
149

9
Complementarity of Strategic Assets: 
A Symbiotic Evolutionary Model for 
Open Innovation 
Complementariedad de activos estratégicos: un modelo evolutivo 
simbiótico para la innovación abierta

Complementariedade de Ativos Estratégicos: Um Modelo Evolutivo 
Simbiótico para Inovação Aberta ARTICLE

Centro Universitário SENAI CIMATEC (Brazil)

Roberto Luiz Souza Monteiro has a postdoctoral degree in Computational Modeling 
and Industrial Technology from the Centro Universitário SENAI CIMATEC, a doctorate in 
Dissemination of Knowledge from the Federal University of Bahia, a master’s degree in 
Computational Modeling from the Visconde de Cairu Foundation, a bachelor’s degree in 
Information Systems from Universidade Estácio de Sá and a degree in Administration from 
the State University of Bahia. He is currently a professor at the State University of Bahia and 
at the Centro Universitário SENAI CIMATEC. He has experience in Informatics and Society, 
with an emphasis on Applied Social Sciences, Computer Science, with an emphasis on Formal 
Languages and Automata and Computational Modeling with an emphasis on Complex 
Systems, working mainly on the following themes: compiler design, embedded systems, 
analysis	of	complex	and	social	networks	and	artificial	intelligence.

roberto@souzamonteiro.com
https://orcid.org/0000-0002-3931-5953

Centro Universitário SENAI CIMATEC (Brazil)

Master in Business Administration from Universidade Salvador - UNIFACS (2005), postgraduate 
in Marketing from Escola Superior de Propaganda e Marketing / SP (2000) and graduated in 
Social Communication from the Universidade Católica do Salvador (1997). His professional 
trajectory includes experience as executive, consultant, professor and academic researcher. 
His main topics of interest are Marketing, Innovation, Competitiveness and Entrepreneurship.

flaviosmarinho@gmail.com
https://orcid.org/0000-0003-2931-0515

Roberto Luiz Souza Monteiro

Flávio de Souza Marinho

OBRA DIGITAL, 19, September 2020 - January 2021, pp. 149-166, e-ISSN 2014-5039
DOI: https://doi.org/10.25029/od.2020.276.19



150150 Complementarity of Strategic Assets: A Symbiotic Evolutionary Model for 
Open Innovation

Abstract
This article proposes a theoretical model that si-
mulates the propensity to establish mutualistic 
symbiotic relationships between corporations 
and startups on open innovation programs. 
Inspired by the concept of symbiosis, the Evo-
lutionary Model of Symbiotic Relationships for 
Innovation	 identifies	 the	 pairs	 with	 the	major	
complementarity of strategic assets necessary 
for the generation and capture of the value of 
innovation projects and determine if this rela-
tionship promotes gains for both parties. The 
model has been applied in a single case study, 
subunits of analysis incorporated. The results 
show a correlation between the propensity in-
dicated by the model and the selection actually 
performed.
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Resumen:

Este artículo propone un modelo teórico que 
simula la propensión a establecer relaciones 
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simbióticas mutualistas entre corporaciones y 
startups en programas de innovación abierta. 
Inspirado en el concepto de simbiosis, el Mo-
delo Evolutivo de Relaciones Simbióticas para 
la	Innovación	identifica	los	pares	con	la	mayor	
complementariedad de los activos estratégicos 
necesarios para la generación y captura del 
valor de los proyectos de innovación y deter-
mina si esta relación promueve ganancias para 
ambas partes. El modelo se aplicó en un solo 
estudio de caso. Los resultados muestran una 
correlación entre la propensión indicada por el 
modelo y la selección realmente realizada.
PALABRAS CLAVE: 

Innovación abierta, Compromiso corporativo 
con nuevas empresas, Activos estratégicos, 
Complementariedad, Simbiosis.

Resumo
Este artigo propõe um modelo teórico que 
simula a propensão a estabelecer relações 
simbióticas mutualísticas entre corporações 
e startups em programas de inovação aberta. 
Inspirado no conceito de simbiose, o Modelo 
Evolucionário de Relações Simbióticas para 
Inovação	 identifica	 os	 pares	 com	maior	 com-
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plementaridade de ativos estratégicos neces-
sários para a geração e captura do valor dos 
projetos de inovação e determina se esse re-
lacionamento promove ganhos para ambas 
as partes. O modelo foi aplicado em um único 
estudo de caso, com subunidades de análise 
incorporadas. Os resultados mostram uma 

correlação entre os resultados do modelo e a 
seleção efetivamente realizada.

Palavras-chave
Inovação Aberta, Engajamento Corporativo 
com Startups, Ativos Estratégico, Complemen-
tariedade, Simbiose.

