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1. STATEMENT OF PROBLEM

The academic spin-offs may face highly mutant cxste marked by
unforeseeable uncertainties, which are relatebdortability of articulating, in advance,
all the variables relevant to business performgi&@MMER; LOCH, 2004) and the
complexity, which consists in the difficulty of magipg the variables and their
functional relationships (SOMMER; LOCH, 2004), tlenergence of events, the
ambiguity and the non-linearity in the developmemurse of the new venture
(BORGATTI, 2008; DEMO, 2002; AUTIO, 1997). In sucbntexts, the survival of an
academic spin-off is directly related to the apildf entrepreneurs to restructure the
business in face of the emergence of unforeseeafbertainties and complexity
(SOMMER; LOCH; DONG, 2009), learning and unlearnwi¢h the new (VOHOR Aet
al., 2002), which may require new approaches to nemagt (PICH; LOCH; MEYER,
2002). Based on literature review, on an internaentn the light of action research and
on three case studies, this article will proposgraamic approach that seeks to integrate
two processes: the roadmapping and the implementafithe technology roadmap.

Technology Roadmapping method has been spreadohgarsolidating as one
of the most recognized management techniques foosumnovation and strategy for
firms and industry (PHAAL; MULLER, 2009; LEEt al., 2009; PHAAL et al., 2004).
The method has been used to design policies arelagestrategic plans for innovation
and development of sectors. It has been used fwosuip forecasting the evolution of a
technological trajectory (PHAAEt al., 2004). For example, roadmaps designed by the
semiconductor industry in the United States to wustded the evolution of
semiconductors and to align efforts among the wariactors involved, such as
companies, universities and research instituteghdncontext of firms, the method has

been used to assist firms on the challenge of malith the evolution and revolutions



caused by radical innovations (VOJAK; CHAMBER, 200generating as main benefit
an improvement on communication (usually graphi¢htfpughout the organization,
aligning different perspectives such as technoligand commercial, allowing a better
balance between technology push and market pulAfHMULLER, 2009; PHAAL

et al., 2004).

Despite the growing number of publications on tiRM[ there are few studies
dealing with its application in the context of aeadc spin-offs. Which is impressive,
after all one of the central problems in this kofdrenture is precisely the technological
planning activity, seeking to assist the transitbdtechnology from the academic world
to the market world (ROBERTS, 1991; SHANE, 2004#)tHe context of spin-offs, the
TRM method would allow entrepreneurs to better usiaed the possible unfoldments
of a technology and emerging technological trajgcteeeking to identify new products
and services that could be offered to the market.

The academic spin-offs can be defined as organizatireated in order to allow
a formal or informal transfer of technology and whedge generated in institutions of
science and technology (universities, researchecgnetc.) by launching products and
services on the market (HEIRMAN; CLARYSSE, 2007; A¥ME, 2004; ROBERTS,
1991). This kind of firm has attracted the attemtoid academic and policy communities
over the last two decades due to the possibilitgyesferating wealth from the results of
academic research (MUSTAdRal., 2005).

One of the major problems in supporting the creaiod management of this
kind of firm is that much of the management litaratis still predominantly focused on
assisting managers at established and stable sedtolustries, markets or niches
(SARASVATHY, 2001). Traditional methods of plannjnigcluding the Technology

Roadmap in its original conception (PHAAd al., 2004), are better suited to analyze



existing contexts in which products, customers acoimpetitors are known
(SARASVATHY, 2001; DAY et al., 2000). The creation of new markets through the
introduction and commercialization of radical inatiens, as is the case and the
purpose of creating an academic spin-off, requr@s management approaches (see
BIAZZO, 2009; PHILLIPSet al., 2006; O'CONNOR, 1998; 2005; DAt al., 2000),
even for the planning process (SOMMER; LOCH, 20CQURTNEY, et al., 1997)
and therefore the technology planning.

These new management approaches aim to deal weh utiforeseeable
uncertainty and the complexity present at birtiinathe formation of a sector, industry,
market or niche. Phaat al. (2004) suggests that the TRM can be applied rioutant
and dynamic contexts, but these researchers addndgghe foreseeable uncertainty
(being aligned with the authors of the traditionsk management). Phaal et al. does not
suggest how unforeseeable uncertainty and complekituld be managed. This paper
aims to fill this gap by proposing a new processadEdmapping, more suitable for
academic spin-offs.

