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Abstract: How effective is the taken R&D investment decision, considering the effect of bounded 

rationality? Guided by this question, it is explored the decision-making process at the group level 

within the firm. A mathematical model for determining the effectiveness of decision-making based 

on the group’s experience is proposed. By considering subjective and objective factors, the Decision-

making Effectiveness Index – Dei, model was created. To prove theoretical hypotheses and testing 

the model, a randomly generated dataset was built consisting of 4,000 individuals that were grouped 

representing 500 hypothetical firms. After performing the simulation, both hypotheses were 

confirmed, and the model was validated. The main theoretical findings evidenced that the project’s 

success will depend on decision-makers' cognitive capacity. As a contribution for practitioners, this 

research highlighted the importance of considering group experience in a self-analysis effectiveness 

index. Procedures are proposed for comparing the firm effectiveness index with competitors for 

improving firm decision-making performance. 
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1. Introduction 

The major, if not the main, asset responsible for a firm’s survival is innovation. One of the most 

common ways to achieve an innovation is through investments in Research and Development (R&D). 

However, firms do not always select the best (or sub-optimal) option for their investments decisions, 

which results in an accumulation of transaction costs due mistakes. There are firms that are worth 

much of their intuition and accumulated experience during the decision-making process, although 

subjective criteria do not always provide the desired results. 

At the basis of decision-making process, there is bounded rationality, a concept in which central 

idea is the limitation of rationality when an individual considers options in decision-making process 

(Simon, 1957, 1970). Since the firm’s decisions arise from a group of decision-makers: Who determine 

firm’s future? Which decision to take? What will be the best option? Based on the classical assumption 

‘no one knows everything’, unexpected effects (Taleb, 2010) must be considered on decision-making 

process. So, a question remains: How to distinguish how effective is the taken decision, considering 

the effect of bounded rationality? 

The way decisions are taken was a subject of several researches in interdisciplinary studies 

involving; Economics, Mathematical Modeling, Sociology, Social Psychology, Cognitive Psychology, 
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and Organizational Theory. Some examples on these themes can be found in researches like the 

individual level of decisions (Camerer, 1998; Georgiou, 2006; Georgiou, 2008; Schoemaker, & Russo, 

1993) and those that deals on organizational theories approach of decision-making (Courtney, 2001; 

Foss, 2003; Nelson, 2008). Very few researches addressed specifically the decision-making process at 

group level (DiTomaso, Smith, Farris, & Cordero, 2007; White, Dittrich, & Lang, 1980), or the influence 

of culture on decision-making (Becker, 2004). 

A particular firm commonly has decision-makers who engage in the evaluation of alternatives by 

selecting those projects through evaluating the options in a given time. Thus, decision-makers are 

considering, in a joint way, the selection of the ‘best choices’ (not the optimal choices) due to the 

limitation of available resources, limited options, brief time to evaluate and to decide, as well as the 

limitation from cognitive ability of each of these decision-makers. The authors argue in this research 

paper that the collective decision-making on a particular project is a common practice in organizations 

as a strategy to overcome the cognitive limitations of alternatives evaluation and selection. Such 

collective decisions must be related in an attempt to reduce the bias to which bounded rationality can 

lead a given decision-maker. Therefore, the question the authors address with this research paper is: 

how to measure the firm’s decision-making process effectiveness? 

Mostly studies already published have considered groups’ decision-making processes with 

several moderators, elements or contexts, like escalation of commitment and sensitivity and the use of 

programmable decisions and statistical approaches (Curseu, Schruijer, & Fodor, 2016; Parker, 1980). 

The cognitive aspects addressed were emotional intelligence in decision-making process, the problem 

to a leader in involving a team in a major decision, and the magnitude of impact and quality of decision 

process output regarding rationality of strategic decision-making process (Hess, & Bacigalupo, 2011; 

Nooraie, 2008; Schwarber, 2005).  

Although there are several researches that highlighted the importance of decision-making 

process, at an individual or group level, there is some attempts in proposing mathematical models to 

measure the decision-making process. The model proposed by Herrera-Viedma, Chiclana, Herrera 

and Alonso (2007) was conceived regarding experts’ preferences. The integration of multiplicative 

relation as a preference in multipurpose decision-making problems is the approach of Chiclana, 

Herrera and Herrera-Viedma (2001). The available mathematical/theoretical models stress several 

relations, moderators and influence variables, and the most adherent to this research is the model 

proposed by Beiner, Drobetz, Schmid and Zimmermann (2004), where it is found that firms are trying 

to increase their board of directors’ effectiveness by selecting criteria like composition, independence 

and size. However, a model that can determine specifically the effectiveness of decision-making based 

on decision-making experience at group level remains.  

This research aims to fill this research gap by proposing a mathematical model for determining 

the effectiveness of decision-making process at group level, considering the modeling of subjective 

and objective factors that will result in an index, i.e., the Decision-making effectiveness index - Dei. 

This index is a result that can be compared with other firms or competitor firms, to better address a 

firm’s strategy in improving their decision-making accuracy.  

As main contributions, this research paper addresses the following: 

- the proposition of a research agenda for decision-making process at a group level, considering 

the identification of constitutive factors in a model that can measure the decision-making effectiveness 

at a group level. It is addressed at the group level mainly because organizations’ strategic level is 

constituted by a board of directors (Beiner et al., 2004) – which represents a group of decision makers; 

- an index that can be accompanied by the firm as a tool for increasing their decision-making 

effectiveness on R&D investments by the proposition of a mathematical model which can determine 

an effectiveness index of decision-making of a given firm by comparison with other firms’ scores; 

- to bring more attention to the fact that, in practice, many firms are more prone to decide critical 

subjects; not being constituted by only one director but in a collective way mainly due to the 

constitution of their board of directors (Beiner et al., 2004); 
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- to practitioners, this mathematical model will represent the decision-making effectiveness 

accuracy; as a possibility to accompany the effectiveness index of their board of directors by storing a 

continuum of indexes and analyzing how this index evolves;  

- theoretically, this paper will contribute to understand the effect of firm’s cognitive ability on the 

effectiveness of choice for investments in R&D and a model to measure the impact of this decision-

making process on firm’s effectiveness will be proposed. 