1. INTRODUCTION
The intense process of technological disrup-
tions, globalization, among other changes, has 
generated greater market complexity, grow-
ing	competitiveness	 (Bennet	&	Bennet,	2004),	
structural changes in the economy and the 
emergence of new trade spaces and types of 
products (Teece, 1998). In this scenario, the 
role of innovation is an increasingly important 
topic in the debate on economic growth, com-
petitiveness and sustainability (Tidd, 2006).

In this new scenario, startups have proven to 
be powerful engines of knowledge creation 
and come to play a key role in innovation pro-
cesses (Spender et al., 2017). To achieve a de-
sirable innovative performance, corporations 
have sought to establish forms of engagement 
with startups as part of their open innovation 
efforts.

Startups have a huge competitive advantage 
over large corporations in terms of agility. On 
the other hand, large corporations have re-
sources that startups can only dream about. 
The combination of entrepreneurial activity 
with corporate capacity seems to be a perfect 
combination,	but	that	can	be	difficult	to	achieve	
(Weiblen	&	Chesbrough,	2015).

To better understand the dynamics of these 
cooperative relationships between startups 

and corporations, the ‘Resource-Based Theory 
of	Competitive	Advantage’	(Grant,	1991)	offers	
a	 rich	 field	 for	 the	understanding	of	 strategic	
assets	for	innovation,	defined	by	Teece	(2004)	
as the set of resources that can generate com-
petitive advantage for the company in its inno-
vative process.

In the search for inspirations that help under-
stand the establishment of cooperative rela-
tionships	 between	 such	 different	 actors	 and	
given the complexity of a wide range of attri-
butes that describe their natures, it is observed 
that computational models inspired by biology 
offer	a	wide	range	of	opportunities	 for	repre-
sentation, analysis and simulation of various 
problems	(Watson	&	Pollack,	1999),	such	as	the	
relationship of organizations in open innova-
tion programs.

This article proposes an Evolutionary Model of 
Symbiotic Relationships for Innovation. It sim-
ulates the propensity to establish mutualistic 
symbiotic relationships between corporations 
and startups on open innovation programs. 
Inspired by the concept of symbiosis, the goal 
is to identify the pairs with the major comple-
mentarity of strategic assets necessary for the 
generation and capture of the value of innova-
tion projects and determine if this relationship 
promotes gains for both parties. 
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2. THEORETICAL 
FOUNDATION
The theoretical foundation that sustains the 
present article was built based on correlated 
studies that discuss the corporate engagement 
with startups on open innovation programs, 
strategic assets for innovation, evolutionary 
algorithms, and symbiotic relationships. There-
fore, the following topics are the most relevant 
aspects that are necessary to understand the 
proposed model.

2.1. CORPORATE 
ENGAGEMENT WITH 
STARTUPS IN OPEN 
INNOVATION 
Corporations	are	defined	as	 large	and	 formal	
organizations controlled by a technostructure 
of professionals (Hillman, 1970), considered in 
this study as private companies, with more than 
5 years of existence, of large size, operating in 
traditional economic sectors and with mature 
business models. These organizations are cha-
racterized by conditions that slow or hinder in-
novation	(Freeman	&	Engel,	2007;	Leonard-Bar-
ton, 1998; Spender et al., 2017; Thieme, 2017; 
Weiblen	 &	 Chesbrough,	 2015)this	 study	 aims	
at deepening our understanding of the theme 
and at providing directions for future research. 
Design/methodology/approach – By using an 
explicit method for the review (Pittaway et al., 
2004, often arising from their own trajectory 
and, paradoxically, due to factors that were at 
the origin of their competitive advantages in 
the past (Leonard-Barton, 1998). 

In contrast to the constraints faced by corpo-
rations to innovate, startups are organizations 
created to conceive and develop new business 
models in a typical process of creative destruc-
tion. These are organizations with dynamic ca-
pabilities related to agility in developing new 

value	 offerings	 for	 the	 market,	 with	 reduced	
cost, networking and greater dynamism. The 
intrinsic capabilities of startups allow them to 
play an important role in innovation processes. 
Although	there	is	no	universal	definition,	start-
ups are temporary organizations that aim to 
find	a	new	business	model	 that	can	generate	
value for its clients and enable this value to be 
captured	in	a	reproducible,	scalable	and	profit-
able	manner	(Blank	&	Dorf,	2012),	in	extremely	
uncertain environments (Ries, 2011).

Spender et al. (2017) observe that open innova-
tion is an important way for large corporations 
to achieve greater agility in the development 
of	new	value	offers	for	the	market,	with	lower	
costs and greater dynamism in the face of an 
intense ongoing technological revolution. On 
the other hand, the existence of relationships 
with external partners is a priority for the suc-
cess of startups, given the lack of tangible and 
intangible resources for the development of in-
novation processes (Spender et al., 2017).

Corporate engagement with startups is a con-
cept	that	emerges	from	the	field	of	Open	Inno-
vation and is seen as its subset and a form of its 
implementation (Thieme, 2017). 

