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Abstract— This study examines the evolution of critical success
factors in research and development project management based on a
systematic literature review conducted between 1989 and 2023. The
PRISMA methodology was applied, allowing the identification of 24
high-quality articles sourced from Scopus and Web of Science. The
results show that these factors consistently fall into four dimensions:
environmental, market, organizational, and technological. Early
research focused on internal aspects such as the project manager’s
role, organizational structure, and the use of formal methodologies,
whereas more recent studies incorporate external factors such as
public policies, risks, customer involvement, and technological
maturity. This evolution reflects a shift from models centered on
individual capabilities to systemic approaches in which environment,
market, organization, and technology interact. The study provides an
up-to-date overview that explains how these factors have changed
over time and offers a solid conceptual foundation for improving
management practices, guiding strategic decision-making, and
strengthening technology transfer across academic, industrial, and
governmental contexts.
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L. INTRODUCTION

Research and development projects are essential
pillars for the scientific, technological, and economic growth of
countries worldwide. These projects not only drive innovations
that transform entire industries but also strengthen global
competitiveness through knowledge generation and the
continuous improvement of production processes. As noted in
[1], the impact of investment in research and development
extends to the increase of international trade, the sophistication
of manufacturing, and the consolidation of sustained
technological advantages. This has led governments, the private
sector, and academic institutions such as universities to develop
more complex cooperation models that bring together
incentives, strategic alliances, and technology transfer
programs that help strengthen innovation ecosystems [2]. In
these environments, the project manager’s experience, the
team’s technical expertise, and systematic interaction with end
users emerge as highly influential elements in project
performance [3].

Research and development project management
therefore becomes strategically important due to the intrinsic

characteristics of these initiatives, such as high levels of
uncertainty, variability in expected results, long development
cycles, and dependence on emerging technologies. These
challenges are particularly evident in sectors where technology
is a critical component, such as defense institutions and public
research organizations. In these contexts, ineffective
management can lead to delays, higher costs, or final products
that fail to meet operational objectives, while effective
management enhances overall performance and strengthens
institutional adaptability [4]. Studies carried out in public
institutions, military organizations, and academic environments
show that adopting appropriate methodologies, together with
strategic planning and continuous training, supports goal
achievement and optimizes resource allocation [5], [6].

The R&D Project Management (R&D PM) framework
is grounded in the evolution of the management concept, which
has shifted from resource control to a comprehensive process of
planning, organizing, and directing [7][8]. Today, it is
understood as a dynamic system oriented toward adaptation and
change in complex environments [9][10]. Within this context,
R&D PM is responsible for coordinating resources and
activities to address the inherent uncertainty of scientific and
technological projects, incorporating strategies for planning,
monitoring, and risk mitigation [11]. Its performance also
reflects the cognitive and social capabilities of project managers
[12]. R&D projects are, by definition, uncertain, have their own
life cycles, and due to their complexity may require traditional,
agile, or hybrid approaches [13][14]. The literature highlights
multiple relevant aspects of R&D PM, including the
identification of variables that influence project performance
[15], management models, maturity models [11], and the tools
and indicators used to evaluate outcomes (see Figure 1).

In this context, Critical Success Factors (CSFs)
emerge as an essential component for understanding project
behavior and results. CSFs help determine the conditions that
must be in place for a project to meet its intended objectives
within acceptable limits of time, cost, and quality [4].
Specialized literature shows that several factors, including team
expertise, availability of funding, organizational coherence, and
appropriate personnel selection exert a decisive influence on
R&D projects [6].
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In sectors where the pressure to innovate is constant,
the ability of teams to solve complex problems, generate
creative solutions, and maintain high levels of productivity
becomes a key differentiator, as highlighted in [16]. These
factors are far from static; they respond to changing
environmental conditions, the technological maturity of
organizations, and the ongoing evolution of management
models. The historical trajectory of CSFs in R&D project
management shows a progressive evolution that reflects
broader transformations in how technological innovation is
conceived. Early work by [12] emphasized the personal skills
of the project manager, underscoring the importance of
effective communication, leadership capacity, and decision-
making under pressure. Over the years, subsequent studies
incorporated new variables linked to organizational structure,
managerial support, information management, and corporate
culture, demonstrating that success depends on both individual
attributes and institutional dynamics [3], [17], [18].

This historical progression reveals that CSFs have
shifted from approaches primarily centered on the figure of the
manager toward more comprehensive models that integrate
technical, strategic, organizational, and human factors. Despite
these advances, a fundamental challenge remains understanding
how Critical Success Factors in R&D projects have evolved and
what elements explain the changes in priorities, methodologies,
and management approaches over time. This question is crucial
in a context where organizations face increasing pressure to
accelerate innovation, compete in global markets, and respond
to technological transformations that continually reshape
knowledge domains and development cycles.

