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a University of Zaragoza, Spain 
b IUMA - University of Zaragoza, Spain   

A R T I C L E  I N F O   

Handling Editor: Dr Stelvia Matos  

Keywords: 
Participatory decision 
Resistance to innovation 
Social influence 
Adoption process 
Commission error 
Omission error 

A B S T R A C T   

Why do innovation projects fail? The most common answers are (A) the implementation differs from what was 
planned; (B) despite positive expected payoffs, there is an ex-ante positive probability that payoff can be negative 
(risk). As a third option, we consider the fallibility of individuals who evaluate innovation projects using their 
limited information-processing capabilities (bounded rationality). Furthermore, we compare the overall orga-
nizational performance of two decision mechanisms. First, an informal Collective Decision as an unanimity 
participative mechanism to decide on technological innovation adoption and, second, a centralized Authority 
decision. Authority-based decision-making results in higher commission errors (acceptance of projects that an 
unbounded rational decision-maker would reject) and lower omission errors (rejection of projects that an un-
bounded rational decision-maker would accept) than Collective Decision. In a dynamic technological adoption 
process where a sequence of randomly generated innovation projects is evaluated using the two mechanisms, the 
simulations show that, in the short-term, omission errors dominate and Authority is preferred to Collective De-
cision; however, in the mid and long terms, commission errors dominate and Collective Decision is preferred to 
Authority, especially if Collective Decision does not incorporate social influence. With Collective Decision, the ratio 
of projects that fail is lower, more innovation projects are rejected, and fewer innovation projects are accepted, 
which can be interpreted as resistance to innovation.   

1. Introduction 

The prevention of failure of innovation projects is a justified concern 
of innovation management (Jarrel, 2017; Meaney and Pung, 2008; 
Porras and Robertson, 1992). There are two main explanations of why 
innovation projects do not deliver the promised results. One of them 
attributes failure to errors or lack of commitment in the implementation 
stage (Dent and Goldberg, 1999; Dubrin and Ireland, 1993; Furst and 
Cable, 2008; Griffin, 1993; Hardy and Clegg, 2004). This may be 
because those involved in the implementation stage did not participate 
in the decision-making process or because they resist change and 
innovation (Dam et al., 2008; Kotter and Schlesinger, 1989; Piderit, 
2000). The other explanation recognizes that innovation decisions are 
risky, and payoffs depend on states of nature (related to the technology 
and/or demand) that are uncertain during decision-making (Rogers, 
1962; Schumpeter, 1934; Wang et al., 2010). 

We propose a third explanation for failure based on the limited ra-
tionality of the individuals involved in the decision, that is, individuals 
often make errors in their judgments because of the brain’s limitations in 

information-processing (Simon, 1947). In rationality, the amount of 
available information is exogenous for individuals and determines 
(inversely) the uncertainty, consequently affecting the risk associated 
with the alternatives. Nevertheless, in limited rationality, all the infor-
mation is available. However, using the same information, one indi-
vidual can reach a different decision than another because the two may 
have different capacities for processing the information. In this con-
ceptual framework, the decision stage is crucial because the perfor-
mance solely depends on individuals’ ability to predict and the group 
decision mechanisms that combine their abilities to reduce errors. De-
cision mechanisms are deeply analyzed when results are poor (Du et al., 
2007; Wang et al., 2010; Wang et al., 2010), which is a topic deserves 
more research attention according to some authors (Frishammar et al., 
2012; Huang et al., 2013). 

This article uses the Agents-Based Modeling (ABM) simulation 
methodology (Fioretti, 2013; Macy and Willer, 2002) to compare the 
performance of two mechanisms to take decisions on innovation projects 
as development opportunities in organizations. One of these mecha-
nisms centralizes the information and decision to accept or reject 
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innovation projects. This process is conducted by a single individual in 
the hierarchy of the organization (Authority). The other mechanism re-
quires consensus among the members of the organization arranged in a 
network. The undirected succession of interactions between directly 
connected individuals can end with a consensus on adoption or rejection 
(Collective Decision). 

Given that individuals can make two types of errors in their judg-
ments, namely, commission errors (supported projects that should be 
rejected) and omission errors (rejected projects that should be 
accepted), determining the decision mechanism is crucial. Under Au-
thority, the bounded rationality of the individual with the decision- 
making power affects the probability of committing any of these er-
rors. However, under Collective Decision, the probability of omission and 
commission errors is determined on a case-by-case basis depending on 
the random interactions among individuals. Here, decision-making in-
dividuals are also involved in the implementation stage, unlike in the 
Centralized Authority. 

Our model assumes that innovation projects can show higher or 
lower performance than the status quo and the decision mechanisms 
affect the types of errors appearing in the final payment. This approach 
allows the analysis of the aspects that have not been previously dis-
cussed in the literature, such as the fact that the Collective Decision re-
duces commission errors but increases omission errors when compared 
with Authority. From a more practical point of view, this suggests that, 
under Collective Decision, the number of accepted projects will be fewer; 
however, the number of failed projects will be lower than under Au-
thority. Therefore, Collective Decision can be seen as a mechanism that 
creates resistance to innovation in organizations (Lewin, 1947). 
Whether resistance to innovation is positive or negative for organiza-
tional performance, is hard to tell. It might be positive for organizational 
performance when avoiding mistakes is a priority (some decisions may 
threaten the survival of the organization), but its potential benefits must 
be weighed against the opportunity costs of omission errors. Here, we 
link opportunity costs to too much resistance to innovation under Col-
lective Decision mechanism. The effect of the two error types on perfor-
mance is not clear, which is a question that the simulation helps answer. 
Outside and inside observers of innovation success and failure find it 
difficult to assess the opportunity costs of omission errors when evalu-
ating the performance of innovation projects. The simulation method-
ology allows us to explicitly introduce the consequences of omission 
errors in the evaluation of the performance of the elements that influ-
ence innovation decision-making. 

Another innovative aspect of our study is that we examine the de-
cision mechanisms sensitivity to the density and centrality of social ties 
when they become social influences. In the decision-making context, 
this indicates that individual support for the adoption of an innovation 
project depends on the outcome of project-related information-pro-
cessing and number of supporting neighbors. We find that social influ-
ence increases the “resistance to innovation” (Lewin, 1947). The 
relevance of the centrality and density of social ties has also been 
examined in joint production situations where individual contributions 
to group production are affected by incentives to free ride (Marwell 
et al., 1988; Oliver et al., 1985). The difference is that the potential 
inefficiencies in the proposed modeled situation arise from individuals’ 
fallibility and intention to be collectively rational (all members of the 
organization work as a team and share the organization’s common goal 
of maximizing the expected payoff to the group, there are no conflicts of 
interest and no incentives to lie while sharing information with other 
members of the group). 

The remainder of this paper is organized as follows. Section 2 re-
views the literature on the conceptual framework of our model. Section 
3 describes the formal model development and Section 4 presents the 
simulation results for Collective Decision versus Authority. Finally, Section 
5 discusses the results, proposes future research directions, and sum-
marizes the most relevant conclusions. 

2. Literature review on the modeling framework 

A large body of literature has examined the failure of innovation 
projects in the context of the resistance to innovation, which occurs in 
the implementation stage (Furst and Cable, 2008; Hardy and Clegg, 
2004). However, many authors have demanded mode research on the 
innovation-decision stage and its impact on the performance of the 
adoption process. Wang et al. (2010) have pointed out that many studies 
are based on post-determination models and emphasize the lack of 
studies on decision rules. Huang et al. (2013) have stated that “The use 
of decision analysis approach to quantitatively deal with the technology 
adoption decision problem has not often been seen in the literature.” Du 
et al. (2007) have pointed out that “Despite the substantial body of 
research on the determinants and effects of innovation, surprisingly 
little is known about the decision-making process of the innova-
tion-decision.” This claim has been highlighted in Frishammar et al. 
(2012), which contains a literature review on why innovation projects 
fail. Its conclusion states that “… a key issue in both strategic manage-
ment and entrepreneurship, the distinct skills, procedures, and decision 
rules, which underlie firm-level sensing in process innovation, remain 
largely unexplored. Accordingly, we encourage further research into 
process innovation, which may well arrive at conclusions that are 
equally relevant to academics and practitioners in light of an increasing 
interest in the determinants of successful process innovation.” 

Other researchers have criticized the deterministic and static ap-
proaches adopted by studies on innovation projects failure (Hobday, 
2005), even when organizations are in a changing environment where 
new technologies constantly appear, generating innovation projects. 
Wang et al. (2008) have expressed the need for literature that explores 
the dynamic nature of innovations and technological change. 

