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A systematic review of industry-level applications of technology 
roadmapping: Evaluation and design propositions for 
roadmapping practitioners 
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A B S T R A C T   

Technology roadmapping (TRM) has gained prominence in both firm-level and industry-level applications, 
however, there is a lack of attention in the evolution of TRM processes in the industry. This paper systematically 
reviews the literature on industry-level TRM between the period 2000 and 2019 by categorically coding 23 
journal articles to account for the general facets of TRM and the stakeholder involvement efforts in the process. 
The paper contributes to the TRM body of knowledge in three ways, first, by creating a portfolio of articles 
extending on prior reviews in the field and focusing on the industry-level applications between 2000 and 2019. 
The results show that many researchers combine methods in different stages of TRM, but only a handful of the 
industries forgo future planning for technology implementation. Second, the efforts and rigour in stakeholder 
selection and involvement were assessed across breadth, depth, and timing dimensions. Our results show that the 
overall stakeholder involvement effort is low, and the process can benefit from including thought leaders from 
diverse domains, especially from firms to instigate interest in technology development and commercialization. 
Third, based on our findings we developed design propositions for TRM practitioners to improve stakeholder 
involvement in the process.   

1. Introduction 

Technology-roadmapping (TRM) is a flexible method in which the 
main goal is to assist strategic planning in market, product, and tech-
nology development in an integrated way over time (Loureiro et al. 
2010). It serves to identify, evaluate, and select amongst alternative 
scenarios that can be used to achieve a firm or industry’s long-term 
strategic objectives (Kostoff & Schaller, 2001). Arshed et al. (2012) 
distinguished two key levels of application: “At the organization level, 
TRM provides a graphical means for exploring and communicating the 
relationships between markets, products and technologies over time . At 
an industry level, TRM involves multiple agents as a consortium of or-
ganizations, therefore, requiring a focus on common needs.” (pp.4–5). 
Because most studies and reviews have focused on the organizational 
level, this review aims to take stock of research aimed at the industry 
level. 

The application of TRM in the industry started in early 1990’s. Most 
of the large scale TRM applications are in the medical imaging, intelli-
gent buildings, aircraft design and semiconductor industries. Some 

applications focused on the TRM process, for example, the clean fuel 
industry in Canada proposed an evaluation framework to monitor and 
measure the outcome of a TRM process (Canada, 2007; Industry Canada, 
2007; Nimmo, 2013), the energy indsutry in North America/the U.S. 
designed a TRM framework for energy distribution (DOE, 2004), and the 
Ministry of Economy, Trade, and Industry in the Netherlands studied 
TRM applications in the sector-level extensively to assess the effective-
ness of its application in the national innovation policy and systems (De 
Laat & McKibbin, 2003). The International Technology Roadmap for 
semiconductors supported by the Semiconductor Industry Association 
(SIA) published the first national roadmap in 1991. It needs special 
mention because the roadmap has been maintained and updated regu-
larly since 1991, expanding its scope to other nations in 1998 covering 
both design and production aspects of semiconductor devices (Schaller, 
2004). 

Some of the early TRM applications, often supported by the gov-
ernment, were published in the form of reports and made available to 
the public(Canada, 2007; Phaal et al., 2010; DOE 2004). Only since 
2000, academic researchers took an interest in the field and research 
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papers on the topic began to appear. It resulted in a small yet continuous 
stream of industry-level work and has greatly helped our understanding 
of the multilayer structure, processes, and different applications of 
industry-level TRMs. It has benefitted the use of TRM as a planning and 
communication tool to facilitate decision making amongst stakeholders 
of an industry by aligning their intentions (Kappel, 2001). 

In the past ten years at least nine reviews on TRM appeared, which 
may suggest a sense of urgency that the field might benefit from careful 
reflection. The reviews focused either on firm-level or both firm and 
industry-level roadmapping efforts, but generally without clearly dis-
tinguishing between the two. We identified that no in-depth reviews on 
industry-level technology roadmapping appeared in this timeline. (See 
Table 1). 

Reviews from 2011 onwards studied TRM literature mainly from a 
structural or strategic viewpoint and covered a period of one or two 
decades of research (see column ‘themes’). Most of the reviews have 
identified and analysed articles using software for content and network/ 
citations analysis with bibliometric software, such as VOSviewer (de 
Alcantara & Martens, 2019; Oliveira Valério, Sanches da Silva, & Neves, 
2020), VantagePoint (Gerdsri et al., 2013b), and Sitkis 2.0 with Unicet 
for citation analysis (Carvalho et al., 2013b), Citespace 5.0 (Oliveira 
Valério et al., 2020), and programming languages such as R and Python 
for topic modelling and genealogical analysis respectively (Park et al., 
2020). Columns two and three of Table 1 indicate that past reviews had a 
firm-level focus on analysing TRM efforts except for de Alcantara and 
Martens (2019)’s review that broadly addresses the strategic applica-
tions of TRM at both firm-level and industry-level. Park et al. (2020) is 
another exception that provides an account of the overall evolution of 
roadmapping at the firm, sector and national levels. 

The context of prior reviews takes a general account of firm-level 
TRM applications by addressing the process, structure, and tools facets 
of TRM. The focal point of the reviews revolves around identifying gaps 
in the TRM process and suggesting propositions for improvement in 
communication (Arshed et al., 2012; Oliveira Valério et al., 2020; 
Vatananan & Gerdsri, 2012), analysis of supporting tools (Carvalho 
et al., 2013b; Gerdsri et al., 2013a), coordination and integration of 
business processes with TRM activities (Choomon & Leeprechanon, 
2011; Vatananan & Gerdsri, 2012). Although TRM literature highlights 
the importance of stakeholder collaboration and dependency on expert’s 
opinion (Jin et al., 2015; S Lee  & Park, 2005; Phaal et al., 2011; Phaal, 
Farruk, & Probert, 2004; Strauss & Radnor, 2004), this aspect has not 
been addressed in-depth. Only Park et al. (2020)’s review accounts for 
the seven schools of roadmapping studies (Cambridge practical school, 
Seoul school Portland/Bangkok schools, Cambridge phenomenological 
school, Beijing school and Moscow school) where the Cambridge prac-
tical school’s utilization of participative methods to creatively engage 
stakeholders in the roadmapping process, and the Beijing school’s 
approach of using a combination of qualitative methodologies such as 
literature reviews, expert interviews, expert workshops, with biblio-
metric analysis is mentioned. However, as the review tries to cover the 
extant TRM literature since the beginning of the practice, the impor-
tance of stakeholder involvement in the process was not elaborated. 

The analysis of the reviews confirms the lack of attention in the in- 
depth study of the industry-level TRM practice within this timeline. To 
address this gap in the literature, this paper uses a systematic literature 
review approach to analyse the progress in stakeholder involvement 
efforts in the industry-level TRM practice,considering that the identifi-
cation and definition of stakeholder groups are extremely important, yet 
difficult to get exactly right (Kerr & Phaal, 2018; Phaal & Muller, 2007). 
Drawing on prior stakeholder research, we identify and structure our 
review by considering different dimensions of stakeholder involvement 
in the TRM practice. 

This paper focuses on identifying the state-of-the-art TRM practice in 
the industry from the scientific literature and makes three significant 
contributions. First, the paper extends previous literature reviews by 
focusing on the industry-level TRM applications published between 

2000 and 2019. We conducted this study by considering the general 
elements of TRM like, aims, architecture, and methods applied in the 
industry-level TRM practice. The results show that many researchers 
combine methods in different stages of the TRM process, but only a 
handful of the industries forgo future technology implementation 
planning. Second, we assess the efforts and rigour in stakeholder se-
lection and involvement in industry-level applications by drawing on 
the stakeholder theory. Stakeholder theory proposes that organizational 
decision making can be accomplished by mapping and accounting for 
the interests of all stakeholders involved in the decision-making process. 
Consistent with the literature, we identified three stakeholder engage-
ment dimensions – breadth, depth, and timing – to analyze stakeholder 
involvement in industry-level TRM practice. Finally, based on the re-
sults, we develop and present a set of design propositions for road-
mapping practitioners to better account for stakeholder involvement 
dimensions and improve future industry-level TRM efforts’ conceptual 
and methodological rigour. In the following sections of the article, we 
first draw on stakeholder literature by focusing on stakeholder inte-
gration and stakeholder classification theory to set grounds for assessing 
the attention to stakeholder involvement across dimensions. Next, we 
elaborate on the methodology used to shortlist articles for the review 
and the categories developed for the comprehensive study of industry- 
level TRM, followed by the results. Finally, we discuss the findings 
and conclude by presenting design propositions for practitioners of TRM 
in the industry to better account for stakeholders in future industry-level 
technology roadmapping efforts. 

2. Theoretical background 

Early stakeholder input in open innovation processes has proven 
beneficial for organizations, as it facilitates knowledge dissemination 
and commitment of different parties by overcoming resistance (West 
et al., 2014). In the context of TRM, Phaal et al. (2004) suggests that 
stakeholder integration is more critical to industry-level than company 
level TRM because the industry level goes beyond products and a single 
firm’s network. It typically involves developing product-service com-
binations or new business models for a whole sector, which generally 
necessitates institutional development and requires system-level 
changes. These changes are complex and exceed the capacities and 
competencies of individual companies (Hofman & de Bruijn, P. 2010) 
and thus benefit from broader stakeholder involvement and even 
integration. 

While stakeholder integration is a complex phenomenon, stake-
holder literature has theorized stakeholder integration mainly through 
separate elements such as stakeholder network and quality of interac-
tion (Greenwood, 2007). Only recently, attention shifted to a more dy-
namic view and has identified integration strategies. Juntunen et al. 
(2019) identified three approaches for integrating stakeholders in sus-
tainable innovation processes. One integration approach describes 
progressive openness that allows for a fundamental influence of stake-
holders on decisions, and the other limits openness allowing for minimal 
influence and thus only preventing resistance. The intermediate 
approach labelled as the selective strategy, limits the number of stake-
holder groups involved in the innovation process but is indifferent to the 
timing of these groups’ inputs. These approaches can be applied to TRM, 
and their underlying dimensions of stakeholder integration used to 
derive them can be highly informative to assess prior TRM applications 
attention for stakeholder integration. 

2.1. Dimensions for stakeholder integration 

Three dimensions define the nature and quality of a stakeholder 
integration approach: breadth, depth, and temporal nature of involve-
ment (Juntunen et al., 2019) indicating which stakeholders were 
involved, how and what methods were used to involve them, and when 
they were involved in the TRM process. Below we will define and discuss 
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Table 1 
Review of prior TRM reviews.  

Authors (Year)  Level of 
analysis  

Themes    Methodology    Results  

Firm- 
level 

Industry- 
level 

Period Studied themes Stakeholder 
Involv’t 

Approach Database Keywords Number 
of 
articles 

Type of 
Document 

Software  

Choomon and 
Leeprechanon 
(2011) 

✓ ⚊ ⚊ ⚊ ⚊ Case Study ⚊ ⚊ ⚊ ⚊ ⚊ Validates the usability of TRM as a 
technology planning tool in a 
competitive environment through a case 
study of PLC technology 

Vatananan and 
Gerdsri (2012) 

✓ ⚊ 1987- 
2009 

TRM process, structure, 
tools and effects of 
roadmapping 

⚊ ⚊ 350 reference 
publications provided 
by The Centre of 
Technology 
Management at the 
University of 
Cambridge 

⚊ 170 Articles in 
journals and 
conference 

⚊ Identified challenges in the 
implementation and operationalization 
of a TRM process. 

