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Abstract 

 

Two decades ago the thirtieth-anniversary special issue of Technological Forecasting and Social 

Change correctly anticipated the widespread adoption of roadmapping at firm, sectoral and national 

levels. In this article, we explore the evolution of roadmapping studies since that time. Drawing on a 

mixed-methods approach (i.e. topic modelling, genealogical analysis, content analysis and interviews), 

we reveal the development of seven distinctive ‘schools of thought’: the Cambridge practical school, 

the Seoul school, the Portland and Bangkok schools, the Cambridge phenomenological school, the 

Beijing school and the Moscow school. We show that the schools differ in terms of (a) the research 

orientation, whether it be solution- or theory-oriented; (b) the research methods and data sources being 

used; and (c) the nature of contributions that each school seeks to achieve. The different areas of 

emphasis associated with each school are not competing but complementary, and together they develop 

the eclectic body of knowledge on roadmapping. 
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1. Introduction 

 

When one looks at the amount of roadmapping, one finds that at least 120 roadmaps have been created 

in the past few years, in- and outside corporations. Presumably, they will become more sophisticated, 

more precise, more targeted, and more definitive about what needs to be done to accelerate technological 

developments. (Coates, 1999, p. 40) 

 

Technological Forecasting and Social Change (TFSC), in its 30th Anniversary Issue projected the 

widespread uptake of ‘roadmapping’ at firm, sectoral and national levels (e.g. Coates, 1999; Porter, 

1999). Hal Linstone (1999a, p. 6), the founding editor of TFSC, even anticipated that roadmapping 

would ‘renew and reinvigorate the popularity of forecasting and planning’, which had been in sharp 

decline from the 1970s onwards (Coates, 1999). These forecasts came true. BP, Philips, General Motors, 

Siemens and Lego are just a few exemplars of multinational corporations that have implemented 

roadmapping in their organizational settings (Barker & Smith, 1995; Groenveld, 1997; Grossman, 2004; 

Kerr et al., 2017; Lischka & Gemunden, 2008). Government agencies in various countries, such as 

Singapore (Holmes and Ferrill, 2005), South Korea (Lee et al., 2008) and Finland (Ahlqvist et al., 2012), 

have deployed roadmapping in order to gain new capabilities or to aid SMEs in searching for and 

selecting emerging technologies. As Gerdsri et al. (2009, p. 50) aptly put it, roadmapping as a 
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forecasting-cum-planning tool ‘has been widely used… to help organizations in effectively identifying 

potential products or services for the future, determining proper technology alternatives, and mapping 

them with resource allocation plans’. 

 

Now is the right time for TFSC’s 50th Anniversary Issue to look back at the past 20 years of 

roadmapping, and also to look to the future. The reason for this is straightforward. Since its 30th 

Anniversary Issue, TFSC has witnessed a remarkable increase in ‘roadmapping’ research (Carvalho et 

al., 2013). This growth has been so pronounced that our topic modelling result, which we will describe 

subsequently, shows that in the 2000–18 period the number of roadmapping studies surpassed those of 

Delphi, scenario planning and modelling/simulation. This stands in contrast with the research trend 

captured in TFSC’s 30th Anniversary Issue, where Delphi, scenario planning and modelling/simulation, 

other than roadmapping, figured prominently in both industry and academia (Linstone, 1999a; Porter, 

1999). Furthermore, in this growth period of roadmapping studies, TFSC has served as the leading 

publication outlet of roadmapping studies, when measured by the number of roadmapping papers 

published in journals accepting roadmapping work (Alcantara & Martens, 2019; Carvalho et al., 2013; 

Gerdsri et al., 2013). 

 

In this article, we bring seven ‘schools of thought’1 to the forefront of roadmapping studies and trace 

the paths they have taken so far. The seven schools of thought are the Cambridge practical school, Seoul 

school, Portland/Bangkok schools, Cambridge phenomenological school, Beijing school and Moscow 

school. While several authors have reviewed the body of literature on roadmapping (Alcantara and 

Martens, 2019; Carvalho et al., 2013; Gerdsri et al., 2013), key developments in the evolution of 

roadmapping research remain unexplored. These review articles typically draw on bibliometrics and 

network analysis, which give priority to ‘breadth’ rather than depth. As such, these mechanical 

approaches often give the impression, for example, that roadmapping research at the University of 

Cambridge is primarily ‘based on citation analysis, patent analysis [and] text-mining’ (Letaba et al., 

2015: 2250). Our work, in contrast, explores the details of past and present roadmapping studies ‘in-

depth’, revolving around the seven identified schools of thought, and set out the research challenges for 

the coming decades. To achieve this, we interview the key pioneers of roadmapping research; content-

analyze the literature; use a topic-modelling technique; and develop a customized analysis tool to map 

the genealogy of roadmapping studies. 

 

We then explore in detail the methods employed, followed by an in-depth presentation of seven schools 

of thought on roadmapping studies. In the discussion, we compare the schools along several dimensions 

and offer a research agenda for the future. Before commencing, however, we first clarify the definition 

of ‘roadmapping’ used throughout this work. In this article, roadmapping is defined as follows: 

 

A process that mobilizes structured systems thinking, visual methods (e.g. roadmap ‘canvas’) and 

participative approaches to address organizational challenges and opportunities, supporting 

communication and alignment for strategic planning and innovation management within and between 

organizations at firm and sector levels. 

 

 
1 We are using ‘school of thought’ here in the sense of the dictionary definition (dictionary.cambridge.org): a ‘way 

of thinking about something that is shared by a group of people’. School of thought, therefore, should not be read 

as an orthodox, long-standing group of people. Also, schools are not necessarily competing. In contrast, the 

schools under study here are complementary, and can be blended, and there are some overlaps between them even 

though their emphases are different. 
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2. Method 

 

The methodological goals of this work are to: (a) explore our hypothetical idea that roadmapping studies 

have diverged into distinctive schools of thought; and (b) understand the relative strengths of each 

school. To achieve this, we exercised an abductive reasoning process (Charmaz, 2006) and triangulation 

(Denzin, 2012). As with typical abductive reasoning, extant work (Alcantara and Martens, 2019; 

Carvalho et al., 2013; Gerdsri et al., 2013) inspired us to form an hypothetical idea that there may exist 

some schools of thought on roadmapping research. We subsequently collected 162 articles on 

roadmapping studies. A close examination of the data led us to come up with provisional, multiple 

schools of thought. Triangulation, that is, ‘the combination of multiple methodological practices, 

empirical materials, perspectives, and observers’ (Denzin, 2012, p. 82), enabled ‘testing of our hunches’ 

(Charmaz, 2006, p. 104) with regard to multiple schools of thought in a rigorous manner, which 

consequently confirmed that there are seven distinct schools of thought on roadmapping research. 

 

 

2.1. Data Collection 

 

The data set was generated in three ways. First, we gathered the abstract records of 2,870 articles 

published in TFSC after the journal’s 30th Anniversary Issue. This period was expected to represent the 

rise of roadmapping studies in comparison to the research trends towards other normative-cum-

exploratory forecasting methods (Cho, 2013). Second, we searched for articles on roadmapping from 

two bibliographic databases (i.e. Scopus and Web of Science). This literature search used ‘roadmap’ 

and ‘roadmapping’ as search terms and targeted ten journals2 that had been known to serve as major 

publication outlets for roadmapping studies (Alcantara and Martens, 2019; Gerdsri et al., 2013). The 

search for the literature on roadmapping resulted in 162 articles, after we excluded duplicates, articles 

in press and papers that did not deal directly with roadmapping. The articles collected were published 

between 1997 and 2018. To conduct multifaceted analyses of these papers, we garnered a variety of 

bibliographic data ranging from full texts, citing references and published years to published locations. 

Finally, as the data analysis progressed, seven schools of thought on roadmapping surfaced. The first 

and third authors interviewed the key pioneers to each school (see Appendix I for details of 

interviewees). Not only did the interviews serve as a triangulation device, they also provided access to 

behind-the-scenes information that might otherwise never be visible to outsiders. All the interviews 

lasted about an hour; were digitally recorded; and transcribed verbatim. We asked all informants to 

remark on: origins, motivations, methodological characteristics, limitations and future research 

directions regarding the interviewee’s school. 