This paper is structured, beyond this introduction, by a theoretical review section where concepts 

are discussed, and hypotheses presented, a section which is devoted to the explanation and where the 

mathematical model is presented followed by a section where the model is tested with randomly 

generated data, the next section presents the results and the discussion and then it is presented the 

conclusion and consulted references.   

2. Literature review 

2.1. Decision-making process in firm context 

In theory, all firms should be equal, this does not occur also due to the firm’s cognitive capacity, 

according to Neoclassical Economic approach. Firms have different experiences and different agents 

(entrepreneurs) and with different experiences. The variability of the firm’s function, i.e., the way in 

which the firm combines their variables, is responsible for interfirm difference. These differences are 

also responsible for the infeasibility of concept of production function with maximum profit and the 

balance concept. 

According to Cohen and Cyert (1965), behavioral theory of the firm applies to firms whose 

decisions are not completely determined by the market due to the freedom enjoyed by them in 

developing their decision-making strategies and rules that become part of decision-making system 

within these firms. Thus, the behavioral theory of the firm has as approach the structure of the internal 

decision-making process of the firm. 

To Herbert Simon is credited the main contribution to the Theory of the Firm. Simon considered 

resumption of decision-making within organizations from the perspective of firm’s behavior (Löbler, 

2005). The decision-making model of bounded rationality is related to the cognitive aspects that are 

considered in decision-making due to the limitations of human rationality. This model is opposed to 

the rationality of economic man. So, confronted by the limitations of time and knowledge, the decision 

maker cannot find the optimal decision, but only the most suitable in relation to available options in a 

certain period (Simon, 1945). 

In this study, firm’s concept of Coase (1937) is used as background with focus on entrepreneur 

and his decisions. The firm is an economic agent that solves the problem of the economic agent named 

consumer. The firm, to be firm, depends on the decisions of the entrepreneur, and these decisions are 

directly related to entrepreneur’s bounded rationality. 

In decision-making process, it is assumed that better decide who possess the better cognitive 

ability, based in previous successful decisions, taken thanks to individual experiences and a higher 

information quantity and quality. The problem is the amount of information to be processed in a given 

period of time, added to this the fact that firms usually decide on investment projects in R&D 

collectively by their board of directors. These factors make the decision-making process not as simple 

and fast. Besides, each firm has its specific form of decision. 

Regarding to collective decisions, the board of directors is still not straightly aligned with better 

results (which can be considered as the best investment projects in R&D in this research). Although 

Lipton and Lorsch (1992) and Jensen (1993) identified that a board of directors is composed by 7 to 8, 

this size may vary. This variance is due to the intuitiveness determination of director’s board size by 

companies, in the basis that larger boards tend to be more effective for fulfilling the management 

capacity. The authors are, in an indirect way, referring to the interval of cognitive limitation of an 

individual and the limits where the board is not in a way to effectively contribute to the decision-

making process. Beiner et al (2004), identified that there is no relationship between board size and 
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lower valuations, which means that at individual level the bounded rationality plays a significant role 

by limiting the cognitive rationality, but maximum number to constitute a board is not clarified.  

Descartes (1977) described the way he dealt with his limited rationality, stating that as he could 

not examine all options due to the complexity and human limitation, then decided to break the options 

and then review them in their entirety. This fragmentation is known as Cartesian method. The failure 

to consider the evaluation of all alternatives added to the cognitive impairment of the decision maker 

and the pressures to decide faster leads to an evaluation of some options within the limits of rationality. 

Thus, the rationality limitation will determine how right will be the choice. 

From Simon (1945), the theory of decision-making process has expanded the quantitative 

approach to involve more complex and contingent aspects. The rational model of decision-making, for 

example, considers the construction of options that optimal levels and risks are calculated, and the best 

alternative is selected. 

Löbler (2005) reports that the rational model is characterized as a process of building quantitative 

options where, after calculations, the optimal levels for risks are found by simply choosing the 

alternative that brings more results. Thus, the best decision at any given time would be that one that 

brings the best cost/benefit from mathematical calculations results. The problem in these calculations 

is that this rational model does not consider the subjective factors behind the decision-making process. 

Graham et al. (as cited in Freitas, Macadar, & Moscarola, 1996), had already highlighted the need to 

understand cultural differences in decision-making processes. 

Löbler (2005) states that the main contribution of Simon was the approach of individual decision-

making process of the firm, because until then, theorists only regarded the market as a whole. The 

group decision-making and effects of cognitive diversity was the research of Olson, Bao and Parayitam 

(2007). This study, conducted with two hundred fifty-two Chinese executives from different firms, 

revealed that cognitive diversity has a negative relationship with the commitment and the quality of 

the decision.  

West (2007) affirmed the importance of examining cognition at groups’ level. The collective 

cognition is mediated between individual cognition and the firm’s actions and performance. The study 

evidenced that two structural features of collective cognition (differentiation and integration) are 

strongly related to the firm’s performance. 

Hammond, Keeney and Raiffa (2006) argue that bad decisions can lead the way by which they 

were made: if the alternatives were not clearly defined, the correct information will not be selected if 

the costs/benefits were not properly measured. Sometimes, the fault may lie in the decision-making 

process as well as the mind of decision maker: the way the human mind works can sabotage the 

decision-makers’ choices. 

The research conducted by Zanela (1999), performed in Brazil, France and in the USA, revealed 

that in relation to decision-making style, in general, the respondents proved to be more rational and 

objective. Related to the speed for taking decision, the author also reports that the decision-making 

style refers that decisions are taken in a fast way. 

