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The object of research is technology transfer, which
covers the mechanism of transfer of technological knowl-
edge and innovations from developers to end users or
manufacturers. The problem to be solved is to provide
a relevant assessment of the effectiveness of technology
transfer by applying modern economic and mathemati-
cal models (based on the method of fuzzy logic) to assess
the effectiveness of technology transfer under conditions
of uncertainty.

The main results obtained: a fuzzy-logical model for
evaluating the level of the technology transfer efficiency
indicator was built; it is performed according to the fol-
lowing algorithm:

1) the involvement of three components of technolo-
gy transfer — technological, financial, and marketing as
input variables of the model, which are calculated on the
basis of statistical and financial reporting data, expert
suroeys;

2) selection of parameters and type of membership
JSunction for three input variables and one output vari-
able (integral indicator) and construction of a system of
27 logical rules;

3) determining the efficiency of technology transfer
using Mamdani’s fuzzy derivation and checking the ade-
quacy of the model.

A visualization of the “input-output” surface was per-
Jformed, which determines the maximum value of the TTPE
(Technology TransferProjectsEfficiency) indicator, which
serves as a summary indicator for the success of technolo-
gy transfer projects and is observed at high levels of model
input variables. The indicator T (technical component of
technology transfer efficiency), F (financial component of
technology transfer efficiency), and M (marketing com-
ponent of technology transfer efficiency) was introduced.

The scientific results could be applied to determine the
optimal ways of technology transfer to industry, to plan
strategies for introducing new technological products to
the market, taking into account the effectiveness of licens-
ing, partnership, and cooperation processes
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1. Introduction

The relevance of our research is due to the rapid develop-
ment of technological innovations and the need for their effec-
tive integration into industrial production and the social do-
main, which requires a relevant assessment of the effectiveness
of technological innovations, which are carried out, including
during the transfer of technologies. Under today’s conditions
of economic globalization and increased competition, technol-
ogy transfer is gaining particular importance as it contributes
to increasing the competitiveness of countries, regions, and
individual enterprises. Technology transfer plays a key role in
the commercialization of scientific research, ensuring innova-
tive development of the economy, creating new jobs, as well as
solving global social and environmental problems [1].

The importance of technology transfer increases under
conditions of rapid scientific and technological progress
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when it is important not only to generate new knowledge
but also to enable its effective implementation in practical
activities. However, despite the high potential, technology
transfer processes are often accompanied by various bar-
riers and challenges, such as legal restrictions, insufficient
funding, which requires detailed study and development of
effective mechanisms to overcome them.

The importance of research into the implementation of
fuzzy logic tools for assessing the effectiveness of technology
transfer is predetermined by several key factors. In today’s
world where technological progress is incredibly fast, the abil-
ity to effectively transfer the latest technologies from scientif-
ic laboratories to production lines is critical to support inno-
vative development and enable competitiveness of the national
economy. Technology transfer includes not only the physical
transfer of new technological solutions but also the transfer of
knowledge and skills necessary for their effective application.




Traditional methods for assessing the effectiveness of tech-
nology transfer are often not flexible and adaptable enough
to take into account all aspects and nuances of this process.
Implementing a fuzzy logic toolkit overcomes these limita-
tions, allowing for a more accurate and flexible assessment
that takes into account the ambiguities and vagueness that
often accompany the technology transfer process. Fuzzy logic
based on fuzzy sets allows a better representation of human
thinking and decision-making in situations with incomplete
information, which makes it ideal for evaluating such complex
and multidimensional processes [2].

The relevance of our research is also determined by the
need to devise new theoretical approaches and practical tools
for analysis, planning, and implementation of technology trans-
fer. In the context of changes in the technological landscape
and the constant growth of the importance of innovation, the
study of technology transfer opens up new opportunities for
industry and government structures in the development and
implementation of innovative development strategies. Hence,
the relevance of our research topic cannot be overstated given
its impact on economic growth, social progress, and environ-
mental security at the national and global levels.

2. Literature review and problem statement

The issue of the development of technology transfer and
the use of economic-mathematical apparatus to a certain
extent reflects the use of fuzzy logic, and the following sci-
entific and research works deserve the greatest attention.

