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Abstract: Objective: In contemporary organizations, given the uncertain environmental
conditions, roadmapping is recognized as an essential tool for managing future challenges and
achieving success. This study aims to examine the evolution of roadmapping tools as effective
instruments for shaping the future and to investigate the trends in the formation of integrated
roadmapping and its latest scientific developments.
Method: This research analyzes the trends of researchers' investigations in the field of
roadmapping using bibliometric techniques. To this end, credible articles published in the
domain of roadmapping were analyzed through the "Web of Science" database using the
"VOSviewer" tool, identifying citation networks of articles, co-occurrence of keywords, and
prominent research areas.
Findings: A review of articles related to the subject of roadmapping encompassed 14,527
articles as the research population. By limiting the search to article titles, this number was
reduced to 1,258 samples, resulting in a total of 4,632 keywords extracted from the collection
of articles. To focus on influential terms, applying a co-occurrence condition three times
reduced the vocabulary to 297 keywords.
Conclusion: The results indicate that recent research in the field of technology roadmapping
has undergone transformation, expanding its application scope with a bottom-up approach as
a tool for operational levels and program implementation. Furthermore, strategic
roadmapping, with a top-down approach, focuses on strategic decision-making and aims to
enhance performance while developing in conjunction with corporate foresight.
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Introduction and Problem Statement

The conditions of uncertainty in today's world increasingly encompass many
organizations and environments (Ajbail et al., 2017). The Fourth Industrial
Revolution, characterized by the expansion of digital technologies, the
reconstruction of the physical world, changes in human interaction,
environmental integration, and emerging climate engineering, affects
environmental complexity (Schwab, 2021). The scientific community is keenly
interested in developing effective methods to reduce future complexities and
uncertainties while addressing rapid and disruptive changes. In this context,
various foresight tools such as roadmapping have been developed (Yousefi
Khoraim et al., 2019).

Today, roadmapping is recognized as one of the important and widely used
tools for wvarious strategic and technological issues at national and
organizational levels (Friedz, 2021; Ghodsi, 2021; Pereira, 2020; Nazarkoo,
2020). The reason for this lies in the capabilities of this method to determine
strategic priorities, integrate processes and policies, create coherence and
alignment among different sectors of an organization concerning strategies,
establish effective communication between the organization and its external
environment, and bridge market demands with technological needs through
research and development. By providing a structured opportunity to look into
the future, roadmapping enables governments and organizations to consider
risks and decision bottlenecks within their desired program horizon, thereby
enhancing the effectiveness of decisions and investments (Yousefi, 2024:118).
This research aims to examine the scientific developments in roadmapping
along with its functions and to identify and explore the relationships between
foundational concepts in these models based on the latest relevant research.

Research Methodology

In this study, a scientific mapping approach has been employed. Scientific
mapping is a suitable tool that can be used to calculate and analyze large
bibliographic data sets for various purposes (Cobo, Lopez-Herrera, Herrera-
Viedma, Herrera, 2011). Given the objective of this research, which is to
analyze the bibliometric data of published studies in the fields of integrated
roadmapping, technology roadmapping, product roadmapping, and strategic
roadmapping, the data collection method relied on a primary search strategy
combining the keywords ((technology or integrated or product or strateg*) and
roadmap®*) in the "Web of Science" database. This search was conducted
without temporal limitations and focused on article titles, resulting in a
reduction to 1,258 samples.

Furthermore, the content analysis of the data extracted from the "Web of
Science" was conducted using the VOSviewer software. To concentrate on
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influential terms, the application of co-occurrence conditions reduced the
vocabulary to 297 keywords. Additionally, a thematic analysis approach was
utilized, which involved reviewing documents (including articles, books, and
both domestic and international research projects) and conducting interviews
with experts. After gathering the data, thematic analysis was performed using
the Attriad Sterling method, a qualitative technique based on three levels:
foundational themes, organizing themes, and overarching themes. The resulting
thematic network reflects a movement towards the core essence of the research.
The thematic analysis as per Attriad Sterling (2001) facilitates organization and
analysis based on coding derived from raw text.