Regarding the group behavior during decision-making process, Simon (1945) underlined that 

when considering more than one individual in decision-making, the decisions of others will be 

included among the conditions under which the individual (alone) should consider in relation to their 

own decision. Each individual need to know what the actions of others will be, what is an extremely 

important fact during the collective decision-making process. 

Another aspect to address in decision-making process is its effectiveness. There are attempts to 

simplify the decision-making processes, most of them related to the establishment of more rational 

ways of deciding to achieve effective decisions. Van De and Delbecq (1971) addressed the effectiveness 

in decision-making process. The said authors focused in groups discussions versus individual silent 

efforts in a group setting. The authors concluded that the best results came from a rational three-stage 

process for addressing problems. This process begins with a committee divided tasks, followed by 

interacting discussions and by choosing the best option by vote. In other research conducted by Dean 

Jr. and Sharfman (1996) was identified that a rational decision-making process is required to achieve 



Journal of Research in Emerging Markets, 2020, 2(1). 28 

 
decision success. In their longitudinal study, it was determined that the procedural rationality and the 

political behavior influences on decision success. Thus, an organized process of decision-making can 

increase the outcomes effectiveness.  

The decision-makers are affected by objective and subjective factors before and during the process 

of evaluating alternatives and that these factors can influence the group of decision makers and imply 

in the effectiveness of decision-making and firm’s choice. 

2.2. Cognitive capacity on decision-making process of a firm 

In Cognitive Psychology, Neisser first treated cognition in 1967 and was defined as a process that 

captures, transforms, reduces, prepares, stores, retrieves, and uses external stimuli (Best, as cited in 

Boff, 2000; Löbler, 2005). Cognition was treated by Boff (2000) as a process and mental state of 

understanding information in a knowledge worker concept. 

Simon (1957) and Newell and Simon (1972), found that cognitive capacity of decision-makers is 

limited to knowledge and attitudes, i.e. decision-makers reduce, simplify and approximate the choices 

closer to reality, becoming the principle of bounded rationality (Freitas, 1992). Simon (1970) underlined 

that the main concern of organization theory is related to boundaries between rational and irrational 

aspects of an individual’s social behavior. Thus, Management theory is a theory founded on intentional 

and bounded rationality of human behavior. 

Hernandez and Ortega (2019) also addressed the impact of bounded rationality in decision-

making process. The authors identified that the context information is critical in decision-making 

processes that involve large amounts of resources. In this view, organizations take ‘sub-optimal’ 

decisions due to their limited ability to process information. Thus, one issue to be solved by 

organizations is the knowledge content quality (Jahmani, Fadiya, Abubakar, & Elrehail, 2018). This 

feature is also highlighted by Negulescu and Doval (2014) when studying the quality of decisions. 

Despite socio-economical fields or regions, it was identified that the decision effectiveness depends on 

the organization’s effectiveness conceptual model. It was also identified that the quality of taken 

decisions is influenced by the quantity of available information. Moreover, the decision makers usually 

take advices from their team members, which reinforce the role of the group in the decision-making 

process. 

Thus, every administrative decision is relative. This is because managers tend to take rational 

decisions due to various informational and cognitive limitations (Simon, 1945). This is due the chosen 

alternative is always the most appropriate, not representing the ‘optimum alternative’ (March, & 

Simon, 1966). 

Löbler (2005) reports that the incremental model has as its starting point the limited cognitive 

capacities of decision makers, which reduces the radius of action and costs of information collection 

and processing. The decision maker only considers some alternatives, only covering the most 

important consequences. This model received critics regarding the neglection of basic innovations by 

focusing on the short term. This fact is explained by the high probability of making a mistake resulted 

by a wrong decision, which stimulates an inertia in decision-making, influencing decision-makers to 

not exceed their limits and being more conservatives in their decisions. 

Abubakar, Elrehail, Alatailat and Elçi (2019) considered the intuitive and rational decision-

making styles as moderating effect in organizational performance. The intuitive style is considered as 

a decision maker’s feeling and a result of a holistic analysis, and its path is difficult to describe. The 

rational style is a structured process of assessment and selecting alternatives, mostly based in 

predetermined decision criteria that are undertaken by the decision maker.  

Gonzalez, Fakhari and Busemeyer (2017) studied dynamic decision-making and complex decision 

processes. It was noticed a trend in facilitating the process of decision-making by reducing complexity 

of dynamic decision-making through decomplicating the tasks. One key factor in dynamic decision-

making processes is the human being, due to individual characteristics such as: experience, knowledge 

and adaptation ability.  
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Another individual perspective of decision-making is taken by Kotlar and Sieger (2018), when 

addressing the individual-level entrepreneurial behavior of family/nonfamily managers in family 

firms. The authors found that family managers possess greater factors if compared with 

entrepreneurial behavior of nonfamily managers.  

By considering cognitive psychological theories to understand the decision-making process, it is 

assumed that the human being is an ‘encoder information system’. Thus, the decision-making process 

would be considered as the result of perception, mental models, emotions, attitudes and memory of 

past experiences (Löbler, 2005). Whether cognitive capacity of a decision maker has a significant 

impact on collective decision-making process, once cognition precedes the evaluation of alternatives 

to choose from, how to quantify these indicators? How to measure the effectiveness of decision-making 

that resulted on a given choice? 

Taking as starting point the fact that cognitive capacity precedes the decision of a particular 

decision maker, this capacity re-feed the ‘reflection-evaluation-decision’ cycle and evolves the decision 

maker’s experience in the form of a spiral, like the spiral of knowledge (Nonaka, & Takeuchi, 1995). 

The decision-making process experience of a decision maker is also characterized as an essential 

element in relation to cognitive capacity. Zanela, Freitas and Becker (1998) state that the decision-

making process experience comprises a set of skills acquired over an individual’s life, including age, 

education, work experience, administrative responsibilities, which form the ‘decision-making 

experience’ of the individual. This ‘decision-making process experience’ results in a more or less 

experienced individual. 