To address this challenge, the present study conducts
a Systematic Literature Review focused on the CSFs of R&D
project management between 1989 and 2023, while also
incorporating key references from the late 1980s to capture the
historical evolution of the field. The study offers three main
contributions: (i) an updated conceptual analysis of R&D
project management; (ii) a comprehensive and structured
inventory of the CSFs identified in recent academic literature;
and (iii) a detailed examination of the changes, trends, and
evolutionary patterns of CSFs from 1989 to 2023, aimed at
guiding strategic decision-making and strengthening future
research agendas.

II. METHOD
The methodology for this study is based on a four-
phase procedure commonly applied in various research works
related to R&D factors, such as entrepreneurship [19], startups
[20], and technology transfer [21]. These phases are described
as follows:

* Planning: Definition of the research questions, delimitation
of the study period, formulation of the search string, and
specification of the inclusion and exclusion criteria.

» Development: Execution of the search process and selection
of articles that address the proposed research questions.

« Statistical Results: Presentation of statistical data on the
selected articles, including trends, quality, and institutional
affiliation.

* Results Analysis: Interpretation of the findings in relation to
the research questions established during the planning phase.

A. Planning
To wunderstand the evolution of R&D project

management, the following research questions were

formulated:

* RQI1: How are the Critical Success Factors (CSFs)
categorized?

* What CSFs exist for R&D Project Management (R&D PM)?

* What models or theories have been used to support the CSFs
in R&D PM?

* RQ4: How are the CSFs in R&D PM validated?

To ensure reproducibility and methodological
consistency, the search was restricted to peer-reviewed journal
articles published up to December 2024, in English and
Spanish. Conference proceedings, theses, technical reports, and
gray literature were excluded. A selection protocol with
predefined operational criteria was established: (i) inclusion of
studies explicitly addressing critical success factors (CSFs) in
R&D projects; (i) inclusion of empirical studies, systematic
reviews, and relevant theoretical frameworks; and (iii)
exclusion of studies focused solely on the management of
startups, incubators, research centers, or approaches not directly
related to R&D projects. The search strategy combined the
terms “research and development,” “scientific research and
innovation,” and “R&D” with “project management” and
“success factor,” “critical factor,” or “factor.” It was applied to
the Title, Abstract, and Keywords fields in Scopus and to the
Topic field in Web of Science. The exact search execution dates
were recorded, with the final query conducted on December 15,
2024.

TABLE 1
INCLUSION AND EXCLUSION CRITERIA

Inclusion Criteria Exclusion Criteria

]
e Journal articles that | e Articles not related to R&D projects.

address at least one
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Inclusion Criteria Exclusion Criteria

of the research e Articles not associated with R&D

questions. project management, such as startup
e Articles written in management, business incubator
English. management, or research center
e Articles published management.
up to 2024. e Duplicate articles.

e Retracted articles.

B. Development

The search protocol described in the planning section
was applied, following the recommendations of the PRISMA
methodology [22]. A total of 544 potential articles were initially
retrieved from the two databases: 498 articles from Scopus and
46 from WoS. After applying the initial search filters
(specifically “Review,” English language, and Spanish
language), the number of articles was reduced to 239 in Scopus
and 45 in WoS. A subtotal of 284 unique potential articles was
identified prior to the duplicate removal stage. Subsequently,
19 duplicate articles appearing in both databases were removed,
leaving a total of 265 articles for eligibility assessment.
Rigorous exclusion criteria were then applied, specifically
excluding studies that did not address CSFs or R&D project
management. These criteria were applied sequentially to the
title, abstract, introduction, and conclusions, and finally to the
full text of each article. This filtering process resulted in the
exclusion of numerous studies, leaving 24 articles that met all
inclusion criteria for the final synthesis of the review. This
process is illustrated in Figure 2.

Remaoval of
common articles
(19)

Scopus
(498)

|

search criteria (review, English language, Spanish
language)

Exclusion criterio

= Does not develop FCE

= Does not implement
research and
development project
management

= Applied to: Title,
abstract,
introduction, entire
article

24 Articles II

284 Articles

Fig. 2. Research Selection Process

C. Statistical Results

Regarding the distribution of articles by database, 17
were selected from Scopus and seven from Web of Science (see
Figure 3).
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Fig.3. Articles by Database
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Fig. 4. Origin of articles by continent

Regarding the origin of the articles, they were grouped
by continent. The Americas contributed 14 articles (10 from
North America and 4 from South America), Asia contributed 3,
Africa 1, and Europe 6 (see Figure 4). The temporal distribution
of the publications analyzed shows a scattered academic output
in the early years, with isolated contributions between 1989 and
2012. Starting in 2013, a gradual increase becomes evident,
with notable peaks in 2014 and 2023, which recorded three and
two studies, respectively. The highest concentration occurs in
2021, with four articles identified, making it the year with the
most contributions in the dataset. This trend reflects a growing
recent interest in the topic, with clear emphasis in the last
decade, during which most of the scientific evidence used in
this review is concentrated (see Figure 5).
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Figure 6 shows that most of the articles are
concentrated in the upper quartiles, with Q1 and Q2
predominating (11 and 9 articles, respectively), while Q3 and
Q4 have minimal representation, reflecting the high quality of
the publications.