Our study tries to reduce these research gaps by evaluating how 
hidden decision mechanisms and organizational elements influence the 
performance of an organization in a dynamic adoption process where 
the organization must decide on a sequence of innovation projects 
whose performance cannot be accurately anticipated by individuals 
(bounded rationality) in an unlimited time horizon. Although the se-
lection of innovation projects is a fundamental part of the innovation 
process, the results of the decision mechanisms by which organizations 
evaluate innovations remain unexplored. This research gap exists 
because researchers cannot evaluate the omission errors of innovation 
projects, and some of the decision processes may be unobservable (like 
social influence). 

To alleviate these problems, we use the ABM as a laboratory 
(controlled environment) in which a scenario (decision mechanism and 
organizational elements) is evaluated using simulated performance 
(Kuandykov and Sokolov, 2010; Sharma and Sehrawat, 2021). The in-
puts to the simulation are the number of individuals in the network, ties 
of each individual, degree of fallibility of individual members, and as-
sumptions about social influences. We use ABM to study how individuals 
in an organization can indirectly influence the collective decision on 
whether an innovation project will perform better than the current 
status quo or not. 

2.1. Decision mechanisms 

Despite the difficulties in studying decision mechanisms, some 
empirical studies have found positive relationships between the success 
of innovations and degree of participation in decisions (Cohn, 1981; 
Kim, 1980; Russell and Russell, 1992). These studies have conjectured 
that decision mechanisms that involve all individuals overcome the 
drawbacks of the traditional concentration of decisions for two reasons. 
First, collective decision mechanism allows the collection of a greater 
amount of information and second, the commitment gained in the de-
cision stage simplifies the implementation stage. However, some works 
have found that authority promotes the adoption of disruptive in-
novations that pose significant challenges and are not assumed by other 
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forms of decision-making (Lee and Csaszar, 2020; Seshadri and Shapira, 
2003). 

The hierarchical structure has concentrated decision-making power 
in the hands of a few individuals, giving them the capability to accept or 
reject innovation (Sah and Stiglitz, 1986) (Authority). However, partic-
ipation systems are gaining prominence (Raab and Kenis, 2009). To 
maximize participation, Collective Decision is conceived as a discussion 
forum where nothing is imposed, and all members are treated equal 
(unanimity). Here, we evaluate the following two decision mechanisms: 
Authority being the traditional one and Collective Decision being the 
participatory system. Accordingly, we provide explanations for the 
ambiguities found in empirical intuitions. 

2.2. Organizational elements 

Organizational innovation decisions are rarely probabilistically 
studied and how some internal determinants affect the probability of 
adopting an innovation is even more underexplored (Du et al., 2007). 
When individuals participate in decision-making, they are aware of 
others’ actions and their social ties enable social influence (Marwell 
et al., 1988). Group decision models should account for these in-
terdependencies in the manifestation of individual judgments of col-
lective action (Hardin, 1982; Oliver et al., 1985) because social ties 
allow the transmission and discussion of information. Even so, they have 
been widely ignored in the group decision literature (Christensen and 
Knudsen, 2010, 2002; Csaszar, 2013; Knudsen and Levinthal, 2007; Sah 
and Stiglitz, 1986). Social ties may result from formal relationships 
(communication channels consciously established by the organization) 
or informal relationships (individually chosen social ties) and affect 
interdependent decisions. Two important organizational characteristics 
of social ties are centrality and density and, ceteris paribus, the changes 
in them substantially alter group outcomes (Marwell et al., 1988). 

2.2.1. Individual judgment 
Most literature on reliability of organizational decision-making 

mechanisms (Christensen and Knudsen, 2010, 2002; Csaszar, 2013; 
Knudsen and Levinthal, 2007; Sah and Stiglitz, 1986) has assumed that 
everyone is a potential pioneer; if they receive information of an inno-
vation project, they submit it to the organization to decide whether to 
accept or reject it, hoping to improve their collective performance. 
Hence, we assume that individuals have no strategic behavior, and the 
exchange of information and manifestation of judgments are cost-free. 
The anticipation of the performance of an innovation project depends 
on the judgment capacity of the organization, which contrasts with the 
literature influenced by Schumpeter (1934), where success or failure of 
the innovation occurs randomly. Group fallibility is analyzed in a 
bounded rationality framework where the information is complete. The 
uncertainty in the result is the product of the limited capacity for indi-
vidual judgment, which is alleviated by group decision mechanisms. 

In this area, the models of individual judgment are straightforward. 
In the model of Du et al. (2007), the probability of showing a correct 
judgment is described using the normal distribution of an individual’s 
error, independent of the difficulty of the decision. Knudsen and Lev-
inthal (2007) have proposed a linear function where the individual error 
probability is proportional to the performance difference between the 
status quo and new project. Luce (1956) has used logit distribution, 
which is more flexible, and combined the previous two methods. It al-
lows different individual’s information-processing abilities and the 
probability of correct judgment increases with the performance differ-
ence between alternatives (Sáenz-Royo et al., 2022). This probability 
captures the behavior of individuals with bounded rationality, following 
Simon (1947). This model of individual behavior has been widely used 
across decision-making studies (Pachur et al., 2017; Salas-Fumás et al., 
2016; Scheibehenne and Pachur, 2015; Sutton and Barto, 1998). Addi-
tionally, Salas-Fumás et al. (2016) have argued that social environment 
influences the probability of an individual accepting an innovation 

project, connecting social interdependencies and individual judgment. 

2.2.2. Centrality 
The concept of centrality tries to collect asymmetries in the impor-

tance level of some individuals, compared with others in a network of 
social ties (Borgatti and Everett, 2006; Freeman et al., 1991; Wasserman 
and Faust, 2013). Individuals with high centrality have more social ties 
and can send and receive more information than others. If all individuals 
are connected to only one other individual and there is no connection 
among them, the structure has maximal centrality (Wasserman and 
Faust, 2013). However, if all individuals have the same number of ties, 
their centrality is minimal (Freeman, 1978; Marwell et al., 1988). 

For efficiency, in an authoritarian decision mechanism, the authority 
must have maximal centrality because any relevant information should 
reach her as soon as possible. In this decision mechanism, each proposal 
must convince only the authority; hence, the determining factor is 
authority’s bounded rationality. If this individual is incompetent or 
incapable, the organization is doomed to fail (Marwell et al., 1988). 

However, for a collective decision to be egalitarian, it must show 
minimal centrality and must pass the judgment of everyone without a 
fixed itinerary. After the dissemination process,1 unanimity is achieved 
in favor of the innovation project or status quo, with all members 
decisively participating in the group decision (Farjoun, 2010; Tsoukas 
and Chia, 2002). Unanimity forces equality among all individuals and 
empowers them as essential in the organization by involving everyone in 
the discussion and imposing no conditions. Accordingly, unanimity 
ensures that everyone is committed to the decision. However, any ma-
jority mechanism generates the following two groups of individuals: 
those who impose and those who must accept. From a normative 
perspective, unanimity is better at maximizing well-being than a 
benevolent dictator (Buchanan et al., 1962; Romme, 2004). With three 
or more alternatives, unanimity is free from the inconsistency of a ma-
jority rule voting system (Arrow, 1963). At the organizational level, 
unanimity enables coordination and cooperation among everyone in the 
implementation stage (Kellermanns et al., 2011 and the references 
therein). Group unanimity is also recommended when incorrect de-
cisions could severely damage the group (Catalani and Clerico, 1996). 

2.2.3. Density 
The maximum centrality of authority forces the number of ties per 

individual to be asymmetric and fixed, number of social ties of the 
deciding individual is N − 1, where N is the size of the organization, and 
the others have only one social tie. However, minimum centrality is 
achieved if the number of social ties of individuals is equal. In this case, 
when the group size is fixed, the number of ties is equivalent to the 
density of the social network (the number of ties over the total number 
of possible ties). The larger the number of social ties, the faster the 
dissemination (Marwell et al., 1988). But social ties can generate social 
influence on the judgment of individuals that do not have obvious effects 
on the process. Oliver et al. (1985) have argued that judgments are not 
simultaneously established but sequentially appear, which justifies the 
study of social influence. Granovetter (1978), Cialdini and Goldstein 
(2004), and Salganik et al. (2006) have described that “social influence” 
as the weight of environmental judgment on one’s own mind. This 
means that, in an organization, the probability of an individual being 
inclined to favor the acceptance of an innovation project increases with 
the relative number of individuals who have previously opted for this 
judgment within their social circle. Jones (2003) has argued that 

1 In collective action, the modeling of the dissemination of trials is inspired 
by epidemiological models for the spread of diseases and pathologies in human 
groups adapted to the social environment. See, for example, Bass (1969), ex-
tensions such as Mahajan et al. (2000), and the later introduction of the model 
in Complex Networks by Moore and Newman (2000), Newman (2002), and 
Dodds and Watts (2005). 
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bounded rationality sensitives individuals to others’ judgments because 
they are unsure of their own. Therefore, the number of social ties in a 
group of a fixed size—network density—largely influences individual 
judgments and may affect the performance of collective decisions. 