In this sense, this work has three contributioriee first consists in proposing a
new process to facilitate the application of theht®logy roadmap (TRM) in the
context of an academic spin-off, according to faracteristics, such as being born in a
non-commercial environment, the transition it gttesugh from the world of science to
the market and the lack or scarcity of resourcesasents. The proposed road mapping
is different from the T-Plan, intended to serveaaseference for companies without
experience in the technique (PHAAd al., 2004). The T-Plan consists in a guide
structured in four workshops, which aims to quicktgrt TRM method. However, the
T-Plan appears more suitable for firms establishadore mature contexts or markets.

Furthermore, the roadmapping is a further steptrateggic planning, being fed of its



decisions. The second contribution of this workoisncorporate the strategic planning
to roadmapping. The results obtained in field redeauggest that the roadmapping is a
simultaneous process to strategic planning. Thesdts indicate that strategic planning
does not follow the logic of one type fits all. B&se of the uncertainty and complexity,
the formation of the new venture strategy combibeth deliberate and emergent
strategies (MINTZBERG, 2004), modifying and beingdified by the emergence of
new events, information and learning throughoutdéeelopment of the enterprise. The
third contribution is to propose the integrationtween the development and
implementation of TRM, treated separately in theréture.

In order to achieve the intended objectives, th&larwas organized in four
parts. The first provides a review of the literatuwon the technology roadmapping
method, complex thinking and paradigm of complexipnd new management
approaches. The second stage presents the defindgimd description of the
methodological strategies. On the third stage @aigied out an analysis of the results
obtained in the field and it is suggested an impm@nt on the practice of technology

roadmapping method, employing a dynamic approach.

2. METHODOLOGICAL BACKGROUND

This paper is aligned with a recent effort of thenagement literature,
particularly of the strategy, to understand thectica of the use of methods, techniques
and concepts. In this sense, this paper combinesstrategies: three case studies and
action research.

Through the employment of case studies methodolagyvas possible to
understand the whole process of application andptatan of the technology

roadmapping method to assist the processes otrdtegc and technological planning



of an academic spin-off. The methodological framdwtbat assisted the structuring of
the case study is based on Eisenhardt (1989) asdeval. (2002).

Based on lessons learned in the case study, wgnéesa structured guide to
assist in strategic and technological planning cfpa-off. This step contributes to
practice, while trying to solve a real problem, andheory, allowing the proposal a
new structured process of technology roadmappialgogation and implementation. To
outline the methodological background for actioseagch, this work was inspired by
the framework proposed by Miguel (2009): Eden andhém (1996), Thiollent (1997),
Checkland and Holwell (1998), Coughlan and Coglt202).

2.1. Case Study background

Vosset al. (2002) argue that the methodology of case stsighaiticularly useful
when the goal of a research is to attain a deegrstahding of a phenomenon (or
method), in order to propose a new model or a i@oery (EISENHARDT, 1989). This
is consistent with the purpose of the researchprtipose a dynamic approach to
technology roadmapping method for academic spis-ofthis study will seek to
understand which are the process variables in dméegt of academic spin-offs and
relationships between them.

To meet the goals of this research, field researad structured as follows: i-
drafting of protocols and research tools ii-defomt of an universe of criteria for
defining potential cases to be investigated; iiesgon of cases, iv-conduction of field
research, and v- the model proposition.

Vosset al. (2002) point out that the validity of the resuttistained in a case
study depends on the rigor of the design of thdopamds and research tools. The

protocols were developed from the review of theréiture on strategic planning,



technology roadmap and academic spin-offs. Thestoguls correspond to the key
guestions that guided the preparation of questioesm#hat were applied in the cases.

The approach chosen for the selection of casesint@stional or theoretical,
which is appropriate when the objective of the aedle is to propose or develop a new
theory or model (EISENHARDT, 1988). A list of teotpntial spin-offs that could be
studied was elaborated. For the selection of cisbe investigated, three criteria were
analyzed: i- relevance ii- being born to exploitaalical innovation, and iii- having
applied the method to support the strategic anahita@ogical planning. Three of the ten
spin-offs from the original list have met the abavieeria: spin-off (A), spin-off (C) and
spin-off (D),

The spin-off A was investigated for 12 months, vwhaétlowed us to accompany
the evolution of the undertaking, the issues thasefor its viability and the process of
elaboration and implementation of the technologydroapping. For that, we
interviewed all the spin-off's founders (i.e. 10@¥human resource development). The
spin-off C and D were investigated for 3 months. Weerviewed all the spin-offs
founders.

The results of this phase of research contribtgete construction of a dynamic
approach for technology roadmapping. This approeas applied in the light of action
research.