Chi and Fan (1997) concluded that human intuitive errors and biases in investment management 

under uncertainty tend to result in large losses when the project requires a long gestation and 

development of higher costs. So, it is two factors that are responsible for forcing the cognitive capacity 

of the firm: the time and the complexity of the decision to be taken. 

The limitation for processing information leads to errors and biases, since the human mind has 

developed a heuristic principle to reduce the complex duty of judging, in situations where this capacity 

is exceeded (Chi, & Fan, 1997). Based on experimental results with human cognition involved with 

project management, the authors found that subjective judgments of decision-makers are subject to 

severe errors and biases that resemble the adoption of sub-optimal decisions rules.  

Some attempts to increase the effectiveness of decision-making process include the use of 

Information & Technology (IT) tools. Gürkut and Nat (2018) stated that decision-making can be 

facilitated by the use of information systems in the Education sector. The authors underlined that the 

effectiveness of organizational decision-making process can be achieved by higher education 

institutions when using the Student Information Systems. Thus, IT tools can aid decision makers in 

the complex role of evaluating alternatives.  

Researches of strategy’s cognitive processes have focused on the limits of rationality in strategic 

planning process. There is a positive relationship between cognitive capacity and the dominant logic 

of the firm (Phelan, 2002). 

Due to the fact that a firm is composed by groups of individuals, e.g. board of directors, who 

usually decide on investments in R&D, it is argued that cognition of each decision maker is part of a 

larger set that would be called in this research ‘cognitive capacity of the firm’. This capability can be 

understood mathematically as a simple arithmetic mean of all individual internal cognitive capacities 

of the firm, greatly depending on time constraints and the complexity of the decision to be taken. 

2.3. Bounded rationality of a firm  

Rationality is addressed by Simon (1945) and is understood as the selection of preferred 

behavioral alternatives in relation to a particular value system, by which behavioral consequences can 

be evaluated. Simon (1945) stated that the accuracy of a managerial decision is relative, and it will be 

correct if the means to achieve stated purposes would be properly selected. The rational manager deals 

with the selection of these effective resources. The author reported that administrative decisions are 

directly related to aspects of rational choice. 
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Choices evaluation involve the selection of an alternative among several others, and decisions are 

influenced in each momentary behavior in which the choices are made. Once it is considered a series 

of decisions as a strategy, whether a possible strategy is chosen and implemented, certain 

consequences will appear. The rational decision maker’s task is to select the strategy that will result in 

desired consequences (Simon, 1945). 

In this way, strategy process goes through three phases: 1) to list all alternative strategies, 2) to 

determine all consequences of each strategy, and 3) to establish a comparative evaluation of the set of 

all consequences. It is somewhat obvious that it is impossible for an individual to know all alternatives 

and consequences, and this impossibility is an important principle in relation to the current behavior 

(Simon, 1970). So, the organization can commit to a particular action pathway. Once started, the 

organization may prefer to continue with this action pathway rather than abandon what had already 

been started. 

Simon (1957) has stated that it is not possible to determine the efficiency of an organization 

through the identification of all factors involved in this process. Thus, to simplify the method, the 

author recommended using an organization’s member, by questioning about the qualitative and 

quantitative limits of his own limitation. These limits include a) limits on performance skills, and b) 

limits on the ability to make correct decisions. Simon underlined that an important fact to be 

considered is that the limits of rationality are variable limits, and awareness of these limits can, per se, 

change these limits. 

Thus, it is affirmed that the competence of a decision maker is a function ratio of the amount of 

processed information (knowledge) divided by time. In theory, the decision maker who processes 

more information in less time, is supposed to be the most competent decision maker. 

Tiwana, Wang, Keil and Ahluwalia (2007) addressed bounded rationality in management 

decisions in their study. The research was conducted with eighty-eight firms’ managers. The authors 

noticed that decision-making process was more successful when the quantifiable benefits are easy to 

evaluate and represent low monetary values; but unsuccessful when the benefits are more complex to 

evaluate and represent higher values. The authors argued that the bounded rationality of decision 

makers facing high uncertainty makes these perceive less quantifiable benefits related to IT projects. 

Instead of the presented limitations, if decision maker would process all information in a brief 

period of time, if focused on the evaluation of the most appropriate information, this will reduce the 

processing time and increase competencies of decision maker. The authors considered that there is 

another limiting factor in processing all the said information: the cognitive capacity of decision maker. 

2.4. Hypotheses presentation 

As presented in the introduction section, this study intends to contribute to decision sciences by 

a proposition of a mathematical modeling to measure the decision-making effectiveness. The ideas 

were based on statements of firm’s concept and the entrepreneur as decision maker, the bounded 

rationality, the objective and subjective factors that influence the alternatives evaluation processes, the 

collective way by which decisions are taken in more complex subjects (as R&D investments), and the 

cognitive capacity of the firm.  

The authors believe that, in literature of decision sciences, the subject of measuring the decision-

making effectiveness is still not well addressed, mainly if it is considered the subjective and objective 

factors by which a group of individuals decide, and by considering a set of factors that determine 

individual/group experience in decision-making processes in a mathematical modeling. 

Thus, based on the above-mentioned assumptions, the hypotheses of this study are presented: 

H1a – A group of decision-makers decide more effectively rather than an individual decision-maker 

H1b – The better decision-making experiences a group have, the better is the decision-making effectiveness of 

such group 

Considering the presented hypotheses, the mathematical model for measuring the firm’s decision 

effectiveness is built, as presented and discussed in the following section. 
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3. Measuring decision effectiveness of a firm  

Due decisions on investments in R&D are not a routine or a simple duty, normally these decisions 

are deliberated collectively. How to know if decisions being taken are the right decisions? How to 

know if the firm is heading for the right destination? 