Thus, in work [3] it is indicated that the viability of tech-
nologies depends on innovativeness, cost, compatibility, safe-
ty, and environmental suitability. Effective support and man-
agement, including regular updates, is key. But they do not
identify the basic technological factors that allow interaction,
creating strategies for long-term and successful exploitation of
technology transfer in various areas of production and service.

Work [4] considers in detail the adaptability to changes
and market requirements in the matter of technology trans-
fer. Successful technologies must be adopted by users, taking
into account their needs and expectations. Favorable condi-
tions include security and support from industry standards.
At the same time, the social and economic context that can
influence the decision on technology transfer is not defined.

In work [5] it is argued that the transfer of technolo-
gies is often complicated by a number of barriers that limit
their effective distribution. The authors do not reveal the
evaluative essence of such restrictions and components of
technology transfer. Paper [6] determines the effectiveness
of technology transfer projects but does not provide method-
ological flexibility of transfer management and adaptation to
changing conditions. In work [7] it is said that the transfer
of technologies is often complicated by a number of barriers
that limit their effective distribution. Economic constraints,
such as high development and implementation costs, can
make technology more accessible. Legal restrictions such
as patents and copyrights can make legal transfers difficult.
Sociocultural differences, including language and social dif-
ferences, can create barriers to mutual understanding. Inad-
equate infrastructure and lack of skilled workers can also be
important factors inhibiting technology transfer. However,
the authors pay little attention to the issue of quantitative
analysis of the influence of various factors on the success of
the transfer itself.

Paper [8] highlights the main methods of assessing the
effectiveness of technology transfer: the FARE (factorrela-
tionship) method and the TOPSIS method, which is one of
the powerful methods for making the optimal management
decision. At the same time, the author does not specify the
organizational conditions of use and applied value.

Study [9] identified advantages for increasing the ac-
curacy and adaptability of evaluation processes, which is
critical for the successful integration of new technologies
into production and commercial use. But the applied essence
of such integration is not defined.

The authors in [10] propose different hierarchical de-
cision-making models for evaluating a research proposal
regarding the potential of technology transfer. Such a model
fills the gap between the quantitative assessment of tech-
nology transfer potential during research and the phases of
technology transfer. However, these models do not identify
and determine the relative value of the attributes of tech-
nology transfer success and do not identify tools that can
be used when studying the process of choosing a type of
transfer. The ability of the fuzzy logic toolkit to adapt to the
ambiguities accompanying the process of technology trans-
fer has already been considered in work [11]. But the authors
miss the very evaluation and organizational component of
such processes.

Technology transfer has been a common practice in most
countries and developing countries. economic transition be-
cause they usually do not have their own research and devel-
opment and industries to produce the necessary technology.
Many factors need to be taken into account when transfer-
ring technology. Most failures in technology transfer occur
due to failure to take these factors into account. At these po-
sitions, [12] focuses on the initial (although often forgotten)
and important steps of technology transfer. But the author
does not take into account the opinion that many factors
need to be taken into account when transferring technology.

In work [13] it is noted that the need to evaluate technol-
ogies should be formed and determines the factors involved
in these steps. Environmental factors, which should be taken
into account when assessing process needs and technologies,
should also be investigated. However, it is not specified
which algorithm determines the input and output variables
for technology evaluation.

Study [14] describes an organizational model that serves
as a reference for technology transfer processes for devel-
oping countries. Many factors in the process of technology
transfer are often not recognized, and failure occurs quite
often. However, the authors do not specify what an indica-
tor of the efficiency of technology transfer is. In work [15],
a general model was built, which provides a guideline and
determines the factors to be taken into account in the pro-
cesses of technology transfer to developing countries. The
use of fuzzy logic to support project status assessment is
considered. But the features of the calculation and modeling
of the technology transfer project are not shown. Paper [16]
gives a description of the theory of fuzzy sets, fuzzy logic,
and the calculation process. But not enough attention is paid
to the issue of building a fuzzy expert system for evaluating
the effectiveness of such projects.