2.2. Action Resear ch background

Action research is an empirical methodology deéiddb the intervention in a
real organizational context, with the purpose aoheing a problem or a problematic
situation with the involvement of researchers aadigipants representing the context
(THIOLLENT, 1997). Action research is a methodologgused on social situations

that deal with subjective aspects such as worlavsjepolitical and cultural aspects



(CHECKLAND; HOLWEEL, 1981). The scholars of this thedology do not make

assumptions, but act on problems and challengaa ofganizational nature (MIGUEL,

2009).

Coughlan and Coghlan (2002) enrich the understgnaolirihis strategy research

by proposing a set of characteristics, describetaiple 1. These characteristics served

to structure and organize

the intervention.

Features

Theintervention made

The researcher takes
action (its role is not
limited to an observer)

The researcher participated in weekly meetings with
entrepreneurs in order to apply and adapt the tdobw
roadmapping method. This allowed us to attain &eb
understanding about the difficulties and about hoe
method was applied in practice.

1%

Action research has two
objectives: i-solve a
problem; ii-contribute to
science

The problem to be solved was the strategic
technological planning. The contribution to thed#ture
iIs the proposition of a new approach to technol
roadmapping, different from the current T-Plan apgh
(Phaal et al., 2004)

and

ogy

Action research is
interactive (cooperation
and interaction among

stakeholders)

Miguel (2009) suggests two dimensions to measuee
interactivity: the intensity (with stakeholders) danthe
extension. The intensity involves all the found
members of the company, while the extension cat
of weekly meetings of three hours over 28 weeks
addition to several informal visits to the laborgto

th

ng
st

Action research aims to
develop a holistic
understanding

To carry out the strategic and technological plagnof
the venture it was required to carry out a broabrtétical
study: i-literature of strategic planning of thaditional
type Porter (1985) and Mintzberg (2004), ii-Teclugyl

Iv - complexity theory and complex thinking, and
knowledge management. The study also had a
empirical scope involving interviews with the ditecof
the incubator, investors, technology transfer eicother
entrepreneurs and businessmen, formal and inforisiss
to suppliers, etc..

Action research is
fundamentally related to
change

The spin-off is an undertaking that representsaasition
(change) from an academic environment (not comrakr
to a commercial and capitalist one. The interven
aimed to assist in this process of change.

Action research may

include different methods

and techniques of data
collection (quantitative

The conduction of the research employed qualitg
5 techniques for data collection as writing a boararyd
minutes of meetings, elaboration of presentatianste
team of entrepreneurs and other actions.

and qualitative)

Roadmappping literature iii-new management appres\¢

V_
arge

ci
tio

tive




Action research should beThe formal and informal contact with researchers2®
conducted in real time (a weeks allowed us to monitor in real time all thieisimas

case study "live") and problems involved with strategic planning and
technological development (implementation) of bass

Action research requires The criteria developed to measure the quality af |th
its own criteria for quality| intervention were feedback presentations to rebeses

evaluation. on the planning of academic spin-offs, with entesgurs,
consultants, and participating in events and ptesens
to investors.

\J

Table 1 - Adapted from Miguel (2009)

Table 1 shows the relationship between the desihedacteristics for carrying
out a search in the light of action research anctwhas done in practice. The
credibility and validity of a search increases witle accuracy of these characteristics.
Besides, the research was also structured in ghe df the research of Coughlan and

Coghlan (2002), in three phases: preliminary stddyjng cycle and a target phase.

3. BACKGROUND THEORETICAL
3.1. Technology Roadmapping

Since its initial development at Motorola in thés/@he approach of Technology
Roadmapping has undergone significant developmeatsied out by researchers and
practitioners of the method, especially from exgeces in the context of established
firms in different sectors such as automotive, rimé¢ software, energy, etc. These
developments are associated with a better undeéistanof the processes of
roadmapping and customization of the roadmap (PHA&Lal., 2004; PHAAL,;
MULLER, 2009; LEE; PARK, 2005), the employment atheethods, tools and
techniques, as scenario analyses (ROMMES; AMERIZA6), the Quality Function
Deployment (MARTINICH, 1997) and the developmentdferent approaches for the
roadmapping, such as the technological (LdE@l., 2009) and the market (PHAA&

al., 2004).



There are several ways to prepare a roadmap, buhdéoquick start method,
especially for cases in which practitioners are faatiliar with the technique, Phaet
al. (2004) proposed the T-Plan, a guide on how to ldpva technology roadmap based

workshops (figure 1).
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Figure 1 — Technology roadmap
Sour ce: Adapted from Phaad al (2004).