Theoretically, it is considered that the best decision-makers are those who have the highest 

cognitive ability. But, how to determine this cognitive ability? From this question, it was elaborated a 

set of enabling alternatives in the cognitive process of decision makers to be considered in order to 

reduce the effect of bounded rationality in decision-making processes on R&D investments. 

The transaction costs resulting from a wrong choice in investments is twofold: besides the fact of 

having the wrong choice and have lost the investment, it is also being lost the opportunity to be one 

step ahead on the market than competitors. 

It is believed that a decision-maker can be guided by a purely objectivist bias to concentrate their 

decisions on new investments in R&D based on the best results obtained in the past, i.e., the decision 

maker’s procedures for evaluating alternatives are path dependents.  

Thus, the firm faces the risk of disregarding possibilities of disruptive innovations (Christensen, 

2012) that could take it to market leadership in their market niche. The bounded rationality of a 

decision-maker is the main factor in selecting possible alternatives for R&D investment. 

Since decision-makers do not have all available knowledge and apply this knowledge in their 

decision-making process, an error index in the decision will always be present. As previously 

postulated by Simon in his studies, the cognitive capacity of decision-maker will always be less than 

the ‘total knowledge’. By total knowledge, the authors refer to all cumulative knowledge to be 

considered in all decision-making processes of all existing organizations. Once manager has 

limitations in its rationality, a group of decision makers (e.g., the board of directors of a given 

company) tend, in each of its individuals, evaluate alternatives that may have not being considered by 

other decision maker. In theory, the authors underline that a group of decision makers can reduce the 

bounded rationality of a given and particular decision-maker. As above-mentioned, the firm will never 

have the ‘total knowledge’, but the knowledge of a single decision-maker will always be less than the 

knowledge of a group of decision makers. 

To reduce the effect of Simon’s bounded rationality, several scientific studies have been drafted 

proposing quantitative and qualitative techniques to be used in the determination of what would be 

the best option of choice on the part of decision makers. Thus, the proposed model seeks to quantify 

the named ‘cognitive ability of the firm’ from a mathematical model where this capability can be 

evaluated prior to the start of decision-making process – the evaluation of alternatives. 

To measure decision-making process effectiveness by a ratio of firm’s decision-making process 

on R&D investments, three main factors are considered: a) the arithmetic mean of decision-making 

experience of a group of decision makers on R&D investments; b) the number of wrong choices of 

projects, i.e., projects that the firm chose to invest in the past but who have not attained the predicted 

objectives; and c) the total number of projects in which the firm decided to invest. 

The authors believe that by relating these factors, it is possible to obtain the decision-making 

effectiveness index of the firm throughout their investment decisions in R&D. This indicator could be 

used to track firm’s performance to decide on their investments in R&D at a given time, and to compare 

the decision-making effectiveness of various decision-making groups of the firm, or even self-evaluate 

in a continuum. 

The decision-making experience would be a composition of factors that were relevant to the 

improvement process of decision-making. The authors underline that these factors are subjective, and 

the scope is to obtain an indicator of the individuals’ decision-making experience that make up the 

group responsible for choosing investments in R&D projects. 

The selected variables had as main objective to identify the number of decision-making stimuli 

that a particular individual was exposed throughout his life. Based on this number of stimuli, it is 

considered that an individual would have greater decision-making experience and, therefore, better 

conditions to decide on investments in R&D. The firm’s decision-making experience would be 
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obtained through the average of the different decision-making experiences of all individuals who are 

part of the group responsible for investment decisions of firm’s R&D. In this way, the firm’s decision-

making experience may change over time, in that individual’s profile who participate in the decision-

making group is modified, as in exit or entry of new members into this decision-making group. 

Basically, and in a continuum, the group of decision-makers – since maintained, tends to become 

more experienced, which leads to improved decision-making effectiveness of the firm. 

The model was built based on two dimensions (subjective and quantitative), two goals questions 

(PCw and Pt) and a subjective question (𝐷𝑒̅̅̅̅ ). The considered factors to form the decision-making 

experience were: age, level of education, experience with other cultures, work experience, financial 

expertise, project management experience, managerial experience and the type of decisions that are 

sufficient to establish an initial reference to the decision-making experience of a particular group of 

decision makers. 

Age. The age factor was considered due that the life experience gained by the numerous interactions 

that an individual gets in his day-to-day activities can contribute to his decision-making background. 

Experience is related to an individual’s age, due as interactions with different people, organizations 

and institutions, these experiences will accumulate over time, i.e., people learn over time and with 

situations and contexts. 

Level of education. The level of education can also assist in the composition of decision-making 

experience once submitting an individual to various challenges throughout their educational and 

intellectual growth. And the higher and qualified educational level is, the higher level of decision-

making interactions the individual will be exposed, which will, thereby, contribute to the formation of 

decision-making experience. The authors believed that exposure to higher levels of knowledge is a key 

factor in the formation and intelligence of an individual. 

Experience with other cultures. The experience with other cultures allows an individual to learn and 

understand different viewpoints, broadening their world view and hence increasing the number of 

variables that were disregarded in the decision-making process. The exposure to diverse cultures may 

contribute to the decision-making experience in that an individual can view threats, challenges and 

opportunities in diverse ways, i.e., by means of different cultural filters. 

Professional experience. Work experience in the industry in which is being evaluated an investment 

project contributes to the indicator of decision-making experience once known peculiarities of this 

industry will contribute to have a larger view of opportunities and threats and an individual will be 

better able to evaluate the risks involved in the decision. 

Financial experience. The financial experience, in this research is interpreted as the experience of an 

individual regarding investments in the stock market. Operations involving stocks in financial market 

are recognized for their high associated risk. By participating in investments in financial market, the 

individual is subjected to numerous stimuli and variables that influence the decision-making process. 

It is considered that the learning obtained through this process, either by hits or errors, better prepare 

the individual to deal with subjects involving financial risk. Thus, this experience can contribute 

significantly improve the process of decision-making ability of an individual. 

