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Abstract: The objective of this research is to develop a methodology that allows the construction of
a standard of knowledge management and technological innovation applicable to the field of the
universities in Mexico, the use of which results in better use of their resources and the improvement
of their productivity. The analysis is carried out based on the systematic integration of the knowledge
management and innovation models published in recent years, as well as the results of the experiences
that propose standards for knowledge management and innovation. The results found are that
knowledge management favors and facilitates innovation in organizations and allows them to offer
better products and services. These findings are with the application of a methodology and an
instrument to measure the maturity of the organizational structure. The application of the evaluation
instrument was applied in a single organization. However, it can be considered a case study that
empirically contributes to the state of the art of knowledge management. Organizations need to
become aware of the high value of the knowledge and experience in various fields of the people who
participate in them. It has been observed that the participation of experts facilitates the achievement
of organizational objectives and favors knowledge management and innovation. This study provided
information and experiences of an administrative nature to a higher education institution, which
allowed an improvement in strategic decision-making, the promotion of technological developments,
and the improvement of internal processes that lead to greater effectiveness of the academic and
research processes.

Keywords: knowledge management; critical success factors; strategies and measurement

1. Introduction

The concept of innovation refers to a wide range of actions, products, and processes
such as the improvement of administrative, planning, and programming systems, pro-
duction processes, and the development of new products or the improvement of existing
ones [1] Innovation is often associated with increased productivity, that is, with the reduc-
tion in the amount of physical work necessary for the production of goods and services [2].
This process, however, is not limited to the organization but rather involves interactive
processes with external agents, such as customers, suppliers, and users.

As the paradigms in the creation of value have been changing toward a digital econ-
omy and transformation, society has had to modify its thinking schemes and consider new
elements for the creation of value. Innovation has always been present in the history of
humanity [3] because, through it, products and services have improved, benefiting users,
consumers, companies, organizations, the ecosystem, and society.
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The basis of innovation is organizational learning because it is the way to increase
the knowledge of the company. The more knowledge is shared among the employees
of a company, the greater the capacity for innovation. Consequently, the exchange and
dissemination of knowledge facilitate innovation [4].

Innovation is therefore extremely dependent on the availability of knowledge [5].
However, the structure of knowledge production is today more complex and geographically
more dispersed than ever [6], which forces to implement some degree of knowledge
management and administration to achieve that innovation is successful.

Although it comes from knowledge, innovation cannot be the mere reproduction of
accumulated knowledge; it is, without a doubt, the search and use of new and unique
knowledge. We can reasonably say that innovation is the result of organizational knowl-
edge management.

The research on which this document is based aimed to develop a methodology
that would lead us to build an indicator of knowledge management and technological
innovation applicable to the field of organizations in Mexico. For this reason, the research
questions were: Will it be possible to explain knowledge management and technological
innovation (KMTI) based on the factors included in the indicator proposal? What type of
factor is the most significant for KMTI?

The article is made up of six sections: in addition to this introduction, which briefly
addresses the background, objective, and research questions, the second section contains
the methodology and describes the elements, stages, and criteria used to carry out the study;
the third section addresses the theoretical framework and a review of the relevant literature
is made; The fourth section shows the results obtained, both from the construction of the
indicator and its pilot application in a public organization, the University of Guanajuato,
Mexico; The fifth section contains the discussion of the results, emphasizing the usefulness
of the information for the implementation of technological projects that lead to greater
administrative and organizational efficiency. Finally, the conclusions derived from the
investigation are included.

2. Materials and Methods

The research method that we have followed has been carried out from the neopositivist
paradigm. In this context, the main conceptual and methodological constructions have
been approached from the management approach, with special emphasis on organizational
strategies. Likewise, due to the very nature of the object of study and the studies prior to
this work, conceptual references have been adopted from the area of computer science and
software development [7,8].

This investigation is of a transactional type because the data collection has been carried
out in a single moment. It is exploratory-descriptive [9,10] and not experimental because a
single evaluation instrument has been defined, built, validated, and implemented, which
allows a direct approach to the object of study [7,8].

The methodological approach of this work is also based on an in-depth quantitative
study depending on the purpose of the research.

Based on the analysis of different models on knowledge and innovation manage-
ment, a Mexican standard for knowledge management and technological innovation was
designed based on the four main types of factors that, according to the academic liter-
ature, affect the management of knowledge: (1) human factor, (2) organization factor,
(3) infrastructure factor, and (4) strategy factor.

Likewise, an own standard model was proposed and a proposal for its measurement
(Figure 1) to support the theoretical and conceptual development of this research and,
at the same time, allow the empirical validation of the research assumptions, as well as
the knowledge management and technological innovation standard that is described and
proposed in this research.
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Figure 1. Proposed measurement model.

In a first approximation, both the objective and the scope of the evaluation instrument
are defined. Then, the items were constructed from the relevant literature on the subject.
Finally, the theoretical and conceptual validation of the elements and components of the
evaluation instrument is made. In addition, comments and suggestions from experts in the
field were heard [9].

The evaluation instrument is made up of 83 items or statements that were used to
inquire about the different types of components that constitute each of the factors studied
(human, organization, infrastructure, strategy).

The validation of the instrument is performed in three phases: in the first, the evalua-
tion instrument is presented, and the confidentiality of the responses is declared; in the
second, the general information of the participant is obtained (education, type of position,
assignment, seniority, among other issues) and, in the third, the items of the factors de-
scribed in the research model are questioned. These items are questions that are answered
on a seven-point Likert scale, which is the most recommended in this type of study [10].
On the scale, 1 represents “totally disagree” and 7 represents “totally agree”.