2.3. Resistance to innovation 

In a collective decision, organizational elements such as unanimity, 
social influence, and density are summarized through different levels of 
resistance to innovation. When the ability to decide is centralized to one 
person (authority), the elements above do not generate any resistance in 
the decision process but it can appear in the implementation stage. 
However, a collective decision involves organizational elements that can 
lead to resistance to innovation in the decision-making stage, alleviating 
the uncertainty in the implementation stage.2 The concept of resistance 
introduced by Lewin (1947) entails the idea that an equilibrium can 
retain the status quo, when an organization is facing the forces of 
change. The term “social dynamics” acknowledges the importance of 
each individual in the group and their interaction as generating resis-
tance elements (Burnes and Cooke, 2013). When individual judgment is 
not affected by social influence, the density of social ties does not affect 
the probability of acceptance of the organization; resistance to innova-
tion comes from the need to convince all individuals (Salas-Fumás et al., 
2016). 

Resistance to innovation is a result of the dynamics of discussion and 
social influence, originating from a disagreement regarding the 
perceived performance of an innovation project. From an organizational 
perspective, a collective decision can be interpreted as a way of creating 
“resistance” to innovation that counteracts the possible excess of opti-
mism, which may lead empowered managers accepting too many 
innovation projects (Ford et al., 2008; Piderit, 2000). Allowing a col-
lective decision shifts the organization into a more cautious position, 
reducing commission errors but increasing omission errors when 
compared with authoritative decision-making (Salas-Fumás et al., 
2016); hence, it is critical to assess this balance. 

2.4. Adoption process 

Wang et al. (2008) have expressed the need to understand the dy-
namic nature of innovations and technological change. In this sense, 
Ilori and Irefin (1997) have studied technological innovation using de-
cision theory. The adoption process is dynamic because the organization 
must decide which innovation projects to adopt in an infinite temporal 
horizon; moreover, each of these innovations has a different perfor-
mance. In this study, the adoption process is conditioned by previous 
decisions and the ability to predict the performance of the organization 
(decision mechanism) (Rogers, 1962). We consider that each innovation 
project can present a positive or negative performance balance in the 
status quo. The contributions of innovation include improving produc-
tivity (Adler and Clark, 1991; Balasubramanian and Lieberman, 2009; 
Sáenz-Royo and Salas-Fumás, 2013) and/or reducing costs (Sinclair 
et al., 2000; Yelle, 1979; Zangwill and Kantor, 1998). The dynamic 
framework allows the observation of the evolution of the performance 
across different scenarios (decision mechanism and organizational ele-
ments) over time, establishing the intervals in which they perform the 
best (Farzin et al., 1998). Understanding the adoption of technological 
innovations over time and how they affect organizational performance is 
key in management. 

3. Description of the model 

The adoption process is modeled as a time series of innovation pro-
jects, one project per period. The organization includes N individuals, 
one in each node of the connected network. At the beginning of each 
period, the level of collective performance is Vs. The everyday working 
activity of the group takes place in an environment of technological 
innovation—in each period, any individual can propose an innovation 
project that can change the status quo performance; the innovation 
project is represented by its latent performance and inaccurately pre-
dicted by individuals (bounded rationality). The distribution and mo-
ments of the random variable Ṽ, which generates innovation projects, 
are known (expected value E(Ṽ) = V and standard deviation SD(Ṽ) =

SD). The group starts with a status quo payoff of Vs. If a new project of 
value V is accepted, the status quo changes to this value V. The optimal 
decision to maximize the sum of the values of the successive innovation 
projects along a sequence of periods, is to only accept projects with 
payoffs higher than the status quo. 

The organization can make decisions using an Automatic System or a 
decision mechanism (Authority or Collective Decision). The dependent 
variable in the model is the performance level obtained over time, after 
each innovation project proposal has been evaluated. The independent 
variables are the decision mechanism and organizational elements (the 
existence of social influence and density of social ties). Each combina-
tion of independent variables defines a different scenario. 

The Automatic System is based on the average performance of inno-
vation projects. If the average of the innovation projects is higher than 
that of the status quo, each innovation project that reaches the organi-
zation will be accepted without any additional evaluation.3 The ex-ante 
expected performance of the organization will be the expected value of 
the random variable of project performance, E(Ṽ). If the average of the 
innovation projects is lower than the status quo, the decision is to reject 
all innovation projects. Furthermore, the performance of the group is 
that of the initial status quo, Vs. 

The decision mechanisms try to anticipate the latent performance of 
each innovation project (a priori unknown to individuals) and finally 
decide whether to accept or reject it. The following two decision 
mechanisms are considered: Authority and Collective Decision. In both 
cases, individuals are fallible, which is described later. In the collective 
decision mechanism, the individual judgment of adoption may or may 
not be influenced by the judgment of neighboring individuals. 

3.1. Decision mechanisms 

The acceptance or rejection of each innovation project (against 
current status quo) is obtained through a simulation, modifying the 
value of the status quo if it is accepted. Repeating this process with 
Collective Decision and Authority we can compare the expected perfor-
mances of both mechanisms. 

Hence, the process begins with one individual in the organization 
proposing an innovation project whose latent performance is Vc which 
may be higher or lower than status quo Vs. Thus, we study how an 
innovation project that unexpectedly appears at any point in the orga-
nization is accepted. 

3.1.1. Authority model 
Under Authority, a single individual makes decisions (authority) and 

other individuals limit themselves to making proposals. All members of 
the organization are directly connected to the authority and can transmit 
any improvement proposals (maximum centrality). Power is asymmetric 
and there is no social influence or resistance in the decision-making 
process. In this case, each project must overcome the skepticism of the 2 Under Collective Decision, some cases of irrational immobile behavior have 

been observed in an attempt to maintain harmony among members. This 
phenomenon is known as “Groupthink” (Esser, 1998); however, this psycho-
logical aspect is not included in our stylized model. 3 Even if the performance is inferior to the average in a given period. 
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bounded rationality of the authority, whose probability of acceptance is 

pA =

(
eVs

eVc + 1
)− 1

. (1) 

This probability exclusively depends on the comparative advantage/ 
disadvantage performance of the innovation project, as compared to 
that of the status quo (Vs/Vc). For each project, only one change in 
judgment is possible. This is because if the authority favors the adoption 
of the innovation project, it will be implemented in the organization; if it 
favors the status quo, the innovation project will be rejected. 

3.1.2. Collective decision model 
In Collective Decision, the innovation project must iteratively over-

come the skepticism of all recipients of the innovation, without a fixed 
itinerary. This is because, initially, all individuals favor the status quo. 
At the end of the dissemination process, unanimity is reached in favor of 
the innovation project or status quo. 

For any individual a, two possible judgment states are defined in 
each iteration i, namely, as,i, which supports the status quo, or ac,i, which 
supports the innovation project. Interactions occur only among in-
dividuals with different judgments. Suppose that in iteration i, b is an 
individual who has a favorable judgement for innovation project (bc,i). 
Next, we choose another individual a who favors the status quo (as,i) 
within b-environment. Then a interacts with b. After each interaction, 
the following two cases are possible: the individual favoring the status 
quo (a) is convinced by the innovation project (transition probability 
pc

a,i) or the individual favoring the innovation project (b) is convinced of 
the status quo (transition probability ps

b,i = 1 − pc
a,i). The transition 

probabilities (pc
a,i; 1 − pc

a,i) depend on the relative weight of innovation 
performance concerning the status quo. For an independent individual, 
a (not influenced by others), the probability of changing their judgment 
and accepting the proposal at iteration i is 

pc
a,i =

(
eVs

eVc + 1
)− 1

. (2) 

However, under free participation, social environment judgments 
are likely to influence individual judgments, modifying the probabilities 
of transition (social influence). In this case, the transition probability pc

a,i 

is defined as 

pc
a,i =

(
nas,ieVs

nbc,ieVc + 1

)− 1

, (3)  

where nas,i is the number of individuals in the a-environment (including 
a) who present the same judgment (favorable to the status quo). Simi-
larly, nbc,i is the number of individuals in b-environment (including 
himself) who also favor the project. 

The probability combines two factors that determine the acceptance 
of the innovation project, latent performance of the innovation project 
in relation to the status quo, eVs

/eVc , and relationship between the 
number of individuals in a-environment who favor the status quo, and 
those in b-environment who favor innovation (nas,i/nbc,i), in iteration i. 
Notably, equation (2) is a particular case of equation (3) when nas,i and 
nbc,i are equal to 1—when individuals consider their judgment without 
social influence. 