Experience in projects management. Another factor considered to form the decision-making experience 

of an individual is the experience in projects management. Being responsible for managing projects, 

the individual is subjected to numerous stimuli that challenge his decision-making capacity. The main 

contribution of this factor in the composition of individual’s decision-making experience is the 

practical learning as practitioner. Projects management experience tends to spread the variables 

considered in decision-making for new projects investments, thus, contributing to the improvement of 

the decision-making capacity. 

Managerial experience. Managerial experience is also considered as a factor to compound the decision-

making experience. This is considered as the amount of years of experience of an individual, that 

works in managerial positions. This position, by their own nature, involve decision-priority activities, 

where the individual is submitted daily to the exercise of decision-making process. It is considered 

that managerial experience, by developing the duties over years and its consequently changes – due 
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to the influences of decision-making stimuli, contributes to the decision-making experience of an 

individual, which is expected to be significantly higher than that of another person who has not had 

the same work experience. 

Types of decisions taken. The type of decision-making factor is also related to managerial experience. 

It is considered that tactical and strategic decisions involve greater risk and, therefore, a larger number 

of variables to be analyzed, exposing the decision maker to stimuli that can improve his decision-

making capacity. 

The decision-making experience of each member that makes up the firm’s decision-making group 

is the sum of scores obtained from each element mentioned above, according to the questionnaire 

presented in Annex 1. The individual decision-making experience can vary from a minimum of 8 

points up to 44 points. Although there is a limit on a maximum expected decision-making experience 

regarding a group, the maximum limit of the decision-making effectiveness index is unknown because 

is not possible to determine the total number of projects that a firm can start. So, it is assumed that the 

index is comparable, in academia, to the H index created by Hirsch (2005), where there the minimum 

index can be predicted, but not the same with the maximum index due that the total citations of a 

research paper tends to the infinite.  

The decision-making effectiveness index is obtained by the ratio among the average of the group’s 

decision-making experience, divided by the number of wrong project choices and total number of 

projects. This index indicates how effective is being the group’s decision-making experience on 

decision-making investments in R&D projects. The greater the number of project errors, the lower the 

index of decision-making effectiveness. However, if the number of wrong projects is low, the 

denominator will enhance the firm’s decision-making experience, thereby increasing the index of 

decision-making effectiveness.  

In considering the non-chosen projects, it is assumed that the non-choice of a project (that may 

lead to a positive result) is a decision-maker(s) error, and this error lead to the same effect in the 

mathematical model as a wrong decided project. Thus, it is considered that the total of wrong choices 

of projects of our model (PCw) consider the sum of the properly wrong decided projects and the non-

chosen projects to be invested.   

The authors believed that wrong decisions in R&D investments can seriously compromise the 

survival of the firm, because of this, the mistakes in firm’s decisions is penalized, as can be seen in the 

formula. It is considered that errors in project choices, especially in the initial phases of the firm’s life 

cycle, could not compromise the index of decision-making effectiveness, thus seeks to ameliorate the 

impact of this effect by using the square root in the denominator of the result. 

  

(1) 

Where: 

Dei: Decision-making effectiveness index. 

De: Decision-making experience, maximum mean of 5.5; minimum mean of 1. 

PCw: Amount of wrong choices of projects. 

Pt: Total of decided projects. 

Once presented the hypotheses and the mathematical model to measure the decision-making 

effectiveness of the firm (i.e. the group of decision makers), tests were performed to calibrate the model 

and prove the effectiveness of the formula. 

3.1 Model testing and results discussion 

The decision-making effectiveness proposed in the previously presented mathematical model 

was tested through random-number generator using MS Office Excel® program. The steps it was 
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selected to perform the model tests were based on a decision-making process approach, according to 

operational research (Ackoff, 1979). All phases of model testing procedures are described as following. 

The first step was to build an Excel® matrix with randomized data regarding three groups of 

data: 1) Information regarding the characteristics of each individual decision-maker to build a 

supposed profile (based on Annex 1); 2) Calculation regarding the average of all supposed group 

members from each individual decision-maker mean; and 3) Randomized data regarding supposed 

firms’ projects data (total decided projects and the number of wrong chosen projects).  

The authors defined at individual-level observation the total amount of hypothetic 4,000 

individual decision-makers, with different score profiles automatically randomized by Excel® 

program. They also defined the minimum number of groups (where a group of decision-makers 

represent one hypothetical firm), to randomly group the individuals within 500 firms. This attempt in 

determining the maximum number of groups was arbitrated by the authors to saturate the data. The 

4,000 individuals were randomly and automatically inserted in each group and assuring that each 

group of individuals would be formed by different number of individuals.  

As null hypothesis, it was determined that 20 firms (4%) of all groups were formed by only one 

individual, to compare the firms’ score in which were formed by a group of decision-makers. This 

procedure allowed to test hypothesis H1a stated previously. The maximum and minimum total of 

individuals of a group represent the board of directors’ size that, according to Lipton and Lorsch 

(1992), and Jensen (1993), can vary from 7 to 8. This interval is assumed due the size of directors’ board 

of a company is not large (Beiner et al., 2004). Thus, it is considered this assumption for determining 

the average number of each board of directors.  

The next step in testing the model was the definition of the total number of projects a firm may 

have, and the total number of wrong choices on projects a firm may undertake. Regarding the total 

number of projects and the number of chosen projects that a firm may undertake, it is found in Lieb’s 

(1998) mathematical model the fundamentals for defining an adequate number of projects to receive 

R&D investments. Lieb’s (1998) model lead to the conclusion that the optimal R&D projects a firm may 

invest is a one-third ratio. Thus, it is considered this definition in our mathematical model by 

assuming, logically and theoretically, that firm’s wrong choices on R&D projects tend to be two-third 

of all their R&D projects.  