The T-Plan is a guide, structured around four wooks (market, product,
technology and making the statement), the resuliogument is the technology
roadmap. The information and strategic guidelinesduduring the four workshops
reflect the decisions from the Strategic PlanniRHAAL et al., 2005). From this
perspective, the technology Roadmapping is a stdipel strategic planning process that
serves to capture and communicate its results.

According Phaatt al. (2005), companies can use an approach of Po(i85)
kind to identify the five classes of competitivedes that impact on an organization,
located in a particular industry, which will proeida deeper understanding of the
context in which the roadmap will be developedtah also be used in SWOT analysis
technique, which analyzes the strengths and weaksed a firm relative to its external
environment, thereby establishing a generic comipetstrategy of the cost type or
differentiation (PHAALet al., 2004).

After the completion of the strategic planning anddmapping, we obtain the

first-curt technology roadmap (PHALEt al., 2004). According to the authors, to
10



increase the benefits of the method, the compamuldhundertake a process of
customization, adapting the method to its contexd d@s goal. Phaa&t al. (2005)
employ the concept of funnel strategy to understiwedliinkage between the strategic

planning process, the roadmapping and the custdiomzdigure 2).

Process funnel (e.g. strategy, new product development, design)
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Figure 2- Business process and roadmapping
Source: Phaadt al., (2005)

Phaalet al. (2005) describe that initially the requirements fuid, the concepts
are chaotic, and there are many uncertainties, nootypns, few restrictions and
assumptions. After an iteration process, consuraffat, time and resources dedicated
to improving the roadmap, there would be a stagehich the requirements are clear
and stable, the concepts are fluid, and the unn&ds and risks are few (PHAA# al.,
2005). After this iteration process, the TRM iso4en” for its implementation.

In the context of academic spin-offs, it is neces$a conceive a new approach
for the technology roadmapping method. First, bseathe approaches of strategic
planning (PORTER, 1985) are more suitable for distadd firms in existing and more
stable contexts, with established markets, conast@dl production chains, customers

and competitors known (TIDEt al., 2005; MINTZBERG, 1994). Second, because the
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T-Plan is a consolidation of the decisions takerstiategic planning (PHAAIet al.,
2004), while in an academic spin-off, the stratgganning involves the whole birth of
the business. The unforeseeable uncertainties amglexity require an approach to
planning different from the kind one fits all (GOMESALERNO, 2008; COURTNEY
et al., 1997; MINTZBERG, 1994). The traditional approachethnology roadmapping
manages foreseeable uncertainties. For this kinghoértainty, it could use traditional
approaches of risk management (SOMMER; LOCH; 200&H; LOCH; MEYER,
2002). Third, Phaadt al., (2005) do not discuss how and what should be twetefnd
the iterative process to customize the technologgimap to business context. Fourth,
the roadmapping and customization process areapatrated from the implementation
of the technology roadmapping. In an academic sffithere is no clear separation
between the process of planning and implementaf@@MES; SALERNO, 2008).
These two processes overlap and affect each dB@MES, SALERNO, 2008), which
requires an integration between the two. And sittik,development of acadensain-
offs may have a non-linear behavior, being subject & d@mergency of events and
sudden changes of direction (VOHOR#al., 2004; AUTIO, 1997), it may require a
new paradigm and a new way of thinking.
3.2. The paradigm of complexity

The paradigm of complexity has been developed astempt to address issues
that the Cartesian paradigm and the systemic parathiled to address (BORGATTI,
2008). These issues are related to the propertiemergence, dynamics, nonlinearity,
chaos and unpredictability of certain phenomenaRB@TTI, 2008). The scholars of
the System Theory argue that complexity is conated as a large set of variables on
which it is not possible to map the number of Jalea and intensity of relations

between them. From the perspective of theorists thimkers of the complexity, the
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complexity goes beyond the issue of set size aaduhctional relationships between
variables. According to Demo (2002), the complexityolves, in addition to this
characteristic, some others like:
= Dynamicity: it cannot be complex if it is not alfieof opposing forces, in which
any stability is always a temporary rearrangemeaiiified by endogenous and
exogenous forces, emerging events, etc;
* Non-linearity: what is complex cannot be completi@hear. It is important to
note that part of reality follows a linear orderdathe other part follows a
nonlinear behavior.
* Ambiguity: it is not complex if all the parts andet whole can be completely
modeled and the relationships between them idedtifi
By adopting the perspective of the complexity daga to support a dynamic
approach to the TRM, we do not intend to deny theartant contribution made by the
authors of Systems Theory and Systems Thinking. gb&l is to add the issues
addressed by researchers and theorists of complekitus, this paper seeks to
contribute in a major challenge for researchers mwathagers, which is to deal with
complexity not only as a assumption of a socialngineenon (a problematic situation),
but seek ways to operationalize the concept.
3.3 New approachesfor managing uncertainty and complexity