Arshed et al. 
(2012) 

✓ ⚊ ⚊ General TRM literature ⚊ ⚊ ⚊ ⚊ ⚊ ⚊ ⚊ Lack of integration between technology 
and business strategy, lack of measures 
to determine the quality of a TRM, lack 
of involvement of SMEs in the TRM 
process. 

Carvalho et al. 
(2013) 

✓ ⚊ 1997- 
2011 

General TRM literature 
under three thematic 
areas, strategy and 
business, Innovation- 
science and technology, 
and new product 
development 

⚊ Bibliometrics, 
Content analysis 
and Semantic 
analysis, Snowball 
method 

ISI Web of Science "Technology Roadmapping" 
OR " technology- 
roadmapping" OR " 
roadmapping" 

79 Peer-reviewed 
papers 

✓ Lack of quantitative validation of the 
impact of TRM on organizational 
outcomes, and lack of alignment of TRM 
with organizational objectives 

Gerdsri et al. 
(2013) 

⚊ ⚊ 1987- 
2010 

Structure, function and 
process of TRM 

⚊ Bibliometric 
analysis, PCA 
(principal 
component 
analysis) 

SCOPUS Roadmap OR Roadmapping in 
Title, Abstract or Keywords; 
Roadmapping OR Road 
Mapping OR Road-Mapping in 
Title, Abstract 

229 Articles in 
Journals and 
conference 

✓ Introduced the TRM body of knowledge, 
and network of TRM professionals with 
suggestions of potential collaborations 
amongst researchers and practitioners 

Letaba et al. 
(2015) 

⚊ ⚊ 2000- 
2013 

Three generations of road 
mapping * 

⚊ Research constructs 
and Citation 
analysis 

Google Scholar Step 1- "technology 
roadmapping” “converging 
technologies”; Step 2- 
"technology roadmapping" 
"converging* technologies"- 
"converging technologies" 

⚊ ⚊ ⚊ Identified three generations of road 
mapping and its evolution over time 

de Alcantara and 
Martens 
(2019) 

✓ ✓ 2002 - 
2017 

TRM and Strategy ⚊ Bibliometric Study, 
Network analysis, 
Content analysis, 
Snowball method 

ISI Web of Science (("technolog* roadmap*" 
OR" technolog* road* 
mapping*) AND(Strateg*)) 
AND (framework OR model* 
OR method* OR system* OR 
process*OR approach*) 

124 Articles in 
journals and 
conference 

✓ Created a portfolio of articles that used 
TRM and TRM models for strategic 
planning 

Oliveira Valério 
et al. (2020) 

✓ ✓ 2010- 
2020 

Identifying gaps and 
perspectives of TRM, the 
evolution of TRM themes 
and trends 

⚊ Bibliometrics ISI Web of Science, 
Science Direct and 
SCOPUS 

Search string - Technology 
roadmapping, Inclusion 
criteria - Topics related to 
TRM, Exclusion criteria - 
Topics related to TRM in 
other areas 

657 Scientific articles 
related to 
management and 
business category 

✓ Gaps were identified in initiatives to 
promote innovation and strategy, 
improvements in the TRM approach, 
including integration with new 
techniques, development of new 
scenarios and requirements of new 
technologies in organizations and 
science. TRM themes and trends are 
growing in the management domain 
related to innovation and technology 

(continued on next page) 
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each dimension in detail. 

2.1.1. Breadth 
The breadth of stakeholder network refers to the number of different 

stakeholder groups integrated into a collaborative activity, and thus 
who is involved. While the diversity of stakeholder experiences may 
lead to better –more broadly resonating decisions, it can also fuel 
novelty (Nieto & Santamaría 2007), for example, found that a diverse 
range of stakeholders favours novelty of innovation over collaboration 
with a single type of partner. However, there are decreasing returns 
(Goerzen & Beamish, 2005) because the integration of many stake-
holders requires serious coordination without which it can slow down 
progress (Laursen & Salter, 2006). Particularly if different stakeholder 
groups are involved with contradicting goals and demands, the quality 
of decision-making can be seriously impeded (Ayuso et al., 2006). It 
may explain why in many TRM efforts a more practical approach is used 
and the variety of stakeholders limited. The challenge is to find the 
optimal conditions under which to incorporate the interests and inputs 
of stakeholders (Greenwood, 2007). 

Identifying the optimal types of integrated stakeholder groups is 
important (Goodman et al., 2017). Stakeholder classification literature 
is vast and encompasses simple typologies, but also more elaborate 
classification based on how stakeholders are affected. (e.g. Mainardes 
et al., 2012). Kaler (2002)’s model of stakeholders in the TRM practice, 
draws on Clarkson (1995)’s stakeholder classification of primary and 
secondary stakeholders, where the primary stakeholder groups impact 
organizational performance by direct involvement and through direct 
economic transactions whereas, secondary stakeholders influence or are 
affected by organizational decisions. In an organizational context, dis-
tinguishing type of stakeholders clarifies stakeholder expectations and 
interest while contributing to the success of innovation projects. Often 
primary stakeholder groups comprise of market and economic stake-
holders such as, owners, employees, suppliers and customers, and sec-
ondary stakeholder groups include non-governmental organizations, 
research organizations, media and other non-market groups (Cum-
mings et al., 2000; De Marchi, 2012; Lawrence, 2010) 

Industry-level technology planning requires the collaboration be-
tween academia, industry, associations, and the government to help 
decision-makers understand, and link technology development with 
system performance and industry drivers. As Mokhtarzadeh and Arasti 
(2020) suggests, TRM practice is a micro-level approach for technology 
planning in the industry that effectively combines technological re-
sources with organizational objectives. To successfully create this 
meaningful link, stakeholders from different industrial domains are 
engaged to reduce uncertainty and mitigate risks by extrapolating past 
industry dynamics, trends and patterns into the future (Routley et al., 
2013). The primary stakeholders in the industry-level TRM practice are 
the transdisciplinary groups that are directly involved in “creating a 
dialogue” to align their interests with the goals of TRM (visualization, 
and implementation). The secondary stakeholders are the funding 
bodies (government and other institutions) and orchestrators (facilita-
tors) of the TRM activity that advocates the entire process from start to 
finish; their involvement in the practice is not direct but they contribute 
to the overarching goal of initiating the TRM for future planning and 
growth of technology in the industry. 

2.1.2. Depth 
Depth concerns the methods used to involve stakeholders in the 

TRM process. Organizational engagement will be determined by the set 
of practices used for shaping and maintaining a productive relationship 
between the company and its stakeholders (Greenwood, 2007). The 
practices are indicative of approaches that create value through mutual 
understanding of needs and desires to create win-win situations within 
an organization. In stakeholder engagement literature, Bowen et al. 
(2010)’s “transformational community engagement” and Morsing and 
Schultz (2006)’s “involve” introduce a two-way communication process Ta
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that steers dialogue (face-to-face meetings) between stakeholders and 
companiesto create an opportunity for learning and knowledge 
dissemination considering stakeholder demands and interests (Altman & 
Petkus, 1994; Payne & Calton, 2004). In organizations, various 
communication tools (dialogue, meetings, environmental or social re-
ports) are deployed to eliminate the asymmetry of information between 
the company and stakeholders (Kulkarni, 2000) . The practices for 
knowledge, interaction and adaptation in an organization has both so-
cial (stakeholder satisfaction, trust or commitment) and economic con-
sequences (development of other strategic capabilities and 
performance), therefore, Plaza-Úbeda et al. (2010) stresses on the 
importance of choosing adequate tools, which has direct impact on 
stakeholder integration efforts and organizational practices. 

A wide range of tools/methods exists that can foster communication 
amongst stakeholders. But empirical evidence suggests that combining 
more than one method for envisioning long-term strategies or foresight 
planning can improve the accuracy of the information generated by 
condiering the objective, interpretive, and personal knowledge typesof 
multiple stakeholders (Maio Mackay & Metcalfe, 2002). The combina-
tion of methods can be ‘analytical, paradigmatic, sequential, and 
exploratory’ that is synergistic to the participants’ expertise, creativity, 
and causative capabilities (Wyrwicka & Erdeli 2018). Similarly, Heger 
and Rohrbeck (2012) combine methods to reduce the limitations of in-
dividual methods, tailor methodologies to specific tasks, integrate 
multiple perspectives and create a holistic view of a new business field. 
Wyrwicka and Erdeli (2018) elaborates on the foresight diamond 
framework that distinguishes three method clusters for data triangula-
tion in foresight planning, ‘qualitative – providing meaning of events 
and perception, quantitative – methods measuring variables and 
providing statistical analyses on reliable and important data, and 
semi-quantitative methods – that uses mathematical principles to 
determine rationality of decisions made in the process’. 

The TRM activity focuses on capturing and sharing a wide range of 
perspectives across a broad scope, where brainstorming techniques in a 
workshop setting have become prominent for elicitation and sharing 
ideas. Often in such workshops verbalizing participant’s ideas using 
sticky notes is instrumental to process and reflect on ideas exchanged in 
the group (Kerr et al., 2012). Therefore, workshops and interviews 
(face-to-face interactions) are popular methods of engaging stakeholders 
in an interactive setting for TRM development, but we also see fewer 
interactive methods such as surveys. Some examples from the literature 
show the combination of alternative methods to support TRM. In orga-
nizational strategic planning, TRM is often combined with scenario 
analysis to identify key drivers and propose multiple scenarios for the 
future interpretation and section of the best fit scenario for the company 
(Drew, 2006; Wells et al., 2004). Tseng et al. (2009) combine scenario 
analysis with the technology substitution model and Delphi to make 
market-share predictions. Kim and Bae (2017) combined patent analysis 
with bibliometric analysis to forecast promising technologies in the 
market for companies and countries. 

In TRM practice, we see the use of traditional stakeholder involve-
ment methods that foster multi-stakeholder communication (work-
shop), bi-directional and uni-directional communication (interviews 
and surveys) reflecting more and less deep stakeholder engagement, 
respectively. These methods are either used individually or com-
plemented with additional methods to add rigour to the process of 
gathering (focus groups), analysing and validating (Delphi) information 
for the TRM. 

2.1.3. Timing 
In New Product Development (NPD), timing is associated with the 

stages of the product development process where most of the attention is 
given to the front-end for exploring and identifying opportunities for 
innovation. Prior studies have indicated investing more time in the 
front-end phase for openness and external stakeholder communication 
that have positively impacted the product success, time to market, and 

financial performance (Markham, 2013; Thanasopon et al., 2016). In 
our TRM context, we take into consideration timing as referring to when 
stakeholder groups are involved; in which of the various stages of TRM 
they participate. Particularly we distinguish between stages based on the 
goals of development and implementation formulated for the roadmap. 
The involvement of stakeholders is, of course, limited to the number of 
stages of the TRM process implemented by the leaders of a TRM effort. 

