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Prologue 
 

Usando el mismo lenguaje que se emplea en el Analisis de Impacto Cruzado puede decirse 

que esta tesis doctoral es el escenario final obtenido tras al impacto de varios eventos 

disparadores. La obtención de una de las Ayuda para la Contratación de Doctorandos 

Industriales concedidas por el Ministerio de Economía, Industria y Competitividad con 

referencia DI-15-08180 ha permitido al doctorando realizar su investigacion en un contexto 

de trabajo real y práctico. Dicho contexto está vinculado a MSIG Smart Management S.L., 

spin-off  de base tecnológica que nace de la colaboración de Sinergy y la Universidad Pablo 

de Olavide para crear soluciones empresariales transferibles y generar conocimiento aplicado 

a partir de los resultados de las líneas de investigación que llevan a cabo en el ámbito 

universitario. 

Varias de las líneas de investigación que se acaban de mencionar anteriormente han sido las 

desarrolladas por el Prof. Dr. D. Victor A. Bañuls Silvera (Universidad Pablo de Olavide), 

que junto con el Prof. Dr. Murray Turoff (New Jersey Institute of Technology), co-directores 

de esta disertación y que especialistas en el desarrollo y aplicación de la metodología de 

escenario CIA-ISM. 

El escenario generado como fruto de estas primeras investigaciones y resultados obtenidos 

por sus directores, así como los trabajos vinculados a MSIG Smart Management S.L., han 

permitido al doctorando realizar una investigacion en la que se profundiza en el uso y 

validación CIA-ISM para el analisis de riesgos en tres contextos diferentes, operaciones, 

objetivos y empredimiento. 
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Abstract 
 

En el contexto organizacional, el concepto de riesgo va asociado a la falta de información sobre 

los efectos negativos que tienen los elementos del escenario empresarial sobre los objetivos 

(ISO, 2010). Por tanto, mejorar y optimizar los elementos que conforman un SI (Sage, 1968; 

Salmerón, 1997), es una manera de minimizar los riesgos en las organizaciones, aunque esto 

suponga enfrentarse a la difícil tarea de encontrar metodologías y herramientas que sean 

capaces de dar solución a problemas desestructurados (Gorry & Morton, 1971; Mintzberg, 

Raisinghani, & Theoret, 1976).    

El temor de las organizaciones a no cumplir los objetivos, ya estén vinculados a resultados 

financieros o a la propia supervivencia, es un tópico que ha incrementado su presencia de 

manera exponencial en la literatura científica y normativa en desde hace décadas. Y aunque 

la literatura sobre este tópico es muy amplia, puede ser clasificada en tres grandes bloques 

(Teorías, Metodologías y Normativas). La finalidad práctica de estas contribuciones es la 

principal motivación de esta tesis doctoral. Donde, tal y como indica su título, se usará un 

enfoque de impacto cruzado (Banuls & Salmeron, 2007; Bañuls & Turoff, 2011) para dar 

forma a herramientas que puedan ser incorporadas a los SI de las organizaciones, 

permitiendo reducir el nivel de riesgo asociado a las distintas etapas, acciones y actividades. 

En general, atendiendo al paradigma de indicado por Hevner (Hevner, March, Park, & Ram, 

2004) se dará solución a problemas empresariales reales y relevantes tomando como punto 

de inicio la base de conocimiento existente. Para ello se realizarán estudios específicos entres 

momentos distintos en la vida de las organizaciones: Las actividades operativas diarias 

(Capítulo 2), la toma de decisiones estratégicas (Capítulo 3) y la fase de emprendimiento 

(Capítulo 4). Todos los capítulos siguen diferentes estrategias de investigación que permiten 

la colaboración directa entre el investigador y los actores, profesionales y expertos, bien sea 

mediante Estudio del Caso (Merriam, 1988) o  Investigación en Acción (Chein, Cook, & 

Harding, 1948) lo que permite acceder a datos primarios y obtener una respuesta inmediata 

de los interesados tras la presentación y discusión de los resultados obtenidos. Esto supone 

una importante ventaja de la investigación en general y de la validación de los resultados en 

particular, como se explica en el capítulo de conclusiones (Capítulo 5).  
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1.1. Introduction 

In the organizational context, the concept of risk is associated with the lack of information 

about the negative effects that have the elements of business scenario over the objectives 

(ISO 2010). Information Systems (IS) are the main tools that the organisations have in order 

to manage and optimise the information (Sage 1968; Salmerón 1997). Therefore, improving 

and optimising the elements that form an IS is a way of minimising risks in the 

organizations, although this means to face a difficult task of finding methodologies and tools 

that are able to provide solutions to unstructured problems (Gorry & Morton 1971; Mintzberg 

et al. 1976). 

The organisation’s concern about not to fulfill the marked objectives linked to the financial 

results or to the own survival, it is a topic that has increased its presence of exponential way 

in the scientific and normative literature for decades. And although this type of literature 

about this subject is very broad, it can be classified into three groups: 

 

- Theories: they are constituted by academic and scientific works that intend to lay the 

foundations of knowledge in this field, through defining and classifying. 

- Methodologies: they postulate different tools that enable actors the consecution of the 

objectives after reaching the stated characteristics by theories.  

- Regulations/Standars: they are de practical result of the two groups mentioned 

previously. It is presented as a group of rules and recommendations, compulsory or 

not, depending on the organisation and the context. 

 

It should be pointed out that from the first definitions of risk in the business environment 

(Knight 1921), to the contributions related to the business continuity (ISO 2012) and 

resilience (Labaka et al. 2013; Labaka et al. 2012) through fundamental theories about risk 

management (Perrow 1985; Roberts 1990; La Porte 1996; Weick & Sutcliffe 2001a) or 

standars about risk management ISO 31000 (ISO 2009b), they have as a last purpose to find 

practical solutions that help to prevent, reduce and mitigate the pernicious effects of the 

risks. 

The practical purpose of these contributions is the main incentive of this dissertation. As it 

is indicated in the title, it will be used a cross impact approach (Bañuls & Turoff 2011; Banuls 

& Salmeron 2007) in order to define tools that can be incorporated into organizations IS, 

allowing to reduce the risk level associated with different stages and actions of its activities. 

Considering the paradigm shown by Hevner (Hevner et al. 2004), It will be provided solutions 
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to relevant and real business difficulties taking previous knowledge base as a starting point. 

Therefore, it will be performed specific studies in three different moments of the 

organization’s life: daily operational activities (Chapter 2, page. 35), strategic decision 

making (Chapter 3, page. 71) and entrepreneurship phase (Chapter 4, page. 122) this 

dissertation will be written using research strategies that allow direct cooperation among the 

researcher, actors, professionals and experts through Case Study (Merriam 1988) or Action 

Research (Chein et al. 1948) what will allow to access primary data and to obtain an 

immediate answer of the interested people after the presentation and discussion  of the 

obtained results, what means a relevant advantage of the research in general y of the 

validation of the results in particular. 

Considering all this, the following paragraph should be connected considering directly the 

composition of the title of this dissertation and its content should be also analysed. Although 

it has been presented previously, the first step should be to define properly what is 

understood by “Risk” and “Uncertainty” in the business environment. At the beginning of the 

last century Frank Knight said that “Difficulty associated with the economic benefits is found 

in notions of risk and uncertainty” (Knight 1921). Although this is not the first definition 

about risks, it is decisive for this dissertation since it is one of the first definitions in which 

concepts as Risk and Uncertainty are related to each other in a modern economic/preneurial 

environment what gives meaning to the title and content of this dissertation. 

Although the individual definition of each concept has not changed over almost a century, its 

interpretation has done in the entrepreneurial area. Knight made a difference between Risk 

and Uncertainty considering the ability of being measured before each other, indicating that 

“risk is a measurable uncertainty”. On the other hand, the current ISO/Guide 73 indicates 

that the risk is “the (negative) effect of the uncertainty on the consecution of objectives” (ISO 

2010). In conclusion, both definitions consider both concepts are related intrinsically, 

although the approaches are distinguished. One of them differs concerning the possibility of 

being a mean and the other one refers to the effects it has on the objectives. In any case, it is 

indicated to the necessity of increasing the knowledge about the effects and factors that affect 

the objectives of the organization in order to reduce the level of risk. In other words, the 

increase of information and knowledge through the identification, analysis and assessment 

of the effects and factors, which have a negative influence on the objectives, will reduce the 

uncertainty levels and consequently the risk level. 

The problem is that every business target is associated with numerous activities. Each 

activity, in turn, is conditioned by a huge quantity of external and internal factors, and so 

forth. In conclusion, the complexity and the huge number of factors that influence on the 

objectives are the cause of the lack of information that increase the uncertainty level on the 
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objectives. In addition, this lack of information usually hinders that problems and decisions 

related might be structured (Gorry & Morton 1971; Mintzberg et al. 1976). 

Therefore, to talk about business environment is to talk about complex environments and 

high levels of uncertainty environments (Weick & Sutcliffe 2001b), what is directly related 

to the title of this dissertation again. This suggests that a procedure in order to reduce the 

risk levels is by improving levels, channels, people and tools associated with the information 

of the organization. In other words, promoting and improving entrepreneurial IS understood 

as “the integrated combination of components to compile, to store and to process data and in 

order to provide the organization information, knowledge" (Zwass 2017). 

The paradigm of Design Science (Hevner et al. 2004) indicates current knowledge base should 

be used in order to solve relevant problems, thus, next step is to find methodologies in the 

knowledge base so that they might be used in the IS and for the risk analysis such as: Action 

Concept Hazard Analysis (CHA) (Rasmussen & Whetton 1997), Hazard and Operability 

(HAZOP) (Kennedy & Kirwan 1998), Accident Sequences Precursor (ASP) (Holmberg 1996), 

Event Tree Analysis (ETA) (Nicolet-Monnier 1996), Rapid Ranking (RR) (Larson & Kusiak 

1996), as compiled dissertations in which its used is analysed, classified and recommended 

depending on the typology. These compiled dissertations can be both academic (Tixier et al. 

2002) and international normative origin as ISO 31010 (ISO 2009a).  

For the selection of a more suitable methodology should be considered “what?” and “how?”. 

What type of data are going to be analysed and how it is going to be done. In order to respond 

these questions, the article written by Tixier (Tixier et al. 2002) has been taken as a 

beginning point. In his article, every methodology is classified and characterised by the type 

of analysis and data which are used (deterministic, probabilistic, qualitative and 

quantitative) although practise and reality imply working in an environment which is 

compounded by many and different factors that influence over organizations’ actions and 

decisions in different ways. In this sense, a flexible methodology which enables to work with 

quantitative and qualitative data in order to make probabilistic and deterministic 

calculations would be an ideal tool. In addition to these restrictions by the type of data and 

calculations, necessities and requirements should be considered by the main and 

fundamental theories about accidents and risk management. On this matter, High Reliability 

Theory (HRT) indicates that the organization should have 5 main characteristics: Concern 

about the mistake, sensitivity to operations, being opposed to the simplification, deference to 

the experts and commitment to the resilience (Weick & Sutcliffe 2001a). Therefore, it is 

expected that an ideal methodology is one who is considered flexible in terms of Tixier and 

tends to HRT requirements. Finally, the last of requirements is that its use and application 

should be relatively simple. It is necessary to remember that the final purpose is to provide 
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a solution to a real problem, which means that the use of the solutions to the problems must 

not imply an increase in the complexity or difficulty of using the tools (López & Salmeron 

2012). 

Considering these restrictions, in the literature, it can be found different methodologies 

which have been already used in similar complex environments. The use of Neural Networks 

(Neumann 2002), Fuzzy cognitive Maps (FCM) (López & Salmeron 2014; Salmeron & 

Froelich 2016; Salmeron & Palos-Sanchez 2017) and combination of CIA-ISM (Bañuls & 

Turoff 2011; Bañuls et al. 2013) are clear examples of them. In particular, although the use 

of FCM presents large advantages, the complexity it has in the use and application might 

suppose occasionally understanding problems for some users as it is explained in the previous 

paragraph. Furthermore, CIA-ISM combination is a methodological combination which has 

been used in complex environments as for example, emergency management and critical 

infrastructures scenario modeling (Turoff et al. 2015; Bañuls et al. 2013) with satisfactory 

results. CIA-ISM meets the characteristics established by Tixier and HRT. In addition, there 

are previous developments of web tools based on CIA-ISM (CIASS.org) which enable the 

users to interact with models easily and intuitively, therefore, its use and comprehension 

would be easier. Finally, other advantages associated with this methodology is that has been 

used previously in combination with other methodologies, what has enable a better 

adaptability in every particular case. 

As it will be explained throughout this dissertation, the use of CIA-ISM (cross impact 

approach) combined and adapted with other methodologies and tools, enable to carry out risk 

analysis in complex environments with a high uncertainty level, what conclude the relation 

and explanation of this dissertation title. 

Finally, it will be reminded that currently it does not exist any methodology (or combination) 

which meet the academic requirements indicated by fundamental theories (Perrow 1985; La 

Porte 1996; Weick & Sutcliffe 2001a) about risk management. Furthermore, it meets the 

parameters indicated by the international standars (ISO 2009a). And also, can be integrated 

into the Business Information Systems improving the quantity and quality of the information 

providing a better solution to the risk analysis problem (Hevner et al. 2004). 

After being made the draft of this dissertation, and although every chapter includes its own 

theoretical framework, it is necessary to do an overall exposure of the art state of the risk 

literature. 
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1.2. Literature Framework 

Although the main conceptual pillars about risk difficulties have been presented, it is 

convenient to review the main concepts, theories and standars with the purpose of determine 

clearly what is the literature framework on which this dissertation is focused.  

Etymologically, the risk analysis can be described as “knowing the composition on what 

provides the providence” or according to a definition of Royal Academy of Spanish Language 

“knowing the composition of a near damage or contingency”. 

 

Analysis: from Greek ‘ἀνά (ana)’ (up, back, throughout) 

verb ‘λυειν (luein)’ (to loosen, divide, cut apart) 

sufix ‘-σις (sis)’ that means action. 

RAE: Distinction and separation of the parts of something to know its composition. 

Risk: from Italian ‘risco’, “run into danger”. 

          From Arabic ‘risq’, “sustenance, that which God allots” 

 

On the other hand, it had been already indicated that the concept “Risk” is associates with 

the term Uncertainty (Knight 1921), and the ISO standard 31000 is the specific standard 

about Risk Management: Principles and Guidelines (ISO 2009b). This standard takes the 

definition of risk directly from the definition 2.1 of the ISO/Guide 73:2009 (ISO 2010), which 

describes risk directly as: 

“Effect of uncertainty on objectives” 

This dissertation is a theorical and practical work and as a tree which support its branches, 

the theorical basis should support the practical one in order to form a solid whole. In this 

case, the theorical part is composed by three groups: theories, standards and methodologies. 

The practical part that forms the main corpus of this dissertation is supported by three 

distinguished groups or studies which tries to prove the application of CIA-ISM for the risk 

analysis in scenarios of high uncertainty. These scenarios are: Entrepreneurship, operational 

and decisional. And every group use a research strategy: Case Study (Merriam 1988) or 

Action Research (Chein et al. 1948). 
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Figure  1. Tree (Roots that support their branches). 

 

Although each chapter of this dissertation explains details of the associated theorical 

framework, it is necessary to have a general overview of all of them as a whole as they are 

presented in the next paragraphs. 

Theories: The existence of theories about accident/risk management have been joined 

traditionally to risk analysis and it has been a topic treated broadly by literature. In 

particular, two main tends about risk management are close from the accident approaches 

as it is mentioned before. They are represented by the “normal accident theory” (Perrow 1985) 

and the “high reliability theory” (Roberts 1990; La Porte 1996). Both tends show that the 

accidents will occur unavoidably according to the first one. Although the probability of this 

fact occurs can be minimized according to the second ones. Weich and Sutcliffe claim that 

exist the possibility of taking both theories as supplementary so that it should have tools 

which allow us not only to mitigate the effects of unwanted incidents, but also to help to 

prevent them. (idea which leads to connect different standards and methodologies for the 

analysis and management). 

In addition, all theories about accident managements and risk analysis agrees that the main 

problem that companies face is the high uncertainty level caused by the complexity of the 

system, lack of data and environment. This supposes a huge hurdle to cope by analysis 

method. This high uncertainty level determines all the risk management, but it is more 
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noticeable in business environments. Consequently, it should be considered in the 

development of this dissertation.  

Standards: Supplementing theories about accident and risk management, current 

standards about Risk Management should be considered. In particular, the most widespread 

standards are ISO 31000: Risk Management (ISO 2009b) and its supplementary ISO 31010: 

Risk Assessment Techniques  (ISO 2009a). In addition, it is interesting to bear in mind ISO 

standard 22301: Business continuity management systems (ISO 2012) in setting the ultimate 

target of risk management. The standards contribute to frame, define and face both research 

problem and its possible solutions. That is the reason why they are constituted as the second 

pillar of this dissertation. ISO 31000 and ISO 31010 provide principles and guidelines for 

risk management, as well as recommendations for their assessment. If ISO Guide about 

vocabulary is also added, it will result in a fourth standard which works as a framework for 

this dissertation. 

In other words, ISO Guide 73:2009 provides vocabulary and definitions from a new definition 

of risk which separated to some extent from the traditional of “probability for consequent” 

and come closer to the organization’s objectives “Effect of uncertainty on objectives”. 

ISO 31000 provides normalised and standardized principles and guidelines which enables to 

frame and define accurately the objectives pursued. For its part, ISO 31010 provide 

recommendations to assess risks including definitions of characteristics which should have 

good tools to assess risks, and a selection of techniques of risk evaluation. 

All these characteristics, consequently, contribute to better define and fit the view of this 

dissertation towards its final objective. 

Methodologies: The third pillar of this dissertation is constituted by different 

methodologies for the risk analysis. In this dissertation, special attention has been paid to 

the article of Tixier (Tixier et al. 2002), in which 62 methodologies of risk analysis analysed 

in an industrial environment, defining its common characteristics, scarcities and doing a 

suggestion about what should have a suitable methodology for this task. Article which is 

understood in this dissertation as a necessary and natural supplement to proposals carried 

out by ISO standard mentioned before. In addition, it works as first step to sift and classify 

the most frequently used risk analysis systems. 

Among all methodologies considered by literature stand out methodologies based on sceneries 

which have been used in other environments with high results since the resource planning 

(Ringland 1998; Nguyen & Dunn 2009) to the emergencies management (UNDHA 1993; 

Alexander 2000; Bañuls et al. 2010; Turoff, Hiltz, Bañuls & Van Den Eede 2013) allowing to 

identify potential problem, creating predictions and simulations. After revising literature, 
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stands out the use of Fuzzy Cognitive Maps (FCM) (López & Salmeron 2014; Salmeron & 

Froelich 2016; Salmeron & Palos-Sanchez 2017)and the combination of CIA-ISM (Bañuls & 

Turoff 2011; Bañuls et al. 2013) (Cross Impact Analysis – Imperative Structural Modelling), 

specially the latter since enable the analysis of highly complex scenarios offering easily 

identifiable results through the use of simple tools that allow the user to use them more easily 

(López & Salmeron 2012). The approximation of Turoff (Turoff 1971) allows to work with 

subjective probabilities derived from experts’ knowledge and other sources. In addition, this 

methodology manages to classify risks, to observe its relations, to predict and to simulate, 

what can suppose a relevant problem in the art state concerning methodologies of risk 

analysis in highly complex environment and with a high uncertainty level. In addition, ISM 

(Warfield 1976) combined with CIA contributes to present and understand matrix results 

obtained with CIA what might suppose an increase in adaptability level and methodology 

understanding for the involved agents in the decision making. 

It is important to consider that CIA-ISM has not been taken into account neither by 

standards nor by the analysis carried out by Tixier and this dissertation try to prove that the 

application of CIA-ISM methodology is a suitable methodological combination  for this type 

of risk analysis in environments of high uncertainty and meet the characteristic and 

requirements that authors before mentioned (Weick & Sutcliffe 2001a; Tixier et al. 2002) 

determine, for that an accurate research will be performed in highly complex industrial and 

entrepreneurial situations and environments. 

Once three main pillars of the research have been presented, research problem can be 

considered briefly. 

 

1.3. Research Problem 

There exists an agreement among all theories about accident management and risk analysis. 

The main problem enterprises face is the usual complexity in entrepreneurial environment. 

This complexity level is due to mainly the lack of data of the studied systems and the high 

uncertainty level as it is indicated buy normal accident theory (NAT), high reliability theory 

(HRT), the analysis made by Tixier and standards previously mentioned. 

In addition, these theories agree that for an analysis tool or risk management to be 

appropriate should be able to face lack of data, complexity and uncertainty problems and also 

meet some essential requirements specially: 

- Weick and Sutcliffe claim that it should be reluctant to the simplification and to 

consider experts’ opinion. 
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- Tixier et al. agree that it is necessary to operate in a deterministic and/or probabilistic 

manner with quantitative and qualitative data. 

- ISO standard itself assumes that it presents scarcities itself. The standard states 

that managers themselves should find the manner to create reliable data. In addition, 

it indicates that it doesn’t ensure that recommended tools identify all risk areas. 

Neither/nor risk taxonomies or reports. Consequently, it doesn’t have a tool which 

enables to detect all individual and in group risks including high probabilities and 

low impact ones. Additionally, it is recommended that the tool or methodology be easy 

to implement and that produce reports or documentation. 

- As an added value proposal, it would be advisable to also allow to make forecasting 

and simulations. 

 

Source Requirements 

Weick & Sutcliffe. a. Reluctance to simplify 

b. Considering Experts’ Opinion 

Tixier et al. c. Determinist and Probabilistic 

d. Quantitative and qualitative  

Norma ISO 31000. e. Reliable 

f. Power of detection 

g. Assessment capability 

h. Generation of reports 

i. Easy implementation and use 

Other advisable characteristics j. Performing Simulations 

k. Forecasting 

Table 1. Requirements for Risk Analysis. 

 

On its own, there is not currently any methodology which meet all requirements, and this 

supposes a research problem that is expected to face in this dissertation. 

This research problem deduces a question: 

Is CIA-ISM an suitable approach for risk analysis in high uncertainty 

environments? 
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1.4. Objectives 

According to all has been explained about different fundamental risk theories (Perrow 1985; 

La Porte 1996; Weick & Sutcliffe 2001a), existing classifications (Tixier et al. 2002), and ISO 

standard contributions and scarcities (ISO 2009b; ISO 2009a) about risks, it is considered 

fully justified deal with the objective of proving that CIA-Ism is an acceptable methodology 

for the risk analysis in high uncertainty environments. 

Consequently, the main objective of this dissertation is to provide an answer to the search 

question posed in the previous section which results in the following main objective: 

 

Proving that CIA-ISM is a suitable approach for risk analysis in high uncertainty 

environments 

 

 In order to reach the objective, it should be proved that CIA-ISM use meet the requirements 

identified by Weick, Sutcliffe, Tixier and ISO standard (Table 1). That is to say, it allows to 

identify risk elements in an easy manner in the scenery under study, as categorising, 

detecting and assessing relationships among elements associated with risk (direct, indirect 

and cascading effects) considering experts’ opinion avoiding simplification, generating 

reports and allowing to perform simulations and forecasting. 

Meeting those requirements would not only provide an answer to the research question, but 

also this analysis methodology could be proposed as a candidate in order to appear in new 

ISO standard editions since it would meet the necessaries characteristics determine by it. 

Finally, it is expected to check if sceneries, simulations and forecasting are able to detect risk 

situations with a very low probability of occurrence, but with highly damaging effects as to 

check that simulations and forecasting enable organizational decision makers to make 

decisions more effective and efficient decisions concerning risk management. The following 

Table 2  is presented as a summary. 

Obviously, in order to confirm that CIA-ISM might be proposed as an suitable methodology 

for risk management, it is necessary to show certain universality concerning its applications 

and results. To this end, the structure of this doctoral dissertations considers CIA-ISM 

assessment for risk analysis taking into account three different sceneries: Entrepreneurship, 

Decision making and Operations. 
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Main objective 

Proving that CIA-ISM is a suitable approach for risk analysis in high uncertainty 

environments. 