 

 

 

 

 

 
2 Target journals included Energy Policy, IEEE Transactions on Engineering Management, International Journal 

of Technology Management, Journal of Engineering and Technology Management, Journal of Product Innovation 

Management, R&D Management, Research-Technology Management, Technological Forecasting and Social 

Change, Technology Analysis & Strategic Management and Technovation. 
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2.2. Data Analysis 

 

We analyzed the data in seven steps.3 First, we conducted topic modelling to understand the types of 

forecasting tool that the TFSC authors primarily examined in the 2000–18 period. Topic modelling is a 

method used for the classification of documents and, to implement it for our analysis we used a Latent 

Dirichlet Allocation algorithm (Blei et al., 2003) on the programming language ‘R’. This data analysis 

was expected to show a substantial increase in roadmapping research and, consequently, warrant our 

review work. Second, we transformed the affiliations of corresponding authors into spatial data (i.e. 70 

pairs of latitude and longitude) and grouped all the articles by geographical location. By doing so, we 

were able to find seven cities (i.e. Cambridge, Beijing, Bangkok, Manchester, Moscow, Portland and 

Seoul) where literature on roadmapping was often published. Third, we content-analyzed a total of 63 

articles published in the 7 cities. Each article was content-analyzed using the following three dimensions: 

(a) research design, (b) main topic and theme, and (c) technological and industrial sector of interest. To 

make articles fall squarely into the dimensions, we created a coding scheme by moving back and forth 

between the coding rule and the papers under examination (Elo and Kyngäs, 2008; Hsieh and Shannon, 

2005). As we worked through the content analysis, we attempted to see if authors based in the same 

cities shared similar ideas and thoughts. This exercise revealed seven distinct approaches to 

roadmapping research, which we named after the cities. Fourth, a genealogical analysis was carried out 

to trace back the family of roadmapping research, in general, and the seven schools, in particular. To 

do so, we built an algorithm (see, Appendix II) and wrote this in the  Python programming language. 

The computerized algorithm produced a genealogy chart of 108 articles. Fifth, the first author read 

interview transcripts line-by-line from beginning to end and highlighted the sentences that could add 

fine-grained detail or tacit information to the emergent findings. As opposed to a typical interview 

analysis, however, we did not try to abstract the data via coding techniques because theory-building 

was well beyond the scope of this work. Lastly, validity was checked throughout the course of data 

analyses, by the authors meeting in a series of brainstorming and discussion sessions to ensure that we 

triangulated multiple viewpoints in analyzing the data and produced findings that accurately represented 

the data. Some of the informants also reviewed our findings (i.e. member check). The data collection 

and analysis procedure are summarized in Table 1. 

 

 

Table 1. The outline of data collection and analysis 
 

Data Sources Data Analysis Displays 
 

TFSC articles (n=2,870) 
 

Topic modelling of TFSC articles (2000–18) to see if 

roadmapping research is sufficiently published and, therefore, our 

work is warranted. 
 

 

Fig. 1 

Roadmapping articles (n=162) Spatial data analysis (n=162) to see if roadmapping articles can 

be grouped along some cities. 
 

None 

 

Content analysis (n=63) to see if roadmapping articles can be 

grouped along some schools of thought. 
 

Table 2 

 

Genealogy analysis (n=135) to validate if roadmapping articles 

can be grouped along some schools of thought. 
 

Fig. 2 

Interview transcripts (n=10) 
 

Line-by-line reading and highlighting to validate and enrich 

findings. 
 

Interview quotes 

 

 
3 It is worth noting that the data analysis presented here as a linear process for simplicity was, in fact, the 

retrospective articulation of an inherently iterative process. 
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3. Findings 

 

Roadmapping is a well-established foresight technique with its own body of academic literature, 

involving different schools of thought. In what follows, we present (a) how the body of literature on 

roadmapping has emerged over time, compared to other forecasting tools, and (b) how this body of 

research has branched in various directions. 

 

 

3.1. Boom Time of Roadmapping Studies (2000–18) 

 

Drawing on the latent Dirichlet allocation model, we conducted topic modelling (i.e. a document 

classification technique) to see the variation in the number of articles on roadmapping vis-à-vis other 

foresight tools. This technique classified 2,870 TFSC articles published between 2000 and 2018 into 50 

different groups of documents. We sifted through these groups and discovered four classifications of 

documents that could be labelled as roadmapping, scenarios, Delphi and modelling/simulation. As 

shown in Fig. 1, the volume of published roadmapping research has grown into first place over scenarios, 

Delphi and modelling/simulation during the period of 2000–19. In particular, roadmapping research 

saw a sudden growth in 2004 when TFSC published its first special issue on roadmapping. 

Roadmapping studies peaked in 2015 and continuously received academic attention thereafter. 

Scenarios came in second place in terms of published volume of research. The group of documents 

labelled as ‘scenarios’, however, contained three articles that also addressed roadmapping issues. For 

example, one such article proposed a framework for developing the scenario-based roadmaps (Lee and 

Geum, 2017). Considering that the most prolific line of research on forecasting techniques has been 

roadmapping since TFSC’s 30th Anniversary Issue, our review work is warranted. 
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 Note: A black dot indicates an article. If two dots are plotted at the Delphi area along the line of 2001, this means that two   

 articles addressing Delphi were published in TFSC in 2001. 

 

Fig. 1. Research trends related to forecasting tools during the 2000–18 period 

 

 

3.2. Home of Roadmapping Studies 

 

The search for literature on roadmapping generated 162 articles in the 2000–18 period. As we sifted 

through the bibliographic records of articles (e.g. abstract and author affiliation), we began to gain a 

sense of the pluralism latent in the body of literature on roadmapping. We tried to group the articles 

along their published locations. The subsequent content analysis confirmed that roadmapping research 

was often carried out by academics based in Cambridge, Beijing, Moscow, Portland and/or Seoul. 

Indeed, the number of articles published in these cities comprised nearly half of the literature. Each 

school differed, to some extent, along the dimensions of research design; main topic and theme; and 

technological and industrial sector of interest (see Table 2). 
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The content analysis submitted that the Cambridge-based research typically used what we refer to as an 

‘application-and-proposition’ research design. Researchers using this approach collaborate closely with 

practitioners; develop provisional solutions; apply/revise them in real-world settings; and propose final 

solutions. A few pieces of research employed the ‘survey-and-proposition’ approach that endeavors to 

propose a set of principles concerned with roadmapping via the study of real-world roadmapping 

practices. Noteworthy was the ‘phenomenon-and-mechanism’ research (i.e. using the roadmap as a 

research instrument tool to study a particular phenomenon and its underlying mechanism) that some 

Cambridge researchers carried out. This type of research design was implemented by Cambridge 

researchers only (for an exception, see, Freitas et al., 2013). In terms of key topics and themes, it seemed 

that Cambridge researchers have long addressed the question of how to design, configure and customize 

the roadmapping process and the structure of the roadmap canvas. 

 

Seoul academics presented a long history of what we called ‘prototype-and-alpha test’ research. Here, 

researchers seek to address field problems by developing solution prototypes, which are then alpha-

tested in laboratory settings to determine their feasibility. Furthermore, Seoul-based research, in general, 

tried to identify appropriate supporting tools that could be synergistically integrated with roadmapping 

processes. Portland researchers lay between the Cambridge- and Seoul-based research orientations. 

Similarly to Cambridge researchers, Portland academics typically used the application-and-proposition 

approach. At the same time, Portland researchers corresponded with Seoul researchers in that they had 

a special interest in supporting tools (e.g. structured nominal-group brainstorming method and portfolio 

selection process). Beijing-based and Moscow-based studies were akin to Portland-based research. As 

will be discussed shortly, however, these two research groups originated from different roots and 

therefore showed idiosyncratic approaches to roadmapping. 

 

 

Table 2. Result of content analysis 
 

Cities Research Designs Key Themes and Topics Sectors of Interest 
 

Cambridge 

(n=23) 

 

Application-and-proposition (14), 

Phenomenon-and-mechanism (5), 

Survey-and-proposition (2), 

Others (2) 

 

 

Roadmapping process (12), 

Roadmap structure (16), 

Supporting tools (3), 

Typology of roadmaps (2), 

Roadmapping participant (2) 

 

 

Multiple sectors (12), Energy (2),  

Smart systems (2), 

Telecommunications (1), 

Marine (1), Defense (1), 

Transport (1), Materials (1), 

Unspecified (2) 
 

Seoul 

(n=19) 

Prototype-and-alpha test (16), 

Application-and-proposition (3) 

Supporting tools (19), 

Roadmapping process (17), 

Roadmap structure (4), 

Typology of roadmaps (1) 

Telecommunications (8), 

Smart systems (5), 

Materials (3), Electronics (2), 

Unspecified (1) 
 

Portland/ 

Bangkok  

(n=10) 

Application-and-proposition (7), 

Others (3) 

Roadmapping process (8), 

Supporting tools (7), 

Typology of roadmaps (2,) 

Roadmapping participant (2), 

Roadmap structure (1) 
 

Energy (4), Unspecified (2), 

Telecommunications (1), 

Construction (1), Transport (1), 

Multiple sectors (1) 

 

Beijing  

(n=6) 

Application-and-proposition (5), 

Prototype-and-alpha test (1) 

Supporting tools (6), 

Roadmapping process (5), 

Roadmap structure (1) 
 

Energy (4), Electronics (1), 

Transport (1) 

 

Moscow  

(n=6) 

Application-and-proposition (4), 

Prototype-and-alpha test (1), 

Survey-and-proposition (1) 
 

Roadmapping process (6), 

Supporting tools (5), 

Roadmap structure (4) 
 

Multiple sectors (2), Materials (2), 

Construction (1), Defence (1) 

 

Note: A full list of articles is available upon request. 
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3.3. Seven Schools of Thought on Roadmapping Studies 

 

The above-mentioned content analysis reinforced our hypothetical idea that the body of research on 

roadmapping is expanding to include some groups of researchers sharing similar perspectives and lenses. 