In TRM literature, the overall technology roadmapping process 
generally includes three stages, with each stage sometimes broken up 
into sub-steps depending upon the objective of the roadmap. Phaal’s T- 
plan standard roadmapping approach, for example, includes: ‘setting up 
the process’ that includes planning and facilitation of workshops, 
‘managing the process’ for coordination of the activity, and ‘following 
on from the process’ explaining the organization’s follow-up actions 
(Farrukh et al., 2003; Phaal et al., 2004). Lee and Park (2005) also use a 
three-phase framework for technology roadmap including a classifica-
tion phase for defining the purpose of roadmapping, a standardization 
phase for building the layers of roadmap architecture, and finally, a 
modularization phase to choose roadmap templates suiting the roadmap 
objective, respectively. Similarly, Lee et al. (2016), and Riel and 
Flatscher (2017) used, three way process for scenario development and 
stakeholder integration through interaction and co-creation. 

Drawing on the three-stage processes of TRM mentioned in the 
literature, we interpret three simple TRM stages, to analyse the breadth, 
depth, and timing dimensions of stakeholder involvement in the 
industry-level TRM practice. The ‘pre-process’ stage defines the prepa-
ratory actions of a TRM practice: defining the goal orobjective of the 
process, defining the context of TRM application, sources of funding to 
initiate the TRM process, and stakeholder selection. ‘In-process’ refers to 
the TRM development stage that requires the active participation of 
experts through various methods for TRM content generation, planning 
and validation. This stage also reflects on the TRM architecture that is 
built with a collaborative effort, the adherence to traditional TRM layers 
and the deviation from it accounting for the customization of the 
structure to capture stakeholder inputs adequately. Finally, the post- 
process stage focuses on implementation and follow-up plans for tech-
nology development in the industry. 

Depending on the objective of the TRM effort and context of the 
application, stakeholder involvement can occur in all three stages for 
TRM development or in specific stages only (Kostoff & Schaller, 2001). 
Attention for stakeholders can of course be only measured and evaluated 
for the stages the authors included in their study. 

3. Method 

A systematic search strategy was used to identify relevant industry- 
level applications of TRM from the period 2000 – 2019. The fact that 
academic contributions on TRM gained prominence from the year 2000 
on (de Alcantara and Martens 2019, Gerdsri et al. 2013a, Vatananan and 
Gerdsri 2012) motivated this choice in the start. Fig. 1 shows the step-
wise search strategy adopted for the review. The research articles were 
sourced from the Web of Science database for its easy access to scientific 
articles from credible journals across multiple disciplines. The avail-
ability of enhanced metadata encompassing citation networks, journal 
impact factors across various categories such as countries, organiza-
tions, document types, languages etc. provides the user with a myriad of 
options to narrow down the search. 

Step 1: Preliminary search. In this stage, general search queries were 
entered in the Web of Science database to extract industry-level appli-
cations of TRM from the year 2000. The first search string was a com-
bination of the keywords, “Technology roadmapping” AND “industry” 
with the exact terminology, and the second search string was a combi-
nation of truncated keywords “Technology roadmap*” AND “industry*” 
(see Fig.. 1) with a wildcard (*) character associated with each keyword 
to consider all possible outcomes in this domain. Naturally, the search 
results of the queries were broad so, the results were filtered and 
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restricted to journal articles only. It resulted in 469 articles. 
Step 2: Elimination of duplicate articles. The algorithm of the Web of 

Science database automatically clusters query results according to 
speciality areas based on the subject matter of the articles and the 
journals in which they are published (Mariana, 2019). The 469 journal 
articles found in step 1 were automatically categorized under business, 
management, engineering industrial, operations research and manage-
ment, and regional and urban planning, engineering electrical and 
electronic, and Physics in the Web of Science database. To check for 
duplicate articles, each category was screened and cross-checked for 
similar titles, authors and years of publishing, and the duplicate articles 
were removed. The screening process showcased that the business and 
management categories included most of the journal articles from the 
other categories, therefore, after removing duplicates the outcome 
refined to 59 articles. 

Step 3: Analysis of title/abstract. Next, the title and abstract of the 
articles were closely reviewed using two exclusion criteria. First, articles 
that did not reference technology roadmap and industry/sector in the 
title or abstract were eliminated. Second, to ensure that all the articles 
were industry-level applications, the title and abstract were schemed 
through. It was found that in some cases, even if the title or abstract 
mentioned industry/ sector level application, it focused on firm/ 
company-level implications of using TRM. These articles were elimi-
nated. After this extra step, 23 articles remained, which then were used 
for the last round of review. 

Step 4: Full-text analysis. The final set of 23 articles were reviewed and 
systematically coded by the authors. In the first round of coding, a clear 
consensus emerged on addressing the common TRM facets in the 
industry-level practice with a simple coding approach, as the source of 
information only stemmed from literature and not from observations of 
a real industry-level TRM practice. Each TRM facet, such as the aims of 
the industry, TRM architecture, methods, and stakeholder involvement, 
were evaluated separately through a simple binary coding process (1/0, 
y/n) across labels drawn from the literature. These facets were then 
aggregated under overarching labels in a tabular format to analyse the 
evolution of the TRM practice in the industry over time. 

We take account of our approach here. First, to set the ground for our 
analysis, we study the general aspects of TRM in the industry by iden-
tifying the context of the application, TRM aims, sources of funding and 
orchestrators involved in conducting the process. Second, a systematic 

analysis of the rigour of the effort was made. This focused on the so-
phistication of architecture developed and reported methods used. The 
former was assessed by using the traditional layers as a benchmark and 
accounting for extra layers and customization to the industry context. 
The latter included a description of traditional and additional methods 
used for expert involvement and support of the TRM development 
process across the three stages. We also conduct a generic assessment of 
the methodological rigour by the number of methods used in each stage 
of the TRM process and by analysing the author’s claim of using a 
rigorous method in the article. Third, the authors of this paper identified 
the significance of stakeholder involvement in the industry-level TRM 
process, which takes account of multi-stakeholder perspectives and 
brings in diverse domain knowledge in practice. To study stakeholder 
involvement, we used the three stakeholder integration dimensions 
discussed earlier. In Appendix A we define each dimension and offer the 
criteria used to measure each of the dimensions. Using these criteria, we 
created several tables to evaluate stakeholder involvement. 

In the Breadth dimension of stakeholder involvement, we address the 
TRM processes in which experts were involved with the description of 
their roles. We also identify the number of experts involved from multi- 
disciplinary backgrounds, i.e., universities, institutions, firms, and other 
associations during the process. The proxies are related and change from 
a generic to a specific characterization of breadth. In the Depth 
dimension of stakeholder involvement tables, we identified the level of 
stakeholder involvement by the number of traditional and comple-
mentary methods used to engage stakeholders in the TRM process. The 
traditional methods (workshop, interview and survey) are used to 
stimulate stakeholder dialogue in a one to one or a group setting, and the 
complementary methods additional or alternative methods used to 
support the TRM process for gathering, processing or validating infor-
mation for the roadmap. Increased depth of involvement implies more 
interaction and thus enhanced knowledge transfer, which will add to the 
depth of the process. To assess the depth of the methods used for 
stakeholder involvement, we distinguished the level of interaction by 
their communication modes (bi-directional, uni-directional, multi- 
stakeholder communication). The workshop has a high level of 
involvement influencing multi-stakeholder communication, an inter-
view is bi-directional (one-to-one) and therefore has a lower level of 
interaction as compared to workshops, and finally, a survey is uni- 
directional with the lowest level of interaction. Therefore, we score 

Fig. 1. Search strategy for review.  
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them as, workshop = 2, interview = 1 and survey = ½ based on these 
interaction levels. We applied the same logic to complementary 
methods, distinguishing methods that involve stakeholder interaction 
(Delphi, focus groups) and other methods. To account for the overall 
efforts in the depth of interaction based on the methods used, we ana-
lysed the outcome of the level of interaction when traditional and 
complementary methods are combined. Additionally, we conducted a 
methodological rigour analysis to account for the robustness of the TRM 
process reported in the articles. Finally, we evaluated the time dimen-
sion of stakeholder involvement by analysing when stakeholders were 
involved in the TRM process. We conducted this analysis by verifying 
the stages in which stakeholders were involved by using different 
methods. Table 2. 

Drawing on the results of our analysis from the literature review, we 
applied the ‘CIMO-logic’ in our construct to formulate design proposi-
tions for TRM practitioners to improve industry-level TRM processes. 
The CIMO-logic supports the construct of a proposition by defining the 
Context (C) of the solution, Intervention (I) required to influence the 
process, generative Mechanisms (M) explaining the operation of the 
intervention, and the Outcome (O) of the intervention. The logic is read 
as follows: In a class of problematic Contexts, use an Intervention type to 
invoke these generative Mechanism(s), to deliver these Outcome (s) 
(Denyer et al., 2008). This systematic format was applied in all the 
propositions for both the general TRM facets as well as the stakeholder 
dimensions. 

4. Results 

4.1. General description and aims 

Table 3 is a general description of the aims and purposes of the TRM 
practice in each industry. The first two columns inform the reader about 
the author and year of publication and focal industries of the studies in 
our review. The third column is a textual account of the nature of each 
study, and its purpose of utilizing TRM for long-term planning. In the 
table, we then analyse the TRM processes in the industry that are funded 
by the government and the involvement of facilitators that orchestrate 
the TRM process. Further, we verify the visualization and implementa-
tion goals achieved by the industries because of the TRM process under 
the ‘Aims’ label. 

The results indicate that 43% of the TRM development efforts are 
funded by the government (see Column 4, the bottom of the table), 
whereas the rest 57% of the studies do not report on their source of 
funding. Further, 39% of the TRM processes are facilitated by educa-
tional institutes and government organizations. The rest do not explic-
itly report on facilitators or orchestrators of the process. From the table, 
we see that only three TRM processes, i.e., in the solar cell, energy and 
automotive industry (Haddad & Uriona Maldonado, 2017; Li et al., 
2015; Sauer et al., 2017) are supported by government funding and/or 
orchestrators to conduct the process, but they do not result in 
implementation. 

All industries are seen to aim for visualization of technology strategy 
as part of their TRM effort, as one might expect, and only 17% of the 
industries plan technology implementation. Only in the nano-systems 
industry, Korean parts and material industry, health care and Dye- 
sensitized solar cell (DSSC) industry, both visualization and imple-
mentation aims were achieved that were either government-funded or 
orchestrated by third parties, except for L.C.K. Man et al. (2015), Walsh 
(2004). Therefore, not all government-aided, and well-orchestrated 
TRM processes need to lead to the implementation of the technologies 
visualized in the roadmap. From 2016 onwards, there is a decline in 
implementation efforts and industries singularly focused on visualiza-
tion in their TRM practice. 

4.2. TRM architecture 

Table 4 reports on the characteristics of TRM architecture in the 
industry level TRM efforts. It considers the traditional TRM layers and 
the level of modification the industries undertook to fit layers/concepts 
to their application context. The table segregates TRM efforts based 
upon the industries that have attention on the development of the 
roadmap architecture and industries that focus on the roadmapping 
process. The ‘Modified TRM’ section of the table helps evaluate the 
general complexity of the roadmaps in the industries. The complexity 
factor of the TRM architecture is determined by the difference between 
the total number of layers in the architecture and the number of layers 
that are traditionally used in a TRM architecture. If the difference is 
high, then the architecture is complex and vice versa. The complexity 
percentage is computed by assuming that high complexity is >3. The 
high difference is also an indication of the deviation of the industry- 
roadmap structure from the traditional TRM architecture by the addi-
tion or integration of layers. It is difficult to analyse the complexity 
based on the visual representation of the roadmap; therefore, we base 
our analysis on the layers only. 