Secondary objectives 

# Proving that CIA-ISM… 

1 Meets characteristics identified by Weick & Sutcliffe. (Weick & Sutcliffe 

2001a) 

2 Meets characteristics identified by Tixier et al. (Tixier et al. 2002) 

3 Meets characteristics proposed by la ISO 31010. (ISO 2009a) 

4 Enables prediction and simulation performing. 

Table 2. Dissertation Objectives. 

 

Each analysis performed in each scenery will form one of the main chapters of this 

dissertation, and its structure will be explained in the following section. 

 

1.5. Structure of the Doctoral Thesis 

This dissertation is structures following indicated guidelines due to its thesis 

characterisation by compilation of articles. This structure recommends the dissertation to 

have an introduction chapter, following by as many chapters as related dissertations 

(articles) compose the main corpus of the thesis (three in this case), ending with a conclusion 

chapter. Once it has been explained, it is necessary to detail the structure of this dissertation 

with the purpose of presenting its content and structure. 

Once this introductory summary has been finished, the main body will be opened, composed 

by risk analysis and study in three stages or key situations in the life of organizations in 

terms of uncertainty and risk. The order of central chapters is not arbitrary, but it follows a 

pattern based on the type of difficulties, complexities, quantity of available information 

associated with the lack of structure (Gorry & Morton 1971; Mintzberg et al. 1976) of the 

problem and context to be analysed. 

Each of these chapters consists of the standard structure of the usual academic articles: 

Introduction, Analysis, Conclusions. From which are deduced individual conclusions that will 

be collected in the last chapter. The last chapter will include general conclusions, particular 

conclusion for every chapter and a list of contributions carried out throughout this 

dissertation. It is also included its weaknesses and future steps that need to be taken in 

future researches. 
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Figure 2. Structure of the dissertation. 

 

Once general structure has been explained, each central chapter will be explained in more 

detail. 

Chapter 2: It is carried out a risk analysis in an industrial environment where CIA-ISM is 

applied in combination with the very structured HAZOP methodology in order to identify 

risks related to operations of an industrial enterprise. 

Therefore, it is analysed the risk associated with the daily context of operations in an 

industrial environment. Everyday life of enterprises is composed by an endless number of 

activities, actions and operations. An essential tool for the persistence of organization and 

survival of personnel might be to be able of create risk maps, categorising them, prove its 

interrelations and detect possible risks or cascading effects at the same time simulations are 

performed in real time. It has special importance in industrial environment where it is 

difficult to assess the risk level due to its complexity and numerous operations. 

As usual, organizations assess risks vertically, one by one and they do not have tools that 

allow them to see interrelations among risks. Although there exist many systems, HAZOP is 

one of the most commonly used for risk analysis (Kletz 1999). This methodology is descriptive 

and very exhaustive, but it does not have a relative analysis among events. On the other 

hand, risk matrixes (probability x consequence) only consider risk vertically, one by one. CIA-

ISM combination with both methodologies allows to build a risk map that categorised, order 

and assess them, therefore, forecasting and simulations might be performed. This allows to 

improve the efficiency and effectivity of operational risk analysis that are used more 

frequently. 

In addition, the possibility of carrying out simulations that allows to identify high risk 

situations produced by concatenation of low impact and low probability events, something 

that the other applied methodologies cannot detect. Finally, prediction and probability 

capability will allow to practise and train the personnel what will contribute to mitigate 

effects of possible accidents and even to reduce the probability of occurrence. 
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This chapter is the first approach of CIA-ISM application to the risk analysis in a context 

where there are much information and well structured. In this case, CIA-ISM application 

allows to carry out a first trial or proof of concept in order to represent the risk 

interrelationships. In its carrying out, a research strategy has been followed related to Case 

Study, proving the results through a direct discussion process with direction of the analysed 

organization. This has allowed to verify directly that the use of CIA-ISM in this context 

suppose an improvement comparing to the methodology previous used by the organization 

(HAZOP and Risk Matrixes). It has been deduced some results such as identification of low 

impact and low probability risk combinations and low impact that might suppose disastrous 

sceneries, and also allows to create a simulation tool that contribute to the decision making 

and to the team training. 

Chapter 3: it is carried out a risk analysis associated with a more structured context, a 

strategic decision making related to Balanced Scorecard. Although literature about Balanced 

Scorecard is large, it does not exist any evidence that prove the principle of causality among 

objectives. Thus, the use of CIA-ISM allows to determine interrelationships among these, 

perform simulation and carry out predictions, which reduce uncertainty related to strategic 

risks. 

The CIA-ISM application is assessed in strategic decision making of organizations associated 

with management system based on Balanced Scorecard. In this case, it might make the 

difference between survival and disaster to be able to have tools which allows to reduce the 

risk level directly associated with objectives, making our decision more successful. It is 

common de use of Balanced Scorecard (Kaplan & Norton 1996c; Kaplan & Norton 1996a) as 

a support tool for the decision making. But in BSC literature, it is not specified firmly if there 

exists a principle of causality among elements (objects) which integrate it. In addition, there 

are no tools which, as well as operational risk, create relation maps that that allows to 

categorise, order and consider relationships and consecutive effects that exist among 

different elements that compose them. CIA-ISM applied to BSC allows to better understand 

relationships among objectives and make better strategic decisions. 

In this chapter, CIA-ISM is applied in combination with BSC with the dual objective of 

showing that the combined used allows to create an objective map showing its relationships. 

This would involve proving to some extent the principle of causality among different 

objectives and would contribute to improve the organization’s decision-making process. 

Secondly, constructing a tool which allows to carry out simulations with objectives and obtain 

results in a long, medium and short term with possibilities of attaching both fulfilment level 

of objects and temporary space. This supposes a direct improvement of BSC use since it allows 

to train decisional teams and the preparation of crisis sceneries or unfrequently situations. 
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One of the keys of this chapter has been the research strategy used, “Action Research” (Chein 

et al. 1948), this type of research strategy has allowed to directly cooperate with the 

organization during the analysis process, sharing information and conclusions. This has 

supposed a decisive advantage in managing how to face a problem such as this. 

Chapter 4: it is carried out a risk analysis associated with the entrepreneurship stage, i.e. 

the previous time to begin an entrepreneurial activity. In this case, CIA-ISM application, 

combined with a modified Business Model CANVAS, assesses the risk of a business idea from 

10 financial and non-financial dimensions, in which some approaches are integrated about 

entrepreneurial success factors in order to assess the success of a business idea. 

The analysis carried out deal with Risk in Entrepreneurship. Uncertainty level is very high 

at the beginning of the entrepreneurial activity. Although there exist tools that might 

facilitate entrepreneurial work, it is very difficult to measure the level of success or survival 

of the idea since the basic problem can present structural problems. The fact of having a tool 

which allows to assess the success of entrepreneurial plans bearing in mind economic and 

personal factors, as well as the position in the market can make, once again, the difference 

between success and failure. Measuring the probability of success, risk level or detecting 

main weaknesses or strong point of an idea can be critical for the survival. 

In this chapter, it is analysed how CIA-ISM combination can contribute to assess 

entrepreneurial plans carried out using Business Model CANVAS (BMC) (Osterwalder et al. 

2010). In order to carry out this study, Design Science paradigm proposed by Hevner (Hevner 

et al. 2004). The body of this chapter shows the creation process of a tool DSS, as a tool for 

the management of an almost totally unstructured problem, which uses as a CIA-ISM 

analysis layer that it is applied for the assessment of business success levels generated by 

BMC. Given the lack of data associated with this context, a forensic analysis has been carried 

out where these plans are assessed at the time of undertaking and its assessment of success 

is compared to real results after 3 years with the purpose of proving the results of this tool. 

As follows, it has been studied if CIA-ISM in combination with CANVAS are correct in the 

entrepreneurship area, and if it could be a tool which helps social manager to improve options 

of entrepreneurial success at the time of undertaking. 

In addition, it has had the opportunity to directly and actively cooperate in a regional project 

of entrepreneurship, database provides access to more than 600 personal interviews carried 

out to Andalusian entrepreneurs in 2005. This knowledge base increases by given 

information by experts who form network of regional entrepreneurial centres and for the 

access to more than 500 standard BMC business plans developed previously for more than 

240 different types of entrepreneurial activities. 
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As it was explained at the beginning of this section, the order of each main chapter is 

conditioned by their degree of complexity associated with the quantity of information of 

difficulties and structure level. 

Once main chapters that compose the main body of this dissertation has been presented, it 

is going to be described general conclusions of this thesis and particular conclusions of each 

chapter, as well as methodological and theorical contributions carried out, finishing with a 

list of weaknesses to be improved as a first point of reference for future steps to follow in the 

research, concluding the last chapter of conclusions. 
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 Research Objetives Research Strategy Common 

Methodology 

Specific Tools 

Doctoral Dissertation Prove that CIA-ISM is a appropiate approach for risk 

analysis in high uncertainty environments. 

 

CIA-ISM  

(Bañuls & Turoff 

2011) 

 

Chapter 2: Industrial Risk 

Management 

Using CIA-ISM with quantitative and qualitative 

data  (HAZOP - Risk Matrix) with the purpose of 

developing an exhausting risk map that also allows 

the carrying out of simulations and forecasting.  

Study Case  

(Merriam 1988)  

Hazop 

& 

Risk-Consequence 

Matrix 

Chapter 3:  Extending Bsc 

With CIA-ISM 

Using CIA-ISM in combination with Balanced 

Scorecard with the purpose of explaining principle of 

causality among objectives improving the 

organization’s comprehension. Secondly, constructing 

a model that allows to carry out simulations and 

forecasting that contribute to improve the process of 

strategic decision-making 

Action Research 

(Chein et al. 1948) 
Balanced Scorecard 

Chapter 4: CIBSE Creating a DSS tool that allows to assess the level of 

success of modified BMC business plans considering 

financial and non-financial data, type of activity and 

location. 

Constructing and proving a tool following Design 

Science Paradigm proposed by Hevner et al. 

Design Science 

(Hevner et al. 2004) 

Business Model 

Canvas  

Table 3. Research Objetives - Strategies.
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Abstract 

This is the first paper to apply a combination of HAZOP and Risk Consequence Matrix plus 

CrossImpact Analysis (CIA) and Interpretative Structural Modeling (ISM) methods for 

analyzing complex cascading effects in Operational Risk Management in an industrial 

environment. This combination of methods allow obtain more Information tan using HAZOP 

and Risk Consequence Matrix because upgrades the individual risk analysis with the correlation 

between risks. Its main objective is to improve the understanding of the overall picture of an 

organization's risks. The paper summarizes the development of  the combination of this methods 

of the interaction of 18 critical Events of an industrial plant as a first step to improving 

organizational resilience based on the company's own estimations as well as the estimates of an 

expert panel. The main benefit of using these methods is to know the relationships between  

different risks and consequences, direct links, indirect and cascading effects. Having the 

possibility of knowing a full risk map and being able to make a Forecast will help to mitigate 

the unexpected/unprepared effects and have a better response making, better decisión after an 

emergency situations is the same as being more resilient. 
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2.1. Introduction  

For any organization to have the ability to prevent, adapt, mitigate and recover from 

unintended, unexpected and negative effects for the Organization (Vogus & Sutcliffe 2007; 

Mileti & Henry 1999; Labaka Zubieta 2013; Labaka et al. 2012; Labaka et al. 2013) can mean 

the difference between surviving or not. In particular, for large industrial organizations with 

higher risk levels where the potential economic and human losses are very high (Oliver-Smith 

2002), having these skills is absolutely necessary. To have these characteristics is to be resilient 

and this concept is linked to the literature on the management of accidents, emergencies, 

business continuity and disaster recovery. This article is a study of a real case in which a risks 

and consequences scenario is created in an industrial plant using previous risk analysis 

documentation (Hazop and Risk Consequence Matrix) plus Cross Impact Analysis (CIA) and 

Interpretive Structural Modeling (ISM) (Figure 3). At the end, the application of this 

methodology is highlighted as it improves the prior knowledge of the Organization in terms of 

its Risk Map, thus offering the possibility of generating predictions that help the Organization 

to be more resilient and to expect the unexpected. 

 

 

Figure 3. Methodology process. 

 

Scenario methods should be capable of handling large amounts of information and quantitative 

and qualitative data. For example, a study that includes 18 events, such as the one described 

below, should consider 1.7403456e+16 possible outcomes [P (n) = e*N!] (Turoff 1971), making it 

almost impossible to evaluate all the different paths using the currently applied methods in 

Operational Risk Management. The CIA-ISM method (Bañuls & Turoff 2011) overcomes this 

limitation due to its computational capabilities. CIA-ISM has been successfully applied in 
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emergency situations analysis and has had very good results (Bañuls et al. 2013; Lage et al. 

2013). In this paper, we go a step further by applying this methodology in a new area: industrial 

risk analysis. This scenario methodology allows us to represent the concatenation of events that 

have a very low probability of occurrence but can be disastrous in the case of several occurring 

simultaneously in industrial contexts. The history of calamities such as the BP disaster, Bhopal, 

and the Chernobyl nuclear accident point to the potential value of using multiple scenarios - not 

to select the most likely one, but to train users in becoming familiar with a wide variety of shocks 

and unanticipated situations, be they hostile or not, thereby becoming superior crisis managers 

when confronted with a novel emergency (Bañuls et al. 2013). 

This first section describes a short literature review and methodology background following the 

Case Study where the organization, the events and all the processes to elaborate a CIA-ISM are 

described. Next, the Results are presented, including the Matrix and Chart for CIA-ISM and the 

scenarios forecasted. At the end, we explain how the CIA-ISM method could be used as a part of 

a decision support system, helping us to deal with non-obvious results. Finally the conclusions, 

limitations and future research lines are defined. 

 

2.2. Literature Review 

The Normal Accident Theory (NAT) (Perrow 1985), the High Reliability Theory (HRT)  (Roberts 

1990; La Porte 1996; Van den Eeden 2009) or approaches such as Petroski’s (Petroski 1996) and 

Dörner’s (Dörner et al. 1990) try to show the best way to deal with situations of risk, crisis, 

disaster, and unwanted events. They all emphasize that the two main issues to address are the 

complexity of each case and evaluating the uncertainty associated directly with the concept of 

risk and the environment. The paradox that occurs when NAT and HRT are compared can also 

be seen, showing that they can be taken as complementary and not antagonistic theories to 

expect the unexpected (another definition of resilience) (Weick & Sutcliffe 2001b). These same 

authors have an extensive work about High Reliability Organizations (HRO), explaining the 

reasons about why they have fewer accidents than would be expected (Weick & Sutcliffe 2001a; 

Weick & Sutcliffe 2001b). Preoccupation with failure, sensitivity to operations, reluctance to 

simplify interpretations, deference to expertise and commitment to resilience are five common 

HRO processes. The methodology applied in this article (CIA-ISM) is adverse to simplification, 

takes data from experts’ opinions, and can be a great tool to increase the organizational 

resilience level if the organization wants to deal with risk and crisis situations and minimize 

their occurrence. 

Improved levels of resilience are almost mandatory for industrial organizations but there are 

problems due to the uncertainty and complexity of each case. It is therefore necessary to have a 
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tool capable of working with risks, and complex and dynamic environments. Reviewing the 

literature, we found that the generation of scenarios has been used to improve the capacity to 

respond to disasters and threats (Ericksen 1975), prediction and estimates on earthquake 

disasters (Fedotov et al. 1993; Barbat et al. 1996; Kappos et al. 1998), as well as resource 

planning and strategies (Ringland 1998; Nguyen & Dunn 2009) and, finally, for emergency 

planning (UNDHA 1993; Alexander 2000; Bañuls et al. 2010; Aedo et al. 2011; Turoff, Hiltz, 

Bañuls & Plotnick 2013; Turoff et al. 2015; Bañuls et al. 2013; Turoff, Hiltz, Bañuls & Van Den 

Eede 2013) where techniques have been applied to generate scenarios to address and predict 

crises, disasters, to ameliorate the management of such situations, to better responses and to 

train emergency teams.  

Tixier et al.’s work about risk analysis methodologies of industrial plant must be considered. 

This is a review of 62 methodologies (Tixier et al. 2002), categorizing them according to 4 

properties (deterministic, probabilistic, qualitative and quantitative). The authors explain that 

the different methods can be categorized using the kind of input data (plans or diagrams, Process 

and reactions, Substances, probability and frequency, policy and management, environment, 

and text and historical knowledge). It also should be noted that most of the methods concerning 

risk analysis only consider each risk individually.  The following table (Table 4) shows some 

examples described in the Tixier et al.’s paper. 

 

 Qualitative Quantitative 

Deterministic • Failure Effect Analysis 

(FMEA) 

• Hazard and Operability 

(HAZOP) 

• Accident Hazard Analysis 

(AHI) 

• Dow Fire and Explosion 

Index (FEI) 

Probabilistic • Accident Sequences 

Precursor (ASP) 

• Delphi Technique 

• Delphi Method 

• Event Tree Analysis (ETA) 

Deterministic 

and 

Probabilistic 

• Maximum Credible 

Accident Analysis (MCAA) 

• Reliability Block Diagram 

(RBD) 

• Failure Mode Effect 

Criticality Analysis (FMECA) 

• Probabilistic Safety Analysis 

(PSA) 

Table 4. Risk analysis categorization with examples. (Source Tixier et al. 2002). 

 

Reading Tixier et al.’s paper is highly recommendable to see a complete description of this 

classification. In this way, HAZOP and the Risk Consequence Matrix plus the CIA-ISM methods 

used in this paper could be categorized as a Mix method that joins together the 4 properties and 
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both kinds of output data. CIA-ISM can generate scenarios, categorize the events, observe 

relationships and generate predictions. This is very interesting for the Organization because it 

can work with all kinds of qualitative and quantitative data, using not only pre-existing security 

and prevention plans data but also being enriched by the experts’ point of view, using the Delphi 

method or a survey of them. In the next section, we introduce the fundamentals of this 

methodology. 

2.3. CIA-ISM Fundamentals 

CIA-ISM (Bañuls & Turoff 2011) combines Cross Impact Analysis (CIA) and Interpretive 

Structural Modeling (ISM) with good results in the management of emergencies, being able to 

identify the most important risks, the relations between them, direct effects, indirect effects and 

cascading effects and predict the most important elements. Other applications of this method 

can be found in the emergencies area (Lage et al. 2013; Turoff, Hiltz, Bañuls & Plotnick 2013; 

Bañuls et al. 2013; Bañuls et al. 2012). This suggests that the use of scenarios, in particular 

CIA-ISM, will be a powerful tool used in industrial environments. It will identify risks and 

manage emergencies and disaster situations in order to improve the resilience levels of 

industrial organizations in which the degrees of complexity, dynamism and very high risks are 

the greatest threat to their survival. In this section we discuss the main steps of this 

methodology. 

 

2.3.1. Cross-Impact Analysis 

In this research we used the Turoff approach to Cross Impact Analysis (Turoff 1971). Cross-

impact analysis is considered as an attempt to obtain estimates of the correlation coefficients 

between events. The basic difference between Gordon and Turoff is that the Gordon asks about 

correlations directly while Turnoff’s approximation asks about subjective probabilities between 

events and then calculates the correlations. 

 

2.3.1.1. The Event's Characteristics 

The events to be analyzed must have two properties. 

• They are expected to happen only once in the interval of time under consideration (i.e., 

non-recurrent events). 

• They do not have to happen at all (i.e., transient events). 

Working with non-recurring events in turn implies accepting the concept of subjective 

probability. 
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2.3.1.2. Possible Paths (Number of Scenarios) 

One advantage of using CIA in a complex environment with many events is that we can reduce 

the demand for information needed for the analysis of a complete scenario. If we follow the same 

example that Turoff indicates, in a model where we manage N elements that cannot be repeated 

(they only happen once and their status cannot be changed again) the number of possible paths 

(scenarios) is equal to N * 2N-1. An example with 3 events can be examined under these lines 

(Figure 4); this example provides 12 possible paths (1 is an event which happens, 0 an event 

which does not happen).  

 

Figure 4. Transitions and states for 3 events. (Source: Turoff 1972). 

 

With 18 possible events the number of possible paths grows considerably. (N = 18, N * 2N-1 = 18 

* 217 = 2.359.296). This is because it is assumed that work with a “no memory system” where an 

event has once occurred cannot happen, therefore the probability of a transition from one state 

to another is not dependent on the route used. If we assume that the system is a “memory 

system”, the number of transition probabilities to specify the problem completely would be eN! 

(N=18; e*18!=1.7403456e+16). 

One of the advantages of using CIA implies that the number of questions to ask the experts is 

only N2 (in a model of 18 elements this would be a maximum of 324). Turoff compares all 3 cases 

using the following table (Table 5). 

 

Number of Events Cross Impact No Memory System Memory System 

N N2 N*2N-1 ≈eN! 

2 4 4 5 

3 9 12 16 

4 16 32 65 

5 25 80 326 

10 100 5120 9864101 

18 324 2359296 17403456103284400 

Table 5. Data demands comparative. 
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All the mathematical explanations are described in Turoff (1971). The calculation of the 

correlation coefficients (or impacts, Cij) can be calculated using a variation of the Fermi-Dirac 

distribution function (1), using the previous calculated data (Initial Probabilities and Dalkey 

Mean probabilities as this relationship determines). 

 

𝑃𝑖 = 1 [1 + 𝑒𝑥𝑝 (−𝐺𝑖 −∑ 𝐶𝑖𝑘𝑃𝑘
𝑖≠𝑘

)]⁄  

Equation 1. Probability Distribution Function. 

 

We therefore consider that using CIA employing the method described by Turoff confers an 

advantage over other methods, such as the use of Bayesian calculations, since it requires a 

smaller amount of information and as The Bayesian approach to modeling this subjective 

probability process does not appear to fit or explain the judgments made. This is why we think 

that the use of subjective probabilities employed in this approximation is closely related to the 

subjective nature of the experts’ opinions and the use of the Turoff approach. This method would 

allow the inference of the probability of occurrence of events with no statistically-significant 

history of occurrence (as with most risks and accidents in an industrial environment). 

This approach was used to analyze complex scenarios in another kind of environment with great 

results. Also we do not need to know prior to the study how the relationship structure between 

events is before the analysis, as we do with the Bayesian tree analysis. This reduces the amount 

of information needed to elaborate a complete scenario and calculate all possible paths. With all 

the correlations calculated, we will know all the relationships between the events described that 

we need to elaborate scenarios and forecasts. 

 

2.3.2. Interpretative Structural Modeling (ISM) 

As with the CIA method described above, there is a good deal of literature about the ISM method 

(Warfield 1976). In this section we will describe the process that we used to elaborate the 

digraphs following the same process that is described by Bañuls and Turoff (Bañuls & Turoff 

2011). 

Once we have the Impact Matrix, we must convert it into a positive and binary matrix as is 

required by ISM. To do this we need to take an arbitrary value. This value could be calculated 

using a Percentile analysis of all impact matrix records. After obtaining this value, we can follow 



  A cross-impact approach for risk analysis in high uncertainty environments 

 

 

43 
 

the mathematical process described by Bañuls and Turoff and transform our impact matrix into 

a binary matrix. The binary matrix is a representation of occurrence or no-occurrence of all the 

events described. This is the main data source to apply the ISM. 

ISM will show us which of the events have occurred and the relationship between them. The 

digraphs show us which events are triggers and indicate the results sorted by levels -the original 

method exhibits the triggers in the bottom place, and we consider that is better to place them at 

the top, as we describe in the following sections. The ISM show how some events happened 

together, creating a kind of mini-scenario or macro-event. This means that all the events inside 

are closely and reciprocally related. 

So, with all this information we have all the correlations between events (at least all those 

between which we want to know the relationship) and a graphical representation of the scenario 

(for the arbitrary value chosen). The digraphs graphically show some easy to understand 

information and present us with the graphical relationship structure of the scenario. This 

structure is unknown before the calculations because we did not know the correlations. 

Therefore it was impossible to apply the Bayesian tree analysis before. 

 

2.3.3. Simulation and Forecasting Method -CIASS- 

With the Impact Matrix we can elaborate some simulations and forecasting using the CIA 

method. Once we know the initial probabilities and have calculated the correlations between 

events we can use them to make simulations and forecast some scenarios.  

