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A B S T R A C T

This paper discusses a roadmapping approach (RMA) adopted on a program on drug discovery
and development for neglected diseases. This experience led to changes in traditional RMA that
revealed special potential for science-intensive environments: (i) conduct the roadmapping
process in parallel for alternative areas of interest; (ii) start the roadmapping process by focusing
on the consolidated technological paths; (iii) construct roadmaps to highlight organizational
strengths and weaknesses; and (iv) consider the sectoral contingencies to enhance the managerial
approaches. Among the implications, some literature paradigms are contrasted by contingency
adapting RMA, changing workshop dynamics; and adopting a slow inside-out strategizing ap-
proach.

1. Introduction

Opportunities are usually seen as positive strategic factors external to the firm (Short et al., 2010). Identifying them is considered
the first step of the entrepreneurial process (Shane and Venkataraman, 2000) and a fundamental part of any strategic analysis
(Hutzschenreuter and Kleindienst, 2006). Indeed, opportunity identification (OI) is a widespread practice among both entrepreneurs
and managers (c.f. Alvarez et al., 2013).

Many approaches that support OI have been developed over recent years (e.g. SWOT1 analysis; PESTLE2 analysis; Porter’s five
forces; Ansoff’s product/market matrix; perceptual mapping etc.). More specifically, visual practices have been increasingly in-
corporated to better tackle various cognitive, social and emotional challenges that arise in strategizing (Eppler and Platts, 2009). In
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this context, the roadmapping approach (henceforth, RMA) (Carvalho et al., 2013; Phaal et al., 2010) stands out for explicitly
assigning a significant role to visualization in its workshop-based process (Phaal et al., 2009; Phaal and Muller, 2009) – which, in
more strategic-oriented applications, is specifically aimed at the identification and initial exploration of opportunities (c.f. the “S-
Plan” RMA version, in Phaal et al., 2007, 2010).

Nevertheless, roadmapping for opportunity identification may still be enriched. For instance, the S-Plan standard (Phaal et al.,
2007, 2010) assumes that a single “area of interest” will be chosen in the “planning stage” for subsequent roadmap-based OI. Yet, in
complex problematical situations, this limitation to only one analytical focus may not be possible or even desirable (c.f. Rosenhead
and Mingers, 2001). In fact, in many cases, participants may want to analyze multiple areas of interest in parallel.

Furthermore, S-Plan defines the sequence of roadmapping stages according, primarily, to the scope being explored. Initially, the
full scope of the selected area of interest is considered (i.e. the “strategic landscape” stage). Then, the specific scope (i.e. a “topic
roadmap”) of a “priority opportunity” is brought to the forefront (Phaal et al., 2007, 2010). However, this scope-based sequencing
may cognitively overwhelm participants. After all, in each of the roadmapping stages, they will need to construct a complete roadmap
at once, having to simultaneously fill in and align multiple layers of information over a time axis (c.f. Phaal and Muller, 2009). The
complexity of this task may negatively affect the quality of the resultant maps and undermine participants’ engagement with the
process.

Following previous RMA standards (e.g. “T-Plan” – Phaal et al., 2001, 2004), each S-Plan roadmapping stage could itself be
sequenced according to roadmap layers. That is, both in the “strategic landscape” and in the “topic roadmap” stages, participants
could be instructed to firstly focus on “market” information; then, on “product”; then, on “technology”; and, only then, on an
integrative “charting” synthesis. This layer-oriented sequencing may prevent information overload in the first steps of the process, by
considering only one layer at a time. However, it can hinder consistent longitudinal cross-layer alignment in the final charting stage.
Therefore, this alternative roadmapping sequencing may not help overcome the traditional lack of integration and synchronization
between initiatives from different departments.

Moreover, the S-Plan roadmapping approach is currently focused on the identification (and initial exploration) of opportunities,
seen as external strategic factors (c.f. Phaal et al., 2007, 2010). Thus, internal strategic factors that could be decisive to strategy
formulation – e.g. organizational strengths and weaknesses – may be overlooked during the process, favoring an unbalanced outside-
in rationale (c.f. Khalifa, 2008).

These challenges may be well addressed by contingency adaptations, i.e., approaches that include aspects (e.g. industrial sector,
size, region) that could shape the original propositions of some management theories (e.g. tools, methods), enhancing their potential
and making them more suitable to contexts that significantly differ from those in which such theories emerged. In the innovation
management field, researchers have focused mostly on large companies that have resources in their formal budgets, well-structured
innovation processes and business-to-consumer operations (Bagno et al., 2017). As Cheng (2003, p. 108) states, every method or tool
is a product of its context. They are “developed for particular aims, under certain orientation, to obtain specific outcomes, and have
underlying assumptions”. Regarding RMA, Tierney et al. (2013) affirm that previous generations of roadmapping techniques are
echoes of the innovations and products they were first intended to support. Finally, Carvalho et al. (2013) alert for the lack of
evidence of how variables such as industrial sector and firm size might moderate the success of RMA approaches. In sum, although
RMA holds great potential to help strategists, its application needs improvements to better deal with important complexities involved
in this process.

Therefore, the purpose of the research reported in this paper was to design and implement an alternative RMA able to sa-
tisfactorily support OI in an extremely complex strategizing situation, notably different from the typical industrial environments
approached by the dominant literature, despite its high relevance. This extreme case was found in a technical-scientific unit – a R&D
institution of the Brazilian Ministry of Health. After all, while this division intended to identify opportunities for discovering and
developing drugs for neglected diseases, its sectoral, organizational and program-specific context imposed many puzzling com-
plexities on achieving this goal. More generally, this organization embodied many of the typical challenges imposed by the sectoral
characteristics of the pharmaceutical industry (c.f. Pavitt, 1984). The central role of scientific activities performed by the companies
immersed in this context provides peculiar challenges for some traditional RMA prescriptions. Such an environment is prolific to the
study of contingency adapted approaches that better cope with the nature of the learning processes, technological accumulation paths
and other organizational constraints that distinguish the strategizing challenge and the management of technology in science-in-
tensive organizations.

Hence, an action research project focused on this problematical situation was carried out. It lasted 6 months, encompassed 10
workshops, involved more than 20 people from 3 organizations, and had positive repercussions both internally and externally.

2. Theory

In this section, we initially review the main developments in RMA for OI. Then, given the technological and managerial com-
plexities imposed by the science-intensive organizational environments, we present the main sectoral contingencies of the phar-
maceutical industry, converging to the roles assigned to public research institutes in developing countries, which was the focus of the
field research.

2.1. Roadmapping for opportunity identification

The concept of “opportunity” has received a lot of attention from many research strands and is considered the focus of the
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increasingly influential entrepreneurship field of study (Alvarez et al., 2013; Shane and Venkataraman, 2000; Short et al., 2010).
Over the last years, this concept has been defined in various ways, each of them emphasizing distinct aspects of this multifaceted
phenomenon (Alvarez et al., 2013; Short et al., 2010). However, the notion of “opportunity” as a strategic factor that is both external
and positive to the firm remained considerably stable over time (Short et al., 2010). This shared understanding of the basic concept
can be traced back, for instance, to the widespread SWOT matrix and its underlying view of opportunities as not “negative” – in
opposition to threats and weaknesses – and not “internal” – in opposition to weaknesses and strengths.