We see that 30% of the industries have more than four layers in their 
TRM and thus can be characterized as complex.1. The other 70% is 
simpler with a maximum of three layers. The adjacent column report 
that 39% of the roadmap architecture referenced at least three tradi-
tional TRM layers, commonly the market, product, and technology 
layers. Another 22% of the industries have a process focus. The in-
dustries that have a roadmapping process focus elaborate on the steps 
adopted for roadmapping rather than on the TRM architecture itself. 

Zooming in on this result we note that except for three roadmaps 
(Ghazinoory et al., 2017; Huang et al., 2014; Phaal et al., 2011) all in-
dustry roadmaps (i.e. (23–3)/23 × 100% = 87%) have somewhat 
adapted the traditional roadmap architecture. The traditional layers 
section of Table 4 shows that market (39%) technology (39%) and 
product (35%) are referred to more than the R&D layer (17%) of TRM. 
This means that there is a strong interest in the (product) technology 
developments and its commercialization (market) rather than for R&D 
planning objectives. The industries that reference three layers from the 
traditional TRM architecture, the combination of market, product and 
the technology layers are seen to occur more often, with the exception in 
the semiconductor and solar cell industry roadmaps where the market, 
technology and R&D layers, and product, technology and R&D layers 
are combined, respectively. This means that these industries have 
attention in market opportunities, evolution in technology, and product 
development over time, and the modifications are either an extension of 
the existing layers or new layers that address other strategic aspects. 

As mentioned, from the ‘complexity’ column (see Table 4), we can 
see that 30% of the TRMs have a highly complex architecture. The 
TRM’s in the solar cell industry, automotive, and parts and material 
industry have a high difference with multiple layers in its architecture 
and minimum reference to traditional layers. Other complexities in TRM 
architecture can be seen in the healthcare industry (Man et al., 2015) 
where there is no reference to traditional layers, and the roadmap of the 
petroleum industry (Hoshdar et al., 2017) that conforms to all the 
traditional layers, but has an alternative complexity due to the inte-
gration of market and product layer into one layer in the TRM archi-
tecture. These variations in the complexity suggest that industries often 
adopt a TRM architecture that best suits the roadmapping purpose and 
that the content of the roadmap can be easily communicated to stake-
holders involved in the process. 

It is important to note that from the findings of Table 3 and Table 4, it 

1 The industries that score a zero in number of layers (e.g., Cho, Yoon, & Kim, 
2016a; Daim et al., 2018b; Deák & Szabó, 2016; Walsh, 2004), have a process 
focus in their TRM development approach and thus lack attention for the ar-
chitecture of roadmap itself. 
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is difficult to conclude that there is a correlation between the imple-
mentation aims and the complexity of the TRM architecture. For 
example, in Table 3, we see that Wang et al. (2015) and Sungjoo (Lee 
et al., 2007) have little or no reference to traditional TRM architecture 
(see Table 4), however, the efforts of roadmapping does lead to imple-
mentation. Similarly, (Walsh 2004), has no layers in TRM architecture 
and has a process focus that meets the implementation aims. Due to this 
diversity, the topic requires separate attention to find meaningful cor-
relations by adopting other methods. 

4.3. Methodological rigour 

Table 5 reports on the methodological rigour of the TRM process 
based on the number of methods used in each stage of the process, and 
the authors’ indication of methodological rigour in the article. To check 
the rigour, we searched for keywords such as ‘reliable’, ‘robust’, ‘valid’, 
‘rigour’ and synonyms in the method section of the articles. If the in-
dustries use at least one method per stage, we observe that 61% use 
three or more methods in their overall TRM process. In some cases, the 
value of the total number of methods used is lower than the summation 
of the methods distributed across stages (e.g. Σ Methods = 8; pre-pro-
cess = 1, in-process = 7, and post-process = 1, where workshop method 
is introduced both in pre-process and in-process stage (Lee et al., 2007)), 
this is due to the repeated use of a method in any one of the stages. The 
discussion on the type of methods concerning stakeholder involvement 
is elaborated in Table 7. Most of industry-level roadmapping have 
attention on the pre-process and in-process stages of TRM (87%) as 
compared to post-process (22%) except for Milshina and Vishnevskiy 

(2019a). This means that there is more effort in the preparation and 
execution of the TRM, but less on implementation. 

Although both the pre-process and in-process reflect the same per-
centage of methods used, some industries TRMs use more methods 
(more than four) in the in-process stage (Daim et al., 2018; Lee et al., 
2007). This reflects the interest in and probably preference for 
combining qualitative and quantitative approaches in secondary data 
collection, analysis, and stakeholder involvement for the development 
of the TRM’s architecture. Only five industries have used methods in all 
three stages of the TRM process (Cho et al., 2016a; Ghazinoory et al., 
2017; Lee et al., 2007; Lu & Weng, 2018; Walsh, 2004), consistent with 
prior observation than often implementation is not accounted for. 

The last column in Table 5 addresses the methodological rigour 
mentioned in the article. 39% of the articles explicitly articulated the 
robustness, validity, reliability, and the use of a combination of hybrid 
methodologies whereas for the others, there was no account on the 
rigour of the method used. Some articles showcase that those industries 
tend to use hybrid methodologies, i.e., a combination of quantitative 
and qualitative methods in their roadmapping process. In Hooshangi 
et al.(2013)’s article, the method was called ‘robust’ but it was a com-
bination of evolutionary learning methodology and R&D strategy. This 
means that industries often use a combination of methods for the 
robustness and validity of the roadmapping process, and roadmapping 
itself is not used as a standalone method. 

Since most of the articles do not report explicitly on the rigour, it is 
difficult to draw a clear conclusion on the general attention on the 
methodological rigour of the TRM process. 

Table 2 
Dimensions of stakeholder involvement.  

Dimensions Definition Table name Interpretation Criteria Description 

Breadth The breadth of stakeholder 
involvement refers to the range of 
groups that are integrated into a 
collaborative activity. The stakeholder 
classification is also taken into 
consideration to define the 
stakeholder type (roles) and their 
contributions to the TRM process. 

Breadth 
dimension of 
stakeholder 
Involvement 

Involvement of experts in the 
TRM process by describing roles 
in universities, institutes, firms, 
and others 

Expert specification 
(y/n) and Expert 
opinion 

Specification of expert roles involved 
in the TRM process. Indicators, yes(y) 
or No (n) is used for stakeholder 
specification. 

Number of experts and types of 
experts involved from various 
domains in the industry 

Σ Experts Number of stakeholders (universities, 
institutes, firms, and others) involved 
from multidisciplinary backgrounds in 
the TRM process 

Type of experts Accounts for the stakeholders involved 
from various domains in the industry       

Depth The depth of the stakeholder 
involvement defines the quality of 
organizational engagement 
determined by practices that aim to 
link the company with its stakeholders 

The depth 
dimension of 
stakeholder 
involvement 

Popular methods and interaction 
levels to gather information from 
stakeholders 

Σ Traditional 
methods 

Number of traditional methods 
(workshop, interview and survey) used 
to collect information and involve 
experts 

Interaction level TM Accounts for the stakeholder 
involvement level achieved by the 
choice of method, i.e., workshops have 
a high interaction level as compared to 
interview and survey 

Additional and alternative 
methods used to support the TRM 
process by gathering and 
validating information for the 
TRM and its stakeholder 
interaction levels  

Σ Complementary 
methods (0/1) 

Number of additional methods used in 
the TRM process to gather and analyse 
information for the TRM 

Interaction level CM Accounts for the stakeholder 
involvement level achieved by the 
choice of method, i.e., Delphi has a 
higher interaction level as compared to 
focus group and other methods 

Total number of methods and 
overall interaction level achieved 
in the whole TRM process 

Σ Methods Total number of traditional and 
complementary methods used for 
stakeholder involvement, data 
collection and analysis  

Depth by the level of 
interaction 

The overall level of stakeholder 
interaction achieved by combining 
multiple methods 

Time The timing of the stakeholder 
involvement is defined by the amount 
of time spent in stages of the product 
development process for the 
acquisition of external knowledge 

The time 
dimension of 
stakeholder 
involvement 

The stages in the TRM process 
when the stakeholders were 
involved 

Σ Stages of 
stakeholder 
involvement 

Methods used in each stage for 
stakeholder involvement 

Σ Stages Number of stages in which 
stakeholders were involved  
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4.4. Stakeholder involvement 

In this section, we discuss the results regarding the breadth, depth 
and timing dimensions of stakeholder involvement in the TRM process. 

4.4.1. Breadth of stakeholder involvement 
Table 6 accounts for the breadth of stakeholder involvement in TRM 

under two sections, expert involvement, and stakeholder breadth. The 
expert involvement section is an account of the TRM efforts that are 
dependant on the expert’s opinion and the efforts that specify the ex-
perts involved. The stakeholder breadth section of the table is a detailed 
analysis of the type and number of experts involved in the TRM process. 
The percentage for expert involvement is computed by assuming that the 
involvement is high if at least three experts are involved. 

The first column shows that 87% of TRM efforts are backed by expert 
opinion except for Milshina and Vishnevskiy (2019), Wang et al. 
(2015a), L.C.K. (2015) that do not report using any experts; instead, they 
use alternate methods/sources for their data collection and analysis, for 
example, fuzzy logic or fuzzy set, subject-action-object analysis. Inter-
esting, only 35% of studies explain the role of the experts involved. We 
also see from the table that the studies that do specify the role of experts 
may or may not explicitly mention the domain in which the experts 
belong. Therefore, we created a section that reports on the domain of the 
experts for an overview of the type of experts involved. Based on studies 
that do report the domain of the experts, we observe (column 5) that 
39% of the TRM efforts involve at least three experts from different 
domains in the TRM process. This reflects the attention on the diversity 
of experts chosen for participation in the TRM process. However, we see 

Table 3 
General description and aims.       