III. RESULTS AND DISCUSSION

A. Critical Success Factors for Research and Development
Project Management

The analysis of the 24 reviewed studies shows that the
critical success factors (CSFs) identified in R&D projects can
be consistently organized into four major dimensions:
environmental, market, organizational, and technological (see
Table II). The environmental dimension includes the external
conditions surrounding the project, such as resource availability
or the level of social acceptance, elements that may facilitate or
limit its progress [23]. Market-related factors refer to the
commercial potential of the development, the size of the
demand, and the product life cycle, aspects repeatedly
highlighted in the literature [23], [24]. Within organizations,
organizational factors encompass structure, culture, available
resources, and the level of managerial support, all of which are
necessary to sustain R&D activities [23], [24], [25]. Finally,
technological factors relate to the degree of innovation

achieved, technical feasibility, and the maturity level of the
technology used in the project [23].

TABLE I
DIMENSIONS OR CATEGORIES OF CRITICAL SUCCESS FACTORS IN
R&D PROJECTS
Cod. Dimensions Description
External factors include the external conditions that may affect the
Co1 Environmental project, such as the availability of raw materials and the social
acceptance of the product [23].
These factors consider the likelihood of market success, the potential
C02 Market market size, and the product life cycle [23], [24].

These encompass strategic alignment and internal factors related to the
organization’s structure, culture, and resources, including aspects such
as project management and top management support [23], [24], [25].

Co3 Organizational

These refer to the importance of innovation and the perceived value of
the product, and are related to the technical feasibility of the project,
including the availability and maturity of the required technology [23].

Co04 Technological

The environmental dimension encompasses external
factors that condition the progress of R&D projects (see Table
III). These include internal and external uncertainties that affect
the relationship with the client [1], as well as the importance of
maintaining an environment free from political pressures [3].
The willingness, capacity, and context for knowledge transfer
also play a role [26], along with the need for a clear definition
of the problem [27].

Other key elements include risk management, the
availability of funding, access to laboratories, and competent
external resources [28]. Finally, stable government policies,
regulatory compliance, environmental policy, and social factors
such as sustainability and health are also highlighted [29], [30].

TABLE III
CRITICAL SUCCESS FACTORS WITHIN THE ENVIRONMENTAL
DIMENSION

Id Factor Description

Internal and external
uncertainties

Internal and external uncertainties can moderate the relationship
between the mode of customer involvement and project success.
For instance, in highly uncertain environments, greater customer
participation may be beneficial to reduce uncertainties [1].

Fo1

Politically neutral
F02 | project environment

This refers to the absence or minimization of conflicts, interests,
or negative influences that may affect the development of the
knowledge creation (KC) process or the project outcome [3].

Willingness to
F03 transfer knowledge

The willingness of both knowledge providers and recipients to
share and absorb knowledge is essential [26].

Capacity for
F04 | knowledge transfer

The skills of knowledge providers and recipients to transfer and
assimilate knowledge are key [26].

Context for
FO5 | knowledge transfer

Factors such as leadership support, the size of the recipient
organization, and mutual distance influence the efficiency of
knowledge transfer [26].