A critical task, in this context, however, is to identify these opportunities. Most of OI methods and techniques were not explicitly
designed to tackle the cognitive, emotional and – mainly – social challenges that may arise in a group-based entrepreneuring or
strategizing situation (Eppler and Platts, 2009). More recently, though, some advances have been obtained in this regard. As visual
templates can bring structure into a conversation and help not to mislead the discussion, some attempts have been made to integrate
them into OI practices (Eppler and Platts, 2009). Among these attempts, RMA emerged as a prominent alternative, due to its explicit
and consistent use of visualization during its workshop-based process.

RMA is currently seen as an approach to identify and initially explore strategic issues and opportunities (c.f. Phaal et al., 2007,
2010) – usually those related to strategic technology management (e.g. Möhrle et al., 2013; Phaal et al., 2012). As such, it focuses on
the firm’s external environment, from which it identifies and characterizes strategic factors.

To do so, the approach is based on workshops dedicated to building a “strategic landscape” of the environment under analysis
and, then, identifying and exploring “priority opportunities” and their implications for internal action (c.f. the “S-Plan” standard
Phaal et al., 2007, 2010). This workshop process is preceded by a planning stage and followed by a final review of the experience
(Phaal et al., 2007, 2010). In the former, a single area of interest is chosen to be explored and workshops are prepared. In the latter,
learning is reported, and participants revise the needed actions to take the initiative forward. During the workshops, market, product
and technology issues are usually explored in this order (Phaal et al., 2001, 2004, 2010).

These RMA workshops make extensive use of visualization, guided by the collective construction of “roadmaps” (Phaal and
Muller, 2009). These visual templates can have various formats, but are usually represented by multiple layers aligned in relation to a
time axis (Phaal et al., 2009). Each layer must represent a distinct aspect of the system under analysis (e.g. an industrial sector) and
the main goal is to discuss connections, over time, between elements from different layers (Phaal and Muller, 2009). The assumption
is that this debate may foster convergence between previously divergent perspectives held by workshop participants.

Nevertheless, the current RMA format goes beyond previous roadmapping proposals – e.g the well-known “T-Plan” standard
(Phaal et al., 2001, 2004, 2010) – both in its purpose and in the way to build the map. While T-Plan, for instance, focuses specifically
on the alignment of product-technology development plans with market-business trends over time (Probert et al., 2003), RMA
currently aims, more broadly, at the identification of innovation opportunities from an overview scanning of the environment (Phaal
et al., 2007, 2010). Moreover, while T-Plan proposes a different workshop for each layer (Phaal et al., 2002; Phaal et al., 2001, 2004),
the current RMA process is primarily sequenced according to the scope of the analysis – firstly, a broad area of interest; then, just the
scope relevant to a priority opportunity. Hence, the current RMA is usually seen as a high-level, strategic planning of innovation, to
be followed by previous roadmapping proposals, in their further exploration of product-technology development implications (Phaal
et al., 2007, 2010; Phaal et al., 2012).

These contrasts are based on the standard roadmapping “fast-start methods”: T-Plan, for product-technology planning; and S-Plan,
for innovation-related opportunity identification (Phaal et al., 2001, 2004, 2007, 2010). Although other roadmapping proposals exist
(specially, for product-technology planning, e.g. Albright and Kappel, 2003; Groenveld, 2007), T-Plan and S-Plan are widely spread
among organizations and provide the main characteristics of these two basic types of RMA (Phaal et al., 2010).

Nonetheless, literature on roadmapping is still evolving and several recent efforts have been made to refine practical applications.
To cite some, Geum et al. (2015) alert for the lack of a dependency measure that can be used between layers of technology roadmaps
and suggest an “association rule mining” (ARM)-based technology roadmap to identify such a relationship between different layers.
Oliveira and Fleury (2015) offer a framework for examining roadmaps using three performance indicators: information gathering,
layers integration and forecasting. By turn, Freitas et al. (2017) combine the development of roadmaps with other strategy and
innovation tools to propose an integrated approach to strategic management and innovation-related processes.

Moreover, new approaches and adaptations of RMA tend to arise, mainly due to sectoral-technological and organizational spe-
cificities. For instance, Huang et al. (2014) propose a roadmap-based and bibliometric-integrated industry S&T planning framework,
directed toward four dimensions (nation, technology, industry, risks and impacts). The study was intended mainly for the industry
level of analysis and took China's solar cell industry as the case study. Jeong and Yoon (2015) suggest the concept and process of a
patent roadmap, based on technology roadmap and patterns of patent development. The example of a transparent Active-Matrix
Organic Light Emitting Diode illustrates the process. Lastly, Tierney et al. (2013) proposed the Technology Landscaping as a new
roadmapping technique, intended to cope with differences in today’s use of technology and related constraints, technology-triggered
new business models, and the role of innovation drivers. The authors tested their model in the pharmaceutical industry.

The bibliometric analysis of Carvalho et al. (2013) points to an increasing interest in the “roadmap” topic. From a total of 79
articles considered (38 dedicated to strategy and business level of analysis and 41 to innovation and new product development), the
last 5 years of research covered by the study (2007–2011) were more productive than the whole of the previous decade. Some sectors
of application stand out among the documented roadmap studies: mobile communications, automotive and energy, chemical pro-
ducts, software, nanotechnology, mining, police, construction, medicine, academic services, hydrogen, and telecommunications.
Among the main trends that Carvalho et al. (2013) identify, two deserve special mention due to the close links to the present study: (i)
a strong interest in identifying the critical success factors of RMA (despite a lack of evidence of how variables such as industrial sector
and firm size might moderate the effect of these factors); and (ii) further exploration of the interface between roadmapping and
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innovation/corporate strategy, primarily by looking carefully at real-world experiences.

2.2. Pharmaceutical industry: new contingencies for RMA

According to McKelvey and Orsenigo (2001, p.1), the pharmaceutical sector is a “large, high-growth, globalized, and innovation
intensive industry”. The authors argue that health care and therapeutics are of utmost importance for the welfare and democracy in
contemporary society.

The application and contingency adaptation of management approaches such as the roadmapping is expected to differ among
organizations, not just because of their individual aspects, but also due to the differences in the technological dynamics that underlie
business sectors and trajectories. According to Pavitt (1984), the pharmaceutical industry is the typical example of a science-based
industry, hence many of the innovations in this sector stem from technological and scientific efforts, normally as a direct result of R&
D.

Figueiredo (2002) shows how the learning processes influence inter-firm differences in technological capability accumulation
paths. Technological capabilities can be defined as the technical, managerial or organizational skills which firms need in order to
efficiently utilize the hardware and software of technology (i.e. equipment and information) and they are typically accumulated over
time (Bell and Pavitt, 1995; Morrison et al., 2008). The pace of the technological capability accumulation, whether of an industry or
an individual company, strongly depends on the nature of the learning processes. Therefore, efforts on knowledge-acquisition and
knowledge-conversion processes could catalyze the technological capability accumulation (Figueiredo, 2002).

Showalter and Denny (2008) argue that drug discovery and development is complex, expensive and requires many years and
resources. This process, on average, ranges from 12 to 15 years depending on the disease area and the treatment approach. According
to Torres and Hasenclever (2016), basic research is among the utmost technological capabilities in the pharmaceutical industry. In
short, this capability involves the identification of new molecules of therapeutic potential, propelling the identification of innovation
opportunities. Throughout the journey from the bench work to the market, three groups of technologies deserve special mention:
pharmacochemistry, biotechnology and pharmaceutics, each one with its own knowledge base and high technological complexity
(Torres and Hasenclever, 2016). Thus, heavy and highly specialized academic education marks the profile of people employed in
basic research. In a similar context, Butler (2008, p.841) adds that the “basic biomedical research enterprise has now evolved its own
dynamic, with promotions and grants based largely on the papers scientists have published in top journals, not on how much they
have advanced medicine”.

