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Abstract 

This paper compares the performance, in terms of expected opportunity loss of mistakes, of 

group decision making with fallible members, under different organization structures. These 

structures result from combining the decision mechanisms of authority and consensus with 

the communication networks of star, tree, and full network. Simulation results from Agent 

Based Modeling show that the authority (consensus) is preferred when the time to reach a 

group decision matters (not matters), and in organizational environments of high (low) risk 

and high (low) prospects of growth. Additionally, the results of the paper recommend that 

organizations that want to migrate from authority to consensus decision making, as defined 

here, should switch from the low-density tree like connecting network, common in hierar-

chical structures, to a high-density full network. 
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1 Introduction 

A well-accepted hypothesis in organization theory is that individual behavior is intended but 

bounded rational [1], i.e. cognitive limits of the brain lead decision-makers to commit judg-

ment errors. Organizational design may then proceed with the criterion of minimizing the 

collective negative consequences of individual mistakes [2–5]. This study examines the under 

researched question of how the choice of “organization”, understood as the “patterns of com-

munications and relations among a group of people, including the processes of making and 

implementing decisions” [1], affects collective performance in groups comprising individuals 

whose bounded rationality led them to make omission and commission errors in the valuation 

of projects that challenge the status quo. The organization choice determines how individual 

errors are aggregated into commission and omission errors at the group level that, together, 

determine the group’s performance, measured here by the expected opportunity loss (EOL) 

from mistakes [6,7].  

The physical set up includes a set of nodes joint through communication lines, with one or 

more intended but bounded rational persons occupying each node. Each person-node pro-

cesses information, either coming from outside, when she detects an innovation opportunity 

that is potentially adoptable by the organization, or from inside, when a connected organiza-

tion member shares information about a project under evaluation. The organization set up 

includes a communication network, from three possible ones, start, tree and full network, 

together with a decision-making mechanism, either a hierarchical-formal, or a consensus-

informal one. In the hierarchy-formal mechanism there is a node in the network with authority 

to make a final decision on the project, and operates wither in a centralized (the node with 

authority is the only one with decision power and the others only communicate the relevant 

information about the detected project), or decentralized way (all nodes of the network have 

the power to filter out the evaluated projects that will finally reach for final decision). In the 

informal-consensus mechanism, after information exchanges, the group converges to the 
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unanimous support or rejection of the evaluated innovation project as follows: (i) there is no 

qualified authority, (ii) the communications among members are undirected, and (iii) the or-

ganization only implements those projects backed unanimously. 

Authority-formal decision making with a tree communication network is the dominant or-

ganization structure among business firms. Consensus-informal can be considered a challeng-

ing-decision making mechanism, with full communication networks progressively replacing 

tree ones. In the authority mechanism individual members execute what they are ordered to 

do, without participating in the decision process. With consensus, members implement the 

decisions that support individually. The implementation of the decisions will then likely be 

faster and more efficient with consensus than with authority. However, the time for decision-

making is longer in consensus than in authority. Much less is known about the comparative 

performance of authority and consensus in the decision-making process (pre-implementation 

stage), when group members make judgement errors in the evaluation of innovation projects 

that challenge the status quo, as modeled here. The aim of this paper is to provide evidence 

from simulations about estimated performance, measured by expected opportunity losses of 

mistakes, of authority and consensus implemented in different communication networks. The 

results will indicate whether there may be other reasons, beyond the advantages in the deci-

sion implementation stage, to prefer consensus over authority in group decision making, as 

modeled here.   

The rest of this paper is organized as follows. Section 2 presents the literature review on 

group decision-making with fallible individual and highlights the contributions of the paper. 

Section 3 describes the elements of the organizational design problem and the general set up 

of the collective actions. Section 4 explains the simulation methodology (agent-based mod-

eling) and presents the main results. Section 5 shows comparative static exercises and robust-

ness. Section 6 illustrates the practical relevance of the research. Finally, the conclusions 

summarize this study and its main results.  
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2 Literature review 

Sah and Stiglitz [8,9] first demonstrated the relevance of “architecture” (e.g., how decision-

making units are arranged, who makes which decision, how information is shared) for the 

performance of economic systems where fallible individuals make decisions and choices with 

implications for collective performance. They show that, for similar fallibility of individuals, 

the architecture of polyarchy, where decision units operate independently, accept proportion-

ately more projects that should had been rejected than hierarchy, where the decision-making 

authority is more concentrated; whereas hierarchies reject proportionately higher number of 

good projects. The choice between the two architectures will depend on the priority about 

which mistakes to avoid.  

Our study also quantifies the losses from omission and commission errors, although with the 

difference that polyarchy and hierarchy assume that flows in the network are directed while 

we compare structures with directed (authority) and undirected (consensus) flows. With di-

rected flows the decision units have one chance for deciding about support adoption of a 

project or not, while in undirected flows they can have several chances to make the decision, 

and change their mind from one to the next. Furthermore, this study considers the opportunity 

cost of the decision-making time in each organization structure, and proposes the EOL as a 

measure of performance for group decision making, novel in the literature.  

This study is also related to the literature on information and decision sciences applied to the 

formation of consensus in groups’ decision-making, wherein individual members have diver-

sity of opinions, expertise of knowledge, and/or diversity of preferences (see Pérez et al. [10] 

for a review). The consensus process was modeled using different representations of utility 

values [11], fuzzy preference relations [12], linguistic preference relations [13], and pairwise 

comparison matrices [14]. In the paper, process involves feedback through iterative negotia-

tions and information exchanges that either happen automatically or are externally guided, as 

in Salas-Fumás, Sáenz-Royo, and Lozano-Rojo [15], with the differences that the fallibility 
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of individuals is represented in a way that allows for heterogeneity among members, and with 

performance measured in expected opportunity loses.  

Organization theory has also investigated the relationship between organization design and 

type I and/or type II decision errors in group decision-making, both theoretically [15–19] and 

in real group decision-making situations [20–24]. Our study resembles those of Knudsen and 

Levinthal [19] and Csaszar [18] where each member of a group of homogeneously fallible 

individuals makes uncorrelated probabilistic decisions. The difference is that here the falli-

bility of individuals is expressed in intended rationality terms (errors of judgment are not 

purely random), as in Salas-Fumás, Sáenz-Royo, and Lozano-Rojo [15]; moreover,  the pro-

posed EOL as performance measure combines the probability of error and the respective pay-

offs, discounted to adjust for the cost of the time in making a decision.  

Finally, this study is motivated by the research opportunities offered by the evolution towards 

what Raab and Kenis [25] call a “society of networks,” spurred by the advances in the infor-

mation and communication technologies [26,27]. The network organization in this study re-

sponds to what Van Alstyne [27] called the “network as a computer,” where “firms are mod-

eled as decision processes dependent on managers’ capabilities, communication paths, utili-

zation rates, and decision errors while minimizing the costs of decision resources” (page 84). 

The first communication networks were designed with the minimum communication lines 

needed to connect all the nodes with the one that centralized the decision power (tree net-

work), in response to the high communication costs. In these tree-like networks the decision-

making mechanism consisted on all organization members communicating the disperse in-

formation to the authority node for a centralized decision, and the authority node communi-

cating the decision to the rest of the group for proper execution.  