Clarity of the
F06 | problem

Clearly defining the research problem is essential to address
current industry issues [27].
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Risk Identification, assessment, and mitigation of events that could Project Success Project performance is assessed through four objective indicators:
FO7 negatively affect the project. Risks are anticipated and response Evaluation cost overruns, delays, technical performance, and client satisfaction.
plans are developed to minimize their impact, balancing F15 These measures provide a quantitative basis to determine the
probability and severity [28]. project’s level of achievement and the degree to which stakeholder
expectations have been met [5].
Availability of Ensuring the availability of the necessary financial resources from
FO8 financial resources the start of the project [28]. Poor Client A weak relationship with the client, marked by limited
Fis5 Relationship communication, insufficient feedback, and low engagement may lead
to ambiguous requirements, unexpected changes, and unmet
Access to regional Having access to suitable laboratories and equipment [28]. expectations during agile processes [17].
FO9 | jaboratories
Effective Having a plan to disseminate project outcomes ensures that the
F16 | Dissemination results generate meaningful impact [27].
Stable governmental Relying on stable governmental policies that support the project
policies [28].
F10 Client Maintaining communication, consultation, and active listening with
Environmental policy | Assessing the environmental impact of the project and ensuring F17 | Consultation all affected stakeholders strengthens the project’s direction and
alignment with ecological policies and sustainability goals [29]. responsiveness [31].
Project Prioritizing and selecting projects through strategic portfolio
Competent external Access to competent external resources [28]. FI8 Prioritization and management helps align initiatives with organizational objectives,
F11 resources Selection including the development of new products that address economic
needs [6].
Social factors such as | Considering and addressing social aspects such as sustainability Active Client Active client participation throughout the project supports
F12 | sustainability and and health can improve project acceptance and impact [30]. F19 | Participation coordination and decision-making [28].
health
Regulatory Ensuring that the project complies with environmental and Market A solid understanding of the market and customer needs is essential
F13 | compliance economic regulations, thereby minimizing legal risks and F20 Understanding for guiding the project appropriately [28].
potential penalties [29].
Strategic Value of | Aligning the project with the client’s strategic objectives ensures that
Table IV presents the market dlmenSIOIl, which F21 gﬁel;oject for the the results are valuable and hold relevance for the client [30].
highlights the central role of the client. Their ongoing
inVOlVement, Capabilities, and innovation culture have a direct Potential Market Estimating the potential market size helps anticipate expected
. . F22 | Size demand, return on investment, and the possibility of expanding the
influence on the development and performance of the project project’s reach to new clients [29].
[4], [1], [30]. The literature also notes that assessing success
: : . . ST Time to Market Time-to-market is a critical factor for gaining competitiveness and
through objective indicators, as well as the possibility that a 3 capturing early market share [29],
weak relationship with the client may lead to difficulties during
eXeCuthl:l, are .rele.Vant COnSlderathnS [5]’ X [ 1 7] : Addltlonallly’ Range of Identifying whether the technology can be applied in multiple areas
proper dissemination of results [27], continuous consultation F24 | Applications expands its potential use and adaptability across different business
. . . . . domains [29].
and effective communication with the client [31], and the
appropriate prioritization and selection of proj ects aCCOrding to [ Market Risk Market risk involves analyzing external conditions, such as
. . . . e F25 tit lat hi , that could infl ket
organizational strategic goals are emphasized [6]. Other critical scceptance (20, - Chanees, Tt ConCTHEnce I
aSpectS include the client’s active partICIpatlon, an accurate
1 1 1 Economic Risk Economic risk considers financial uncertainties, including variations
underStandlng Othe market and its needs [28]’ and the Strategl.c F26 in costs or economic conditions, that may affect profitability [29].
value that the project represents for the client [30]. Finally, this
d.lrn.ensmn 18 Complemented by fgctors such as market SIZ.e, Net Present Value | Net Present Value (NPV) provides an estimate of expected financial
tlmll’lg Of entry, range Of appllcatlons, mal‘ket al’ld cconomic F27 | (NPV) returns by discounting projected income and expenses, supporting
. . . the evaluation of financial feasibility [29].
risks, and the use of financial metrics such as Net Present Value v
(NPV) and analySGS of pI'OdllCt value added to determine the Product Added Assessing the added value of the product determines how it
: s : 1: F28 | Value complements or strengthens the existing portfolio, either through
prO_]eCt S relevance and Vlablhty [29] . improved efficiency or by enhancing the overall offering [29].

TABLE IV
CRITICAL SUCCESS FACTORS WITHIN THE MARKET DIMENSION

Id Factor Description

Client-related
Factors

Active and continuous client involvement throughout the project is
essential, as it allows the project team to receive timely feedback and
make the adjustments needed to ensure that the final outcome meets
the client’s expectations [4]. Client characteristics such as their
technical capability and their autonomy in decision-making, also
Fl4 influence how they participate and how they contribute to project
success [1].

Client’s R&D
Culture

The client’s research and development culture, including their
openness to innovation and their willingness to collaborate, plays a
relevant part in achieving positive project results [30].

In the organizational dimension (see Table V), the
studies mainly highlight the influence of the project manager’s
competencies, experience, and leadership style [4], [16], [25],
[3], [2]. The role of senior management is also emphasized; its
support, strategic involvement, and ability to promote different
leadership approaches are essential for guiding the project and
motivating the team [6], [28], [32]. Other relevant factors
include the type of project, producer characteristics, the
presence of clear objectives, and the use of methodologies,
standards, and management tools [1], [4], [5]. Literature
additionally underscores the importance of thorough planning,
both operational and strategic [3], [31], [32], together with
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practices such as continuous improvement, professional
development, and interinstitutional support [3], [2], [31]. The
studies further stress the need for competent teams, trained
professionals, experience with similar projects, and proper

Corporate strategic
planning

It also involves establishing clear goals and ensuring that project
objectives are aligned with the broader objectives of the
organization [32].