The greater the relative improvement in the innovation project and 
greater the number of individuals favoring the innovation project (and 
fewer against it), the greater the probability that each interaction will 
end with an individual favoring the innovation project. Similarly, the 
probability of an individual favoring the innovation project modifies 
their judgment in favor of the status quo is 

ps
b,i =

(
nbc,ieVc

nas,ieVs + 1
)− 1

= 1 −

(
nas,ieVs

nbc,ieVc + 1

)− 1

= 1 − pc
a,i. (4) 

Social influence depends on social ties. When individuals are highly 
connected (high density), they exercise greater influence on the envi-
ronment; when individuals are more isolated (low density), their judg-
ment that depends on the quotient between the exponential relative 
values (eVs

/eVc ) to a greater extent. 

3.2. Scenarios 

A scenario is a combination of decision mechanism and organiza-
tional elements that modify the probability of accepting innovation 
projects. Six scenarios are defined. The acceptance probability of an 
organization is denoted as p(eVs

/eVc ⃒⃒k), where k is the scenario. 

3.2.1. Automatic System scenario (Scenario S) 
Given that the organization knows the average performance of 

innovation projects, it can establish an a priori automatic decision. If this 
average is higher than that of the status quo, all innovation projects are 
accepted without any further evaluation; if it is lower, all are rejected. 
Notably, the decision is not made based on a project’s (unknown) per-
formance but on the global average. This automatic decision mechanism 
is known as the expected value criterion. This scenario is used as the 
“reference case.” 

3.2.2. Authority decision mechanism (Scenario A) 
Under Authority decision mechanism the authority studies each 

project. The probability that the authority accepts each innovation 
project equation (1) is calculated similarly as the interaction in Collective 
Decision without social influence equation (2). This is because the au-
thority is not influenced by organizational elements. 

3.2.3. Collective decision mechanism (Scenario C) 
During the decision process for each innovation project, the opposing 

forces summarized in the individual probabilities defined in equation (3) 
and equation (4), are at play. This process is simulated using an ABM 
(see Appendix I). The result shows the group decision of a given simu-
lation, relative performance between the innovation project and status 
quo, existence or absence of social influence in individual judgments, 
and density of social ties in the case of social influence. 

3.2.4. Collective decision without social influence (Scenario C1) 
When an individual is not influenced by their environment, nas,i and 

nbc,i are equal to one, and neither the place where the innovation project 
appears nor the density of social ties affects the group probability. 
Therefore, group resistance to an innovation project results from having 
to convince all members, where the probability of individual judgment 
only depends on the relative performance of the innovation project 
when compared with the status quo. In this case, the maximum density 
social ties are considered because they allow the fastest diffusion 
(minimum iterations). 

3.2.5. Collective decision with social influence (Scenario C2) 
The following three levels of density of social ties are considered for a 

group of 13 individuals:  

- Low Density Network (Scenario C2-1): two ties per individual being 
the lowest possible density  

- Medium Density Network (Scenario C2-2): six ties per individual, a 
medium density within the possible ones  

- High Density Network (Scenario C2-3): twelve ties per individual, the 
maximum density 

3.3. Adoption process 

An organization size of N = 13 individuals was selected for two 
reasons. First, a collective group decision has special relevance in small- 
and medium-sized groups. Second, one of the robustness exercises 
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verified that the variations in the group probabilities are low for an 
organization whose size greater4 than 13. Moreover, in the authoritarian 
case, organization size is not relevant because of the centralization of 
decisions in the node with the authority. 

The simulation aims to compare the performance of the organization 
in the designed scenarios. The simulation starts with the status quo of a 
group. Its economic value is normalized to Vs

0 = 1. Innovation project 
shocks are represented by the realizations of a random variable that is 
the economic value of technological change, Ṽ

c
. For simulation pur-

poses, the innovation project values are 1000 random draws from a 
normal distribution with an expected value of 1.2 and standard devia-
tion of 0.2: Ṽ

c
∼ N(1.2;0.2). The innovation projects appear sequen-

tially, one in each period. The sequence is the same across all scenarios. 
The underlying technology offers an average performance that is 20% 
higher than that of the initial status quo. However, in the scenario where 
all projects are accepted (S), there is a probability of 0.1587 that an 
innovation project with a performance lower than 1 (initial status quo) 
would be accepted. 

The performance of the scenarios is obtained through the simulation. 
The probability of accepting an innovation project always depends on 
the performance difference (between the status quo and latent perfor-
mance of the innovation project) and characteristics of each scenario, 
p(eVs

/eVc ⃒⃒k). According to this probability, the simulation produces a 
random walk of performances (one for each period), which is obtained 
in a specific scenario (we will denote it as SVk

t ) with a standard deviation 
(we denote it as SDk

t ). We define the average cumulative return up to 
period t as the sum of the returns obtained up to that period, divided by 
the number of periods (we denote it as CSVk

t ). The number of cumulative 
“changes” is defined as the number of innovation projects accepted up to 
period t. This concept is important because every time an organization 
accepts an innovation project, the organization must transform itself; we 
call this process “change” and it involves obtaining a new performance 
(SNAk

t ). For the sake of replicability, Appendix II provides the detailed 
simulation procedure and interpretation of the technical part. 

4. Performance of the scenarios 

We simulated the performance of each scenario S, A, C1, C2-1, C2-2, 
and C2-3 for a sequence of 1000 innovation projects. The performance 
evolution of the different scenarios allows the comparison between the 
decision mechanisms and organizational elements that define each 
scenario in the short and long terms. Table 1 and Fig. 1 show the sce-
nario performance across different periods, standard deviation, and 
visualization of their different adoption processes. 

Table 1 shows how, in period 100, Scenario A presents a result of 
1.11. The performances are 1.49, 1.46, 1.19, and 1.02 for Scenarios C1, 
C2-1, C2-2, and C2-3, respectively. As mentioned before, in decision 
mechanism (scenarios A and C), the scenario performance in each period 
depends on the acceptance (changes) and rejection decisions from the 
previous period. The maximum variability of expected performance 
(difference between adjacent periods) is presented by Automatic System, 
followed by the Authority. The Collective Decision scenarios show less 
variability despite the different trends. Notably, Scenarios S and A show 
rapid growth in performance, which gives them an advantage in the 
short term. 

In the initial periods, Collective Decision presents a lower performance 
than the Authority. This implies that, in the early periods of the adoption 
process, the omission errors weigh more than commission errors in the 
collective performance. When a new technology appears, many oppor-
tunities for improvement arise and decision mechanisms with more 

omission errors are penalized. Table 1 shows if the validity of the new 
technology is sufficiently long (40 periods in our case). Collective Deci-
sion with moderate resistance to innovation (C1 and C2-1) has an ex-
pected payoff of 1.45 and 1.41, which is almost 41% higher than that of 
the status quo and 16.67% (20/120) higher than the average payoff of 
the underlying technology. As time passes, the payoff from the last 
accepted project increases; therefore, the likelihood that a good project 
is rejected (omission error) decreases. This is because there will be fewer 
projects with a value higher than the current one and opportunities for 
improvement will be reduced. In this situation, Collective Decision across 
C1 and C2-1 scenarios has an advantage because of its ability to reduce 
commission errors (moderate resistance to innovation), avoid setbacks 
in performance, and allow the organization to systematically obtain 
better returns than under Authority (A). The Authority’s symmetry be-
tween commission and omission allows for rapid growth in perfor-
mance. However, it is difficult for the Authority to maintain high- 
performance levels because of its inability to avoid commission errors. 
This analysis restricts the use of an authoritarian decision mechanism in 
sectors with constant technological changes. 

Collective Decision presents limitations when the validity of the new 
technologies is ephemeral and the possible appearance of strong in-
fluences among individuals is a threat. The right side of Table 1 shows 
that medium connection levels between individuals (C2-2) considerably 
increase the validity period required by the Collective Decision to perform 
better than the Authority. To reduce the number of periods required for 
Collective Decision to perform better than the Authority, resistance to 
innovation must be moderate and have a low density of social ties that 
limit the possibility of social influence. 

To more deeply analyze the results, we compute the average cumu-
lative performance—the sum of the performance of a scenario up to 
period t, divided by the number of periods (t) (CSVk

t ). It shows when one 
scenario overcomes another, considering all the performances obtained 
up to that moment. Comparing the results for periods 10, 100, and 1000 
provides information on the trends of the scenarios. 

The fifth and sixth columns of Table 2 and Fig. 2 show how, in period 
100, scenarios without any (S and A) and moderate resistance to inno-
vation (C1 and C2-1) have an average of cumulative performance that is 
close to the value in period 1000. Their average of cumulative perfor-
mance does not present a growing trend and most of the important 
growth takes place in the first 100 periods, presenting a clear concavity 
in the adoption process. The scenarios with greater social influence (C2- 
2 and C2-3) show slow growth with an increasing trend, with some 
concavity in case C2-2; however, in C2-3, it is more linear. 

Fig. 2 shows how, in the short term, Automatic System (S) and the 
Authority (A) present the best performances. In fact, in Scenario C1, 
Collective Decision does not improve the cumulative performance 
average of Automatic System (S) until the 22nd period and the Authority 

Table 1 
Scenario performance (SV) and its standard deviation (SD) in each period. 