Although there is a limitation on the group decision experience (De), the total number of projects 

tends to the infinite, and the number of wrong projects will be always (and logically) smaller than the 

total number of projects. At a worst supposed situation, when the total number of projects and wrong 

projects are equals, the decision-making effectiveness index (Dei) remains as the group decision 

experience (De).  

One of the main issues in the model testing was the definition of the total number of R&D projects 

a firm may have. This is due the total number/failure statistics are hidden by firms, mainly due to 

strategical concerns, what turned this data search very difficult and time consuming. The authors 

performed searches on scientific databases and on open search tools, and no result was found to satisfy 

the data needed. Then, the authors performed searches based on information that are publicly 

available, such as reports from governments and public funding agencies. It is found on a report of 

OECD that, in one year, 4,080 R&D projects presented by 659 German firms received funds (Fier, 

Aschloff, & Löhlein, 2006), which represents an average ratio of 6 funded R&D projects per firm.  

In defining the limits of average funded R&D projects, the authors assumed as minimum and 

obvious funded R&D projects the number 1, and the maximum number 12. This is according to the 

precepts of interval delimitation from a mean (Ross, 2017). The authors applied Lieb’s (1998) principles 

on optimal R&D projects investments ratio of one-third. Thus, to get the total number of projects, it 

must be multiplicated by three, which results in a maximum of 36 (12 maximum number of funded 

projects x 3, the supposed total number of projects in Lieb’s model) R&D projects a firm may have as 

average ratio.  

The authors underline that project number delimitation is an intent to build a model testing more 

adherent to the supposed real numbers for both (total number of projects and total number of invested 
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projects) which, in turn, will determine the total of abandoned/wrong/unsuccessful/unchosen projects. 

As stated previously, although the total number of projects tends to the infinite (and, thus, the same 

for Dei), the authors performed these model tests in order to prove a more realistic data that can reflect 

firms’ realities. It is suggested future model tests to perform calculations considering real data from 

firms, which represents a new contribution to the field.  

After conducting the model tests, it is presented in Figure 1 the results of each 500 firms Dei index, 

which means that the results of each individual firm may be compared with each one of the other 499. 

Figure 1. Disposition of individual results of firms regarding their Dei index 
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Source: primary data. 

It is presented in the dispersion graph all 500 cases, representing each calculated Dei scores. The 

cases composed by only one decision-maker are detached by the squares on the graph. All other cases 

(dots) represent firms which are composed by a board of decision-makers. The pointed line on the 

graph shows the scores’ mean (4.66).  

After performing the simulation, it was identified the worst case represented by a firm with an 

individual decision-maker, whose Dei score is 1.15. The best individual decision-maker’s score is the 

Dei of 11.46. Although mostly simulated cases are near the mean, the authors stress that the same 

occurred to the individual decision-maker’s cases. Only nine cases formed by one decision-maker are 

higher than the mean. The authors obtained three cases formed by board of decision-makers that 

showed equal or higher Dei scores than the maximum score of a firm composed by one decision-maker. 

These results confirm hypothesis H1a.  

Regarding hypothesis H1b, the best Dei score of a firm composed by one decision-maker (shown 

on Table 1) is represented by the score 5.0 of case 8, as shown on the graph (Dei = 11.46). The authors 

ranked the top-ten best Dei scores (Table 1) and it was found just one firm composed by one decision-

maker among them. This represents that the best decisions were taken by firms composed by a board 

of decision-makers, evidencing that group decision-making experience mean is influenced by each 

individual experience. In considering these assumptions, they confirm the hypothesis H1b. 

By ranking all decision-making experiences (De) of all 4,000 individuals, the authors discovered 

that the top-ten best De scores (Table 2) resulted from seven cases formed by one decision-maker. 

However, even if individual decision-makers have the best individual decision-making experience 

(De), this was not sufficient to obtain a better result in Dei score – the best score of 5.0 of case 8. Once 

it was used randomly generated data, this hypothesis needs a confirmation with real data and real 

procedures for the establishment of board of directors: a board of directors is not formed without 

criteria, but with a careful consideration of individual’s experience. 
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Table 1. Top-ten best and worst individual Dei scores 

Firms decision-making scores classified according to Dei score 

Top-ten Dei best scores Top-ten Dei worst scores 

Cases  

(firm number) 

De score Dei score Cases  

(firm number) 

De score Dei score 

444 3.07 12.48 248* 1.00 1.15 

5 3.38 11.48 316 2.25 2.25 

152 3.45 11.46 257 2.33 2.40 

8* 5.00 11.46 238 2.20 2.54 

387 3.60 11.10 442 2.50 2.61 

370 4.50 10.79 369 2.50 2.61 

372 3.22 10.69 234 2.25 2.62 

305 3.00 10.61 79 2.64 2.64 

455 3.25 10.28 469 2.64 2.64 

477 2.75 9.92 290 2.69 2.69 

* Firm composed by one decision-maker.  

Source: primary data. 

Table 2. Top-ten best and worst individual De scores 

Firms decision-making scores classified according to De score 

Top-ten De best scores Top-ten De worst scores 

Cases  

(firm number) 

De score Dei score Cases  

(firm number) 

De score Dei score 

84* 5.00 5.40 248* 1.00 1.15 

8* 5.00 11.46 296 1.88 3.42 

190* 4.50 4.50 238 2.20 2.54 

18 4.50 5.32 316 2.25 2.25 

370 4.50 10.79 234 2.25 2.62 

449 4.17 7.61 402 2.25 3.44 

261* 4.00 4.14 257 2.33 2.40 

4* 4.00 4.35 232 2.35 5.51 

47* 4.00 4.90 235 2.42 2.69 

385* 4.00 4.90 280 2.42 3.67 

* Firm composed by one decision-maker.  

Source: primary data. 