Aims 
Author (Year) Industry TRM context Government  

funding 
Facilitators Visualization Implementation 

Walsh (2004) Nano-systems industry Improve understanding and accelerate the 
commercialization of disruptive technology 

0 0 1 1 

Lee et al. (2007) Parts/Materials industry in 
Korea 

R&D management 0 1 1 1 

Geum et al. (2011) U- healthcare service Strategic planning of product-service integration 
from a technological perspective 

1 0 1 0 

Phaal et al. (2011) Synthetic Diamond Industry Mapping industrial emergence for a better 
understanding of the industry dynamics 

1 0 1 0 

Hooshangi et al. (2013) Power Industry, Iran Planning R&D strategies to fill knowledge, 
technology and management gaps in the power 
industry 

0 0 1 0 

Tierney et al. (2013) Pharmaceutical industry Proposal for a new roadmapping technique 0 0 1 0 
Zhang et al. (2013) Automotive industry A hybrid approach to identify technological objects 

and the relationships between them 
1 0 1 0 

Holweg (2014) Automotive Industry Representation of technological developments in 
commercial vehicles to prioritize R&D investments 

0 1 1 0 

Huang et al. (2014) Solar cell industry Representation of technological developments and 
identification of schemes to continue innovation 

0 0 1 0 

L.C.K. Man et al. (2015) Healthcare industry Forecast demand for medical assets 0 0 1 1 
X. Li et al. (2015) Solar cell industry Identification of innovation gaps and exploration of 

future possibilities with emerging technologies 
1 1 1 0 

Wang et al. (2015) A dye-sensitized solar cell 
(DSSC) 

Identification of technology development trends, 
key players, and promotion of technology 
innovation and cooperation 

1 0 1 1 

Cho et al. (2016) Korean Industries (19 sectors) R&D planning 0 1 1 0 
Deák and Szabó (2016) Coop’n industry- research 

inst. Hungary 
Identifying scientific fields that require 
improvement for better a research infrastructure 

0 1 1 0 

Li et al. (2016) Semiconductor industry; 
OLED techn’y 

Develop strategic pathways to reduce innovation 
gaps and identify future pathways for technology 
evolution 

1 0 1 0 

Zhang et al. (2016) Solar cell industry; DSSC 
techn’y 

A hybrid technique to develop pathways to solve 
technical issues and possibilities of collaboration 
with organizations 

1 0 1 0 

Ghazinoory et al. (2017) Social Banking in Iran Assess technological capabilities in the social 
banking sector for developing a catch-up strategy 
for experts in this domain 

0 0 1 0 

Haddad and  
Uriona Maldonado (2017) 

The automotive sector in 
Brazil 

Planning the development of the automotive sector 
from a function perspective by encompassing 7 
critical dimensions 

1 1 1 0 

Hoshdar et al. (2017) Iranian Petroleum Industry Combining policies with technology development 
to represent the technology plans in the future 

0 0 1 0 

Sauer et al. (2017) Energy industry; Lithium 
battery techn’y 

Integration of technology push and market pull by 
assessing market trends and product requirements 

1 1 1 0 

Daim et al. (2018) Power Sector Identification of strategies for technology 
development in the future 

0 1 1 0 

Lu and Weng (2018) Computer & Electronics 
industry 

Prediction of technology/market maturity to 
prioritize technology developments in future 

0 1 1 0 

Milshina and  
Vishnevskiy (2019) 

Media Industry Forecast of technology developments from broad to 
specific application areas 

1 0 1 0 

TOTAL   10 9 23 4 

PERCENTAGE   43% 39% 100% 17%  
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that the number of stakeholders involved in the process varies between 
0 and 4. Universities are the most common stakeholder group (57%) to 
be included in the TRM process. However, a similar involvement con-
cerns the "other" group of stakeholders, (also 57%) which include ex-
perts from the government and industry bodies such as associations. 
Interesting is that these two groups score higher than the other two, i.e., 
firms and institutes. However, we see that the diversity in stakeholder 
groups commonly include experts from universities, institutes, and firms 
for participating in the TRM process. This reflects the importance of 
active involvement of secondary stakeholders as opposed to primary 
stakeholders (government officials) in TRM development process. Spe-
cifically, even the industries that score low on stakeholder involvement 
efforts (2 or 1, see column 5), has participation from universities and 
‘other’ domain experts. 

4.4.2. Depth of stakeholder involvement 
Table 7 represents the result of the depth of stakeholder involve-

ment. In the table, the stakeholder involvement is divided into two 
sections, by analysing the traditional and complementary methods used 
in the TRM process. In each section, we account for the number of 
methods used and additionally accounting for the level of interactivity 
of the methods concerning stakeholder involvement efforts. The per-
centages are computed assuming that the interaction level is high if the 
value is > 2. By combining the interaction levels of both traditional and 
complementary stakeholder involvement methods, we try to assess the 
overall depth of stakeholder involvement achieved in the TRM process. 

The data show clear variation in number and interactivity of tradi-
tional and complementary methods between studies. 52% of the TRM 
efforts showcase the use of at least two traditional stakeholder 
involvement methods in the development of their roadmap. However, 
the interaction level achieved through the introduction of these 

traditional methods is only 30%, which means that although most of the 
industries are inclined to use traditional methods, only a handful of them 
result in high interactivity between stakeholders. Workshop (35%) is a 
popular traditional method for stakeholder involvement, but in most 
cases, we see the combination of more than one traditional method, 
being used in the TRM process. In such combinations, workshop, and 
interview (interaction level = 3), and workshop and survey (interaction 
level 2.5) have a higher outcome in achieving stakeholder interaction as 
compared to interview and survey (interaction level = 1.5), 

Apart from traditional methods, 48% of the TRM efforts are sup-
ported by complementary methods except for Milshina and Vishnevskiy 
(2019b), which does not showcase the use of any methods. Overall, the 
complementary methods have a very low aim for stakeholder involve-
ment (13%); 65% of the ‘other’, i.e., complementary methods are tools 
to collect and analyse data from secondary sources for better content. So, 
they are not related to stakeholder involvement. 

Most TRM efforts use a combination of traditional and complemen-
tary methods, but it only results in high levels of stakeholder interaction 
in 48% of cases (see the last column), which means there is room for 
improvement. If the industries balance the choice of traditional and 
complementary methods by the level of interaction and analysis of data, 
then the number of methods does not have to be increased for better 
target and to include implementation. 

4.4.3. Timing dimension of stakeholder involvement 
Table 8 reports on the timing dimension, i.e., about when stake-

holders are involved across the three stages (pre-process, in-process, and 
post-process) of the TRM process. We computed the percentage and thus 
level of involvement per stage and consider ‘high stakeholder involve-
ment’ if stakeholders are involved in at least two stages of the TRM 
process. 

Table 4 
TRM architecture.  

Author (Year) Industry Modified TRM †Traditional TRM Layers Complexity 
Σ Layers Σ Traditional Layers Market Product Technology R&D 

Lu and Weng (2018) Computer & Electronics 7 3 1 1 1 0 4 
Wang et al. (2015) Solar cell industry; DSSC techn’y 7 1 0 0 1 0 6 
Haddad and Uriona  

Maldonado (2017) 
The automotive industry, Brazil 7 1 1 0 0 0 6 

Milshina and  
Vishnevskiy (2019) 

Media Industry 6 3 1 1 1 0 3 

Lee et al. (2007) Parts/Materials industry in Korea 6 1 1 0 0 0 5 
X. Li et al. (2015) Solar cell industry 5 3 1 1 1 0 2 
Li et al. (2016) Semiconductor industry; OLED 

techn’y 
5 3 1 0 1 1 2 

Sauer et al. (2017) Energy industry; Lithium battery 
techn’y 

4 3 1 1 1 0 1 

Tierney et al. (2013) Pharmaceutical industry 4 2 1 0 1 0 2 
Hooshangi et al. (2013) Power Industry, Iran 4 1 0 0 0 1 3 
L.C.K. Man et al. (2015) Healthcare industry 4 0 0 0 0 0 4 
Hoshdar et al. (2017) Petroleum Industry, Iran 3 4 1 1 1 1 − 1 
Phaal et al. (2011) Synthetic Diamond Industry 3 3 1 1 1 0 0 
Huang et al. (2014) Solar cell industry 3 3 0 1 1 1 0 
Ghazinoory et al. (2017) Social Banking, Iran 3 3 1 1 1 0 0 
Geum et al. (2011) U- healthcare service 3 2 0 1 1 0 1 
Zhang et al. (2013) Automotive industry 3 1 0 1 0 0 2 
Zhang et al. (2016) Solar cell industry; DSSC techn’y 3 1 0 1 0 0 2 
Holweg (2014) Automotive Industry 1 1 1 0 0 0 1 
Walsh (2004) Nano-systems industry 0 0 0 0 0 0 0 
Cho et al. (2016) Korean Industries (19 sectors) 0 0 0 0 0 0 0 
Deák and Szabó (2016) Coop’n industry- research inst. 

Hungary 
0 0 0 0 0 0 0 

Daim et al. (2018) Power Sector 0 0 0 0 0 0 0 

TOTAL  7 9 9 8 9 4  

PERCENTAGE  30%** 39%* 39% 35% 39% 17% 30%*(Complexity) 

*Percentage refers to the number of studies with more than three layers in TRM architecture: (>3) **Percentage refers to the number of studies with more than four 
layers in TRM architecture:(>4) †Percentage refers to number of studies using particular layers in TRM architecture 
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Results from the table show that most of the TRM efforts are focused 
on involving stakeholders in the pre-process (87%) and in-process (87%) 
stages of roadmapping. In 70% of the TRM processes, we observe that 
the industries attempt to involve stakeholders in both the pre-and in- 
process stages of TRM. However, in the post-process stage, we see a very 
low (22%) initiative of stakeholder involvement. Only in four cases the 
industries consistently involve stakeholders in all the three stages of 
their TRM process (Cho et al., 2016; Ghazinoory et al., 2017; Lee et al., 
2007; Walsh, 2004). So, the common approach is to involve stakeholders 
in the first two stages and some cases all three stages of the TRM process, 
which is reflected by the high involvement efforts in the timing 
dimension (78%). The lower involvement in the third stage is caused by 
many TRM efforts being limited to the creation of a visual roadmap. 

5. Discussion 

Our review of industry-level roadmapping suggests it has developed 
into a serious research stream with steady contribution over the past 20 
years. Emphasis is on creating roadmaps thus stimulating stakeholder 
awareness and interest to develop product-market applications from it. 
The efforts generally use multiple methods to ensure a fully developed 
and integrated perspective with multiple levels of abstraction. 

Looking at this important and growing research stream using a 
stakeholder-theoretical perspective, we note little evidence of a careful 
selection and planned involvement of stakeholders. Lack of attention on 
selecting stakeholder type and systematic orchestration and synergistic 
vision amongst participants can compromise the overall value of the 
effort. Only in Cho et al. (2016) ’s case in the Korean industry and 
Hooshangi et al., (2013) ’s case in the power industry in Iran, there is an 
account of a structured way of involving experts from diverse back-
grounds and specification of their roles for understanding the contri-
butions in the TRM process better. During TRM practice, stakeholder 
groups were formed based on expertise to better manage the process of 
gathering expert opinions. Therefore, stakeholder identification is an 
important pre-step for formulating long-term strategies that are both 
meaningful and feasible. Remarkably, a decline in attention to stake-
holder involvement surfaced from 2016 onwards. A key consideration 

here should be to ensure that both the experts and non-experts involved 
from different industries in the TRM process belong to diverse stake-
holder groups, and by that means, are representative of various roles in 
the industry. The breadth dimension requires attention from industries 
to involve the right stakeholders aligning to the industrial context of 
application and stimulate interest in technology implementation by 
further planning the uptake of technology development projects as 
follow-up activities. 

Our analysis along the depth dimension reflects a considerable use of 
both traditional and complementary methods throughout the TRM 
process. But only the traditional methods rather than complementary 
methods are chosen to foster close interaction amongst stakeholders in 
the TRM process. The extensive use of complementary methods that are 
not targeted towards stakeholder involvement suggests that industries 
are shifting their focus from relying on expert opinion only. The efforts 
of gathering information from secondary data sources or triangulating 
primary and secondary data sources reflect the increasing effort of in-
dustries to enrich and validate the content of the TRM. This is also 
aligned with our findings from the methodological rigour table 
(Table 5). The robustness and validity of TRM are achieved by 
combining multiple methods that are advanced to substantiate expert 
inputs with other data sources and better analysis of findings. Examples 
of such methods include fuzzy sets. In Man et al. (2015)’s article, for 
example, inputs to the healthcare asset management system are fuzzy set 
inputs of external and internal factors that influences change in demand 
of inventory levels, supply lead time, and emergency level. It is striking 
that although multiple methods are being used, the overall imple-
mentation result still falls short. Therefore, both the breadth and depth 
dimension require conjugative attention from practitioners to focus on 
methods that not only involve stakeholders but also accelerate towards 
planning and executing technology development strategies that are 
visualized in the TRM. 