Note. Stronger background colors represent higher performance. 

4 Simulations were conducted with organizations of size N = 6, 13, 50, 100, 
and 500. The results show that, for sizes greater than 13, the probability of 
accepting the organization hardly changes. 
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(A) until the 27th period. Similarly, in Scenario C2-1, Collective Decision 
does not exceed Automatic System (S) until period 33 and the Authority 
(A) until project period 48. Notably, Collective Decision requires some 
innovation projects to obtain a better performance than Authority. This 
may be why a significant part of the literature has analyzed resistance to 
innovation as perverse. 

In the long term, the Collective Decision scenarios with moderate 
resistance to innovation (C1 and C2-1) experience a significant gain in 
the average of cumulative performance, concerning the initial status 
quo. In period 1000, the scenario without social influence (C1) presents 
a gain of 53% over the initial status quo, while those with social influ-
ence and minimal density (C2-1) present a gain of 51%. The long-term 
scenario shows how social influence and medium density (C2-2) 

present an average of cumulative performance, which is 36% higher 
than that of the initial status quo; however, the cumulative performance 
of the Authority (A) is only 23% higher than that of the initial status quo. 
The scenarios with the lowest gains are S and C2-3, presenting an 
average cumulative performance of 19% and 9% above the initial status 
quo, respectively. The differences in the long-term scenarios are 
extremely important. The Collective Decision scenarios with moderate 
resistance to innovation (C1 and C2-1) have twice the cumulative per-
formance gain than that of Authority (A), and the scenario with social 
influence and maximum density (as the maximum level of resistance to 
innovation) is the only one with a cumulative performance that is worse 
than Authority (A). 

Each change implies accepting an innovation project that requires 

Fig. 1. Evolution of performance in different scenarios.  

Table 2 
Comparison of performance, average of cumulated performance, and number of changes in periods 10, 100 and 1000.   

Performance (SV) Cumulative Performance (CSV) Cumulative Changes (SNA) 

Period 10 100 1000 10 100 1000 10 100 1000 
S 1.18 0.91 1.12 1.17 1.19 1.19 10.00 100.00 1000.00 
A 1.15 1.11 1.14 1.18 1.23 1.23 4.44 48.51 490.01 
C1 1.18 1.49 1.58 1.11 1.39 1.53 0.65 2.92 11.73 
C2-1 1.14 1.47 1.57 1.08 1.36 1.51 0.49 2.41 8.92 
C2-2 1.01 1.19 1.46 1.01 1.10 1.36 0.04 0.52 1.70 
C2-3 1.00 1.02 1.16 1.00 1.01 1.09 0.00 0.05 0.40  

Fig. 2. Evolution of the average of cumulative performance in different scenarios.  
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the organization to adapt. Implementing an innovation project involves 
initiating a learning process, adapting the organization, and losing the 
knowledge acquired about the previous status quo (entry and exit costs). 
When an organization bases its performance gains on accepting many 
innovation projects (many changes), it must manage additional costs 
(entry and exit costs), which entail more difficulty than retaining the 
status quo. The seventh, eighth, and ninth columns of Table 2 show the 
number of times the status quo has been replaced by an innovation 
project in the first 10 periods, 100 periods, and total number of periods 
(1000). The Automatic System (S) admits all innovation projects by 
definition; therefore, there is a change in each period. The Authority (A) 
presents half of the changes in the Automatic System (S)—around 49% of 
innovation projects are accepted. Across all scenarios, the Collective 
Decision shows a rate of acceptance that is less than 3% of the changes in 
the Automatic System. As the number of periods increases, the number of 
changes in Collective Decision tends to reduce. This decrease in changes 
as the periods increase confirms that resistance to innovation is enough 
for maintaining high-performance levels. Scenarios C1 and C2-1 admit 
2–3% of the changes in the Automatic System (S) in the first 100 periods 
but this value is only 0.9–1% when the 1000 periods are considered. 
However, Scenario C2-2 admits less than two changes between the 1000 
innovation projects and does not reach one change. 

Collective Decision only admits changes that present a significant 
differential performance concerning the status quo, which nullifies the 
possibility of going backward (commission errors). The standard devi-
ation of the Collective Decision is composed of greater differences in 
performance (simulations) but they are less likely. However, the stan-
dard deviation of the Authority is composed of smaller differences in 
performance (simulations) but they are more likely (for more detail see 
Figs. 5–11 of Appendix II). There is a major difference in the number of 
changes required to achieve each performance in each scenario. If the 
changes had some type of penalty that was not included in the perfor-
mance, Collective Decision would present a substantial advantage over 
Authority. Managers must assess the expected performance and sacrifice 
of changes needed to obtain it, considering the temporal evolution of the 
two variables. 

5. Discussion and conclusions 

Rationally bounded individual makes mistakes in the evaluation of 
complex projects, such as technological innovation projects, where vast 
amounts of information are required. These mistakes are mainly of two 
types, namely, omission and commission errors. We show how different 
decision-making mechanisms favor one type of error over the other and 
its impact on the overall performance. Despite being simulated, the in-
sights could be relevant for innovation management, particularly for 
designing decision mechanisms on adoption or rejection of innovation 
projects. Moreover, the simulation results show that Collective Decision’s 
disadvantage in high omission errors can be an advantage in a dynamic 
setting where the organization sequentially ponders innovation projects. 
It is expected that as time passes, the opportunity cost of preserving the 
status quo and resistance to change, which goes together with Collective 
Decision, will decrease. This is because the likelihood of receiving good 
projects that can be rejected with comparatively high probability also 
decreases over time. 

All this is true for an established technology from which the evalu-
ated projects originate, which could be described as incremental inno-
vation. For organizations that rapidly implement technological changes 
and render the current underlying technologies obsolete, Collective De-
cision may not be a solution because there is no time to take advantage of 
the decreasing costs from higher omission errors. Authority, or letting a 
single bounded rational person make the decision, is beneficial in terms 
of low omission errors; organizational performance will be more volatile 
under Authority because, compared with Collective Decision, more pro-
jects that will eventually fail are accepted. However, if the period be-
tween the introduction of the current technology and a new and more 

disruptive technology (in our setting, a new random distribution for the 
value of the innovation) is relatively short, Authority is preferred to 
Collective Decision because the opportunity costs of omission errors are 
high in the early stages. Under Collective Decision, the more intense the 
social influences (the density of the network), the higher the likelihood 
of omission errors and lower the likelihood of commission errors. Hence, 
under sufficient social pressure, organizations are stuck in their status 
quo with no change at all. 

5.1. Literature discussion 

5.1.1. Decision mechanisms 
Some technology project consultants (Asay, 2017; Venture Beat 

Staff, 2019) and academic authors (Beer and Nohria, 2000; Burnes, 
2005) have proposed a solution to the high number of failed innovation 
projects (more than 80%). According to them, a gradual upward 
approach allows for a deeper discussion. Here, the participation of all 
members requires an evaluation of the integration of the project in all 
existing business and organizational processes (internal policy, lack of 
skills, security, etc.) (Dolata, 2009). Some empirical works have found a 
positive relationship between the success of innovation projects and 
participation in the decision-making stage (Cohn, 1981; Kim, 1980; 
Russell and Russell, 1992). Our theoretical results highlight that Col-
lective Decision can present a performance that is superior to that of the 
Authority, reducing the number of failed projects. This aspect has not 
been theoretically explored in the literature. Moreover, intrinsic resis-
tance to innovation also leads to the rejection of many profitable pro-
jects (omission errors) and reduces the number of adopted innovations 
(changes). The Authority tends to accept innovation projects that fail 
mainly because it does not consider all the idiosyncrasies of the orga-
nization that will manifest in the implementation stage. Therefore, 
managers may not be fully aware of the importance of employees and 
advantages of the Collective Decision, which includes a greater commit-
ment from everyone. 