On the other hand, the top-ten worst decision-making experience (De), shown in Table 2, is 

composed by nine board of decision-makers. The hypothesis H1b could be confirmed if analyzed the 

worst cases, where Dei score of the group is related with the group experience (De). In analyzing the 

total Dei mean (Figure 1), it is perceived that most firms formed by board of decision-makers with high 

Dei score are over the mean, if compared with the firms composed by just one decision-maker. Thus, 

if it is considered the data in general – which means considering all the plotted data on the graph, 

hypothesis H1b is confirmed.  

The authors believe that the effect of generating random data to form the decision-making 

experience (De) of all individuals influenced the composition of the De group mean. This is because in 

a firm composed by only one decision-maker, all the decision-making experience represent the whole 

experience of only one individual. On the other hand, a board of decision-makers is formed by a firm 

that considers each individual decision-making experience, which attenuate the mean effect of the 

mathematical model. This tends to lead to an increased group mean effect due the decision-makers are 

carefully chosen to form the respective board. If the real data could be aligned with this assumption, 

it confirms this theoretical assumption and confirming hypothesis H1b.  
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Even it is faced a great disparity between the De and Dei scores, the main objective of this research 

paper was proved by testing and approving that the proposed mathematical model is functional. The 

authors recommend to researchers in decision-making and operational research fields of study to 

perform simulations with real data, or even by comparing a single firm path, by comparing their own 

performance with own previous results. 

4. Final considerations 

This paper aimed, in an objective way, to stress the effect of bounded rationality in the decision 

to invest in R&D projects and proposed a mathematical model to measure the decision-making 

effectiveness index of a given firm. Thus, it was necessary to identify the subjective and objective 

elements that directly influence the formation of cognitive capacity of each decision-maker, and 

therefore the formation of cognitive capacity of the firm. The authors believed that due to this, a 

project’s success will largely depend on decision-maker’s capacity that a given firm dispose.  

The frequent concern during model elaboration and testing was the establishment of objective 

parameters to identify the firm’s decision-making effectiveness, i.e. their cognitive capacity, regarding 

the decisions for R&D projects investment.  

In the Dei model, it was identified the cognitive elements that influence the decisions on R&D 

investments. The main novelty of this paper is the consideration of a group experience in a 

mathematical model. Dei model was idealized to measure the effectiveness index of decision-making 

choices of the firm, i.e., their board of decision-makers. The authors believed that this instrument is an 

objective parameter for self-analysis of a firm, with regard to their own evolution in terms of their 

decision-making choices, or even by comparing with competitors or other firms in the same/other 

industries. 

As limitations, this research used random data using Excel© program, and the groups (board of 

directors) of all 500 firms were randomly formed. As stated in the previous section, the impossibility 

to access the real data from firms prevented a more accurate information, especially regarding the 

assumption that ‘a group decides better than in individual’ (which lead to the refusion of hypothesis 

H1b).  

As suggestions for future researches, the authors would recommend the application of this model 

with real firm’s data and testing a concurrent hypothesis if there are an inverse correlation between 

the greater group experience, the lesser errors in projects decisions. 

Although the authors assumed that the factors that form the mathematical model proposed in 

this research, they stress that those were considered as the main influenced factors in a decision for 

R&D project investments. The authors encourage researchers to include other factors that may 

influence a group of decision-making, such as: situational factors, contingencial factors, path factor, 

and the inclusion/exclusion of individuals during the firm’s path. The mentioned factors may influence 

the results, even whether the group may show a high De score. 

Supplementary Materials: The full dataset used in model testing is available upon request to the corresponding 

author. 
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Appendix A - Questionnaire to identify the decision-making experience 

Age 

Decision-maker age 

(    ) 1. Up to 20 years old 

(    ) 2. From 20 to 30 years old 

(    ) 3. From 30 to 40 years old 

(    ) 4. From 40 to 50 years old 

(    ) 5. From 50 to 60 years old 

(    ) 6. More than 60 years old 

 

Level of education 

Formal level of education of decision-maker:  

(    ) 1. College degree 

(    ) 2. Incomplete undergraduate degree 

(    ) 3. Undergraduate degree 

(    ) 4. Specialization degree 

(    ) 5. Master’s degree 

(    ) 6. Doctorate degree 

 

Experiences with other cultures 

Living in different cultures, different worldviews. 

No experience 1 2 3 4 5 Much experience 

 

Professional experience 

Working time of decision-maker on industry focus of analysis: 

(    ) 1. Up to 2 years 

(    ) 2. From 2 to 5 years 

(    ) 3. From 5 to 10 years 

(    ) 4. From 10 to 15 years 

(    ) 5. From 15 to 20 years 

(    ) 6. More than 20 years 

 

Financial experience 

Time experience in investments in the stock market. Consider monitoring with frequency of at least 1 

time per week and business volume of at least USD 10,000. 

(    ) 1. Up to 2 years 

(    ) 2. From 2 to 5 years 

(    ) 3. From 5 to 10 years 

(    ) 4. From 10 to 15 years 

(    ) 5. From 15 to 20 years 

(    ) 6. More than 20 years 

 

Experience in projects management  

Number of projects which you acted as project manager: 

(    ) 1. Up to 3 projects 

(    ) 2. From 3 to 5 projects 

(    ) 3. From 5 to 15 projects 

(    ) 4. From 15 to 25 projects 

(    ) 5. From 25 to 40 projects 
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(    ) 6. More than 40 projects 

 

Managerial experience 

Activity years as manager or executive: 

(    ) 1. Up to 2 years 

(    ) 2. From 2 to 5 years 

(    ) 3. From 5 to 10 years 

(    ) 4. From 10 to 15 years 

(    ) 5. From 15 to 20 years  

(    ) 6. More than 20 years 

 

Type of decisions taken 

Type of decisions taken with major frequency – operational, routine or tactical and strategic, with 

impact in long term: 

1 Operational decisions 

2 Tactical decisions 

3 Strategic decisions 
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