We explore the performance of group decision making in full networks where information 

exchanges and mutual adaptation can create a spontaneous consensus on change among all 

nodes-members. The combination of full network and consensus creates an environment of 
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informal organization, where shocks (in the form of new ideas, opportunities, values, or social 

norms) generate opportunities to change and, somehow randomly owing to the fallibility of 

the members, the change may ultimately get materialized or not.  

3 Proposed model 

The general background is an organization where individuals occupy nodes joint by commu-

nication lines. The elements for the analysis include the fallible individuals, the communica-

tion network, the group decision making mechanism and the collective outcomes.  

3.1 Intended but bounded rational individuals 

The capacity to process information and the complexity of the information processed by in-

dividual that decides supporting the adoption of a project with value 𝑉𝑉 when the economic 

value of the status quo is 𝑉𝑉0 or not are combined in a probability function of supporting adop-

tion, as follows1: 

𝑝𝑝(𝑉𝑉) =
1

1 + 𝑒𝑒−𝛽𝛽�
𝑉𝑉−𝑉𝑉0
𝑉𝑉0

�
. (1) 

The complement, 1 − 𝑝𝑝(𝑉𝑉), is the probability that the individual will reject the new project. 

The difference between the value of the new project and the value in the status quo 𝑉𝑉 − 𝑉𝑉0 

represents the quantity of information processed, in an inverse way. The complexity of the 

choice diminishes as the quantity of information processed decreases. Parameter 𝛽𝛽, generally 

non-negative, is a measure of the information processing skills of the individual. Its value 

increases with the general skill of the person and with the specific knowledge and expertise 

that she has about the tasks performed in the job position. A higher value of 𝛽𝛽 increases or 

decreases the probability of the project being accepted when the net payoff is positive and 

negative, respectively. An unbounded rational individual would only support projects with 

                                                   
1This function is related to functions used in the probabilistic choice theory, where 𝑉𝑉 and 𝑉𝑉0 would be re-
placed by the attributes that contribute to the “value” of the alternatives to choose from for the decision 
maker [28]. See also [29–31]. The difference with this paper is that in choice theory models the probability 
includes a disturbance stochastic term additional to the intrinsic value of the attributes of the alternatives, 
while in the situation modeled here such stochastic disturbance does not exist and all the randomness in the 
decision come from the mistakes in the processing of information by the bounded rational organization 
members. Furthermore, [32] also relates the probability (1) with Simon’s bounded rationality.  
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𝑉𝑉 > 𝑉𝑉0, and reject the rest. Therefore, when 𝑉𝑉 < 𝑉𝑉0, 𝑝𝑝(𝑉𝑉) is the probability of committing 

the mistake of accepting a project that with unbounded rationality would be rejected (com-

mission or type II error); then, 1 − 𝑝𝑝(𝑉𝑉) is the probability of committing the mistake of re-

jecting a project with 𝑉𝑉 > 𝑉𝑉0 (omission or type I error), see Figure 1. 

 
Figure 1. Probability of accepting (1) and rejecting a project of value 𝑉𝑉: 𝛽𝛽 = 1 and 𝑉𝑉0 = 1 

Communication networks 

There are three possible communication networks considered: star, tree, and full network, 

each represented in Figure 2 with number of nodes 𝑁𝑁 = 13.  

      

 

   Star                                      Tree                                         Full Network 

Figure 2. Communication networks: 𝑁𝑁 = 13 

Each node of the network is a decision unit that accepts or rejects certain projects generated 

in the node with the probability (1). The organization structure determines how the infor-

mation flows through the network and how the decision of the node is processed2.  

                                                   
2 We assume that the communication process does not add new information to the included in the value of 
𝑉𝑉. Decisions on each node are then done with the same information. The model could be extended to a 
Bayesian decision mechanism [33] where persons in nodes revise their respective prior probability (1) as 
they receive information signals from neighbor nodes. 
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3.2 Group decision-making and organization structures 

The combination of a decision mechanism (authority and consensus) and communication net-

work is termed as organization structure, 𝑠𝑠. Furthermore, 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) represents the probability 

that the group with structure 𝑠𝑠 will adopt a project of value 𝑉𝑉 

Authority 

In the authority mechanism, one node in the network has the power to make the decision 

whether to adopt the project or not and terminate decision process. In centralized authority, 

the node with the decision power is directly connected to all other nodes in the organization 

(star network). If the new project randomly emerges in the node with authority, the project is 

accepted or rejected with the probability function (1) and the authority decisions becomes the 

group decision. If the new project randomly appears in any other node, the information is 

communicated without cost to the node with authority for the final decision. Hence for 𝑠𝑠 = 

centralized authority, 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) = 𝑝𝑝(𝑉𝑉). 

Authority can be decentralized in two ways: hierarchy and polyarchy; Figure 3. In decentral-

ized hierarchy, the network has one node with the power to adopt the project for the group or 

not (authority); all the other nodes have power only to reject adoption. In decentralized pol-

yarchy, each node has power only to accept. If the node rejects the project, it communicates 

the decision to its neighbor node and the process continues until the node with authority who 

makes the final decision.  

   
 Hierarchy Polyarchy 

Figure 3. Decentralized hierarchy and polyarchy 

In decentralized hierarchy, adoption of the project by the group requires that all people that 

intervene in the decision, including the node with authority, accept the project. For the group 

rejection of the project, it is sufficient that one node rejects the project. In decentralized 
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polyarchy, for group adoption it is sufficient that one node accepts the project; for group 

rejection, it is necessary that all nodes reject the project.  

In decentralized hierarchy and polyarchy, the probability that the group accepts or rejects the 

project of value 𝑉𝑉 will be a closed function of 𝑝𝑝(𝑉𝑉). Consider, for example, the decentralized 

hierarchy in star network with 𝑁𝑁 = 13 in Figure 2. If the new project can appear with equal 

probability in all nodes of the network, then 12 out of 13 projects would appear in a periphery 

node and for 𝑠𝑠 = decentralized hierarchy and star, 

𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) =
12
13

𝑝𝑝(𝑉𝑉)2 +
1

13𝑝𝑝
(𝑉𝑉). 

In the tree network with a span of control equal to three of Figure 2, the probability of group 

adoption is (for 𝑠𝑠 = decentralized hierarchy and tree), 

𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) =
1

13𝑝𝑝
(𝑉𝑉) +

3
13

𝑝𝑝(𝑉𝑉)2 +
9

13
𝑝𝑝(𝑉𝑉)3. 

Consensus 

The consensus mechanism is a non-directed process, wherein any node of the network (star, 

tree, or full network) can interact with any of the nodes it is directly connected to. A project 

of value 𝑉𝑉 reaches a randomly chosen node that either supports or rejects the project with 

probability in (1). If the choice is support then it chooses randomly one neighbor node and 

communicates the information on the project; the outcome of the interaction between the two 

nodes can be that both support or reject the project, with probability function (1). If the deci-

sion is rejection the process ends and the group decision is rejection. If the decision is to 

accept the project, then two nodes that interact with a randomly selected neighbor. The pro-

cess continues as long as there is one node that supports the project. Technically, the process 

can be described as an absorbing Markov chain with two absorbing states: all the nodes in 

the network unanimously accept or reject the project. The probability that structure 𝑠𝑠 adopts 

the project with value 𝑉𝑉, 𝑝𝑝(𝑉𝑉|𝑠𝑠), with 𝑠𝑠 = consensus star, consensus tree, and consensus full 

network is calculated through simulation.  
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3.3 Time until the group decision is made 

The time required for the group decision will be measured by the total number of iterations 

between pairs of nodes in the process towards the collective acceptance. The random variable 

𝑇𝑇�𝑉𝑉∣𝑠𝑠 represents the uncertain time, in number of iterations between pairs of nodes, till the 

group accepts the project, for organization structure 𝑠𝑠 and a project of value 𝑉𝑉. The expected 

value of this random variable will be denoted by 𝑇𝑇𝑉𝑉∣𝑠𝑠. 