Work [17] noted the feasibility of using a fuzzy model
for assessing the status of a technology transfer project. The
authors indicate that such a model is the result of using Fuzzy-
LogicToolbox. This fuzzy model is based on two main indices,
the Schedule Performance Index (SPI) and the Cost Effec-



tiveness Index (CPI), Earned Value Management (EVM).
The advantage of the fuzzy model is the possibility of convert-
ing the input indices SPI and CPI into linguistic variables,
as well as the linguistically estimated general status of the
project (output). But the researchers do not indicate at all
which approach should simulate risk and uncertainty, which
are always associated with technology transfer projects.
Therefore, the issues of using the tools of fuzzy logic in the
field of transfer have a “small” format of use and are aimed
at separate accompanying and auxiliary components. The
authors of the reviewed literature do not systematize the most
comprehensive assessment of the effectiveness of technology
transfer on the basis of the tools of fuzzy logic. All this indi-
cates the expediency and importance of conducting research
for the implementation of fuzzy logic tools for assessing the
effectiveness of technology transfer under current conditions
of economic and industrial relations.

3. The aim and objectives of the study

The purpose of our study is to build a model for objective
assessment of the effectiveness of technology transfer based
on fuzzy logic. This model aims to account for the ambigu-
ities and uncertainties that often accompany such processes,
and to provide a toolkit for quantifying the impact of various
factors on transfer success.

To achieve the goal, the following tasks were defined:

— to determine the necessary tools of fuzzy logic for the
assessment of technology transfer at the enterprise;

—to develop an integral indicator of the assessment of
the efficiency of technology transfer;

— to verify and test the built model for assessing the ef-
fectiveness of technology transfer.

4. The study materials and methods

The object of our study is technology transfer, the com-
ponents of technology transfer, their mutual influence on a
complex indicator — the indicator of the efficiency of tech-
nology transfer.

Hypothesis: is it appropriate to use fuzzy logic as a tool
that allows a comprehensive evaluation of the technology
transfer efficiency indicator?

Assumption: each of the components selected for the assess-
ment of the technology transfer process can be determined for
each enterprise individually, taking into account the specificity
of the enterprise, this is an advantage of the model, but it re-
quires effort and time to collect additional data.

The use of the fuzzy logic tool is due to its significant
advantages. Among them: approximation of any multidimen-
sional nonlinear function; suitability when the mathematical
model is unknown or difficult to obtain; suitability in the
absence of accurate information; application in the formation
of decision-making rules. The relative disadvantages of fuzzy
logic include laboriousness in structuring the knowledge of
experts, exponential increase in the number of rules when
the number of input variables increases [18].

Fig. 1 shows the general structure of the constructor of
fuzzy logic expert systems as data transformation within the
system itself. For the fuzzy logic toolkit, three input variables
that affect the target indicator were chosen to determine the
evaluation of the integral performance indicator of technol-
ogy transfer projects (TTPE). The following were selected:
the technical (technological) component of the technology
transfer efficiency indicator (T), the financial component
of the technology transfer efficiency indicator (F), and the
marketing component of the technology transfer efficiency
indicator (M) [19].

>Q< h
~
~
~
~
Technical ST
~
9
: : : Untitled
(mamdani)
Financial p
-
-
-
-
-
-
-
- TTPE
Market
FIS Name: Untitled FIS Type: mamdani
And method min <) Current Variable
Or method T = Name
Type
Implication min v
Range
Aggregation max ~
Defuzzification centroid el
Help Close

Fig. 1. General structure of the constructor of a fuzzy-logical system



To build a fuzzy expert system, a bell-shaped member-
ship function was chosen, which visually has the appearance
of a symmetrical curve and resembles the shape of a bell. The
specified function is given by the formula, the parameters of
which are interpreted as follows:

n(x)=— )

X—C
1+

a

where a is the concentration coefficient of the membership
function; b is the coefficient of curvature of the membership
function; ¢ is the coordinate of the maximum of the member-
ship function [20].

The next step in building a fuzzy model is the identifica-
tion of fuzzy logical rules. Given that the number of model
inputs (input variables) is equal to o, and each input has z
fuzzy sets (membership functions), the number of fuzzy logic
rules can be determined by the following formula:

r=2z" 2)

Table 1 gives the correlation between the number of
fuzzy rules of the model that enable completeness of the
model and the input data of the model (input variables) o, as
well as the number of fuzzy sets z at each input.

