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Abstract
This paper presents the procedure to implement the Technological Innovation Management in the university-Cu-

ban state animal husbandry enterprise relation and its validation in the case study University of Pinar del Río and Camilo 
Cienfuegos Genetic Animal Husbandry Enterprise. The procedure had three phases, with their corresponding steps 
(eight); in addition, 18 indicators, considered relevant for technology management in the university-enterprise relation, 
were identified, organized in four dimensions: institutional feedback, economic productive, environmental and social 
pertinence. These indicators become a key aspect for the evaluation of the model. It was determined that the three indi-
cators with the best results were: the degree of application of the diagnosis in the enterprise, with the companionship of 
the university per year; the degree in which training generated changes and transformations in the use of the technologies 
per year; and the degree of planning, organization and contracting of R + D + i projects per year.
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Introduction
In the face of the environment in which organi-

zations develop their activities, the maintenance of 
stable relations as become an essential tool to try to 
guarantee survival between the university and the 
enterprise (Vega-Jurado et al., 2007). The main or-
ganization that generates knowledge, develops and 
innovates technologies is the university, for which 
it is closely related to the technological and eco-
nomic growth of society (Castillo and Reyes, 2015). 
Nevertheless, Jiménez (2016) considers that still in-
cipient technology transference is observed, and, as 
consequence, the academic production is focused 
on the elaboration of papers and books (copyright) 
and not on the creation of technology and industrial 
applications (patents and usefulness models).

According to González and Núñez (2012), with-
in the main problems present in the technological 
management in the university-enterprise relation 
are the few procedures which guarantee harmony in 
managing the technology for its transference to the 
Cuban state animal husbandry enterprise, as well as 
the non-definition of the functions of universities and 
enterprises, so that each one contributes to science 
and innovation management and its implementation.

Additionally, in Cuban agriculture there is 
scarce experience in strategic management, in its 
most integral vision: strategic planning, implemen-
tation and control (Campos et al., 2013). García-

Bode et al. (2013) reported that technology and 
knowledge management are not effective yet in the pro-
ductive basis and gaps persist from the methodological 
point of view, which are shown in the productive 
competitiveness of organizations. Against this reality, 
the need of interaction between the knowledge area 
and the entrepreneurial sector is essential, according 
to Silva et al. (2013).

There have been many attempts to approach 
science to the entrepreneurial sector, and the latter 
has begun to search for ways to increase the efficacy 
and efficiency of its innovation processes, according 
to Pedraza-Amador and Velázquez-Castro (2013).

This paper presents the procedure to implement 
the Technology Management Model in the universi-
ty-Cuban state animal husbandry enterprise and its 
validation in the case study University of Pinar del Río 
(UPR) and Camilo Cienfuegos Genetic Animal Hus-
bandry Enterprise (EPGCC, for its initials in Spanish).

Methodology
Procedure used for the model implementation

From the pertinence of higher education with 
the entrepreneurial sector, the procedure developed 
to facilitate the implementation of the Technology 
Management Model is in correspondence with the 
classical elements of every management process 
(planning, organization, execution, evaluation and 
control).
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Phase 1. Characterization of the starting 
situation for technology management.

Step 1. Diagnosis of the technological needs 
of the enterprise along with the university.

The initial purpose was that the enterprise 
made its internal diagnosis and determined what its 
needs were in the technology management process 
(TMP). Castro and Herreño (2011) consider that the 
enterprise does not have all the capacities to define 
its problems, together with the lack of vision to de-
velop strategies of inter-sectorial cooperation. This 
generates the need for both institutions to work to-
gether to make the diagnosis, and that is developed 
on participatory and pertinent methods. Thus, the 
TMP needs will be defined in the enterprise.

On the other hand, once the result of the diag-
nosis in the enterprise is obtained, the university 
will define where to aim the efforts with regards 
to scientific development, and thus establish the co-
herence with its mission and the impact it should 
make on the surroundings (Alarcón-Ortiz, 2015).