Research Findings

Analysis of Co-occurrence in Technology Roadmapping:

The content of research articles is primarily reflected in the keywords used in
titles and abstracts. Analyzing keywords can generally indicate the research
trends in the field of roadmapping (Su Li, 2010). They noted that keywords can
be analyzed to identify research trends within a specific topic. Therefore,
keywords are essential for indexing research articles in databases and often
reflect the subject matter of these articles. Consequently, a general classification
of keywords can provide a comprehensive mental map of the knowledge
domain or the main research areas of researchers, as well as potential directions
for future research (Yousefi Kharayem, 2019:47). These keywords are usually
aligned with the content of the article and the research topic. The network of
common keywords from roadmapping articles is illustrated in Figure 1,
categorizing various research areas that reflect the evolution and development
of research in the field of roadmapping.

Examining the key concepts embedded within the conceptual communications
of roadmapping indicates that these concepts focus on topics related to
implementation and execution, with a greater emphasis on systematic
management, performance-based approaches, and program implementation. In
other words, as Fall and colleagues, along with other researchers, have pointed
out, roadmapping at the second level—namely the implementation level—aims
to provide the necessary tools for the successful execution of strategies and
major programs. Additionally, technology roadmapping is pursued under new
titles, including roadmapping in a general sense. Technology roadmapping
extends beyond a mere focus on technology, broadening its scope of
application. This method serves as a suitable tool for implementing programs.
The systemic approach, which seeks to establish logical connections between
topics, is pursued within this framework.
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Figure 1: Co-occurrence network of key words of road map researches
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Figure 2: The network of co-occurrence links of the keyword of the road map
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Analysis of Co-occurrence in Strategic Roadmapping

The analysis of the co-occurrence of keywords indicates that strategic
roadmapping is associated with terms such as corporate foresight, decision
analysis, business, performance, and innovation (see Figure 3). Therefore, it
appears that strategic roadmapping focuses on decision-making and influence,
with an emphasis on enhancing performance. This approach has been
developed in organizations that seek innovation, as these organizations utilize
this tool effectively. Furthermore, strategic roadmapping is connected to
corporate foresight. Performance is one of the key aspects that is pursued within
strategic roadmapping..

Analysis of Integrated Roadmapping Co-occurrence:

Integrated roadmapping is a comprehensive concept that encompasses the
characteristics of technology roadmapping, product roadmapping, and

decisiofianalysis
innovative(@ganization

strategiggoadmap
firm pedfgrmance

corpor“resight

bu‘ss
inrvion

Figure 3: Co-occurrence network of the word strategic roadmap
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strategic roadmapping. As illustrated in Figure 4, it is linked and connected to
concepts such as corporate foresight, dynamic environments, technology
roadmapping, management, innovation,
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Figure 4: The word co-occurrence network of the integrated road map

Conclusion and Recommendations

Considering the complex VUCA environment and its indicators, the use of
modern tools tailored to the needs of this environment is inevitable. Among the
powerful tools in management that can create the capacity to respond to
environmental conditions is roadmapping, which requires a comprehensive
approach while recognizing its various dimensions.

The main features proposed in the characteristics of integrated roadmapping
focus on creating a synergy between roadmapping and strategic foresight,
linking it with scenarios, integral futures, and several other concepts.
Technology roadmapping has undergone a transformation due to the wide range
of applications and new functionalities, effectively becoming a practical tool
for translating strategic topics into operational actions. In its new definition,
roadmapping includes new suffixes such as product, operational, executive, and
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innovation, and in many cases, it is utilized simply under the term
"roadmapping" without any suffix.

Product (technology) roadmaps are executive roadmaps that, due to their focus
on execution and a convergent perspective (planning logic), lack the capacity
for transformation and forecasting changes, thus failing to respond to the new
environment. Although strategic roadmapping has attempted to address gaps
and issues, it has limited itself to adding a vision and environmental scanning
while neglecting other important topics. Furthermore, strategic roadmapping
lacks the strength of execution and the translation of strategies down to the
operational level.

The solution lies in leveraging the strengths of both types of roadmapping,
adopting a holistic strategic perspective while also maintaining an operational
focus. This involves integrating both top-down and bottom-up approaches for
the entire organization and all management levels (from executive to
operational). Thus, integrated roadmapping, combined with strategic foresight,
can provide a comprehensive framework for effective management.
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