Table 1

Correlation between the number of fuzzy rules of the model

that enable completeness of the model and the input data of

the model (input variables) w, as well as the number of fuzzy
sets z at each input

The number of The number of inputs to the ® model (the
fuzzy z sets at number of input variables)
each input o=1 0=2 0=3 0=4 0=5
z=1 1 1 1 1 1
z=2 2 4 8 16 32
z=3 3 9 27 81 243

The implementation of fuzzy logic tools for evaluating
the effectiveness of technology transfer has a significant so-
cial effect as it contributes to increasing innovative activity
and the ability of enterprises to adapt to the rapidly chang-
ing conditions of society. The development and application of
this approach allows enterprises to more effectively manage
the process of introducing new technologies, create jobs, and
implement programs for the socio-economic development of
personnel.

5. Result of research on implementing the fuzzy logic
model of technology transfer assessment

5. 1. Applying fuzzy logic tools in technology transfer
practice

The justification for the implementation of the fuzzy
logic toolkit for assessing the effectiveness of technology
transfer is based on a number of fundamental principles and
concepts that combine the theory of fuzzy sets, logic, and
system analysis. Considering technology transfer as a com-
plex multidimensional process, including technical, finan-
cial, marketing, and other aspects, requires the application

of flexible methodologies for its assessment [21]. The basis of
the practical use of fuzzy logic is the concept of fuzzy sets,
in which elements can belong to a set with a certain degree,
expressed as a number between 0 and 1, which differs from
classical logic, in which an element either belongs to a set
or not. It allows modeling the fuzziness and uncertainty
inherent in human thinking and decision-making and repro-
ducing them in formalized systems.

In the context of assessing the effectiveness of technol-
ogy transfer, the fuzzy logic approach allows integrating
various input data, including quantitative indicators and
qualitative assessments of experts, and turning them into
clear conclusions about the effectiveness of projects [22].
This is particularly important when there are complex
relationships between different aspects of technology
transfer, and when data are limited or have a high level of
ambiguity. The implementation of the fuzzy logic toolkit
in this context is based on the definition of input and out-
put variables, their membership functions, which reflect
the degree to which elements belong to certain categories,
and a system of rules describing the interaction between
these variables. This allows formalizing expert knowledge
and experience in the form of fuzzy rules, which are then
used to generate conclusions about the effectiveness of
technology transfer [23].

The Mamdani method for fuzzy inference provides a
mechanism for combining input data using a set of logical
rules and subsequently deriving output values. This method
is effective for modeling complex systems when it is import-
ant to take into account the interrelationships and interac-
tions between different variables. Defuzzification, used at
the final stage of fuzzy inference, transforms fuzzy initial
values into a clear numerical value, which allows one to
obtain a final assessment of the technology transfer project’s
effectiveness. This is critically important for the practical
application of research results as it provides an opportunity
to compare different projects and make informed manage-
ment decisions [24].

5. 2. Model for assessing the efficiency of technology
transfer

Fuzzy inference was used to construct the integral
indicator of the efficiency of technology transfer projects
TTPE (Technology Transfer Projects Efficiency). Three in-
dicators were selected as input variables. The first indicator,
Technical (T), is the technical (technological) component
of the technology transfer efficiency indicator. The second
indicator is Financial (F) — the financial component of the
technology transfer efficiency indicator. Markets (M), the
marketing component of the technology transfer efficiency
indicator was chosen as the third indicator. The output
variable was defined as an indicator of the efficiency of
TTPE technology transfer projects. Both the input variables
and the output variable are transformed into fuzziness by
constructing membership functions. The type and param-
eters of the membership function were substantiated, and
a bell-shaped membership function was chosen to estimate
the uncertainty of values falling under the normal distri-
bution [25]. The number of fuzzy sets at each input is con-
sidered as z=3, the number of input variables as ®=3. The
selection of three indicators is the basis of the algorithm for
forming an integral indicator for evaluating the effectiveness
of the technology transfer project using the fuzzy logic appa-



ratus. To achieve completeness of the model, the number of
logical rules was defined as #=3%=27. Mamdani’s fuzzy infer-
ence was applied to calculate the TTPE technology transfer
efficiency indicator. Defuzzification is used to calculate the
value of the output variable TTPE-indicator that determines
the efficiency of technology transfer projects. A fuzzy expert
system was built to assess the efficiency of technology trans-
fer projects [7]. It allows the use of different types of input
variables owing to the fuzzy logic methodology, which takes
into account the fuzziness of the input variables and the out-
put variable as much as possible.