To develop this action, three exchange and col-
lective discussion activities were carried out among 
professors, members of the Extension System of the 
Institute of Animal Science (SEICA, for its initials 
in Spanish) members of the management board of 
the enterprise and unit chiefs. In addition, the fi-
nancial statements and fulfillment of the production 
plans were analyzed; lastly, key decision-makers1 of 
the enterprise were interviewed.

Phase 2. Determination of technological 
alternatives in the university-enterprise 
relation.

Step 2. Search for variants of technological 
solutions between the university and the enterprise, 
which respond to the needs of the state animal  
husbandry enterprise.

An analysis was made of the technological po-
tentialities of the university, which, according to the 
criteria expressed by Enrique (2014), allowed to deter-
mine the real possibilities shown by its technological 
portfolio and manage the generation of knowledge 
that responds to the needs of the enterprise.

The university, from this result, requested sup-
port from the Institute of Animal Science (ICA) 
and acted as interface between it and the enterprise. 
Olivera-Fernández (2011) refers that the interface 

catalyzes the implementation of solutions which, in 
the scientific-technical order, is demanded by the 
entrepreneurial sector.

Step 3. Determination of technological alter-
natives between the university and the enterprise.

The university and ICA defined the different 
variants that were made available for the enter-
prise, and organized a document of the technolo-
gies which included: i) description; ii) productive, 
economic, environmental and social evaluation; iii) 
practical guide for the implementation; and iv) ex-
periences of technological studies about the impact 
in similar contexts.

Once the technological variants were pre-
sented, the enterprise analyzed the organizational 
aspects to be considered for the technology trans-
ference (Castro et al., 2014), according to the legal 
framework, which include:
• Availability of raw materials and feasibility of 

their acquisition.
• Availability of funds and cash flow, as well as of 

human capital disaggregated by: labor force and 
intellectual potential.

• Correspondence between the performance of cli-
mate variables and technological requirements.

• Habits and traditions of the idiosyncrasy of the 
enterprise where the technology transference in 
question will be carried out.

• Elements of the technology that can be subject to 
resistance to change.

• Cost-benefit ratio implied by the transference 
and its sustainability in time.

• Paying-off period of the investment, relevance 
status of the technology and harmony with the 
environmental and human health legislation.

• The technology supplier has good referents on 
the type of technology that is transferred.

Step 4. Re-elaboration of the innovation 
strategies for the university and the enterprise.

This step constituted the strategic planning 
for the university and the enterprise; once the 
technology transferences and improvements to be 
carried out by both were evaluated, the bases for 
technology management from the university were 
defined (fig. 1). On the other hand, the technological 
strategy of the enterprise was composed by its 
interests for the technology improvement and/or 
introduction, as recommended by Suárez (2003).

1 The are considered persons who, because of their management or leadership responsibility, are decision 
makers within the enterprise.
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Phase 3. Implementation of technology 
management actions in the university-enter-
prise relation.

Step 5. Design and planning of technological 
development and innovation projects.

Projects constitute the main organizational form 
for the planning, fund securing, execution, evalua-
tion and control of the actions expressed in the tech-
nological strategy, according to what is established 
for projects, in correspondence with the System of 
Science and Technological Innovation of the country.

A multidisciplinary group was formed inte-
grated by the scientifi c council of the university 
(school), the advisory technical council of the en-
terprise and the Government, which participates 
as regulator in the proactive interaction among the 
university, the scientifi c environment and the enter-
prise. This group regulates and rules the ways of 
cooperation in order to follow up agreements and 
contribute mutual benefi ts, as all the agents of de-
velopment interact (Castillo and Reyes, 2015).

The group determined the established objec-
tives and the project scope, the planning of the 
main activities and the election of the human capi-
tal, material resources and necessary and available 
infrastructure in the entities to execute the project; 
as well as the technical-economic pre-feasibility 
analysis (for innovation projects) and the analysis 
of the general budget.

Step 6. Execution of projects.
In this step the project team to execute the ac-

tions was consolidated. There was participation of 
undergraduate and graduate students, as human 
capital under training to conduct course, diploma 
and master of science works through the project 
actions. The corresponding contracting was estab-
lished, and the schedule of activities at short-, me-
dium- and long-term was specifi ed.