Results regarding the timing dimension of stakeholder involvement 
showed that most of this involvement is only in the first two stages (pre- 
process and in-process) of the TRM process. There is a lack of similar 
attention toward involvement in the post-process stage. Better focus on 
stakeholder involvement as an essential part of industry-level TRM can 

Table 5 
Methodological rigour.  

Author (Year) Industry †Σ Methods ††Stages Rigour 
Pre-process In-process Post-process 

Walsh (2004) Nano-systems industry 3 1 2 1 Not mentioned 
Lee et al. (2007) Parts/Materials industry in Korea 8 1 7 1 Not mentioned 
Geum et al. (2011) U- healthcare service 2 1 2 0 Not mentioned 
Phaal et al. (2011) Synthetic Diamond Industry 2 1 1 0 Not mentioned 
Hooshangi et al. (2013) Power Industry, Iran 3 1 2 0 Robust 
Tierney et al. (2013) Pharmaceutical industry 3 1 2 0 Robust 
Zhang et al. (2013) Automotive industry 4 3 1 0 Hybrid methods 
Holweg (2014) Automotive Industry 1 0 1 0 Not mentioned 
Huang et al. (2014) Solar cell industry 5 3 2 0 Not mentioned 
L.C.K. Man et al. (2015) Healthcare industry 2 1 1 0 Not mentioned 
X. Li et al. (2015) Solar cell industry 2 2 1 0 Valid and reliable 
Wang et al. (2015) Solar cell industry; DSSC techn’y 1 1 0 0 Hybrid methods 
Cho et al. (2016) Korean Industries (19 sectors) 8 4 3 1 Not mentioned 
Deák and Szabó (2016) Coop’n industry- research inst. Hungary 1 1 0 0 Not mentioned 
Li et al. (2016) Semiconductor industry; OLED techn’y 3 3 1 0 Valid and robust 
Zhang et al. (2016) Solar cell industry; DSSC techn’y 3 1 2 0 Hybrid methods 
Ghazinoory et al. (2017) Social Banking in Iran 2 1 1 1 Not mentioned 
Haddad and Uriona Maldonado (2017) The automotive industry, Brazil 3 2 1 0 Not mentioned 
Hoshdar et al. (2017) Petroleum Industry of Iran 3 0 3 0 Hybrid methods 
Sauer et al. (2017) Energy industry; Lithium battery techn’y 5 1 4 0 Hybrid methods 
Daim et al. (2018) Power Sector 8 2 6 0 Not mentioned 
Lu and Weng (2018) Computer & Electronics industry 5 1 3 1 Not mentioned 
Milshina and Vishnevskiy (2019) Media Industry 0 0 0 0 Not mentioned 

TOTAL  14 20 20 5 9 

PERCENTAGE  61% 87%* 87%* 22%* 39% 

*At least one method. †Total number of methods used across all stages ††Numbers refer to different methods used per stage. 
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remedy this shortcoming. A good starting point may be to create a 
consistent distribution of methods across stages that foster imple-
mentation conversations. However, we do not have enough evidence to 
conclude that stakeholder involvement in all three stages can result in 
implementation plans. With governments often trying to help develop 
roadmaps to push technology agendas forward, an important suggestion 
might be to make funding dependant on adequate attention to con-
necting stakeholders and ensuring attention to how the roadmap created 
can be moved forward to implementation. 

Motivated from the findings in the literature and identifying pros-
pects of designing better TRM processes in the industry that is focused on 
stakeholder involvement, we develop design propositions for 
practitioners. 

6. Design propositions for practitioners of TRM 

We extend on Phaal et al. (2008)’s design principles for 
next-generation roadmapping and Flatscher and Riel (2016)’s success 
factors for expert involvement in the strategic product planning process 
to develop and present design propositions for TRM practitioners in the 
industry. For co-creation and creative thinking. For the corresponding 
CIMO logic and support, we refer to Appendix A. We aim to propose an 
approach to design a TRM process that is robust and has more attention 
on stakeholder involvement for TRM efforts, particularly those aimed at 
the industry level. 

The common challenges associated with TRM activities is to develop 
a TRM process that stimulates and thus continues the implementation of 
the technology. This is dependant on the identification of the right 
stakeholders, selection of adequate methods and knowing when and 
how to include the stakeholders in the TRM process. A lack of profi-
ciency in managing stakeholder involvement in the TRM process can 
negatively impact the overall outcome and degrade the value of the 
practice. TRM requires mobilization and recurring validation from 
stakeholders after the completion of one activity to keep the 
processactive. 

The design propositions are as follows,  

1) Most of the TRM practices in the industries are funded and initiated 
by the government to explore technology progress, therefore, 
inherently all industries fulfil the visualization goal. However, the 
objective of implementation suffers from the lack of attention from 
about 83% of the industries while creating a TRM (see column 7 of 
Table 3). In this regard, there should be significant attention to 
extend implementation guidelines or plans in the TRM process that 
will not only add value but also ensure continuity of actions once the 
roadmapping process terminates. 

P1 – In industry roadmapping, practitioners should incentivize TRM 
processes by ensuring that an implementation path for the technol-
ogy is laid out for future applications in the industry. 

Table 6 
Breadth dimension of stakeholder Involvement.  

Author (Year) Industry Expert involvement Stakeholder breadth   

Expert opinion Specific’n  
of experts 

Σ Experts †Experts      

Universities Institutes Firms Others  
(e.g., gov’t) 

Hooshangi et al. (2013) Power Industry, Iran 1 y 4 1 1 1 1 
Zhang et al. (2013) Automotive industry 1 n 4 1 1 1 1 
Hoshdar et al. (2017) Petroleum Industry of Iran 1 n 4 1 1 1 1 
Cho et al. (2016) Korean Industries (19 sectors) 1 y 4 1 1 1 1 
Tierney et al. (2013) Pharmaceutical industry 1 y 3 1 0 1 1 
Lee et al. (2007) Parts/Materials industry in 

Korea 
1 y 3 1 1 1 0 

Holweg (2014) Automotive Industry 1 y 3 1 1 0 1 
Li et al. (2016) Semiconductor industry; 

OLED techn’y 
1 y 3 1 1 1 0 

X. Li et al. (2015) Solar cell industry 1 y 3 1 0 1 1 
Sauer et al. (2017) Energy industry; Lithium 

battery techn’y 
1 n 2 1 0 0 1 

Haddad and  
Uriona Maldonado (2017) 

The automotive industry, 
Brazil 

1 n 2 1 0 0 1 

Deák and Szabó (2016) Coop’n industry- research 
inst. Hungary 

1 n 2 1 1 0 0 

Huang et al. (2014) Solar cell industry 1 y 1 1 0 0 0 
Daim et al. (2018) Power Sector 1 n 1 0 0 0 1 
Lu and Weng (2018) Computer & Electronics 

industry 
1 n 1 0 0 0 1 

Ghazinoory et al. (2017) Social Banking, Iran 1 n 1 0 0 0 1 
Zhang et al. (2016) Solar cell industry; DSSC 

techn’y 
1 n 1 0 0 0 1 

Walsh (2004) Nano-systems industry 1 n 0 0 0 0 0 
Geum et al. (2011) U- healthcare service 1 n 0 0 0 0 0 
L.C.K. Man et al. (2015) Healthcare industry 0 n 0 0 0 0 0 
Wang et al. (2015) Solar cell industry; DSSC 

techn’y 
0 n 0 0 0 0 0 

Phaal et al. (2011) Synthetic Diamond Industry 1 n 0 0 0 0 0 
Milshina and  

Vishnevskiy (2019) 
Media Industry 0 n 0 0 0 0 0          

TOTAL  20 8  13 8 8 13 

PERCENTAGE  87% 35% 39%*(High  
involvement/ 
participation) 

57% 35% 35% 57% 

*Percentage refers to the number of different experts involved in the TRM process : (>3). †Experts involved from various backgrounds in the TRM process 
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Table 7 
Depth dimension of stakeholder involvement.  

Author (Year) Industry    Stakeholder Depth    

Σ Traditional meth’s (TM) Interaction  
level ™ 

Traditional methods for involvement Σ Complementary  
methods 

Interaction  
level (CM) 

Complementary methods for  
involvement 

Depth by the level  
of interaction 

Workshop  
(2) 

Interview  
(1) 

Survey  
(1/2) 

Delphi (2) Focus  
Groups (1) 

Others  
(1/2) 

Walsh (2004) Nano-systems industry 2 3 1 1 0 1 2 1 0 0 5 
Lee et al. (2007) Parts/Materials industry in 

Korea 
1 2 1 0 0 7 3.5 0 0 7 5.5 

Geum et al. (2011) U- healthcare service 1 2 1 0 0 1 0.5 0 0 1 2.5 
Phaal et al. (2011) Synthetic Diamond Industry 2 3 1 1 0 0 0 0 0 0 3 
Hooshangi et al. (2013) Power Industry, Iran 2 1.5 0 1 1 1 1 0 1 0 2.5 
Tierney et al. (2013) Pharmaceutical industry 2 1.5 0 1 1 1 0.5 0 0 1 2 
Zhang et al. (2013) Automotive industry 2 3 1 1 0 2 1 0 0 2 4 
Holweg (2014) Automotive Industry 0 0 0 0 0 1 1 0 1 0 1 
Huang et al. (2014) Solar cell industry 2 3 1 1 0 3 1.5 0 0 3 4.5 
X. Li et al. (2015) Solar cell industry 1 2 1 0 0 1 0.5 0 0 1 2.5 
L.C.K. Man et al. (2015) Healthcare industry 0 0 0 0 0 2 1 0 0 2 1 
Wang et al. (2015) Solar cell industry; DSSC 

techn’y 
0 0 0 0 0 1 0.5 0 0 1 0.5 

Cho et al. (2016) Korean Industries (19 sectors) 2 2.5 1 0 1 1 2 1 0 0 4.5 
Deák and Szabó (2016) Coop’n industry- research 

inst. Hungary 
1 0.5 0 0 1 0 0 0 0 0 0.5 

Li et al. (2016) Semiconductor industry; 
OLED techn’y 

1 2 1 0 0 2 1 0 0 2 3 

Zhang et al. (2016) Solar cell industry; DSSC 
techn’y 

0 0 0 0 0 3 1.5 0 0 3 1.5 

Ghazinoory et al. (2017) Social Banking in Iran 2 2.5 1 0 1 0 0 0 0 0 2.5 
Haddad and  

Uriona Maldonado (2017) 
Automotive industry, Brazil 2 3 1 1 0 1 0.5 0 0 1 3.5 

Hoshdar et al. (2017) Petroleum Industry Iran 0 0 0 0 0 3 1.5 0 0 3 1.5 
Sauer et al. (2017) Energy industry; Lithium 

battery techn’y 
2 3 1 1 0 3 1.5 0 0 3 4.5 

Daim et al. (2018) Power Sector 2 1.5 0 1 1 6 4.5 1 0 5 6 
Lu and Weng (2018) Computer & Electronics 

industry 
2 1.5 0 1 1 3 3 1 0 2 4.5 

Milshina and Vishnevskiy (2019) Media Industry 0 0 0 0 0 0 0 0 0 0 0 

HIGH INTERACTION LEVEL   30%*     13%*    48%* 

TOTAL  12  8 6 5 11  4 2 15  

PERCENTAGE  52%  35% 26% 22% 48%  17% 9% 65%  

*Percentage refers to the number of studies that used multiple methods to achieve interaction level more than two : (>2). 
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2) There is high complexity in the number of layers added and inte-
grated into TRM architecture, but in some cases, there is little or no 
reference to traditional TRM layers. Because the traditional layers 
are aimed at bridging technology development with progress in 
creating products for markets, omitting them is undesirable. Thus, it 
is advisable to use the traditional TRM architecture as a frame of 
reference and accordingly adapt layers to suit the strategic context. 
However, also efforts that are consistent with the traditional 
approach require attention. We see that 39% of the industries have 
market and technology as core layers in their TRM architecture but 
not include product applications. By explicitly including the market 
and product layers along with the technology layer in the TRM, firms 
can better align to the roadmap; they will better understand the 
impact of the roadmap on their product markets and will be able to 
better align their business processes (including making necessary 
changes to their innovation network). Therefore, the TRM should be 
used as a tool to enunciate the possibilities of implementation by 
showcasing the current and future market opportunities for tech-
nology development for the product-market levels. 