We then commenced the field research phase of our research by interviewing key academic pioneers of 

roadmapping research. This qualitative exercise brought to the fore seven schools of thought on 

roadmapping. As with typical academic schools (i.e. Chicago school of economics), we named our 

schools after their places of origin, as follows: Cambridge practical school, Seoul school, Portland 

school, Bangkok school, Cambridge phenomenological school, Beijing school and Moscow school. 

Each of the schools will be presented in turn. 

 

 

3.3.1. Cambridge practical school 

 

Working Group #52 of the European Industrial Management Research Association (EIRMA, 1997) was 

influential in terms of the take-up of roadmapping in both industry and academia. This brought together 

company experience from four diverse sectoral applications of technology roadmapping (ABB, 

Hoogovens, LucasVarity and Philips), producing the first ‘generic’ roadmap framework. Industrial 

engagement with this group stimulated early academic research into roadmapping within the 

Department of Engineering at the University of Cambridge (henceforth, ‘Cambridge practical school’). 

This was motivated by the desire to develop coherent and useful methods that could be deployed in 

industry, to address a gap in the available published guidance for the initiation and implementation of 

roadmapping. 

 

The Cambridge practical school has paved the way for ‘workshop-based’ roadmapping.4 Rob Phaal, a 

key contributor to this school and one of the most influential academics in roadmapping studies, puts it:  

 

I think our papers were the first to really go into the nuts and bolts of how you can organize a workshop. 

That level of detail is still quite rare… Maybe it’s not that different once you get down to it, but [other 

researchers] don’t publish at that granular level, so you don’t find many papers in the roadmapping 

literature about how you organize workshops. (Interview, 2019) 

 

In particular, this school focused on the development of practical ‘fast-start’ workshop methods to 

support the rapid initiation of roadmapping for product-technology and more general strategic 

applications, together with the conceptual underpinnings of the approach that enable its generalization 

and customization (Phaal et al., 2004a, 2004b). Fast-start workshop methods facilitate communication 

and consensus-building by providing an organizational learning mechanism, as a first iteration in a 

strategy process, establishing what is known and what is not known about a topic of interest, together 

with agreed actions required for the next iteration, as an effective diagnostic and problem-solving 

technique. Psychosocial considerations are important for participative approaches such as fast-start 

workshops (Kerr & Phaal, 2015). 

 

 
4 The Cambridge practical school pays particular attention to workshop methods, but it doesn’t mean that this 

school neglects other issues of roadmapping. In addition to the workshop studies, this school has explored, for 

example, the visual aspects of roadmapping (Kerr & Phaal, 2015) and the identification of the generic roadmap 

form (Phaal et al., 2007; Phaal & Muller, 2009). We selectively highlight the most representative characteristics 

when labelling the approaches of all seven schools. 
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The interactive, visual and tactile nature of roadmapping workshops is engaging for participants, and 

self-documenting in the sense that participants use ‘sticky notes’ to articulate their own perspectives, 

captured on a roadmap ‘canvas’ in the form of a structured wall chart that mediates dialogue, as 

illustrated in Fig 2. The Cambridge practical school has developed and published a number of ‘reference’ 

workshop processes, providing reliable starting points that organizations can adapt: T-Plan and S-Plan. 

‘T’ stands for ‘technology’ and ‘S’ denotes ‘strategic’. The term S-Plan is introduced to make the 

technology focus of T-Plan less pronounced, thereby implying the more general application of the 

roadmapping method to strategic applications from classic product-technology roadmapping, to 

business unit, corporate and sector applications. T-Plan is used for product-technology roadmapping, 

comprising four half-day multifunctional workshops, focusing on market, product and technology 

aspects, before combining these into a first draft roadmap. S-Plan is used for general strategic appraisal, 

for application at business, corporate and sector levels, or any other complex system, comprising a one-

day large-scale multifunctional (or multi-organizational) workshop (Phaal et al., 2007), together with 

adaptations for early-stage technological innovation  (Phaal et al., 2012). In addition to these reference 

processes, the Cambridge practical school has developed retrospective roadmapping methods, which 

support learning in organizations through interview and workshop methods (Ford et al., 2012). 

 

 

        
                                        (a)                                                                                         (b) 
 

Fig. 2. Roadmapping consultation and engagement processes: (a) corporate innovation strategy workshop (Phaal 

et al., 2007); and (b) retrospective roadmapping case-study interviews (Ford et al., 2012) 

 

 

Inherent in this school’s research is the combination of process-oriented action research and an 

engineering culture, which prompts Cambridge researchers to iteratively test and refine the approach in 

the field (Platts, 1993). David Probert, a pioneer of the Cambridge practical school, remarks: 

 

The common factor for all of us was this idea of action research, which was a little bit contentious. 

Typical academic research was surveys, with statistical validity of the conclusions. I respect that kind 

of work… but it doesn’t often tell you anything very new… What we were more interested in is finding 

new ways to do things to solve real problems. You find a collaborator, somebody who’s willing to give 

you access to work with them in creating a solution, a way of addressing the problem… We created the 

T-Plan process… in collaboration with [companies] testing it out, changing it, evolving it. (Interview, 

2019) 

 

Indeed, the Cambridge workshop methods have been explored and demonstrated through an extensive 
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set of more than 500 applications, and therein lies the inimitable value of this school. Applications have 

been undertaken in more than thirty sectors, ranging from automotive to construction, defense, medical 

devices, robotics and space, and at various levels, ranging from products and services, platforms and 

portfolios, business units and corporations, trade associations, to sectors, regions and national 

innovation systems, dealing with a wide variety of strategic management concerns. 

 

Also underpinning this Cambridge practical school research has been a long-term interest in the nature 

of management tools, enabled by the integrative nature of roadmapping, which can act as an integrating 

hub for strategic technology and innovation management toolkits (Kerr & Phaal, 2013), enhanced by 

the visual nature of the approach (Kerr & Phaal, 2015; Phaal & Muller, 2009). Process, framework and 

tool integration have been explored through combination with diverse perspectives ranging from risk 

management (Ilevbare et al., 2014) to organizational intelligence (Kerr & Phaal, 2018). 

 

In short, this Cambridge school undertakes ‘pragmatically’ and ‘generally’ applicable research on 

roadmapping, with special interest centered around workshop methods. The Cambridge workshop 

methods work well where there are few barriers to public knowledge exchange, and other consultation 

techniques (for example, interviews, expert panels) may be appropriate where this is not the case, such 

as when dealing with issues of competitive concern, or if there are political or cultural barriers to a 

particular style of intervention. Another way to address the barriers to workshops is proposed largely 

by researchers based in Seoul, and this is explored in detail in the following section. 

 

 

3.3.2. Seoul school 

 

Workshop-based roadmapping can be challenging in some organizational and cultural contexts. 

Roadmapping exercises in South Korea are a case in point. Practitioners in this and neighboring cultures 

are often predisposed to be ‘passive, soothed, contented, and quiet’ (Chia, 2016, p. 6) so that they 

struggle to communicate openly and candidly in roadmapping workshops. This can be illustrated by a 

quote from an interview that we carried out with Youngjung Geum, one of the most prolific authors in 

roadmapping research (Alcantara and Martens, 2019). 

 

Korean practitioners, culturally, find it very difficult to articulate their knowledge and capabilities in 

roadmapping workshops… When they are asked to make roadmaps in workshops they are likely to have 

a meltdown. (Interview, 2019) 

 

Furthermore, the upper echelons here seldom regard practitioners’ knowledge and experiences as being 

sufficient for the production of high-quality technology foresight and strategic plans. In response to 

these field problems, in the early 2000s, academic interest in ‘evidence-based’ roadmapping arose in 

the Technology Management Lab, Department of Industrial Engineering, Seoul National University. 

This alternative school of thought on workshop-based roadmapping, hereinafter referred to as the Seoul 

school, shaped and fleshed out the evidence-based approach in three ways.  