Phase 4. Evaluation and adjustment of the  
proposed model.

Step 7. Evaluation based on a system of indicators.

In order to measure the model effectiveness, a 
start was made from the dimensions determined in 
the research (institutional feedback, economic-pro-
ductive, environmental and social pertinence), from 
which the indicators were constructed (table 1) for 
each of the dimensions; each indicator was evaluat-
ed once per year, which allowed follow-up in step 8.

According to Núñez-Mora (2011), the indica-
tors put at the service of management instances 
allow to make accurate and timely decisions; to 
adopt, in time, the correction measures of the criti-
cal or key aspects of the institutions with regards to 
the objectives or foreseen goals.

Step 8. Follow-up and feedback of the Tech-
nology Management Model in the university-Cu-
ban state animal husbandry enterprise relation 
(TMM-UCSAHER).

Quarterly workshops were designed, which 
allowed to follow up the execution of the projects, 
suggest revisions to the action plans and evaluate 
the partial results. To analyze the annual results, a 
workshop based on the comparative analysis of the 
model indicators; its results constituted the basis to 
establish an action plan for their solution; this al-
lowed the model adjustment. The identifi ed group 
to carry out this activity is described in step 5.

This model evaluation and adjustment phase 
is connected to the phase of characterization of the 
starting situation for the technology management 
process, and thus feedback occurs.

Results of the procedure application

Characterization of the starting situation for 
the technology management (results of phase 1)

Step 1. Diagnosis of the technological needs 
of the enterprise along with the university.

In the diagnosis of the technological needs, the 
following were identifi ed as main problems of the 
productive process:
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• In the animal husbandry units of the EPGCC the 
fresh integral diets, based on the combination of 
protein plants and grasses, are not offered to ca-
ttle, in the sheds or during milking.

• The technology of biomass banks of Cenchrus 
purpureus cv. Cuba CT-115 is not used.

• The biomass availability of forage grass varie-
ties, such as Cuba CT-169 or OM-22, is insuffi-
cient in animal husbandry units; they constitute 
an important component in the elaboration of 
fresh integral diets, which can be used mainly 
during the dry season.

• The use of distillery waste (vinasse) in cattle fee-
ding and its combination with other feed sources 
(silage elaboration) does not constitute a genera-
lized resource that would allow to improve the 
feeding balances in the animal husbandry units 
of the EPGCC.

This diagnosis of technological needs consti-
tuted the basis to develop the later stages, and it 
was discussed among the UPR, ICA and EPGCC, 
because, according to García-Delgado et al. (2014), 
the identification of the knowledge needs is a highly 
important stage for the innovation process.

Determination of technological alternatives 
in the university-enterprise relation (results 
of phase 2)

Step 2. Search for variants of technological 
solutions between the university and the enterprise, 
which respond to the needs of the state animal  
husbandry enterprise.

For the search of technological solution variants 
between the university and the enterprise, the techno-
logical portfolio of the Forestry-Agronomy School of 
the UPR was updated, and finished technologies were 
selected, such as the ones identified by Delgado (2012).

 Table 1. Indicators for each of the dimensions.

Dimension Indicators
Institutional feedback Degree of application of the diagnosis in the enterprise, with the companionship of the 

university per year
Degree in which training2 generates changes and transformations in the use of the 
technologies per year
Degree of planning, organization and contracting of I+D+i projects per year
Degree of students’ participation (undergraduate and graduate) linked to research or 
innovation projects per year
Degree of achievement of awards and recognition, from the results reached in the 
enterprise and the university per year
Degree of participation of enterprise professionals, professors and students  in events, 
publications and elaboration of theses that socialize the results reached per year

Economic-productive
Degree of technology introduction or improvements of the university and its scientific 
environment per year
Degree of improvement of productive processes per year
Degree of improvement of economic processes per year

Environmental

Degree of management of solid wastes per year

Degree of management of waste water per year
Degree of intensity of carrying capacity per year
Degree of soil use management and amendments performed per year
Degree of water reserve management per year
Degree of reforestation per year