In the centralized authority mechanism with one node with full authority the expected deci-

sion time is 𝑇𝑇𝑉𝑉∣𝑠𝑠 = 1 by assumption. With decentralized hierarchy in star, the number of in-

teractions necessary for adoption is maximum two (the agent-node where the project appears 

decides whether to accept or reject; if the project is accepted then the node interacts with the 

full authority node for the final decision). With 𝑁𝑁 = 13, the expected time is 𝑇𝑇𝑉𝑉∣𝑠𝑠 = 1 · 1
13

+

2 · 12
13

= 25
13

. For the tree network, 𝑇𝑇𝑉𝑉∣𝑠𝑠 = 1 · 1
13

+ 2 · 3
13

+ 3 · 9
13

= 34
13

. 

In the consensus mechanism, 𝑇𝑇𝑉𝑉∣𝑠𝑠 is calculated by counting the average number of iterations 

in the simulation process to reach a group adoption decision in each communication network: 

star, tree, and full network. 

3.4 Performance measure: Expected opportunity loss (EOL) 

The performance of organization structures will be evaluated by the expected opportunity 

loss, EOL, from group erroneous decisions, used in statistics and decision theory [34–36]. 

In the simulation, the economic value 𝑉𝑉 of a project that appears in a node of the network is 

a realization of a random variable 𝑉𝑉�  with known distribution. Therefore, the ex ante expected 

opportunity loss 𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� is a random variable whose distribution depends on both, the dis-

tribution of 𝑉𝑉�  and the probability of adoption of a particular project. The calculation of the 

distribution of 𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� requires first estimate 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) for values of the project above, below, 

or equal to the value of the status quo: 

𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉|𝑉𝑉 > 𝑉𝑉0) = 𝑉𝑉 − �𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠)𝑉𝑉 + �1 − 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠)�𝑉𝑉0� = (𝑉𝑉 − 𝑉𝑉0)�1 − 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠)�. (2) 
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𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉|𝑉𝑉 < 𝑉𝑉0) = (𝑉𝑉0 − 𝑉𝑉)𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠). (3) 

𝐸𝐸𝐸𝐸𝐸𝐸 (𝑉𝑉|𝑉𝑉 = 𝑉𝑉0) = 0. 

When time matters, the payoffs of the organization structure are expressed in present value 

terms calculated with a positive discounting interest rate, 𝑟𝑟. During the time spent in arriving 

at the decision, the group continues to operate in the status quo and earns a payoff 𝑉𝑉0. With 

discounting, (2) and (3) change to: 

𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉|𝑉𝑉 > 𝑉𝑉0) = 𝑉𝑉 − �𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠)𝑉𝑉𝑒𝑒−𝑟𝑟𝑇𝑇𝑉𝑉∣𝑠𝑠 + �1 − 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠)�𝑉𝑉0�

= (𝑉𝑉 − 𝑉𝑉0)�1 − 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠)
𝑉𝑉𝑒𝑒−𝑟𝑟𝑇𝑇𝑉𝑉∣𝑠𝑠 − 𝑉𝑉0

𝑉𝑉 − 𝑉𝑉0
� .

(4) 

𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉|𝑉𝑉 < 𝑉𝑉0) = 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠)(𝑉𝑉0 − 𝑉𝑉𝑒𝑒−𝑟𝑟𝑇𝑇𝑉𝑉∣𝑠𝑠). (5) 

The EOL of a project with 𝑉𝑉 > 𝑉𝑉0 increases with the time spent in reaching a collective de-

cision because more time passes before the group collects the benefits of a more profitable 

project (status quo). For the projects with 𝑉𝑉 < 𝑉𝑉0 the EOL decreases with the time of adop-

tion because the commission error is delayed.  

3.5 Asymmetry between costs of omission and commission errors  

In economically relevant situations, commission errors tend to have graver consequences than 

omission errors [18,37,38]. For example, if a firm commits a mistake and adopts a project 

that results in significant losses, its reputation will be negatively affected, and it could even 

close down. If the firm commits an omission mistake of not investing in a project that would 

eventually turn profitable, the loss is in the form of opportunity loss, which is not observable 

by third parties; therefore, it has no effect on the firm’s reputation. Equation (5) can be mod-

ified with a penalty 𝑔𝑔 of commission errors as follows.  

𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉|𝑉𝑉 < 𝑉𝑉0) = (𝑉𝑉0 − 𝑉𝑉)(1 + 𝑔𝑔)𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 )
𝑉𝑉0 − 𝑉𝑉𝑒𝑒−𝑟𝑟𝑇𝑇𝑠𝑠
𝑉𝑉0 − 𝑉𝑉 . 

3.6 Expected payoff from the distribution of projects 

By Assumption, 𝑉𝑉 is a uniform distributed with lower and upper bounds 𝑉𝑉𝑚𝑚 and 𝑉𝑉𝑀𝑀. The 

mean value of the evaluated projects is 𝑉𝑉� = 𝑉𝑉𝑚𝑚+𝑉𝑉𝑀𝑀
2

 and the difference 𝑉𝑉𝑀𝑀 − 𝑉𝑉𝑚𝑚 is a proxy of 
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the level of risk. With unbounded rationality and no mistakes, the group will reject all the 

projects with value 𝑉𝑉 less than or equal to value 𝑉𝑉0, and will adopt all the projects with value 

𝑉𝑉 greater than 𝑉𝑉0. When 𝑉𝑉𝑚𝑚 < 𝑉𝑉0 < 𝑉𝑉𝑀𝑀, the expected payoff for the group decision-making 

under unbounded rationality is given by: 

�
𝑉𝑉0 − 𝑉𝑉𝑚𝑚
𝑉𝑉𝑀𝑀 − 𝑉𝑉𝑚𝑚

�𝑉𝑉0 + �
𝑉𝑉𝑀𝑀 − 𝑉𝑉0
𝑉𝑉𝑀𝑀 − 𝑉𝑉𝑚𝑚

� �
𝑉𝑉0 + 𝑉𝑉𝑀𝑀

2 � . (6) 

In general, the cumulative distribution function of 𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� is written as: 

𝐏𝐏�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� ≤ ℓ� = � �1 − 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 )� 𝑓𝑓𝑉𝑉�(𝑉𝑉) 𝑑𝑑𝑉𝑉
𝑉𝑉0+ℓ

𝑉𝑉0
+ � 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) 𝑓𝑓𝑉𝑉�(𝑉𝑉) 𝑑𝑑𝑉𝑉

𝑉𝑉0

𝑉𝑉0−ℓ

+� �1 − 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 )� 𝑓𝑓𝑉𝑉�(𝑉𝑉) 𝑑𝑑𝑉𝑉
𝑉𝑉0

−∞
+ � 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) 𝑓𝑓𝑉𝑉�(𝑉𝑉) 𝑑𝑑𝑉𝑉

+∞

𝑉𝑉0
,

 

where 𝑓𝑓𝑉𝑉� denotes the probability density function of 𝑉𝑉� . The first summand is related to the 

loss by omission error, whereas the second one to that by commission error. The last two 

summands are the probability of no error (i.e., electing the right option). Rearranging: 

𝐏𝐏�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� ≤ ℓ� = 𝐏𝐏[𝑉𝑉� ≤ 𝑉𝑉0 + ℓ] + � 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) 𝑓𝑓𝑉𝑉�(𝑉𝑉) 𝑑𝑑𝑉𝑉
+∞

𝑉𝑉0+ℓ

−� 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) 𝑓𝑓𝑉𝑉�(𝑉𝑉) 𝑑𝑑𝑉𝑉
𝑉𝑉0−ℓ

−∞
.