 

First, the Seoul school endeavored to develop toolkits that generated roadmaps without recourse to 

workshops. Lee and Park (2005, p. 578), for example, proposed software that allowed individual 

practitioners to produce roadmaps by simply inputting the ‘data required to build a specific roadmap 

template’. Data sources for this roadmap-generating toolkit were not necessarily constrained to 

workshops and, therefore, in an extreme scenario a single manager can consult experts remotely and, 
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then, develop roadmap(s) on his/her desk using the software. This line of inquiry stood in contrast to 

the Cambridge school’s workshop-based approach (see, for example, Phaal et al., 2007).  

 

Second, also featured in the Seoul school research were ‘computer-based’ analyses that take advantage 

of ‘large textual databases that describe science, technology, engineering, and end products’ (Kostoff 

and Schaller, 2001, p. 136). The Seoul school was facing an organizational landscape where practitioner 

knowledge barely passes for rational argument unless it is supported by evidence, especially numbers 

and figures. The same held true in roadmapping workshops. The Seoul cohort found that the best way 

to furnish roadmapping participants with evidence was to let large data speak in tandem with 

practitioners’ arguments. Yongtae Park, the founder of the abovementioned Technology Management 

Lab and a key founder of this school, remarked that the Seoul school researchers were readily equipped 

with large data-analysis techniques because they were trained through multiple capstone projects. 

Collective efforts were undertaken, resulting in a steady stream of research that explored the methods 

of integrating large textual data analysis into roadmapping (e.g. Geum et al., 2015; Jeong & Yoon, 2015; 

Kim et al., 2016; Lee et al., 2008). For example, in their study of what the authors referred to as 

keyword-based technology roadmapping, Lee and her colleagues (2008) outlined how to generate 

keywords from large patent data sets; how to produce meaningful evidence from those keywords; and 

how to use these pieces of evidence in roadmapping processes. Other Seoul researchers replicated and 

extended this keyword-based roadmapping by adding an advanced data-mining technique (Geum et al., 

2015) and using novel data sources rather than hitherto dominant ones such as patents and academic 

literature (Kim et al., 2016). 

 

Finally, the Seoul school has sought to provide methodological rigor for the ‘representation’ of 

roadmaps. The roadmap is a canvas made up of visual objects, whether they denote technologies, 

products, services, patents or intellectual property (Kerr & Phaal, 2015). A central tenet of roadmapping, 

therefore, is the identification of multiple geometric objects (e.g. boxes, bars, triangles); linkages 

between objects (e.g. arrows, connectors); and the layers within which the objects are positioned (Phaal 

et al., 2010). While this ‘representing’ process may be completed purely through reasoning and 

arguments of practitioners, organizations in some cultures place equal emphases on methodological 

rigor that justifies the reasoning-based establishment of boxes, arrows and layers. The Seoul school’s 

context fell squarely into the latter. Sungjoo Lee, the leading researcher of the Seoul school, elaborated: 

 

We have been trying to combine roadmapping workshops with a variety of quantitative tools and 

techniques. Perhaps, this is where we differ from [the] Cambridge school… If a manager says to a top 

management team that ‘we carried out a workshop and came to a conclusion like this’, [in South Korea] 

the upper echelons never buy it. In order to persuade the top management, the manager has to say, ‘We 

used this technique, analyzed this relationship and found this causality’ and, to put this another way, 

[the] procedures and techniques used should be clearly shown. (Interview, 2019) 

 

The Seoul school research addressed this field problem by combining engineering techniques with 

roadmapping processes. For example, Son et al. (2018) combined the Design Structure Matrix (i.e. a 

modelling technique that analyzes the relationships between components within a complex system) with 

roadmapping in a product–service system (PSS) context. In a similar vein, Jeong and her colleagues 

(2015) integrated Generative Topographic Mapping (i.e. a machine-learning method often used for data 

clustering and visualization) into the roadmapping of patents. A common thread in these studies was 

the method of producing evidence, which, in turn, served as the rationale behind the creation of boxes, 

arrows and layers in roadmaps. 
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As with any study, the Seoul school research has a potential limitation. The roadmapping approaches 

that they have proposed, though solid and practice-oriented, are rarely validated in real-world settings. 

The Seoul school studies are, therefore, subject to the uncertainties always latent in organizational 

circumstances. The issue of future uncertainty has been addressed via the Seoul school’s work on 

scenario-based roadmapping (e.g. Lee et al., 2015; Lee & Geum, 2017). However, there are no 

guarantees that the future states that the scenarios capture will come true. In what follows, we will show 

how roadmapping researchers based in Portland and Bangkok developed real-world validation. 

 

 

3.3.3. Portland and Bangkok schools 

 

We now turn to a group of researchers affiliated with the Department of Engineering and Technology 

Management, Portland State University (hereafter, the Portland school). The Portland school 

endeavored to achieve what we have labelled ‘decision-making roadmapping’ by addressing the 

question of how decision-making models and tools are incorporated synergistically into technology 

roadmapping. To do so, they drew on the treatise of Dundar Kocaoglu, the founder of the department 

who pursued a line of inquiry on the decision-making approach (Kocaoglu, 1994; Kocaoglu et al., 2016). 

Tugrul Daim, a key pioneer of this school, remarked: 

 

Roadmapping requires a lot of different activities ranging from technology evaluation to technology 

forecasting… so [we used] hierarchical decision modelling [which] was actually developed by my advisor 

[Dudar Kocaoglu]. Hal Lindstone’s theory of multiple perspectives was also very influential… Decision 

modelling combined with the multiple perspectives was a good way to quantify roadmapping. (Interview, 

2019) 

 

The early roots of this research stream date back to 2005 when Bonneville Power Administration (BPA), 

a US federal agency in the energy services sector, recognized a strategic need to revamp ‘its research, 

development, and demonstration activities… through a set of technology roadmaps for key areas of 

BPA's operations’ (Daim and Oliver, 2008, p. 688). Yet, despite the strong interest in roadmapping, 

BPA did not see the roadmapping guidelines that were available at the time as completely sufficient for 

the production of a technology roadmap that fits their unique context. Unlike typical roadmapping 

workshops, BPA workshops needed to mobilize and consolidate the arguments of numerous ‘decision-

makers’, ranging from internal staff members to regional stakeholders and external experts across a 

variety of disciplines (e.g. operations, planning, sub-station design, line design and maintenance). Faced 

with the challenge of a generic roadmap, BPA engaged with local researchers of the Portland school, 

which, in turn, provided solutions through their decision-making roadmapping approach. To seamlessly 

elicit the opinions of the numerous decision-makers in BPA workshops, Portland researchers combined 

decision-making approaches, such as a structured nominal-group brainstorming method and Linstone’s 

(1999b) multiple perspectives for decision-makers, with the roadmapping process (Daim and Oliver, 

2008).  

 

At around the same time, Nathasit Gerdsri (2007, 2005), together with Dundar Kocaoglu and Tugrul 

Daim, laid the theoretical groundwork for the decision-making roadmapping approach through what 

they labelled the ‘technology development envelope (TDE)’. Attending to ‘the passing of time’ inherent 

in any technology, this analytical framework proposes a method to discover the optimal technology 

development path in which technologies with the highest value at multiple points of time are 
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sequentially connected over a given period. Methodologically, TDE combines the hierarchical decision 

modelling approach of Kocaoglu and his colleagues (Daim, 2016; Gerdsri, 2016; Kocaoglu et al., 2016); 

the Delphi method; and the analytic hierarchy process. In explaining the initial development and 

subsequent use of TDE, Gerdsri elaborated: 

 

Dundar asked me a very nice question… How does your analytical model reflect the changes in 

technologies over time? We started with this work, combining the decision support models, technology 

evaluations, technology foresight/forecasting, and so on, and linked them to roadmapping… After that 

time, then I worked with Tugrul, we expanded [TDE] by applying it to various examples… like Ford 

Automotive in Turkey. (Interview, 2019) 

 

Tugrul Daim and the other Portland school researchers pushed the TDE approach forward by 

continuously applying it to roadmapping in specific contexts. For example, the Portland school 

researchers devised TDE-based roadmapping methods for the exploration of ‘different alternatives to 

improve powertrain efficiency’ (Daim et al., 2011, p. 59) and ‘available robotics technologies from the 

perspective of the power sector’ (Daim et al., 2018, p. 50). Parallel to this sectoral expansion, the 

Portland researchers attempted to achieve methodological pluralism in their roadmapping studies. 

Fenwick et al. (2009) combined marketing tools, including the five forces competitive analysis and 

comparative features matrix, with TDE-based roadmapping, and demonstrated this new approach in the 

context of an e-payment service; Amer and colleagues (2016) integrated a fuzzy cognitive map-based 

scenario analysis into roadmapping and tested it in the Pakistani wind energy sector; and Daim et al. 