We also show that a top-down approach based on Authority is 
preferred if short-term results are sought (Lee and Csaszar, 2020; 
Seshadri and Shapira, 2003). Technological projects could demonstrate 
these characteristics. Thus, the evidence that most CEOs follow a rapid, 
top-down approach in adopting technology projects could be consistent 
with the theoretical prediction if they act as the Authority. However, 
given that this strategy requires more changes in the organization, and 
some of them may fail. The simulated trajectories provide useful infor-
mation on the performance evolution of each decision mechanism. In a 
contingent framework, the decision mechanism must consider internal 
organizational elements (capacities) and organizational environment. 
Research shows how individual evaluations are added to organizational 
decisions and how returns change over time. Managers must decide 
which mechanisms are better under given conditions (Christensen and 
Knudsen, 2010; Csaszar and Eggers, 2013; Davis et al., 2009; Hastie and 
Kameda, 2005). From an internal perspective, keeping social elements 
that affect decisions aside, not all organizations are equally prepared to 
adopt innovation projects (Heckmann et al., 2016). To achieve the 
average cumulative performance in each scenario indicated in Section 4, 
an organization must accept a certain number of innovation projects. 
The greater the number of accepted projects, the greater the number of 
innovations implemented to improve firm performance. The scenarios 
with the highest resistance to innovation achieve the specified perfor-
mance level and adopt fewer innovation projects. Although the Authority 
may present more advantages than Collective Decision in the short term, 
its improvement model requires a considerably flexible organization and 
a willingness to innovate (Seo et al., 2017; Wright et al., 2012). This 
leads to significant fluctuations in performance, as shown in Fig. 1. 
However, the fact that trajectories of performance present different 
levels of dispersion in each scenario, different levels of uncertainty in 
organizational performance is implied. This shows that, in some sce-
narios, the obtained performance is more dependent on chance. For 
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example, under Collective Decision without social influence (C1), we bear 
a greater probability of being far (above or below) from the average 
result of the scenario than in Authority. In this case, the uncertainty of 
the collective decision is less intuitive and more difficult to recognize. 

5.1.2. Organizational elements 
Studying the circumstances under which organizational character-

istics, such as the number of social ties, affect the performance required 
to accept an innovation project (modifying the level of resistance), is 
relevant for organizational design. This is because it affects the expected 
performance of the Collective Decision. Our study finds that, when social 
ties imply influence in the judgment of individuals, the increase in 
network density increases resistance to innovation. This determining 
factor hurts hampers firm performance under Collective Decision. Next, 
we identify the underlying principles that produce these results and 
delve into their applicability. 

5.1.3. Resistance to innovation 
Given that Collective Decision requires the unanimity to adopt a 

project, it presents natural resistance, and a consequently higher level of 
project rejection. This resistance causes a double effect whose outcome 
is not intuitive. On the one hand, it increases omission errors, that is, 
projects that present a performance higher than the status quo are 
rejected. On the other hand, commission errors decrease, making it 
difficult to accept projects whose performance is lower than that under 
status quo. When faced with a technological innovation whose projects 
have an average performance that is greater than the status quo, one 
could think that this type of decision mechanism would obtain worse 
results than Authority, whose balance between omission and commission 
errors is symmetrical. However, we show that the cumulative perfor-
mance gain of Collective Decision with some social influence is twice that 
of Authority. 

Resistance to adoption under Collective Decision increases when in-
dividuals’ judgments are influenced by their environment. Jones (2003) 
have argued that being aware of their own judgments and mistakes, 
makes individuals sensitive to the judgments of their environment, 
which is called “social influence” (Cialdini and Goldstein, 2004; Gran-
ovetter, 1978; Salganik et al., 2006). This resistance becomes especially 
important in the early discussions on Collective Decision when most in-
dividuals favor the status quo. Being a pioneer is hard when everyone 
thinks the same (Kandel and Lazear, 1992; Katz and Lazarsfeld, 2006). 
This explains why some authors have shown that, in environments with 
dense social ties between individuals, innovations mostly appear among 
the most isolated individuals (Fang et al., 2010). In the early stages, an 
innovative individual must try to convince another individual in their 
shared environment. This is easier in isolated environments than in 
highly connected environments, where social pressure limits the spread 
of novel ideas. 

Although there are many studies on social ties, theoretical discus-
sions on desirable properties for collective decision-making in the 
manifestation of undirected judgments that can originate in an organi-
zation, have received little recognition. In our case, the combination of 
unanimity resistance and social influence suggests that, from a medium 
connection (Scenarios C2-2 and C2-3), the returns from Collective Deci-
sion appear lower than those from Authority in the first 100 projects. This 
justifies the management or at least the identification of organizational 
elements such as social ties, density, et cetera. Expected opportunity 
losses from Collective Decision may justify an Authoritarian decision 
mechanism on organization with individuals with strong social in-
fluences. Furthermore, the comparative advantage of Collective Decision 
may be optimized when combined with low social influence. 

5.1.4. Adoption process 
Our study shows the importance of implementing dynamic adoption 

process in decision-making for innovation projects (Farzin et al., 1998; 
Ilori and Irefin, 1997; Wang et al., 2008). If managers are unaware of 

how Collective Decision works, the disparity in performance compared to 
other organizations with the same decision mechanism or the proba-
bility of omission errors, can be interpreted as a lack of commitment. 
This generates tensions in maintaining the decision-making participa-
tion mechanisms for long enough to provide positive performance, 
limiting the analysis to the short-term, which leads to myopic manage-
ment of innovation. 

5.2. Extension of the literature 

Our study provides an original line of research in which the decision 
mechanisms applied to a dynamic process of adopting new technology 
are modeled. Our proposal is based on the literature that seeks group 
decision mechanisms to reduce the fallibility of individuals (Christensen 
and Knudsen, 2010, 2002; Csaszar, 2013; Knudsen and Levinthal, 2007; 
Sah and Stiglitz, 1986). Accordingly, this study incorporates a form of 
non-directed and spontaneous Collective Decision mechanism, similar to 
collective action in Marwell et al. (1988), Marwell and Oliver (1993) 
and Oliver et al. (1985), expanding and connecting two parts of the 
literature that had remained independent. For this purposed, the ABM 
methodology is a powerful tool to better understand the innovation 
performance of organizations. Moreover, this method allows to simulate 
the adoption decision process giving more information than conven-
tional empirical research. 

5.3. Limitations of the model and future lines of research 

Our goal is to contribute a theory applicable to real organizations. In 
this section, we present the limitations of our results. 

5.3.1. Homogeneity in individual capacities 
We assume constant reliability of all members in an organization. 

Heterogeneity in the reliability of individuals could justify a higher 
performance of Authority if selection processes can identify the most 
reliable individual to act as the authority. Some studies (Chakraborty 
and Yılmaz, 2017; Dessein, 2002; Harris and Raviv, 2010, 2008, 2005) 
have suggested that it is optimal to assign decision-making to the Au-
thority when it has privileged information relevant to the organization. 
When groups are homogeneous, all individuals are interchangeable and 
Collective Decision results is a function of the number of ties per indi-
vidual. Conversely, in a heterogeneous group, innovation proposals, 
number of ties, and individuals’ ability to process information are all 
important because one person may be able to contribute much more 
than another (Marwell et al., 1988). Our model can easily include reli-
ability heterogeneity, but new parameters would have to be introduced 
into the individual decision probability function. 

5.3.2. Homogeneity in social networks 
We consider different social networks where all members have the 

same number of homogeneous and undirected social ties. We could 
easily change to a non-homogeneous network (density and centrality). 
Then, where the innovation appears under Collective Decision would be 
relevant, because the probability of adopting the innovation depends on 
the number of pioneer’s contacts. We could also consider that there are 
social ties with different forces. Granovetter (1973) has argued that 
strong ties tend to form groups when it is difficult for individuals to 
disagree, while weak ties tend to bridge groups. Therefore, weak ties are 
a better basis for examining Collective Decision. However, in this study, 
the main reason for the better performance of Collective Decision is the 
independence of judgment, which is better achieved with weak social 
ties. Our results imply that it is not weak ties, per se, that are useful but 
their lesser influence on individual judgment. In a world of bounded 
rationality, one way to improve individual judgments is to allow more 
reliable individuals to have more influence, even though this situation 
seems to favor authoritarian mechanisms. 

Furthermore, the current information technology allows us to 
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assume that establishing or using a social tie is cost-free (Castells and 
Castells, 2010; van Alstyne, 1997). However, it is possible to measure 
the number of discussions necessary to reach a group decision and assign 
some costs to them. A natural extension of the model would be to 
consider these costs (Marwell et al., 1988). 

5.3.3. Non-strategic behavior 
Our model considers no strategic behaviors—all individuals try to 

maximize group performance and their errors are the consequence of 
bounded rationality and not individual interests. An interesting exten-
sion would be to introduce asymmetry in the perceived benefits of the 
innovation so that not all individuals share the same interest in 
accepting the project. It is also possible to include the cost of resources 
(time and money) available to individuals. The effects of the combina-
tion of individual asymmetric costs and benefits of Collective Decision for 
obtaining collective goods, has been the basis of a line of research 
(Marwell et al., 1988; Marwell and Oliver, 1993; Oliver et al., 1985). 

5.3.4. Unanimity as a rule of acceptance 
The proposed model requires unanimity to adopt an innovation 

project. This rule can be replaced by another in which the group adopts 
an innovation as soon as a simple majority in favor of the adoption is 
reached. Unanimity requires that all individuals in the organization win. 
However, majority systems may be interested in adopting projects that, 
even though they imply losses for the organization, represent gains in 
the individual balance of the majority. This situation is possible when 
the losses of the individuals in the minority are greater than the losses 
supposed by the innovation project for the organization. 