The process is really easy to understand. We can force the initial probability of one or more event 

(0 if we do not want this event to happen, 1 if we force it to happen). After that, we can make all 

the calculations to know what happened with the scenario and compare the results. In this 

research we did all the calculations using a spreadsheet and then compared the results with 

CIASS. 

CIASS is a web-based tool which lets us load the main data (impact matrix) and all the event 

descriptions. Once the data is uploaded, the researcher or practitioner can “play” with the 

probabilities to create simulations. These results can be compared between each other. The tool 

only shows the probabilities and colors, but the developer’s team is working to add some 

functionalities, as the digraphs also show.  

The next section describes the case study carried out in this paper, the organization, the data 

sources and the process used to study it. 
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2.4. Case Study 

2.4.1. Description 

This study has been performed via a theoretical and practical approach in a metallurgical plant 

in South Europe. This plant meets all European standards in the field of safety and prevention.  

It occupies more than 40,000m2 and has over 250 employees. The annual production capacity is 

over one million tons of molten metals and more than six hundred thousand tons of refined 

metals, and produces a surplus exceeding one million tons of acids and corrosives. The use of 

toxic, hazardous and polluting materials in the daily organizational activity, added to its 

location - a coastal area - its size and its number of workers means that the organization has a 

high potential risk level. 

The data sources used for this work can be classified into two groups: The Organization itself 

(Hazop and risk analysis documentation) and experts (both from the organization and 

freelancers). The Organization shared their own documentation with us and provided access to 

their security reports, risk assessments, risk and consequences matrix and crisis management 

plans, as well as a self-protection plan developed specifically for the plant. This is therefore a 

data source which is defined and delimited for the case study itself. These documents have been 

developed internally by specialists, and are put into practice under the currently applicable 

norm. These plans are in constant review. The initial risk evaluation started in 2009 with the 

help of three external consultant experts plus the participation of the organization itself (around 

140 participants). Later, in 2011, the Organization extended the initial evaluation exhaustively 

(with the participation of 8 members of the top staff). Moreover, a group of five professional 

experts in risk prevention and crisis management have actively collaborated in the case study. 

They have more than 10 years of proven experience in the area and are divided into two groups.  

The first group is made up of external consultants from the company, responsible for the 

supervision and review of its security plans and prevention. They also act as organizational 

collaborators who are highly involved with its daily work. In the second group are professionals 

who are independent of the Organization. There is an MD specialist in crisis management, 

accidents and disasters, a security and prevention academician and a qualified worker with 

extensive experience in the sector who has carried out more than 30 actions in assistance, repair 

and maintenance after highly serious incidents in the same sector as the company under study. 

We selected five experts because this is the minimum number that can give an absolute majority 

consensus. It should also be noted that the total number of persons involved is more than 150. 

To create the scenario it is necessary to delimit the events under study and the starting point 

was organization risk analysis. This paper uses the 11 cause events with a high Risk Value (RV 

= Frequency x Consequence) described in the security and safety plans and the 7 common result 

events for all of them. Therefore there are two kinds of events: 
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Cause Events: Those which are in an accident or incident causing one or more direct results, as 

well as possibly indirect ones to be identified. These will be classified with the letter "C", 

accompanied by a correlative number (C#) 

Result Events: Events that have been selected not only for their RV, but also for having been 

identified by the Organization itself as having more plausible outcomes of various cause events. 

These will be identified with the letter "R", accompanied by a correlative number (R#). 

 

2.4.2. Events Definitions 

C1. Explosion and/or Fire: Event in which a fire or explosion occurs inside the plant. This 

may be due to a gas leak, a chemical reaction, an electrical problem, contact between molten 

metals and cold water, etc. 

C2. Work Accident: Those accidents in which one or more persons suffer injury. 

C3. Acids or Corrosives Leaks: Leakage of any element that can be included in this category, 

either raw or production-derived materials. 

C4. SO2 Air Pollution: the sulfur dioxide derived from the production process is very pollutant. 

C5. Labor Problems: Those problems involving a work stoppage or strikes (more than 24 h). 

C6. Fire Abroad: Produced by an event that occurs in the interior of the plant and which 

extends to adjacent places. 

C7. Interruption of Supplies and/or Services: The interruption of supplies or external 

services that affect the production directly (for example: general energy cutoff). 

C8. Raw Materials accident: Accident on land or by sea involving the raw material of plant. 

C9. External Accidents: Accidents in the facilities adjacent to the plant. 

C10. Fuel Leak to the Estuary: Dumping of fuel to the maritime area adjacent to the plant. 

C11. Toxic Solid Substances Spill: Event occurring when catalogued solid spills occur in the 

facilities with toxic effects.   

R1. Environmental Impact: Event whereby the environment close to the plant is directly 

affected by a notable incident. 

R2. Accident with Severe Injuries / Deaths: Event involving serious injury for those 

involved, including death. 
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R3. Sanctions and/or Legal Penalties: Event in which the plant is seen to be economically 

or criminally sanctioned. 

R4. Social Consequences: Negative social consequences for the plant and the Organization. 

R5. Operational Impact: Event by which the daily operations of the plant are affected (total 

or partial strike, slowdown, and so on). 

R6. Customers Supplies Disruption: Case in which the customer orders temporarily or 

permanently cannot be served. 

R7. Property damage: Case in which the plant suffers considerable damage involving carrying 

out normal daily activities.  

 

2.4.3. Initial Probabilities 

As we have mentioned previously, the Organization has documented in its array of consequences 

a frequency estimation for the occurrence of the cause events which is part of the analysis of its 

historical data (Hazop and Consequence Matrix), as well as the perceptions of experts who have 

elaborated prevention plans. In addition, this documentation provides a frequency estimate for 

each of the result events, given the occurrence of a cause event. These odds are the starting point 

for this study and their interpretation takes as a basis the previous literature on the 

transcription of numerical probabilities (Bañuls & Turoff 2011) adapted for this study (Table 6).  

 

Description 
Very 

unlikely 

Highly 

unlikely 
Unlikely 

Possibly 

not 
Uncertain Possible Likely 

Highly 

likely 

Almost 

certain 

Probability 5% 15% 25% 40% 50% 60% 75% 85% 95% 

Table 6. Probability Estimation Scale (Adapted). 

 

After the analysis of the organizational documentation, the cause event historical occurrence 

matrix (Table 7) was obtained. This describes the estimated probability for each cause event 

independently. 

 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

0.25 0.25 0.25 0.75 0.75 0.05 0.05 0.05 0.05 0.05 0.05 

Table 7. Historical Events Cause probability. 
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2.4.3.1. Historical Data 

Table 8 shows the Cause-Consequence probability matrix that indicates the occurrence 

probability for all result events after a cause event happens, based on the company’s own 

records. 

 

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

R1 0.75 0.01 0.25 0.75 0.01 0.05 0.01 0.75 0.05 0.05 0.05 

R2 0.25 0.25 0.05 0.05 0.01 0.05 0.01 0.05 0.05 0.01 0.05 

R3 0.25 0.25 0.25 0.05 0.25 0.05 0.01 0.05 0.01 0.05 0.05 

R4 0.25 0.05 0.25 0.75 0.75 0.05 0.25 0.05 0.05 0.05 0.05 

R5 0.75 0.05 0.05 0.05 0.75 0.25 0.05 0.05 0.05 0.05 0.05 

R6 0.25 0.01 0.05 0.05 0.25 0.01 0.25 0.05 0.05 0.01 0.05 

R7 0.75 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Table 8. Event Result probability table by each Event Cause. 

 

This table only shows the odds between Events Cause and Events Results and does not show 

any information about the relationship between Events Cause or the relationship between 

Events Results. To have a complete vision of correlations we must ask the experts about their 

subjective opinion of these relationships to be able to calculate all the correlations needed for 

this working model. 

 

2.4.3.2. Expert Inputs 

With these data it is not possible to build an impact matrix suitable for the construction of a full 

dynamic scenario. It is necessary to have a rating about the interrelations between cause events, 

as we have an assessment provided by the company between cause events and result events. 

Given that the focus of this work required more information, questions have been raised about 

the interrelationships of the cause events, since the frequency is only valued by the 

Organization. In addition, there were questions about the probabilities of result events occurring 

between each other now that there is this information, and granted that it is logical to think 

that one result may cause an effect chain with another result. For example, Property Damage 

may be an Environmental impact and this, in turn, pose important Social consequences.  

To collect the necessary information, every expert was asked about the occurrence of a given 

cause event that is certain if another cause event has occurred. Hence, this probability was 



Chapter 2  

 

 

48 
 

rated, according to their opinion and experience, between 5% (very unlikely) and 95% (almost 

certain), following the same scale discussed above. The second block of questions asked the 

experts about the interrelation of result events in the same way as in the first block. Both blocks 

of questions considered that the probability given by the expert could not be less than the initial 

one. This is because this has already historically happened with that frequency and to say that 

it is less does not make sense. But it is necessary to point out that for the second block of 

questions it is assumed that initially there is no relationship between the result events. 

Once the experts’ answers have been received, we must process them to be able to generate a 

CIA-ISM scenario. Therefore, we must calculate an average of all the respondents’ data using 

the Dalkey Mean (Dalkey 1971) derived from the Bayesian relationship. Following Bañuls, 

Turoff and Hiltz (Bañuls et al. 2013) this is more appropriate than the arithmetic mean to 

calculate the odds of a group because it will produce a model with stronger properties of influence 

when there is a strong consensus in the direction of the estimates for each cell of the Cross-

Impact Matrix. 

Having obtained and processed this data, we will calculate the Cross-Impact Matrix. Here we 

assess the impact of each event per column on the rest of the events per row and each of these 

impacts will be denoted by Cij. The calculation process was followed as indicated by Turoff 

(Turoff 1971), where in this case the initial values are Rij, the probability of a particular event 

happening if it has occurred before, as has been said. To calculate each of these Cij  (2) it is 

obviously necessary to know the values of Rij and the Pi (the initial odds) for each of the events. 

These initial probabilities have been described previously. The formula used for the calculation 

of Cij was obtained from previous formula (1): 

𝐶𝑖𝑗 =
1

1 − 𝑃𝑗
[𝜑(𝑅𝑖𝑗) − 𝜑(𝑃𝑖)] 

Equation 2. Calculation of Cij. 

 

Where:  

𝜑(𝑃𝑖) = 𝐿𝑛(𝑃𝑖 ∕ (1 − 𝑃𝑖)) 

Equation 3. Calculation of φ(Pi). 

 

𝜑(𝑅𝑖𝑗) = 𝐿𝑛 (𝑅𝑖𝑗 ∕ (1 − 𝑅𝑖𝑗)) 

Equation 4. Calculation of φ (Rij) 



  A cross-impact approach for risk analysis in high uncertainty environments 

 

 

49 
 

 

In addition to the calculation of these impacts, we can calculate the value of the Gamma (𝛾𝑖) for 

each of the events (5). Gamma is a measure of the effects of the events not specified by the model 

(external effects). 

 

𝛾𝑖 = 𝜑(𝑃𝑖) −∑ 𝐶𝑖𝑘𝑃𝑘
𝑛

𝑘≠1
 

Equation 5. Gamma Calculation. 

 

All the results after carrying out this process are described in the following section. 

2.5. Results 

2.5.1. Initial Input Matrix 

As has been described before, this Initial Matrix (Table 9) is the result of processing all the 

experts’ answers using the Dalkey Mean and the historical data, and it is the basis for 

elaborating the Cross-Impact Matrix. 

 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 R1 R2 R3 R4 R5 R6 R7 

C1 OVP 0.34 0.45 0.29 0.32 0.47 0.39 0.34 0.43 0.31 0.35 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

C2 0.68 OVP 0.55 0.55 0.45 0.43 0.41 0.43 0.43 0.43 0.37 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

C3 0.61 0.34 OVP 0.31 0.32 0.43 0.43 0.39 0.35 0.34 0.32 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

C4 0.83 0.78 0.81 OVP 0.83 0.81 0.85 0.8 0.81 0.77 0.79 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

C5 0.83 0.89 0.86 0.85 OVP 0.79 0.83 0.85 0.83 0.85 0.86 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

C6 0.24 0.13 0.27 0.11 0.11 OVP 0.14 0.16 0.32 0.25 0.14 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C7 0.67 0.14 0.36 0.3 0.31 0.39 OVP 0.27 0.31 0.21 0.12 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C8 0.18 0.11 0.16 0.09 0.16 0.22 0.2 OVP 0.23 0.13 0.09 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C9 0.27 0.15 0.33 0.25 0.16 0.31 0.17 0.27 OVP 0.28 0.19 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C10 0.19 0.11 0.37 0.14 0.16 0.22 0.27 0.38 0.3 OVP 0.17 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C11 0.33 0.11 0.22 0.1 0.16 0.24 0.3 0.51 0.27 0.35 OVP 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

R1 0.75 0.01 0.25 0.75 0.01 0.05 0.01 0.75 0.05 0.05 0.05 OVP 0.25 0.17 0.11 0.29 0.06 0.39 

R2 0.25 0.25 0.05 0.05 0.01 0.05 0.01 0.05 0.05 0.01 0.05 0.19 OVP 0.17 0.1 0.29 0.06 0.54 

R3 0.25 0.25 0.25 0.05 0.25 0.05 0.01 0.05 0.01 0.05 0.05 0.86 0.78 OVP 0.62 0.3 0.18 0.24 

R4 0.25 0.05 0.25 0.75 0.75 0.05 0.25 0.05 0.05 0.05 0.05 0.82 0.78 0.84 OVP 0.45 0.3 0.33 

R5 0.75 0.05 0.05 0.05 0.75 0.25 0.05 0.05 0.05 0.05 0.05 0.59 0.48 0.42 0.34 OVP 0.78 0.73 

R6 0.25 0.01 0.05 0.05 0.25 0.01 0.25 0.05 0.05 0.01 0.05 0.39 0.28 0.24 0.31 0.81 OVP 0.61 

R7 0.75 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.36 0.24 0.22 0.22 0.15 0.05 OVP 

Table 9. Initial Input Matrix. 
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2.5.2. Cross-Impact Matrix 

The following Matrix (Table 10) shows the impact of each event on the others after using the 

process that has been described before. 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 R1 R2 R3 R4 R5 R6 R7 

C1 OVP 0.34 0.45 0.29 0.32 0.47 0.39 0.34 0.43 0.31 0.35 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

C2 0.68 OVP 0.55 0.55 0.45 0.43 0.41 0.43 0.43 0.43 0.37 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

C3 0.61 0.34 OVP 0.31 0.32 0.43 0.43 0.39 0.35 0.34 0.32 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

C4 0.83 0.78 0.81 OVP 0.83 0.81 0.85 0.8 0.81 0.77 0.79 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

C5 0.83 0.89 0.86 0.85 OVP 0.79 0.83 0.85 0.83 0.85 0.86 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

C6 0.24 0.13 0.27 0.11 0.11 OVP 0.14 0.16 0.32 0.25 0.14 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C7 0.67 0.14 0.36 0.3 0.31 0.39 OVP 0.27 0.31 0.21 0.12 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C8 0.18 0.11 0.16 0.09 0.16 0.22 0.2 OVP 0.23 0.13 0.09 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C9 0.27 0.15 0.33 0.25 0.16 0.31 0.17 0.27 OVP 0.28 0.19 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C10 0.19 0.11 0.37 0.14 0.16 0.22 0.27 0.38 0.3 OVP 0.17 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

C11 0.33 0.11 0.22 0.1 0.16 0.24 0.3 0.51 0.27 0.35 OVP 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

R1 0.75 0.01 0.25 0.75 0.01 0.05 0.01 0.75 0.05 0.05 0.05 OVP 0.25 0.17 0.11 0.29 0.06 0.39 

R2 0.25 0.25 0.05 0.05 0.01 0.05 0.01 0.05 0.05 0.01 0.05 0.19 OVP 0.17 0.1 0.29 0.06 0.54 

R3 0.25 0.25 0.25 0.05 0.25 0.05 0.01 0.05 0.01 0.05 0.05 0.86 0.78 OVP 0.62 0.3 0.18 0.24 

R4 0.25 0.05 0.25 0.75 0.75 0.05 0.25 0.05 0.05 0.05 0.05 0.82 0.78 0.84 OVP 0.45 0.3 0.33 

R5 0.75 0.05 0.05 0.05 0.75 0.25 0.05 0.05 0.05 0.05 0.05 0.59 0.48 0.42 0.34 OVP 0.78 0.73 

R6 0.25 0.01 0.05 0.05 0.25 0.01 0.25 0.05 0.05 0.01 0.05 0.39 0.28 0.24 0.31 0.81 OVP 0.61 

R7 0.75 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.36 0.24 0.22 0.22 0.15 0.05 OVP 

G -3.43 -8.99 -3.89 -0.84 -1.69 -9.98 -18.52 -10.28 -14.56 -12.11 -11.18 -25.58 -12.97 -24.16 -42.56 -30.54 -22.46 -6.68 

Table 10. Cross-Impact Matrix. 

 

To read the Cij components from this matrix, we must proceed in the following way: given that 

C4. SO2 Air Pollution (Column j = 4 is true), the impact on R1. Environmental Impact (Row i = 

12) is 22.77. In this way, we can detect, categorize and sort the greatest impacts and which of 

them are globally more important.  

After Gamma has been calculated for all events (causes and results), it is possible to calculate 

the model’s goodness fit. This fit is calculated by dividing the Cij sum (explained impacts) by the 

γi sum (unexplained impacts), obtaining (6): 

 

∑|𝐶𝑖𝑗|

∑|𝐶𝑖𝑗| + ∑|𝛾𝑖|
=

659.3086

919.71639
= 0.7168 ≈ 71.68% 

Equation 6. Model goodness fit. 

 

The model presents a fairly high explanatory capacity, even assuming that there are significant 

external impacts in the case of result events, as was indicated in the γi. This means that at this 

time we have very high expectations about the model’s predictive capacity. 
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2.6. Scenario Modeling 

Once the impact matrix has been obtained, the next step is the implementation of ISM for the 

generation of a risk map. Here is an analysis of the distribution of the Cij values (Table 11) that 

will help to select the most suitable cutting for the scenario creation (mentioned as “arbitrary 

value”). 

Percentile Cij  Percentile Cij 

95% 7.5214  50% 2.1503 

75% 3.9479  25% 1.3863 

Table 11. Percentile Value Table. 

 

Taking the P(50) with an Cij > 2.1503 as a reference has generated a CIA-ISM map of risks (Figure 

5) using the method described by Warfield in 1976 (Warfield 1976), with the difference that the 

graphic representation has been carried out from top to bottom. The elaboration of this stage is 

done with Cij values > 2.1053, counting a total of 104 severe impacts: 33.98% of the total number 

of possible impacts.  

 

Figure 5. Cij >2.1503 Digraph. 
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This illustration shows the relationships between all kinds of events. The white circles 

correspond to Cause Events and the dark ones to Result Events. The rectangles show events in 

a micro-scenario. A micro-scenario is a particular situation where all events have a reciprocal 

relationship. This illustration is a risk map and shows all the events in 5 horizontal levels (the 

highest are event triggers) and presents two micro-scenarios, stressing that all the result events 

are a single micro-scenario. All the results have relationships between each other and almost all 

events cause direct or indirect impacts on them, with the exception of C11. The first "micro-

scenario cause" (C6, C9) is also created. A fire with effects abroad (C6) is mutually linked to an 

external accident (C9) and vice versa. It is also observed that C1 (fire/explosions), C3 (leakage 

of acids), and C4 (SO2 pollution) are trigger events. 

2.7. Scenario Simulation 

Once this first scenario is created as a starting point, it is possible to recreate a simulation using 

a predictions system developed by (Turoff 1971)where the entire CIA method calculation process 

is explained. To indicate this, the following paragraph shows the formula that was used to 

calculate the predictions, the same as that which is mentioned in the methodological background 

section. 

𝑃𝑖 = 1 [1 + 𝑒𝑥𝑝 (−𝐺𝑖 −∑ 𝐶𝑖𝑘𝑃𝑘
𝑖≠𝑘

)]⁄  

Equation 1. Probability Distribution Function. 

 

To generate a prediction for all combinations of occurrence or non-occurrence for all the elements 

would be too great.  This paper therefore shows an example based on the previous map. The 

initial probability (Pi) of the events has been modified to force its occurrence or non-occurrence 

in different combinations. In particular, these predictions have been developed by modifying the 

values of C1 (fire/explosion) and C2 (personal accident). As well as the chain of related events, 

C1C2 [R1, R2, R3, R4, R5, R6] builds 3 simulated scenarios. The next figure (Figure 6) shows 

the modified Cause Events (C1, C2) using a grey color. 
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Figure 6. Cij >2.1503 Digraph (Events Cause marked to forecast). 

 

The following table shows the case occurrence for each scenario, being 1 if the event occurs, 0 if 

it surely does not occur and "?" if it is uncertain (Table 12). In all scenarios R =? because we want 

to know the final effects on the Result Event and the most probable results in each scenario. 

 

 C1 C2 Rs 

Scenario C ? ? ? 

Scenario I 1 1 ? 

Scenario II 1 ? ? 

Scenario III 1 0 ? 

Table 12. Event Cause per Scenario. 

 

• Scenario C would correspond to the Original model. It serves as a comparison. 

• Stage I to an Explosion/Fire with personal accident. 

• Stage II to an Explosion/Fire without knowing the consequences. 

• Stage III to an Explosion where it is sure that there is NO Personal Accident. 
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The simulations offer the following results once different combinations of data have been 

introduced. The following paragraphs explain the scenarios and the numerical results are 

presented in Table 13.  

 

Scenario I: 

In this scenario, the probability of Sanctions and Legal Penalties (R3) and Operational Impact 

(R5) is more than 90% (near to almost certain). In addition, the occurrence of Environmental 

Impact (R1) and Property Damage (R7) would be close to Likely (75%). Chain effects with other 

Cause Events can also obviously be detected: SO2 Air Pollution (C4), Labor Problems (C5) and 

Supplies/Services Interruption are more than probable secondary effects in this scenario. 

 

Scenario II: 

If an Explosion/fire happened, this would probably involve an Environmental Impact (R1), 

Operations Impact (R5) and Property Damage (R7). As in the previous scenario, effects are also 

observed in other events. Air pollution by SO2 and Work Problems continue having a high value, 

while Supplies and/or Services Interruption are now possible because the probability has 

decreased.  Work Accident will still be present.  

 

Scenario III: 

The occurrence of an Explosion/fire with NO Work Accident (C2) would probably lead to an 

Environmental Impact (R1) and Property Damage (R7), and possibly some kind of Operation 

Impact is still present. The table also shows that SO2 Air Pollution (C4) and Work Problems 

continue being probable. On the other hand, the Supplies and/or Services Interruption (C7) is 

now uncertain. 

 

 

 

 

 



  A cross-impact approach for risk analysis in high uncertainty environments 

 

 

55 
 

 

Scenario C 
 

Scenario I 
 

Scenario II 
 

Scenario III 

C1 25.00% 
 

C1 100.00% 
 

C1 100.00% 
 

C1 100.00% 

C2 25.00% 
 

C2 100.00% 
 

C2 68.46% 
 

C2 0.00% 

C3 25.00% 
 

C3 71.15% 
 

C3 61.37% 
 

C3 57.85% 

C4 75.00% 
 

C4 85.00% 
 

C4 82.86% 
 

C4 82.09% 

C5 75.00% 
 

C5 93.01% 
 

C5 83.13% 
 

C5 77.97% 

C6 5.00% 
 

C6 46.72% 
 

C6 23.69% 
 

C6 18.01% 

C7 5.00% 
 

C7 86.11% 
 

C7 67.43% 
 

C7 58.95% 

C8 5.00% 
 

C8 32.83% 
 

C8 17.55% 
 

C8 13.90% 

C9 5.00% 
 

C9 55.01% 
 

C9 26.96% 
 

C9 19.85% 

C10 5.00% 
 

C10 34.35% 
 

C10 18.56% 
 

C10 14.73% 

C11 5.00% 
 

C11 53.45% 
 

C11 33.35% 
 

C11 27.50% 

R1 1% 
 

R1 75.00% 
 

R1 75.00% 
 

R1 75.00% 

R2 1% 
 

R2 91.67% 
 

R2 25.00% 
 

R2 9.41% 

R3 1% 
 

R3 91.67% 
 

R3 25.00% 
 

R3 9.41% 

R4 1% 
 

R4 63.46% 
 

R4 25.00% 
 

R4 16.13% 

R5 1% 
 

R5 93.99% 
 

R5 75.00% 
 

R5 63.38% 

R6 1% 
 

R6 25.00% 
 

R6 25.00% 
 

R6 25.00% 

R7 1% 
 

R7 75.00% 
 

R7 75.00% 
 

R7 75.00% 

 

Table 13. Forecasted Probabilities per Scenario. 