For the sample design, a set of characteristics that facilitated the application of
the evaluation instrument were considered. Among the characteristics considered are
the following.

• It was defined that the institution analyzed with the instrument would be a public
university because knowledge is intensively produced in them [11], and some type
of management is necessary in this field so that the natural generation, regeneration,
and accumulation of the knowledge leads to the development of innovations [12];

• The one selected was the University of Guanajuato, an organization with more than
5000 employees;

• It was defined that the specific area where the implementation of the evaluation
instrument would occur would be one whose presence is indispensable in most or-
ganizations, regardless of whether it is a public or private organization. For this
reason, the evaluation instrument was applied in an area of high management of the
administration of institutional resources. This area offers very important support to
the university in substantive functions that provide various services for the proper
development of academic activity. The support offered by this area to the university
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ranges from technological services to financial services, including support for informa-
tion and communication processes, planning, as well as support for some processes of
promotion and assignment of academic stimuli. It is an area subject to strict regulation
and constant audits of the most diverse nature that makes it difficult for it to develop
high levels of organizational innovation.

As a control mechanism, in the first stage, information was collected provided by the
immediate bosses of the potential participants. This information was compared with that
collected in the application of the instrument, which added greater reliability to the profile
of the participants. The sample was 218 workers (Table 1).

Table 1. Stages of database debugging based on the sample design.

Database Debugging Stage, to Obtain Sample Total

(A) Total of available participants (organization staff) 5300

(B) Total members of the defined area within the organization (including retirees and pensioners) 788

(C) First debugging, after applying a filter of eligibility criteria of the participants (personnel who were not
commissioned, with active appointment and assigned to the areas that make up the direction defined for the study) 305

(D) Second debugging, after validation by immediate managers based on appointment, activities performed, and
assigned responsibilities 288

(E) Third debugging, after one-to-one commit 218

Defined sample 218

(F) Total number of expected participants 218

(G) Evaluation instruments answered and registered on the platform 202

(H) Validated assessment instruments after IC and CE (Table 2) 170

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria (IC) Exclusion Criteria (EC)

IC1. If the participant in the study to be a worker in some of the
functional areas that were considered in the sample design.

EC1. If people carry out activities related to managers and
middle managers, supervisory tasks, and trusted personnel.

IC2. If participants are people who promote knowledge
management and innovation within organizations. EC2. If the person is inactive, such as retirees.

IC3. If participants carry out control, oversight, supervision,
and decision-making tasks that have significance in the
direction of the institution. They are positions that would
normally have a strong influence on the organization.

EC3. If the participants respond out of time to the evaluation
instruments.

For the application of the instrument, it was decided to use the Qualtrics® software
because it allows the realization of the application online, the export of results in Excel
and in CSV (comma-separated value) format, which facilitates the analysis, monitoring,
reporting, and the availability of real-time response on the multiplatform. Data analysis
was performed with SPSS® software.

2.1. Theoretical Framework

This section addresses the role that universities play in generating knowledge and
innovation, as well as the robust literature on the influence of these processes on the
development of organizations. The Mexican standard for knowledge management and
technological innovation is also presented.

2.1.1. Knowledge Management Models

There are multiple proposed models of knowledge management, [9] only analyzed
160 of them, normally these models are associated with the general process of knowledge
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management, already explored by different authors [13,14], there are even models of
knowledge and technology transfer [15].

Typically, these models integrate the phases of creation, accumulation, recovery,
transfer, and application of knowledge (Figure 2).

Figure 2. Knowledge management process (KMP). Source: own elaboration, adaptation of the
proposal of [13].

Consequently, it is possible to observe in the academic literature the agreement on
the statement that it is not the amount of existing knowledge at a given moment that is
important, but rather the ability of the company to effectively apply existing knowledge
to create new knowledge [16,17] in such a way that knowledge management encourages
innovation [18,19].

Thus, KM involves activities related to the capture, use, and exchange of knowledge
by the organization and is an important part of the innovation process [20] From its origins,
it has been an element that can contribute to achieving the objectives of the organization
by putting at its service what people know, their experiences, and their abilities [21–23].
Undoubtedly, today more than ever, it is necessary to manage what we know [24], and it is
important to ensure systematic management of knowledge [9] in organizations.

As has been pointed out, there is a great diversity of knowledge management mod-
els [9,25–27]. To facilitate understanding, they have been grouped in Table 3.

Table 3. Characteristics found in knowledge management models.

Characteristics Description Authors

Knowledge management
activities

It integrates to the activities of the knowledge
management process:

1. Creation
2. Accumulation
3. Recovery
4. Transfer
5. Application

(M. Allameh et al., 2011; S. M. Allameh, Zare,
and Davoodi, 2011; Chang Lee et al., 2005;
Chong and Chong, 2009; Ding et al., 2014;
Kulkarni, Ravindran, and Freeze, 2007)

Critical factors of success

1. Humans: Culture, people and leadership
2. Organizational and structural processes
3. Technology: infrastructure and applications
4. Management processes: strategy, goals, and

measurement.

Socio-technical factors undoubtedly support the
knowledge management process [28]

(Al-Alawi, Al-Marzooqi, and Mohammed,
2007; M. Allameh et al., 2011; S. M. Allameh
et al., 2011; Esterhuizen, Schutte, and Du Toit,
2012; Heisig, 2009; Mas- Machuca and
Martínez Costa, 2012; McAdam and McCreedy,
1999; Naghavi, Dastaviz, and Nezakati, 2013;
Wong, 2005).