(2018) used bibliometrics and social network analysis in developing TDE-based roadmapping tailored 

to robotics technologies. 

 

It is worth noting that Nathasit Gerdsri, one of the main contributors to the Portland school, branched 

out in a new direction when he moved to the College of Management, Mahidol University in 2007, in 

Bangkok. Here, Gerdsri and his team of researchers (i.e. the Bangkok school) developed a three-stage 

approach to work on what we refer to as ‘implementation-oriented roadmapping’ (Gerdsri et al., 2010; 

Gerdsri et al., 2019; Gerdsri et al., 2009). First, back in the early days, the Bangkok school researchers 

found that local conglomerates and government agencies were increasingly asking for help in using 

roadmapping without precisely acknowledging that what they wanted to use was actually roadmapping. 

This triggered the Bangkok school to develop the implementation-oriented approach that enables 

organizations to learn and internalize the key building blocks of roadmapping processes. The following 

statement of Nathasit Gerdsri is worth quoting at length: 

 

I picked up the phone call of a large company in Thailand. After [a strategist] explained what they needed, 

I said ‘What you're saying is called a roadmap…’ And he said, ‘Oh yes, I want a roadmap, but I didn’t 

use this word because I was not sure whether anyone would understand it…’ I found all the challenges 

and the hurdles of how to make the organization accept, buy into and be willing to use [roadmapping]. 

So, I spent a lot of time not just walking them through roadmapping workshops, but also going and 

working with them to analyze it… I didn't just help them make a roadmap. I also had to help them learn 

how to implement the roadmap, how to link the roadmap to the organization, and on and on and on. 

(Interview, 2019) 

 

In response to this challenging situation, Gerdsri at al. (2009, pp. 51–52) suggested a three-stage model 

by which a firm (a) understands ‘the basic knowledge, requirements, and approach of technology 

roadmapping’; (b) conducts a series of roadmapping workshops and graphically presents the outcomes 

in a roadmap template; and (c) internalizes roadmapping into the organization so that it becomes part 
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of their strategic planning.  

 

Second, the Bangkok school then explored the issue of organizational change and inertia that firms are 

likely to face when implementing roadmapping. Drawing on two change-management approaches, the 

Bangkok school researchers developed guidelines through which firms implementing roadmapping can 

ensure that ‘people involved in the roadmapping process are able to cope with new processes and 

procedures’ (Gerdsri et al., 2010, p. 230). More recently, the Bangkok school explored the post hoc 

issue of roadmapping implementation; firms doubt ‘whether their roadmaps are still valid to the 

changing situations or whether there is a need to adjust their roadmaps’ (Gerdsri et al., 2019). To resolve 

this field problem, the Bangkok school researchers developed an analytical framework assessing the 

current status of a technology roadmap vis-à-vis internal and external forces for changes in a given 

organization and the organization’s tolerance limit towards the change requirements. Nathasit Gerdsri 

outlined this work as follows: 

 

As we continued to work with those organizations, our team experienced the challenges of keeping a 

roadmap alive. The changes in both external drivers and internal factors can impact the status of a roadmap. 

It is important for a firm to assess whether the changes are significant so that it can see if an updated version 

of a roadmap is required or not. The current practices at the time were a periodical schedule to review 

roadmaps (for example, every six months). We thought that this approach was not proactive enough. We 

thought that management would struggle to make a timely decision to revise a roadmap as major changes 

have an effect. (Interview, 2019) 

 

The Portland and Bangkok schools have contributed to the body of knowledge by showing how 

roadmapping can be implemented in diverse contexts. The next sub-section presents a rather different 

approach employed by some Cambridge-based researchers who use roadmapping as a research 

instrument. 

 

 

3.3.4. Cambridge phenomenological school 

 

The schools that we have presented so far conducted roadmapping studies to resolve ‘field’ problems. 

In contrast, we found that a small but growing number of researchers had gone in the other direction 

and used roadmapping as a research instrument to address ‘research’ problems, such as the dynamics 

of socio-technical transitions and the evolution of technological innovation systems. We have labelled 

this approach of using roadmapping as a research tool ‘phenomenological roadmapping’,5 with the 

group of people using this named the Cambridge phenomenological school. 

 

The first experiments with phenomenological roadmapping began with an government-funded project 

carried out by a few researchers within the Department of Engineering at the University of Cambridge. 

While the initial aim of the project was to develop a framework for mapping science- and technology-

based industrial emergence as a basis for strategy development, Eoin O’Sullivan, a key figure of the 

Cambridge phenomenological school, saw additional value latent in their work. He elaborated:  

 

 
5 We have used the term ‘phenomenological’ in the context of the roadmapping emphasis on corroborating ‘key’ 

events and transitions, as identified from different academic and stakeholder perspectives; as well as its attention 

to how elements of innovation theory frameworks (and relevant concepts from related literatures) fit with the 

available empirical data. 
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[The initial] idea was to develop a forward-looking strategy tool for firms… [But, I also] approached it 

with the view that, rather than just creating a framework to develop strategies in a roadmapping-type 

style, hopefully, through a case-study analysis in particular, we could get a deeper understanding of the 

phenomena about how research-based knowledge diffuses through industries at different stages of their 

own maturity and evolution. (Interview, 2019) 

 

Indeed, as the project progressed, the Cambridge team was able to lay the methodological foundations 

for the use of roadmapping as a research tool. While the instrument developed in this process was 

designed to study the innovation dynamics of socio-technical transitions, it can also be used to examine 

broader social phenomena. As with a traditional roadmap, the research tool had a parameter space made 

up of a horizontal axis representing time and a vertical axis separated into functional perspectives (for 

more information, see Appendix III). The Cambridge team found that this roadmap structure, when 

configured as a research tool, can be used to capture key innovation events and activities for studies of 

technological change, retrospectively and longitudinally (Phaal et al., 2011), Furthermore, the roadmap 

canvas seemed to help distinguish and display different categories and sources of empirical data. 

Researchers based in Cambridge (e.g. Featherston et al., 2016; Featherston & O’Sullivan, 2017; Ho & 

O’Sullivan, 2018) have used this instrument to gather and represent a variety of categories of evidence. 

Information about key innovation events and activities influencing technological trajectories have been 

collected from: semi-structured interviews, reviews of relevant literature from technology and industry 

studies, standard databases, market analyst reports, and reviews of ‘grey’ literature (e.g. studies by 

government agencies or national academies, many of which draw on analysis of patent databases, 

bibliometrics, etc.).  

 

In methodological terms, phenomenological roadmapping has some correspondence with extant 

approaches to exploring technological change. A case in point is Van de Ven’s (1993) perspective. His 

approach to studying the emergence of industrial infrastructure that facilitates (or inhibits) the 

transformation of scientific knowledge into commercially viable technology-based products or services, 

uses a framework of ‘event tracks’. These tracks are analogous to key categories of roadmapping layers 

and are used to explore how events and activities related to distinct categories of ‘infrastructure’ (e.g. 

different institutional arrangements, resource endowments and proprietary activities) co-evolve with 

technological innovation. The ‘Multi-Level Perspective’ framework deployed by Geels (2002) was also 

influential in terms of inspiring and informing phenomenological roadmapping. Geels’s framework has 

been used for qualitative longitudinal case studies of technological emergence. It allows for the 

systematic tracking of key transitions from niche to regime, paying attention to ‘dimensions’ 

influencing technological transitions (e.g. sectoral policy, infrastructure, user practices, techno-

scientific knowledge). Lastly, innovation systems theory (Freeman, 2002; Geels, 2004; Lundvall et al., 

2002) also provided a basis for the methodological departure of phenomenological roadmapping. These 

three methodological perspectives, though inspirational and useful when exploring major patterns 

within technological and industrial change, are not readily scalable to the level of micro-technical details. 

By contrast, roadmapping-based tools are readily scalable to ‘zoom in’ on important micro-technical 

details, allowing researchers and practitioners to distinguish between, for example, different types of 

technology (e.g. product, measurement tools and systems technologies); between varieties of R&D 

activities; and between different categories of ‘institution’ (e.g. types of standards and regulations). 

Furthermore, the visual nature of the typical roadmapping approach means that the roadmapping-based 

tool can more effectively reveal temporal relationships between key events in different innovation 

activity domains. 
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Our analysis has shown a steady growth in the number of articles using phenomenological roadmapping. 