Throughout this uncertain and dynamic pro-
cess of open innovation, which begins at the 
conception of new knowledge, ideas, products, 
business models, and ends with its introduction 
into the market, the complementarities pres-
ent themselves and can generate mutual gains 
(Spender	et	al.,	2017;	Thieme,	2017;	Weiblen	&	
Chesbrough, 2015).

2.2. STRATEGIC ASSETS 
FOR INNOVATION
Understanding a company as a broad set of 
strategic resources available for the formulation 
of competitive strategies is a way to understand 
the	 factors	 that	 can	 influence	 the	motivation	
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and barriers observed for the establishment of 
strategic alliances between startups and corpo-
rations with a view to innovation. The ‘Resour-
ce-Based Theory of Competitive Advantage’ is 
a perspective that has grown considerably in 
recent years as a result of the understanding of 
the balance between the dimensions internal 
and external to the companies in the formu-
lation of competitive strategies (Grant, 1991). 
The company is understood as a broad set of 
resources (tangible and intangible), i.e., assets, 
which are available for the formulation of stra-
tegies for facing the market in search of com-
petitive advantages that allow them to achieve 
economic income or above-normal rates of re-
turn	(Das	&	Teng,	2000).	Therefore,	a	resource	
is considered valuable if it helps the company 
to create strategies that capitalize on opportu-
nities	and	ward	off	threats.

According to Teece (1998), companies are re-
positories of knowledge that are embedded in 
processes and routines that support the assets 
and	specific	competencies	of	these	companies.	
However, superior technology alone is rarely 
sufficient	 for	 competition	 in	 the	 current	 day.	
The competitive advantage can be attributed 
not only to ownership of (1) Knowledge As-
sets but also to the combination of these with 
others; (2) Complementary Assets, necessary 
to create and capture the value of knowledge; 
and (3) Dynamic Capabilities, characterized by 
enabling	 the	 identification	of	 opportunities	 to	
obtain competitive advantages and by organi-
zing resources to exploit their potential in the 
face of these opportunities (Teece, 1998).

2.3. EVOLUTIONARY 
ALGORITHMS
Assembling the taxonomy tree of the research 
algorithms, the genetic algorithms, and the al-
gorithms based on symbiotic processes – ‘com-
positional evolution’ - are in the branch called 

Evolutionary Algorithms. These are methods 
that simulate, through algorithms, natural (bio-
logical) evolution processes, mainly aiming to 
solve optimization problems (Barcellos, 2000).

An evolutionary algorithm is a procedure that 
interacts over a set (population) of data (indivi-
duals) for a number of times (generations). Ad-
ditional biological concepts apply, such as the 
evaluation	of	the	fitness	of	the	individual	and	its	
genes,	as	the	defining	element	of	the	attributes	
of these individuals. The set of genes of an in-
dividual is called the chromosome (Sampaio et 
al., 2018; Lacerda, 2018).

Genetic algorithms form a class of research al-
gorithms based on natural evolution (Barcellos, 
2000). However, a key aspect that is not cap-
tured by a model based on genetic algorithms 
is the processes that occur above the species 
level,	 that	 is,	 between	 different	 ‘species’.	 The	
variation	 offered	 by	 symbiosis	 is	 qualitatively	
different	 from	the	sexual	crossing,	as	 it	offers	
the possibility of joining two sets of genetic ma-
terials	(Mills	&	Watson,	2007;	Watson	&	Pollack,	
1999).

2.4. SYMBIOTIC 
RELATIONSHIPS
Symbiosis,	 in	 its	 general	 definition,	 is	 the	 co-
llaboration	 between	 different	 organisms.	 Fre-
quently, the term is used to refer to the special 
case of mutualism, where symbionts (organis-
ms	in	symbiotic	relationships)	mutually	benefit	
from	 the	 established	 relationship	 (Watson	 &	
Pollack, 1999).

The present study considers that all organisms 
in an ecosystem interact with each other, es-
tablishing relationships, regardless of whether 
they are genetically close or distant. The inte-
ractions may be short, medium or long term, 
and the relationships may involve distant or 
close	 individuals.	 They	 may	 be	 intraspecific,	
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within	the	same	species,	and	interspecific,	be-
tween	 different	 species.	 These	 relationships,	
in turn, can lead to co-evolutionary processes 
or result in little or no apparent consequence 
to	the	adaptive	process	(Asima	&	Rajat	Kumar,	
2018).

Additionally, relationships may or may not re-
sult in mutual gains for those involved. In this 
sense, the representation of these interactions 
can be expressed by mathematical symbols, 
representing the impact on the involved parts; 
for example, the expression ‘+/+’ represents a 
situation when both parties gain from the inte-
ractions	(Asima	&	Rajat	Kumar,	2018).

In addition to Mutualism [+/+], other categories 
of	relationships	can	be	observed	in	the	field	of	
symbiosis, such as Commensalism [0/+], Para-
sitism [-/+], Amensalism [-/0] and Neutralism 
[0/0]	 (Asima	 &	 Rajat	 Kumar,	 2018;	 Martin	 &	
Schwab, 2012).