Social pertinence

Degree of satisfaction of the link with the university and other research centers per year
Degree of satisfaction of entrepreneurs involved in the university-enterprise relation per 
year
Degree of satisfaction of workers depending on the productive results reached after the 
introduction of the technologies per year

    2Quantity of courses, workshops, talks and exchange activities that take place in the training process.
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The few solutions presented by the technological 
portfolio of the school, against the enterprise de-
mands, motivated the development of networking 
with the ICA, which provided advisory and collabo-
ration through its extension system and served as 
interface to the university and the EPGCC. This 
allowed to determine the technological alternatives 
shown in step 3.

Step 3. Determination of technological alter-
natives between the university and the enterprise.

After the technological variants were deter-
mined (step 2), the university and ICA delivered to 
the enterprise the essential information of the new 
technologies or technological improvements to be 
made. From it, the enterprise evaluated the variants 
according to the organizational aspects to be con-
sidered for the technology transference, and deter-
mined the following as necessary:
• Utilization of fresh integral diets, based on pro-

tein plants and grasses.
• Completion or sowing of 30 % of the areas per 

unit with biomass banks of C. purpureus cv. 
Cuba CT-115.

• Sowing of forage varieties, such as cv. Cuba CT-
169 u OM-22, for biomass production during the 
dry season.

• Use of distillery waste in cattle feeding (vinasse).
• Improvement and management of the silvopas-

toral system with Leucaena leucocephala and 
herbaceous legumes

Step 4. Re-elaboration of the innovation 
strategies for the university and the enterprise.

For the re-elaboration of the innovation strate-
gies they were analyzed, in the university as well 
as the enterprise, which allowed an adaptation of 
the technology transference process from the needs 
of the latter. In the case of the university the bases 
defined in step 4 of the procedure were taken into 
consideration.

Implementation of technology management 
actions in the university-enterprise relation 
(results of phase 3)

Step 5. Design and planning of development 
and technological innovation projects.

The group responsible for the design and plan-
ning of the projects determined the degree of impli-
cation of the involved actors, among which were:
• The Government supervised that the objectives 

of the formulated projects responded to the needs 
identified in step 1 of the methodology; besides 
playing its role as regulating entity of legality 

among the enterprise, university and research 
center.

• The actors (UPR, ICA and EPGCC) established 
agreements for the fulfillment of the main activi-
ties, for the transference and improvement of the 
technologies.

• Each institution defined the necessary human 
capital for the fulfillment of the project actions.

• The enterprise defined, from the needs of actions 
to be carried out, the budget and necessary re-
sources for its development.

After making this analysis, two entrepreneurial 
projects were designed:
1. Design of a technology management model to 

contribute to the enhancement of the universi-
ty-state animal husbandry enterprise relation. 
Case study UPR-EPGCC.

2. Implementation of an organizational manage-
ment in dairy units of the EPGCC for the trans-
ference of animal husbandry technologies.

Both projects were visualized in the website http://
www.geteca.co.cu; they guaranteed the execution of the 
actions and the satisfaction of the enterprise needs, 
identified in the diagnosis. Such site facilitated the 
communication for technology management in this 
relation that, according to Serrate-Alfonso et al. 
(2013), is considered an instrument that facilitates 
the link between the scientific and entrepreneurial 
communities for the consultation of specialists and 
decision-makers in the enterprise.

Step 6. Execution of projects.
During the execution of the projects training 

actions were carried out in the EPGCC in the pe-
riod 2012-2014, which comprised: enhanced dairy 
farms, use of fresh integral diets and citrus pulp 
with urea, rotational grazing, electrical fencing,  
biomass banks with Cuba CT-115 for the solution of 
the feed deficit during the dry season, and technology 
transference.

Phase 4. Evaluation and adjustment of the 
proposed model.

Step 7. Evaluation based on a system of 
indicators.