A representative example are the studies of O’Sullivan and his colleagues. Drawing on the 

roadmapping-based research instrument, these researchers explored, for example, the role of 

standardization in emerging technology development, including the role of government in supporting 

emerging technology standardization (Featherston et al., 2016; Ho and O’Sullivan, 2018) and the 

development of research tools and infrastructure to support advanced materials innovation (Featherston 

and O’Sullivan, 2017). A close reading of these articles and an interview with Eoin O’Sullivan allowed 

us to identify the key benefits of phenomenological roadmapping. First, the graphical nature of 

roadmapping allows for effective comparison of quantitative evidence (e.g. standards and patent 

databases) with qualitative information about key events. In particular, it is possible to graphically 

overlay trend data with qualitative data points on a roadmap and explore potential correlations between, 

for example, key scientific, technology demonstration or business events with any inflection points in 

bibliometric, patent or market data. Second, phenomenological roadmapping encourages systems 

thinking for researchers, which serves as an impetus for analyzing key events and activities associated 

with co-evolving technologies. For example, when studying the emergence of magnetic resonance 

imaging (MRI) technologies, tracking developments in the innovation dynamics of complementary 

imaging technologies, such as computed tomography (CT) and ultrasound, proved critical to 

understanding important innovation dynamics. Finally, when gathering evidence and insights from 

literature and archival sources, the roadmapping ‘layers’ can also be used to characterize the perspective 

of stakeholders providing the data (e.g. scientists, technology engineers, manufacturing engineers, 

economists, market analysts, policy researchers and analysts), as well as their national innovation 

system and sectoral innovation system contexts. As such, the roadmapping-based instrument enables 

researchers to compare and potentially reconcile different perspectives around the importance, 

interdependencies and impact of particular innovation events, activities, barriers and enablers.  

 

In summary, in addition to being an effective foresight technique, researchers have also demonstrated 

the utility and efficacy of deploying retrospective roadmapping as a research instrument for longitudinal 

case studies. In particular, this phenomenological roadmapping has proven effective in supporting 

systematic data gathering, analysis and reporting on temporal analyses of technology-driven change. 

Furthermore, this research tool has proven useful in studying the micro-technical dynamics of 

technological trajectories, the evolution of technological innovation systems and socio-technical 

transitions. 

 

 

3.3.5. Emerging schools 

 

Since 2013 a relatively new stream of roadmapping studies has emerged in Beijing and Moscow. These 

emerging schools have generated what seem to be the most prolific lines of research in recent years. 

First, the Beijing school’s research on roadmapping was initiated together with Alan Porter, one of the 

most prominent figures in the TFSC community (see, for example, Porter, 1999; Porter et al., 2004; 

Porter and Detampel, 1995). Specifically, the Beijing school is represented by the collaborative 

relationship between the School of Management and Economics, Beijing Institute of Technology (BIT), 

and the Technology Policy and Assessment Center, Georgia Institute of Technology. Alan Porter 

recalled this relationship as follows: 

 

We hadn’t thought of it as a school but [it is] clearly a big group... That relationship really got going [in] 

2008 when [Donghua Zhu] sent over two of his graduate students… They spent a year and they really 
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integrated into our research group, working on our projects with some collaborative elements. And then 

when they went back home, we continued to collaborate. And then there was the fixed rotation, usually 

one or two each year, from the BIT group. (Interview, 2019) 

 

Considering this background, it should come as no surprise that a central technique underpinning this 

school is ‘bibliometrics’, in which Alan Porter and Donghua Zhu have long immersed themselves. 

Indeed, Alan Porter and Donghua Zhu worked on the analysis of ‘huge, easily accessible, abstract 

databases’ (Zhu and Porter, 2002, p. 495) in an attempt to ‘devise empirical indicators that speak to the 

prospects for successful innovation’ (Porter, 2007: 16; Porter & Detampel, 1995; Zhu et al., 1999).  

 

This early work on bibliometrics laid the methodological groundwork for the Beijing school’s research 

on ‘bibliometrics-based roadmapping’. Notably, the Beijing school’s approach does not stop at merely 

using bibliometrics in the development of roadmaps. Rather, the Beijing researchers mobilize 

qualitative data (e.g. expert opinions and workshop outcomes) in conjunction with large amounts of 

numeric and textual data. The work of Zhang and colleagues (2013) is illustrative of bibliometrics-

based roadmapping. The authors sought to build what they referred to as a ‘hybrid visualization model’ 

for technology roadmapping. To do so, they used ‘qualitative methodologies such as literature review[s], 

expert interviews and expert workshops’ and added ‘bibliometric methods, especially term frequency 

and term association analyses’ (Zhang et al., 2013, p. 713). Likewise, Huang et al. (2014) developed a 

science and technology roadmapping framework that combined bibliometrics and qualitative analysis. 

It is worth noting that the real-world application of a research outcome is a point in common across the 

Beijing school’s studies. For example, Zhang et al. (2013, p. 720) tested their resulting hybrid 

visualization model for the development of an electric vehicle roadmap in China, where the authors 

‘organized a large-scale workshop… with experts from government…, institutions (Chinese Academy 

of Sciences), universities (BIT, Hebei University of Science and Technology), and enterprises’. To use 

the phrase of Yi Zhang, the author of the aforementioned work, BIT was ‘one’ of the earliest teams in 

China, focusing on the study of combining bibliometrics with roadmapping (email interview, 2019). He 

further elaborated that Xin Li and Yuan Zhou of Tsinghua University, and Lucheng Huang of Beijing 

University of Technology, for example, are other Beijing-based researchers sharing similar ideas and 

views on roadmapping. Indeed, these researchers developed ‘a framework that integrates bibliometrics 

and a technology roadmapping (TRM) workshop approach to strategize and plan the future 

development of the new, technology-based industry’ (Li et al., 2015, p. 206). As with other Beijing 

school research, the framework was then applied and tested in the Chinese solar cell industry. 

 

Second, another group of researchers in Moscow (Laboratory of Science and Technology Studies at the 

Higher School of Economics) has increasingly undertaken research on roadmapping. The Moscow-

based academics (hereafter, the Moscow school) are endeavoring to push forward the integrative nature 

of roadmapping (Phaal et al., 2010). For example, Ozcan Saritas, a key member of the Moscow school, 

promoted the combination of scenario planning and roadmapping. He submitted that such an integrative 

method allows for ‘multiple futures’ thinking, as opposed to a single future typically assumed in 

roadmapping exercises (Saritas and Aylen, 2010). In addition to scenario planning, the Moscow school 

sought to combine roadmapping with bibliometrics (Vishnevskiy et al., 2015); with ‘wild cards and 

weak signals’ (Vishnevskiy et al., 2016); and with scientometrics (Saritas and Burmaoglu, 2016). These 

‘integration-driven’ roadmapping methods were often applied and validated through, for example, 

Russian companies in oil, gas, nuclear energy and aviation (Vishnevskiy et al., 2016). 
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3.4. Genealogy of Roadmapping Studies 

 

Pseudo parent–child relationships were determined by three bibliographic records (i.e. author, citation 

and method) of articles on roadmapping (see Appendix II for the algorithm). The genealogy chart 

confirms that roadmapping studies emerged with seven schools of thought (see Fig. 3). More 

importantly, the chart indicates that each school did not evolve in isolation from the others – far from 

it. As shown in the upper-left portion of Fig. 3, for example, the Portland school’s work influenced the 

Cambridge practical school (Ilevbare et al., 2014), the Seoul school (Lee and Geum, 2017) and the 

Moscow school (Vishnevskiy et al., 2016, 2015). Likewise, the left portion of Fig. 3 illustrates that 

research of the Seoul school influenced the Beijing school (Zhang et al., 2013) and the Moscow school 

(Gershman et al., 2016). As will be discussed later in this article, the complementarity of each school 

is facilitated by the integrative nature of roadmapping, as a dynamic systems framework (Phaal & 

Muller, 2009). 
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Notes: Some articles are not plotted within the area of its schools. For visual clarity regarding these articles, we add [C] for 

the Cambridge practical school; [S] for the Seoul school; [P] for the Portland/Bangkok schools; [B] for the Beijing school; and 

[M] for Moscow school; the dotted line denotes the connection between two different articles, confirmed by interviews rather 

than the genealogical analysis. 

 

Fig. 3. Genealogical representation of roadmapping studies in the 2000–18 period 
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4. Discussion 

 

Our data shows that the body of research on roadmapping has seen the emergence of seven schools of 

thought: the Cambridge practical school, Seoul school, Portland school, Bangkok school, Cambridge 

phenomenological school, Beijing school and Moscow school. Here, we: (a) tabularize and compare 

the emphasis of each school; (b) explain the reason ‘why’ different schools have emerged and diverged; 

and (c) provide a set of directions for future research. 

 

 

4.1. The Body of Research on Roadmapping: Emergence and Divergence 

 

Over a 20 year period, distinctive schools of thought on roadmapping have emerged and diverged in a 

path-dependent manner. Table 3 presents how each school differs in (a) research orientation, whether 

it be solution- or theory-oriented; (b) the research methods and data sources being used; and (c) the 

nature of contributions that each school seeks to achieve. This helps to distinguish the commonalities 

and differences between the schools, which are not mutually exclusive or competing. The differences 

observed between the schools are not considered a disadvantage, as they do not conflict with one another. 