5.3.5. Future lines of research 
The combination of the effects of Collective Decision on the individual 

and network heterogeneities, strategic behavior, and decision rules can 
only be replicated in a simulated environment because these in-
teractions are unobservable. Given that no real data is available on this, 
ABMs help to understand the surprisingly direct and indirect relation-
ships and allow the isolation of the conjunction of several probabilistic 
events. Incorporating the aforementioned items into our model may be a 
promising line of research. The inclusion of strategic behavior opens the 
opportunity to study strategies (in the sense of game theory) that 
maximize the expected results of individuals despite potential losses for 
the organization. 

5.4. Conclusions 

We study two decisions mechanisms in an organization that must 
repeatedly decide on adopting innovation projects that can change the 
status quo. Given sufficient time to select a sustainable growth path, 
Collective Decision, as modeled here, results in superior organizational 
performance than Authority under the following two conditions: the 
underlying technology that generates successive innovation projects last 
sufficiently long and the Collective Decision protects itself from moderate 
and strong social influence that characterizes interpersonal informal 
relationships in groups. 

Collective Decision selects a performance growth path where, as the 
performance under the status quo improves, the current technology is 
less likely generate high-value projects. Second, the organization is less 
likely make commission errors in accepting projects with a value lower 
than the status quo. The described situation resembles that of organi-
zations’ “resistance to innovation”—the number of innovation projects 
rejected is higher than that expected at the outset. The resistance to 
innovation resulting from Collective Decision that evolves toward 
reducing the commission errors by increasing the likelihood of a project 
being rejected over time, is positive in terms of organizational perfor-
mance (Burnes, 2015; Dziallas and Blind, 2019). This holds only if the 
social influence of peers’ opinions on their own acceptance decision is 
sufficiently low; otherwise, resistance to innovation turns into a paral-
ysis of innovation. 
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Appendix I. ABM model 

The process begins when an individual introduces an innovation project and communicates with a neighbor. After each debate (interaction) 
between two individuals who are connected where one is in favor of the status quo and the other in favor of innovation, one and only one of them 
changes his position, changing the judgment map for the next iteration. Thus, any individual with a different judgment with respect to someone from 
their environment will confront this position with one of their discordant neighbors chosen at random. In each iteration, as many interactions as 
possible will be carried out, considering that each individual can only perform an interaction with a single neighbor by iteration. There is no limitation 
on the number of times individuals can change their judgments throughout the process. 

When there is social influence, the success probability in the first iteration is given by equation (3) with nbc,i = 1; the probability that the pioneer 
abandons his attempt to innovate and remains in the status quo is given by equation (4) also with nbc,i = 1. These probabilities show that the number 
of individual connections has a great influence on the success of acceptance or failure of the innovation proposal: a high number (low) means greater 
(less) resistance to adopting the innovation proposal since in that initial moment there are no individuals in favor of proposed innovation project apart 
from the pioneer. 

If the first interaction result is that both interlocutors are convinced to innovate, a new interaction is initiated. This time, two individuals in favor of 
innovation will interact simultaneously with each one of their influencing groups who is not in favor, until they finish all the possible interactions. 
Once the cycle is over, whether everyone is convinced in one way or another will be known, or if there is still someone who disagrees with the rest. In 
the first case the process ends and whether it is an accept or reject will be known according to the alternative in which unanimity is specified. In the 
second, when there are discrepancies, a new iteration is restarted, and so on. Mathematically, this process is represented by a Markov chain, whose 
state space is all the possible configurations of individuals favorable to innovation versus supporters of the status quo, and the described transition 
probabilities do not depend on iteration. Given that the network considered is non-directed, there are only two absorbing states, all favorable to 
innovation or all against, the rest being transitory states so that the probability of reaching an absorbent state is 1. The calculation of the probabilities 
of acceptance or not, that is, accept or reject of innovation is obtained by the Monte Carlo method. 
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The process of dissemination and social influence among individuals being studied acquires its maximum realism in relatively small groups, where 
it can occur both in a formal and informal organizational structure. Fig. 3 allows us to compare the probability in scenarios with resistance to 
innovation, that requires unanimity, versus the probability of authority’s decision, for different economic values of innovation against the status quo, 
Vc − Vs, (abscissa axis). We observe how the Collective Decision mechanism a lower probability of acceptance than the Authority mechanism. 

Given a difference in value with respect to the innovation of − 0.26= (Vc − Vs) the rejection probability in Collective Decision without social pressure 
(C1), in low density network (C2-1), in a medium density network (C2-2), and in high density network (C2-3) is around 99%, compared to that of the 
Authority (A), which is only 57%, that is, the probability that the Authority accepts an innovation proposal whose performance is lower than the status 
quo is much higher than any of other mechanisms (commission errors). In turn, the minimum required difference of relative performance to obtain a 
rejection probability of 50% is 0.5= (Vc − Vs) in a Collective Decision without social pressure (C1), whereas it is 1= (Vc − Vs) in low density network 
(C2-1), 2= (Vc − Vs) in medium density network (C2-2) and more than 2.5= (Vc − Vs) for a high density network (C2-3), while the Authority (A) rejects 
50% when there is no difference between alternatives value (Vc = Vs), that is, that the Authority shows far fewer errors when the innovation value is 
higher than the status quo value (omission errors). The scenarios that show the greater resistance are those whose representation is located more to the 
right in Fig. 3. A Sigmoid slope that draws resistance to innovation has an inverse relationship with the commission error that is made when deciding.

Fig. 3. Resistance to innovation in decision mechanism (rejecting probability of innovation proposal).  

Appendix II. Simulation of the adoption process 

Each simulation faces a fixed sequence of 1000 unalterable innovation projects (Vc
1 = 1.28,Vc

2 = 0.96,…,Vc
1000 = 1.12) sampled from a normal 

distribution with a mean of 1.2 and a standard deviation of 0.2. In period t = 0 all simulations start from a performance of the status quo Vs
0 = 1. This 

appendix details the 100000 simulations performed (g = 1,…,100000) for each scenario k. This level of detail allows a deep understanding of the 
results of the scenarios. In scenario k, we denote by {Vk

g,t > 0 : t= 0,…,1000} the performance of simulation g in period t. Simulation g provides one 

performance in each period (after each innovation project is evaluated) according to a specific probability p(eVs
/eVc ⃒⃒k) = p(eVk

g,t− 1 /eVc
t ) that depends on 

the difference between previous performance and innovation project. The simulations represent the absolute frequency of the possible performances 
of scenario k in period t. 

Each simulation generates a trajectory of simulation performance {Vk
g,1,Vk

g,2,…,Vk
g,1000}—a sequence of acceptances (changes) and rejections of 

1000 evaluated innovation projects (1000 periods). Therefore, each simulation is a possible trajectory for an organization of scenario k. Some tra-
jectories are more probable than others, this is represented when more than one simulation g presents the same trajectory. Further, we define for 
simulation g the average cumulative performance up to each period (denoted as CVk

g,t =
∑t

h=1Vk
g,h/t) and the number of cumulative “changes” (ac-

ceptances) up to each period (denoted as NAk
g,t). 

By repeating the process 100000 times (100000 simulations) within the same scenario that faces the same sequence of innovation projects, the 
scenario information is obtained. The performance of a scenario in a specific period (after evaluating the corresponding innovation project) is the 
average of the performances presented by all the simulations in that period (SVk

t = 1
100000

∑100000
g=1 Vk

g,t), its standard deviation represents the deviations 

of the performance of the simulations concerning the performance of the scenario in that specific period (SDk
t =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
1

100000
∑100000

g=1 (Vk
g,t − SVk

t )
2

√

), its 

average cumulative performance up to each period (CSVk
t =

∑t
h=1SVk

h/t), and the number of cumulative changes up to each period (SNAk
t =

1
100000

∑100000
g=1 NAk

g,t). Therefore, simulations are an instrument that allows us to obtain the idiosyncratic probabilities of each period without the need 
for a closed formula. 