 

CIASS: 

All previous simulations can be simulated “live” using the CIASS web-tool. As is explained in 

the methodological background section, after uploading and saving the events definitions and 

the Impact Matrix on the web, all users who access them can simulate scenarios just changing 

the event odds. CIASS is really easy to use and does not need any previous knowledge about the 

method. All the results showed by CIASS use double indicators: percentages and colors. This 

tool is still at the development stage, and the developer team is working on adding more 

functionalities as ISM digraphs representations. As an example we will show the same 

simulations that we calculated but this time using CIASS (Figure 7, Figure 8, Figure 9). All 

graphics show a comparative between the normal situation and that after disruption (simulated 

scenarios are shown in the columns under the Scenario title). 
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Figure 7. CIASS Scenario I. 

 

 

 

Figure 8. CIASS Scenario II. 
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Figure 9. CIASS Scenario III. 

2.8. Initial Expert Validation 

The analysis of the CIA-ISM results of Predicted Scenarios was communicated to the experts 

who participated in the initial data prospection and they had to fill out a satisfaction 

questionnaire about the results reported. The experts had to rate the question on a 7-point 

Likert scale (from “1=Total Disagreement” to “7=Total Agreement”). The following table (Table 

14) shows the questions asked and the arithmetic mean of the values of the responses. 

 

Question Answer (Mean) 

The CIA-ISM method is a suitable tool to generate Risk 

Maps. 
7 

The Risk Scenario properly identifies the risk including 

the importance, direct, indirect and cascade effects. 
7 

The Risk Map shows logic relationships which agree with 

my own opinion. 
6.8 

The Scenarios Forecasted show logical results which 

agree with my own opinion. 
6.6 

The Risk Map and Scenarios Forecasted could be used to 

enhance the resilience level 
6.8 

Table 14. Expert satisfaction responses. 
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All answers were marked with a value higher than "Mostly Agree" and the last one, which asks 

about how the risk maps can be used to increase the organizational resilience level was marked 

with 7 - “Total Agreement” - showing that all the experts fully agreed. All the experts 

interviewed agreed that this CIA-ISM method is valid to be applied for the improvement of 

organizational resilience and most agree with the use of this method to elaborate organizational 

risk maps. 

 

2.9. CIA-ISM Forecast in Two Consecutive Time Stages as 

a System to Help in Decision Making 

Until now it has been described how the CIA-ISM methodology helps the organization to better 

understand the overall picture of organizational risk, based on the prior knowledge of the 

organization’s security plans and the judgments of experts. But this knowledge can be used for 

making more effective and efficient decisions. As we explained before, the method allows us to 

see the obvious results as well to detect what is not obvious. The literature review shows that 

there are many authors who have written about the use of scenario method as part as of a 

decision support system (Comes et al. 2011; Montibeller et al. 2006). This section means to show 

how the CIA-ISM method could help us to manage the information and help us to make 

decisions.  

One advantage of CIA-ISM is that it provides information from which we can obtain direct 

results of the simulation after the occurrence of an incident / accident (Figure 4) and we can also 

predict the direct and indirect effects when an incident happens. The model we have obtained 

shows a dynamic scenario with multiple interactions between events. This means that when an 

accident/incident happens there will be consequences that will be aggravated if it is not resolved 

as quickly as possible. These consequences are not only for results, these effects would multiply, 

affecting other events causes and leading to a chain reaction in which results affect other events 

which were not considered at first. 

In the following lines we describe an example about how CIA-ISM forecast could help us to detect 

some non-obvious effects and help us to make better decisions. We know that an explosion has 

immediate direct effects, such as Property Damage, Serious Personal Injuries and Operation 

Impacts, etc. Moreover, this is not surprising considering that this explosion could trigger a Fire 

Abroad that would have its own consequences, for example damaging an Acid deposit and 

causing a leak with the possible repercussion of Environmental Damage. In any case, these last 

events would not be observable with a direct prediction and this forces us to make a dynamic 

prediction. As we explained previously, the CIA-ISM method could be used to make predictions 

that show the direct effects after some event (or events) has (have) happened. But that just 



  A cross-impact approach for risk analysis in high uncertainty environments 

 

 

59 
 

shows us a direct prediction after an accident (first stage). To know what happened with our 

model in the future we need to extend the forecasting method beyond that first step, where 

Stages must be understood as temporal stages. Stage 1 or Step 1 is the temporal stage after one 

incident happened, and Step 2 (Stage 2) is the following temporal stage. 

 

In other words, there are a number of relatively clear results after the occurrence of an accident. 

These results are its direct consequence and are usually defined in the safety and security plans. 

But in a second stage (Step 2) we can find no obvious results that must be considered when in 

the decisions process to minimize risks. The following is an example illustrating this problem in 

our study. 

If the purpose of a safety plan and protection is to minimize the risk to workers over any other 

type of either economic or environmental risk we must consider whether there is any event that 

would cause a greater risk to the lives of workers which is not so immediate. Our aim therefore 

is to see what happens to the R2 indicator (Severe injuries / Deaths), simulating the occurrence 

of each of the events as has been done in the previous simulation section. Now we generate 11 

different scenarios forcing all Event Cause to happen one by one and we evaluate the obvious 

results (Step 1) upon the occurrence of each Event Cause separately. In a second phase (Step 2), 

we use the probabilities obtained by the initial simulation (Step 1) to recalculate again the 11 

scenarios and explore if any of the events affect R2 in a non-obvious way.   

The following tables (Table 15, Table 16) show R2 observed probabilities calculated by the 

explained method for each of the two simulations. Step 1 shows the results in the first step of 

the simulation (the direct and obvious effects), and the Step 2 shows the second stage using the 

results of the simulation "Step 1" Initial Probability. The "Event" column indicates which event 

happen in the "Step 1" and column "R2 Prob." It tells us what is the probability of occurrence of 

R2 in each Stage (we showed numbers to see the differences but we must remember that we 

used a verbal scale). Both columns have been ranked by the probability of R2 from highest to 

lowest. 

The occurrence of C1, C2 or C3 has direct implications for the occurrence of a possible accident 

with Serious Injury/Death (R2). After an explosion or accident it is the most logical obvious 

result. But if we look at the second stage (Table 16) we see two major changes. 
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Stage 1 

# Event Id. R2 Prob. 

1 Expl/Fires C1 25.00% 

2 Acid. Leaks C3 25.00% 

3 Work Acc. C2 25.00% 

4 SO2 Pollut. C4 5.00% 

5 Raw Material C8 5.00% 

6 Fire Abroad C6 5.00% 

7 External Acc C9 5.00% 

8 Spill Toxic C11 5.00% 

9 Labor Probl. C5 1.00% 

10 Interrp. Suppl C7 1.00% 

11 Fuel Leak C10 1.00% 

Table 15. Stage 1 R2 Prob. 

 

In the first one it is evident that a SO2 Pollution will create a great cloud of polluting gas and 

this will damage the workers seriously. But what is  more surprising is that the occurrence of 

Labor Issues (C5) increases the R2 value to 3rd place and has a 97.54%, higher occurrence than 

that of a Work Accident (C2), which has a rate of 75.95%. This may indicate that a lack of staff 

can have very negative effects in terms of the personal safety of workers. 

 

Stage 2 

# Event Id. R2 Prob. 

1 Expl/Fires C1 99.90% 

2 SO2 Pollut. C4 97.90% 

3 Labor Probl. C5 97.54% 

4 Acid Leaks C3 96.77% 

5 Raw Mat. Acc. C8 95.50% 

6 Fire Abroad C6 87.93% 

7 Work Acc. C2 75.95% 

8 External Acc. C9 71.69% 

9 Interrp. Suppl C7 49.09% 

10 Spill Toxic C11 37.90% 

11 Fuel Leak C10 21.56% 

Table 16. Stage 2 R2 Prob. 
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Therefore, when making decisions that help to minimize the risk of Serious Injuries/Deaths (R2), 

we must consider that the C5 (Labor Problems) event may propose changes to the system of 

compulsory minimum services to be met in the event of a strike in order not to endanger the life 

of other employees, including those who are in the vicinity of the plant. 

As mentioned previously, the probability of R2 Serious Injury/Death happening after the 

occurrence of Labor Problems (C5) is higher in a second phase (Stage 2) than when a Work 

Accident (C2) happens, but the results are not limited to this Event Result. If a Labor Problem 

(C5) happens, the probability of the occurrence of all Events Results are really high and trigger 

a totally catastrophic scenario (Table 17). 

 

Work Accident (C2) 
 

Labor Problems (C5) 

 
STAGE1 STAGE2 

  
STAGE1 STAGE2 

C1 34% 49% 
 

C1 32% 49% 

C2 100% 100% 
 

C2 45% 75% 

C3 34% 51% 
 

C3 32% 52% 

C4 78% 86% 
 

C4 83% 88% 

C5 89% 93% 
 

C5 100% 100% 

C6 13% 43% 
 

C6 11% 45% 

C7 14% 74% 
 

C7 31% 84% 

C8 11% 39% 
 

C8 16% 48% 

C9 15% 58% 
 

C9 16% 68% 

C10 11% 49% 
 

C10 16% 64% 

C11 11% 51% 
 

C11 16% 66% 

R1 1% 1% 
 

R1 1% 1% 

R2 25% 76% 
 

R2 1% 98% 

R3 25% 98% 
 

R3 25% 99% 

R4 5% 99% 
 

R4 75% 99% 

R5 5% 99% 
 

R5 75% 99% 

R6 1% 1% 
 

R6 25% 99% 

R7 1% 11% 
 

R7 1% 85% 

Table 17. Work Accident & Labor Problem predictions. 

 

We must explain now why this occurs. First of all it is necessary to explain that these Labor 

Problems are not just a simple confrontation between workers and the organization, these 

problems must be severe, such as a long strike or a really strong conflict between the workers 
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and the organization. As there is some literature about how labor problems such as staff 

shortages may negatively influence workers safety (Papazoglou et al. 2003), this perhaps cannot 

be considered as unexpected for the literature, but in this real case we can say that the 

organization is unprepared to deal with this problem, and this analysis detects this situation. 

It is true that the C5 Event does not impact directly on R2. The CIA Matrix shows no impact. 

But the C5 column (Table 18) shows a really high score over the rest of events (as an example of 

risks interactions). If we carry out a summary of Cij by each column, it is easy to observe that 

the C5 column shows the highest value.  

 

Event C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

Sum. 63.98 24.20 40.90 111.07 113.99 24.27 21.07 28.74 22.44 18.63 18.81 

Table 18. Ci Sum. Values. 

 

So this means that there is not a direct effect of C5 on R2 in a first Stage, but there are many 

indirect effects. Using another method to explain this, we can see the next figure (Figure 10) 

where we can observe how C5 is extremely related to most events (Causes and Results). We used 

the P60(Cij)= 2,6561 The elaboration of this digraph shows how C5 impacts on R2 (C6, C7, C8). 

As is mentioned in the previous paragraph, the relationship between labor problems and safety 

is not new, but in this case the organization knows the nodes between both events using the 

correlations calculated with CIA.  

 

Figure 10. Labor Problem (C5) Digraph. (Percentile 60th). 
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From these results, we can say that using CIA-ISM provides us with the ability to detect non-

obvious results which help us to consider different scenarios that could hardly be considered 

directly. Hence we can assess complex scenarios and use them to support decision making. In 

this particular case the organization should consider the effects of a labor problem over and 

above other types of events, considering the importance of the occurrence of C5 and its 

implications. It will thus note these events with greater emphasis when making decisions about 

the serious personal risks of mitigation plans. 

2.10.  Conclusions, Limitations and Future Research 

This paper has been the first development of an industrial risk map based on HAZOP and the 

Risk Consequence Matrix plus CIA-ISM, considering all possible risks interactions (it is not an 

individually risk analysis), categorizing risks by importance, showing the cascading effects and 

identifying the micro-scenarios generated. We have illustrated how the combination of these 

methods help us to understand the big picture of Operational Risk Management in a complex 

organization with less information loss and in line with the opinions of experts. This helps to 

show non-obvious relationships and in addition allows the creating of forecasts that would allow 

the organization to improve its safety and prevention plans. In other words, it helps the 

organization to be ready to deal with unexpected/unprepared emergency situations, improves 

the preparation of the emergency teams and helps to develop better mitigation plans and be 

more able to have a fast recovery and be more resilient.  

This analytical and graphical industrial risks events study improves the understanding of 

organizational risk. This is done setting out from a prior basic knowledge (Risk Matrix) and 

working with experts. This method helps organizations to deal with the five principles described 

by Weick and Sutcliffe (Weick & Sutcliffe 2001b). As a main result, this work can improve the 

Organizational State of the Art from being a one-dimensional and static risk analysis to one that 

is multidimensional and dynamical, using all kinds of data (qualitative and quantitative), not 

using simplifications and deferring to experts. Being more specific with 5 Weick and Sutcliffe 

HRO principles: 

• Preoccupied with failure: Using a more complete method that is currently used in 

industrial environments to identify potential risk situations, even those with a low 

probability. 

• Reluctant to simplify: The most used methodologies for industrial risks analysis 

frequently analyze risks one at a time, however this one considers the combination of all 

risks. This is a way to avoid simplification. 

• Sensitive to operations: The organization is able to elaborate a complete scenario with 

all the operations and not only with the most important ones. This is a way to help the 

organization to be more concerned and sensitive with all operations.  
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• Commitment to resilience: Being able to detect all kinds of relationships between risk 

events and evaluate the importance of these scenarios and all their elements is a way to 

enhance the level of the organization’s resilience. The organization, for example, may 

use the forecasted scenarios to elaborate more precise security plans and train the 

personal to fight against the risk. 

• Deference to expertise: This method considers all kinds of experts, not only top staff. The 

experts to be asked may be external and internal at all levels in the organization. 

At this point we must refer once again Tixier et al.’s paper. In the conclusions they propose the 

main characteristic of a good risk analysis methodology (Table 19). The method must identify 

four parts in an exhaustive way and together with their interactions. “Then a deterministic and 

probabilistic approach with a hierarchisation phase should be permitted and, finally, the output 

data could be of two different types”. 

 

Parts Output Data 

The source (Industrial establishment) 

The flux (Vector of propagation) 

Targets (Human, environmental and 

equipment) 

Control and management 

 

Qualitative in order to provide recommendations 

Quantitative in order to evaluate the main 

consequences 

Table 19. Parts and Output data (Tixier et al. 2002 conclusions). 

 

Finally Tixier wrote that with these elements the methodology will provide some ways of 

improving and helping in decision making. In this paper we combine the previous knowledge of 

the organization itself (HAZOP and the Risk Consequence Matrix) and CIA-ISM. The result is 

a combination of methodologies that completes all parts: Source, targets and control may be 

explained by HAZOP and the Risk Consequence Matrix and flux by CIA-ISM.  Qualitative 

Output data is provided by HAZOP and Quantitative Output data by CIA-ISM. We thus propose 

a more complete and powerful method to help us in two ways: Risk analysis and decision making.  

By means of an initial validation with an expert panel, we can say that dynamic scenarios 

implementation through CIA-ISM in the operational risk field is at the very least promising. 

The model obtained by using this scenario generation method suggests the adequacy of this 

methodology for risk modeling and resilience analysis in industrial organizations. The expert 
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panel answers show that the scenarios and predictions presented have been well rated, with a 

score higher than 6 on a 7-point Likert scale. 

In the last part of this paper we try to show how the combination of HAZOP and the Risk 

Consequence Matrix and the CIA-ISM method could help us in the Decision Process showing us 

non-obvious results more than if the organization uses only the first method. Our example shows 

how one event could in an indirect way affect others, being more important than we expected in 

the first stage. In this way the forecasting method reveals important information needed to 

make a better decision. 

This research has some limitations. The size of the expert panel is reduced, being the minimum 

required by the literature, and only one round of questions was carried out. A multi-round 

Delphi process would add more valuable information. Notwithstanding, from our perspective 

these limitations do not have a critical impact on the validity of the results due the composition 

of the panel and the coherency of the outcomes obtained through the simulation. We propose, as 

future research lines:  an expansion of the study to other similar companies to validate the model 

in other contexts; characterizing result events according to resilience type; calculating the 

probabilities of the micro-scenarios; practical simulations with a group of experts to validate the 

predictions and to verify that these are interesting for the risk plan development that will 

improve organizational resilience; validating the results of the model predictions using forensic 

analysis or other tools. 

 

2.11. Acknowledgements 

A special mention to Atlantic Copper S.L.U. by the great collaboration in this research. This is 

an extended version of a research project for which preliminary reports appeared in the 

Proceedings of ISCRAM 2015.  

 

 

 

 

 

 

References 



Chapter 2  

 

 

66 
 

Aedo, I., Díaz, P., Bañuls, V. A., Canós, J.-H., & Hiltz, S. R. (2011). Information Technologies for 

Emergency Planning and Training. In M. A. Santos, L. Sousa, & E. Portela (Eds.), 

Proceedings of the 8th International ISCRAM Conference (pp. 1–5). Lisbon: Information 

Systems for Crisis Response and Management, ISCRAM. Retrieved from 

http://idl.iscram.org/show.php?record=256 

Alexander, D. (2000). Scenario methodology for teaching principles of emergency management. 

Disaster Prevention and Management: An International Journal, 9(2), 89–97. 

http://doi.org/10.1108/09653560010326969 

Bañuls, V. A., & Turoff, M. (2011). Scenario construction via Delphi and cross-impact analysis. 

Technological Forecasting and Social Change, 78(9), 1579–1602. 

http://doi.org/10.1016/j.techfore.2011.03.014 

Bañuls, V. A., Turoff, M., & Hiltz, S. R. (2012). Supporting Collaborative Scenario Analysis 

through Cross-Impact. In 9th International Conference on Information Systems for Crisis 

Response and Management. Retrieved from 

http://www.scopus.com/inward/record.url?eid=2-s2.0-84905573284&partnerID=tZOtx3y1 

Bañuls, V. A., Turoff, M., & Hiltz, S. R. (2013). Collaborative scenario modeling in emergency 

management through cross-impact. Technological Forecasting and Social Change, 80(9), 

1756–1774. http://doi.org/10.1016/j.techfore.2012.11.007 

Bañuls, V. A., Turoff, M., & Lopez, J. (2010). Clustering Scenarios using Cross-Impact Analysis. 

In Proceedings of the 7th International ISCRAM Conference. 

http://doi.org/10.13140/2.1.2737.5049 

Barbat, A. H., Moya, F. Y., & Canas, J. A. (1996). Damage scenarios simulation for seismic risk 

assessment in urban zones. Earthquake Spectra, 12(3), 371–394. 

http://doi.org/10.1193/1.1585889 

Comes, T., Hiete, M., Wijngaards, N., & Schultmann, F. (2011). Decision maps: A framework for 

multi-criteria decision support under severe uncertainty. Decision Support Systems, 52(1), 

108–118. http://doi.org/10.1016/j.dss.2011.05.008 

Dalkey, N. C. (1971). An elementary cross-impact model. Technological Forecasting and Social 

Change, 3(C), 341–351. http://doi.org/10.1016/S0040-1625(71)80022-7 

Dörner, D., Nixon, P., & Rosen, D. (1990). The Logic of Failure. Philosophical Transactions of 

the Royal Society of London. Series B, Biological Sciences. 

http://doi.org/10.1098/rstb.1990.0089 

Ericksen, N. J. (1975). Scenario methodology in natural hazards research (Monograph). 



  A cross-impact approach for risk analysis in high uncertainty environments 

 

 

67 
 

Springfield, Colorado: University of Colorado, Institute of Behavioral Science. Retrieved 

from http://www.gpo.gov/fdsys/pkg/CZIC-gb5005-e74-1975/html/CZIC-gb5005-e74-

1975.htm 

Fedotov, S. A., Chernysheva, G. V., & Shumilina, L. S. (1993). A probable development “scenario” 

for sequence of strong M6 foreshocks and aftershocks of earthquakes with M8 in the zone of 

the Pacific Ocean. Journal of Earthquake Prediction Research, 2(4), 585–592. 

Kappos, A. J., Stylianidis, K. C., & Pitilakis, K. (1998). Development of seismic risk scenarios 

based on a hybrid method of vulnerability assessment. Natural Hazards, 17(2), 177–192. 

http://doi.org/10.1023/A:1008083021022 

La Porte, T. R. (1996). High reliability organizations: Unlikely, demanding and at risk. Journal 

of Contingencies and Crisis Management, 4(2), 60–71. http://doi.org/10.1111/j.1468-

5973.1996.tb00078.x 

Labaka, L., Hernantes, J., Laugé, A., & Sarriegi, J. M. (2012). Resilience: Approach, definition 

and building policies. In Communications in Computer and Information Science (Vol. 318 

CCIS, pp. 509–512). http://doi.org/10.1007/978-3-642-33161-9_74 

Labaka, L., Hernantes, J., Laugé, A., & Sarriegi, J. M. (2013). Enhancing resilience: 

implementing resilience building policies against major industrial accidents. International 

Journal of Critical Infrastructures, 9(1/2), 130. http://doi.org/10.1504/IJCIS.2013.051607 

Labaka Zubieta, L. (2013). Resilience Framework for Critical Infrastructures. TECNUN 

(Universidad de Navarra). 

Lage, B. B., Bañuls, V. A., & Borges, M. R. S. (2013). Supporting course of actions development 

in emergency preparedness through cross-impact analysis. In ISCRAM 2013 Conference 

Proceedings - 10th International Conference on Information Systems for Crisis Response 

and Management (pp. 714–723). Retrieved from 

http://www.scopus.com/inward/record.url?eid=2-s2.0-84905670747&partnerID=tZOtx3y1 

Mileti, D., & Henry,  a J. (1999). Disasters by Design: A Reassessment of Natural Hazards in the 

United States. Natural Hazards, 1–372. http://doi.org/ISBN: 0-309-51849-0 

Montibeller, G., Gummer, H., & Tumidei, D. (2006). Combining scenario planning and multi-

criteria decision analysis in practice. Journal of Multi-Criteria Decision Analysis, 14(1–3), 

5–20. http://doi.org/10.1002/mcda.403 

Nguyen, M.-T., & Dunn, M. (2009). Some methods for scenario analysis in defence strategic 

planning. (Canberra, Ed.) (DSTO-TR-22). Canberra: Joint Operations Division DSTO 

Defence Science and Technology Organisation Fairbairn Business Park, Department. 



Chapter 2  

 

 

68 
 

Retrieved from http://pandora.nla.gov.au/pan/24592/20090430-0910/DSTO-TR-2242 

PR.pdf 

Oliver-Smith, A. (2002). Theorizing Disasters - Nature, Power, and Culture. In Catastrophe & 

culture: The anthropology of disaster (pp. 23–47). 

Papazoglou, I. A., Bellamy, L. J., Hale, A. R., Aneziris, O. N., Ale, B. J. M., Post, J. G., & Oh, J. 

I. H. (2003). I-Risk: Development of an integrated technical and management risk 

methodology for chemical installations. Journal of Loss Prevention in the Process 

Industries, 16(6), 575–591. http://doi.org/10.1016/j.jlp.2003.08.008 

Perrow, C. (1985). Normal Accidents: Living with High Risk Technologies. Academy of 

Management Review. http://doi.org/10.5465/AMR.1985.4278477 

Petroski, H. (1996). Case Histories of Error and Judgment in Engineering. Bulletin of Science, 

Technology & Society, 16(3), 145–146. 

http://doi.org/https://doi.org/10.1177/027046769601600311 

Ringland, G. (1998). Scenario Planning: managing for the future. John Wiley & Sons. 