In new contexts in which economic artifacts areated, such as firms, markets
and industries, the agents have to play a diffegante (DAYet al., 2000), which is not
based solely on the logic of causality, presentifferent methods of management
(SARASVATHY, 2001).
In order to build a way of assisting decision makier act in such contexts, Sarasvathy

(2001) proposes the effectuation, which consises @éhange in the logic of dealing with
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the future: considering the means (which couldds®urces), the decision maker tries to
control the possible effects. This logic is differérom the causal model used by Porter
(1985), in which, based on the desired effect (aegm position in the industry) the
means (e.g. products and services) to reach th&RASVATHY, 2001) are defined.
The effectuation is based on four principles:

1. Minimize the loss rather than maximize profits;

2. Strategic alliances rather than competitive angjysi

3. Exploration of contingencies rather than existing\ledge;

4. Control of an unpredictable future rather thanedmtion.

There is another important set of papers thatrgiteo characterize and deal
with the unpredictability of the future (PITCH; L® MEYER 2002; SOMMER;
LOCH, 2004; SOMMER; LOCH; DONG, 2009). For this sétauthors, the approaches
of traditional risk management are more focusedhenforeseeable uncertainties. The
unforeseeable uncertainties and complexity (in #ystemic sense) require new
approaches to management (PITCH; LOCH; MEYER 200Zp cope with
unpredictable decisions under uncertainty and ceriyl Sommer and Loch (2004)
suggest two approaches to management: Learningalettionism. The Learning by
trial and error can be defined as flexible planniadjusting the goals and plans drawn
up in accordance with the emergence of new infaonadn the problem (SOMMER,;
LOCH, 2004). Selectionism refers to the conductioh different approaches
independent of each other and with decision-makpngcess ex post (SOMMER,;
LOCH, 2004).

The idea is that by handling the uncertaintiesl(iding unforeseeable) and
complexity (in a complex sense), the roadmap carebewed and updated in a cyclic

way, following the evolution of the business.
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4. RESULTS
4.1. Proposition of a dynamic approach for Technology Roadmapping

The framework of the dynamic approach to the Teldgyyw Roadmapping is
represented in Figure 4. The framework consisthi@fe integrated parts. The first part
is devoted to a cyclical process of roadmappingyhich the business model develops
dynamically according to the treatment of unforaebde uncertainty and complexity.
The second part represents the technology roadmvagh changes dynamically,
following the evolution of part I. And the third fpacorresponds to the business plan, it

Is no longer a result of the planning process astate of the planning process.
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Proposing the Strategy of Action

Part Il
Strategic
Roadmappmg Managing Strategic in action
Managing the unforeseeable uncertainties
Business Model Roadmap
o
[ J
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Parte | IID—-F'—III
Frotea
Technology - T
Roadmap j— _., >
— Vm R —"
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Sy r—T—
L
il

Parte lll
Business Plan

Figure 4- A dynamic approach for TRM

4.1.1 Part | - Developing thefirst version of the Technology Roadmap

The technology roadmap must be based on decisrengopsly made during the
strategic planning of the firm (PHAAEt al., 2004). Which implies that the business
strategy, in a deliberate sense, should be fulplaged before starting the process of
roadmapping. However, on the study case and théherintervention, the strategic
planning process was parallel to ttiadmapping, not following a sequential and linear
logic. In other words, modifications in strategywd®pment, due to the emergence of

16



new information related to the market, led to agiewn of the roadmap in a cyclical,
dynamic and nonlinear process. The academic eetreprs of spin-off (A) and spin-off
(D) initially sought to conduct a strategic plarmias suggested by Porter (1985),
adopting complementary techniques such as SWOTysiea|Strengths, Weaknesses,
Opportunities and Threats), aiming to establistrategic plan for the venture, but the
lack of systematic data and information relatethtodegree of market development and
technological uncertainties made it difficult to fidle a generic strategy (cost,
differentiation and focus). The entrepreneurs efghin-off (B) decided Porter’s (1985)
method would not be appropriate due to the lacknfarmation and the uncertainties
present in that stage of the business.