Knowledge management
tools These tools support the activities of the GAP (P. Massingham, 2014a, 2014b; Young and

Organization, 2010)

Source: own elaboration (2019).
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2.1.2. Knowledge and Innovation

The concept of innovation encompasses new technologies for production processes,
new administrative structures or systems, and new plans or programs belonging to mem-
bers of the organization [1]. Innovation is often associated with increased productivity that
reduces the amount of physical labor required to produce goods and services [2], but it is
not limited to the internal borders of the organization but involves interactive processes, in
which organizations interact with external partners, including customers and users [29].

The basis of innovation is organizational learning because this is the way to increase
knowledge of the company. The more knowledge is shared among the employees of a
company, the greater the capacity for innovation will be [30]. Consequently, the exchange
and dissemination [4] of knowledge facilitates innovation [31].

An innovation is fully achieved when it is integrated and combined with prior knowl-
edge [29]. However, innovation in the knowledge-based economy cannot mean the mere
reproduction of knowledge [32]. The innovation process is commonly equated with a
permanent search for the use of new and unique knowledge [23]. We can reasonably speak
of knowledge management and innovation; as a result of the effective management of
organizational knowledge [33].

The innovation process relies heavily on knowledge, particularly since knowledge
represents a much deeper domain than simply that of data, information, and conven-
tional logic.

Innovation management [34] and knowledge management [21,23] go hand in hand by
providing a space where learning is simple and continuous. The role of KM and innovation
is generally to amplify and accelerate the creation of value for the organization, even more
than any strategy or business model.

KM processes could positively affect innovation [4]. Innovation has become one of
the key priorities for organizations that want to achieve a competitive advantage [35].
Through the codification of the acquired knowledge, its reuse, storage, refinement, and
improvement, organizational innovations can be generated [36].

In sum, derived from the analysis of the relationship between knowledge management
and innovation, it is possible to point out the following:

1. Good knowledge management encourages innovation [37];
2. The knowledge required for innovation is distributed within organizations (across all

geographically dislocated functions and business units) and across organizations (for
example, through IT vendors, consultants, and involved companies) [38];

3. A suitable KM allows continuous improvement of products, services, and cost reduc-
tion [39];

4. KM processes could positively affect innovation [4];
5. Through the codification of the acquired knowledge, its reuse, storage, refinement,

and improvement, organizational innovations can be generated [36];
6. Through knowledge management and innovation, a sustainable competitive advan-

tage can be achieved [35,40].

A healthy organization generates knowledge and uses it. As organizations interact
with their environments, they absorb information, convert it into knowledge, and carry
out actions based on the combination of that knowledge and their experiences, values, and
internal norms. Without knowledge, an organization, paradoxically, could not organize itself.

Innovation has become an imperative in our days [41]. Their presence is a strategic
component of the development of organizations [42,43] and the economic growth of
nations. Organizations must be able to propose new models for doing business, modify
their organizational competencies and create or provide new capabilities to their members.

It is a reality that innovation has accelerated, and that competition is increasingly
difficult and more global [17]. Innovation, as a dynamic process, crystallizes due to the
accumulation of knowledge that occurs through learning and interaction.

Thanks to knowledge management, it is possible to detonate administrative, mar-
ket, technological, and organizational innovations [44] that favor the achievement of the
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organization’s objectives. Innovation and knowledge creation are a virtuous circle, an
indissoluble pairing [21]. This can be seen in Figure 1.

“Innovation is based on the ability to generate and use knowledge, focus it towards
solving problems and introduce the solutions that emerge in the market. In this way,
innovation contributes to productivity, which in turn drives competitiveness” [45].

Innovation management [34] and knowledge management should be practices of
the same process where learning is simple and continuous. The role of knowledge and
innovation management is, in general, to amplify and accelerate the creation of value for
the organization, even more than any strategy or business model.

As the relationship between knowledge and innovation is wide and profuse, its
attention by organizations is a necessary (although not sufficient) condition to achieve
organizational objectives. Innovation, as a dimension of knowledge management, occurs
through the application of knowledge and the creation of new knowledge [46].

Innovation has therefore been seen as an externality, as a by-product, as a benefit, of
knowledge management, as shown in Figure 3.
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Dodgson’s model (Figure 4) considers innovation a strategy that occupies the central
place in the technological and knowledge integration processes. The condition for the
operation of this strategy is a high level of organizational and technological integration
since technology, by itself, does not produce innovations. It is the high organizational levels
that promote innovations and generate interactions between users, providers, creating
innovation communities and networks in organizations.

Figure 4. Relationship between creation and application of knowledge and innovation. Source: [46].
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It can be concluded, in summary, from the knowledge management-innovation rela-
tionship, that good knowledge management encourages innovation and that the knowledge
necessary for innovation is disseminated within organizations, in their functions, and in
the units of geographically dislocated business; that it is also disseminated among organi-
zations such as IT vendors, consultants, and the companies involved; that good knowledge
management allows continuous improvement of products, services and cost reduction [39];
that technology management processes could positively affect innovation [4]; that organi-
zational innovations can be generated through the codification of acquired knowledge, its
reuse, storage, refinement and improvement, and that a sustainable competitive advantage
can be achieved through knowledge management and innovation [35].

Two sources of innovation are identified: on the one hand, research, and development
(RandD) processes and, on the other, existing knowledge. Therefore, innovation must be
understood as a much broader set than the generation of new knowledge through RandD
since it includes many other actions both in the productive sector and in the coordination
of various economic and social actors, both public and private [47].