(7) 

In the particular case of ℓ = 0, 

𝐏𝐏�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� ≤ 0� = 𝐏𝐏�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� = 0�

= � �1 − 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 )�𝑓𝑓𝑉𝑉�(𝑉𝑉)𝑑𝑑𝑉𝑉
𝑉𝑉0

−∞
+ � 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 )𝑓𝑓𝑉𝑉�(𝑉𝑉)𝑑𝑑𝑉𝑉

+∞

𝑉𝑉0
. 

EOL cannot be negative because it is calculated from the difference between the value under 

the right decision and the value under the wrong decision. Although 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) is a continuous 

function on the real parameter 𝑉𝑉, 𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� is neither a continuous nor a discrete random var-

iable since 𝐏𝐏�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� = 0� > 0. Therefore, the reasonable confidence interval for those dis-

tributions is of the form, [0,𝑎𝑎), where 𝐏𝐏�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� ≤ 𝑎𝑎� = 𝜃𝜃, and 𝜃𝜃 is the selected confidence 

level (Figure 4). Given the probability distribution of the random variable, 𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉��, the ex-

pected value of the random variable is.  
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𝐸𝐸𝑉𝑉� = 𝐄𝐄�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉��� = � 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉)𝑓𝑓𝑉𝑉�(𝑉𝑉)𝑑𝑑𝑉𝑉.
∞

−∞
(8) 

4 Computation of EOLs for different organization structures 

Computation of (8) requires, the probability that the group adopts projects of value 𝑉𝑉, and the 

time spend in making the decision, for each organization structure. For the authority mecha-

nism 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) and 𝑇𝑇𝑉𝑉∣𝑠𝑠 have closed forms. For consensus, 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠 ) and 𝑇𝑇𝑉𝑉∣𝑠𝑠 are calculated 

using Monte Carlo simulation as in Agent Based Modeling [15,39–42]. For a fix value of 𝑉𝑉, 

we randomly choose (with probability 1
𝑁𝑁

) a node of the network where the described process 

starts. The simulation ends with adoption or rejection and the outcome is stored, together with 

the number of iterations needed to reach it. The process is repeated 200,000 to compute the 

proportion of adoptions and the average number of iterations needed for the final decision. 

The process is repeated for a sample of values of 𝑉𝑉 so its range is adequate covered (for more 

details see Salas-Fumás, Sáenz-Royo, and Lozano-Rojo [15]).  

The base case for the simulation considers: 𝑁𝑁 = 13 nodes, 𝑉𝑉�  uniformly distributed between 

𝑉𝑉𝑚𝑚 = −8 and 𝑉𝑉𝑀𝑀 = 10, a status quo value 𝑉𝑉0 = 1, and 𝛽𝛽 = 1. Since the decentralized hier-

archy and the decentralized polyarchy give opposite but symmetric results (ignoring the time 

effects) to save space we only report the results of decentralized hierarchy. With consensus 

the probability of adopting or rejecting a project of economic value 𝑉𝑉 is the same in all com-

munication networks (Markov transition matrix with two absorbing values) but the time 

needed to reach a consensus is different across networks and the EOL of consensus will vary 

with the type of network.  

4.1 Probability distribution of commission and omission errors 

Figure 4 shows the estimated probabilities of group’s commission and omission errors in the 

range of 𝑉𝑉� . Recall that with consensus the probability of mistakes is the same in all the net-

works. The discontinuity in 𝑉𝑉/𝑉𝑉0 = 1 occurs since when 𝑉𝑉 = 𝑉𝑉0 there are no costs from mis-

takes. In general, left and right limits in the value of probability of making a mistake around 
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𝑉𝑉/𝑉𝑉0 = 1 would be different, but for centralized authority where the probabilities of com-

mission and omission errors are symmetric both converging to 1
2
 when 𝑉𝑉/𝑉𝑉0 = 1. 

 
Figure 4: Simulated probability of commission (𝑉𝑉 < 𝑉𝑉0) and omission (𝑉𝑉 > 𝑉𝑉0) errors for 

different organization structures (𝑁𝑁 = 13, 𝑟𝑟 = 0, and range of 𝑉𝑉: −8 to 10) 

Relatively to the centralized authority, the decentralized hierarchy lowers the probability of 

commission errors while increasing that of omission errors, consistent with the result of Sah 

and Stiglitz [8]. The consensus mechanism has lower and higher probability of commission 

and omission errors, respectively, especially for values of 𝑉𝑉/𝑉𝑉0 marginally above 1.  

For values of 𝑉𝑉 higher than 𝑉𝑉0, the probability of omission errors decreases with 𝑉𝑉 in all or-

ganization structures but faster under consensus than under authority. Consensus initially has 

high probability of omission errors, but the probability decreases rapidly as 𝑉𝑉 increase. Sub-

sequently, when 𝑉𝑉/𝑉𝑉0 > 1.26 (1.47), the probability of omission errors with consensus is 

lower than the one in the decentralized hierarchy in star (tree) networks. The probability of 

omission errors in consensus and in the centralized authority converge for high 𝑉𝑉/𝑉𝑉0.  

4.2 Time until the group decides adoption 

The mean time needed to reach an adoption decision by the group is shown in Figure 5. This 

time is relatively small when 𝑉𝑉 < 𝑉𝑉0 for all organization structures. The explanation of this 

result is that the only organization structure that adopts a significant number of projects when 

𝑉𝑉 < 𝑉𝑉0 is the central authority (zero iterations). The rest of organization structures practically 

reject all the projects with 𝑉𝑉 < 𝑉𝑉0. 
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Figure 5. Expected number of time periods for group acceptance of the project of value 𝑉𝑉 

(𝑁𝑁 = 13 and range of 𝑉𝑉: −8 to 10) 

For 𝑉𝑉 > 0, the time to group adoption decision is considerably small for all variations of the 

authority mechanism, but relatively high in the case of consensus, especially for the values 

of 𝑉𝑉 relatively close to 𝑉𝑉0. With consensus, the network with the shortest time to adoption is 

the full network, followed by the tree and the star; higher density of the connecting lines in 

the network shortens the expected adoption time3. 

4.3 Calculation of EOL for a project of value 𝑉𝑉, 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) 

The performance measure EOL, equation (8), weights the losses of both commission and 

omission errors. The results of the calculation of 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) from ABM simulations are pre-

sented in Figure 6 for 𝑟𝑟 = 0 and in Figure 7 for 𝑟𝑟 > 0.  