Roberts, K. H. (1990). Some Characteristics of One Type of High Reliability Organization. 

Organization Science, 1(2), 160–176. http://doi.org/10.1287/orsc.1.2.160 

Tixier, J., Dusserre, G., Salvi, O., & Gaston, D. (2002). Review of 62 risk analysis methodologies 

of industrial plants. Journal of Loss Prevention in the Process Industries, 15(4), 291–303. 

http://doi.org/10.1016/S0950-4230(02)00008-6 

Turoff, M. (1971). An alternative approach to cross impact analysis. Technological Forecasting 

and Social Change, 3(C), 309–339. http://doi.org/10.1016/S0040-1625(71)80021-5 

Turoff, M., Bañuls, V. A., Plotnick, L., Hiltz, S. R., & Ramirez De La Huerga, M. (2015). 

Collaborative evolution of a dynamic scenario model for the interaction of critical 

infrastructures. In ISCRAM 2015 Conference Proceedings - 12th International Conference 

on Information Systems for Crisis Response and Management (Vol. 2015–Janua). 

Turoff, M., Hiltz, S. R., Bañuls, V. A., & Plotnick, L. (2013). A Cross Impact Scenario Model of 

Organizational Behavior in Emergencies. In Proceedings of the 10th International 

ISCRAM Conference (pp. 703–713). 

Turoff, M., Hiltz, S. R., Bañuls, V. A., & Van Den Eede, G. (2013). Multiple perspectives on 

planning for emergencies: An introduction to the special issue on planning and foresight for 

emergency preparedness and management. Technological Forecasting and Social Change, 

80(9), 1647–1656. http://doi.org/10.1016/j.techfore.2013.07.014 



  A cross-impact approach for risk analysis in high uncertainty environments 

 

 

69 
 

UNDHA. (1993). Strategic Aspects of Geological and Seismic Disaster Management and Disaster 

Scenario Planning. New York. 

Van den Eeden, G. G. P. (2009). Two Cases in High Reliability Organizing: A Hermeneutic 

Reconceptualization. CentER, Center for Economic Research. Tilburg University. 

Vogus, T. J., & Sutcliffe, K. M. (2007). Organizational resilience : Towards a theory and research 

agenda Organizational Resilience : Towards a Theory and Research Agenda. IEEE 

International Conference on Systems, Man and Cybernetics, 3418–3422. 

http://doi.org/10.1109/ICSMC.2007.4414160 

Warfield, J. N. (1976). Societal Systems: Planning, Policy and Complexity. (Wiley, Ed.) 

(Illustrate). New York: John Wiley & Sons. 

Weick, K. E., & Sutcliffe, K. M. (2001a). Managing the unexpected: Assuring high performance 

in an age of complexity. University of Michigan Business School Management Series. 

http://doi.org/10.1108/ws.2002.07951dae.003 

Weick, K. E., & Sutcliffe, K. M. (2001b). Managing the Unexpected: Resilient Performance in an 

Age of Uncertainty. (Wiley, Ed.) (illustrate). Wiley. 

 

 

 

  



Chapter 2  

 

 

70 
 

 

  



  A cross-impact approach for risk analysis in high uncertainty environments 

 

 

71 
 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3: Extending Balanced Scorecard with CIA-

ISM 

 

  



Chapter 3   

 

 

72 
 

Abstract 

The present paper builds on an Action Research that combines Balance Scorecard (BSC) with 

the scenarios simulation method (CIA-ISM) in actual context. The research is carried out with 

direct engagement and involvement of the organization’s management team, and its main 

purpose is to of find an explanation of all interdependencies related to the targets and objectives 

of BSC from organizations.  Even if this is the main purpose of the research, we can assume two 

different sub-targets resulting from it and the increase of knowledge that entails. First goal aims 

to ensure that BSC&CIA-ISM is useful in decision-making, and the second goal intends to show 

that improving knowledge of the objectives decrease the uncertainty amongst them and thus, 

reduce its risk level.  

Since its birth in 1992 by Robert Kaplan and David Norton (Norton & Kaplan 1992), Balanced 

Scorecard (BSC) has been a widely accepted and used tool in business environments in order to 

support assistance to management, and the achievement of the targets, by using information 

that goes further than a purely financial vision. Moreover, the combination of Cross-Impact 

Analysis and Interpretative Structure Modeling (CIA-ISM) (Turoff, 1971; Warfield, 1976), has 

been successfully used to generate and to provide an accounting with regard to dynamic 

scenarios in high uncertainty contexts, such as emergency scenarios, risk analysis and 

assessment of business projects. BSC&CIA-ISM combination enables us to understand and 

model the existing interdependencies between the different variables that make up BSC inside 

the organization, and indeed to simulate the effects of partial or complete achievement of one or 

various variables in a dynamic way, which may also involve an improvement of the tools 

currently used by organizations for decision-making. Furthermore, it comprises an improvement 

added and the implementation of temporal biases, which provides more information to the 

organization.  In summary, the main contributions of this paper are providing an improvement 

of the BSC traditional usage by combining it with the scenario-based methodology of CIA-ISM. 

Thus, explaining the Principle of Causality between the objectives on BSC, but it also includes 

the improvement of decision-making, by providing a combination of different methodologies, 

that allows to understand and model BSC (Montibeller et al. 2006; Comes et al. 2011). In 

addition, it will also help organizations to reduce the risk situations related to strategic 

decisions, by using CIA-ISM to simulate different adverse situations, or the relationships 

between the changes and target achievements, that allow also the training of the management 

teams (Ramirez De La Huerga et al. 2015). In conclusion, the combination BSC&CIA-ISM 

enables us to know the internal performance of the organization and the interdependencies 

between its objectives. Graphic representations (ISM) and simulations (CIA) have been 

contrasted with the same direction and thus, allowing to conclude that this BSC extent provides 

more and better information than the traditional method. All things considered, it supports and 
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improves decision-making progress by minimizing the level of uncertainty and hence the risk 

level too.  
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3.1. Introduction 

Balance Scorecard (BSC) is defined by Norton and Kaplan (1992) as an 

Administration/Management System, which goes further than the purely financial vision that 

was traditionally used to assess the organizational performance, and serves as core indicator for 

decision-making. It is based on four fundamental pillars or main target groups with the 

corresponding indicator, that allows the organizational leadership to stablish, identify and 

coordinate different strategies and endeavors, by measuring systematically the accomplishment 

of objectives and targets through the use of indicators. In summary, it is an administrative 

management tool that belongs to the information systems of a company, and it is used by 

management teams to assess the situation of the organization, regarding to the accomplishment 

of objectives and targets in order to make decisions and propose multiple strategies. 

Additionally, the tool enables us to detect any deviations regarding to the targets set. For that 

reason, it is to some extent, one of the tools used by leadership in order to minimize risk 

situations (understanding risk, as defined in the ISO31000:2009, ‘’the effect of uncertainty on 

objectives’’) (ISO 2009b). Therefore, greater knowledge of the organization and highest efficiency 

of BSC tool will improve risk prevention, since the tool minimize the effects of uncertainty on 

these matters. It must be emphasized that one of the main criticisms to BSC, as detailed below, 

is the lack of detailed and reasoned information on causality, and the interrelationships between 

objectives. In fact, it is on this point where the integration of a methodology based on scenarios 

may provide and improve the current state of the art.  

 

On the other hand, the implementation of scenarios in risk management is a methodology widely 

used (Table 1). In particular, CIA-ISM methodology (Bañuls & Turoff 2011) allows the score of 

direct and indirect relations among a large number of elements, which are categorized and allow 

the performance of simulations. The results of calculations are presented using numerical data 

and graphs, which allows stakeholders to understand intuitively the outcomes achieved.   

 

The extent or combination of BSC with CIAS-ISM will enable the recreation of the organization, 

objectives through the use of its Key Performance Indicators (KPI) on the basis of the knowledge 

of the leadership and other experts. First outcomes will show the interdependencies of the 

Objectives, which will be classified in four different groups as the theory suggests. BSC&CIAS-

ISM will also enable to meet and assess which interdependencies are more influential or 

vulnerable. Finally, it will enable the organization to perform simulations in order to train work 

teams, or to forecast the possible outcomes beforehand. In any event, the knowledge of the 

organizations will be improved, as well as the interdependencies between the targets, and the 
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generation of scenarios minimize the uncertainty. Thus, it is possible to combat the adverse 

effects of risks concerning the objectives. 

All things considered, this article proposes the application of methodologies in order to improve 

BSC and understand better the internal relations of BSC itself (Causality), the organization and 

its internal processes, which would help when minimizing risks and in particular, by improving 

the ability of decision support systems (DSS).  

his study was carried out as a fieldwork, where data and information was directly obtained from 

a Spanish consulting firm, whose management team lent its full cooperation to researchers. The 

firm under consideration belongs to the professional services sector and is specialized in 

strategic consulting, and the development of business models. It can be placed into the group of 

medium-sized consulting firms and operates on the market for 20 years now. This company has 

a large clients range and has been included among the IBEX 36 main firms.  

For this reason, the study is a fieldwork which has been directly implemented and contrasted in 

actual context. This constitutes a direct advantage when contrasting data and the results 

directly obtained from the organization, since validation of the results of simulations is carried 

out through forensic analysis. This way, through comparative analysis of the outcomes obtained 

from simulation, and the actual outcomes where agents are involved, it is possible to adjust the 

theoretical model if required. Otherwise, it is possible to provide an explanation of the 

deviations, in cases where the difference between the predictor and reality is caused by a single 

and isolated event, which has a logical explanation.  

First section of this paper introduces the main theoretical and methodological concepts that give 

rise to research, as the methodological contribution of Temporal Matrix is also included. The 

following section integrates the study where the process followed in order to carry it out is 

described, as well as the first results (numerical results, graphs and simulations). Then other 

section describes the validation process that has been carried out from the outcomes and 

includes a subsection that shows the discussion with the organization. Beyond that it also 

integrates the results of a survey among the employees of the firm. Finally, conclusions and 

biography are presented.   

That said, it is possible to start framing the study by presenting the theoretical and 

methodological background.  

 

3.2. BSC and Causality 

In contrast to other traditional scorecards, BSC provides a globalizing vision of the organization, 

due to ‘’its capability to summarize variables and apparently disparate activities in a single 
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management report, but nevertheless are essential for success and competitiveness of the 

organization’’ (Carenys & Falguera 1997). 

The final purpose is to summarize key information intended for management team within the 

scope of their responsibility, as well as to report the results of management so that it supports 

decision-making, in cases where it may occur deviations compared to the stated objectives. 

Therefore, it represents an improvement on ‘’traditional systems for management measures, 

which certainly have bias control due to its origin in the finance function. That is to say, 

traditional systems for measure of performance specify which actions are expected that 

employees perform, and then these systems check if the actions have been executed.’’ (Norton & 

Kaplan 1992). 

BSC puts emphasis on the financial and non-financial indicators, which must form part of the 

information system and be available for all employees in organization (Kaplan & Norton 1997). 

Nevertheless, it goes further than the calculation made by a battery of indicators that inform on 

most relevant aspects of the organization. Information that BSC must present needs to be useful 

specially for management, hence on its design will have to prevail considerations such as:  

a. Guidance towards decision-making, by promoting an active attitude to foresee events, 

on the contrary to a merely reactive attitude to cope with budgetary deviations.  

b. Inclusion of the needed information, and only the information needed, avoiding the 

useless information overload for BSC users.  

c. Adaptation of the information needs of users (Carenys & Falguera 1997). 

To achieve this, formulation process and review of the strategy must be closely related to the 

design and monitoring process of BSC. Mission and action plans in order to achieve goals, both 

in the short and long term, must be defined during the formulation of the strategy. It is 

necessary to identify key factors for success during the process, with the participation of the 

executives implied. These are the factors that the organization is able to control and those which 

must excel in order to achieve the objectives stated. At this stage, it is required that managers 

understand clearly the organizational structure and organization graph (Amat 1996). Indicators 

(monetary and non-monetary), that may report the development of key factors, are defined 

below. These indicators constitute BSC and are analyzed under four different perspectives.  

These four perspectives must integrate outcome measures, as well as inductors, and it 

constitutes the following perspectives: Financial, Customers, Internal Processes and, 

Organizational capacity or Learning and Growth (‘’Strategic capabilities’’ in this study). If we 

contemplate the configuration of the four perspectives, it is possible to acknowledge that the 

relationship between financial and non-financial measures proves a cause-and-effect 

relationship, but also that non-financial measures have an impact on financial measures 
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through a number of stages. For instance, the staff and appropriate technology that strategically 

engage in key activities, make customers feel satisfied and attract new businesses. (Olve et al. 

1999).  

 

 

Figure 11. BSC Perspectives (Kaplan & Norton, 1992). 

 

Francis D. Tuggle introduced a new concept into BSC, known as strategy maps (Tuggle, 2004). 

Strategy map was formulated as a causal relationships diagram between the strategy objectives, 

which are distributed over the four BSC perspectives in a balanced manner.  

Strategy maps become a key tool for describing and reporting the strategy to the whole 

organization, and it also enables all members to understand the strategy and how it brings value 

to the organization.  

BSC is nowadays only a part of a powerful management system, which is used for developing 

and aligning the internal and external strategy of the organization (Kaplan & Norton, 1996a). 

There is a set of characteristics in the process of designing BSC that must be taken into 

consideration. The following are among the most significant:  

- Taking a broad strategic perspective balance their short-term goals, monetary and non-

monetary indicators, as well as planned and historical data. This combination ensures 

that management control takes on a strategic dimension. (Smith 1990). 

-BSC has to turn the mission and strategy of the business unit into tangible goals and 

targets (Kaplan & Norton 1997). 

-Indicators construction process involves the participation of executives based on the 

organization’s strategy. Therefore, the formulation process of BSC is essentially 

participatory (AECA, 1998). 

-BSC should be simple, clear and designed bearing in mind the user. The number of 

indicators must be limited, and it must include only the ones considered to be most 

relevant. This constrain is intended to avoid excess data, which may hinder and make 

expensive its use (Carenys & Falguera 1997). Kaplan and Norton, 1998, assert that 
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organization can formulate and communicate its strategies using an integrated system 

of approximately two dozen indicators.  

Indicators are generally divided following the four key perspectives of the organization: 

perspective of economic and financial results, customers, internal processes and employees 

(Norton & Kaplan 1992). 

It is required to identify not only key success factors and the corresponding indicators for each 

perspective, but also cause-effect relationships between different indicators, which give answer 

to how to achieve better results. Thus, it is not about locating indicators in any way, but rather 

is intended to remain interlinked. This means information about what is happening is not only 

obtained, but also information that explains the reason why it happens (AECA 1997). 

The most common criticism of BSC refers to causality among the perspectives. The argument 

set out by (Norton & Kaplan 1992; Kaplan & Norton 1996a; Tuggle 2004; Kaplan & Norton 

2006), states that training programs to improve employee skills (Strategic Capability 

Perspective) get better the customer service (internal processes perspective), which enhance 

customer satisfaction and loyalty (customers perspective), and this last will raise all income and 

benefits (financial perspective). However, according to Norreklit (Norreklit 2000), Kaplan and 

Norton did not provide any argument to underpin this causality assertion. Even if Kaplan and 

Norton continue to uphold the causality relationship, they sometimes do not give a proper 

response to the criticism related to their empirical studies, which prove causality among the 

perspectives.  

Many studies have linked various perspectives to financial performance, for instance to 

processes (Ittner & Larcker 1997), or to customers satisfaction with an increase in profitability 

(Ittner & Larcker 1998; Rucci et al. 1998). Nevertheless, any of the studies have linked the four 

perspectives together. Malina proved the relationship of causality and found only a partial 

subject to support BSC assertion (Malina 2001).  

BSC provides to management team a method to implement the four processes that strategy 

management involves, individually or jointly, which may have an impact on the relationship 

between short-term actions and long-term goals. (Kaplan & Norton 1996b). 

Bearing in mind the criticism about the lack of explanations in causality relationships of BSC, 

this research intends to elucidate on this shortcoming, by implementing scenarios methodology, 

particularly CIAS-ISM (Bañuls et al. 2016; Bañuls et al. 2013; Ramirez de La Huerga et al. 

2015). Since it has been proved in other researches, CIAS-ISM helps to overcome the problem of 

the complexity in high uncertainty contexts, where in addition there is not enough information 

available to allow the use of other statistical methodologies.    
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3.3. CIA-ISM and Temporality 

3.3.1. Cross-Impact Analysis (CIA) 

CIA is a methodology used to support the determination of the interdependencies between 

elements, and how the interdependencies between different events (elements) may have an 

impact on other events, by decreasing the level of uncertainty in the future. Due to its capability 

to analyze complex contexts with a high degree of interactions, CIA is one of the most common 

techniques used for generating and analyzing scenarios, as it is historically (Turoff, 1971), and 

currently referred (Bañuls & Turoff 2011). 

Analytic approach proposed by (Turoff, 1971) was specifically developed to restructure 

appropriately formalities of cross-impact at an interactive computer terminal.  This requires 

users to modify and repeat its estimations, until they consider their deduced conclusion as 

consistent with their viewpoints. Additionally, this method is based on the idea that any event 

may be unique, in the sense that it only may occur just once (i.e. development of a particular 

finding or outbreak of a specific war).  

According to Turoff, 1971, CIA may be used in events that, generally, do not have an historical 

significance of occurrence that may allow the probability of occurrence to be interfered. In this 

case, Cross-Impact Analysis problem consist in deducing the causal relationships between 

different viewpoints. This is performed on the basis of distortion of the initial vision of a 

participant, relating individually to each event and with knowledge concerning to the problem. 

In other words, the estimations of a subject actually estimate causality. Estimations of 

correlation coefficients (Cij) can be calculated using a modification of the distribution function of 

Fermi-Dirac (Equation 1). 

 

𝑃𝑖 = 1 [1 + 𝑒𝑥𝑝 (−𝐺𝑖 −∑ 𝐶𝑖𝑘𝑃𝑘
𝑖≠𝑘

)]⁄  

Equation 1. Probability Distribution Function. 

Where:  

- Pi represents the probability of occurrence of the i-th event. 

- The coefficient Cik represents the impact of i-th event on the k-th event. 

- Gi (gamma factor) is the effect of those events that have not been specified in the 

model.  

- Cik positive means that k increases if i occurs, and negative increases the occurrence.  
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In other words, CIA methodology infers the probability of occurrence of any specific event, due 

to the occurrence of other one besides the correlation between all of them, and assuming that 

any of them have an historic base data to allow traditional inference. Events are also classified 

as triggers (those who are first to occur and cannot been directly ‘’manipulated’’), dynamics 

(those between triggers and the results, which are subjected to slightly change and model), and 

ultimately Result (those who are the final result of the model and do not have an influence over 

other elements further than those that belong to its same group.  

In light of factors of influence as lineal, we can show the estimators of the relative relationships 

of any event, and those that have an influence on them by drawing relationships on a linear 

scale. We can then use a different modeling approach, as ISM, in order to analyze the complexity 

of the resulting weighted influence graph (Warfield 1976). This extension would allow people to 

receive a graphical view of their value judgements and also enhance its capacity to make 

improvements.  

 

3.3.2. Interpretative Structural Modeling (ISM) 

Interpretative Structural Modeling, developed by Warfield in 1976, is a method that perfectly 

suits with the CIA approximation used by Turoff and Bañuls. ISM has been used to represent 

easily the interdependencies related to the elements of a CIA matrix. In this way, it is possible 

to see the direct, indirect and cascade relationships stablished by the matrix-generated model.  

The ISM is constituted by a determined number of elements (n) that forms the set S: 

S=(s1, s2,…, sn) 

Equation 7. ISM Set of Elements. 

Relationships between the elements of the set can be represented through a matrix (nxn). Using 

a relatively easy mathematical calculation with ISM matrixes allows to calculate the 

Reachability Matrix (M), square, reflection, transitive and binary matrix that shows the 

relationships between the elements of the set S. For instance, if the element M(si,sj)=1 shows 

the relationships between the element si and the element sj, or if in the opposite case M(si,sj)=0 

shows no sign of relationship. Each element of the set S may be considered as a node, and find 

a solution through graph theory.  

For the last few years, a perturbation has been implemented to the theory in order to make it 

compatible with CIA (Turoff, Hiltz, Bañuls & Van Den Eede 2013). This perturbation is based 

on turning the greater absolute values of impacts into 1 and leaving the rest as 0, in such a way 
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as to examine Cij matrix converted into a matrix easy to access. This allows to state various 

levels of sensibility in order to monitor the evolution of the interdependencies between the 

different elements.  

This system allows also to create digraphs that enable us to monitor the interdependencies 

between the different elements of the set S, as well as to classify their significance with an 

overall view of determined graph, by offering a simple and tidy approach of the 

interdependencies.  

 

3.3.3. Introduction to the Temporal Bias  

 One of the main contributions of this article concerning to CIA method, used in order analyze 

the BSC, is the inclusion of a second matrix that can bias the temporary influence of all events, 

discretely (uninterrupted), as well as the influence in sequential mode which is the most common 

used. Even if there are already certain contributions as the KSIM methodology (Kane 1972; 

Lipinski & Tydeman 1979), CIA develops models of ongoing impacts which are generated with 

the aid of Monte Carlo simulations. KSIM constitutes an important develop regarding to the 

temporality of impacts, but it is not adjustable to the functioning of the planned working model. 

Thus, we have chosen to develop this model on the basis of a temporal matrix. 

The traditional methodology of CIA shows a scenario where all trigger events have an influence 

over the dynamics and outcomes. First, the event is presented, and then correlation of 

downstream impacts begins, which may act upon one or various dynamic events and/or results. 

However, it does not allow to select at what point these impacts occur. 

In this case, temporal matrix is included and divided in different periods of time which range 

from Short to Long term (1=Short; 2=Medium-Short; 3=Medium-Long; 4=Long). This matrix 

identifies at what point a particular event can have an impact on other. Temporal matrix T, 

which is composed by Tij elements, has the same dimension as matrix Cij. In this matrix, each 

element Tij states at what point event i affects event j.  

As stated above, this allows analytically to see the sequence of impacts given the kind of event 

(TriggersDynamicsOutcomes), as well as to temporarily sequence those impacts for each of 

the periods of time (Short, Medium-Short, Medium-Long and Long term).  

 

This provides improved information to decision-making agents of the organization, since it 

allows to look at the moment where a modification on dynamic objectives will have a greater 

and better effect. This modification would greatly improve the knowledge of the functioning and 

the interdependency between the objectives, as well as decision-making by agents.  
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To understand more easily the difference by introducing a model of 5 elements (1 trigger, 2 

dynamics, 2 outcomes) 

A: Trigger 

B y C: Dynamics 

D y E:  Outcomes 

In addition, it is supposed that the natural sequence of occurrence is the following: trigger events 

have an effect on dynamics, dynamics on itself and on outcomes, and the outcomes on itself.  

AB CDE 

On the other hand, we know that temporal matrix of events is the following (1= Short Term and 

2= Long Term).  

Cij A B C D E 

A -     

B 1 - 2   

C 2 2 -   

D   2 - 2 

E  1 2 2 - 

Table 20. Example of Temporal Matrix. 

 

This being said, broadly speaking we know that in Short Term (S/T) (1) the sequence of events 

is: 

ABE 

(with the impact that shows matrix Cij) 

 

In Long term (2) the sequence of events is not complete:  

ABCDE 

After raising the theoretical foundations of the research, we should describe which are its 

specific elements as well as the hypotheses set. The following step will involve the description 

of the chosen research methodology for this project.  
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3.4. Objectives and Methodology Research 

As stated above, the following section includes the main objectives and hypotheses proposed by 

researchers, as well as the research methodology followed. This research is based on an Action 

Research process, where we have actively cooperated with an actual firm and its steering 

committee, by studying the implementation and outcomes in an actual environment.  