Symbiosis can be recognized as a key source 
in the evolutionary process. In its strongest 
form, symbiosis can lead to symbiogenesis: 
the genesis of new species through the genetic 
integration of symbionts. For example, eukar-
yotic cells, from which all plants and animals 
descend,	have	a	symbiotic	origin	(Watson	&	Po-
llack, 1999). 

In these eukaryotic cells, the relationship with 
the	mitochondria	offers	a	rich	example	of	the	
symbiotic relationships that resulted in adapti-
ve evolutionary processes and that inspire the 
present study. Mitochondria are cellular or-
ganelles present in most eukaryotic cells (that 
have their own genetic structure) and are res-
ponsible for processing and generating energy 
for the host cell (Embley et al., 2003).

3. EVOLUTIONARY MODEL OF 
SYMBIOTIC RELATIONSHIPS 
FOR INNOVATION
The Evolutionary Model of Symbiotic Relations-
hips for Innovation (EMSRI) aims to evaluate 
the propensity to achieve mutualistic symbiotic 
relationships between a corporation and star-
tups, considering evidence of the complemen-
tarity of strategic assets for innovation of these 
organizations.

It is a heuristic model of symbiotic evolution 
that aims to describe the behavior of the fac-
tors	 that	 influence	 the	 formation	of	symbiotic	
relationships between startups and the corpo-
ration and therefore does not intend to have 
a deterministic character. Its conception pro-
vides a method to support decision-making 
that corporate managers involved in open in-
novation programs, or even entrepreneurs of 
startups, can consider when evaluating poten-
tial partners with whom they can cooperate in 
open innovation programs.

The starting point was inspired by the Montei-
ro et al., (2015) model, based on his PhD thesis 
(Monteiro, 2012)om a \u001cnalidade de faili-
tar a difusão do onheimento e, omo onsequê-
nia, aumentar a ompetitividades das empresas 
omponentes do APL. Para tanto, foram: (i, in 
addition to other related works (Sampaio et al., 
2018; Lacerda, 2018; Carneiro, 2014; Monteiro 
et al., 2014).  

All	of	these	works	studied	the	impact	of	affinity	
on	the	relationships	of	cooperation	and	diffu-
sion of knowledge. Monteiro (2012) has matu-
re companies as its object of study and appli-
cation from the same sector. Carneiro (2014) 
studies the dissemination of knowledge, based 
on	the	technological	profile	of	students.	Lacer-
da (2018) and Sampaio et al., (2018) investiga-
tes the process of creating and disseminating 
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knowledge of a certain organizational compe-
tence among employees of the same company.

In the same way, previous studies have addres-
sed the formation of networks by entities of the 
similar nature and consider the similarity be-
tween	them	a	condition	for	their	affinity.	

However, none of them discussed the pro-
pensity to establish relationships between 
individuals	 of	 different	 natures.	 EMSRI	 was	
distinguished, throughout the development, 
for its application in a new context formed by 
different	entities,	such	as	startups	and	corpo-
rations, characterized by distinct and comple-
mentary attributes.

In this context, the understanding of the for-
mation of symbiotic relations between entities 
of	different	natures	emerges	with	the	comple-
mentarity of attributes as a primordial condi-
tion for the formation of cooperative relations, 
differently	from	the	similarity	understood	in	the	
other studies addressed.

To assess the propensity to form mutualistic 
symbiotic relationships between startups and 
corporations in open innovation programs, the 
complementarity of strategic assets for innova-
tion of the studied actors is considered (Teece, 
1998; 2004). The goal is to identify pairs of or-
ganizations that have complementary strategic 
resources necessary for the generation and 
capture of the value of innovation projects and 
for this relationship to generate gains for both 
parties.

The main contribution of the model is the cre-
ation of an environment conducive to the study 
of the establishment of mutualistic symbiotic 
relationships between corporation and start-
ups, i.e., the formation of cooperative relation-
ships	 involving	 actors	 of	 different	 natures,	 an	
unprecedented factor in the cases cited above. 
In	addition,	 it	studies	an	application	field	that,	

for economic, technological and demographic 
reasons, has developed a lot in recent years, 
namely, the importance of the cooperation 
process of corporations with startups as a way 
to promote innovation.

3.1. GENERAL 
CHARACTERISTICS 
OF THE MODEL 
This model shares some of the characteristics 
of evolutionary algorithms. The model uses a 
population of entities, represented by chromo-
somes,	genes	and	alleles,	and	a	fitness	function	
to indicate the propensity to establish symbio-
tic relationships. However, there are important 
differences.	In	evolutionary	algorithms,	entities	
are usually interpreted as belonging to the 
same species, but in EMSRI, the set of entities 
represents	an	ecosystem	of	species	of	different	
nature.