P2a - Practitioners should allow flexibility in the modification of 
TRM with some reference to the traditional layers, ensuring that the 
technology strategies envisioned in the roadmap are consistent with 
the business processes in firms to support the planning and imple-
mentation of technology. 

Since visualization is key for all industry-level roadmapping, there 
should be more attention to the content and structure of the TRM so that 
technology scenarios and strategies can be easily communicated to all 
stakeholder groups. This means that visualization should consider all 
stakeholders and their perspectives. The maker of the roadmap (sender) 

should check with each group (receiver) the level to which the roadmap 
is self-explaining and useful. Based on this information changes can be 
made. 

P2b - In the industry TRM process, the practitioners should focus on 
providing clarity on the subject matter of a TRM through rich content 
and visualization so that the technology pathways and planning can 
be easily articulated by all stakeholder groups to align both their 
individual and shared interests and activities.  

3) Most of the stakeholder groups involved in innovation activities are 
from academia (colleges and universities), government, industry and 
users (citizens, consumers, other organizations), i.e., that are a part 
of the quadruple helix structure (Arnkil et al., 2010). In 
industry-level TRM activity, we also observed the involvement of 
stakeholders from universities, institutes, firms, and other govern-
ment associations. However, experts from universities and other 
associations seem included more often (57%) whereas, for example, 
firms are only included in 35% of the TRM activities (see Table 6). 
Yet, involving firms is crucial for boosting commercial interest in 
technology development, which can lead to implementation and thus 
active application development for particular markets. Preferably, 
the participants in the TRM activity should be a diverse mix of ex-
perts from various stakeholder groups to foster innovation capabil-
ities by allowing the creation of viable alternatives that are beyond 
existing dominant designs and techno-institutional lock-ins (Cagnin 
& Könnölä, 2014). Therefore, we identify two main aspects in the 
breadth dimension that need attention, first is the quality of the 
group of experts participating in the TRM activity. The quality is 
determined by the choice of adequate experts based on their ability 

Table 8 
Time dimension of stakeholder involvement.  

Author (Year) Industry Timing of involvement 

Stages of stakeholder involvement Σ Stages 

Pre-process In-process Post-process 

Walsh (2004) Nano-systems industry 1 1 1 3 
Lee et al. (2007) Parts/Materials industry in Korea 1 1 1 3 
Geum et al. (2011) U- healthcare service 1 1 0 2 
Phaal et al. (2011) Synthetic Diamond Industry 1 1 0 2 
Hooshangi et al. (2013) Power Industry, Iran 1 1 0 2 
Tierney et al. (2013) Pharmaceutical industry 1 1 0 2 
Zhang et al. (2013) Automotive industry 1 1 0 2 
Holweg (2014) Automotive Industry 0 1 0 1 
Huang et al. (2014) Solar cell industry 1 1 0 2 
L.C.K. Man et al. (2015) Healthcare industry 0 0 0 0 
X. Li et al. (2015) Solar cell industry 1 1 0 2 
Wang et al. (2015) Solar cell industry; DSSC techn’y 0 0 0 0 
Cho et al. (2016) Korean Industries (19 sectors) 1 1 1 3 
Deák and Szabó (2016) Coop’n industry- research inst. Hungary 1 0 0 1 
Li et al. (2016) Semiconductor industry; OLED techn’y 1 1 0 2 
Zhang et al. (2016) Solar cell industry; DSSC techn’y 0 0 0 0 
Ghazinoory et al. (2017) Social Banking in Iran 1 1 1 3 
Haddad and Uriona Maldonado (2017) The automotive industry, Brazil 1 1 0 2 
Hoshdar et al. (2017) Petroleum Industry Iran 0 0 0 0 
Sauer et al. (2017) Energy industry; Lithium battery techn’y 0 1 0 1 
Daim et al. (2018) Power Sector 1 1 0 2 
Lu and Weng (2018) Computer & Electronics industry 0 1 1 2 
Milshina and Vishnevskiy (2019) Media Industry 0 0 0 0 

TOTAL  20 20 5  

PERCENTAGE  87% 87% 22% 78%*(High  
involvement/participation) 

*Percentage refers to the number of studies that involve stakeholders in more than two stages of the TRM process: (>2). 
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to contribute to the relevant industrial context and ensuring the 
holistic representation of diverse stakeholder groups. 

P3a - In the industry TRM process, practitioners should identify ex-
perts from relevant stakeholder groups ensuring holistic represen-
tation and diversity in roles and disciplines with special attention to 
firms that will not only legitimize the content of the TRM but also 
instigate commercial interest and creation of viable alternatives in 
technology development. 

Another related aspect of stakeholder involvement is the quality of 
individual experts. The identification and selection of stakeholders 
should be carefully planned before the initiation of a TRM process. There 
is a high inclination of relying on expert opinion, but there is a lack of 
clarity on the selection process. The inclusion of thought leaders, that is, 
companies or individuals capable of establishing trustworthy relation-
ships with customers by their capability (thought leadership compe-
tence) and outcome (trusted authority recognition), is beneficial for the 
quality of the content (Magno & Cassia, 2019). The thought leaders have 
forward-thinking insights, original ideas, novel perspectives, or helpful 
education that passionately drives conversations, champions new di-
rections, or inspires actionable strategies (Barry & Gironda, 2017). 
Although this type of leadership has been recently recognized in the field 
of online B2B marketing, it is relevant in the roadmapping context as a 
required trait in an expert to manage stakeholder expectations and bring 
synergy in vision. 

P3b - In the set-up of the industry TRM process, practitioners should 
include thought leaders from each domain to establish trustworthy 
relationships amongst stakeholder groups and the user of the TRM, 
because it supports the validity of the content.  

4) From the depth dimension table (see Table 7), we see that multiple 
methods are being used for the robustness and better validity of the 
TRM process. Our analysis showed that often these methods are used 
in combination, i.e., two highly interactive methods with an addi-
tional method to gain consensus amongst stakeholder views (work-
shop, interview and Delphi), or a combination of one two-way and 
one-way interactive method (workshop and survey), or one highly 
interactive method with additional methods to gather data from 
secondary sources for triangulating and validating results. It suggests 
that in a TRM process the choice of methods is more important than 
the number of methods used to confirm the robustness of the process. 
P4 draws attention to this important issue. 

P4 - In the industry TRM process, practitioners should combine two- 
way and one-way stakeholder interaction methods that facilitate 
stakeholder involvement and validates the outcome of their inter-
action to enrich the quality of the TRM process.  

5) From the time dimension table (see Table 8), we see that only 22% of 
stakeholder involvement efforts are in the post-process stage as 
compared to the other stages. The TRM activity should be designed 
in a way such that all stages get balanced allowing iterations in each 
to ensure rigour and refined outcome at the end of each stage. The 
activities per stage should be monitored to keep track of the gaps and 
accomplishments in each stage. More importantly, the results of each 
stage should be used as input for the next stage to allow for addi-
tional validation and learning. 

P5 – Practitioners should design industry TRM processes with equal 
attention to all stages in the process by monitoring and creating 
feedback loops that will validate the outcomes of each stage. 

We developed these TRM design propositions based on the results of 
our review of industry-level TRM efforts covering almost two decades of 
research. These propositions have not been tested; they can be applied to 
industry-level TRM practices to enhance the quality of stakeholder 
involvement. They incorporate the breadth, depth, timing dimensions 
and should help better prepare and account for the implementation of 
roadmaps developed using TRM logic. 

7. Limitations and future research 

The extant TRM literature and its industry-level applications are 
vast. This paper focuses on the articles published in academic journals 
and attempts account for the industry-level TRM practice and its facets 
in an in-depth study. We identified four main limitations in the research. 

First, the TRM efforts published in industrial reports and non- 
academic publications thus were not included. Future research could 
delve into and analyse this strand of work. Drawing on this, we expect 
that there might be better attention to the stakeholder selection and 
involvement procedures in the TRM process that represent diverse pri-
mary and secondary stakeholder groups beyond the standard quadruple- 
helix of innovation and consistent with industry application contexts. 
Similarly, methods for both stakeholder involvement and mining sec-
ondary information sources in various industrial applications might be 
well developed, which is not explored in this paper. We, therefore, 
anticipate that here more attention to implementation may exist. Sec-
ond, the general facets of TRM that we see in academic literature might 
be far off when it comes to actual practice in the industry. This means 
that there might be other funding sources for industry TRM practices 
that focus on all phases of the TRM lifecycle with a particular focus on 
technology implementation. As a result, the corresponding TRM archi-
tectures might also be well developed with a more precise representa-
tion of future technology pathways. However, this has not been 
investigated in this paper. Third, the review of this paper reports on the 
TRM practice in the industry between the periods 2000 – 2019. Aca-
demic articles published in 2020 were not included in the sample to 
analyse the evolution of TRM practice in the industry. Only reviews 
published in the year 2020 was considered to get a holistic view of the 
contributions in this domain. Fourth, the paper adopts a manual coding 
process instead of using software for systematic review. This could raise 
concerns regarding the criteria used for the inclusion and exclusion of 
academic articles as it is only motivated by the logic and interpretation 
of the authors. 

Addressing the above limitations, there are prospects of studying the 
developments in the field continuously and robustly by investigating 
articles published in recent years and extending the sample size to in 
dustry reports that are not published in academic journals. TRM prac-
titioners in the industry can utilize the measures and dimensions 
introduced in this paper to analyse the TRM facets and stakeholder 
involvement. Further, it will help investigate the link between the two 
knowledge streams, the effectiveness of transfer of insights and the use 
of technology roadmaps to make further suggestions for improvement. 
There is also scope for further investigating the general facets of TRM in- 
depth. Specifically, we see complexities in the representation of TRM 
architecture in the industry in which some efforts lead to implementa-
tion, and some do not. In this paper, we did not find a strong correlation 
between the two. However, by considering the non-academic articles, 
this topic might gain traction with attention from scholars in this domain 
to explore the possibilities of identifying correlations between the levels 
of complexity of the TRM architecture to the success rate of technology 
implementations in the industry. Additionally, the propositions sug-
gested in this paper needs to be applied in a real industry case to test the 
effectiveness of the propositions in designing a stakeholder inclusive 
TRM process. The analysis from the application of the design 
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propositions in various industry applications can help to build on or 
modifying existing propositions by factoring in the learnings. 