In order to validate the management model a 
questionnaire was elaborated, which was answered 
by eight of the management board members (92 %) 
of the enterprise, after a work session in which the 
final result of the research was presented. In this 
questionnaire a Likert scale of five categories was 
used, in which a maximum score of five (5) points 
represents total conformity and agreement with the 
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exposed statement, and a minimum score of one (1) 
point means otherwise; intermediate scores can exist.

The results of the general validation of the 
model from the analysis of its indicators (table 2) 
showed the indicators with the best results:
• Degree of planning, organization and contrac-

ting of R+D+i projects per year.
• Degree of application of the diagnosis in the en-

terprise, with companionship in the university 
per year.

• Degree in which training generated changes and 
transformations in the use of the technologies 
per year.

These results allowed to know the viability of 
the model application, and the three indicators with 
the best results were included within the dimension 
institutional feedback. This dimension, throughout 

the research, was considered a basic system for 
providing feedback to the substantive processes of 
the university with the enterprise, and constituted a 
novelty for the research.

The economic-productive dimension was fa-
vored with the implementation of the methodolo-
gy; however, inside the productive and technology 
management processes complex problems occur 
that need the influence of many factors in order to 
be solved, and which not only depend on innovation.

Tangible results
Associated to the implementation of the Tech-

nology Management Model in the case study UPR 
and EPGCC, tangible (tables 3, 4 and 5) and intangi-
ble results were generated. The comparative analysis 

Table 2. Results of the general validation of the model from the analysis of its indicators per dimensions, according               
              to Likert scale. 
Dimension Indicators Average
Institutional feedback Degree of application of the diagnosis in the enterprise, with the com-

panionship of the university per year
4,82

Degree in which training generates changes and transformations in the 
use of the technologies per year

4,65

Degree of planning, organization and contracting of I+D+i projects per 
year

4,88

Degree of students’ participation (undergraduate and graduate) linked to 
research or innovation projects per year

4,35

Degree of achievement of awards and recognition, from the results rea-
ched in the enterprise and the university per year

4,22

Degree of participation of enterprise professionals, professors and stu-
dents  in events, publications and elaboration of theses that socialize the 
results reached per year

4,22

Economic-
productive

Degree of technology introduction or improvements of the university 
and its scientific environment per year

4,45

Degree of improvement of productive processes per year 4,58
Degree of improvement of economic processes per year 4,58

Environmental Degree of management of solid waste per year 3,68
Degree of management of waste water per year 4,07
Degree of intensity of carrying capacity per year 4,28
Degree of soil use management and amendments performed per year 4,09
Degree of water reserve management per year 4,13
Degree of reforestation per year 4,01

Social pertinence Degree of satisfaction of the link with the university and other research 
centers per year

4,35

Degree of satisfaction of entrepreneurs involved in the university-enter-
prise relation per year

4,04

Degree of satisfaction of workers depending on the productive results 
reached after the introduction of the technologies per year

3,63
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showed an improvement of the indicators in the 
evaluated period, which allows to re-program and 
re-define the strategies, for the university as well 
as for the enterprise, and to legitimate the relation 
between them.

Intangible results
• Re-elaboration of innovation strategies for the 

university and the enterprise, in correspondence 
with production needs.

• Establishment of an alliance between the UPR, 
the EPGCC and the Institute of Animal Science.

• Stable participation in national and international 
scientific congresses.

• Design of the website as technology manage-
ment tool for the animal husbandry sector.

Step 8. Follow-up and feedback of the 
TMM-UCSAHER.

Quarterly workshops were carried out for fol-
low-up in the project execution, besides corrections 
to the action plans and a year closing workshop for 
the projects, which allowed the comparative analysis 
of the established indicators (step 7). This step con-
tributes to the model updating, from the systematic  
evaluation of the execution of implementation 
methodology.

Conclusions
The developed procedure was structured in a 

set of phases with their corresponding steps, which 

generated 18 indicators structured per dimensions 
(institutional feedback, economic-productive, so-
cial pertinence and environmental).

The validation of the procedure for the model 
implementation allowed to verify its feasibility, 
through its utilization as methodological instru-
ment to improve the management process between 
the university and Cuban animal husbandry enter-
prises; tangible and intangible results of such im-
plementation were observed.
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