The history of world’s pharmaceutical industry reveals substantial changes in the main technological paradigms related to new
drug discovery: from chemistry to biology and from random research to the rational design of molecules. Mckelvey and Orsenigo
(2001) underline the advents of the so called molecular biology revolution and biotechnology as strong drivers for changes in drug
discovery processes. Such changes highly influenced the companies’ technological paths in the late 20th century (Mckelvey and
Orsenigo, 2001; Tierney et al., 2013).

Nonetheless, these paradigm breaks did not seem to be enough to generate a creative destruction (in the sense proposed by
Schumpeter, 1934), as one might expect. Instead, in most cases, complementary assets (Teece, 1986) – hard to be acquired or
developed by newcomers – made the accumulation of knowledge not just an important success factor, but also a great barrier to
market entry. This aspect is even more intensified if we consider the role assigned to patents in protecting the technical knowledge in
the pharmaceutical industry. McKelvey and Orsenigo (2001, p.10) emphasize that this sector is one of the main environments where
patents represent a strong knowledge protection: “because small variants in a molecule's structure can drastically alter its phar-
macological properties, potential imitators often find it hard to work around the patent”.

Despite the central role played by scientific knowledge in this industry, increasing investments in pharmaceutical R&D did not
mean more drugs introduced in the market (Butler, 2008; Mccarthy, 2003). Among the potential causes for this apparent performance
mismatch, figures not just the unpredictable complexity of biological systems, but also a lack of organizational approaches that help
to make appropriate investments in technological areas that could lead to better numbers in terms of research productivity. Mccarthy
(2003) also reinforces that roadmapping is an essential approach for the drug discovery process since it directly ties technology to
business needs by using simple visual charts. In fact, the nature of many pharmaceutical innovations varies greatly from the ar-
chitecturally stable product/technology platforms assumed in typical RMAs. Therefore, to some extent, it is difficult to apply some
largely accepted roadmapping prescriptions to this context (Tierney et al., 2013).

Tierney et al. (2013) list a number of specificities associated with pharmaceutical innovations that increase the roadmapping
complexity and motivate reflections to guide new experiences. For the purposes of the present study, we highlight three of them: (i)
pharmaceutical innovations normally result from multiple root technologies and their interfaces. This is a strong challenge to the
typical application of RMA, which recommends designating a single technology as the most important to an innovation; (ii) there is
no dominant unit cell (as the transistor does for semiconductors), which usually nurtures the Y axis of the traditional RMA; (iii) there
is no unique critical dimension for most new pharmaceutical innovations (as is the number of transistors for a given silicon area).
Pharmaceutical innovations often require the technologies to improve on multiple dimensions. Sommer and Loch (2004, p.32)
recognize the pharmaceutical industry as a typical example of a “selectionist” when “investing in back-up molecules for the same
target indication to provide insurance if the lead molecule fails”. The concept of “selectionism” is used in the literature to refer to
parallel trials of multiple approaches, choosing the best one ex post based on the knowledge obtained from the first efforts (Sommer
and Loch, 2004).

The pharmaceutical ecosystem comprises many different, increasingly interdependent agents (different types of firms, uni-
versities, public and private research centers, financial institutions, regulatory authorities, and so on). For instance, Butler (2008)
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raises special expectations for public research centers to help cross the huge gap that has been advancing between biomedical
researchers and the real clients of the discoveries. Public research centers may arise as fundamental agents, but especially for
developing countries in the face of neglected diseases. Once these are not attractive markets for private companies, they represent an
arena where public research can effectively reduce the distances between science and the local industry (Foladori, 2003; Trouiller
et al., 2002).

3. Methodological considerations

The research method was action research (AR). In order to design and implement an alternative RMA, an AR project was con-
ducted at René Rachou Research Center (CPqRR), a technical-scientific unit of Oswaldo Cruz Foundation (Fiocruz) – a R&D in-
stitution of the Brazilian Ministry of Health. This unit was founded in 1955 and has focused its R&D within the context of national
public health, promoting improvements in diagnosis, treatment and control of numerous diseases.

AR is a research method for tackling problematical situations in which local actors work together with researchers to interactively
make sense of perceived problems and search for adequate contextual solutions in non-controlled settings (Checkland and Holwell,
1998; Eden and Huxham, 1996). Therefore, differently from other research methods, AR emphasizes the collaboration between
insiders (i.e. actors) and outside facilitators (i.e. researchers) in dealing with a real-world problem (Riordan, 1995). In this sense, AR
is “research in action, rather than research about action” (Coughlan and Coghlan, 2002, p. 222).

The research reported in this paper was born and pulled from a real demand of – and to solve real problems faced by – the
scientific institute. This was a special opportunity to study RMA in a new and complex setting. Despite that, the action research
here reported is not similar to consultancy projects in, at least, these four aspects: (i) the greater rigor applied to investigation
and documentation; (ii) the search for theoretical explanations for the events observed; (iii) the fewer constraints imposed
in terms of time and budget; and (iv) the cyclical nature that characterized the research, instead of the linear nature of con-
sultancy (Coughlan and Coghlan, 2002; Gummesson, 2000). Hence, action research cannot be reduced to action, because its
conscious use explicitly implies the intention to refine knowledge by theoretically reflecting upon action – i.e. its process and
results (Riordan, 1995).

Moreover, action research has been pointed as a research method particularly suitable to the study of strategizing processes
(Balogun et al., 2003). Indeed, AR has also been successfully applied as the research approach for the development of roadmapping in
other studies (e.g. Caetano and Amaral, 2011; Phaal et al., 2004, 2007, 2010). The richer in-loco information provided by immersion
in a research context, direct observation and collaboratively planned actions also helped to overcome some barriers of a typical
retrospective case-study, viz, the initial challenge in identifying an adequate case for the study, the problem with secondary data
(both in terms of permission to access and of quality of the available documents), the interviewees’ biases and distortions about what
happened in the past and even their availability to the research purposes (Eisenhardt and Graebner, 2007).

The problematical situation that motivated the action research project was the need to identify opportunities for the nascent
“Drug Discovery and Development Program” (P3D), which was exclusively focused on neglected diseases. The first milestone to
implement this program was the proposal of the P3D “Structuring Project” (SP). This project was specifically aimed at identifying
opportunities to define a long-term vision for P3D and an initial portfolio of relevant R&D project ideas that could serve as guidelines
for future cooperative R&D efforts at CPqRR.

However, SP coordinators foresaw many challenges to the accomplishment of this preliminary objective. After all, the project
would directly involve more than 15 experienced researchers from different fields – i.e. with different research trajectories and
interests. Moreover, they were spread over many laboratories of this highly departmentalized institution. Most of them were spe-
cialized in a single disease and, thus, many of them had never worked together in a common project. In addition, the academic
mindset prevailed at the center, with the publish-or-perish drive hindering collective efforts that would not clearly contribute to build
up one’s publication list.

In this context, a main expected effect of the P3D program was to promote research synergy to obtain R&D results that would
transcend the boundaries of laboratories and represent institutional outcomes, tangible for the neglected diseases market. This
intention is reflected in the program’s mission, initially formulated as: to contribute to drug discovery and development, bringing
together intra and extra institutional competencies through integrated research activities, in order to be recognized as a program of
excellence, with a portfolio of projects ranging from the early stages of basic research to clinical trials.