It is considered that complementary charac-
teristics of the actors, i.e., chromosomes and 
their genes, determine the propensity to esta-
blish cooperative relationships in open innova-
tion programs. Thus, the actors will establish 
symbiotic relationships if they identify attribu-
tes in the other party that motivate them to do 
so. Therefore, an actor will establish a coope-
rative relationship for innovation due to the 
characteristics of the other parties that repre-
sent a potential for complementarity with their 
attributes, thus seeking an optimization of their 
innovative capacity.

The fitness	function	 is	a	mapping	of	the	com-
bination of a set of resource values that repre-
sents the complementarity between ecosystem 
components. It is assumed that the establish-
ment of symbiotic relationships tends to form 
combinations more adapted to the context 
insofar as they meet the interests declared by 
them. It is also assumed that the relationships 
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between entities are unstable and complemen-
tary,	i.e.,	fitness	can	vary	over	time.

The EMSRI adopts the representation of an 
ecosystem, formed by entities that comprise 
two	 subsets	 of	 different	 species:	 ‘corporation	
species’ and ‘startup species’.

3.1.1. CHROMOSOMES 
AND GENES 
To characterize the individual components of 
the studied ecosystem, the model adopts the 
concept proposed by Teece (1998, 2004) and 
proposes the representation of 3 Chromoso-
mes: (1) Knowledge Assets; (2) Complementary 
Assets; and (3) Dynamic Capabilities.

These Chromosomes are encoded using the 
Genes that compose them. The following as-
sumptions guide the characterization of Genes:

1.- The actors have Mastery of a set of Assets;

2.- The actors show Willingness to share their 
set of Assets;

3.- The actors show Interest in obtaining new 
Assets;

4.- The actors show Ease of assimilating new 
Assets;

5.-	 The	Mastery,	 the	Willingness	 to	 share,	 the	
Interest in obtaining, and the Ease of assi-
milation can be measured.

From	these	assumptions,	it	is	defined,	therefo-
re, that each actor is represented by a set of 
chromosomes and that these are encoded ba-
sed on the sequence of genes and their alleles. 
Thus, the coding of chromosomes is given from 
4 genes, namely:

1.- Mastery (MAS) of the chromosome;

2.- Willingness (WIL) to share the chromoso-
me;

3.- Interest (INT) in obtaining additional re-
sources related to that chromosome;

4.- Ease (EAS) of assimilating additional resour-
ces related to that chromosome.

Thus, one has a set of 3 Chromosomes (Knowle-
dge Assets, Complementary Assets and Dyna-
mic Capabilities) coded by 4 Genes (Mastery, 
Willingness,	Interest	and	Ease),	as	explained	in	
Figure 1.

3.1.2. CHROMOSOME ALLELES 
Attributes that characterize individuals and that 
influence	the	propensity	to	establish	symbiotic	
relationships are established. The alleles, there-
fore,	are	the	specific	variations	of	these	Genes	
that determine how the trait is expressed in an 
individual. 

For	 the	 specification	 of	 the	 Chromosome	 al-
leles, a set of possible attributes is adopted for 
the implementation of the model, but the num-
ber	of	attributes	and	their	specification	can	be	
flexible	in	alternative	implementations.

In this study, attributes that can be measured 
and expressed in relation to Genes (Mastery, 
Interest,	Willingness	and	Ease)	were	chosen,	as	
described in Table 1.

The alleles of the chromosomes are represen-
ted by positive real numbers with three deci-
mal	places	 in	a	range	 from	1	 (one)	 to	5	 (five).	
The use real numbers rather than integers is 
because of the choice to obtain the values of 
Alleles from simple means of the values obser-
ved in the Representative Attributes.
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3.2. PROPENSITY TO 
ESTABLISH THE SYMBIOTIC 
RELATIONSHIP (PESIR) 
One of the model’s premises is the understan-
ding that the formation of symbiotic relations-
hips depends on the complementarity of their 
characteristics. For that, it is proposed that 
the Propensity to Establish the Symbiotic Rela-

tionship (PESIR) will take place considering the 
following rules:

1.- If the Interest (INT) and Ease (EAS) genes 
on one individual’s chromosome is similar 
to	the	Mastery	(MAS)	and	Willingness	(WIL)	
genes on the same chromosome from ano-
ther individual;

CHROMO-
SOME ATRIBUTES

GENES 

Mas-
tery Interest Willing-

ness Ease

Knowledge 
Assets (KA)

KA1.	Technological	knowledge	in	potential	fields	of	interest 4,500 3,523 3,098 4,000

KA2. Market knowledge (customers, suppliers, competition 
etc.) 1,287 1,743 2,176 2,798

KA3. Knowledge of Emerging Business Models 2,587 2,254 1,954 3,076

Complementa-
ry Assets (CA)