The modeling of the integral degree of market concen-
tration was performed in the Fuzzy Logic Toolbox software
of the MATLAB environment (version R2021A) by the
MathWorks firm, which affected the setting and represen-
tation of the bell-shaped membership function. The func-
tion setting is as follows: p(x)=gbellmf (x, [a b c]), where
x is the input variable, a, b, and ¢ are the aforementioned
parameters [26].

Fig. 2-5 show the attributes and membership functions
for three input variables and one output variable. Fig. 2 shows
the input variable T (Technical) (“Technical (technological)
component of the technology transfer efficiency indicator”).
It has three attributes (membership functions): Low cor-
responds to a low (unsatisfactory) value of the T indicator,
Medium corresponds to an average (satisfactory) value of the
Tindicator, High corresponds to a high value of the T indi-
cator. This function is chosen as bell-shaped, and its value
is formed in the range [0;100]. Low function — low T level —
has parameters [0.8 4.9 0.0732], Medium function — medi-
um T'level — has parameters [20.83 2.5 50], High function —
high Tlevel — has parameters [20.8 2.5 92.39].

Fig. 3 shows the input variable F (Financial) (“Financial
component of the technology transfer efficiency indicator”).
It has three attributes (membership functions): Low cor-

responds to a low (unsatisfactory) value of the F indicator,
Medium corresponds to an average (satisfactory) value of
the Findicator, High corresponds to a high (i.e., normative)
value of the F indicator. This function is bell-shaped, it is
defined in range [0;100]. Low function — low F level — has
parameters [20.8 6.946 11.2], Medium function — medium
Flevel — has parameters [20.8 4.788 53.5], High function —
high Flevel — has parameters [20.8 2.5 95.53].

Fig. 4 shows the input variable M (Market) (“Marketing
component of the technology transfer efficiency indicator”).
It has three attributes (membership functions): Low corre-
sponds to a low (unsatisfactory) value of the M indicator,
Medium corresponds to an average (satisfactory) value of
the M indicator, High corresponds to a high value of the M
indicator. This function is bell-shaped, it is defined in the
range [0; 100]. Low function — low M level — has parame-
ters [24.8 2.5 9.087], Medium function — medium M level —
has parameters [20.8 2.5 55.21], High function — high M
level — has parameters [17 3.47 94.6].

Fig. 5 shows the original variable TTPE (“Technol-
ogy transfer efficiency indicator”), it has three attri-
butes (membership functions): Low corresponds to a
low (unsatisfactory) value of the TTPE indicator and has
parameters [29.3 19.1 26.62]. Medium corresponds to the
average (satisfactory) value of the TTPE indicator and
has the parameters [18.3 4.55 74.34], High corresponds to
the high value of the TTPE indicator and has the parame-
ters [18.1 5.052 110]. This function is bell-shaped and has a
range [0; 100] [11]. The assessment of individual components
of the overall efficiency is determined by certain services of
the enterprise, specialists in analytical work, and is given in
points from 0 to 100 (for any specific enterprise where tech-
nology transfer takes place). The model takes into account
the uncertainty of the constituents in the linguistic terms
Low, Middle, High.
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Fig. 2. Membership function for the input linguistic variable T (Technical) (“Technical (technological) component of the
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Based on the description of three input and one output —rule 2: If (T is Low) and (F is Medium) and (M is Low)
variable, 33=27 fuzzy rules for output variable inference have  then (TTPE is Low);

been defined. —rule 3: If (T'is Low) and (Fis High) and (M is Low) then
We describe the rules of fuzzy logic as follows: (TTPE is Low);
—rule 1: If (T'is Low) and (Fis Low) and (M is Low) then —rule 4: If (T is Medium) and (F is Low) and (M is Low)
(TTPE is Low); then (TTPE is Low);




—rule 5: If (T is Medium) and (F is Medium) and (M is
Low) then (TTPE is Medium);

— rule 6: If (T'is Medium) and (F is High) and (M is Low)
then (TTPE is Medium),

—rule 7: If (T is High) and (F) is Low) and (M is Low)
then (TTPE is Medium),

—rule 8: If (T'is High) and (F is Medium) and (M is Low)
then (TTPE is Medium),

—rule 9: If (T'is High) and (Fis High) and (M is Low) then
(TTPE is Medium);