Rather, the strengths associated with the emphasis of each school can complement one another, and 

together provide a richer set of options to choose from when applying roadmapping to a particular 

context. This is facilitated by the flexible and integrative nature of roadmapping, as a dynamic systems 

framework (Phaal & Muller, 2009). For example, the Seoul school provides knowledge of how to 

improve the informational quality of roadmaps, through the analysis of large text and data sets, as part 

of the technology, competitive and market intelligence function that serves strategy, relating directly to 

the structure of roadmaps (Kerr et al., 2006). The treatment of both small and large data sets within the 

Beijing school provides an understanding of how these can be usefully combined in roadmapping, 

building on the strengths of the Moscow and Portland/Bangkok schools. The highly participative 

methods developed within the Cambridge practical school are useful for stakeholder engagement and 

creativity. This, combined with the more analytically and theoretically robust methods from the other 

schools, provides the basis for a ‘toolkit’ of mixed methods that could be combined in various ways to 

address a wide variety of strategic contexts. The integrative nature of roadmapping also means that 

there is significant potential for schools to incorporate ideas or approaches from one another to create 

hybrid frameworks and methods, as well as to borrow ideas from other relevant literature or practitioner 

communities. 
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Table 3. Comparison between seven schools of thought on roadmapping 
 

Dimension Cam. 1 Seoul 
Portland/ 

Bangkok 
Beijing Moscow Cam. 2 

 

Research Perspective 

      

    

Science ↔ Engineering 

(theory ↔ solution) 

 

Engineering 

(solution-oriented) 

 

Engineering 

(solution-oriented) 

 

Engineering 

(solution-oriented) 

 

Engineering 

(solution-oriented) 

 

Engineering 

(solution-oriented) 

 

Science 

(theory-oriented) 

 

 

Research Method 

      

    

Small data ↔ Large data 

 

Mainly small data 

 

Mainly large data 

 

Both 

 

Both 

 

Both 

 

Both 

    

Quantitative ↔ Qualitative 

 

Qualitative 

 

Quantitative 

 

Both 

 

Both 

 

Both 

 

Both 

   

In-house alpha-test ↔ Field test 

 

Recursive field test 

 

In-house alpha-test 

 

Field test 

 

Field test 

 

Field test 

 

N/A 

 

 

Contribution  

      

    

Retrospective ↔ Prospective 

 

Prospective 

 

Prospective 

 

Prospective 

 

Prospective 

 

Prospective 

 

Retrospective 

    

Context-specific ↔ Generic 

 

 

 

Generic 

 

Generic  

 

Context-specific 

 

Context-specific 

 

Context-specific 

 

Generic 

 

Notes: (a) The most representative characteristics of each school are selected in cells; (b) Cam. 1 stands for the Cambridge practical school and Cam 2. indicates the 

Cambridge phenomenological school. 
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One of the key dimensions represents the dichotomy of science and engineering in which a certain 

study’s research orientation falls into either pure basic research or pure applied research. Roadmapping 

studies, if taken at face value, may appear to pursue a line of inquiry on pure applied research (e.g. how 

to use the roadmapping process in a particular context). Indeed, six of the seven schools are driven by 

a quest for solution development (i.e. applied research). However, this should not be interpreted as 

atheoretical. Rather, to use the typology of Stokes (1997), roadmapping studies fall into the Pasteur’s 

quadrant where ‘utility' serves as an impetus for the development of fundamental knowledge (i.e. 

theory). We argue that this form of theory developing is achieved not through single studies but through 

the collective and cumulative contributions that roadmapping researchers have made. In particular, 

roadmapping researchers have long replicated and extended either their own work or the studies of other 

academics. The classic paper of Phaal and colleagues (2004a) provided a generic roadmapping structure 

and process, developed through more than twenty field tests (i.e. replication and extension). These 

generic structures and processes have been customized and validated in numerous contexts by other 

schools. As such, roadmapping studies, taken as a whole, have been extended to include a solid set of 

solutions that can address a variety of field problems. Notably, this set of solutions came into being 

only as a result of serious attending to ‘know-why’. The Seoul school researchers, for example, could 

flesh out evidence-based roadmapping only after they realized that cultural factors hinder the 

implementation of workshop-based roadmapping. Such an important role of know-why in solution-

oriented research warrants the Cambridge phenomenological school’s theory-oriented approach. Again, 

the Cambridge phenomenological school has used roadmapping as a research instrument, by extending 

the timeline of roadmapping to the past as a framework for data collection, analysis, organization and 

communication, applicable to innovation systems at both sector and firm levels (Phaal et al., 2011). 

This roadmapping-based research tool aims for advances in ‘scientific’ understanding of technological 

innovation phenomena and socio-technical change dynamics, which provide a coherent basis for 

developing improved prospective roadmapping approaches for application in strategy and foresight. 

 

The differences observed between the schools bring to the fore a fundamental question: Why have the 

schools diverged over time? We explain this divergence via the analytical lens of institutional theory. 

Institutions (e.g. norms, values and regulations) have enabling and constraining effects on actors’ 

behaviors, such that industries, organizations or individuals belonging to the same social systems are 

likely to act in a similar manner (DiMaggio and Powell, 1983; Scott, 2014). The mechanism 

underpinning this institutional influence is the social construction of legitimacy, in which legitimacy 

builders attempt to match the legitimate activities (i.e. research approaches in the context of this study) 

defined by key institutional audiences (Aldrich and Fiol, 1994; Bitektine, 2011). Viewed through the 

lens of institutional theory, a particular school of thought on roadmapping does not emerge merely 

because of the resources available to those comprising the school. Rather, researchers can carry out a 

steady stream of research to the extent to which their work is grouped as a school, if they are seen as 

legitimate (Aldrich and Fiol, 1994). A case in point is the Seoul school, where researchers were 

informed by professional norms that barely regard practitioner knowledge as legitimate without 

supporting quantified evidence. The Seoul school gradually developed evidence-based roadmapping, 

diverging from workshop-based roadmapping. The schools of thought on roadmapping have diverged 

consistently with the professional norms that each follows, resulting in the boom in roadmapping studies. 

However, the more divergence has progressed, the higher the risk of the silo effect that roadmapping 

studies may face. Now is the right time for roadmapping researchers to reflect on ‘convergence’ rather 

than institutionalized divergence, exercising human agency (i.e. the capability of actors to pursue their 

interests and desires). 
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Despite the differences between the seven schools, the integrative nature of roadmapping enables each 

school to complement the others, resulting in the comprehensive body of knowledge on roadmapping 

(Phaal & Muller, 2009). Indeed, the Portland school’s scenario-based roadmapping, tailored to the 

context of rail automation (Hansen et al., 2016), relies heavily on the Seoul school’s earlier generic 

scenario-based approach (Lee et al., 2015). Likewise, several Seoul researchers draw on the Portland 

school’s work (e.g. Jeon et al., 2011; Lee & Geum, 2017). It is also worth mentioning that the 

Cambridge school and the Seoul school researchers often collaborate to attain the methodological 

pluralism in roadmapping research (e.g. Lee et al., 2013; Yoon et al., 2008). 

 

 

4.2. Future Research Agenda 

 

Drawing on the findings derived from the content-analysis and interviews, we suggest avenues for 

future research. First, we recommend that future research explores the digitalization aspect of 

roadmapping (i.e. how software and web tools can be used to support workshop organization, capture 

data, graphically represent data, draw on evidence from online databases, such as bibliometric, patent, 

market and image data). One possible direction could be exploring the ways in which roadmapping 

incorporates web-based technologies so that it broadens the number of people involved and enables 

seamless opinion pooling and analysis. In operational terms, future research might build on the work of 

Lee and Park (2005) on web-based roadmapping software. Second, given that ‘the development of [the 

roadmap] is often more an art than a science’ (Fenwick et al., 2009, p. 1055), future research should 

also concern the behavioral, communicative, psychological and sociological aspects that are latent in 

roadmapping and strategic workshops. One way of stepping towards this line of inquiry might be to 

examine workshops through video-based qualitative methods. Furthermore, scholars need to explore 

key factors enabling and/or constraining participant engagement during workshops by using 

quantitative approaches (e.g. statistical and simulation methods). Third, future research could push 

forward the methodological aspect of roadmapping studies. In particular, there is a need to identify 

hitherto untapped data sources, moving well beyond the analysis of patents/publication databases. For 

example, roadmapping studies may analyze podcasts, which produce a great deal of informative content 

by interviewing industry experts and opinion leaders. Sungjoo Lee, one of the most influential 

roadmapping researchers, suggests that future research might use image processing (i.e. the 

manipulation of images via computer-based techniques and algorithms) to exploit the new source of 

information growing exponentially on the internet. It is also worth noting agent-based simulation in that 

it can be used to (a) collect the micro-level behavioral data of workshop participants and, subsequently, 

(b) generate insights into the optimal mode of roadmapping workshop in a given context by simulating 

such behavioral data. Fourth, as Nathasit Gerdsri, the leading researcher of the Bangkok school aptly 

put it, future research needs to continuously address the challenges in ‘keeping roadmaps alive’ by 

improving the operationalization and implementation of roadmapping. Finally, ongoing efforts on 

roadmapping customization are also warranted. Roadmapping studies, initiated with a major focus on 

the planning/forecasting of technological trajectories, now contain scholarly interest in standards and 

patents. We suggest that future research might expand the topical boundary of roadmapping studies to 

include, for example, the roadmapping of individual/organizational skills and post catch-up 

organizations/countries. 