2.1.3. The Role of Universities in the Generation of Knowledge and Innovation

Although innovation was initially associated with the productive sector, today, all
approaches recognize that universities, research centers, companies, the government, the
legislature, financial institutions, and intermediary organizations that promote it are basic
actors that participate in innovation systems [45].

Universities and research centers have played an important role as agents of economic
and social development since the second half of the 20th century. However, as universities
and public research centers have increased their capacity to generate new knowledge,
both in quantity and quality, the demand for a return has been increasing for the benefit
of society that makes possible the activity of research, mostly through public budgets
earmarked for this purpose. Thus, society has improved the perception of the role of
academic institutions and their tasks, but the demand for them has also increased.

In modern economies, the valuation of knowledge has increased the relevance of
university research as a source of innovation and, therefore, of competitiveness. Pressure
for educational institutions began to gain momentum during the 1990s as an explicit
obligation of universities, not only due to the appearance of new fields of knowledge with
high commercialization potential but also due to the reduction in public support, which has
raised the need for alternative sources of financing [48]. Universities, often with traditional
structures and strategies, are challenged to fulfill this mission effectively.

The higher education system in Mexico is very broad and ranges from public univer-
sities to private research centers, forming a great system that contributes and interacts in
regional innovation ecosystems.

The university will have an impact on regional, national and global development, not
only by providing competent graduates but also with the interactive creation of technology
and innovation in its field of action. This policy of interaction and contribution is what
drives the creation of fourth-generation universities.

In this framework, the University of Guanajuato contributes strongly to the develop-
ment of research by improving impact indicators, although the transition from research to
innovation has not yet been completed.

Although, as Reichert [49] says in his work on the role of universities in regional
innovation ecosystems:

“The Fourth Generation University pursues a less explicitly linear vision of innovation.
Here, innovation is jointly pursued by triple helix partners in common spaces and institu-
tional frameworks, to address the challenges prioritized by all partners. This innovation
is possible thanks to previous institutional changes: greater autonomy, interdisciplinary
organization, collaboration structures, teaching and learning reforms, expanded services,
as well as government incentives and a greater openness of companies to interact with
external partners in open innovation.”
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In this sense, this work has focused, in the first instance, on measuring the maturity of
knowledge management and how it contributes to the generation of innovation, specifically
analyzing the organizational and institutional contexts in order, based on this information,
to define strategies and actions that are transformed into processes and technologies that
institutionally enable a better context for the contribution to the state innovation ecosystem.

In Mexico, these fourth-generation universities are beginning to emerge with interac-
tions that are still incipient because there are internal and external factors that inhibit them,
but they promise to be the leading institutions in this new decade.

In this document, only the internal processes of administration and services that serve
as support to the function of Third Generation Universities are analyzed, which guide their
research and use it as an input for the teaching activity [49].

To motivate universities to advance toward this fourth generation, there must be
policies and strategies that guarantee the transfer and interaction of research products
toward the regional innovation ecosystem, with more agile administrative and legal pro-
cesses, which facilitate researchers and students the formalization of contracts, agreements,
registration of intellectual property, acquisitions, tenders, security, use of administrative in-
formation systems and, of course, a functional and well-prepared organizational structure.

2.1.4. Mexican Standard for Knowledge Management and Open Innovation (MSKMOI)

A standard could support organizations to identify the various variables that affect
the best use of their resources, as well as to establish, based on objective measurement, the
best strategy to gain knowledge and improve their administration to achieve innovation in
your products, processes, or services.

Figure 5 shows a standard model with a spiral like the one proposed a few years ago by
Nonaka and Takeuchi [23] for knowledge creation, project management, and, more recently,
for software development. The last turn of the spiral represents the implementation of
knowledge, that is, innovation.

Figure 5. Dodgson model. Source: Dodgson et al., 2008.

The proposed model has four quadrants that consider the four factors under study:
human, infrastructure, organization, and strategy. These factors have been observed and
validated by different authors [9].

The maturity of these factors leads the organization to develop and materialize knowl-
edge management and innovation [50].

Next (Table 4), each of the factors (F) that affect knowledge management are analyzed:
(1) human factor, (2) organization factor, (3) infrastructure factor, and (4) strategy factor [9]
and the components of each of them (shown in Figure 1). This analysis is carried out
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through the stages that are commonly shown in Figure 5): creation, storage, obtaining,
transfer, and application of knowledge [14].

Table 4. Description of the factors and their components integrated into the proposal.

Factor Description of Factor and Components

F1. Human

The human factor implies all the socio-organizational elements that make knowledge management and
innovation possible, such as people, leadership styles, and the culture of the organization [9].

C1. Trust and collaboration: Trust refers to the common belief among the members of an organization that others
make good faith efforts to behave according to a commitment, act honestly, and do not take advantage of others
even when there is an opportunity to do so. Trust promotes the open exchange of knowledge. For its part,
collaboration is the degree of willingness that individuals exhibit to support each other [51]. Collaboration
requires mechanisms that facilitate interoperability for the exchange of information and technological resources
between individuals and institutions.
C2. Organizational culture: Organizational culture is considered one of the most important critical factors in the
success of knowledge management and innovation [44]. Organizational culture has an essential influence on the
decision about when, where, and with whom knowledge should be exchanged. Culture can be defined as “the
values of an organization, principles, norms, unwritten rules and procedures of the organization.”
C3. Training and development: It involves the development of knowledge, skills, and attitudes or
competencies [52]. This development requires that organizational training needs be identified to implement
training and skills development programs [52]. This component involves the continuous training of the people
who work in the organization and the institutional effort to encourage among the workers the desire to keep their
knowledge up to date. At the organizational level, a learning attitude is desirable to obtain results from
knowledge management and innovation [13].