8. Conclusion 

First, this paper evaluates a portfolio of articles that extends on prior 
reviews in the field of TRM by focusing on the industry-level TRM ap-
plications published between 2000 and 2019. The results show that 
many researchers combine methods in different stages of the TRM 
process, but only a handful include planning for the technology’s 
implementation. 

8.1. General facets of TRM 

Studies suggest that the TRM practice at the industry level is often 
sponsored either by the government or third-party organizations prob-
ably to facilitate the long-term planning of technology innovation in the 
industry and thus help with a push forward. From 2011 until 2019, for 
example, TRM practice has been funded in the healthcare service, dia-
mond industry, automobile industry, dye-sensitized solar-cell industry, 
energy industry, computer and electronic manufacturing industry and 
media industry. It seems to explain the popularity of TRM and its 
widespread utilization as a strategic technology foresight planning 
process in the industry. However, we see that almost all industries aim to 
visualize technology developments over time through the TRM process 
with very little interest in implementing the technologies projected in 
the roadmap. Only in a handful of the cases, we see that the TRM pro-
cesses were used to advantage by achieving both technology visualiza-
tion and implementation aims (Cho et al., 2016; Lee et al., 2007; Man 
et al., 2015; Walsh, 2004; Wang et al., 2015a). 

The TRM architecture of most industries includes multiple layers 
with heavy reference to the market, product, and technology and thus 
the traditional layers. However, given TRM’s highly customizable and 
flexible process, was evidence of serious adaptation to suit the industry’s 
road mapping purpose. The variations observed in complexity in the 
TRM architecture across industries are either due to an extension of 
existing TRM layers or addition of new TRM layers, which explains the 
need for clarification and elaborating on specific topics of significance to 
that industry (e.g. specific material and technology component layers 
(Zhang et al., 2016) in the solar cell industry). It often reflected in the 
aim of the authors or funding body. 

8.2. Stakeholder involvement dimensions 

The stakeholder involvement process in TRM was deconstructed 
using the dimensions of breadth, depth, and timing. As most of the TRM 
facilitation process is dependant on expert’s opinions, industries tend to 
involve a myriad of stakeholders from multidisciplinary backgrounds to 
expand the knowledge domain in the aspect of technology innovation, 
R&D investments, and policy formulation. However, the logic or intent 
behind involving specific stakeholders in the long-term strategic deci-
sion-making is generally not mentioned. Although we observed 
increased attention for defining stakeholder roles between 2013 and 
2016 (power industry, pharmaceutical industry, automotive industry, 
solar cell industry, and semiconductor industry), from 2016 onwards, 
explicit evidence of stakeholder identification based on their roles or 
responsibilities is lacking. Researchers rely on workshops, meetings, 
surveys, and interviews but fail to motivate and specify experts and 
other parties involved. This showcases a decline in the rigour of stake-
holder choices and values created in the TRM facilitation process. Our 
analysis of stakeholder involvement along the breadth dimension 

suggests that expert opinion is seems of high importance in TRM practice 
with variation in the type of experts involved in the process. However, 
there is more attention in involving experts from the university domain 
than the others, which can explain why there is more discussion on 
visualizing technology trends and strategizing the opportunities of its 
development rather than effort in the commercialization of the tech-
nology itself. Therefore, there is a need for appropriate stakeholder 
identification to stimulate technology implementation discussions in the 
TRM process. 

Timing concerns the stages of stakeholder involvement in the TRM 
process. One possible explanation for the lack of focus on technology 
implementation is the high intent of utilizing TRM just for visualization 
purposes. This is likely because most of the industry-level TRM practices 
are initiated and funded by the government (see Table 3). It suggests 
TRM as a means of stimulation, i.e., to provide insights and opportu-
nities for technology in the industry. This objective seems to deviate 
attention from real implementation efforts. This lack of implementation 
effort is reflected in the choice of methods included in the TRM practice. 

Depth refers to the quality of engagement of the stakeholders. From 
the depth dimension analysis, we find that there is heavy use of tradi-
tional methods, in particular a combined use of workshops and in-
terviews. It suggests deep involvement in pre-and in-process stages of 
the TRM effort. In general, patent analysis, bibliometric analysis, sur-
veys, and Delphi are popular complementary methods, but very few 
complementary methods like Delphi and focus groups are focused on 
facilitating stakeholder interaction. The use of advanced complementary 
methods is slowly gaining importance in the TRM process. In the 
healthcare industry in 2015 (Man et al., 2015), utilized artificial neural 
networks and fuzzy logic to forecast demand for medical assets in hos-
pitals without stakeholder intervention. Similarly, in 2015 (Wang et al., 
2015b), the dye-sensitized solar-cell industry combined SAO analysis 
and contradiction matrix for gathering information regarding technol-
ogy components and used fuzzy-set for developing a technology road-
map model. These are only two examples of innovative and 
technology-intensive information gathering processes with low reli-
ability on stakeholder opinion in the industry-level TRM application, 
showcasing highly dispersed and low experimentation efforts with 
complementary methods. 

The methodological rigour of TRM, in general, cannot be attributed 
to the number of the methods used only, but there should be enough 
attention on the type of methods used and when (at which stage) it is 
used in the TRM process. Thus, the timing dimension needs attention for 
the coherent distribution of stakeholder involvement methods across 
three stages of the TRM process. Again, the post-process stage requires 
specific attention to involve stakeholders to continue the technology 
development and implementation discussion until the end of the TRM 
process. Previous reviews address researches that validate the trend of 
using scenario planning as a tool for strategic foresight planning com-
plementing TRM (Carvalho et al., 2013a; Vatananan & Gerdsri, 2012). 
However, our results only show two TRM applications at the 
industry-level exploring scenarios, i.e., in the energy industry in 2017 
(Sauer et al., 2017) and the power industry in 2018 (Daim et al., 2018). 
Scenario planning for technologies proved far less widespread than one 
might expect. It suggests limited attention for possible variation in 
real-life outcomes of technology predictions. 
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Appendix A 

Design of propositions with CIMO-logic    

Propositions CIMO-logic 

P1 In industry roadmapping, practitioners should incentivize TRM processes by ensuring 
that an implementation path for the technology is achieved for future applications in 
the industry. 

Context (C): Industry S; Intervention (I): incentivize TRM processes; generative 
Mechanisms(M): Ensure that an implementation path is achieved; Outcome (O): 
future applications in the industry 

P2a Practitioners should allow flexibility in the modification of TRM with some reference 
to the traditional layers by ensuring that the technology strategies envisioned in the 
roadmap are consistent with the business processes in firms to support the planning 
and implementation of technology. 

Context (C): Allowing flexibility and modification in TRM; Intervention (I): some 
reference to traditional layers of TRM; generative mechanisms (M): technology 
strategies consistent with business processes in the firms; Outcome (O): Supports 
planning and implementation of technology development 

P2b In the industry TRM process, the practitioners should focus on providing clarity on the 
subject matter of a TRM through rich content and visualization so that the technology 
pathways and planning can be easily articulated by all stakeholder groups to align 
both their individual and shared interests and activities. 

Context (C): Industry TRM process; Intervention (I): provide clarity on the subject 
matter of TRM through rich content and visualization; generative mechanisms (M): 
an easy articulation of technology paths and planning; Outcome (O): align individual 
and shared interests and activities of stakeholder groups 

P3a In the industry TRM process, practitioners should identify experts from relevant 
stakeholder groups ensuring holistic representation and diversity in roles and 
disciplines with special attention to firms that will not only legitimize the content of 
the TRM but also instigate commercial interest and creation of viable alternatives in 
technology development. 

Context (C): Industry TRM process; Intervention (I): Identify experts from relevant 
stakeholder groups and ensure diversity with special attention to firms; generative 
Mechanisms (M): the creation of viable alternatives in technology development; 
Outcome(O): Legitimize TRM content and instigate commercial interest 

P3b In the set-up of the industry TRM process, practitioners should include thought 
leaders from each domain to establish trustworthy relationships amongst stakeholder 
groups and the user of the TRM, because it supports the validity of the content. 

Context (C): Industry TRM process; Intervention (I): Include thought leaders from 
each domain; generative Mechanisms (M): establish trustworthy relationships 
amongst stakeholder groups and users of TRM; Outcome (O): Validation of content 

P4 In the industry TRM process, practitioners should combine two-way and one-way 
stakeholder interaction methods that facilitate stakeholder involvement and validate 
the outcome of their interaction to enrich the quality of the TRM process. 

Context (C): Industry TRM process; Intervention (I): combine two-way and one-way 
stakeholder interaction methods; generative Mechanisms (M): Facilitate stakeholder 
involvement and validate the outcome of stakeholder interaction; Outcome (O): 
Enrich the quality of TRM process 

P5 Practitioners should design industry TRM processes with equal attention to all stages 
in the process by monitoring and creating feedback loops that will validate the targets 
achieved in each stage. 

Context (C): industry TRM processes; Intervention (I): pay equal attention to all 
stages; generative Mechanisms (M): monitoring and creating feedback loops; 
Outcome (O): Validate targets achieved in each stage  
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de Oliveira Valério, K.G., Sanches da Silva, C.E., Neves, S.M., 2020. Overview on the 
technology roadmapping (TRM) literature: gaps and perspectives. Technol. Anal. 
Strateg. Manag. 0 (0), 1–12. https://doi.org/10.1080/09537325.2020.1787976. 

Park, H., Phaal, R., Ho, J.Y., O’Sullivan, E., 2020. Twenty years of technology and 
strategic roadmapping research: A school of thought perspective. Technological 
Forecasting and Social Change 154, 119965. 

Payne, S.L., Calton, J.M., 2004. Exploring research potentials and applications for multi- 
stakeholder learning dialogues. J. Bus. Ethics 55 (1), 71–78. https://doi.org/ 
10.1007/s10551-004-1570-1. 

Phaal, R. and Muller, G. (2007). Towards visual strategy: an architectural framework for 
roadmapping. Portland International Conference on Management of Engineering and 
Technology (PICMET’07), Portland, 5–9 August. 

Phaal, R., Farrukh, C.J.P., Probert, D.R., 2004. TRM - a planning framework for evolution 
andrevolution. Technol. Forecast. Soc. Change 71 (1–2), 5–26. https://doi.org/ 
10.1016/S0040-1625(03)00072-6. 

Phaal, R., Simonse, L., den Ouden, E., 2008. Next generation roadmapping for innovation 
planning. Int. J. Tech. Intell. Plann. 4 (2), 135–152. https://doi.org/10.1504/ 
IJTIP.2008.018313. 

Phaal, R., Farrukh, C.J.P., Probert, D.R., 2010. Roadmapping For Strategy and 
Innovation: Aligning Technology and Markets in a Dynamic World. Institute for 
Manufacturing, Cambridge.  

Phaal, R., O’Sullivan, E., Routley, M., Ford, S., Probert, D, 2011. A framework for 
mapping industrial emergence. Technol. Forecast. Soc. Change 78 (2), 217–230. 
https://doi.org/10.1016/j.techfore.2010.06.018. SI.  
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