CA1. Available productive capacity 4,008 1,565 1,023 3,054

CA2. Market Reputation 3,176 4,276 1,212 2,576

CA3. Access to distribution channels 2,565 3,287 2,212 3,577

CA4. Bargaining power (with suppliers, distributors or re-
tailers) 3,554 4,090 2,034 3,021

CA5. Management Domain (tools, process maturity, gover-
nance) 3,537 4,078 4,523 4,712

Dynamic Capa-
bilities (DC)

DC1. Creativity 3,583 4,021 4,534 4,798

DC2. Agility, Flexibility and Dynamism on Organizational 
Action 3,578 4,033 4,556 4,776

DC3. Networking 3,098 2,754 1,578 2,046

DC4. External Sensing 1,501 4,250 4,340 3,120

Table 1

Representation of Chromosomes, Genes and Alleles 

Figure 1

Representation of the Proposed Genetic Structure
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2.- There is reciprocity, i.e., that the Interest 
(INT) and Ease (EAS) gene on the second 
party chromosome also have similarity with 
the	Mastery	 and	Willingness	 gene	 on	 the	
first	party	on	the	same	chromosome;	

3.- These conditions will be analyzed on the 3 
chromosomes of the individuals. 

Figure 2 illustrates the observable complemen-
tarity relationships between the genes on chro-
mosomes	from	two	different	individuals	- i and 
j. In this case, the chromosome “Knowledge as-
sets” is illustrated, as an example.

Thus, considering the existence of two actors i 
and j, the Propensity to Establish the Symbiotic 
Relationship (PESIR) will be evaluated for each 
chromosome of i in relation to j (PESIR ij), repre-
sented by Equation 1:

 (1)

The PESIR is obtained from each chromosome 
and, from the calculation of the simple average 
of the observed values, there is an Overall Pro-
pensity.

The “MAX” variable represents the highest va-
lue that an attribute can be assigned. The de-

nominator ‘2 * ’ is used to normalize the results, 
thus obtaining PESIR values ranging from 0.00 
to 1.00. The MAX variable is raised to the four-
th power, since the factors present in the two 
terms of the numerator are multiplied and, 
therefore, the product of the four attributes is 
equivalent to the maximum value raised to the 
fourth power.

3.3. REPRESENTATIVE 
ALGORITHM OF THE MODEL 
STEP 1: Start the ecosystem with all entities, i.e., 
the corporation and the set of available star-
tups and the context that describes the existing 
rules;

STEP 2: Increase the number of the context (c 
= n + 1);

STEP 3: Establish the sequencing of chromoso-
mes by obtaining the mean value of the obser-
ved traits, available in the Data Sheet;

STEP 4: Select a pair of corporation and startup 
and simulate the Propensity to Establish the 
Symbiotic Relationship (PESIR), using Equation 
1 for each chromosome - Knowledge Assets 
(PESIR KA), Complementary Assets (PESIR CA) 
and Dynamic Capabilities (PESIR DC);

STEP 5: Obtain the mean of the values of PESIR 
KA, PESIR CA, PESIR DC;

Figure 2

Representation of the genetic complementarity relationships between two
different individuals - i and j - according to the EMSRI
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STEP 6: Repeat the operation between all pairs 
until completing all possible combinations;

STEP 7: Select the pairs with higher mean PESIR 
values, which meet the premises of context (c) 
and establish the Associations;

STEP 8: Remove unselected startups from the 
ecosystem;

STEP 9: Establish the Association between the 
pairs with the highest mean PESIR values;

STEP 10: Go back to STEP 1;

STEP 11: If there are no symbiotic relationships 
between pairs, end the algorithm.

4. RESULTS
The EMSRI was used to simulate the propen-
sities to establish symbiotic relationships be-
tween a corporation and 10 startup candidates 
to participate in an open innovation program.

The data were obtained through a descrip-
tive case study (Yin, 2001), whose main unit of 
analysis is focused on a Corporate Open Inno-
vation Program and incorporates in its scope 
of analysis, in addition to the corporation that 
promotes the initiative, the startups that are 
candidates for the selection and development 
of innovation projects.

Access to the data was obtained with an autho-
rization from the corporation, the identity of the 
organizations involved were not disclosed. The 
case study was conducted between November 
2019 and January 2020. 

The data analyzed comes from the interactions 
between the entrepreneurs of the startups, the 
managers of the corporation and a profession-
al of a business accelerator responsible for co-
ordinating the initiative. The data are contained 
in disclosure materials, internet, contracts, 

terms of cooperation, management reports, 
e-mails, authorized records of the interviews 
and quantitative and qualitative assessment 
spreadsheets carried out by the involved man-
agers. Therefore, it is a documentary research.

Those information served as input for the Eval-
uation of the Strategic Innovation Assets of 
the analyzed actors. For this purpose, a data 
spreadsheet	was	 adopted	 to	 fill	 in	 the	 values	
corresponding to the analyzed attributes, 
which are broken down into Performance Indi-
cators and Descriptors that seek to parameter-
ize evaluated aspects that are essentially qual-
itative. Additionally, interviews were conducted 
with the managers involved in the activities us-
ing a semi-structured script and aiming to vali-
date the understanding about the information 
collected in the documentary research.