F2.
Organization

The organization factor integrates the elements of the logical order of the organization, its internal processes and
procedures, as well as the structure, documentation, and methodologies used to capture, use, and reuse
knowledge and its innovations [53,54]

C4. Documentation: Documentation in organizations is an essential element because it allows reducing learning
curves [14], leveling knowledge, and preserving organizational memory.
C5. Methodologies: Methodologies are ways of carrying out activities, they imply a certain alignment with
strategic objectives [39,55–57], and they provide activity management frameworks that are standardized and
normalized throughout the organization, which encourages knowledge management and innovation.C6:
Processes and procedures: they involve the use of the most efficient method to “transform” the implicit,
fragmented and private knowledge of individuals or groups, both inside and outside the organization, into
valuable intellectual assets for the organization. The clarity in the internal processes gives sequence and logical
structure to the activities of the organization. This contributes to its measurement and continuous improvement.
Therefore, it contributes to the organizational effectiveness of knowledge management and innovation.

F3.
Infrastructure

The infrastructure factor groups together all the technological elements, applications, systems that the
organization uses for knowledge management and innovation. The infrastructure allows establishing
collaboration networks, such as wikis, forums, social networks while facilitating the flow of knowledge between
employees and toward the organization. In addition, it provides efficient storage systems and mechanisms for the
recovery and transfer of knowledge [54,58,59] and innovation.

C7: Physical infrastructure: It refers to all those technological tools that are the product of information
technologies and their capacities to support knowledge management. Communication systems, networks,
knowledge repositories, and distance training programs can be mentioned [60], in addition to information
management systems, intelligence applications, expert software, databases, specific technologies, and models that
are used to manage the organization’s knowledge.
C8: Reuse of knowledge: This activity facilitates tasks by applying knowledge. It is, above all, the degree of
knowledge used by the organization [13,61]. It is also an indicator of the success of innovation, especially if the
reused knowledge is enriched by experience.
C9: Information systems: They are solutions based on information and communication technologies (ICTs) that
support the implementation of knowledge management in organizations through activities of capture and
representation, recovery, exchange, reuse, reasoning, and recovery of knowledge in an organization [14]. Some
examples of these systems are document management systems, information retrieval engines, object, and
relational databases, workgroup and workflow systems, push and agent technologies, and data mining tools. In
addition, they are a support element for planning and decision-making in institutions because they allow the
generation of institutional frameworks for innovation and collaboration processes through integrated
management systems [62,63] and interoperable between different institutions and/or sectors [64,65]. It has been
observed that technology can provide the network to link geographically dispersed groups.
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Table 4. Cont.

Factor Description of Factor and Components

F4. Strategy

The strategy factor integrates all those elements logically related to the management of knowledge and innovation
in the organization [54,59,66–68]

C10. Knowledge management strategy: It refers to the knowledge management objectives and how they are to be
measured. The strategy provides the basis on how the organization will deploy its competencies and resources to
achieve the objectives of said management. [69]. In short, the knowledge management strategy gives meaning and
guides the organizational efforts in the matter
C11. Innovation strategy: It refers to the set of goal-oriented practices that are implemented to avoid common failures
in innovation initiatives. It is necessary to guide the resources and objectives of the organization [20,68,70,71].

Source: self-made.

The levels that have been defined for the proposed standard have been derived from
previous work carried out in the academic world [72], from the gradual nature that is
normally observed in knowledge management and innovation, and from the approach
that is commonly observed it is associated in other models, such as the assessments of the
levels of the technology readiness level (TRL) and the models of generation or production
of knowledge, originally proposed.

In Figure 6, the model’s measurement proposal was developed around four levels:
basic, intermediate, advanced, and expert.

Figure 6. Proposed knowledge and innovation management model. Source: self-made.

3. Results

The participants in the sample on which this study is based are people who have an
average seniority of nine years in the organization. The summary of the information on
the type of position, the administrative unit of assignment and the academic degree is
presented in Figures 7–10.
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Figure 7. Summary of the elements that characterize the levels of the MSKMTI. Source: self-made.

Figure 8. Participation by type of position. Source: self-made.

Figure 9. Participation by level of studies. Source: own elaboration.



Information 2021, 12, 225 13 of 22

Figure 10. Participation by administrative unit. Source: own elaboration.

The number of participants in the sample guarantees a good representation of all
potentially eligible areas to answer the evaluation instrument. These areas, as mentioned
before, are related to the management of technologies, purchases, infrastructure, financial
resources, human resources, the health system, and the organization’s top administrative
management.

In total, the participants come from 12 positions classified according to the tabulator,
the functions, and the responsibilities that emerge from the organizational manuals. In
particular, the organization’s trusted personnel tabulator was used to classify the positions
of the participants, which is shown below.

(a) Factorial analysis

The evaluation instrument identified the main components that confirm the theoretical
framework used and the four factors evaluated in the proposed research model.

In this analysis, the correlation between the items allows them to be reduced and
grouped into factors (factor reduction) where, if the items were not associated, the value
assigned to them would be close to zero.

The exploratory factor analysis was carried out, and the main factors of the instrument
were identified (F1: F4), which confirms the theoretical framework used and the four factors
evaluated in the proposed model. The items that make up the factors of the proposed
model are reflected in the factor analysis and confirm the theories used as a reference to
generate the evaluation instrument.