Function 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) is concave for 𝑉𝑉 < 𝑉𝑉0 and 𝑉𝑉 > 𝑉𝑉0, whereas its value is 0 for 𝑉𝑉 = 𝑉𝑉0. It has 

an interior maximum for a value of 𝑉𝑉 in the ranges between 𝑉𝑉𝑚𝑚 and 𝑉𝑉0 and 𝑉𝑉0 and 𝑉𝑉𝑀𝑀. Dif-

ferent values of 𝑉𝑉 affect the EOL with two opposite effects: when the difference between 𝑉𝑉 

and 𝑉𝑉0 increases (decreases) in absolute value, the probability of a wrong decision by the 

group decreases (increases); however, simultaneously, as the difference in the values of the 

projects increases (decreases), the opportunity loss from the wrong decision increases (de-

creases). In the maximum EOL, the two marginal effects are equal in absolute value.  

                                                   
3 Other studies in the theory of group decision-making have addressed the problem of how to reduce the 
number of rounds required to reach a consensus in committees [43–45]. However they consider the influ-
ence of the weights on individual utility or expertise in the time until consensus, whereas in this study, the 
time until consensus is mainly related to the type of the communication network.  
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Figure 6. The 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) when interest rate is 0 (𝑟𝑟 = 0) 

From Figure 6, 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) for centralized authority commission and omission errors are sym-

metric around 𝑉𝑉0. In the other organization structures 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) is asymmetric, lower when 

𝑉𝑉 < 𝑉𝑉0 (losses from commission errors), and higher when 𝑉𝑉 > 𝑉𝑉0 (losses from omission er-

rors). The 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) of consensus in full network is practically 0 for the values of 𝑉𝑉 < 𝑉𝑉0, and 

is always lower than the EOL of the other organization structures. The 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) from omis-

sion errors (for values of 𝑉𝑉 > 𝑉𝑉0) are lower with the centralized authority than in the rest; for 

sufficiently high values of 𝑉𝑉 the EOLs with the consensus and authority mechanisms are 

practically the same.  

When 𝑟𝑟 > 0 the comparative results are different, Figure 7. With 𝑟𝑟 = 0.3, 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) is always 

greater (lower) than or equal to that when 𝑟𝑟 = 0 for all 𝑉𝑉 > 𝑉𝑉0 (𝑉𝑉 < 𝑉𝑉0). The differences are 

higher with consensus than with authority because in consensus the group spends more time 

to reach a decision. When 𝑉𝑉 < 𝑉𝑉0, the EOLs of commission errors are practically null with 

consensus and positive with authority. Decentralized authority reduces the EOL compared to 

that of centralized authority in the star and tree structures. When 𝑉𝑉 > 𝑉𝑉0, decentralized hier-

archy increases the EOL of the omission errors compared to that with centralized authority, 

but for higher values of 𝑉𝑉 the differences disappear. The penalty in terms of the higher EOL 

of consensus in full network compared to that with centralized authority is practically con-

stant for all 𝑉𝑉. 
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Figure 7. 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) with interest rate 𝑟𝑟 = 0.3% 

For the values of 𝑉𝑉 < 𝑉𝑉0, and of 𝑉𝑉 > 𝑉𝑉0, the 𝐸𝐸𝐸𝐸𝐸𝐸(𝑉𝑉) functions are concave with an interior 

maximum in all the organization structures, similar to what happen when 𝑟𝑟 = 0, Figure 6. 

With consensus, when 𝑉𝑉 > 𝑉𝑉0 the EOL functions have a maximum and a minimum in all 

networks. This means that when time counts there is a value of 𝑉𝑉 beyond which the marginal 

increase in EOL from the opportunity cost of the wrong decision dominates the marginal 

increase in EOL from the lower probability of the error. The lower EOL of consensus in full 

networks is explained by the fact the time to reach consensus is lower in full networks than 

in the other communication structures.  

4.4 Calculation of 𝐸𝐸𝑉𝑉� 

In the simulation, the values of V are realizations of a random variable uniformly distributed 

on the interval [−8, 10]. The Figure 8 shows the estimated EOL, 𝐸𝐸𝑉𝑉�, from (8) for the uni-

formly distributed random variable 𝑉𝑉�  and interest rates between 0 and 1%. In the calculation 

of 𝐸𝐸𝑉𝑉� the values of EOL for 𝑉𝑉 < 𝑉𝑉0 and 𝑉𝑉 > 𝑉𝑉0 are added and the sum is divided by the prob-

ability from the uniform distribution, (𝑉𝑉𝑀𝑀 − 𝑉𝑉𝑚𝑚)−1, which is equal to 1
18

 in this case.  

The 𝐸𝐸𝑉𝑉� functions increase with the interest rate because the penalties from the time spent in 

the decision-making also increase; the function is linear because the range of interest values 

is relatively small. The slope of the loss function is higher in consensus than in authority 

because of higher time to reach a decision in the former than in the latter. In fact, in the 

structures with centralized authority 𝐸𝐸𝑉𝑉� is practically flat with the interest rate because it re-

quires only one period to reach the decision. The 𝐸𝐸𝑉𝑉� with the centralized authority dominates 
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that of the decentralized hierarchy for all the interest rates. Furthermore, the 𝐸𝐸𝑉𝑉� of consensus 

in full network dominates that of consensus in star and tree structures. The choice of the 

organization structures is then reduced to the choice between the centralized authority and 

consensus in full network. Under the criterion of 𝐸𝐸𝑉𝑉� from the distribution of 𝑉𝑉� , the consensus 

mechanism would be preferred for relatively low values of interest rates, i.e., 𝑟𝑟 < 0.3%, 

whereas centralized authority would be preferred for interest rates higher than 0.3%. “Impa-

tience” is then determinant for the choice of the structure. 

 
Figure 8. Mean opportunity loss 𝐸𝐸𝑉𝑉�[𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉��] as a function of the interest rates for different 

organization structures when 𝑉𝑉�  is uniformly distributed between −8 and 10 

5 Comparative static analysis 

We now examine the sensitivity of 𝐸𝐸𝑉𝑉� under different organization structures to the moments 

(expected value and dispersion) of the distribution of 𝑉𝑉� , and interest rate; Table 1.  

With 𝑟𝑟 = 0, the higher 𝐸𝐸𝑉𝑉� occur with lower values of dispersion, i.e., [0, 2]: as dispersion 

increases, the 𝐸𝐸𝑉𝑉� decreases. Since the mean of 𝑉𝑉�  is 1 (equal to 𝑉𝑉0 = 1) lower variance im-

plies that most values of the new projects concentrate around the value of the status quo where 

the probability of mistakes is higher. When the dispersion of 𝑉𝑉�  increases there will be values 

of 𝑉𝑉 higher and lower than 𝑉𝑉0 = 1 with low probability of mistakes but with high losses re-

sulting from the mistakes. From Table 1, as the variance of the distribution of projects in-

creases, the reduction in the contribution to lower the 𝐸𝐸𝑉𝑉� from a reduction in 𝑝𝑝(𝑉𝑉 ∣ 𝑠𝑠) more 

than compensates for the increase in the contribution from a higher |𝑉𝑉 − 𝑉𝑉0|.  
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The 𝐸𝐸𝑉𝑉� with the consensus is the same in all communication structures because when 𝑟𝑟 = 0 

the time to reach a decision does not matter. Consensus has lower expected losses than au-

thority, and the relative differences increase with the dispersion of the random variable. The 

opportunity losses from the commission errors while moving from authority to consensus, 

more than compensates for the increase in the opportunity losses from committing more omis-

sion errors with consensus than with authority, and the difference increases with the disper-

sion of the random variable.  