The corporation and startups identity will be 
kept	confidential,	hereinafter	called	the	OG	and	
startup proponents of innovative technological 
solutions.

The OG demands innovative technological 
solutions that meet the demands of the oil and 
gas exploration process. The intended solu-
tions aim not only to meet the demands of the 
production process of the company itself but 
also of its supply chain and distributors. Thus, 
the corporation expects to establish strategic 
partnerships that allow it to have competitive 
advantages in the operation of its business as 
well	as	financial	gains	from	the	commercial	ex-
ploitation of the solutions derived from these 
cooperation. Intellectual property and part-
nership agreements are therefore signed be-
tween OG and startups that provide the terms 
of	 financial	 gain	 for	 the	parties.	 There	are	no	
terms in this relationship stage that provide the 
Corporation with equity interest in the startups. 
This, however, is seen as a potential unfolding 



160160 Complementarity of Strategic Assets: A Symbiotic Evolutionary Model for 
Open Innovation

of the relationship between them, in case there 
are opportunities that justify these new terms.

It is observed that the methodological design 
of the Program is similar to what is known as 
Client Venture or Procurement from startups, 
i.e., when corporations invest in the develop-
ment of startups that can become suppliers 
to have access to cutting-edge technologies 
and	new	business	models	and	quickly	find	new	
approaches to unresolved problems (Schätt-
gen	&	Mur,	2016;	Mocker	et	al.,	2015).

Solutions	 involving	Artificial	 Intelligence,	Robo-
tics, Computational Modeling or Digitalization 
are	 needed	 to	 improve	 operational	 efficiency	
and issues related to health, safety and envi-
ronment, in addition to solutions related to 
geology, geophysics and engineering.

The program received 57 proposals submitted 
by Brazilian startups that met the requirements 
of the public call. From these, based on the des-
cription of the proposed solutions, 28 candidate 
startups were selected and underwent remote 
interviews. 10 were selected to participate in an 
in-person process of discussions, deepening of 
projects and cooperation agreements, aiming 
to advance with up to 5 of these companies to 
a	 later	stage	 that	would	 then	 involve	financial	
investments, technological development and, 
therefore, intellectual property and commercial 
exploitation agreements.

Considering the interviews and documents 
developed by the startups to detail the propo-
sed partnership, the corporation evaluated the 
10 startups, adopting 15 criteria, using a scale 
from 1 to 4, and obtained a mean score that 
was used to prioritize the 5 chosen candidates.

4.1. PRESENTATION AND 
INTERPRETATION OF RESULTS 
The empirical method adopted by the corpora-
tion in the selection of startups and the model 
systematized by the study, EMSRI, were compa-
red. The 10 startups analyzed in depth by the 
corporation were also evaluated by the model. 
The	PESIR	obtained	and	the	classification	order	
established by the corporation are presented 
comparatively in Table 2.

The results obtained in the PESIR score are re-
latively similar to the ranking order obtained by 
the method employed by the corporation. It is 
observed that among the 10 startups analyzed, 
the ranking order of PESIR OVERALL coincides 
with	the	classification	of	the	assessment	made	
by the company in 5 startups. ST4 and ST5 have 
a	difference	of	0.001,	inverting	their	positions.	
Likewise,	ST7,	ST8	and	ST9	have	differences	in	
OVERALL PESIR punctuation in the third deci-
mal place, with dispersion less than 0.007.

Among the 10 startups evaluated, those ranked 
first	and	 last	by	 the	corporation	are	analyzed	
comparatively, below. Therefore, the corpora-
tion	(CORP),	the	first-ranked	startup	(ST1)	and	
the worst-ranked startup (ST10) were evalua-
ted. The following mean values of the attributes 
analyzed were obtained for the three entities, 
CORP, ST1 and ST10, and, therefore, the coding 
of their chromosomes and genes was perfor-
med (Figure 3).

Based on these observed attributes, the PESIR 
rates between the two sets of organizations, 
related to Knowledge Assets, Complementary 
Assets, Dynamic Capabilities and the overall va-
lue given by the mean of those three values, are 
obtained, as shown in Figure 4.
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EMSRI, therefore, indicates a propensity of ST1 
to establish a symbiotic mutualistic relationship 
with CORP approximately 90.8% greater than 
that observed between ST10 and CORP. This 
difference	 is	 present	 in	 the	 3	 chromosomes	
and is more accentuated, especially when con-
sidering the Complementary Assets, where the 
propensity of the ST1 + CORP pair is 157.4% hi-
gher than the ST10 + CORP.

It	can	therefore	be	inferred	that	the	main	diffe-
rence is in relation to attributes that are rele-
vant to the creation and capture of value of the 

intended business. Complementary Assets, for 
example, are resources related to productive 
capability, distribution and supply chain, mar-
ket access, among others.