It should also be mentioned that some criterion confirmation exercises were carried
out using different control variables. It is observed, as a conclusion, that the criterion is
confirmed and the factors are built according to the proposed model.

(b) Analysis of correlations between the study items

It is confirmed that there are eight items found through the study of correlations.
These items confirm some research assumptions. The items belong to different categories
of factors identified by number in the evaluation instrument: (a) organization factor starts
with item 10; (b) infrastructure factor start with item 11; (c) human factor starts with item
12; (d) strategy factor start with item 13. It has been decided to keep the items that have a
correlation greater than 0.7, as suggested in the academic literature. The explanation of
these relationships is described in Table 5.
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Table 5. Correlation study.

Item Correlation Value Explanation

11.10 y 11.6 0.759 The systems must be easy to use, adapted to the needs of the organization, and aimed at
improving the user experience to favor knowledge management and innovation.

11.11 y 11.6 0.781
The systems that provide updated information and that are useful for the performance of
the functions of the collaborators in the organization favor the management of knowledge
and innovation.

12.7 y 12.3 0.754
When the knowledge produced by employees is valued, as well as when the organization
supports them in their professional training, knowledge management and innovation
are favored.

12.9 y 12.3 0.771 The development of competencies and the professionalization of employees should be
supported to encourage knowledge management and innovation.

12.10 y 12.7 0.761 When the desire to learn to use new technologies is encouraged, and their contributions are
valued, knowledge management and innovation are favored.

13.38 y 13.35 * 0.790
When there is a firm commitment by the organization’s managers to the implementation of
new systems and technologies and a clear institutional vision on the application of
knowledge and its benefits, knowledge management and innovation are favored.

13.27 y 13.19 0.759
When the organization generates projects that are linked with other organizations or sectors
of society, and the organization continuously learns from its successes and mistakes,
knowledge management and innovation are favored.

13.28 y 13.27 0.771
When there is a clear strategy that guides the organization in the production of new
knowledge and generates projects that are linked with other organizations or sectors of
society, knowledge management and innovation are favored.

Source: Own elaboration. * Description of the highest correlation value in the study [73].

(c) Structural analysis of equations

This analysis is based on a second-generation technique for data analysis in social
research. It is common when it comes to validating factors that are commonly associated
with phenomena that are not observable to the naked eye and that, therefore, it is necessary
to build a model for the interpretation of these relationships [73,74].

The designed model only contemplates levels three and four of the MSKMTI and the
47 items that constitute them (Table 4) because it is there where the object of study of this
research occurs. It was wanted to observe how the various factors proposed in the research
model are related and affect knowledge management and innovation.

Consequently, it can be observed in the table that factor 4 (Strategy) is the one that
has the greatest weight on knowledge management and innovation (0.968). These weights,
distributed in this way, show that it is necessary to have a strategy that is the supporting
element and that is decisive for both knowledge management and innovation in organiza-
tions to occur. In this sense, the use of strategic planning tools that favor the achievement
of organizational objectives has allowed the combination of all the revised concepts to
converge in a proposal that today is materialized in the proposed standard.

The results of the model can be summarized in the following points: (a) It is possible
to explain the management of knowledge and innovation from the factors proposed and
observed through the EMGCIT; (b) The strategy factor stands out to be the most significant
for knowledge management and innovation in the context of this study, and (c) It is
possible that the human factor has less incidence in the higher levels of the standard as a
consequence of the automation of processes and the use of technologies at all levels of the
organization.

(d) Analysis based on the levels proposed in the standard

To carry out this analysis, it was decided to use the Likert scale (seven points), assum-
ing that the value 7 corresponds to 100% in the EMGCIT levels. In this way and observing
the characteristics of the participants in this study (organizational unit, U), individual eval-
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uations have been obtained of the degree of approximation to each of the levels proposed
in the standard by the organizational areas involved.

Observing the Table 6, it can be concluded that the organizational unit that had the
greatest scope at all levels was 5, which may be due to the preparation and continuity in the
work permanence of the members of the unit and the high demand for quality in the service
that is offered. It should be considered that in this unit, there are standardized processes,
intense production of knowledge, fostering organizational learning, constantly updating
the staff and its members have, on average, a high degree of academic preparation.

Table 6. Organizational units: compliance with the MSKMTI.

X U1 U2 U3 U4 U5 U6 U7

Level 1 73% 75% 70% 73% 78% 85% 78% 73%
Level 2 71% 71% 65% 70% 73% 81% 76% 72%
Level 3 71% 73% 67% 70% 77% 80% 78% 72%
Level 4 71% 69% 66% 66% 73% 78% 73% 70%
Average 72% 72% 67% 70% 75% 81% 76% 72%

Source: own elaboration.

It can also be seen that Unit 2 is the one with the worst performance. For this reason, it
is necessary to use strategies that gradually allow you to rise to higher levels in the standard.

Figure 11 presents a visual summary of the scope of each of the organizational units,
as well as the comparison between them in relation to the MSKMTI levels.

Figure 11. Scope of the units with respect to the EMGCI. Source: own elaboration.
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Organizations, in addition to implementing the standard, must develop strategies to
make use of knowledge management for the benefit of innovation translated into culture
and harmony in organizations.

One of the results of this work is the construction of an instrument that, developed
in the form of a standard, of gradual and differentiated application, facilitates Mexican
organizations the search, within their context of influence and performance, of a better level
within the standard. This would allow them to deploy strategies and actions to enhance
the creation of knowledge and development of innovations, as summarized in Figure 6.

From this study, the improvement of some strategies and actions that had already been
carried out was accelerated, such as the professionalization and development of personnel,
optimal technological equipment, as well as the acquisition of specialized software for the
automation of processes and key tasks.