To see the difference between the performance of a Vk
t simulation and the performance of an SVk

t scenario, we go to Fig. 4 where shows the first four 
possible acceptance and rejection steps in the conditions established in scenario k. A simulation g will only present a trajectory of those expressed in 
the figure. As explained at the beginning of Section 3, an organization in scenario k shows a probability of accepting p(eVs

/eVc ⃒⃒k), and decides period 
by period which projects it accepts and which it rejects. As we can see in Fig. 4, it is easy to obtain a closed formula for the scenario performance at 

period 1, SVk
1 = p(e1 /e1.28

⃒
⃒k)⋅1.28+ [1 − p(e1 /e1.28

⃒
⃒k)]⋅1. However, at period 2, it is, SVk

2 = p
(

e1

e1.28

⃒
⃒
⃒k
)

⋅ p
(

e1.28

e0.96

⃒
⃒
⃒k
)

⋅0.96+ p
(

e1

e1.28

⃒
⃒
⃒k
)

⋅
[
1 − p

(
e1.28

e0.96

⃒
⃒
⃒k
)]

⋅ 

1.28+
[
1 − p

(
e1

e1.28

⃒
⃒
⃒k
)]

⋅p
(

e1

e0.96

⃒
⃒
⃒k
)

⋅0.96+
[
1 − p

(
e1

e1.28

⃒
⃒
⃒k
)]

⋅
[
1 − p

(
e1

e0.96

⃒
⃒
⃒k
)]

⋅1. As can be seen, obtaining a closed formula in general is unfeasible. The 

idiosyncratic probabilities prevent the existence of a closed probability equation, and the scenario performance must be obtained by simulation. 
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Fig. 4. Diagram of scenario k calculation performance in the first four periods (innovation projects) SVk
t .  

The simulation obtains the absolute frequency of possible returns at period t. For simulation g in t the value of the status quo is the performance of 
the previous period of this simulation is Vs

t = Vk
g,t− 1. The probability that simulation g change its performance at period t (accept the innovation 

project) can be rewritten as p(eVs
/eVc ⃒⃒k) = p(eVk

g,t− 1 /eVc
t ), in the same way the probability of rejecting is now 1 − p(eVk

g,t− 1 /eVc
t ). These probabilities are 

idiosyncratic, that is, it depends on the previous period t (specific due to the difference between the performance of each innovation project (fixed) and 
the simulation performance of the previous period). If the simulation accepts the innovation project t, then Vk

g,t = Vc
t , and if it is rejected, Vk

g,t = Vk
g,t− 1. 

The simulation performance (Vk
g,t) is one possible result of a trial. Each possible performance of a particular trial at period t is unique, and different 

performances (Vc
t ;Vk

g,t− 1) are mutually exclusive (only one performance will occur on each simulation and period). In the adoption process, a 
simulation g adopts a sequence of 1000 decisions (sequence of acceptances and rejections) that are specified in one sequence of 1000 performances, 
one for each period {Vk

g,1,Vk
g,2,…,Vk

g,1000}, which we call trajectory of simulation performance. 
In this way, when the decision is made by the Automatic System (S), p(eVs

/eVc ⃒⃒ S) = 1 for all simulations and all periods, while for Authority (A) and 
Collective Decision (C), p(eVs

/eVc ⃒⃒k) is specific for each organization and period. When the result comes from Authority 

p(eVs
/eVc ⃒⃒A) = pA =

(
eVg,t− 1

eVc
t

+ 1
)− 1 

has a closed form (1); when the result comes from Collective Decision is sought, the ABM introduces the innovation 

project in an individual who contacts another individual in his environment at random and begins the contagion process, moving freely within the 
organization with the only restriction of social ties giving a probability of scenario p(eVs

/eVc ⃒⃒C) that was obtained in a previous simulation process 
(details in Appendix I). 

Fig. 5 shows a simple version, and its construction is detailed. In this case, we show four trajectories of simulation performance instead of the 
100000 conducted for the first 10 innovation projects (periods) (Vc

1 = 1.28,Vc
2 = 0.96,…,Vc

10 = 1.18) in scenario k. The upper panel shows the four 
trajectories of the simulation performance {Vk

g,t ; g = 1,…,4; t = 1,…,10}, and the lower panel shows a diagram like the one in the rest of the figures. In 
the top panel, four simulations (g = 1, blue; g = 2, red; g = 3, orange; g = 4, green) and a series of innovation projects (dashed black line) are 
presented. Hence, the results obtained from the simulations could be different. All simulations start with the same performance level Vs

0 = 1. In the 
first period, all simulations receive the first innovation project with a latent performance of 1.28 (Vc

1 = 1.28). The probability of accepting this project 
is the same for the four simulations (p(e1 /e1.28

⃒
⃒k)). In our case, two simulations accept the innovation project (g = 1,2, blue and red), and two others 

do not (g = 3,4) (trajectories have been moved a bit to make them visible). In the second period, the red and blue simulations present a performance of 
1.28 (Vk

1,1 = 1.28; Vk
2,1 = 1.28), and the new innovation project has a latent performance of 0.96 (Vc

2 = 0.96); therefore the probability of accepting it 
is p(e1.28 /e0.96

⃒
⃒k) (for simulations blue and red). Conversely, the green and orange simulations have a probability of accepting p(e1 /e0.96

⃒
⃒ k) (which is 

greater than p(e1.28 /e0.96
⃒
⃒k)). In this case, the green and red simulations make a mistake in accepting this innovation project. We continue this method 

to obtain a different trajectory for the simulation performance. Again, we may have moved them slightly to observe the concurrent routes. In period 4, 
the orange simulation accepts an innovation project (change) whose performance is lower than the status quo, which is a commission error. The green 
simulation rejects the innovation project whose performance exceeds that of the status quo, resulting in an omission error. The dashed black line is the 
performance of Scenario S, which is the underlying performance of the project. 

The bottom panel shows the number of concurrent trajectories of the simulation performance with the thickness of the stroke: the thicker the 
stroke, the more trajectories that traverse that line. Therefore, it is the probability that this performance occurs in the scenario. The fixed performance 
of the innovation projects is shown in red. The average of all organizational performances in each period (innovation project) is drawn in blue 
(scenario performance, SVk

t ); the area shaded in blue is the standard deviation of simulation performance (standard deviation of scenario performance 
SDk

t ). 
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Fig. 5. Trajectories of simulation performance  

This approach allows us to distinguish between the different trajectories of simulation performance in a scenario and the number of changes that 
each trajectory of the simulation performance presents. The performance balance by period (innovation project) for each scenario provides the dy-
namics of its adoption curve. 

Figs. 6–11 present the simulation and scenario performances for the first 100 periods. Scenario S is represented in all graphs as a reference case. 
These figures are relevant because they show the different trajectories of simulation performance (black lines) that each decision mechanism goes 
through depending on the scenario. They show the mean, the composition of the standard deviation, and the number of projects accepted (changes) 
required to obtain each performance. The scenario performance represents the expected return of its characteristics; however, the trajectory of the 
simulation performance (g) can be any of the black lines, where the thickness indicates its likelihood.

Fig. 6. Performance simulation of Scenario S in the first 100 periods  

Fig. 6 shows the Automatic System (S) scenario, where the standard deviation is always zero because only the trajectory is drawn based on the 
performance of the innovation projects. This assumes that there will be no random performance differences in any period of the trajectory of 
simulation performance. Organizations must be able to manage the maximum number of changes possible because there is a change in every period. 
These characteristics make it a good reference scenario.

Fig. 7. Performance simulation of Scenario A in the first 100 periods  
Figs. 6 and 7 show that Automatic System and Authority are scenarios 

with the least dispersion concerning their mean. In the A scenario 
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(Fig. 7), the trajectory of simulation performance barely shows persistence (permanence in performance without accepting changes) and tend to group 
quickly. This is because Authority accepts the proposals with some ease. Regardless of their previous decisions, they tend to accept innovation projects; 
their standard deviation of the scenario performance is the consequence of many small differences from the mean. In Authority scenario the simulation 
performances are not likely to be far from the scenario performance, but, in turn, it requires numerous changes. As it accepts many innovation projects, 
the organization should be flexible and able to manage changes well.

Fig. 8. Performance simulation of Scenario C1 in the first 100 periods  

Fig. 8 shows the Collective Decision in the scenario without social influence (C1), which presents a substantial performance gain concerning 
Automatic System and Authority in the medium and long terms. It shows a greater persistence in its trajectories of simulation performance and requires 
fewer changes, especially when achieving high performance early. Persistence also entails maintaining the differences in performance that appear 
between trajectories of the simulation. Therefore, its standard deviation is because of a few changes but with a significant difference in the perfor-
mance level. It is appreciable how the persistence in the initial return (performance 1) progressively changes to high performance (thicker lines are 
observed in the higher performances).

Fig. 9. Performance simulation of Scenario C2-1 in the first 100 periods  

Fig. 10. Performance simulation of Scenario C2-2 in the first 100 periods   
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Fig. 11. Performance simulation of Scenario C2-3 in the first 100 periods  

The introduction into Collective Decision of social influence between individuals with medium and high density (Scenarios C2-2 and C2-3) implies a 
significant deterioration in scenario performance. This is because social influence increases as social ties increase, resulting in resistance to innovation 
and persistence of trajectories of simulation performance. Figs. 10 and 11 show that most trajectories of the simulation performance remain with 
performance 1, showing the greatest thickness. At the extreme, the C2-3 scenario presents a situation of immobility concerning the status quo. The 
performance of the Collective Decision in Scenario C2-1 (minimum density) presents a good performance like that obtained in Scenario C1; Fig. 9 is 
considerably like Fig. 8. 
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