Table 1. Sensitivity of 𝐸𝐸𝑉𝑉� to changes in the dispersion of random variable 𝑉𝑉�  with 𝐸𝐸�𝑉𝑉�� =
𝑉𝑉0 = 1 constant, and to changes in interest rates 

 
𝑟𝑟 = 0 

     

 
Authority 

  
Consensus 

  

  
Decentralization: Hierarchy 

   
[𝑉𝑉𝑚𝑚 ,𝑉𝑉𝑀𝑀] Centralization Star Tree Full network Star Tree 

[0, 2] 0.1694 0.1690 0.1807 0.1308 0.1306 0.1309 

[−4, 6] 0.1583 0.1583 0.1907 0.0969 0.0970 0.0968 

[−8, 10] 0.0913 0.0913 0.1105 0.0555 0.0555 0.0553 

 
𝑟𝑟 = 0.005 

     
[0, 2] 0.1722 0.1723 0.1839 0.1496 0.1762 0.1651 

[−4, 6] 0.1671 0.1744 0.2116 0.1504 0.2147 0.1799 

[−8, 10] 0.1046 0.1162 0.1438 0.1306 0.2184 0.1688 

 
𝑟𝑟 = 0.01 

     
[0 , 2] 0.1750 0.1756 0.1870 0.1671 0.2145 0.1953 

[−4, 6] 0.1760 0.1904 0.2322 0.2022 0.3239 0.2588 

[−8, 10] 0.1177 0.1409 0.1766 0.2035 0.3708 0.2771 

With authority, 𝐸𝐸𝑉𝑉� is higher for the decentralized hierarchy in tree structure. Centralized au-

thority and decentralized hierarchy in star structures provide the same 𝐸𝐸𝑉𝑉� that is independent 

of the dispersion of the value of the random variable 𝑉𝑉� . In a tree network the losses from 

commission (omission) errors are higher (lower) than those in a star; however, the total ex-

pected loss is lower in a star than in a tree. This indicates that the lower losses from commis-

sion errors do not compensate the higher ones from omission errors. Compared to the 
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structures with centralized authority, the decentralized hierarchy in star reduces the commis-

sion errors but increases the omission ones; however, these differences compensate.  

When the time matters, 𝑟𝑟 > 0, the pattern of results from the comparative static analysis is 

less clear. For example, the expected loss monotony decreases with dispersion of the random 

variable only in the centralized authority. Now, the 𝐸𝐸𝑉𝑉� with consensus increases, whereas 

that with centralized authority and that of decentralized hierarchy with star practically do not 

change. This is the consequence of the higher time required to reach a consensus decision. 

With a moderate interest rate 𝑟𝑟 = 0.5% and a small variance of the random variable, the 𝐸𝐸𝑉𝑉� 

with consensus is still lower than the 𝐸𝐸𝑉𝑉� with centralized authority. When the interest rate is 

high, i.e., 𝑟𝑟 = 1%, the lower 𝐸𝐸𝑉𝑉�  of consensus in full network compared to that with central-

ized authority holds only for the random variables with small variance. The advantage, in 

terms of lower 𝐸𝐸𝑉𝑉� , of centralized authority over that with consensus as the interest rate goes 

up is higher for high than for low dispersion of the random variable.  

Table 2. 𝐸𝐸𝑉𝑉� for distributions of 𝑉𝑉�  with different mean and dispersion values 

𝑟𝑟 = 0.005 
     

 
Authority 

  
Consensus 

  

  
Decentralization: Hierarchy 

   
[𝑉𝑉𝑚𝑚 ,𝑉𝑉𝑀𝑀]  

Expected 𝑉𝑉 = 2 Centralization Star Tree Full network Star Tree 

[1,3] 0.2456 0.4163 0.5144 0.3793 0.4606 0.4229 

[0,4] 0.2064 0.3008 0.3671 0.2513 0.3165 0.2845 

[−4,8] 0.1470 0.1584 0.1941 0.1537 0.2375 0.1908 

Expected 𝑉𝑉 = 0 
     

[−1,1] 0.2407 0.0760 0.0482 0.0077 0.0095 0.0088 

[−2,2] 0.1993 0.1100 0.1064 0.0748 0.0881 0.0826 

[−6,6] 0.1388 0.1409 0.1703 0.1177 0.1638 0.1392 

In Table 2, the comparative static analysis is extended to scenarios of moderate positive in-

terest rate and distributions of the random variable 𝑉𝑉�  with different mean and different dis-

persion. The first part of the Table presents the estimated 𝐸𝐸𝑉𝑉� when the expected value of 𝑉𝑉�  is 

2, and when is 0. When the distribution of economic values of the projects is centered above, 
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𝐸𝐸�𝑉𝑉�� = 2, the status quo, centralized authority provides lower 𝐸𝐸𝑉𝑉� than the consensus in full 

network, for all the dispersions of the 𝑉𝑉�  variable considered. On the contrary, when the dis-

tribution is centered below, 𝐸𝐸�𝑉𝑉�� = 0, consensus in the full network provides the lowest 𝐸𝐸𝑉𝑉�. 

When the distribution of the economic values shifts upwards the higher number of omission 

errors with consensus compared to the omission errors with centralized authority, penalizes 

the former organization structure with respect to the latter. On the contrary, when the shift is 

downwards, then the lower number of commission errors with consensus make this organi-

zational solution preferred to centralized authority. One remarkable result seen in Table 2 is 

that with high dispersion of the random variable value, the 𝐸𝐸𝑉𝑉� with authority in its different 

versions, and that of consensus in full network all tend to be very similar.  

It can be assumed that in most organization environments higher expected returns will go 

together with higher risk. Subsequently, two economically relevant contexts to be compared 

are [−4, 8] , high return and high risk, and [−1, 1], low return and low risk. In the first case 

the 𝐸𝐸𝑉𝑉� with centralized authority and that of consensus in full network are quite similar, i.e., 

the choice of the organization structure would not be that relevant. However, in the second 

case the 𝐸𝐸𝑉𝑉� with consensus is considerably lower than that with authority. Consequently, in 

this scenario, the choice of the organization structure could be very relevant, with the con-

sensus mechanism clearly preferred over authority4.  

The information in Tables 1 and 2 on expected values of the expected loss of the variable 

𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉��, is complemented with Figures 9.A and 9.B that show the probability distribution of 

the random variable, 𝐏𝐏�𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� ≤ ℓ� from (7), for centralized authority and consensus with 

full network, and selected parameter values (first row of Tables 1 and 2).  

                                                   
4 EOLs in Tables 1 and 2 could be written in values relative to the expected payoff in case of no fallibility 
given by (1); however, even then, the main conclusions do not change. For the random variables in Table 
1, such expected payoffs from (6) are 1.25, 2.25, and 3.25, for the ranges of values of 𝑉𝑉 (0, 2), (-4, 6), and 
(-8, 10), respectively. In Table 2, the maximum expected payoffs are: 2 (1,3), 2.125 (0,4), 3 (-4,8), 1 (-1,1), 
1.125 (-2,2), and 2.04 (-6,6).  
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A. 𝑁𝑁 = 13, 𝑟𝑟 = 0, and 𝑉𝑉� ∈ 𝑈𝑈[0,2]   B. 𝑁𝑁 = 13, 𝑟𝑟 = 0.01, 𝑉𝑉� ∈ 𝑈𝑈[0,2] 

Figure 9. Cumulative probability distribution of random variable 𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� with centralized 
authority and consensus in full network. 

