- [Business “Skills needed by citizens to face their social, personal and
skill/digital skills/ICT iprofessional life. The ICT skills of the end users are at the level of
Professional digital literacy and are required by all those who live in the

information society.”

[67] [Digital competence Educational |[“Secure, critical and creative use of ICT to achieves the objectives

related to work, employability, learning, leisure, inclusion and/or
society participation” [68]

“Combination of knowledge, abilities and attitudes related to the
ICT, developed by people in real situations, in order to effectively
land efficiently achieve specific goals.” [69]

[70] |Technological competence [Business “Organization’s ability to efficiently manage its technological
processes, in such a way that it can competitively develop its
iproduction processes” [71]

Theoretical basis of the former definition of the technological competence term are
the studies related to the core competences [11][12][13][14][15][16][17][26][29][34]
within the management field of knowledge, where the capabilities and skills neces-
sary to train industry leaders are defined, in order to increase their competitiveness
and move up in their careers. Core competences are generally considered as activities
or techniques for technical incorporation in addition to multiple action lines. That is
the main reason why authors that usually study this term, end up being part of the
theoretical timeline of the technological competence term, even though they do not
literally belong to the construction of the concept. The concept of technological com-
petence represents a whole set of elements taken from the core competences area.

Nomenclatures given to the term technological competence: The data obtained
from the analysis related to the description and classification of the term technological
competence according the nomenclature assigned to it is summarized in figure
5. From these results, it can be observed that 51% of the works employed the
name technological competence, which represents the majority of the analyzed pa-
pers. The second place goes to the name digital competence which is observed
in 14% of the papers, followed by ICT competence — where ICT stands for Infor-
mation and Communication Technologies — with 8%, and at last are computer compe-
tence and technology management, with 6% and 3%, respectively. It is worth men-
tioning that this nomenclature list corresponds only to the specific names used by
authors, but the definitions managed for each name present similar features.
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Fig. 5. Use of the term of technological competence

Application approaches associated to the terms — conceptual relationship dia-
gram: It is interesting to dive into the research proposal of each author and how are
they related. This is, it is necessary to analyze and classify the authors that include a
reference framework in the resulting papers of their studies. In figure 6, the relation-
ship among authors, with respect to their citations, is presented. The diagram is orga-
nized by blocks according to the approach, or to the area of knowledge. The citation
from an author to another is marked by a line, with the arrow indicating the direction
of the relationship — from the author who cites to the cited author —. Also, the nomen-
clature assigned by each author to the term and the year of publication are indicated.

In the relationship diagram can be clearly observed the evolution of the term tech-
nological competence along each of the approaches. From this relationship is possible
to state the following results:

e The authors Barroso & Morales [52] manifest an intersection between the techno-
logical competence and technological capability terms. Therefore, they are recog-
nized as the authors that formally connects both terms within the boundaries of the
definition.

e Several authors that conduct research about core competences
[26][28][29][33][34], which represent a broader level of professional competenc-
es, remark the importance of technological skills. In [22][25] Morcillo establishes a
conceptual relationship between the works of the seminal author [20] and [19], as
well as the relationship with the core competence concept, as provided in
[26][29].
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3.2  Conceptual comparative with respect to the technological competences

Concepts like technological competence, capability, or skill, are historically used
without distinction in the literature. However, it is necessary to precise the terms in
order to clarify the approaches and their political, administrative, training and strate-
gic implications.

Technological capability: The concept of technological capability has been stud-
ied during the history of the development of industry. The term is pointed out and
adapted by multiple authors inside the industrial approach. Some of the related works
can be found in [53][73][741[75][76][771[78][79][80]1[81][82][83][84][85]1[86][87]
[881[89][90][911[92][931[94]1[951[961[97][98][99]. The aforementioned publications
try to reconsider the trends of the worldwide productive sector by integrating ICCT to
daily activities, by conducting descriptive analysis inside the companies, and by pro-
moting new progress trends.

The relationship between the technological competence and capability is carried
out based on the analysis of the verbs, actions and elements names as representative
features of each concept.