However, how can one facilitate communication and foster this collaboration among participants in such a way that convergence
around a shared vision could be achieved, aligning individual motivations? Help was needed and, thus, SP coordinators looked for
expert support and an action research project was jointly conducted for 6 months.

RMA was considered an appropriate type of approach to tackle this problem. After all, its visual nature could contribute to
establish a common language among participants, in such a way that workshops could serve as effective communication channels
between previously irreconcilable perspectives. Moreover, its focus on opportunity identification had a perfect fit to SP’s specific goal.
Given the strategic importance ascribed to SP, the Center’s director, one of its top managers and a key middle manager were the
leaders (hereafter called “coordination team”) of the project, alongside more than 15 research experts from CPqRR directly involved
in neglected diseases.

After defining the team (both the research and organization teams) and the first alignments were set, a research diary and
constant collective reflection were maintained to keep track of the learning process. More important, however, was the fact that the
research process was collaborative from beginning to end (c.f. Balogun et al., 2003). In this regard, for example, a common practice
was to hold pre-workshop simulations with key coordinators. In these preliminary pilot sessions, the feasibility of the proposed tasks
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could be pre-tested and refinements introduced, helping to prevent frustrating workshop experiences. Indeed, even a post- assessment
of workshop results was always done together with the local actors – eventually leading to process adjustments.

This action research project lasted 6 months, encompassed 10 workshops, involved more than 20 people from 3 organizations,
and had positive repercussions both internally and externally. The next section presents the results of this collaborative work and
provides an additional description of the intervention steps.

4. Case description and results

In this section, we present some details of the actions and the main results of the action research project conducted in CPqRR.
They are categorized as “process” (i.e. the roadmapping effort and its associations to the organizational elements), “outcome” (i.e. the
roadmaps as the objective deliverables of RMA, including other outcomes such as decisions made and action plans) and the “as-
sessment” results (i.e. measurable impacts of AR in organization). The first two categories regard the nature of RMA itself as discussed
in theoretical section as the central object of the research. This covers other observations made along the AR project from data
collection to implementation. The last one regard the fact that AR is fundamentally about change and the “assessment” characterizes
the last recommended phase of an AR project (Coughlan and Coghlan, 2002)

4.1. The approach’s process

In general, RMA starts by the identification of a single area of interest for roadmap-based exploration. However, in P3D, the
coordinators could not preliminarily find a would-be broadly accepted area of interest. They considered it unfeasible to select a single
neglected disease without losing the commitment of key participants. In fact, they saw the possibility of conducting parallel road-
mapping processes for the main diseases of interest as a desirable collective learning experience on its own. Thus, they chose four
diseases to be explored simultaneously: Chagas disease; leishmaniasis; schistosomiasis; and dengue. In the context of neglected
diseases, this choice is also justified by the associated public health statistics, which is a strong driver for the strategy of a public
research unit, instead of just considering “market” or “target-niches” (Foladori, 2003).

After all, to explore the full scope of an area of interest at once would be unfeasible, since even the specific scope of activity of the
participants representing each of the main technical-scientific fields was not clearly known by the other participants yet. In addition,
much information needed to ground a well-informed discussion of R&D “roads” to follow was not readily available. In fact, a
systematic external analysis regarding each neglected disease (i.e. patents, clinical trials, trends etc.) was considered necessary before
discussing ways forward for P3D-related R&D, a problem also recognized by Tierney et al. (2013).

Another crucial aspect was observed when asking participants to plot these future paths on the roadmap at the same time they
plotted their past trajectories and present states – as well as align them with the stories of others and of the organization itself.
Participants were not used to the roadmapping visual language yet. Thus, asking them to represent (all at once) multiple layers of
interconnected information over a time axis would be a naive oversimplification of an undeniably complex task for that context.
Hence, the general feeling among coordinators was that exploring the full scope of each area of interest all at once would be
overwhelming and, as such, would possibly impair the quality of roadmaps and the engagement of participants with subsequent
activities. Therefore, an alternative way of sequencing the overall roadmapping process was designed, arranging roadmapping stages
according with the main time intervals of the roadmap. (Fig. 1).

At first, participants should focus exclusively on past-to-present issues. By doing so, they could, firstly, learn more of the vi-
sualization process by dealing, mainly, with already known content. Then, once they got used to roadmap-based representations, the
second roadmapping stage should focus on present-to-future discussions. At this point, the obtainment and social construction of new
content using the visual language would, finally, be the emphasis.

In short, participants dealt with multiple layers but with only a single time column at a time. Thus, they were meant to think of
layers in an integrated manner, so their plotted stories were meaningful (i.e. explicit connections between know-why, –what and
–how). Nevertheless, they did not need to represent the overall picture at once; they could separate focus, initially, on what was
already consolidated history before embarking on prospective path creation. This was in alignment with the complexity represented
by capabilities accumulation paths that mark the organizational level, but also the people/team level of analysis, once, as mentioned,
highly specialized education and individualized work were prominent characteristics of that environment.

Once the complete roadmaps (i.e. past-to-future) were obtained, participants should consolidate a portfolio of the opportunities
identified during the roadmapping workshops (Oliveira and Rozenfeld, 2010). Based on these results (i.e. maps and portfolios),
they should finally choose a single area of interest in which P3D should focus the most – considering its limited availability of
resources.

In order to better design the workshop dynamics, a simulation of roadmapping processes was previously done with the main
coordinators of the program. From this experience, it became clear that mapping activities should begin by groups of researchers
sharing similar expertise (i.e. biological tests; chemistry; genomics; immunology). Then, after each group had consolidated their
own perspective, they would be able to compare their maps and integrate the main points in a single program-level roadmap
for each neglected disease. Therefore, both in the past-to-present workshops and in the present-to-future ones, participants
would firstly build their research group perspective roadmap to subsequently discuss and articulate it with the maps from other
groups.

For example, in the present-to-future roadmapping stage, participants were initially asked to represent the possible future paths of
their research groups in the roadmap structure – in light of past trajectories and of the preliminary external analysis done. Then, these
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roadmaps served as an input for each disease-oriented workshop, in which groups needed to discuss their perspectives in order to
integrate a common way forward, for each specific neglected disease.3

4.2. The outcomes of the approach

“Outcomes” refer to all the results that were obtained as products of the roadmapping process. Besides the roadmaps themselves,
these results include the choice of one area of interest to focus on and the constitution of a portfolio of opportunities for each
neglected disease.

4.2.1. Roadmaps
The 10 workshops resulted in 19 roadmaps – 11 focused on past-to-present and 8 on present-to-future. Maps were constructed for:

each neglected disease (past-to-present and present-to-future); and each research group, in more detail. Fig. 2 shows an example of
one of a past-to-present map.

The temporal dimension of the roadmaps was divided into past, past-present and future. This division considered the possibility
that some projects that were no longer in execution (i.e. past) could influence the present and future innovation strategy of the CPqRR
– and, perhaps, should be restarted. It also reflected the fact that several ongoing projects had started in the past or were related to
past projects (i.e. past-present). Furthermore, future innovation “roads” should be related to present and past efforts (i.e. path-
dependent future), in opposition to a common RMA bias that external information is privileged in strategizing process and re-
cognizing the capabilities accumulated through past experiences as a counter-balance argument.

Layers were divided as follows: the upper layer encompassed the external environment (i.e. market and institutional factors); the
lower layer, the internal environment (i.e. resources); and the middle layer, the value delivered by the organization – which, in the
case of the organization under analysis (i.e. a R&D institution), was represented by technologies (not products).