The entrepreneurship literature tends to relateatbsence of a clear business
strategy with the lack of managerial skills on thart of the entrepreneurs (e.g.
ROBERTS, 1991; TIMONS, 1999), characterizing entgapurs as undisciplined and
unfocused (DORNELLAS, 2001). This explanation cae partially minimized
considering these four spin-offs. All projects wesepported by management
consultants specialized in techniques and methbtteeananagement and planning for
the spin-offs. The absence of a clear strategybeahest explained by considering the
lack of information, the unforeseeable uncertamtend the complexity that were
present in all decisions relevant to business peidoce, bringing direct consequences
for roadmapping, especially for the applicationTof Plan and its implementation.

In the four spin-offs, there were major difficultian applying the T-Plan
systematic guide for the elaboration of the firstsion of the roadmajn the four spin-
offs, entrepreneurs invested considerable time ndetstanding and applying the
technique, but the lack of information, the unfeesble uncertainties and the

complexity hampered the application of the T-PI®HAAL et al., 2004). After a
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detailed study of what happened in the spin-off #A)l based on lessons learned in the
spin-off (B), we identified the following alterna@ process to prepare the roadmap.

From the resources that the entrepreneurs hadtéttieology), the possible
effects (products) were unfolded. In the secondestthe same process was conducted
to determine possible markets for each productredfelt is important to note that
throughout this process, entrepreneurs have ideshtiand lived with various
uncertainties and complexity.

Satasvathy (2001) emphasizes that the logic ofetafation” is more
appropriate to create artifacts such as new busiaed new markets, but he does not go
into detail of the construction of the effects atuks not mention how the treatment of
uncertainties should be. In the intervention, ewéh the uncertainty, the entrepreneurs
decided to use the result of "effectuation” to pioalthe first version of the technology
roadmap and to structure the initial business madsklopment. However, to cope
with the uncertainty and the complexity raisediatiy in the roadmapping and in the
definition of the business model, we developed ariliary process for handling
uncertainty and complexity, as well as systemagiarch for information and events,
which will be discussed in the next section.

4.1.2. Part Il - Process of roadmappping

The literature interprets the business model ast afsdecisions articulated in
relations of cause and effect. In the three spig-4, B and C) it was necessary to
expand this vision to understand that the natuthefelations between decisions does
not have always a linear chaining. Part of it ishese there is not an explanation of
how entrepreneurs choose a particular business Inayde how they articulate the

decisions that constitute this business model.
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The entrepreneurs of the spin-off (A) believed thay had three business
model choices: to be a provider of specializedisesy to be a developer of sensors for
large companies and to be an integrator of teclymedo These three business models
would lead to different paths of development, wdifferent resources, expertise and
skills for each paths. Similarly, the spin-off (B)d not define what was the best
development path: to become internationalized thinoa partnership with an outside
laboratory or to be converted into the R&D departtmef its main supplier of raw
material. Thus, the entrepreneurs of the four sfis-had a difficulty in determining
which business model to follow, and once defineel lusiness model, they had to
structure the decision as a linear causal chaideofsions: the technology "x" can be
incorporated into the product "b", directed to dustomer "e" on market "d", therefore
"h" should be hired.

The initial expectation was that this process wdoltbw a linear logic: first
defining the business model, and then drawing ¢hevant set of decisions. What has
happened in practice was that the two processes wxed, presenting properties

linked to complex thinking and complexity, as shawTable 3.

Principles of the Empirical analysis of the two conducted resear ches
Complex Thinking

Systemic Principle | - The first question is to understand that the ress model
consists of two systems: a system that is in th&ness (eg
organizational structure, organization, productithdt is being
formed within another system (e.g. marketing angpbu
chain), both in stage of birth. Entrepreneurs cautl explain
precisely the relationship between these two system
dynamically over time, neither the process of orzmion
between the two.

- The entrepreneurs realized that the processpoésenting the
two systems in a set of decisions, involved pasdigs cognitive
strategies to deal with the issues of impoverisiimand
enrichment of any representation and organizationgss.

Principle The decisions that form a spin-off are, in theaiyilar to any
hologramatic other new venture: what market: who is the cligrtat are the
competitors, among others. Thus, the project cartiee
information of any other kind of business.
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Principle recursive | There was not a linear causal sequence in the idesishat
constituted the business. The relationship betwearket pull
and technology push has always been complex. Agstint
technology was pushing, and at times the marketpuHisg.