 

3.4.1. Objectives and Hypotheses  

This project comprises different objectives which are divided into primary and secondary ones 

(Table 21). Despite all several attempts, the first one tries to give a response to one of the biggest 

criticism that BSC receives, which is the lack of explanation between the Causality and Goals. 

Thus, the main goal consists in demonstrating that CIA-ISM provides an explanation for the 

Causality Principle of BSC.  

Stating an explanation regarding the causality principle of BSC, improves the knowledge of the 

organization and its functioning, reason why it has theoretical and practical implications. On 

the one hand, it is possible to make simulations and trainings to improve decision-making about 

objectives, along with the opportunities that CIA-ISM methodology offers. On the other hand, 

knowing deeply the functioning and interrelation between goals reduce the effects of uncertainty 

under these goals. This means to reduce risk level, following the definition offered by ISO 

31000:2009 (ISO 2009b). 

 

Objectives Description  

Primary Objective: Showing that BSC&CIA-ISM allows to give a response to 

Causality Principle of BSC.  

Secondary Objective A: Showing that BSC&CIA-ISM helps to improve Decision-

Making. 

 

Secondary Objective B: Showing that BSC&CIA-ISM reduces the risk level by 

decreasing uncertainty. 

Table 21. Primary and Secondary Objectives. 

 

In order to give an answer to those goals, research is based on 3 main hypotheses, that are 

subdivided into different secondary hypotheses, as it is indicated in Table 22. 
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Hypotheses Description 

H1 The use of BSC&CIA-ISM enables to give a response to Causality 

Principle of BSC, by allowing us to know the interrelation between goals.  

h1.1 The use of impact matrixes improves the insight of the organization as 

well as the interrelationship between goals.  

h1.2 The use of such graphs improves the insight of the organization as well 

as the interrelationship between objectives.  

h1.3 Matrixes, Graphs and Simulations improve the insight of the 

organization and the interrelationship between objectives.  

H2 The integration of CIA-ISM and BSC supports decision-making  

h2.1 The use of simulations and temporal matrixes supports decision-making 

h2.2 The use of CIA-ISM and Based Scored Card supports decision-making  

H3 The information provided by CIA-ISM and BSC helps to understand and 

explain the interrelations between goals and the firm  

Table 22. Primary and Secondary Hypotheses. 

 

H1 raises directly that BSC&CIA-ISM give a response to Causality Principle of BSC. This 

primary hypothesis is subdivided into three secondary hypotheses that will contradict straight 

questions to the experts involved.  

Similarly, H2 intends to determine if this methodological integration improves or supports 

decision-making process. It is as well divided into different secondary hypotheses that will be 

contradicted through straight questions to the experts involved.  

Together with the previous hypotheses, H3 intends to determine if BSC&CIA-ISM contributes 

to know and understand the organization, as well as the interrelationships between objectives. 

The reason is that if the knowledge of these elements and its functioning is improved, the 

uncertainty level is reduced, hence the risk level on objectives.  

 

3.4.2. Action Research Methodology 

On the basis of previous studies, we can find many references referring to Action Research (AR). 

In order to provide an introduction referring to research methodology, we follow the work of 

David Tripp (Tripp 2005), where the author provides a solid and well-built introduction to this 

methodology.  

According to what Tripp outlines, the implementation of this methodology is given by (Lewin 

1946), although there are certain previous references from its startup in 1993 (Altrichter et al. 
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2005). AR constitutes a generic term for any research that follows a cycle with the following 

stages: Plan, Act, Describe and Assess, as it is explained in the following graph:  

 

 

Figure 12. Cycle of Action Research. 

 

There are different extensions, improvements and developments emerged from the underlying 

methodology developed by Lewin, which can be seen on the work of Tripp above mentioned. In 

any case, action research process is a practical process which is closely related to the actual 

implementation of research, in an environment that requires the involvement of stakeholders 

with a wide range of skills on the issue or other case study. According to the statement of Brown 

and Dowling: ‘’Action research is a term used in projects where experts that pretend to make 

the necessary changes on its own practices…’’ (Brown & Dowling 1998).  

It is important to keep in mind that, AR is a scientific research methodology and is midway 

towards traditional scientific research and widespread practice in organizations. AR follows the 

same principles and criteria of other types of academic research, as peer reviews, significance, 

authenticity, soundness, etc. (Tripp 2005). There are other features of the three routines 

compared in a summarized table (Table 23), that has been compiled by the author, and helps at 

understanding that AR bring together both perspectives (practical and scientific) in a research 

methodology.  
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# Practical routine AR Scientific Research 

1 Common Innovative Original resources 

2 Continuous Continual Sometime 

3 Response led by a need  Proactive led strategically Led by methodology 

4 Individual Participatory  Collaborative / Collegial 

5 Naturalist Interventionist Exploratory  

6 Non-inspected Problematized Commissioned 

7 On the basis of the 

experience 

Deliberate Argued 

8 Non-articulated Documented Peer review 

9 Pragmatic Understood Explained / Theorized 

10 Context-specific   Widespread 

    

11 Private Disseminated  Published  

Table 23. Eleven features of AR. (Source: Tripp, 2005). 

 

AR’s main goal consist in making practical changes in the application scope, which is an 

organization in this case. The following section provides the core of the conducted research, 

where AR methodology is applied in an actual context with the support of the leadership in an 

attempt to contrast the previous set out hypotheses.  

 

3.5. Action Research 

AR process followed by researchers is described in this section. The survey was conducted in a 

real organization, whose management team was involved in the development of the present 

work, by providing information and collaborating with researchers. Additionally, the company 

had to use actively BSC as an essential requirement.  

Although the following sections cover the steps followed, it is necessary to make clear that the 

research has been conducted using the own BSC of the organization. Strategic objectives have 

been taken as elements of the model. Thus, an interactive process has been taken, in order to 

provide information about the interrelationships between them using Cross-Impact Analysis. 

This method allows to conduct Graphical Analysis of the interrelationships of those objectives. 

Finally, several simulations were run to monitor the degree of misalignment of the model, as 

well as to compare the estimated and real results as a validation method.  

The following graph shows the way we integrate AR methodology to our research:  
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Figure 13. Stages of Research. 

 

3.5.1. Planning: Description and Definition of the Scenario  

To carry out the survey, we have chosen a Spanish consulting organization whose management 

team has cooperated directly with the researchers. This firm develops its activity in the 

professional services sector that are specialized in strategic consulting and the development of 

business models. It can be also included within the medium-size consulting firms and operates 

in the market for over 20 years. This consulting organization counts on a wide portfolio of 

customers, including the main IBEX 35 firms.   

 

3.5.1.1. Definition of the Events Set 

Description of indicators and KPI: 

The events selected to elaborate this working model are based on Strategic Objectives of BSC 

which were defined by the organization analyzed. According to the generally accepted 

framework for BSC, there are 4 distinct sections (Figure 4) articulated through several Key 

Performance Indicators (KPI), as will be explained later. 
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Figure 14. Impact Relationships Between Objectives. 

 

Objectives defined are illustrated in detail in the following table (Table ), where the first column 

includes the objective reference by indicating to which group it belongs through a letter (F: 

Financial; C: Customers, I: Internal Processes; P:  Strategic Capabilities), and a number that 

indicates the order they follow for the purpose of differentiate them.  

 

ID Objectives 

F1 Achieving long-term sustainable growth of the organization. 

F2 Increasing the average levels of productivity levels of staff. 

F3 Achieving the development of larger scale projects. 

F4 Holding a relevant place among our strategic customers. 

F5 Enhancing positioning and turnover in the segments defined as strategic. 

C1 Standing out in the market as the most reliable option with the aim at helping in 

processes of change and transformation. 

C2 Standing out in the market as innovative experts. 

C3 Ensuring our customers display/making the results of the project tangible. 

C4 Transferring to market a trademark image that reflects the firm’s values. 

I1 Formulating proposals in order to turn the needs of customers into business 

transformation solutions that generate a differential value. 

I2 Promoting projects management on the basis of the methodology and criteria from 

Project Management Institute. 

I3 Ensuring that all projects comply with the standards of technical quality of such 

services for customers, as well as the standards of economic efficiency for the firm. 

Table 24. Table of BSC Objectives and Outlines. 
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ID Objectives 

I4 Researching and developing models for managing innovative changes and 

transformation, so that our company is perceived on the market as real experts and 

thus, taking this fact as a competitive advantage. 

I5 Launching technology solutions that support the implementation of transformation 

projects, by making the process of change easier in stakeholders, apart from providing 

a display and outcomes management. 

I6* Ensuring levels of excellence on each point of customer contact. 

I7 Being actively involved in main business forums. 

I8 Broadcasting this ‘’new core’’ through all notifications and distinctive elements of The 

Firm. Apart from the channels of communication, services portfolio and reasoning of 

all firm’s professionals. 

I9 Strengthening relationships with key customers in order to deepen their knowledge, 

level of confidence and generate emotional and removal costs. 

I10 Having and managing complementary partners portfolio and committing themselves 

to provide strategic value to the organization. 

I11 Orientating commercial effort towards segments, customers and strategic service 

portfolio. 

P1 Adapting human capital structure to critical competencies. 

P2* Adapting permanently new solutions and own ways of carrying out issues, with the 

purpose of fitting the markets’ new needs. 

P3* Developing a uniform management model on the basis of growth of its team of 

professionals through focus on values and performance. 

P4 Having behaviors associated to company’s values by all members of the company. 

Table 24. Table of BSC Objectives and Outlines (cont.). 

 

The organization itself had defined a set of performance/efficiency indicators for each of those 

objectives. KPI (Key Performance Indicators) enables the company to assess and evaluate the 

achievement of each specific goal, by taking into account the degree of compliance. On the other 

hand, if a particular objective has more than one indicator associated, the organization is 

responsible of previously considering the indicators importance, so that the sum of the KPI 

weightings is 100% for one indicator.  

The Table 25 illustrates the Objective of Internal Processes number 8, as well as its KPI 

associated and estimated weight for each of those indicators.  
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Objective KPI Weight Objective 

2014 

I9: Strengthening relationships with 

key customers in order to deepen their 

knowledge, level of confidence and 

generate emotional and removal costs. 

I9.1: % Strategic 

customers with proposal 

0.3 18% 

I9.2: % Visited strategic 

customers 

0.7 25% 

Table 25. Example of KPI for Objective I9. 

 

It is necessary to make clear that each KPI is a measurable indicator within the organization. 

Therefore, they are defined in its strategic approaches during analysis, as data associated to 

KPI of the objectives I6, P2 and P3 was not available. This is the reason why it is still unknown 

in which way goals are accomplished. Nevertheless, this situation should not prevent the 

elaboration of a complete working model, since first step is to know the interrelations between 

objectives, and then to carry out simulations with available data.  

Having defined the objectives composing the events set of this working model, the following step 

is to evaluate each of them and stablish its own evaluation system.  

 

3.5.1.2. Definition of baseline odds  

Having defined the elements that compose the Working Model (Strategic Goals, Internal 

Processes, Customers and Financial), the following step is to question experts in order to acquire 

information that enables the calculation of Cross-Impact Matrix. In this case, it was decided to 

undertake a consultation using Delphi method (Linstone & Turoff 1975), in order to gain an 

agreed vision of the interrelations between goals. Delphi method is frequently used in order to 

devising baseline estimates, which are required for carrying out CIA-ISM analysis (Bañuls & 

Turoff 2011). 

Delphi method was developed by the organization RAND in Santa Monica in the middle of the 

20th century, and it involved the participation of several authors over the years (Helmer & 

Rescher 1959; Dalkey 1969; Linstone & Turoff 1975). The performance of this method is based 

on a systematical and detailed process of questionnaires for experts. This process consists of 

several stages where modifications of the information provided to each expert are undergone. 

Such information was retrieved from the group that belongs to the previous round. That way, 

experts can reflect on a specific idea on the basis of views of the panel and its own previous 

choices (Landeta 1999).  
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Unique responses are one of the features of Delphi method, and any of its participants know a 

priori the response of other experts that take also part on this study. Additionally, the 

confidentiality of these questionnaires makes the modification of expert responses easier, since 

the rest is not going to know wide-ranging differences of its opinion. Likewise, in case its 

reasoning is wrong, anonymity implies that the interviewed expert will never see its image 

damaged.  

This feature disappears in other group communication techniques, such as group meetings 

where the lack of anonymity may probably keep many of the group members from freely engage 

in discussions. However, panel participants in Delphi process can anonymously answer or make 

necessary changes, as if it was a secret ballot.  

Delphi method is characterized by iteration with controlled feedback. This means that, even if 

questionnaires are filled several times, successive responses are going to be controlled by the 

results of previous responses, since this are going to be also included in the following 

questionnaires. In doing so, it is necessary to pay particular attention to a proper understanding 

of the responses in order to avoid misconceptions which may jeopardize the rest of the process.  

According to the origin of Technological Forecasting, Delphi method has been one of the most 

widely used methodologies. By way of example, its utilization can be quoted in Japan (NISTEP 

1997; NISTEP 2001), Spain (OPTI 1999; OPTI 2000; OPTI 2001) and Germany (Cuhls 2003). 

 In order to undertake this process, a total of 5 experts have been consulted, as they can reflect 

expert knowledge and functioning of the organization. The consulting has been carried out by 

means of several rounds of questions that are articulated through questionnaires with the aim 

of reaching a consensus.  

Following Turoff’s approach, 1971, in order to obtain an initial relational data, insights of 

experts must be ‘’disrupted’’ by asking about the occurrence of certain events, in case other took 

place or not. In this particular case a questionnaire was created, which includes questions such 

as how positive modification would have an impact on certain objectives in case another objective 

has been previously accomplished. Experts had to evaluate on a five-point scale (No impact – 

Possible impact – Likely impact – Very likely – Very highly likely), or otherwise write ‘’NR’’ in 

case they were unsure or do not know the response.  

 

 

Table 26. Scale Used for Questionnaire. 

NR No Impact Possible Impact Likely impact Very likely Very highly 

likely 

- 50% 60% 70% 80% 90% 



Chapter 3   

 

 

92 
 

 

As it is indicated in Figure 12, the model we use is based on the fact that Strategic Objectives 

have direct impacts between them and Internal Processes. Internal Processes have an impact 

on themselves but also on Customer Objectives. Similarly, Customer Objectives have an impact 

on themselves and Financial Objectives, and those have an impact on themselves. It is essential 

to make clear that direct, indirect and cascade relationships can be inferred by means of CIA. 

This model has been carried out through the use of those questionnaires, based on the direct 

relationships between each element that compose this Working Model, as it can be seen in other 

researches. (Bañuls et al. 2016; Turoff et al. 2016; Ramirez De La Huerga et al. 2015). 

The designing of this model in a staged manner is consistent with the definition itself of events 

types analyzed by means of CIA. There are a number of triggers and dynamic events and other 

for outcomes events. Dynamic events are those which may be directly disrupted by the 

organization in this case, while outcomes events are those which may not be modified directly 

by the organization itself, but indirectly through the achieving of others or not. Taking our case 

as an example, the organization can modify, change, enforce certain strategic objectives or 

internal processes, but the attainment of a number of customers or a specific turnover level does 

not depend directly on the organization. Organization can pursue the desired objective, but not 

force anyone to be a customer, and either to make customers bill a specific amount. But 

organization can enforce the goals and providing the resources needed on its strategic objectives 

and internal processes, so that the attaining of that number customers and bill is easier. In 

terms of CIA, both group P (Strategic) and group I (Internal Processes) are trigger and dynamic 

events, while group C (Customer) and F (Financial) are outcomes events.  

Having consulted expert panel in a first round, an analysis of the data was conducted by noting 

which were those relations where there was more disagreement. A second round of questions 

was held and experts were asked to give a new estimate, taking into account the others’ 

responses and by providing this time, the possibility of giving a narrative explanation to its 

numerical estimate. After the second round, it succeeded in reducing the percent of serious 

disagreements and reaching a consensual vision (Table 27).  

 

Great disagreement 12,98% 

Small disagreement  35,11% 

Disagreement 51,91% 

Table 27. Percent of final Agreement-Disagreement. 
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Acceptable degree of agreement was reached after this second round of questions, where serious 

disagreements had no significance. Although as is logical, there were certain differences 

between the assessments of each expert, since everyone has a different vision.  

The information provided by the five responders members was processed in the form of a matrix 

(Table 28), using Dalkey Mean (Dalkey 1975) in order to minimize and normalize the differences 

in very diverse responses. This type of Mean is frequently used together with CIA and Delphi 

processes, as it can be seen in other articles such as (Bañuls & Turoff 2011; Dalkey 1971). 

 

Means F1 F2 F3 F4 F5 C1 C2 C3 C4 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 P1 P2 P3 P4 

F1 OVP 0.79 0.83 0.69 0.71                                       

F2 0.73 OVP 0.76 0.66 0.66                                       

F3 0.74 0.65 OVP 0.73 0.73                                       

F4 0.72 0.72 0.79 OVP 0.78                                       

F5 0.71 0.69 0.67 0.83 OVP                                       

C1 0.69 0.69 0.72 0.72 0.72 OVP 0.83 0.81 0.77                               

C2 0.67 0.67 0.67 0.67 0.69 0.81 OVP 0.76 0.76                               

C3 0.65 0.64 0.69 0.67 0.67 0.67 0.63 OVP 0.64                               

C4 0.58 0.58 0.60 0.60 0.62 0.63 0.63 0.67 OVP                               

I1           0.67 0.65 0.69 0.69 OVP 0.61 0.54 0.61 0.56 0.60 0.52 0.65 0.68 0.52 0.63         

I2           0.54 0.52 0.65 0.62 0.56 OVP 0.81 0.54 0.63 0.65 0.52 0.52 0.67 0.52 0.60         

I3           0.59 0.56 0.67 0.65 0.60 0.79 OVP 0.54 0.58 0.64 0.54 0.52 0.71 0.52 0.61         

I4           0.82 0.82 0.76 0.75 0.69 0.52 0.54 OVP 0.54 0.52 0.72 0.65 0.54 0.54 0.54         

I5           0.70 0.68 0.74 0.68 0.64 0.56 0.56 0.58 OVP 0.56 0.61 0.56 0.59 0.54 0.56         

I6           0.58 0.60 0.71 0.79 0.61 0.59 0.64 0.54 0.54 OVP 0.50 0.54 0.71 0.50 0.61         

I7           0.74 0.74 0.74 0.74 0.63 0.50 0.50 0.76 0.54 0.54 OVP 0.65 0.58 0.50 0.58         

I8           0.67 0.65 0.65 0.67 0.56 0.50 0.50 0.58 0.54 0.50 0.68 OVP 0.56 0.50 0.59         

I9           0.67 0.63 0.77 0.65 0.63 0.57 0.61 0.52 0.57 0.61 0.56 0.65 OVP 0.50 0.61         

I10           0.60 0.60 0.62 0.56 0.54 0.52 0.54 0.54 0.54 0.52 0.61 0.50 0.56 OVP 0.59         

I11           0.64 0.64 0.67 0.69 0.68 0.52 0.52 0.56 0.52 0.60 0.71 0.50 0.58 0.50 OVP         

P1                   0.62 0.63 0.67 0.56 0.56 0.60 0.69 0.65 0.60 0.54 0.63 OVP 0.71 0.76 0.65 

P2                   0.71 0.52 0.58 0.67 0.58 0.52 0.62 0.76 0.68 0.59 0.58 0.58 OVP 0.62 0.52 

P3                   0.65 0.58 0.58 0.58 0.58 0.58 0.64 0.63 0.54 0.53 0.60 0.74 0.71 OVP 0.71 

P4                   0.65 0.54 0.54 0.56 0.54 0.68 0.60 0.61 0.52 0.54 0.56 0.56 0.63 0.67 OVP 

Table 28. Mean Matrix. 

Having known the means of responses, the following step consist in the implementation of Cross-

Impact Analysis. However, throughout the consulting process, it was suggested that not all 

objectives have influence over the rest at the same point in time. This way the idea of temporary 

biasing the effects of the interdependencies between elements of the model was conceived, using 

therefore a Temporal Matrix. Said matrix is set up as another contribution to CIA-ISM method.  

 

3.5.1.3. Temporal Matrix 

Thus, same experts were asked about at what point the occurrence of a particular objective had 

influence over the rest. In this case there were direct and indirect relationships, by taking into 

account the sequence of those objectives. This means that strategic goals would have an 

influence over the rest, either direct or indirect, as well as on themselves. However, the rest 

might not influence on strategic objectives. Furthermore, internal processes follow a similar 

pattern, by having an impact on themselves but also on customers and financial objectives.  

Similarly, customers will have an impact on themselves and financial objectives, and finally 

financial would only influence on themselves.  
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With the intention of indicating in which moment some objectives would have an impact over 

others, they were asked to complete a matrix similar as to the preceding type. They also had to 

enter a value from 1 to 4 (Table 29) in each cell of the matrix according to its timescale (1: Short; 

2: Medium-Shot; 3: Medium-Long; 4: Long).  Taking the mode of responses and rounding it to 

the nearest whole number, the following matrix (Table 30) was obtained and can be used for the 

subsequent analysis of scenarios and events.  

Timescale # 

Short 1 

Medium-Short 2 

Medium-Long 3 

Long 4 

Table 29. Table of Timescale. 

 

  F1 F2  F3  F4  F5  C1   C2  C3  C4  I1 I2  I3  I4  I5 I6  I7  I8  I9 I10  I11 P1 P2  P3  P4 

F1  OVP 3 2 1 1 1 1 3 3 3 3 3 3 3 2 4 3 2 3 3 2 2 3 3 

  OVP 3 2 1 1 1 1 3 3 3 3 3 3 3 2 4 3 2 3 3 2 2 3 3 

F2  1 OVP 1 1 1 1 1 1 3 2 1 1 1 1 2 3 3 2 2 3 1 2 1 2 

  2 OVP 1 1 1 1 1 1 3 2 1 1 1 1 2 3 3 2 2 3 1 2 1 2 

F3  1 4 OVP 1 1 1 1 2 2 2 2 3 2 2 2 3 3 2 1 3 1 2 2 3 

  1 4 OVP 1 1 1 1 2 2 2 2 3 2 2 2 3 3 2 1 3 1 2 2 3 

F4  1 4 2 OVP 1 1 1 2 2 2 3 3 2 2 2 4 3 2 2 2 1 1 2 3 

  1 4 2 OVP 1 1 1 2 2 2 3 3 2 2 2 4 3 2 2 2 1 1 2 3 

F5  1 4 2 1 OVP 1 2 2 2 3 3 3 3 2 1 4 3 1 1 2 2 1 3 3 

  1 4 2 1 OVP 1 2 2 2 3 3 3 3 2 1 4 3 1 1 2 2 1 3 3 

C1      OVP 2 3 2 3 3 2 2 2 2 3 3 1 2 3 1 2 2 4 

       OVP 2 3 2 3 3 2 2 2 2 3 3 1 2 3 1 2 2 4 

C2      1 OVP 3 2 3 3 3 2 2 2 2 2 2 2 2 1 2 2 3 

       2 OVP 3 2 3 3 3 2 2 2 2 2 2 2 2 1 2 2 3 

C3      1 2 OVP 2 4 2 2 1 1 2 3 2 1 1 2 2 2 3 4 

       1 2 OVP 2 4 2 2 1 1 2 3 2 1 1 2 2 2 3 4 

C4       1 2 2 OVP 2 3 3 2 3 3 2 1 2 2 2 1 2 2 2 

       1 2 2 OVP 2 3 3 2 3 3 2 1 2 2 2 1 2 2 2 

I1           OVP 2 3 1 2 2 2 2 2 1 2 2 2 3 2 

           OVP 2 3 1 2 2 2 2 2 1 2 2 2 3 2 

I2           2 OVP 1 1 1 2 3 3 2 2 2 2 2 2 1 

           3 OVP 1 1 1 2 3 3 2 2 2 2 2 2 1 

I3           2 1 OVP 1 1 2 3 2 2 1 2 1 1 1 2 

           2 1 OVP 1 1 2 3 2 2 1 2 1 1 1 2 

I4           3 3 3 OVP 3 2 2 3 3 3 3 2 3 4 3 

           3 3 3 OVP 3 2 2 3 3 3 3 2 3 4 3 

I5           4 3 3 2 OVP 3 4 4 4 2 4 3 3 3 4 

           4 3 3 2 OVP 3 4 4 4 2 4 3 3 3 4 

I6           2 2 2 3 2 OVP 2 3 1 3 2 1 2 2 3 

           2 2 2 3 2 OVP 2 3 1 3 2 1 2 2 3 

I7           3 3 3 2 2 3 OVP 2 2 3 2 1 1 2 4 

           3 3 3 2 2 3 OVP 2 2 3 2 1 1 2 4 

I8           1 3 2 1 1 2 1 OVP 2 2 2 1 2 3 2 

           1 3 2 1 1 2 1 OVP 2 2 2 1 2 3 2 

I9           3 3 1 2 2 1 2 2 OVP 2 2 2 2 2 3 

           3 3 1 2 2 1 2 2 OVP 2 2 2 2 2 3 

I10           3 2 2 2 2 3 3 2 2 OVP 2 1 1 2 2 

           3 2 2 2 2 3 3 2 2 OVP 2 1 1 2 2 

I11          2 2 2 1 2 2 2 2 2 2 OVP 1 1 2 2 

           2 2 2 1 2 2 2 2 2 2 OVP 1 1 2 2 

P1                      OVP 2 3 3 

                      OVP 2 3 3 

P2                     1 OVP 3 4 

                      2 OVP 3 4 

P3                      2 2 OVP 4 

                      2 2 OVP 4 

P4                      2 2 2 OVP 

                      2 2 2 OVP 

Table 30. Temporal Matrix. 