Table 4 presents a list of the specific elements identified repetitively and relevant
to the description of the technological competence and technological capability terms.
It is also observed that some representative features are common to both terms, but
the term technological competence adds some specific features, which are remarked
in the table. The definition of the technological competence concept implies a more
extensive description, with more actions, as compared to the technological capability.
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fecnological competence

(Morillo, 1997;2002)
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Fig. 6. Authors of publications and their research relationships
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Table 4. Conceptual differences between competence and technological capacity

Term Representative feature of the concept
Technological competence Expertise, aptitude, suitability
Know how to conceive, technological domain, market capacity
Vision, resources, capabilities
Strategic challenge, technological resources, dynamic capabilities
Knowledge and skills (understand, make use, decision making)
Knowledge-skill-ability-attitude
To solve cognitive and practical problems
Technological capability Generate resources, manage resources
Organization, production and equipment
Skill, efficient use
Use, adopt, change, create new technology
Appropriating, transferring, developing (technology)

Technological skill: The term technological skill, within the area of interest, is de-
fined and treated as a resource or tool associated to characteristics of human capital,
described as an important foundation of the technological competences acquired by a
company’s personnel. The concept of technological skill is further analyzed from an
administrative, economic or marketing point of view. Therefore, it is applied to the
industry evolution and personnel development [100][101][102][103][{104][105]
[106][107] [108][109][110][111][112].

The relationship between technological competences and e-skills is easier to break
down because the role of each term in the study context is delimited by the etymology
of the concepts. In [101], the positioning of the e-skills inside of an organization is
studied. In this work, besides describing the importance of the e-skills, the boundaries
existing with the concept of e-competence, defined by the European e-Commerce
Framework [113], are stated. In [113], the technological competences and skills for
the industry in Europe are described. They state that the set of skills form a compe-
tence, and backwards, the set of competences define a profile or level of knowledge.

4 Discussion and Conclusion

4.1 Elements that characterize the technological competence term

The technological competences are characterized by the technological domain.
This is represented by the coincidences identified in the definitions assigned by the
reviewed authors.

From an enterprise approach, it implies the capacity of identifying markets, pro-
ducing new products or services, efficient data management, skills to manage the
technical assets of the company, as well as the capability to face strategical and dy-
namic challenges in the current globalization trends [19][20][21][22][23][24][25][26]
[271[28][29][32][33][35][36][40][49][51][52][54]1[56][58]1[631[66][70][71][72].

From an economical approach, it is identified that the decisions made based on
technology and the use of critical thinking for innovation, represent important features
for the concept [39][59].
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From an educational approach, the speech diverges, and the definition is oriented
to the use of technological artifacts and services, the relationship with computers and
software, the improvement of teaching, meaningful learning provided from technolog-
ical  mediation, and to  the generation  of  learning control
[18][23][30][41][42][43][44][45] [46][47][48][60][62][64]1[65]1[67][69].

Two relevant features for the definition of technological competence are identified
in [40][65], cited mainly as conduct dispositions that train the individuals [58][60],
cognitive problems solving [64], and in second plane, the consideration of the context
of learning and the interculturality, which represent important variables for the analy-
sis of the term [72][77].

There are two determinant elements of the technological competence definition
that evolve along with the concept and differentiate it from other term. In the former,
it is referred to the mastery of distribution, communication and collaboration net-
works, collective work and learning, and the statement of team work
[20][21][22][29][45][46]. In the latter, the development of qualified personnel, tech-
nological absorption for generating technological development and innovation cen-
ters, the development of technological entrepreneurship centers, and the establishment
of processes for start new companies [54][56][58][114].

Another group of authors write about the technological competence term within the
framework of action proposals. This is, the term is addressed from government
sources, or private training institutions, putting aside the conceptual approach. They
are focused on the analysis of indicators and considerations for establishing models
oriented to the development of technological competences. With international cover-
age, are the studies proposed in [115][116][117][118][119][120][121][122][123][124]
[125][126][127][128][128][130][131][132][133][134][135][136]. In the national
extent, the works [137][138] are considered. Meanwhile, in the regional coverage,
where the region is regarded as the Mexican’s north border state of Baja California,
the studies of [139] and [140] are identified. The last 26 mentioned studies differenti-
ate from the rest of the rest of the references of this work because of the application
approach. While the first data mainly consider conceptual and theoretical values, the
final data is focused on proposals for technology incursion, which point out the direc-
tion of the term and the future work.