 

5. Conclusions 

 

The TFSC journal in its 30th Anniversary Issue, accurately forecast the widespread adoption of 
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roadmapping at firm, sectoral and national levels. In this article we looked back at the past 20 years of 

roadmapping studies. Through a mixture of topic modelling, content-analysis and customized 

‘genealogical’ analysis of the literature, together with interviews with the authors of key seminal 

publications, we revealed the divergence of roadmapping studies into seven distinctive ‘schools of 

thought’: the Cambridge practical school, Seoul school, Portland school, Bangkok school, Cambridge 

phenomenological school, Beijing school and Moscow school. In particular, we showed that 

roadmapping studies have evolved into ‘schools’ that have distinctive emphases in terms of: (a) the 

research orientation, whether it be solution- or theory-oriented; (b) the research methods and data 

sources being used; and (c) the nature of contributions that each school seeks to achieve. The schools 

have diverged significantly, responding to different professional norms within their circumstances, and 

many of the advances they have made in developing roadmapping processes, frameworks and tools are 

often highly complementary. We also found that there are six ‘solution-oriented’ schools focused on 

advancing roadmapping processes and structures, and the ‘theory-oriented’ Cambridge 

phenomenological school, which deploys roadmapping concepts and frameworks as research tools to 

study a variety of innovation phenomena related to technological change. Both solution-oriented 

research and theory-oriented studies are collectively building fundamental knowledge on roadmapping. 

In summary, this paper makes significant contributions to the technology forecasting literature by (a) 

identifying different ‘schools’ of roadmapping studies; (b) characterizing and comparing their 

distinctive perspectives, methods and impact; and (c) revealing the complementary nature of the 

approaches, as well as the potential for integration and inter-school innovation. 

 

As with any study, however, our work has several limitations. First, although we suggest that there are 

seven schools of thought on roadmapping studies, this should not be interpreted as a dogmatic assertion 

– far from it. There is always the possibility to discover a group of roadmapping researchers not included 

in this study. Indeed, our bibliometric data shows that a growing number of papers are published in 

Brazil, though these studies have yet to coalesce into a single line of inquiry. Future research might 

explore in detail other potential schools of thought on roadmapping. Second, while ‘the development 

of roadmapping has been largely driven by practice’ (Phaal & Muller, 2009, p. 48), our data collection 

and analysis focus solely on roadmapping studies in academia. Roadmapping in companies, government 

agencies and consulting firms merits detailed attention in future work. Finally, our findings are limited 

to a specific temporal boundary: the 20 years of roadmapping studies between TFSC’s 30th Anniversary 

and 50th Anniversary Issues. Given the expanding nature of roadmapping studies, recurring review 

work is needed. 
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Appendix I 

 

Our interviewees were as follows: 

 

• Cambridge practical school: David Probert and Rob Phaal 

• Seoul school: Yongtae Park, Youngjung Geum and Sungjoo Lee  

• Portland school: Nathasit Gerdsri, Terry Oliver and Tugrul Daim 

• Cambridge phenomenological school: Eoin O’Sullivan 

• Beijing school: Alan Porter (email interview with Yi Zhang) 

• Moscow school: email interview with Ozcan Saritas 
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Appendix II 

 

Our genealogy is not a biological one. Instead, it represents multiple lines of descent traced from the 

most influential articles on roadmapping studies (i.e. Phaal et al., 2004b) in the 2000–18 period. Articles 

suitable for the highest point on genealogy abound. Indeed, several studies have laid the groundwork 

for roadmapping studies (e.g. Groenveld, 1997; see, for example, Kostoff et al., 2004; Kostoff & 

Schaller, 2001; Linton & Walsh, 2004; Probert & Radnor, 2003). We selected the work of Phaal and 

colleagues (2004a) as the root node in the genealogy diagram. The rationale behind this choice was 

three-fold. First, the work of Phaal et al. (2004a) seemed to be influential, as measured by their number 

of citations; the Web of Science database showed that this article took first place. Second, Phaal and 

colleagues have produced a steady stream of research on roadmapping since the early 2000s, whereas 

other precursors have ceased at some point. Finally, our interviewees all point to the work of Phaal et 

al. (2004a) as being one of the most influential publications.  

 

An algorithm described here is not a computer code, so it does not specify our genealogical analysis in 

programing languages. Instead, we outline a logical step-by-step sequence that this work follows to 

identify the genealogical relationships between 135 articles on roadmapping. The genealogy algorithm 

addresses roadmapping research published in the 2000–18 period. This time frame covers all the 

relevant papers published after TFSC’s 30th Anniversary Issue. In our algorithm, two documents are 

genealogically coupled if they have (a) one or more overlapping authors, and (b) similarity in research 

methods. We calculate the similarity between two random documents through a ‘cosine similarity’ 

measure. Cosine similarity, compared to other measures (e.g. Euclidean distance), is not subject to 

document length, and therein lies its great strength (Jeong and Yoon, 2015). The algorithm allows only 

TFSC articles to become parent nodes because we intend to create the TFSC-centric family history of 

roadmapping research. With this background in mind, we now offer the algorithm as follows: 

 

• Step 1: Read document X; 

• Step 2: Read X’s references and search for all TFSC articles published between 2004 and 2018 

(hereafter, T-paper); 

• Step 3: If there is no TFSC article in the references, then stop; 

• Step 4: Otherwise, remove all TFSC articles published in 2004, other than Phaal et al. (2004); 

• Step 5: Read authors’ names from X; 

• Step 6: Read authors’ names from all T-papers; 

• Step 7: Compare authors’ names of X and T-papers; 

• Step 8: See if X and T-paper have one or more overlapping authors (hereafter, author-duplicated-

paper); 

• Step 9: If X has overlapping authors with only one T-paper, these two articles are genealogically 

coupled; 

• Step 10: If X has overlapping authors with two or more T-papers, X is genealogically coupled with 

the latest T-paper; 

• Step 11: If there are two or more latest T-papers, X is genealogically coupled with the T-paper 

having the highest score from the cosine similarity test; 

• Step 12: If X has overlapping authors with no T-paper and X cities Phaal et al. (2004), X is 

genealogically coupled with Phaal et al. (2004); 

• Step 13: If X has overlapping authors with no T-paper and X has two or more T-papers, X is 

genealogically coupled with the T-paper with the highest score from the cosine similarity test. 
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Appendix III 

 

As a research tool for studying industrial-innovation dynamics, the framework can be 

configured/refined to incorporate the following elements and emphases: 

 

• The vertical roadmapping dimensions (‘layers’) can be further subdivided into innovation system 

functions or sub-functions (often corresponding to well-established technology roadmapping 

dimensions developed and tested by foresight practitioners). 

 

• Key innovation events, activities and other features (e.g. barriers, milestones, demonstrators) 

identified during the research study can then be further characterized in terms of these innovation 

sub-functions. 

 

• The horizontal time axis can be refined to demarcate phases associated with particular life cycles 

(e.g. technology, industrial) appropriate to the dynamics being studied. 

 

• Specific socio-technical transitions and innovation system dynamics can then be explored at 

different levels of technical and organizational detail using roadmapping layers of appropriate 

granularity. In particular, potentially important micro-level transition dynamics can be studied and 

revealed by exploring the changing patterns of innovation events, activities and efforts across the 

functional framework layers.  

 

• System boundaries can be set to separate the core system-of-analysis (e.g. firm, value chain, 

technological innovation system or sectoral innovation system) from external systems (e.g. outside 

sources of resources, standards, regulations, trends and drivers). The scalable nature of the 

roadmapping process allows the researcher to ‘zoom in’ (or out) to an appropriate level of 

granularity to explore dynamics from the ‘niche’ or ‘regime’ level. 

 

 

 