Principle of self- The emergence of new events and changes on thenation
eco-organization required of entrepreneurs from both spin-offs orvesa
occasions, to modify the relevant decisions oflihsiness. Ir
some instances, these new events required a s@gmifchange
in business model and a redesign of the project.

Dialogical principle | The entrepreneurs had to live with paradoxical degn the
development of the business. One of the greateatipges was
the logic of non-linear development of science trelapparen
linearity and control of the business logic. Morenv for
example, in spin-off (B), the entrepreneurs wekeéngj with
paradoxical logics with regard to some principles aoncepts
of technology in development.

—F

Principle of ecology This is the most adherent principle to both acadespin-offs.
action Once entrepreneurs have performed certain actiooh 8s
launching a prototype in the market or visit a ptitd client,
these actions have produced unexpected effectdyinom with
other events. In the case of spin-off (B), a cosagon with a
potential supplier of raw materials has proved actfa
possibility of a new business model: to become R&D

laboratory. On the other hand, the bidder, aware thef
technology, implemented actions to prevent the degl
imposing sanctions on the supplier. Spin-off (Agcaleared that
when their technology would get in touch with tharket, it
would suffer a process of imitation, which woulédeto a loss
of business competitiveness. Thus, rather thannpignand
executing, one of the most important activities thfe
entrepreneurs was to follow the evolution and e$fet actions
taken in the process that combined the search dar events
re-planning and gambling.

Table 3- Planning business model in light of complex thmgkprinciples.

The table 3 illustrates briefly some aspects thatxsthat complex thinking can
be used to assist in planning and developing tlsebas model of a spin-off, expanding
the understanding of how entrepreneurs decide. fWee researches indicate that
planning and development of business model doe$otiotv a linear causal sequence:
nor the definition of which model should be develdpand neither the articulation of
the decisions of a given model. The business mofisbin-off (B and C) contained

decisions of different business models, even thdbhgke represented a logical paradox
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or antagonist. For example, the entrepreneursiofap (B) saw its provider as a client

at the same time that they would see (and develapiohs) it as a competitor.

The use of complex thinking to assist in the plagrprocess and development

of spin-offs expands the original proposal of Chac#t (BORGATTI, 2008). Now, not

only the world that is seen as complex, but algowhy individuals think and act in this

world.

4.1.2.1 Managing the unfor eseeable uncertainties

This stage of the roadmap has been proposed to gmatiee unforeseeable

uncertainty and the complexity in the present $eteaisions of the business model and

technology roadmap. Basically, the activities perfed at this stage consist in:

1.

The entrepreneurs must determine in what time tityake a certain decision.
For example, the entrepreneurs of spin-off B hasterthined that the decision
on starting the "production process design" shduddtaken only after the
conceptual development of the product. Every degisiust be ready in time;
For each decision, entrepreneurs must classifyyie of uncertainty existent:
foreseeable and unforeseeable. The entrepreneouddshlso observe whether
the decisions have properties of complexity: adaggoup of variables with a
large number of relationships between these vasals@mbiguity. Recalling that
ambiguity is the difficulty in specifying the natuor behavior of the decision.
For example in the spin-off (A), the decision ore ttole of a partner was
ambiguous: at times it was represented as a chétitnes as a competitor.

For each unpredictable uncertainty or complexitgrepreneurs should classify
them according to criteria of relevance, importaaoé priority. They should
define at what point they will develop specificians to address them. Notice

that not only are the decisions that are prioritjzsut also the uncertainties.
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Entrepreneurs can use the structure of a roadmegptesent the uncertainties and

complexity present in decisions over time.

4.1.2.2 Proposing the Strategy of Action

This step consists in assigning a management agiprfoa each unforeseeable

uncertainty or complexity. For each approach, plaspnexecuting and controlling take

different meanings, as shown in Table 4.

M anagement Definition Planning Execution Control and

approach incentives

Expect a bettef -The - Plan only| - Implement| - The control is tg

moment entrepreneurs | which resourcesthe plans wait  for the
decide to wait or activities will| drawn up| advance of
for the| be held until g earlier information.
information to| date or a - The bonuses
change and thenmodification in should be
they define g particular designed
different information. carefully. To
approach tg - Search new encourage waiting
management. | information and for a change of

events the information
can generate
undesirable
behaviors, leading
to loss of business
opportunities and
risk rejection.