4.2  Approaches of the technological competence term

As stated in the section 4.1, the technological competence concept is located within
three main approaches, represented by the area of knowledge in which the concept is
studied:

¢ Industrial approach, representing the research oriented to case studies in industry
and productive sector, with the administrative sciences, marketing and enterprise
development concepts involved

e Educational approach, the studies are carried out in a psychological education
level, directed to the development of teaching-learning strategies, where most of
research is pointed to improve the level of technological knowledge in teachers
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e Economical approach, it apparently can be linked to the industrial approach, but it
is a novel research trend distinguished by the fact that technology is considered as
an exclusively financial growth strategy for organizations.

Giget is identified as the seminal author for contributing the technological compe-
tence term in 1996, which was applied to the industry. Giget has been cited by nu-
merous authors, starting in 1997 to the most recent works. He envisions a changing
environment inside companies achieved through training and continuous improve-
ment of its personnel, while an economical approach is also considered [20].

Authors build the term based on core theoretical considerations. The selected ap-
proach for the technological competence term is defined by citations and by previous
reviews made by theoretical researchers from the administrative, economic and edu-
cational areas. In general, tight collaboration between industry and economical ap-
proaches is expected. In the industry approach, only the trend related to the work area
is envisioned. Meanwhile, for the educational approach, authors analyze the term
strictly limited by its profile, and they hardly make references to the proposals made
in different areas.

4.3  Terms associated to the technological competences.

The term technological competence is directly linked to the meanings technologi-
cal capability and technological skill. Therefore, it is straightforward to identify the
necessity of analyzing those concepts and the intersection of their definitions. Each
term is individually analyzed and thereafter the relationship existing among the terms
is collectively reviewed. Moreover, the key features that serve as links among the
terms are identified.

Figure 7 provides a graphical representation of the terms’ relationship. It is pointed
out that the technological competence is a result from the development of specific
technical skills and innovation. Therefore, technological skills figure as the theoretical
basis for the technological competences. Also, it would not be possible to develop
technological competences without the capability for applying the knowledge provid-
ed by them. In this case, technological capability is referred as the necessary resources
for generating and managing improvements for products, services and processes,
including human capital. Technological capability resources are gradually incorpo-
rated to individuals by continuous learning, this is, they can be accumulated.

For the purpose of this investigation, the correlation’s middle point is set for the
terms. In order to determine this middle point, the definitions made in [23][45][69]
are considered, and the technological concept for industry is reframed.

The evaluation of technological competences can be based on the term’s correla-
tion, given that the principles for generating measurement instruments, markers and
metrics are identified for each plane.
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Fig. 7. Conceptual correlation between competence, capacity and technological skill

4.4  Reconsideration of the technological competence term related to the
industry

From the SRL and data analysis, a definition for the term technological compe-
tence is constructed, convenient for its application to the productive sector. The con-
ceptualization of the technological competence is drawn from an integral and system-
atic vision, and considers a corporative and industrial perspective:

Set of cognitive, attitudinal and value dispositions that allows developing human
capital inside of an organization, to interact and master the conscious or unconscious
use of Information, Communication and Collaboration Technologies, as referred to
the technological appropriation and incubation for innovation in services, processes or
products that provide benefits and business growth, strictly based on the collaborative
work of the personnel.

This conceptual construction is structured with the objective of defining the term
technological competence oriented to the organizational analysis, centered on human
capital, aiming to the corporate development, both social and economic, visualizing
technological expertise from a “conscious” state, but more important, considering the
“unconscious” state, because it represents the ideal state in which individuals do not
perceive ICT incorporation as an instrumental element, but as a transparent, day-to-
day and spontaneous relationship with technology. It is relevant to assume collabora-
tive work as a main feature because learning and skills development is generated by
the organization’s collective experience, personal experiences and the context.
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4.5  Future work

The rationale for conducting a conceptual analysis of the technological competenc-
es and related terms is the future necessity for constructing a technological compe-
tence profile that considers all the criteria derived from a broad concept oriented to
the industry. It is necessary to weight and describe evaluation criteria in order to iden-
tify the level of technological competence of human capital in the productive sector.
This would be impossible without the background provided by the theoretical infor-
mation assigned to the term, concepts relationship, identification of authors that study
the term and the analysis of the main international, national and regional application
projects.
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