Detailed project

This includes providing a detailed specification of the individual

. . F36 planning and action steps required for project implementation [31].
allocation of resources and infrastructure [6], [27], [29], [33], scheduling
[30]. Effective communication, cooperation, and teamwork
t 1 1 t f d t ff rt d Continuous It encompasses the application of methodologies aimed at
emerge as central elements Ior coordinal lng eriorts  an F37 improvement assessing the performance and maturity of the KM process, as
reducing errors [3] [30] [32] Other factors Considered include practices well as identifying and addressing actual or potential weaknesses
. . dLm b - . or issues [3].
organizational flexibility, internal culture, process control in
suppliers, structural and institutional conditions, and the overall Equal It also refers to the existence of a carcer development plan for
. . opportunities for employees involved in the KM process, enabling them to progress
quahty Of the management process [3], [17] 5 [36] . Ahgnment F33 professional toward roles with greater responsibility or recognition within the
among strategy, projects, and processes is also identified as a development in organization [3].
. ; o K ) X knowledge
determinant for maintaining project direction [33], [25], [6], management roles
[29]. Finally, the studies incorporate operational elements such , _ -
. . . e Support from The senior leadership of both institutions, university and industry
as time, cost, and quallty management; staff avallablllty; team senior must support the implementation of the PePMO and acknowledge
: : : . : management in the value of the formal and standardized program and project
Selectlon and 1ntegrat10n> as Well as more human Varlables SuCh 39 both institutions management practices established by the PgPMO [2], [31].
as commitment, risk tolerance, trust, and adaptability to change
Corporate Top management commitment is also essential for the successful
[34] 4 [28]’ [30] : executive support execution of R&D projects [32].
for R&D initiatives
TABLE V
CRITICAL SUCCESS FACTORS WITHIN THE ORGANIZATIONAL Competent This refers to the qualifications, experience, and training of the
professionals personnel involved in the KM process, as well as their
DIMENSION F40 commitment, creativity, and recognition within the organization
Id Factor Description 31
Project manager’s The experience and skills of the project manager are essential to E_xperlence. mn It examines the organization N background in similar projects,
N L R . A . F41 similar projects which helps reduce the learning curve and enhances development
experience achieving project success. A manager with solid expertise can .
F29 L L : .. . efficiency [29].
anticipate potential issues, make informed decisions, and provide
effective leadership to the project team [4], [16], [25].
F42 Competent Team It also involves selecting a team equipped with the necessary
. s S . . . . skills and collaborative abilities required for the project [6], [27].
Project manager’s This factor refers to the ability to guide, motivate, and coordinate
leadership the knowledge-management team, as well as to communicate
effectively with stakeholders and manage both change and risk Adequate This factor concerns the availability and efficient use of human,
throughout the project [3], [2]. Resource financial, material, and technological resources needed for the
Allocation development of the KM process [3].
Senior Active involvement from senior management is also critical. This
management includes shaping the organization’s strategic direction, identifying Resources High-performing companies allocate the specific and necessary
involvement strategic projects, motivating personnel, and maintaining resources to support innovation processes, including sustained
30 constructive labor relations [6]. backing from top management [33].
Strategic project Dynamic, motivational, team-building, visionary, and business- Resource-Related Efficient management of available resources, including time,
leadership oriented leadership styles stand out. These approaches help 3 Aspects budget, and personnel, is essential for ensuring project success
strengthen team commitment and motivation throughout the [30].
project [6].
Resource This factor assesses whether the necessary material resources
Adaptive The ability of different team members to take on leadership roles Availability (such as equipment and laboratory facilities) are in place to carry
leadership when necessary, particularly when problems arise, is also out the project without setbacks and with the expected level of
emphasized [28]. quality [29].
Type of project The type of project may influence the optimal level of client Availability of It also examines whether the existing infrastructure (laboratories,
F31 involvement. For instance, more innovative projects may require a Facilities testing environments, and related facilities) is adequate for the
higher degree of client participation [1]. project, thereby optimizing its scope and execution [29].
Characteristics of The characteristics of the producer, such as the ability to manage Effective This refers to the timely, clear, and accurate exchange of relevant
F32 the project client involvement and maintain a customer-oriented approach, Communication information on the KM process among the various stakeholders,
developer can influence project success [1]. both within and outside the organization [3].
Clear and well- Having clearly defined and well-specified objectives from the Quality of Clear and effective communication, along with smooth
defined objectives outset is essential. Clear goals provide direction for the project F44 Communication cooperation among all parties involved, is fundamental to driving
F33 team and function as reference points for evaluating success upon and Cooperation the project forward [30].
completion. They also help align the expectations of all
stakeholders [4] Communication The effectiveness of communication and collaboration among
and Collaboration team members, as well as with other stakeholders, is essential for
Use of project In project-oriented activities, including investment, innovation, ensuring coordinated progress throughout the project [32].
management and information projects, this factor refers to the use of a coherent
F34 methodologies, and S tructu@d system fgr pl.anmng,' executing, mqmtormg, and Effective Control This factor concerns the oversight and verification of compliance
standards, and closing projects, following internationally recognized best 5 . - .
. of the Knowledge with requirements and GC standards by subcontractors, suppliers,
tools practices and standards [5]. X . .
F45 Management or partners involved in the design or development of the product
Process at the or system [3].
Knowledge It refers to defining the objectives, activities, resources, Supplier’s
F35 management responsibilities, and indicators associated with the knowledge Facilities
planning management (KM) process, as well as its monitoring and control

mechanisms [3].
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Flexibility in
Knowledge

It refers to the ability to adapt the GC process to the specific
characteristics and needs of the product or system, as well as to