—rule 10: If (T'is Low) and (Fis Low) and (M is Medium)
then (TTPE is Low);

—rule 11: If (T'is Low) and (F is Medium) and (M is Me-
dium) then (TTPE is Medium);

—rule 12: If (T is Low) and (F is High) and (M is Middle)
then (TTPE is Middle);

—rule 13: If (T is Medium) and (F is Low) and (M is Me-
dium) then (TTPE is Medium);

—rule 14: If (T is Medium) and (F is Medium) and (M is
Medium) then (TTPE is Medium);

—rule 15: If (T is Medium) and (F is High) and (M is Me-
dium) then (TTPE is Medium);

— rule 16: If (T'is High) and (Fis Low) and (M is Medium)
then (TTPE is Medium);

—rule 17: If (T'is High) and (F is Medium) and (M is Me-
dium) then (TTPE is High),

—rule 18: If (T'is High) and (Fis High) and (M is Medium)
then (TTPE is High);

—rule 19: If (T is Low) and (F is Low) and (M is High)
then (TTPE is Low);

—rule 20: If (T'is Low) and (F is Medium) and (M is High)
then (TTPE is Medium);

—rule 21: If (T is Low) and (F is High) and (M is High)
then (TTPE is Medium);

— rule 22: If (T'is Medium) and (Fis Low) and (M is High)
then (TTPE is Medium);

—rule 23: If (T is Medium) and (F is Medium) and (M is
High) then (TTPE is Medium);

—rule 24: If (T is Medium) and (F is High) and (M is
High) then (TTPE is Medium);

—rule 25: If (T is High) and (F is Low) and (M is High)
then (TTPE is Medium),

—rule 26: If (T is High) and (F is Medium) and (M is
High) then (TTPE is High);

“rule 27: If (T is Highy and (Fis High) and (M is High)
then (TTPE is High).

The constructed model of fuzzy inference allows us to
evaluate the integral indicator of the efficiency of technology
transfer projects depending on three components, namely:
on the variable 7, which is the technological component
of the indicated indicator. On the variable F, which is the
technological component of the efficiency indicator of tech-
nology transfer projects, and on the variable M, which is the
marketing component of the efficiency indicator of technol-
ogy transfer projects.

5. 3. Verification of the technology transfer evalua-
tion model

The dependence of the output variable TTPE, which is
an integral indicator of the efficiency of technology transfer
projects, on the input variables T and F at a fixed value of
M=50 represents an infinity of TTPE values. Applicate
axis — value from 0 to 100 (conditional units, for specific
projects it can be expressed in monetary units). Indicators
are represented in the form of a response surface built using
the SurfaceViewer visualizer (Fig. 6).

The dependence of the output variable TTPE, which is
an integral indicator of the efficiency of technology transfer
projects, on the input variables T and M at a fixed value of
F=50 represents an infinity of TTPE values. They are rep-
resented in the form of a response surface built using the
SurfaceViewer visualizer (Fig. 7).
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Fig. 5. Membership function for the output linguistic variable “TechnologyTransferProjectsEfficiency”



Fig. 6. Dependence of the output variable “Technology Transfer Projects Efficiency”, which is an integral indicator of
the efficiency of technology transfer projects, on the input variables Fand T at the level of fixed values of the marketing
component of the efficiency indicator of technology transfer projects M=50 (constructed by Authors)
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Fig. 7. Dependence of the output variable “TechnologyTransferProjectsEfficiency”, which is an integral indicator of the
efficiency of technology transfer projects, on the input variables Mand T at the level of fixed values of the financial
component of the efficiency indicator of technology transfer projects F=50 (constructed by Authors)

The dependence of the output variable TTPE, which  value of 7=50 represents an infinity of TTPE values, which
is an integral indicator of the effectiveness of technology are represented in the form of a response surface constructed
transfer projects, on the input variables F and M at a fixed  using the SurfaceViewer visualizer (Fig. 8).
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Fig. 8. Dependence of the output variable “TechnologyTransferProjectsEfficiency”, which is an integral indicator of the
efficiency of technology transfer projects, on the input variables 7and F at the level of fixed values of the technological
component of the efficiency indicator of technology transfer projects 7=50 (constructed by Authors)

Visualization of the “input-output” surface allows us
to determine that the output indicator TTPE, which is an
integral indicator of the effectiveness of technology transfer
projects, reaches its maximum at the maximum values of the
input parameters of the model. These parameters are T (tech-
nological component of the efficiency indicator of technolo-
gy transfer projects), F (financial component of the efficiency
indicator of technology transfer projects), and M (marketing
component of the efficiency indicator of technology transfer
projects) [27].