In this way, it is possible to understand that 
the group of 10 startups selected from a larger 
group of 57 candidates in total, already had a 
bias that portrays more evident aspects regar-
ding the complementarity of the Knowledge As-
sets	(technological	domain,	field	of	application	
etc.) and possess Dynamic Capabilities com-
mon to most startups nowadays, such as crea-

PESIR-KA
Knowledge 

Assets

PESIR-CA
Comple-
mentary 

Assets (CA)

PESIR-DC
Dynamic Ca-

pabilities OVERALL PESIR
SORT ORDER 

BY CORP.

ST1+CORP 0.59 0.61 0.51 0.570 1

ST2+CORP 0.57 0.56 0.56 0.566 2

ST3+CORP 0.53 0.57 0.44 0.514 3

ST5+CORP 0.45 0.53 0.46 0.482 4

ST4+CORP 0.42 0.48 0.54 0.483 5

ST6+CORP 0.47 0.45 0.49 0.469 6

ST8+CORP 0.41 0.56 0.27 0.413 7

ST9+CORP 0.35 0.55 0.35 0.412 8

ST7+CORP 0.41 0.46 0.39 0.419 9

ST10+CORP 0.33 0.24 0.33 0.299 10

Table 2

Plots of the Values of Propensity to Establish the Symbiotic Relationship between the Corporation and the Startups studied

Figure 3

Plots of the mean values of the attributes observed 
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tivity, agility, networking, among other aspects. 
Therefore, the deviation between the values   
observed in these attributes was smaller.

5. CONCLUSIONS AND 
FUTURE PROSPECTS
The proposed model intends to be suitable for 
the simulation of the formation of mutualistic 
symbiotic relationships between corporation 
and startup because it seeks to identify pairs 
with a higher degree of complementarity of 
strategic assets for innovation. In other words, 
it seeks to identify the compositions of organi-
zations that complement each other in terms 
of the attributes necessary for the innovative 
process.

For this, the model considers not only the Mas-
tery of attributes related to Strategic Assets for 
Innovation suggested by the bibliography stu-
died	 but	 also	 the	Willingness	 to	 share	 its	 set	
of Assets, the Interest in obtaining new Assets, 
and the Ease of assimilating these new Assets. 
Thus, the Interest and the Ease of one party are 
complemented	by	the	Mastery	and	the	Willing-
ness of the other, and vice versa.

It is important to stress that the model evalua-
tes the propensity to establish symbiotic rela-
tionships between these organizations from a 
strategic perspective. That is, tactical and ope-
rational	 aspects	 that	may	 influence	 decisions	
for the formation of these relationships are not 
considered in its conception.

Future studies may consider broader perspec-
tives of open innovation processes and other 
decision-making aspects, such as the analysis 
of	 financial,	 legal,	 cultural,	 technological	 and	
marketing issues, as well as other aspects that 
influence	the	effectiveness	of	projects	derived	
from the establishment of these symbiotic re-
lationships.

Another thing to keep in mind is the characteri-
zation of the type of symbiotic relationship con-
sidered in this model, mutualism. Such type of 
association assumes that, for the formation of 
relationships between startups and large cor-
porations, the perspectives of the two parties 
need to be considered to the same extent.

In the future, it is possible to evaluate, as in 
nature, the propensity to form commensalism 
and parasitism relationships, among other 
symbiotic relationships.

Figure 4

Plots of the Values of Propensity to Establish the Symbiotic Relationship between the Corporation and the Startups
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As in symbiogenesis, when the symbiotic rela-
tionship results in the creation of new species 
resulting from the genetic integration of the 
symbionts, it is possible to envision the expan-
sion of the model to evaluate the propensities 
of these sets of organizations to become new 
entities, i.e., of mergers that result in the com-
bination of their characteristics, as observed in 
joint ventures, acquisitions and corporate mer-
gers.

The simulations performed in this article used 
data	from	a	specific	open	innovation	program	
with a restricted set of entities in an oil and gas 
sector,	with	startups	 that	operated	 in	 specific	
technological	fields.	It	is	not	possible,	therefore,	
to conclude that they are applicable to other 
contexts. It is recommended to analyze in sub-
sequent studies the suitability of the model 
under	other	circumstances,	company	profiles,	
economic sectors, and designs of open innova-
tion programs, among other possible aspects.

It	 is	 important	 to	 note	 that	 EMSRI	 is	 flexible,	
allowing future studies to adopt other attri-
butes of the analyzed actors, new evaluation 
scales, and most likely the expansion of its use 
for other types of organization, in addition to 
corporations and startups, such as universities 
and technological centers.

Therefore, the model represents a contribu-
tion to studies on the formation of mutualistic 
symbiotic relationships in open innovation pro-
grams, and due to its broad conception, its ap-
plication can be studied in other contexts.
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