In particular, from the generation of an adequate collaborative environment, the
participation of the various work teams in external calls was fostered and encouraged,
where projects were presented to underpin knowledge management and technological
innovation.

A specific result was the support of Conacyt (National Council of Science and Tech-
nology) to two projects to obtain resources with the objective of creating a repository of
information and digital data for the management of knowledge through collections made
up of the academic production of the university community for preservation, access and
dissemination purposes.

The specific cases on the effects of the project were the following: first, the favorable
participation in a project called to “Provide solidity and integration of elements to the
Institutional Repository project of the University of Guanajuato”; second, the strengthening
of institutional data centers to improve the management and security in the use of the
information that is generated; third, the consistent support, by the university, since 2015, of
an investment budget to expand and strengthen the Institutional Information Network that
links the various university campuses; fourth, the creation of its own Intranet supported
in the framework of the ANUIES TIC 2019 call; and fifth, the achievement of two other
awards in 2020, on “Comprehensive Management of Public Works of the University of
Guanajuato” and on “Transparency Platform of the University of Guanajuato” (Table 7).
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Table 7. Actions and achievements obtained by the University of Guanajuato.

Name of Project Year Objective Achievement Link

Architecture of integration of the
digital ecosystem of academic and

administrative services
2017–2018

Allow the standardization of information platforms
and systems to provide academic and administrative
services within a digital ecosystem with single access
to the community and streamline information flows,
optimize internal processes and increase the efficiency
of university services.

ANUIES TIC 2019 recognition in the
category of

Management innovation through ICT

https://anuies-tic.anuies.mx/web/
blog/arquitectura-de-integracion-

del-ecosistema-digital-de-servicios-
academicos-y-administrativos-de-

la-universidad-de-guanajuato/
(accessed on 10 April 2021)

Comprehensive Management of
Public Works of the University 2018–2019

Have a platform that allows improving the monitoring
and control of institutional public works in order to
guarantee transparency and accountability of the
public resources invested, as well as having complete,
accurate, truthful, and timely information for
decision-making in the various university
administrative levels.

ANUIES TIC 2020 recognition in the
category of

Management innovation through ICT

https:
//anuies-tic.anuies.mx/web/blog/

gestion-integral-de-obra-publica-
de-la-universidad-de-guanajuato/

(accessed on 10 April 2021)

University Transparency Platform 2018–2019

Have a digital tool that allows the appropriate
management of information to comply with the
procedures, obligations, and provisions that dictate the
General Law of Transparency and Access to Public
Information, as well as the Law of Transparency and
Access to Public Information for the State of
Guanajuato, by simplifying the handling of large
volumes of information related to the attributions of
the university.

ANUIES TIC 2020 recognition in the
category of

ICT in social responsibility

https:
//anuies-tic.anuies.mx/web/blog/
plataforma-de-transparencia-de-la-

universidad-de-guanajuato-2/
(accessed on 10 April 2021)

Program of online contents that
contribute to the development of
generic competences of students

and professors of the
University—Support Program for

the Development of Higher
Education (SPDHE)

2015

Develop an online content program with tutorials and
learning objects that contribute to the development of
generic competences of students and professors of the
university, strengthening the effective, ethical and
responsible use of ICTs.

Obtaining resources for USD 3500

https://www.gob.mx/sep/
acciones-y-programas/programa-

de-apoyo-al-desarrollo-de-la-
educacion-superior-pades-2015
El resultado del proyecto es el
material contenido en el sitio:

https://edutics.ugto.mx/
(accessed on 10 April 2021)

https://anuies-tic.anuies.mx/web/blog/arquitectura-de-integracion-del-ecosistema-digital-de-servicios-academicos-y-administrativos-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/arquitectura-de-integracion-del-ecosistema-digital-de-servicios-academicos-y-administrativos-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/arquitectura-de-integracion-del-ecosistema-digital-de-servicios-academicos-y-administrativos-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/arquitectura-de-integracion-del-ecosistema-digital-de-servicios-academicos-y-administrativos-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/arquitectura-de-integracion-del-ecosistema-digital-de-servicios-academicos-y-administrativos-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/gestion-integral-de-obra-publica-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/gestion-integral-de-obra-publica-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/gestion-integral-de-obra-publica-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/gestion-integral-de-obra-publica-de-la-universidad-de-guanajuato/
https://anuies-tic.anuies.mx/web/blog/plataforma-de-transparencia-de-la-universidad-de-guanajuato-2/
https://anuies-tic.anuies.mx/web/blog/plataforma-de-transparencia-de-la-universidad-de-guanajuato-2/
https://anuies-tic.anuies.mx/web/blog/plataforma-de-transparencia-de-la-universidad-de-guanajuato-2/
https://anuies-tic.anuies.mx/web/blog/plataforma-de-transparencia-de-la-universidad-de-guanajuato-2/
https://www.gob.mx/sep/acciones-y-programas/programa-de-apoyo-al-desarrollo-de-la-educacion-superior-pades-2015
https://www.gob.mx/sep/acciones-y-programas/programa-de-apoyo-al-desarrollo-de-la-educacion-superior-pades-2015
https://www.gob.mx/sep/acciones-y-programas/programa-de-apoyo-al-desarrollo-de-la-educacion-superior-pades-2015
https://www.gob.mx/sep/acciones-y-programas/programa-de-apoyo-al-desarrollo-de-la-educacion-superior-pades-2015
https://edutics.ugto.mx/
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Table 7. Cont.