The upper layer was further subdivided into three sublayers. The “macro environment” sublayer contained information which
could impact the whole health sector, such as: trends and drivers of international basic research; renewed interest in natural products;
and development of molecular tools, among others. The “market” sublayer referred to the health sector itself – e.g. information

Fig. 1. Stages and main results of the roadmapping process. Elaborated by the authors.

3 In all workshops, the traditional post-it-based process of roadmap construction (c.f. Phaal et al., 2010) was adopted.
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regarding investment of the pharmaceutical industry on specific diseases and lack of infant formulation for some diseases. Finally, the
“institution” sublayer encompassed broad strategic drivers of Fiocruz (e.g. work policies; guideline for bioinformatics). Similarly,
“internal environment” was further subdivided into the three types of resources considered critical by P3D team coordinators:
physical (i.e. equipment), human (i.e. hiring needs) and social (i.e. partnerships). Important to note partnerships in this context as an
advent primarily influenced by social interactions rather than institutional efforts.

In the future-oriented roadmaps, the technology layer was further subdivided into the following sublayers, concerning the main
stages of drug R&D: target to hit; hit to lead; lead optimization; preclinical; and phase I, II and III of clinical trials. This division was
done to identify on which stages the institution’s R&D projects were concentrated. Connections with past-to-present roadmap ele-
ments were depicted in the first column. Moreover, in these maps, the time horizon was further subdivided into: “next steps”,
representing the near future; and “vision”, related to a long-term perspective (e.g. Fig. 3, focused on the central technology layer of a
future-oriented roadmap).

Due to the construction of the 19 roadmaps, one of the most important outcomes of the roadmapping initiative in P3D was the
recognition, by participants, of previously overlooked organizational strengths and weaknesses. Some competence gaps in the in-
stitution, for example, were not acknowledged until they became explicit by the concentration of project proposals in a relatively
small subset of the R&D-related layers of future-oriented roadmaps (i.e. from target to lead optimization – see Fig. 3). Similarly,
collective awareness of some important resources and research results achieved by participants did not emerge until past trajectories
were presented and discussed in the retrospective workshops. Indeed, these new perceptions turned out to play a central role in the
assessment of the fitness of opportunities to organizational capabilities, as well as in the suggestion of many previously unthinkable
opportunities.

4.2.2. Choice of an area of interest
Participants could achieve a satisfactory consensus about which neglected disease to prioritize after they saw the results of the

concomitant construction of roadmaps. Based on the resultant maps, participants of all workshops were asked to individually write
down which disease they would choose and why they would not choose the others. A total of 80% of 15 respondents chose leish-
maniasis. All the “generalists” (i.e. researchers involved with all four diseases, representing 46.67% of total) were included in this
percentage, as well as many of the specialists in the other diseases. Moreover, in all six broad criteria derived from the answers (i.e.
relevance to the market; technical considerations; installed capacity; structuring/integrating character; involvement of P3D team;
opportunities for partnership), leishmaniasis was the only disease which had many strong arguments in its favor (e.g. availability of
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human and technical resources for R&D in the institution; possibility of integration between experts from different areas) and just a
few – and weak – ones against it.

Based on the presentation of these results, it was consensual that this disease should be prioritized. Hence, the simultaneous
consideration of multiple areas of interest helped initially irreconcilable opinions to converge, keeping P3D members engaged with
the program even after a single disease was selected to be its focus. Indeed, after the selection of leishmaniasis as the target disease, a
comprehensive analysis of the external environment related to this neglected disease was carried out.

4.2.3. Portfolios of opportunities
For each of the four neglected diseases, an initial portfolio of opportunities was set up, based on the roadmaps. Participants

classified each opportunity as “project” or “partnership” (Table 1).
In total, participants agreed upon 81 opportunities. It was surprising that, for all neglected diseases, the final portfolio of op-

portunities resulted, to a great extent, from new combinations of either a strength–strength or a strength-weakness nature (i.e. with
no external factors). In the former, a desirable “synergistic” effect was envisaged if the link could be established. In the latter, a
strengthening of the weakness by the existing strength (i.e. a “monergistic” effect) was expected. Thus, enhancements in the overall
organizational performance were expected from internal combinations of research groups – if they prove to be viable.

4.3. The assessments and feedback of the approach

A RMA is typically an initiative aimed at long-term outcomes and so are its measurable impacts on organizational performance.
Objective results depend on strong commitment to the actions outlined over time by managers. Also, RMA is not designed to be a
punctual experiment, but rather a discipline in the organizational environment. Meanwhile, since the main value of RMA may really
come from the “roadmapping” rather than “the roadmap” itself, and in order to assess whether the designed RMA was considered
able to satisfactorily support OI in P3D, SP group leaders were asked to answer a questionnaire. Due to its focus on the assessment of

Fig. 3. The technology layer of a future-oriented roadmap. Elaborated by the authors.

Table 1
Part of the portfolio of opportunities for projects and partnerships. Elaborated by the authors.

Neglected disease Category Description

Chagas disease Partnership Tridimensional structures (crystallography)
Chagas disease Project Analysis of the proteomics and transcriptomics data bank
Leishmaniasis Project Development of fluorescent leishmanias
Leishmaniasis Project Development of ADMET tests in silico
Schistosomiasis Partnership Intravital microscopy
Schistosomiasis Project Citofluorimetry tests with fluorescent microspheres
Dengue Project Chemoinformatics to identify immunomodulators
Dengue Partnership Serum and cell banks
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visualization practices in strategizing processes, Eppler and Plattsö (2009) questionnaire was used in an adapted version. Results are
shown in Table 2.

In general, the RMA got highly positive feedbacks. In all items, most of the answers corresponded to the option “completely
agree”. This strong agreement among P3D participants shows that the designed RMA was perceived as satisfactorily fulfilling its
purpose in all aspects considered. “Ease of use” was the only item for which the answers in the “completely agree” was lower than
50%. This evidence points to the need to further simplify the approach to better introduce it into new contexts. “Time” and “par-
ticipation” items also presented relatively high percentage of answers in the “mostly agree” category. This reflects the fact that, in the
first two workshops, the proposed agenda limited available time and opportunity for participation during the presentation and
discussion of roadmaps – a problem solved in the subsequent workshops. Finally, there were many “unable to assess yet” responses,
with regard to the “appropriateness” and “usefulness”. This was an expected result, since the pursuing of the identified opportunities
was still to be proven over time through concrete exploitation actions.

Some examples of written comments reinforce the perceived benefits of RMA for the organization: “We are enjoying the process,
because it is binding us together”, “The work was well planned, and the discussions were stimulating and productive”, “It was an
extremely rich moment for group self-knowledge. Process dynamics were very useful. Facilitators’ ability to listen and synthesize
ideas was remarkable”. Furthermore, other internal repercussions after the completion of the AR project corroborate the above-
mentioned perceptions. For instance, a P3D-dedicated project management group was created by participants to provide guidelines
for project submission, aligned with R&D finance function. In addition, new R&D internal partnerships were established between the
research groups of bioinformatics and chemistry of natural products and between the latter and the groups that develop research
projects regarding dengue virus and yellow fever virus. Finally, SP was presented by P3D coordinators as an exemplary success case in
a workshop at Fiocruz headquarters, which involved many leaders from other major divisions of the institution.

5. Discussion and implications for theory and practice in innovation management

The first three topics of this section, discusses the main inferences that can be drawn from the evidence and their direct im-
plications for RMA applications. After, more broad implications for the theory and practice of innovation management and its
underlying methods and techniques are brought.