Alignment of
projects with the

Projects must be aligned with the organization’s broader strategy
to improve performance and ensure that selected initiatives are

with the company’s overall strategy [33], [25].
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Fa6 Management the context and environment in which it is being developed [3]. Fe2 organization’s feasible and strategically relevant [6].
Practices strategic direction
Organizational This factor encompasses the set of values, beliefs, behaviors, and Strategic This factor assesses whether the project is consistent with the
F47 Culture norms that characterize the organization and shape how the GC F63 alignment of organization’s strategic objectives, which helps secure continued
process is conducted [3]. initiatives support and enhances effectiveness [29].
Teamwork It relates to the degree of collaboration, cooperation, and Project-related These aspects include the availability of resources, as well as the
F48 integration among the GC team members, as well as with other F64 determinants project’s complexity and duration [25].
teams or departments involved in the project [3].
Primary Activities These managerial activities account for approximately 70% of the Process This factor refers to the existence of a structured and rigorous
of R&D Managers total variance in R&D managerial performance and differ management process for new product development, emphasizing the
F49 according to the level of supervision, with R&D managers importance of the early phases of the innovation process [33].
engaging in a broader range of activities as they progress from F65
lower to higher management levels [12]. Project It involves the implementation of proven processes and techniques
management to manage the project life cycle, resources, communication, and
Productivity, This factor refers to the capacity to produce high-quality results, processes the handling of change, issues, and risks [6].
F50 Performance, and achieve project objectives, and use authority effectively to guide
Use of Authority team members [16]. Organizational This factor relates to an organizational environment that promotes
F66 climate a culture of innovation, where leaders actively support and
Emotional Control, | It involves the ability to manage one’s own emotions and those of translate the company’s vision into concrete action [33].
F51 Active Listening, others, listen attentively, and persist through challenges until
and Perseverance objectives are met [16]. Tools and It refers to the use of diverse tools and techniques during the early
F67 methodological stages of the innovation process, such as the lead user method and
Negotiation and This factor pertains to the ability to negotiate mutually beneficial instruments TRIZ, to generate and evaluate ideas [33].
F52 Foreign-Language agreements and communicate effectively in foreign languages
Skills (16]). Knowledge The recipient’s prior knowledge base influences the effectiveness
accumulation of the knowledge transfer process [35].
Organizational It relates to the design and configuration of the organization within the project
Fs3 Structure responsible for the R&D project, including sub-dimensions such
as f(ﬁ'm?hzau(oin, spec11§llz?tlon, d:ifferemlau.o?’ CO; rdlmauéon 18 Technical This factor evaluates the technical experience and capabilities of
mechanisms, decentralization, and managerial authority [6], [18]. F68 knowledge and the personnel involved, which increases the likelihood of
professional skills effectively addressing technical challenges [29].
Project This factor involves the implementation of effective project
Management ﬁ?nagemem prfacuc(;cs algled la t enhanc;r;g the efficiency and Knowledge It refers to the ability to transfer and share knowledge within the
effectiveness of product development [32]. sharing across team and with other stakeholders [32].
teams
Schedule It refers to the planning and control of time and resources
F54 Management allgcate‘d lodlhe R&D prOJectj mclutliu?g deﬁn(ljnf thel scope, J Characteristics and The complexity, tacit nature, and systemic characteristics of
esnn}taupg tl;ratlohn, dse]quelngcmg activities, and developing an F69 nature of the knowledge influence how easily it can be transferred [35].
monitoring the schedule [18]. knowledge
involved
Corporate Project Project management skills and competencies within the firm are
I(\:/Ianigf.n‘_‘ ent e;zemlal for coordinating and executing the project effectively Commitment of The project leader’s dedication is essential for securing resources
apabilities (30]. F70 the project’s lead and guiding the team effectively [27].
researcher
Gradual The functions and responsibilities of the PgPMO should be
Fss 1hmp:)enl;]e\:[noazmn of 11:i1plement:§1 progre_sswelzy to ensure an arderly and effective Time Total duration of the project and its activities. This entails
;:uc g ; adoption of its practices [2]. F71 planning and controlling the schedule to meet established
“C“‘"TS an deadlines and minimize delays [34].
responsibilities
. . . . Cost Expenses associated with project execution, including materials,
{‘ac_k f)f z]ig!lc Thfls factor conccrlns thillacl;orlmsyfﬁmcr‘;cifl of resources, i labor, and other resources. The focus is on estimating, budgeting,
F56 ogistica infrastructure, tools, an¢ t({c nologies needed to support agile and monitoring costs to ensure the project remains within its
arrangements development. Such limitations may lead to delays, errors, and . Qi
N U financial limits [34].
inefficiencies [17]. F72
. . . I . . Project cost Estimation of the budget required for project development,
Insufficient ) This factor refers to thc‘ project manager’s inability or insufficient ensuring that the investment is justified in relation to the expected
competency in capacity to plan, coordinate, communicate, lead, and solve -
F57 . L . N ) X benefits [29].
project problems within an agile environment, which can result in
management conflicts, deviations, and project failure [17].
Quality Degree to which the project meets its requirements and
. . . expectations. This ensures that project outcomes are appropriate,
Struc}gral These aspects include regulator.y. and lega.l frameworks, hn.anc’ml F73 comply with quality standards, and maximize value and client
F58 conditions resources, and contextual conditions that influence the project’s o
B satisfaction [34].
capacity to succeed [36].
Institutional This £ ! h izational bility of both th Maximization of Promoting an R&D-oriented culture, establishing efficient R&D
F59 ‘nst:;u Tuona b 1S fa(;tor re a}es to(} ﬁo-rganllzatlon'a capabt 11){ ol :;t 7[ ¢ R&D within the processes, ensuring the availability of appropriate personnel,
conditions cne 101a]§y.l.enmy a: t © 1mp;metl’1]§mg agency, Inc L; 6m27 organization implementing robust information systems, and defining key
accountability mechanisms and public participation [36]. F74 performance indicators (KPIs) for R&D activities [6].
Management These aspects pertain to project leadership, design, monitoring T . .
> ’ > eam efficienc An efficient and well-structured team [28].
F60 conditions and stakeholder coordination, all of which are essential for 4 (28]
successful project delivery [36].
Strategy Successtul firms integrate their innovation strategy across all Project team Training in project management and in the technical areas related
Fol organizational levels and establish well-defined objectives aligned 75 competence to the organization’s mandate is essential. The need for access to