Big bets Facing the- Plan all| - Implement| - Watching the
impossibility of | activities the plans match  between
obtaining data necessary to drawn up| what was planned
to evaluate theaccomplish the earlier. and what was
options, bet. - Search new executed.
entrepreneurs | - Search for new information | - This approach i$
can set a information  or| and events of high risk.
direction or| events. Usually  occurs
solution like & when there g
big bet. little information

to justify or
support a
decision. In case
of failure,
entrepreneurs

should be aware
of the risk they
assumed  when
defining this
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approach.

U—D

Selecionism Conducting - Plan to fully| - Follow the| - Since it was not
various options implement each plans drawn possible to know
in parallel in al of the options. | up. in advance which
decision- options would
making process$ champion, all
ex post. involved in each

of the optionsg
should receive the
same incentive
and bonus

Learning  by| Plan only until| - Plan only until| - The | Encourage

Trial and error | the next| the next task of entrepreneurs| learning and
activity, decision point] must carry out experimentation.
remaining - Search for new activities, - Encourage risk
flexible to adapt information  or| always and explore new
to events. events. observing the options.

emergence O
new

)

f

contingencies

Table 4- Defining Strategies of Action

The treatment of uncertainty and complexity givedyaamic character to the

formation of the business model, evolving in theeegence of new events or

information. This can be understood by observingv hoas the employment of

management approaches throughout the developmelat af/the business in spin-off

(B) (VOHORA et al., 2004) as shown in Table 5.

Management | Research | Recognition | Pre- Re- Sustainability

approach of organization | orientation
opportunity

Expect a 19 14 9 11 7

better

moment

Big bets 5 4 4 3 3

Selecionism | 11 10 7 9 6

Learning by| 17 16 17 14 15

Trial and

error

Table5 - management approaches throughout the developmém spin-off
Table 5 shows the number of different decisiong #@r@ employed by the

different approaches to management throughout ¢veldpment of the business. The

definition of these approaches followed the dynaewalution of business development.
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The implementation of the strategy with the develept of tangible and intangible
resources brought up new events, new problems ppdriunities before, which were
not previously mapped by the entrepreneurs. These events, some of them from
outside the business, involved in making new arearents for the business model and
also for the Technology Roadmap. And thereforese¢heew arrangements demanded
entrepreneurs to use all the activities relevathitostep.
4.1.2.3 Managing Strategy in Action

This step is devoted to manage the strategy inmatioting two aspects. The
first is related to the logic of management appheaalefined above. The activities have
to be implemented and controlled according to t@agement approach. The second
aspect consists in observing how dynamically thernmass and the ecosystem in which
it is inserted developed. The entrepreneurs shoeilaert to the effects of their actions
on getting in contact with other events in the woReaction of competitors, new legal
issues, etc. Likewise, the actions of other agehntise ecosystem may also lead to new
decisions, emphasizing new opportunities or eventheeats. At that time, the
principle of ecology of action should lead the vesyrepreneurs think, analyze and act.
4.1.3. Part I11- Business Plan

In the traditional view of Entrepreneurship (ROBERTL991), the Business
Plan is seen as a document resulting from the pigmrocess. For researchers aligned
to this vision, the new venture is born to explaitclear business opportunity. The
problem is that not always a business opporturstyclear and explicit from the
beginning of the project (VOHORA al., 2004). In such cases, the opportunity is built
over time as resources are developed, lessongarget and the market itself evolves.
The Business Plan aims to raise funds to solvaruerticy problems of the project. The

Business Plan is a state of planning, being morgalda for unpredictable
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environments. Entrepreneurs seek financial and auan resources with different

partners throughout the life cycle of the spin-off.

5. CONCLUSIONS, LIMITATIONSAND FURTHER RESEARCHES

The aims this paper is the proposition of a dynaapproach of technology
roadmapping. This approach is must indicated fotamis and turbulent contexts like
the birth of an academic spin-off. This kind of neenture is created to explore a
radical innovation, capable to create a new niclesy market and same cases a new
sector.

This approach consists of three parts. The teclgyaleadmap is shown in Part |
and follows the dynamic evolution of the businesslal of the spin-off (Part Il). Part 1l
represents the planning dynamic business model, integrated management of
unforeseeable uncertainty and complexity. In theppsed approach, there is no a
separation between the planning and implementatfohnRM. While this represented
the third Business Plan, which is no longer a danmesulting from business planning
to be a state of planning. In this sense, theegjyaor the business opportunity is being
built according to the evolution of the firm, themevents and lessons learned.

In the future researches, the dynamic approachbeiltested and evaluated in
different contexts in order its validation.
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