5.1. Alternative areas of interest

The current format of RMA assumes that the owners of a roadmapping initiative will select only one area of interest at a time
(Phaal et al., 2007, 2010). However, as the case illustrates, this assumption may need to be abandoned when dealing with complex
strategizing situations, as observed in the pharmaceutical industry (Mccarthy, 2003; Showalter and Denny, 2008; Tierney et al.,
2013).

In this context, agreements about which area to select for further identification and exploration of opportunities can be specially
challenging and are potentially associated with conflicts concerning resource allocation. Poor results of a quick iteration, instead of
facilitating the introduction of roadmapping in a given context, represent another potential problem. After all, in the absence of a
clear set of objective criteria to assess collective investment options, the simultaneous construction of roadmaps representing each
alternative provided a common ground for achieving a reasonably consensual agreement among decision-makers and – even in the
case of no agreement at this step, the execution of parallel maps may strongly support “selectionist strategies” often applied in
pharmaceutic environments (Sommer and Loch, 2004). Obviously, the reported case may represent a relatively lengthy and resource-

Table 2
Percentage of respondents per degree of agreement with Eppler and Platts’s questionnaire items (Eppler and Platts, 2009), omitting values equal to 0.00%. Total of 13
respondents. Elaborated by the authors.

Degree of agreement

Completely disagree Mostly disagree Mostly agree Completely agree Unable to assess
yet

Availability of information: information gathering for
roadmapping was viable

7.69% 84.62% 7.69%

Timing: workshops’ agendas were appropriate 30.77% 61.54% 7.69%
Participation: all workshop attendants had the opportunity to

participate
7.69% 30.77% 53.85% 7.69%

Clarity: the roadmapping process was clear 7.69% 92.31%
Ease of use: it was easy to perform the roadmapping process 46.15% 46.15% 7.69%
Appropriateness: the designed process fitted the specific

context
15.38% 69.23% 15.38%

Relevance: the roadmapping process and the constructed
roadmaps were relevant

15.38% 15.38% 61.54% 7.69%

Usefulness: the roadmapping process and the constructed
roadmaps will be useful

23.08% 61.54% 15.38%

Facilitation: process facilitation by outsiders was useful 7.69% 84.62% 7.69%
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intensive consensus-seeking initiative. A quicker and lighter version of the process may be desirable in other applications.

5.2. Timeframe-based process

The reported experience proposes a timeframe-based process. It proved to be beneficial in many specific ways. Firstly, it indeed
facilitated the introduction of roadmapping in P3D. Thus, the proposed process played helped to overcome common challenges
imposed on the first roadmap-based intervention in an organization (c.f. Phaal et al., 2010).

Additionally, sequencing roadmapping stages according with a roadmap time axis provided, not only a quicker way to grasp the
visual language, but also the attainment of high-quality outcomes at each stage. Having a part of the process exclusively focused on
past-to-present issues helped participants to better appreciate the organizational background and path dependencies (Bell and Pavitt,
1995; Figueiredo, 2002) before launching themselves into future-oriented discussions (c.f. Freitas et al., 2013). Moreover, in as-
signing the same weight to past and future, it allowed participants to appropriately identify points of alignment between their stories
much earlier in the process, leading to the construction of past-oriented roadmaps that were solid enough to be seen as a valuable
result on their own (see Fig. 2).

Finally, the timeframe-based process neither imposed on participants the possibly overwhelming demand to construct a complete
roadmap at once nor left them with multiple separately filled layers to be consistently aligned in one final charting step – as
emphasized by Geum et al. (2015). By treating each main time interval separately and approaching layers in an integrated manner in
each stage, this alternative proposal helped to tackle complexities associated with the scope-based and layer-based sequences, re-
spectively.

Nevertheless, it may be argued that this arrangement of the process – first, past; then, future – can hinder the ideation of radical
innovations. Although we recognize this as valid tension, the associated concerns should be lightened in environments where in-
novation is predominantly a result of codified scientific and technical knowledge. Thus, past trajectories must be considered (among
other inputs) in suggesting collectively meaningful paths forward.

5.3. Overlooked organizational strengths and weaknesses

The current RMA emphasis on “opportunity” as an external element may hinder a deeper appreciation of internal strategic factors
and relevant inside-out strategies. Therefore, we propose a broader recognition of strengths and weaknesses during roadmapping. In
the case here reported, constructing roadmaps was strongly helpful in highlighting organizational strengths and weaknesses, which
were previously unacknowledged due to the complexity of the technological dynamics and the rigid internal boundaries of the
scientific unit. Thus, designing the structure of roadmaps in a way that may visually indicate “where” the organization is can also be
helpful (Fig. 3). Therefore, given its potential benefits, investing more on the “inside and backwards” logic in roadmap-based ex-
plorations is neither a possible distraction nor a loss of time.

5.4. Sectoral contingencies and the refinement of management methods and tools

Since every method or tool is a product of its context (Cheng, 2003), research advances in new managerial approaches intended to
support innovative efforts in organizations (such as the RMA) must carefully consider the exploitation of sectoral contingencies for
guiding (and evaluating) refinements or even support new propositions. In the present research, such a possibility arose as a relevant
strategy to unwrap assumptions that characterize the classical RMA, discuss its prescriptions in the light of new contingencies and test
new ways to adapt and improve current theory. So, findings about the limitations and potentialities of the approach become better
grounded. In the case reported, this rationale allowed the research team to explore the RMA flexibility without loosing its structured
character.

Additionally, throughout this AR project, much of what the research team initially interpreted as new insights that emerged from
the field, were, in fact, predictable manifestations of sectoral contingencies in the specific organizational set. These contingencies, if
first scrutinized and leveled among the participants could lead to a more efficient learning process and decision making. Conversely,
reflections motivated by such contingencies seem to be helpful in dealing with the typical generalization problems of single-case
research.

5.5. Implications for current paradigms in innovation management

At first sight, conducting roadmapping in a time-frame basis or mapping multiple areas of interest instead of just one – among
other particularities of this study – may sound just as obvious, although unexplored, options. Nonetheless, these aspects fostered
reflections on method and its basic assumptions as well as the application in the given context. The following topics explore these
implications, detailing in which ways the study contrasts to the dominant literature.

i Conducting roadmapping in a time-frame basis dramatically changes the workshop dynamics, as so as the mediation skills re-
quired from RMA specialists. Taking the case here reported, science-intensive organizations are characterized by poorly integrated
structures and weak communication among departments or even among R&D people from different disciplines. Each “micro
organization” has its own language and way to measure its advances. Thus, challenges concerning the collaborative setting of
common goals are intensified. A typical pharmaceutical organization deal with long development times (central layers),
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challenging social demands and regulatory protocols (layers above); and complex funding structures, networks and technological
infrastructure (layers below). Our proposal directly tackles with this challenge by using the time-frame basis as a robust in-
tegration approach.

ii Technical-scientific advances can trigger multiple opportunities in different fields of application, which has no parallels in cases in
which the product architectures are more stable (e.g. automobiles or electronic devices). Thus, slow planning, one step at a time,
can be preferable to roadmapping faster. Like a chess game, the full potential of each movement is not clear before we simulate
many possibilities forward. Moreover, some sectors like the pharmaceutical face a mad-race among substitute (sometimes
complementary) solutions for the same problems. Medicines, medical devices, various alternative therapies, preventive actions of
a social nature (especially in the case of zoonoses), among others require constant monitoring since they can strongly impact on
the strategic decisions in OI.

iii Contingency adaptation of tools, methods and other management approaches is a prominent – if not urgent – alternative in
innovation research. The generalist pretension of typical managerial approaches after successful applications in their original
environments often falls in the face of the challenges imposed by new organizational contexts. As a consequence, methods of great
prominence seem to get old, whilst new “one fits all” promises come to be the new management fashion (e.g. design thinking, lean
startup). Contingency adaptations of well-known methods (e.g. RMA, QFD), or even of the new ones, go against this way by taking
advantage of consolidated knowledge, but deeply exploring its limits and subjacent assumptions. Studies like Shenhar and Dvir
(2007); Salerno et al. (2015) (in project management and innovation processes fields respectively) illustrate this effort.

iv By building past and past-to-present roadmaps we contrast the dominant approach of outside-in to OI, that reinforces the notion
that true innovations always come from punctual revolutions. At least for an organizational perspective, an inside-out rationale is
especially required by certain types of companies and sectors that are strongly path-dependent. As the present case confirms, some
innovations results from mature technological capability, built upon decades of experience, acquisition of specialized assets and
learning processes. This environment claims for adapted approaches to innovation management such as RMA.