modern technologies and the development of future-oriented
competencies is likewise emphasized [6].
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Qualified Ensuring the participation of a qualified university expert [28].

academic expert

Adequate and Guaranteeing continuous and appropriate training for staff

ongoing training members [28].

Selection and The selection proc: hould be grounded in leadership abilities,
F76 appointment of the teamwork skills, resilience under pressure, and a diverse range of

project team technical competencies. Cohesion and stability within the team are

essential [6].

Project team Collaboration across departments and the integration of
F77 integration multidisciplinary teams are required [32].

Auvailability of It assesses whether qualified and available personnel are in place
F78 research personnel for the project, preventing delays and preserving development

quality [29].

Project mission Clear initial definition of objectives and overall direction is
F79 necessary [31].

Strategic vision of Ensuring that the project is aligned with the organization’s
F80 the organization strategic vision is critical [28].

Administrative Administrative procedures for programs should remain
F81 simplification streamlined [28].

Flexibility of The ability to adjust to changes and new circumstances is vital
F82 emplo‘yee‘s and [28].

organizational

structures

Continuous needs Continuous evaluation of both project and client needs is
F83 assessment recommended [28].

Risk tolerance Maintaining a high degree of risk tolerance is important [28].
F84

Confidence in Confidence in the project’s potential to achieve successful
F85 achieving success outcomes is essential [28].

Understanding Having a clear understanding of the client’s employee roles and
F86 Employee Roles responsibilities enables more effective collaboration and

within the Client communication [30].

Organization

Within the technological dimension, the literature
highlights that the success of R&D projects largely depends on
the creative and analytical capabilities of the team, which are
essential for generating new ideas and approaching problems
from multiple perspectives [16]. Practical skills such as written
communication, adaptability to change, and the effective use of
digital tools, also play a significant role [16], [35]. At a
technical level, factors such as the likelihood of success, the
presence of a strong technical leader, and the availability of
specialized expertise required to address project challenges are
influential [24], [29]. In addition, the use of user-friendly
software that supports tasks and aligns with knowledge-
management processes is considered valuable [3]. The
literature further emphasizes the organization’s ability to adapt
methods, develop early prototypes, maintain an openness to
innovation, and engage in continuous technology monitoring
[28]. Finally, elements such as the technological superiority of
the product [30], together with the level of readiness,

applicability, and maturity of the technology, directly shape the
project’s risk profile, timeline, and potential impact [29] (see

Table VI).
TABLE VI
CRITICAL SUCCESS FACTORS WITHIN THE TECHNOLOGICAL
DIMENSION
Id Factor Descripcion
Creative and analytical This factor refers to the ability to generate new and
F87 thinking innovative ideas, as well as to analyze problems and
situations from different perspectives to find effective
solutions [16].
Writing proficiency, This factor involves the ability to communicate effectively
F88 adaptability, and effective in writing, adapt to changes, and use information
use of computer tools technologies efficiently [16][35].
Technical factors These elements include the likelihood of technical success,
the presence of a project champion, and the required
technical competence [24].
F89
Required technical It examines the availability of specific technical skills and
expertise knowledge within the organization, which are essential for
overcoming challenges and achieving effective
development [29].
User-friendly software It refers to the use of software that facilitates and automates
F90 tools tasks within the knowledge-management process, is
compatible with its practices and standards, and is easy for
users to learn and operate [3].
Organizational capacity to Adjusting work methods throughout the process [28].
F91 revise and adapt methods
Prototype development for Developing a functional prototype prior to full-scale
F92 testing production [28].
Openness to innovation Being willing to adopt new technologies and methods [28].
F93
Ongoing technological Maintaining continuous monitoring of emerging
F94 | monitoring technologies [28].
Technological superiority The project’s ability to deliver technological solutions that
F95 | ofthe project outperform those available on the market is a key
determinant of its success [30].
Technology readiness It assesses the stage of technological development whether
F96 experimental, prototypical, or ready for deployment which
directly influences project timelines and risk levels [29].
Technology applicability It measures the potential of the technology to be applied to
F97 other products or processes, increasing its organizational
value by extending its benefits [29].
Technology maturity It evaluates the degree to which the technology has
F98 progressed toward a version suitable for production or
market use, helping to optimize implementation times [29].