In the two figures (9.A and 9.B), the cumulative probability distribution is discontinuous at 

EOL of 0, i.e., there is a positive probability of 0 EOL. When 𝑟𝑟 = 0, Figure 9.A, the proba-

bility of positive EOL starts at 0.6 for structures with the centralized authority mechanism, 

and at 0.7 for the consensus in full network. The cumulative probability of the positive EOLs 

with consensus dominates that of those with authority, and the mean value of EOL with con-

sensus is lower than that with authority. With a confidence of 95%, the EOL with authority 

(consensus) will be lower than 0.8255 (0.7596). These results are consistent with those in the 

same scenario in Table 1. When 𝑟𝑟 = 0.01, Figure 9.B, the average EOL is also lower in con-

sensus than in authority but the two are closer now. The mean value of EOL is higher with 

authority than with consensus, though the probability distribution with consensus only dom-

inates that with authority at 0 and for 𝐸𝐸𝐸𝐸𝐸𝐸�𝑉𝑉�� ≥ 0.2. 

5.1 Other robustness results 

The 𝐸𝐸𝑉𝑉� with the centralized authority is determined in a balanced way of losses attributed to 

omission and to commission errors, while with consensus the 𝐸𝐸𝑉𝑉� is mainly determined by 

losses from the omission errors and hardly of losses from commission errors. Organizations 

that bear more penalties from the commission errors than from the omission ones would pre-

fer the consensus mechanism to authority. In fact, when the priority is to avoid commission 

errors decentralized hierarchy mechanism would be preferred to centralized authority, in 
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terms of lower 𝐸𝐸𝑉𝑉�. The 𝐸𝐸𝑉𝑉� of decentralized hierarchy and consensus will be close but lower 

with consensus than with authority. 

Simulation results (not included in this paper) confirm the intuition that higher values of pa-

rameter 𝛽𝛽 (less bounding rationality) result in a lower 𝐸𝐸𝑉𝑉� in all organization structures. More-

over, the reduction in the average EOL is proportionally similar across organization structures 

and distributions of the random variable value of the project. If individuals differ in capacity 

to process information the performance of collective decisions improves placing those indi-

viduals with higher capacity in the authority position. With consensus, individuals with dif-

ferent information processing capacity can be randomly assigned in the nodes of the network. 

With heterogeneous individuals the structures with authority, especially with centralized au-

thority, will have an additional advantage over consensus. Consensus with full network will 

then be preferred when individuals in organization have all similar skills.  

The simulated values of the probability of mistakes, time to reach a decision, and the EOL 

for different network sizes 𝑁𝑁 (1, 6, 13, 50, 100, and 500), show that the probability of mis-

takes varies with the size of the network up to 𝑁𝑁 = 13; for values higher than 13 the proba-

bility of mistakes to higher values of 𝑁𝑁 varies very little, for a given 𝑉𝑉. As expected from the 

results of Sah and Stiglitz [8], for relatively small initial values of 𝑁𝑁, higher 𝑁𝑁 implies lower 

(higher) probability of the commission (omission) errors. 

The time to reach a group decision with the consensus mechanism increases substantially 

with 𝑁𝑁, especially for values of the new project that are not too different from the value of 

the status quo. With decentralized hierarchy a network with 𝑁𝑁 = 100 and span of control of 

3 would need a maximum number of 4 iterations to reach a decision, which means that the 

sensitivity of time to reach a decision to the size of the network is much lower in authority 

than in consensus. When time to reach a consensus matters larger networks penalize consen-

sus over centralized authority.  
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6 Practical relevance of the research 

This study must be viewed as an attempt to learn about the determinants of the quality of the 

decision process at the pre-implementation stage, particularly the effect of bounded rational-

ity of humans in the mistakes that people make in processing the information available (ran-

dom factors that result in project risks that cannot be altered through the choice of organiza-

tion structure are ignored). This stage of the decision process is non-observable by the re-

searchers and we propose to learn about it through simulation. One important side product of 

the study of the quality of the decisions with measures of performance that include oppor-

tunity losses from commission and omission errors. Obviously, the observation of success 

and failure of actual decisions informs only about possible commission errors, and in an im-

perfect way because success and failure also depend on luck and implementation effective-

ness. Omission errors are totally opaque for external observers. The simulation approach al-

lows us to study the determinants of commission errors free from the interference of nature 

and implementation failures.  

Understanding the determinants of success and failure of organizational innovations is of 

practical importance considering the high rate of reported failures by business firms. One 

report on failures in the implementation of big data projects by business firms [46] says that 

“85% of the big data projects that firms undertake end up with failure”. Consultants in this 

area claim that the reason of failure is not so much the technology but, “integrating (the big 

data projects) with existing business processes and applications; management (and organiza-

tional) resistance; internal politics; lack of skills; and security and governance challenges”. 

Proposed solutions to reduce failure rates include “build out small, departmental successes 

into holistic, company-wide initiatives” and “seed these projects in a more bottom-up fashion, 

driven by developers”. But they have drawbacks too because “a company's culture may not 

be able to keep pace with attempts to quickly scale out projects, and the very DNA that made 
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the small-scale project successful would likely prove insufficient to carry the broader project 

to a successful conclusion”.  

What the theoretical results reported here tell us about the high rate of failure in big data 

projects, and about the approaches to the organization innovation adoption decision proposed 

by consultants, a bottom up, muddling through, culture driven one, and a top down, authority-

driven approach? In the framework of this paper, the reported failures would be classified as 

commission errors (projects adopted and implemented that should had been rejected), but 

nothing is said on omission errors (projects that were rejected and that could have been a 

success). Therefore, with the published information, the diagnosis about innovation perfor-

mance is limited. Commission errors should be evaluated jointly with omission errors, and it 

would be interesting to assess the growth potential and the risk of the high data projects, and 

use the results of the comparative static analysis above to see which organization structure 

would be more appropriate given the projects’ characteristics. The consultants recommend 

the bottom-up decision mechanisms to reduce implementation failures related with resistance 

to change, organizational politics, culture and alike. The research reported here recommends 

considering also the performance in the pre-implementation stage when choosing between 

bottom-up or top-down decision-making mechanisms. Moreover, to take full advantage of 

changing from top-down (authority) to bottom-up (consensus), the simulation results recom-

mends replacing the tree-like communication structure of centralized authority by full net-

works5. 

Illustrative example 

The following is an illustrative example of application of the ABM approach to the evaluation 

of organization structures. A Research Institute operates a supercomputer that is used in pro-

jects that require complex and numerous calculations. One of the research teams has the duty 

                                                   
5 Other group decision-making situations that could be studied include, the choice of investment projects 
by mutual funds managers and alike (for example venture capitalists [20]), decisions on mergers and ac-
quisitions [24] and on adoption of technological innovations [21]. 
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of coming out with innovation projects that will potentially improve the computation power 

of the supercomputer. The team is composed of a principal investigator, PI, three seniors, and 

nine junior researchers. The Institute considers the following organization structures for the 

evaluation and decision on proposals about improving the working of the supercomputer.  

Centralized authority (CA): the PI centralizes proposals and decisions.   