6. Conclusions

This paper reports an action research project conducted to design and implement an alternative roadmapping approach, in an
attempt to adapt RMA in its capacity to tackle opportunity identification problems in an extremely complex strategizing situation
found in pharmaceutics, a typical example of a science-intensive sector (Pavitt, 1984). The research setting was a R&D institution – a
major technical-scientific unit of the Brazilian Ministry of Health, where many contextual factors made the need to identify op-
portunities for drug discovery and development for neglected diseases an amazingly entangled challenge.

Results suggest that the designed RMA could satisfactorily support OI in this situation. Moreover, the analysis of these results led
to discussions that may be valuable to the development of roadmapping practices and other managerial approaches intended to
support innovation management in organizations.

Important sectoral contingencies of the pharmaceutical industry could be observed and influenced many decisions made during
research, raising considerations on how such contingencies may fuel research in management topics. In relation to the roadmapping
literature, this paper adds an alternative proposal on how to conduct the roadmap construction process, namely: by considering
multiple areas of interest in parallel and sequencing the stages according to the roadmap time axis. Potential benefits of these
methodological shifts were presented, based on the AR project evidence. In addition, the ability of this new RMA to highlight
previously unacknowledged organizational strengths and weaknesses was stressed in contrast to the potential bias of the original
approach towards external strategic factors.

Therefore, summing up with other recent reported experiences with RMA, this research is connected to the new generation of
studies in this field, as well as with research demands. The present contributions also inspire future work at least in the following
topics (i) working on the refinement of practical applications to establish innovation-related approaches as systematized disciplines
(including the integration of tools and methods into innovation management systems, aiming at consolidating innovation as a routine
in organizations); (ii) integrating sectoral-technological and organizational specificities to the analysis to support roadmapping in
industry level, especially for emergent complex chains such as nanotechnology or internet of things; (iii) exploring the interface
between roadmapping and innovation/corporate strategy for high dynamic sectors; and (iv) proposing new contingency adaptations
for consolidated tools and methods, expanding their potential to support innovation initiatives and organizational integration. We
hope that this accumulation of case studies and action research interventions in diverse contexts contribute to the development of
new concepts, theories and practices related to roadmapping and innovation management.

Acknowledgements

The authors gratefully acknowledge our research assistants: Júlio Melo, Juliana Paolucci, Verônica Soares, Denise Golgher and
Adriana Moura. This research was funded by CNPq (Conselho Nacional Científico e Tecnológico − Brazil), Fapemig and Fiocruz. The
first author also acknowledges support from Prof. Louis Jacques Filion (HEC Montréal) and YHWH.

References

Albright, R.E., Kappel, T.A., 2003. Roadmapping in the corporation. Res.-Technol. Manage. 42 (2), 31–40.
Alvarez, S.A., Barney, J.B., Anderson, P., 2013. Forming and exploiting opportunities: the implications of discovery and creation processes for entrepreneurial and

J.S. Freitas et al. Journal of Engineering and Technology Management xxx (xxxx) xxx–xxx

12

http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0005
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0010


organizational research. Org. Sci. 24 (1), 301–317.
Bagno, R.B., Salerno, M.S., Silva, D.O., 2017. Models with graphical representation for innovation management: a literature review. R&D Manage. 47 (4), 637–653.
Balogun, J., Huff, A.S., Johnson, P., 2003. Three responses to the methodological challenges of studying strategizing. J. Manage. Stud. 40 (1), 197–224.
Bell, M., Pavitt, K., 1995. The development of technological capabilities. Trade, Technol. Int. Compet. 22 (4831), 69–101.
Butler, D., 2008. Crossing the valley of death. Nature 453 (7197), 840.
Caetano, M., Amaral, D.C., 2011. Roadmapping for technology push and partnership: a contribution for open innovation environments. Technovation 31, 320–335.
Carvalho, M.M., Fleury, A., Lopes, A.P., 2013. An overview of the literature on technology roadmapping (TRM): contributions and trends. Technol. Forecast. Soc.

Change 80 (7), 1418–1437.
Checkland, P., Holwell, S., 1998. Action research: its nature and validity. Syst. Pract. Action Res. 11 (1), 9–21.
Cheng, L.C., 2003. QFD in product development: methodological characteristics and a guide for intervention. Int. J. Quality Reliab. Manage. 20 (1), 107–122.
Coughlan, P., Coghlan, D., 2002. Action research for operations management. Int. J. Oper. Prod. Manage. 22 (2), 220–240.
Eden, C., Huxham, C., 1996. Action research for management research. Br. J. Manage. 7 (1), 75–86.
Eisenhardt, K.M., Graebner, M.E., 2007. Theory building from cases: opportunities and challenges. Acad. Manage. J. 50 (1), 25–32.
Eppler, M.J., Platts, K.W., 2009. Visual Strategizing: the systematic use of visualization in the strategic-planning process. Long Range Plann. 42 (1), 42–74.
Figueiredo, P.N., 2002. Learning processes features and technological capability-accumulation: explaining inter-firm differences. Technovation 22 (11), 685–698.
Foladori, G., 2003. La privatización de la salud. El caso de la industria farmacéutica. Revista internacional de sociología 61 (34), 33–64.
Freitas, J.S., Gonçalves, C.A., Cheng, L.C., Muniz, R.M., 2013. Structuration aspects in academic spin-off emergence: a roadmap-based analysis. Technol. Forecast. Soc.

Change 80 (6), 1162–1178.
Freitas, J.S., Mudrik, J.A.T., Melo, J.C.F., Bagno, R.B., Oliveira, M.G., 2017. On the combination of strategy and innovation tools with Roadmapping: exploring

taxonomies and sequences. In: IAMOT 2017 Proceedings of International Association for Management of Technology. Vienna. pp. 1–16.
Geum, Y., Lee, H., Lee, Y., Park, Y., 2015. Development of data-driven technology roadmap considering dependency: an ARM-based technology roadmapping. Technol.