6. Discussion of results of the research on implementing
fuzzy logic tools in the process of technology transfer

Our results are represented by an integral indicator of the
efficiency of technology transfer projects (Fig. 6—8). The use
of fuzzy logic made it possible to model the ambiguity and
uncertainty that often accompany the process of technology
transfer and provided an opportunity to quantify the impact
of these variables on the success of the transfer (Fig. 5).

Thus, the process of technology transfer is multifacto-
rial, but the involvement of more factors (input variables)
will exponentially complicate the model and reduce the
sensitivity of the influence of each factor (formulas (1), (2),
and Table 1). The main drawback of the proposed fuzzy logic
model is subjectivity and, hence, a certain inconsistency of
experts’ opinions, especially when constructing membership
functions and logical rules.

The proposed model provides significant advantages for
increasing the accuracy and adaptability of evaluation pro-
cesses, which is critical for the successful integration of new
technologies into production and commercial use. The ap-

plied value of the study is the ability of the fuzzy logic toolkit
to adapt to the ambiguities accompanying the technology
transfer process. This means that innovative organizations
and institutions can better predict potential risks and iden-
tify the most effective strategies to minimize these risks,
thereby increasing the overall effectiveness of the transfer
process. This, in turn, contributes to a better understanding
of the value of technological innovation and its potential to
improve productivity and efficiency.

Our explorations in the future will be aimed at improving
the fuzzy-logical model for assessing the efficiency of technol-
ogy transfer and expanding the scope of the proposed model
to enterprises in various sectors of the national economy.

7. Conclusions

1. Findings from our study, which focuses on the con-
struction of an integral indicator of technology transfer
project performance (TTPE) using fuzzy inference, open
up new possibilities for the evaluation and analysis of tech-
nology transfer performance. This study demonstrates how
the application of fuzzy logic and fuzzy sets can improve the
accuracy and adaptability of evaluating complex processes
such as technology transfer by integrating various input
variables and accounting for their fuzziness. To assess the
level of the technology transfer efficiency indicator, the
fuzzy set method is more effective compared to linear mod-
els due to the fact that it maximally takes into account the
uncertainty of the internal and external environment of the
enterprise. A fuzzy model practically allows one to involve
a significant number of input parameters, both quantitative
and qualitative. However, the specific choice of parameters



should be justified by their weight, on the one hand, and the
time-consuming nature of data collection necessary to assess
the effectiveness of technology transfer, on the other hand.
2. To form an integral indicator of technology transfer
efficiency (TTPE), three components are involved — tech-
nological, financial, marketing — which to the greatest
extent cover the domains of activity of technology transfer
subjects. A fuzzy expert system was built based on the use of
bell-shaped membership function to evaluate three key input
variables: technical (T), financial (F), and marketing (M)
components of technology transfer efficiency. Each of these
variables is transformed into fuzzy sets using carefully de-
signed membership functions, allowing for the modeling of
the uncertainty and ambiguity that often accompany the
evaluation of such complex processes. This will not only con-
tribute to a better understanding of the influence of various
factors on the success of technology transfer projects but
also pave the way for the development of more effective man-
agement strategies and the implementation of innovations.
3. The model for assessing the effectiveness of technology
transfer has been verified and tested. Using the FuzzyLog-
icToolbox software in the Matlab environment for modeling
demonstrates the practical feasibility and affordability of
developing such a model. The result of the built model, which
graphically looks like a response surface, is the possibility of
obtaining a specific value of the “TechnologyTransferProj-
ectsEfficiency” indicator for any values of the input com-

ponents — technological, financial, marketing. This forms a
toolkit for improving technology transfer under conditions
of uncertainty in the internal and external environment.
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