Once elements that will be part of the Working Model are defined, it is possible to pass on to the 

Stage of Operation where CIA-ISM will be implemented to BSC as a tool for its improvement.  
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3.5.2. Operating: CIA-ISM analysis  

3.5.2.1. Cross-Impact Analysis  

Having known the probabilities of occurrence estimated by experts, the process of cross-impact 

analysis is performed. To that end, Cross-Impact Matrix is computed and the first obtained 

outcomes explain the causal interrelationships between objectives, including the possibility of 

determining in which moment those causal interrelationships start to take effect as well.  

The impact of each event per column over the rest of events per row will be indicated by Cij. 

Calculation process follows the indications of Turoff’s approximation (Murray Turoff, 1971), 

where in this case initial values are Rij. As described above, the likelihood that a particular event 

occurs will depend if other one occurred before. In order to calculate each of those Cij values, 

there is a glaring need of knowing Rij and Pi values (baseline odds) for each of the events. As they 

are not found out in detail, this baseline odds are estimated as 0,5 – in other words, it is as if 

there was a neutrality condition where it is as easy it occurs or not. The used calculation formula 

for Cij was obtained from the previous equation (1):  

 

𝐶𝑖𝑗 =
1

1 − 𝑃𝑗
[𝜑(𝑅𝑖𝑗) − 𝜑(𝑃𝑖)] 

Equation 2. Calculation of Cij. 

 

Where:  

𝜑(𝑃𝑖) = 𝐿𝑛(𝑃𝑖 ∕ (1 − 𝑃𝑖)) 

Equation 3. Calculation φ(Pi). 

 

 

𝜑(𝑅𝑖𝑗) = 𝐿𝑛 (𝑅𝑖𝑗 ∕ (1 − 𝑅𝑖𝑗)) 

Equation 4. Calculation of φ (Rij). 

 

As an outcome of the Cij value calculation, Gamma value (𝛾𝑖) is calculated for each of the events. 

Gamma is the measure of events effects that are not specified in the model (external factors).  
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𝛾𝑖 = 𝜑(𝑃𝑖) −∑ 𝐶𝑖𝑘𝑃𝑘
𝑛

𝑘≠1
 

Equation 5. Gamma Calculation. 

 

Final impact matrix (Table 31) is illustrated below, once all calculations have been performed. 

Additionally, in the last raw gamma values can be seen for each of the events. 

 
EVENTS  

F1 F2 F3 F4 F5 C1 C2 C3 C4 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 P1 P2 P3 P4 

F1 OVP 2.00 2.11 1.93 1.79 1.57 1.39 1.22 0.65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

F2 2.65 OVP 1.23 1.93 1.57 1.61 1.39 1.18 0.65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

F3 3.19 2.33 OVP 2.65 1.39 1.93 1.39 1.57 0.83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

F4 1.57 1.36 1.95 OVP 3.19 1.93 1.39 1.45 0.83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

F5 1.79 1.36 1.95 2.54 OVP 1.93 1.61 1.39 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C1 0 0 0 0 0 OVP 2.87 1.45 1.06 1.43 0.32 0.72 2.98 1.72 0.68 2.11 1.39 1.39 0.83 1.18 0 0 0 0 

C2 0 0 0 0 0 3.19 OVP 1.06 1.06 1.22 0.16 0.50 2.98 1.54 0.84 2.11 1.23 1.04 0.83 1.18 0 0 0 0 

C3 0 0 0 0 0 2.87 2.33 OVP 1.39 1.61 1.22 1.43 2.33 2.11 1.79 2.11 1.23 2.11 1.00 1.39 0 0 0 0 

C4 0 0 0 0 0 2.44 2.33 1.18 OVP 1.61 1.00 1.22 2.15 1.54 2.65 2.11 1.39 1.22 0.50 1.56 0 0 0 0 

I1 0 0 0 0 0 0 0 0 0 OVP 0.49 0.84 1.61 1.18 0.88 1.06 0.50 1.04 0.34 1.54 1.00 1.79 1.22 1.22 

I2 0 0 0 0 0 0 0 0 0 0.88 OVP 2.65 0.16 0.50 0.72 0 0 0.55 0.16 0.16 1.06 0.16 0.66 0.32 

I3 0 0 0 0 0 0 0 0 0 0.32 2.87 OVP 0.32 0.50 1.11 0 0 0.88 0.32 0.16 1.45 0.66 0.66 0.32 

I4 0 0 0 0 0 0 0 0 0 0.88 0.32 0.32 OVP 0.66 0.32 2.33 0.66 0.16 0.32 0.50 0.50 1.45 0.68 0.50 

I5 0 0 0 0 0 0 0 0 0 0.49 1.06 0.66 0.32 OVP 0.34 0.32 0.34 0.55 0.32 0.16 0.50 0.66 0.68 0.34 

I6 0 0 0 0 0 0 0 0 0 0.84 1.22 1.18 0.16 0.50 OVP 0.32 0 0.88 0.16 0.84 0.83 0.16 0.66 1.54 

I7 0 0 0 0 0 0 0 0 0 0.16 0.16 0.32 1.93 0.88 0 OVP 0.66 0.49 0.88 1.76 1.57 1.00 1.18 0.84 

I8 0 0 0 0 0 0 0 0 0 1.22 0.16 0.16 1.22 0.49 0.32 1.22 OVP 1.27 0 0 1.22 2.33 1.06 0.89 

I9 0 0 0 0 0 0 0 0 0 1.54 1.43 1.76 0.32 0.72 1.83 0.68 0.50 OVP 0.50 0.68 0.49 1.54 0.34 0.16 

I10 0 0 0 0 0 0 0 0 0 0.16 0.16 0.16 0.32 0.32 0 0 0 0 OVP 0 0.32 0.72 0.20 0.34 

I11 0 0 0 0 0 0 0 0 0 1.06 0.84 0.88 0.32 0.50 0.88 0.66 0.72 0.89 0.72 OVP 1.06 0.65 0.83 0.50 

P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OVP 0.63 2.11 0.84 

P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.79 OVP 1.79 1.04 

P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.33 1.00 OVP 1.43 

P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.22 1.00 1.79 OVP 

Gamma -6.33 -6.11 -7.64 -6.83 -6.79 -10.06 -9.47 -12.46 -11.45 -7.35 -4.00 -4.80 -4.81 -3.38 -4.65 -5.92 -5.78 -6.24 -1.36 -5.25 -1.79 -2.31 -2.38 -2.00 

Table 31. Cross-Impact Matrix. 

 

It is essential to recall the following in order to understand cross-impact matrix. There are four 

types of events depending on each of the groups made for BSC. 

 

 F (Financial); C (Customers); I (Internal Processes); P (Strategic Objectives)  

 

Each column illustrates the impact that each event, located in columns, exerts over the rest of 

events located in rows. Furthermore, there is a sequence of events that take place defined below.  

On the other hand, using Temporal Matrix enables to bias results after making a simulation, 

and noting the expected effects for each of the timescales described before.  

The four impact calculations tables are listed below. This tables (Table 32,Table 33,Table 

34,Table 35) have been compiled taking into account only at what point in time they occur 

(Temporality of impacts). In this sense, the impacts on S/T only show the events that are marked 

with 1. Impacts on Medium-Short term include also the impacts that are marked with 1 or 2. 

Medium-Long are those marked with 1, 2 or 3, and finally, events that have impact on Long 

Term (L/T) include all types of events.  
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Additionally, matrixes include two rows and one added column which are describe below:  

Gamma Row: Gamma value is the value calculated by this method and indicates the degree of 

lack of explanation of said event (per column) in the model. The larger absolute value of Gamma, 

greater lack of explanation for said event there is within the model. Explanation is related to 

said event per column has external influence of other events or elements that are not referred 

to within the model. For example, external factors of the company, such as market, economy, 

competition, etc.  

Sum Row: said row adds up value of impacts released by the event per columns. Thus, the 

larger value, the greater influence the event will exert over the rest of the model.  

Sum Column: said column adds up the values of impacts in the row of any specific event. Thus, 

it is possible to identify which event is more ‘’susceptible’’ within our model.  

 

3.5.2.1.1. Short-Term  
EVENTS F1 F2 F3 F4 F5 C1 C2 C3 C4 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 P1 P2 P3 P4 Sum 

F1 OVP   0.00 1.93 1.79 1.57 1.39 0.00                                 6.69 

F2 2.65 OVP 1.23 1.93 1.57 1.61 1.39 1.18                                 11.57 

F3 3.19   OVP 2.65 1.39 1.93 1.39                                   10.57 

F4 1.57     OVP 3.19 1.93 1.39                                   8.09 

F5 1.79     2.54 OVP 1.93                                     6.26 

C1           OVP                       1.39             1.39 

C2           3.19 OVP                                   3.19 

C3           2.87   OVP         2.33 2.11       2.11 1.00           10.42 

C4           2.44     OVP               1.39               3.83 

I1                   OVP     1.61           0.34           1.95 

I2                     OVP 2.65 0.16 0.50                   0.32 3.64 

I3                     2.87 OVP 0.32 0.50         0.32   1.45 0.66 0.66   6.79 

I4                         OVP 0.00                       

I5                           OVP                       

I6                             OVP     0.88     0.83       1.70 

I7                               OVP         1.57 1.00     2.57 

I8                   1.22     1.22 0.49   1.22 OVP       1.22       5.36 

I9                       1.76     1.83     OVP             3.58 

I10                                     OVP   0.32 0.72     1.04 

I11                         0.32             OVP 1.06 0.65     2.03 

P1                                         OVP         

P2                                         1.79 OVP     1.79 

P3                                             OVP     

P4                                             0.00 OVP   

Sum 9.20   1.23 9.06 7.94 17.48 5.58 1.18   1.22 2.87 4.41 5.97 3.60 1.83 1.22 1.39 4.38 1.67   8.23 3.03 0.66 0.32   

Gamma -3.34 -5.79 -5.28 -4.05 -3.13 -0.70 -1.60 -5.21 -1.92 -0.97 -1.82 -3.40     -0.85 -1.29 -2.68 -1.79 -0.52 -1.01   -0.89       

Table 32. Impact Matrix with Short-Term Bias. 

 

In Short-Term the Event that has greater influence is C1 (Standing out in the market as the 

most reliable [15.91] 

Interestingly, F1 (Achieving impact in L/T) exert also much impact in S/T over the group of 

Financial Events. [9.20]  

P1 (Achieving an adequate structure of human capital) is the Strategic Event that has greater 

impact on S/T [8.23]  

F1, F2 (Increasing the productivity level per member), and C3 (Ensuring that customers make 

the results tangible) are those events that receive more impacts from S/T.  
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F2, F3 (Achieving the development of larger scale projects) and F4 (Holding a relevant place) 

and C3, are those events that in S/T have greater influence by the environment.  

 

3.5.2.1.2. Medium-Short Term 

In Medium/Short term, C1 is kept as the event that have greatest impact over the rest, but now 

is extended with I4, I5, I7, I9 and P2 (particularly, I7 has higher growth of impact experimented 

in short-term).  

For its part, C2, C3 and C4 are those events that experiment more impacts over the rest of 

events referred to within the model. 

 

EVENTS  F1 F2 F3 F4 F5 C1 C2 C3 C4 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 P1 P2 P3 P4 Sum 

F1 OVP   2.11 1.93 1.79 1.57 1.39                                   8.80 

F2 2.65 OVP 1.23 1.93 1.57 1.61 1.39 1.18                                 11.57 

F3 3.19   OVP 2.65 1.39 1.93 1.39 1.57 0.83                               12.96 

F4 1.57   1.95 OVP 3.19 1.93 1.39 1.45 0.83                               12.31 

F5 1.79   1.95 2.54 OVP 1.93 1.61 1.39 1.00                               12.22 

C1           OVP 2.87   1.06     0.72 2.98 1.72 0.68     1.39 0.83           12.23 

C2           3.19 OVP   1.06       2.98 1.54 0.84 2.11 1.23 1.04 0.83 1.18         15.99 

C3           2.87 2.33 OVP 1.39   1.22 1.43 2.33 2.11 1.79   1.23 2.11 1.00 1.39         21.20 

C4           2.44 2.33 1.18 OVP 1.61     2.15     2.11 1.39 1.22 0.50 1.56         16.48 

I1                   OVP 0.49   1.61 1.18 0.88 1.06 0.50 1.04 0.34 1.54 1.00 1.79   1.22 12.64 

I2                   0.88 OVP 2.65 0.16 0.50 0.72     0.55 0.16 0.16 1.06 0.16 0.66 0.32 7.99 

I3                   0.32 2.87 OVP 0.32 0.50 1.11     0.88 0.32 0.16 1.45 0.66 0.66 0.32 9.59 

I4                         OVP   0.32 2.33         0.50       3.15 

I5                         0.32 OVP         0.32           0.65 

I6                   0.84 1.22 1.18   0.50 OVP 0.32   0.88   0.84 0.83 0.16 0.66   7.43 

I7                         1.93 0.88   OVP 0.66 0.49   1.76 1.57 1.00 1.18   9.47 

I8                   1.22   0.16 1.22 0.49 0.32 1.22 OVP 1.27     1.22 2.33   0.89 10.34 

I9                       1.76 0.32 0.72 1.83 0.68 0.50 OVP 0.50 0.68 0.49 1.54 0.34   9.35 

I10                     0.16 0.16 0.32 0.32         OVP   0.32 0.72 0.20 0.34 2.56 

I11                   1.06 0.84 0.88 0.32 0.50 0.88 0.66 0.72 0.89 0.72 OVP 1.06 0.65 0.83 0.50 10.50 

P1                                         OVP 0.63     0.63 

P2                                         1.79 OVP     1.79 

P3                                         2.33 1.00 OVP   3.33 

P4                                         1.22 1.00 1.79 OVP 4.01 

Sum 9.20   7.24 9.06 7.94 17.48 14.71 6.77 6.16 5.93 6.79 8.94 16.97 10.96 9.36 10.49 6.24 11.77 5.52 9.27 14.82 11.64 6.32 3.60   

Gamma -4.40 -5.79 -6.48 -6.16 -6.11 -6.12 -8.00 -10.60 -8.24 -6.32 -4.00 -4.80 -1.58 -0.32 -3.72 -4.74 -5.17 -4.68 -1.28 -5.25 -0.31 -0.89 -1.66 -2.00   

Table 33. Impact Matrix with Medium-Short Term Bias. 

 

Finally, it is necessary to mention that those elements are the ones that have a largest 

component which cannot be explained by the elements of the model, and may be due to external 

causes (market…).  

 

 

3.5.2.1.3. Medium-Long Term  

In Medium-Long term, it is remarkable that F2 has some consequence on the model, by having 

an impact on P1 exclusively, and to the widespread growth of impacts should be added the 

growth of P3.  
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EVENTS  F1 F2 F3 F4 F5 C1 C2 C3 C4 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 P1 P2 P3 P4 
 

Sum 

F1 OVP 2.00 2.11 1.93 1.79 1.57 1.39 1.22 0.65                               12.67 

F2 2.65 OVP 1.23 1.93 1.57 1.61 1.39 1.18 0.65                               12.22 

F3 3.19   OVP 2.65 1.39 1.93 1.39 1.57 0.83                               12.96 

F4 1.57   1.95 OVP 3.19 1.93 1.39 1.45 0.83                               12.31 

F5 1.79   1.95 2.54 OVP 1.93 1.61 1.39 1.00                               12.22 

C1           OVP 2.87 1.45 1.06 1.43 0.32 0.72 2.98 1.72 0.68 2.11 1.39 1.39 0.83 1.18         20.12 

C2           3.19 OVP 1.06 1.06 1.22 0.16 0.50 2.98 1.54 0.84 2.11 1.23 1.04 0.83 1.18         18.93 

C3           2.87 2.33 OVP 1.39   1.22 1.43 2.33 2.11 1.79 2.11 1.23 2.11 1.00 1.39         23.32 

C4           2.44 2.33 1.18 OVP 1.61 1.00 1.22 2.15 1.54 2.65 2.11 1.39 1.22 0.50 1.56         22.90 

I1                   OVP 0.49 0.84 1.61 1.18 0.88 1.06 0.50 1.04 0.34 1.54 1.00 1.79 1.22 1.22 14.70 

I2                   0.88 OVP 2.65 0.16 0.50 0.72     0.55 0.16 0.16 1.06 0.16 0.66 0.32 7.99 

I3                   0.32 2.87 OVP 0.32 0.50 1.11     0.88 0.32 0.16 1.45 0.66 0.66 0.32 9.59 

I4                   0.88 0.32 0.32 OVP 0.66 0.32 2.33 0.66 0.16 0.32 0.50 0.50 1.45   0.50 8.94 

I5                     1.06 0.66 0.32 OVP 0.34       0.32   0.50 0.66 0.68   4.55 

I6                   0.84 1.22 1.18 0.16 0.50 OVP 0.32   0.88 0.16 0.84 0.83 0.16 0.66 1.54 9.30 

I7                   0.16 0.16 0.32 1.93 0.88   OVP 0.66 0.49 0.88 1.76 1.57 1.00 1.18   11.00 

I8                   1.22 0.16 0.16 1.22 0.49 0.32 1.22 OVP 1.27     1.22 2.33 1.06 0.89 11.55 

I9                   1.54 1.43 1.76 0.32 0.72 1.83 0.68 0.50 OVP 0.50 0.68 0.49 1.54 0.34 0.16 12.49 

I10                   0.16 0.16 0.16 0.32 0.32         OVP   0.32 0.72 0.20 0.34 2.72 

I11                   1.06 0.84 0.88 0.32 0.50 0.88 0.66 0.72 0.89 0.72 OVP 1.06 0.65 0.83 0.50 10.50 

P1                                         OVP 0.63 2.11 0.84 3.58 

P2                                         1.79 OVP 1.79   3.57 

P3                                         2.33 1.00 OVP   3.33 

P4                                         1.22 1.00 1.79 OVP 4.01 

Sum 9.20 2.00 7.24 9.06 7.94 17.48 14.71 10.49 7.46 11.32 11.42 12.81 17.14 13.17 12.35 14.71 8.30 11.93 6.89 10.95 15.32 13.75 13.17 6.65   

Gamma -6.33 -6.11 -6.48 -6.16 -6.11 -10.06 -9.47 -11.66 -11.45 -7.35 -4.00 -4.80 -4.47 -2.27 -4.65 -5.50 -5.78 -6.24 -1.36 -5.25 -1.79 -1.79 -1.66 -2.00  

Table 34. Impact Matrix with Medium-Long Term Bias. 

Once more customers are the group that receive more impacts of the whole model, mainly 

because of it counts with a very wide upper group of events (Internal Processes).  

Customers is also the group that is most influenced by external elements and this influence is 

not explained in the model.  

 

3.5.2.1.4. Long-Term 

EVENTS  F1 F2 F3 F4 F5 C1 C2 C3 C4 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 P1 P2 P3 P4 
 

Sum 

F1 OVP 2.00 2.11 1.93 1.79 1.57 1.39 1.22 0.65                12.67 

F2 2.65 OVP 1.23 1.93 1.57 1.61 1.39 1.18 0.65                12.22 

F3 3.19 2.33 OVP 2.65 1.39 1.93 1.39 1.57 0.83                15.29 

F4 1.57 1.36 1.95 OVP 3.19 1.93 1.39 1.45 0.83                13.67 

F5 1.79 1.36 1.95 2.54 OVP 1.93 1.61 1.39 1.00                13.57 

C1      OVP 2.87 1.45 1.06 1.43 0.32 0.72 2.98 1.72 0.68 2.11 1.39 1.39 0.83 1.18     20.12 

C2      3.19 OVP 1.06 1.06 1.22 0.16 0.50 2.98 1.54 0.84 2.11 1.23 1.04 0.83 1.18     18.93 

C3      2.87 2.33 OVP 1.39 1.61 1.22 1.43 2.33 2.11 1.79 2.11 1.23 2.11 1.00 1.39     24.93 

C4      2.44 2.33 1.18 OVP 1.61 1.00 1.22 2.15 1.54 2.65 2.11 1.39 1.22 0.50 1.56     22.90 

I1          OVP 0.49 0.84 1.61 1.18 0.88 1.06 0.50 1.04 0.34 1.54 1.00 1.79 1.22 1.22 14.70 

I2          0.88 OVP 2.65 0.16 0.50 0.72   0.55 0.16 0.16 1.06 0.16 0.66 0.32 7.99 

I3          0.32 2.87 OVP 0.32 0.50 1.11   0.88 0.32 0.16 1.45 0.66 0.66 0.32 9.59 

I4          0.88 0.32 0.32 OVP 0.66 0.32 2.33 0.66 0.16 0.32 0.50 0.50 1.45 0.68 0.50 9.62 

I5          0.49 1.06 0.66 0.32 OVP 0.34 0.32 0.34 0.55 0.32 0.16 0.50 0.66 0.68 0.34 6.75 

I6          0.84 1.22 1.18 0.16 0.50 OVP 0.32  0.88 0.16 0.84 0.83 0.16 0.66 1.54 9.30 

I7          0.16 0.16 0.32 1.93 0.88  OVP 0.66 0.49 0.88 1.76 1.57 1.00 1.18 0.84 11.84 

I8          1.22 0.16 0.16 1.22 0.49 0.32 1.22 OVP 1.27   1.22 2.33 1.06 0.89 11.55 

I9          1.54 1.43 1.76 0.32 0.72 1.83 0.68 0.50 OVP 0.50 0.68 0.49 1.54 0.34 0.16 12.49 

I10          0.16 0.16 0.16 0.32 0.32     OVP  0.32 0.72 0.20 0.34 2.72 

I11          1.06 0.84 0.88 0.32 0.50 0.88 0.66 0.72 0.89 0.72 OVP 1.06 0.65 0.83 0.50 10.50 

P1                     OVP 0.63 2.11 0.84 3.58 

P2                     1.79 OVP 1.79 1.04 4.61 

P3                     2.33 1.00 OVP 1.43 4.76 

P4                     1.22 1.00 1.79 OVP 4.01 

Sum 9.20 7.04 7.24 9.06 7.94 17.48 14.71 10.49 7.46 13.42 11.42 12.81 17.14 13.17 12.35 15.04 8.64 12.49 6.89 11.11 15.32 13.75 13.85 10.30   

Gamma -6.33 -6.11 -7.64 -6.83 -6.79 -10.06 -9.47 -12.46 -11.45 -7.35 -4.00 -4.80 -4.81 -3.38 -4.65 -5.92 -5.78 -6.24 -1.36 -5.25 -1.79 -2.31 -2.38 -2.00   

Table 35. Impact Matrix with Long Term Bias. 