Forecast. Soc. Change 91, 264–279.
Groenveld, P., 2007. Roadmapping integrates business and technology. Res.-Technol. Manage. 50 (6), 49–58.
Gummesson, E., 2000. Qualitative Methods in Management Research. Sage.
Huang, L., Zhang, Y., Guo, Y., Zhu, D., Porter, A.L., 2014. Four dimensional science and technology planning: a new approach based on bibliometrics and technology

roadmapping. Technol. Forecast. Soc. Change 81, 39–48.
Hutzschenreuter, T., Kleindienst, I., 2006. Strategy-process research: what have we learned and what is still to be explored. J. Manage. 32 (5), 673–720.
Jeong, Y., Yoon, B., 2015. Development of patent roadmap based on technology roadmap by analyzing patterns of patent development. Technovation 39, 37–52.
Khalifa, A.S., 2008. The strategy frame and the four Es of strategy drivers. Manage. Dec. 46 (6), 894–917.
Möhrle, M.G., Isenmann, R., Phaal, R. (Eds.), 2013. Technology Roadmapping for Strategy and Innovation: Charting the Route to Success. Springer Heidelberg.
Mccarthy, R.C., 2003. Linking technological change to business needs. Res.-Technol. Manage. 46 (2), 47–52.
Mckelvey, M., Orsenigo, L., 2001. Pharmaceuticals as a Sectoral Innovation System. ESSY Project (European Sectoral Systems of Innovation) (November.).
Morrison, A., Pietrobelli, C., Rabellotti, R., 2008. Global value chains and technological capabilities: a framework to study learning and innovation in developing

countries. Oxford Dev. Stud. 36 (1), 39–58.
Oliveira, M.G., Fleury, A.L., 2015. A framework for improving the roadmapping performance, PICMET ‘15. In: Proceedings of Portland International Center for

Management of Engineering and Technology. Portland, OR. pp. 2255–2263.
Oliveira, M.G., Rozenfeld, H., 2010. Integrating technology roadmapping and portfolio management at the front-end of new product development. Technol. Forecast.

Soc. Change 77, 1339–1354.
Pavitt, K., 1984. Sectoral patterns of technical change: towards a taxonomy and a theory. Res. Policy 13 (6), 343–373.
Phaal, R., Muller, G., 2009. An architectural framework for roadmapping: towards visual strategy. Technol. Forecast. Soc. Change 76 (1), 39–49.
Phaal, R., Farrukh, C.J.P., Probert, D., 2001. T-Plan: the Fast-start to Technology Roadmapping – Planning Your Route to Success. University of Cambridge, Institute

for Manufacturing, Cambridge.
Phaal, R., Farrukh, C.J.P., Mitchell, R., Probert, D.R., 2002. Starting up technology roadmapping fast. Res.-Technol. Manage. 46 (2), 52–58.
Phaal, R., Farrukh, C.J.P., Probert, D.R., 2004. Technology roadmapping – a planning framework for evolution and revolution. Technol. Forecast. Soc. Change 71 (1-

2), 5–26.
Phaal, R., Farrukh, C.J.P., Probert, D.R., 2007. Strategic roadmapping: a workshop-based approach for identifying and exploring strategic issues and opportunities.

Eng. Manage. J. 19 (1), 3.
Phaal, R., Farrukh, C.J.P., Probert, D.R., 2009. Visualising strategy: a classification of graphical roadmap forms. Int. J. Technol. Manage. 47 (4), 286–305.
Phaal, R., Farrukh, C.J.P., Probert, D.R., 2010. Roadmapping for Strategy and Innovation −aligning Technology and Markets in a Dynamic World. University of

Cambridge, Institute for Manufacturing, Cambridge.
Phaal, R., Kerr, C., Oughton, D., Probert, D., 2012. Towards a modular toolkit for strategic technology management. Int. J. Technol. Intell. Planning 8 (2), 161–181.
Probert, D.R., Farrukh, C.J.P., Phaal, R., 2003. Technology roadmapping −developing a practical approach for linking resources to strategic goals. Proc. Inst. Mechan.

Eng. Part B: J. Eng. Manuf. 217, 1183–1195.
Riordan, P., 1995. The philosophy of action science. J. Manage. Psychol. 10 (6), 6–13.
Rosenhead, J., Mingers, J., 2001. Rational Analysis for a Problematic World Revisited −Problem Structuring Methods for Complexity, Uncertainty and Conflict, 2nd

Ed. Chinchester, Wiley.
Salerno, M.S., Vasconcelos, L.A.G., Silva, D.O., Bagno, R.B., Freitas, S.L.T.U., 2015. Innovation processes: which process for which project? Technovation 35, 59–70.
Schumpeter, J.A., 1934. The Theory of Economic Development: An Inquiry into Profits, Capital, Credit, Interest, and the Business Cycle. Transaction publishers.
Shane, S., Venkataraman, S., 2000. The promise of enterpreneurship as a field of research. Acad. Manage. Rev. 25 (1), 217–226.
Shenhar, A.J., Dvir, D., 2007. Reinventing Project Management: the Diamond Approach to Successful Growth and Innovation. Harvard Business Review Press.
Short, J.C., Ketchen, D.J., Shook, C.L., Ireland, R.D., 2010. The concept of opportunity in entrepreneurship research: past accomplishments and future challenges. J.

Manage. 36 (1), 40–65.
Showalter, H.H., Denny, W.A., 2008. A roadmap for drug discovery and its translation to small molecule agents in clinical development for tuberculosis treatment.

Tuberculosis 88, S3–S17.
Sommer, S.C., Loch, C.H., 2004. Selectionism and learning in projects with complexity and unforeseeable uncertainty. Manage. Sci. 50 (10), 1334–1347.
Teece, D.J., 1986. Profiting from technological innovation: implications for integration, collaboration, licensing and public policy. Res. Policy 15 (6), 285–305.
Tierney, R., Hermina, W., Walsh, S., 2013. The pharmaceutical technology landscape: a new form of technology roadmapping. Technol. Forecast. Soc. Change 80 (2),

194–211.
Torres, R.L., Hasenclever, L., 2016. Technological capability building in the brazilian pharmaceutical industry. Latin Am. Business Rev. 17 (3), 223–244.
Trouiller, P., Olliaro, P., Torreele, E., Orbinski, J., Laing, R., Ford, N., 2002. Drug development for neglected diseases: a deficient market and a public-health policy

failure. Lancet 359 (9324), 2188–2194.

J.S. Freitas et al. Journal of Engineering and Technology Management xxx (xxxx) xxx–xxx

13

http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0010
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0015
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0020
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0025
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0030
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0035
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0040
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0040
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0045
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0050
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0055
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0060
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0065
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0070
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0075
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0080
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0085
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0085
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0090
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0090
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0095
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0095
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0100
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0105
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0110
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0110
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0115
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0120
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0125
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0130
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0135
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0140
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0145
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0145
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0150
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0150
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0155
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0155
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0160
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0165
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0170
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0170
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0175
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0180
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0180
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0185
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0185
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0190
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0195
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0195
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0200
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0205
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0205
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0210
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0215
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0215
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0220
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0225
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0230
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0235
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0240
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0240
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0245
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0245
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0250
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0255
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0260
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0260
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0265
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0270
http://refhub.elsevier.com/S0923-4748(18)30018-3/sbref0270

	Adapting the roadmapping approach to science-intensive organizations: Lessons from a drug development program for neglected diseases
	Introduction
	Theory
	Roadmapping for opportunity identification
	Pharmaceutical industry: new contingencies for RMA

	Methodological considerations
	Case description and results
	The approach’s process
	The outcomes of the approach
	Roadmaps
	Choice of an area of interest
	Portfolios of opportunities

	The assessments and feedback of the approach

	Discussion and implications for theory and practice in innovation management
	Alternative areas of interest
	Timeframe-based process
	Overlooked organizational strengths and weaknesses
	Sectoral contingencies and the refinement of management methods and tools
	Implications for current paradigms in innovation management

	Conclusions
	Acknowledgements
	References