Decentralized authority and star (DAS): the three senior researchers and the nine junior ones 

can directly communicate with the PI. Each person decides whether a project is worth pre-

senting to the PI for approval or not. If presented, the PI makes the final decision.  

Decentralized authority and tree (DAT): three junior researchers communicate with one sen-

ior and the senior communicates directly with the PI. Seniors can present proposals directly 

to the PI who decides on it. Juniors decide on their proposals to present them to the respective 

senior or not; the senior will decide to present it to the PI for final decision.  

Consensus (C): All researchers have the same decision power, and all are directly connected 

as in a full network communication structure; projects for improvement can appear at any 

node of the network. The researcher with a proposal to make would randomly choose another 

member of the team to share the information on the proposal and make the decision: either 

the two agree in supporting the project, or the two agree on rejecting it. The process continues 

as long as there is one researcher supporting the adoption of the innovation project or all agree 

on supporting the innovation and implement it.  

In all cases, during the decision time the supercomputer operates with the current level of 

performance, 𝑉𝑉0 = 16,384 spins/ns. There are two possible innovation projects that can ap-

pear at any node of the organization with equal probability: Project A: 𝑉𝑉 = 17,694.72 

spins/ns, or 𝑉𝑉/𝑉𝑉0 = 1.08; Project B: 𝑉𝑉 = 15,073.28 spins/ns, or 𝑉𝑉/𝑉𝑉0 = 0.92. With full ra-

tionality A would always be accepted and B rejected. With bounded rationality, the probabil-

ity of accepting (equation (1)), expected return, EOL with 𝑟𝑟 = 0 (equation (8) from from (2) 

and (3)), and EOL with 𝑟𝑟 ≠ 0 (equation (8) from (4) and (5)), appear in Table 3. 
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Table 3: Summary of calculations 

 Probability accept (reject) Expected 

return 

EOL EOL Time to 

decision 

EOL with dis-

count (r) 

Project A B A B A B A and B A and B A and B 

CA 0.52 (0.48) 0.48 (0.52) 1.042 0.962 0.038 0.038 0.0384 1 0.54-0.5016er 

DAS 0.29 (0.71) 0.25 (0.75) 1.023 0.980 0.057 0.020 0.0384 1.8  

DAT 0.20 (0.80) 0.17 (0.99) 1.016 0.987 0.064 0.013 0.0386 2.2  

C 0.12 (0.88) 0.05 (0.95) 1.001 0.996 0.071 0.004 0.0372 20.3 0.123-0.086e20.3r 

The comparisons are restricted to centralized authority and consensus, the two with expected 

opportunity loss, EOL. If time does not matter (r=0) Consensus is preferred. When time mat-

ters (𝑟𝑟 ≠ 0) the preferred organizational structure depends on the value of r. Solving the 

equation 0.54 − 0.5016e𝑟𝑟 = 0.1232 − 0.0860e20.3𝑟𝑟, the interest rate at which the two struc-

tures are indifferent is 𝑟𝑟 =  0.001. With higher (lower) values centralized authority (consen-

sus) will be preferred. 

Conclusion 

How to transform individually fallible elements into a reliable system is a relevant question 

in physical [47] and social domains [8,9]. This study evaluates the effect of organization 

structure decisions on the performance of groups of fallible individuals joint through com-

munication lines that decide about the acceptance or rejection of projects whose value is a 

realization of a random variable of known distribution that appears at random in any node. 

The structures combine two design variables, the communication network (star, tree, or full 

network), and the group decision mechanism (authority and consensus).  

Two polar organization structures for group decision making emerge from the analysis, cen-

tralized authority in tree networks, and consensus in full network. The combination of au-

thority decision making (directed flows) and a tree like communication network (minimal 

communication lines) represents the more traditional organization structure. Consensus in 

full network emerges as a potential alternative in a time of denser and cheaper 
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communications. Traditional (hierarchical) and emerging (network-consensus) structures ap-

pear as competing outcomes from efficiency driven choices by firms and organizations in 

general. The results of the paper point out to the comparative disadvantage of consensus-

based decisions in trees, compared with the performance of consensus in full networks. 

Therefore, maintaining the tree network dominating in many firms it is unlikely that consen-

sus will replace authority. For consensus having a chance in replacing authority, the full net-

work must be extended among firms, replacing the tree. 

From a managerial perspective, the results of this study indicate that the expected opportunity 

loss of consensus tends to be lower in: i) organizational environments of low interest rates 

that do not severely penalize the time needed to reach a consensus; ii) environments of low 

costs communications that ease the implantation of full networks; iii) when the risks owing 

to the environmental shocks around the status quo are moderately low (low dispersion of the 

probability distribution of the values of the projects that challenge the status quo); and iv) in 

organizational environments that expect worst results relative to the status quo (the mean of 

the distribution of the projects’ economic values is lower than the economic value under the 

status quo). On the contrary, the authority mechanism is preferred in opposite conditions to 

the aforementioned, but particularly when organizations anticipate flows of innovation pro-

jects from a distribution of values with mean higher than the value in the status quo and high 

variance. The consensus mechanism better handles the costs of the errors when the external 

environment of the organization worsens relative to the status quo. Inversely, authority is 

more effective in reducing the costs from errors owing to not leveraging the advantage of the 

new opportunities of more favorable external environments of the organization. These pre-

dictions open empirical research opportunities to test them. 

The paper is motivated by the practical relevance of improving the quality of individual and 

group decisions, and the difficulty of properly identifying the reasons of success and failure 

in decision making by just observing the organization innovation projects that fail and 
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succeed. We argue that the bounded rationality of individuals in organizations, conditions the 

final outcome in the adoption of innovations already in the pre-execution stage of processing 

the information available for decision. This stage of the decision-making process is rarely 

directly observable by researchers so we propose to study it with the help of simulation in the 

spirit of agent-based modeling. In the paper we use the evidence on the high number of big 

data innovation projects that fail in practice (an issue that raises concerns for many years 

[48]), to assess the practical relevance of the research methodology and results. We show the 

relevance of accounting for opportunity losses from omission errors in decision-making (un-

observable for the external observer) to explain the observed rates of commission errors, and 

the power of consensus compared with authority to lower ex ante expected opportunity losses 

and to unlock organization change by facilitating the implementation of innovations [49]. 

The methodology proposed here complements well with the increasing use of internet-based 

tools for crowd participation by companies in idea generation, idea evaluation, and prob-

lem solving processes that traditionally were reserved for experts, i.e., “wisdom of the 

crowd” versus use of experts in the evaluation of innovation projects and business models 

(Hienerth and Riar [50], for a review).  

Future research could examine its connections with the choice of organization structures 

when individuals make decisions under “imprecise and vague information”, as assumed 

in the fuzzy decision theory. The probability of choice that captures the intended but 

bounded rationality of individuals has several similarities with the cases of fuzzy prefer-

ence relations formulated in Chiclana et al. [51]. The ABM simulation considers that the 

randomness in the outcomes from group decisions result only from the bounded rational-

ity of group members (omission and commission errors); we could study situations where 

the value of the innovation projects is uncertain because of uncontrollable exogenous 

random factors, the quality of group decision-making in human-automata interaction en-

vironments, such in artificial intelligence scenarios, and the choice of organization 
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structures in competitive situations where the payoffs from that choice by one firm de-

pends on the choices of other firms in the same market. 
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