Name of Project Year Objective Achievement Link

Institutional open access repository
at the University 2015–2016

Create an institutional repository as a digital
information system for the management of knowledge
through collections made up of the academic
production of the university community for the
purposes of digital preservation, access, and
dissemination.

Obtaining resources or USD 50,000

https://www.conacyt.gob.mx/
index.php/sni/convocatorias-

conacyt/convocatorias-direccion-
adjunta-de-planeacion-y-

evaluacion/convocatoria-2015
-repositorios-institucionales-aaict

(accessed on 4 November 2016)
http://www.repositorio.ugto.mx/

(accessed on 10 April 2021)

Consolidation of the Institutional
Repository of open access at the

University
2017–2018

Provide solidity and integration of elements to the
project of the Institutional Repository of the University,
as a result of the “Call to Develop Institutional
Repositories of Open Access to Scientific,
Technological and Innovations Information” of the
National Council of Science and Technology.

Obtaining resources or USD 50,000

https://www.conacyt.gob.mx/
index.php/sni/convocatorias-

conacyt/convocatorias-direccion-
adjunta-de-planeacion-y-

evaluacion/convocatoria-2017
-para-desarrollar-repositorios-

institucionales-de-ciencia-abierta
(accessed on 4 November 2018)

http://www.repositorio.ugto.mx/
(accessed on 10 April 2021)

https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2015-repositorios-institucionales-aaict
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2015-repositorios-institucionales-aaict
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2015-repositorios-institucionales-aaict
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2015-repositorios-institucionales-aaict
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2015-repositorios-institucionales-aaict
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2015-repositorios-institucionales-aaict
http://www.repositorio.ugto.mx/
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2017-para-desarrollar-repositorios-institucionales-de-ciencia-abierta
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2017-para-desarrollar-repositorios-institucionales-de-ciencia-abierta
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2017-para-desarrollar-repositorios-institucionales-de-ciencia-abierta
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2017-para-desarrollar-repositorios-institucionales-de-ciencia-abierta
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2017-para-desarrollar-repositorios-institucionales-de-ciencia-abierta
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2017-para-desarrollar-repositorios-institucionales-de-ciencia-abierta
https://www.conacyt.gob.mx/index.php/sni/convocatorias-conacyt/convocatorias-direccion-adjunta-de-planeacion-y-evaluacion/convocatoria-2017-para-desarrollar-repositorios-institucionales-de-ciencia-abierta
http://www.repositorio.ugto.mx/
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4. Discussion and Conclusions

With the results obtained in this research, a line of application and research has
been left open to compare, in other organizational contexts, both the model and the
proposed standard, thus taking advantage of previous experience to improve the new
application. The instrument is currently being adapted to test, over the course of this year,
the effectiveness of our proposal in at least two different contexts.

This study provides indications of the positive effects that can be obtained in an
organization, as reflected in the actions undertaken by the University of Guanajuato
and the achievements obtained through them. However, there is a strong limitation
in research in public higher education institutions, as is the case of the organization
studied here. However, this allows us to verify that, in this area, knowledge management
and technological innovation support the decision-making of the administration and
contributes to improving the use of its resources and its productivity.

These results are not perfectly generalizable to all areas since the way in which compa-
nies and organizations operate is different in contexts, regulations, economic exchanges, etc.

Like all research work, it is a proposal capable of being improved in the sense that
in the academic field, there are no endpoints or immutable truths. However, we seek to
contribute to the leveling of knowledge management and innovation capabilities that allow
Mexico to match what is happening on the international scene in terms of improving the
productivity and competitiveness of organizations.

In this research, a methodology was developed to build an indicator of knowledge
management and technological innovation applicable to the field of organizations in
Mexico. For its test, the University of Guanajuato was selected as a representative public
institution in the Mexican context in the field of knowledge generation.

However, an open mind toward knowledge management and innovation is required
for the methodology to improve the use of resources and organizational productivity in
institutions that are dedicated to the creation, preservation, obtaining, application, and
dissemination of knowledge.

For organizations to adopt the standard, the generation of policies and strategies
focused on that objective is urgent. Other organizations, such as the High Tech Industry
Association, Ministry of Labor, Secretaries of Economic Development, and others, could
value the use of a standard such as the one proposed here in their partner organizations.

The results obtained with the application of the standard allowed us to explain the
management of knowledge and innovation from the factors proposed and observed.

In the context in which the study was carried out, the strategy factor stood out as
the most significant for the achievement of the purposes, while the human factor had less
impact on the higher levels of the standard, possibly because of the automation of processes
and the use of technologies at all levels of the organization.

The application of the standard should be recommended in a varied set of public and
private organizations, for profit or social purposes, and government agencies that allow
validating and comparing its effectiveness in different application contexts.

As knowledge and innovation are global strategic components, it is necessary for
organizations to become aware of the high value of having people who have knowledge
and experience in various fields and whose contribution –not only monetary– facilitates
the achievement of organizational objectives.

It is necessary to develop permanent institutional training programs for all members
of the organizations. This would contribute not only to the self–preservation of knowledge
but to the motivation and personal and professional growth of its members.

Generating “communities of practice”, in all its manifestations (courses, workshops,
blogs, wikis, etc.) allows the dissemination and obtaining of new knowledge and foster-
ing innovation.

There is no magic recipe for creating perfect innovation ecosystems, but it is possible
to help create incentives for organizations to improve their innovation and knowledge
management practices.
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To the extent that organizations consciously and proportionally value each of the
components of the standard, they will generate strategies to measure the contribution they
have in achieving the objectives of this.
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