B. Evolution of the Critical Success Factors in Technology
Transfer Management

The evolution of critical success factors in technology
transfer management reflects a progressive broadening in how
these processes are understood. Early research focused
primarily on internal aspects, particularly the role of the project
manager, their leadership and communication capabilities, and
the clarity of project objectives [4], [16], [25]. During this initial
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stage, emphasis was placed on having a well-defined
organizational structure, established management practices,
and a team equipped to assume key responsibilities [3], [5], [6],
[27], [30]. As the field advanced, studies began incorporating
external considerations linked to the broader environment,
shaping what is now known as the environmental dimension.
This included elements such as the influence of public policy,
the availability of financial resources, risk management
practices, and institutional conditions that can either facilitate
or hinder technology transfer [1], [3], [26], [28], [29], [30], [36].
Additional factors, such as the willingness to share knowledge,
regulatory stability, and access to specialized infrastructure,
also gained relevance. Subsequently, the literature expanded
toward a market-oriented perspective, highlighting the role of
clients in the transfer process. Within this dimension, aspects
such as client involvement, the clarity of their expectations,
associated economic risks, and the commercial feasibility of
technological outcomes became central to explaining project
success [1], [4], [5], [17], [28], [29], [30], [31]. This shift
underscored that successful technology transfer depends not
only on technical or organizational capabilities but also on the
capacity to address real market needs. In parallel, the
technological dimension gained prominence, with growing
attention to the maturity of the technology, its potential
applications, early prototype development, continuous
monitoring of emerging trends, and openness to innovative
approaches [3], [16], [24], [28], [29], [30], [35]. Several studies
emphasize that success is strongly linked to technical readiness,
specialized expertise, and the availability of appropriate tools to
adapt to rapid changes in the technological landscape. Taken
together, this progression reveals a shift from a predominantly
inward-looking perspective to a more comprehensive view,
where  organizational, environmental, = market, and
technological factors interact. Recent studies give particular
weight to university—industry collaboration, strategic
alignment, the availability of specialized resources, and the
technological maturity of the innovation under development
[2], [6], [29], [30], [31], [32], [33], [35], [36]. Altogether, this
body of work shows that technology transfer is a complex
process in which success depends on the balanced interplay of
multiple dimensions rather than solely on internal operational
management.

The findings reinforce the need to shift the analytical
emphasis from models centered on individual capabilities
toward systemic and socio-technical theoretical frameworks
that integrate agents, institutional resources, and governance
structures. It is proposed that future research empirically
validate an integrative model that simultaneously considers: (i)
organizational structures and internal capabilities; (ii) public
and regulatory governance; (iii) mechanisms and the quality of
university—industry interaction; and (iv) technological maturity,
with the aim of explaining variations in the success of R&D
projects across different sectoral and national contexts.

Iv. CONCLUSIONS

The study made it possible to identify and
comprehensively examine the critical success factors that shape
the management of technology transfer, showing that their
understanding has evolved as organizations, markets, and
technologies have grown in complexity. The systematic review
indicates that early literature focused primarily on
organizational aspects linked to the role of the project manager,
internal coordination, resource availability, and the use of
formal methodologies. Over time, however, the expansion of
the field progressively incorporated new dimensions that reflect
the multidisciplinary nature of technology transfer.

The findings confirm that the environmental
dimension has gained substantial importance, as political,
economic, institutional, and social conditions directly influence
the feasibility of transfer processes. Likewise, market-related
factors have taken on a significant role, particularly client
involvement, assessments of commercial acceptance, and the
management of economic risk. In parallel, the technological
dimension has shown continuous transformation, integrating
elements such as technical maturity, applicability, prototype
development, and ongoing technology monitoring components
that are critical in highly dynamic innovation ecosystems.

The evolutionary analysis of the critical success
factors reveals a clear shift from approaches centered on
internal capabilities toward systemic perspectives in which
organizational, environmental, market, and technological
elements converge. This transition demonstrates that successful
technology transfer depends not only on operational execution
but also on the coherent alignment of institutional strategies,
technical capabilities, client interaction, and external
conditions. Consequently, the results of this study provide a
strengthened conceptual basis that can enhance management
models, guide future research, and support policy design aimed
at improving the effectiveness of technology transfer processes
across academic, industrial, and governmental contexts.

Finally, this research highlights practical implications
for managers and policymakers:
a) For R&D project managers: incorporate early-stage
assessment of technological maturity and structured client
involvement during the formulation phase; institutionalize
objective success metrics (time, cost, technical performance,
and client satisfaction); implement continuous training
programs in project management; and promote continuous
improvement practices and risk management.
b) For policymakers and funding agencies: design medium-
term funding schemes that reduce resource volatility, facilitate
access to shared infrastructure (e.g., regional laboratories), and
promote governance mechanisms that incentivize university—
industry partnerships with clear indicators of transfer and
impact.
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