The structure of exerted impacts illustrates that I7, I8, I9 and I11 receive a great amount of 

impacts in L/T, although they would be grouped in a third level behind Customers and Financial.  

C3 and C4 are the elements that present a higher reporting burden that is not explained in the 

model. 
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3.5.2.2. Graphic Analysis (ISM) 

Second part of the analysis is focused on turning numerical data of Impact Matrix into a 

determined graph, using ISM methodology, as it is mentioned in previous sections. Taking P75 

values of the matrix as reference, is possible to represent a digraph or graph that represents the 

map of goals of the organization.  

It is illustrated in the following figure:  

 

 

Figure 15. ISM Graph 75th Percentile. 

 

ISM analysis reveals direct, indirect and cascade effects of analyzed elements. In this case, 

objectives of the organization in BSC are going to be analyzed. The reading of the graph is 

performed from top to bottom, where blue arrows illustrate impacts between one event and 

another, or between one event and a group of events.  
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Each height level indicates the significance of these events and its classification. Events located 

at the top are triggers, which do not suffer any impact caused by others, while events located at 

the bottom are outcome events, which only receive impacts of other events. Furthermore, when 

a group of events of the same type receive same impacts and have impacts on the same events, 

they are considered as macro events or micro scenarios. 

That said, it is noted that for arbitrary value equal to P75, map of objectives is really consistent 

with the given planning. Events Type P are at the top, and Type F are located at the bottom, 

which overlaps with the initial planned approximation. Moreover, almost all events (goals) of a 

specific type are conceived as a unique macro goal, which is also correlated with the own 

structure of BSC.  

On the other hand, we can go one step further and select only impacts related to P90 (90th 

Percentile) or higher, where reduced number of total impacts is included, and only 10% of the 

higher is provided in the model. It can be seen in the following graph:  

 

 

Figure 16. ISM Graph 90th Percentile. 

 

At this level, it is clearly illustrated that objectives are a clear group and well defined as final 

macro event.  Events related to Customers have an intermediate position between final and 

dynamic (which is true according to our parameters), but has rarely influence over Financial.  

However, a substantial and remarkable consideration is that Strategic Events/Goals have its 

first effect on themselves and then, over the rest of events even if it is in an indirect manner.  
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Analyzing each of the digraphs for the different percentiles, enables to show how goals 

characterizations can change ending with a final structure which is similar to P75 structure.  In 

this way, ISM analysis not only illustrates direct effects from objectives, but also indirect and 

cascade effects, showing graphically the causality of objectives within the scorecard of the 

analyzed company (BSC).  

Having analyzed the results and noted first findings, it is time to take required actions which 

allow description of results of CIA-ISM integration in BSC. Thus, agreement with the 

organization is reached in order to make different simulations and taking data from previous 

years as reference, so that results obtained can be evaluated at a further stage.  

 

3.5.3. Definition of Simulations 

CIA methodology enables simulation of the Working Model functioning proposed through impact 

matrix. This system allows to simulate changes in the initial status of objectives and note how 

these changes affect to the rest of the system. 

It is essential to take into account two distinctive features of the model, in order to make concrete 

simulations. First of all, it is necessary to pre-process data for converting them to an appropriate 

scale. Secondly, it is important to take into account the distinctive features of the model and its 

construction, which means that there is a need of perform interactions to produce the final 

outcome.  

 

3.5.3.1. Processing of Data to Make Simulations 

As it has been previously mentioned, the organization has available a set of numerically 

quantified objectives, either in units, financial amounts or rates (Table 36). Objectives have been 

articulated through KPI indicators, that at the same time has a weight assigned within the goal 

they belong to.  

 

ID Definition KPY Type Weight 2014 Objective 

2014 

2015 Objective 

2015 

I9 Strengthening relationships 

with key customers in order 

to deepen their knowledge, 

level of confidence and 

generate emotional and 

removal costs. 

I9.1: % strategic 

customers with a 

purpose 

Percentage 30% 16.00 18.00 18.69 22.00 

I9.2: % Strategic 

customers that 

have been visited 

Percentage 70% 27.00 25.00 29.34 30.00 

Table 36. Objective - KPIs - Outcomes (2014 - 2015). 
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First step to make simulations is to convert available data into the same scale and format used 

by this methodology. The used methodology estimates the impacts produced by any change in 

the baseline odds of the events that comprise the Working Model. On the basis of this difference 

and using impact matrix that shows the correlation between the elements of this model, it is 

possible to estimate the assessments of the rest of events.  

Taken approach consist in converting all data into a percentage scale. This way, objective set 

out for a specific year is 100% and the outcome of that year for that objective will be the total 

percentage achieved. This calculation is made for each KPI where its weight in the total is also 

included (Table 37).  

 

ID Definition KPY Type Weight 2014 Objective 

2014 

2015 Objective 

2015 

2014 2015 

I9 Strengthening 

relationships 

with key 

customers in 

order to deepen 

their 

knowledge, 

level of 

confidence and 

generate 

emotional and 

removal costs. 

I9.1: % 

strategic 

customers 

with a 

purpose 

Percentage 30% 16.00 18.00 18.69 22.00 27% 25% 

I9.2: % 

Strategic 

customers 

that have 

been 

visited 

Percentage 70% 27.00 25.00 29.34 30.00 70% 68% 

 CIA value 97% 94% 

Table 37. Objective - KPIs – Scaled Outcomes Example (2014 - 2015). 

 

In line with the previous example, I9 is composed of I8.1 in 30% and I9.2 in 70%. The expected 

outcome for 2014 was 18 and 24 respectively but the results achieved were 16 and 27 where first 

KPI contributed with a 27% (over a maximum of 30%) and the second KPI with 70% (considered 

as the maximum since this objective was exceeded). In this way, the total level of compliance of 

I9 for the year 2014 was calculated and the outcome was 97%.  

 

On the other hand, it is necessary to take into account that the simulator works taking as 

starting-point a situation of uncertainty, which is articulated taking 50% as Pi. Thus, it is 

required to transform the values achieved on a 0,5 scale to 1 (Table 37).  
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ID Definition KPY Type Weight 2014 Objective 

2014 

2015 Objective 

2015 

Trans. 

2014 

Trans.  

2015 

I9 Strengthening relationships 

with key customers in order 

to deepen their knowledge, 

level of confidence and 

generate emotional and 

removal costs. 

I9.1: % 

strategic 

customers 

with a purpose 

Percentage 30% 16.00 18.00 18.89 22.00   

I9.2: % 

Strategic 

customers 

that have been 

visited 

Percentage 70% 27.00 25.00 29.34 30.00   

 CIA value 97% 94% 98% 97% 

Table 38. Objective - KPIs – Scaled and Transformed Outcome (2014-2015). 

 

This transformed data (TR) will be the indicators that we must incorporate in the simulator, 

while the outcomes provided will be scaled data (ESC). 

 

Variable 2014 ESC 2015 ESC 2014 TR 2015 TR 

F1 0.94 0.93 97.06% 96.50% 

F2 0.95 0.92 97.32% 96.12% 

F3 1.00 0.90 100.00% 94.95% 

F4 0.89 0.86 94.72% 92.78% 

F5 1.00 0.92 100.00% 95.83% 

C1 1.00 0.85 100.00% 92.42% 

C2 0.00 1.00 50.00% 100.00% 

C3 0.63 0.55 81.67% 77.25% 

I1 1.00 1.00 100.00% 100.00% 

I2 0.75 0.89 87.50% 94.44% 

I3 1.00 1.00 100.00% 100.00% 

I4 1.00 0.50 100.00% 75.00% 

I5 0.80 0.83 90.00% 91.67% 

I7 0.60 0.63 80.00% 81.25% 

I8 0.81 0.87 90.50% 93.25% 

I9 0.97 0.94 98.33% 96.97% 

I10 0.94 0.53 97.09% 76.56% 

I11 0.86 0.98 93.13% 98.92% 

P1 1.00 0.67 100.00% 83.33% 

P4 0.98 0.91 99.23% 95.63% 

Table 39. Table of Values of Scaled and Transformed Objectives. 
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In line with the process described it is possible to obtain Scaled and Transformed values for each 

of the objectives and years for which data are available (Table 39).  

Finally, although this tool allows to enter data numerically and in a completely personalized 

way, we believe that it becomes more convenient to articulate the system in a way that the user 

can interact with the simulator. The user can select a nominal value and the tool assigns a 

number to complete the calculations Table 40:  

 

Table 40. Table of Nominal-Numeral relationship (simulator). 

 

3.5.3.2. Simulations Process (Iterations) 

Given the distinctive features of this matrix regarding to the way they are built, in a staged 

manner, where changes of a specific type of event affect to those of the same type, and to those 

of the ‘’upper level’’. It is necessary to make iterations over the simulation itself in order to note 

domino effects.  

Taking this example as reference, in case we modify one of those element from Group P, its 

effects in the simulation will affect to the elements themselves of the Group (P) and to the 

elements of the following level (Group I). 

In order to see the effects given in C, simulation must be repeated, taking as input data the 

outcome events of the first simulation (T1) and thus obtain outcome events in T2. This way it 

will be possible to notice how a change in P affects to C, and likewise outcomes of T2 will be used 

to make the simulation of T3 and notice the effects in Group F.  

Therefore, depending on which group of events is modified, we will have to repeat the simulation 

up to three times in order to see the total effect of changes in events of a specific group over itself 

or the following groups. Explanatory table is given below (Table 41): 

 

 

Modification 

Effect 

 F C I P 

F T1 - - - 

C T1 T1 - - 

I T2 T1 T1  

P T3 T2 T1 T1 

Table 41. Temporal Indicator of Effects Sequence. 

Complete 

Achievement 

High 

Achievement 

Medium 

Achievement 

Low 

Achievement 

Unclear-

Without 

progress 

0.99 0.85 0.70 0.60 0.50 
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In case we modify an element (row), the results will be noticed in T indicated in the column. For 

instance, if we modify I, the effects over C appear in T1. However, the effects over F appear in 

T2. 

In previous section, it has been remarked that the first probability of achieving each of the 

objectives was 50% in isolation, since there was any indicator to provide more detailed 

information. On the basis of that fact, user of the simulator can increase the likelihood of success 

in a particular objective and notice how this change affect to the rest. Furthermore, it is 

necessary to keep in mind that depending on the type of objective we modify, total results in T1, 

T2 or T3 will be given.   

For instance, the following table (Table 42) illustrates a simulation performed where P1 and P4 

objectives are complete accomplished (99%). This example is performed, ceteris paribus, which 

means that the rest of objectives maintain its initial value of 0.5 (which implicates uncertainty) 

and for Long-Term.  

 

Objective T1 T2 T3 Final Sim 

F1 - Achieving long-term sustainable growth of the organization      0.89 0.89 

F2 - Increasing the average levels of productivity levels of staff      0.89 0.89 

F3 - Achieving the development of larger scale projects      0.92 0.92 

F4 - Holding a relevant place among our strategic customers      0.92 0.92 

F5 - Enhancing positioning and turnover in the segments defined as strategic      0.93 0.93 

C1 - Standing out in the market as the most reliable option…   0.93   0.93 

C2 - Standing out in the market as innovative experts    0.92   0.92 

C3 - Ensuring our customers display/making the results of the project tangible    0.96   0.96 

C4 - Transferring to market a trademark image that reflects the firm’s values    0.96   0.96 

I1 - Formulating proposals in order to turn the needs of customers into business … 0.75     0.75 

I2 - Promoting projects management on the basis of the methodology and criteria … 0.66     0.66 

I3 - Ensuring that all projects comply with the standards of technical quality… 0.70     0.70 

I4 - Researching and developing models for managing innovative changes … 0.62     0.62 

I5 - Launching technology solutions that support the implementation of transformation… 0.60     0.60 

I6 - Ensuring levels of excellence on each point of customer contact  0.76     0.76 

I7 - Being actively involved in main business forums  0.77     0.77 

I8 - Broadcasting this ‘’new core’’ through all notifications and distinctive elements of … 0.74     0.74 

I9 - Strengthening relationships with key customers in order to deepen their knowledge… 0.58     0.58 

I10 - Having and managing complementary partners portfolio and committing … 0.58     0.58 

I11 - Orientating commercial effort towards segments, customers and strategic service… 0.68     0.68 

P1 - Adapting human capital structure to critical competencies  0.99     0.99 

P2 - Adapting permanently new solutions and own ways of carrying out issues… 0.80     0.80 

P3 - Developing a uniform management model on the basis of growth of its team… 0.86     0.86 

P4 - Having behaviors associated to company’s values by all members of the company  0.99     0.99 

Table 42. Example of P1 and P4 Simulation – 99% (Total Accomplishment). 
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As it can be seen above, modifying the specified values will enable us to achieve a number of 

direct results in T1, since PP and PI in the first term of the sequence, as it is illustrated in 

Table 9.  Outcomes for values PC, IC and CC are noted in T2, as well as the results of all 

objectives over F in T3. 

 

3.5.4. Assessment   

This section provides detailed information about the process followed in order to validate the 

outcomes achieved in this AR (Figure 17). Process for validation has been two-fold. On the one 

hand, by comparing and discussing the simulations with the real previous results. On the other 

hand, conducting of a survey to agents involved has been performed. 

 

Figure 17. Validation Process. 

 

3.5.4.1. Simulation and Comparison  

This section is referred to as forensic due to two reasons. First of all, since we are going to 

analyze the outcomes once they occurred (past events), as in other areas of research. On the 

other hand, since the process is articulated by means of an open meeting with the agents 

involved, where each one proposes its own ideas as if it was a forum. In our case, using available 

data from two consecutive years, has allowed the performance of two simulations where it was 

possible to see expected and not expected deviations. The following step consisted in asking 

experts about said deviations.  

Here are the two simulations made for each of the two years for which data from 2014 and 2015 

are available, and performed in Long-Term. The objective for these simulations is two-fold. On 

the one hand, it is intended to check the reliability of the simulation performed through forensic 

analysis. Since by noting the differences between real states achieved and performing of 

simulations, it is possible to note the accuracy of the simulator. In case there are differences, it 

would also be possible to find out a logical explanation, while in case there are not differences, 

it would be possible to adjust the Working Model, or discarding the utilization of this 

methodology as suitable.  
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Following subsections illustrate the outcomes from the two simulations. In order to be 

understood, it is important to take into account that these outcomes appear in each of the 

columns: first one (Simulation) shows the outcomes of working model, once values are entered, 

and the second one shows actual value (Real). Difference between both values can be found in 

the third column (Estimate – Real). Differences between estimations and reality can be 

interpreted in three different ways:  

a) Model does not correctly predict because it has no enough information available. 

b) Model does not correctly predict because objectives have not been stated properly.  

c) Model does not correctly predict because it is not well-constructed. 

If third column gives a positive value, is because the estimation is under reality. 

Underestimation may be due to the third causes mentioned before:  

Simulator has not been provided with enough information to adjust the simulation (a). In this 

case, the amount of information has been increased in the model, which means that values have 

been included in order to arrive at the estimate. In accordance with management team, it is 

noted how these differences decrease, which seems to indicate that it offers a value consistent 

with reality, even if the adjustment is not perfect.  

Second reason may be that objectives stated by the organization were not well-written (b), in 

such a way that stated objective was too low for the capacity of the organization and therefore, 

it is always possible to reach 100%. In order to see if this is the case, it is essential to raise and 

discuss the outcomes with management team and consider their explanations.  

In case after having discussed both outcomes with management team it is determined that the 

model is not well constructed, adjustment process of impacts must be carried out. This process 

must address in particular those events that have influence over the events that do not fit right.  

Conversely, if the value of the third column is negative means that simulated value is higher 

than the real one since the estimate has been overvalued. Overestimation due to the fact that 

the influences of the impacts are all positive, may not be caused by a lack of information. 

Therefore, a) makes sense if an external event has influenced in the model, which however was 

not covered. In either case, it is important to ask organization about the cause of deviation 

(external event, wrong estimate of goals…). If it is not caused by any of the facts previously 

mentioned, it will be required to readjust the model. 

Before starting with simulations, it is necessary to bear in mind that for us is enough to state 

that outcomes of simulations adjust to the operational model of the organization. Moreover, 

these outcomes support management team in order to adjust their decisions and objectives, as 

well as predicting to what extend can certain changes affect the rest of the targets.  
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Simulation A:  

In Simulation ‘’A’’ (Table 43) real and standard data of P1 and P4 achievement has been 

introduced for each of the two years. Naturally, including 2 of 4 elements will develop an 

underestimate problem specially, to those events that receive direct impacts of events that are 

not included (P2 and P3). ‘’Empty’’ cells are due to the fact that some values are not included.  

 

 2014    2015  

Simulation Real Difference ID Simulation Real Difference 

89% 94% 5% F1 88% 93% 5% 

89% 95% 5% F2 88% 92% 4% 

92% 100% 8% F3 91% 90% -1% 

92% 67% -25% F4 91% 67% -24% 

93% 100% 7% F5 92% 92% 0% 

93% 100% 7% C1 90% 85% -5% 

92% 100% 8% C2 88% 100% 12% 

96% 63% -33% C3 94% 55% -39% 

96% 88% -9% C4 94% 83% -11% 

75% 100% 25% I1 72% 100% 28% 

66% 75% 9% I2 63% 89% 26% 

70% 100% 30% I3 66% 100% 34% 

62% 100% 38% I4 60% 50% -10% 

60% 80% 20% I5 58% 83% 25% 

76%   I6 74%   

77% 60% -17% I7 72% 63% -10% 

74% 81% 7% I8 70% 87% 16% 

58% 97% 39% I9 56% 94% 38% 

58% 94% 36% I10 57% 53% -4% 

68% 86% 18% I11 65% 98% 33% 

99% 100% 1% P1 65% 67% 2% 

80%   P2 76%   

86%   P3 82%   

99% 98% -1% P4 99% 91% -8% 

Table 43. Simulation-Comparison of Strategic Objectives achievement. 

It is possible to note that underestimate is drastically reduced in parallel simulations where P2 

and P3 are added. 
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Simulation B:  

Outcomes achieved in events ‘’I’’ for 2014 and 2015 (Table 44) have been simulated. Same 

verification must be made as in the previous section.  

 

 2014    2015  

Simulation Real Difference ID Simulation Real Difference 

92% 94% 3% F1 91% 93% 2% 

92% 95% 3% F2 91% 92% 2% 

94% 100% 6% F3 94% 90% -4% 

94% 67% -27% F4 93% 67% -27% 

95% 100% 5% F5 94% 92% -3% 

99% 100% 1% C1 97% 85% -12% 

99% 100% 1% C2 95% 100% 5% 

100% 63% -36% C3 99% 55% -45% 

99% 88% -12% C4 98% 83% -15% 

99% 100% 1% I1 99% 100% 1% 

70% 75% 5% I2 85% 89% 4% 

99% 100% 1% I3 99% 100% 1% 

99% 100% 1% I4 60% 50% -10% 

85% 80% -5% I5 85% 83% -2% 

88%   I6 89%   

60% 60% 0% I7 60% 63% 3% 

85% 81% -4% I8 85% 87% 2% 

99% 97% -2% I9 99% 94% -5% 

99% 94% -5% I10 60% 53% -7% 

93% 86% -7% I11 91% 98% 7% 

   P1    

   P2    

   P3    

   P4    

Table 44. Table 15. Simulation-Comparison Internal Processes Objectives achievement . 

 

In both situations are used only those events that belong to groups P and I, which are those 

defined in the model as dynamic events on which organization can make certain changes. 
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Outcomes are also achieved in both simulations, even though input data of the two different 

Groups P or I are taken, and it is noted that largest mismatches (over estimates) appear in 

elements C3, C4. F4 and I7.  

 

3.5.4.2. Discussion of Outcomes and Simulations 

 After presenting the outcomes achieved to the leadership of the organization in a meeting, it is 

concluded that these deviations are caused mainly by two grounds explained below. Throughout 

the year 2014, the firm signed an agreement with one of the leading European firms of the large-

scale consumer sector. Due to the large-size of the project, firm had to substantial reduce those 

efforts and resources that were not directly linked with the production, by resulting in a negative 

deviation in I7 objective (external event ‘’a’’). This cascade effect was responsible of the delay in 

the implementation of other strategic projects, as the development of technological applications 

for measuring and transferring outcomes, that explain the negative differences identified in 

objectives C3 and C4. As leadership commented, negative differences in objective F4 may be due 

to the obstacles encountered for changing the current insight that customers share about experts 

and positioning of the firm.  

Finally, leadership concludes that obtained deviations in the year 2015 were clearly motivated 

by an overestimate at stating objectives (‘’b’’).  

At the end, after discussing outcomes with management team it has been determined that 

differences between predictions and the model are mainly due to a wrong establishment of the 

objectives, and signing of the large-scale agreement, which led to concentration of the resources 

of the organization in just one project. These outcomes point that simulation helps leadership at 

noting possible deviations of the objectives at modifying other objectives and also, at defining 

the targets and objectives more properly.  

It is essential to take into consideration that simulations have been performed for Long-Term, 

which means, taking into account all the interrelations that exist since objectives consisted in 

identifying what happened two years ago. However, it is important to remind that if the objetive 

is to take a decision, short-, medium- and long-term simulation can be made depending on the 

information requirements.  

 

3.5.4.3. Outcomes Survey  

With the purpose of providing an increased support to these conclusions, questionnaire has been 

developed for a group of experts in order to assess outcomes and data achieved with the 
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implementation of the purposed methodological combination. Heterogeneous group was 

comprised by members from management team of the organization we are analyzing (four 

management team members and an external consultant, which is closely associated to the 

organization). Furthermore, same questionnaire was developed for a group of other five experts 

with strong experience in the field of business consulting and strategic decision-making. After 

having reviewed the case and outcomes achieved, these professionals contribute their insights 

as if they were part of the management team. Responses of ten different experts are thus 

available in order to analyze outcomes in this particular case. 

Questionnaire had twelve different questions where each of the professionals had to answer with 

the degree according to a seven-point Likert scale, and it was split into two blocks.  

First block (Table 45) had six different questions, whose purpose consisted in finding out the 

Perception of Usability. This section is directly derived from the work of Fred Davis (Davis 1989), 

whose aim was to see if this combination provided a usability enhancement of information 

systems in a firm.  

 

 
Question 

 
1 2 3 4 5 6 7 

 

1 Using BSC&CIA-ISM at work enables me to perform tasks faster Unlikely      X        Likely 

2 Using BSC&CIA-ISM enhances labor performance Unlikely       X        Likely 

3 Using BSC&CIA-ISM at work increases productivity Unlikely        X       Likely 

4 Using BSC&CIA-ISM enhances effectiveness at work  Unlikely         X     Likely 

5 Using BSC&CIA-ISM would make easier doing my work  Unlikely            X   Likely 

6 I find BSC&CIA-ISM useful at work  Unlikely            X   Likely 

Table 45. Perception of Usability. 

 

The average of responses that appear in the previous table illustrates that there is certain 

uncertainty regarding if this would help at boosting speed, labor performance and productivity. 

After having searched for a better explanatory description, it was found that it occurred because 

there was not available a user-friendly system to carry out simulations and calculations. All 

this, made a bit more difficult carrying them out and it also required some time and knowledge 

in order to interpret them properly. On the other hand, there was common agreement with 

regards to if this combination was a facilitator system to bring more convenience to the everyday 

work of management and decision-making teams, as well as enhancing effectiveness of the work.  

 

The second block of questions (Table 46) was aimed at assessing directly the methodology 

proposed and the objectives stated in this work. Questions were directly related to the 

hypotheses proposed in section 4.1. of this article.  
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 Question  1 2 3 4 5 6 7  

7 
Using impact matrixes enhances understanding of the organization and 

interrelationship between objectives.  

Totally 

disagree 
            X 

Totally 

agree 

8 
Using graphs enhances the understanding of the organization and 

interrelationship between objectives. 

Totally 

disagree 
            X 

Totally 

agree 

9 
Matrixes, Graphs and Simulations improve the knowledge of the organization 

and interrelationship between objectives.  

Totally 

disagree 
            X 

Totally 

agree 

10 Using simulations and temporal matrixes may help with decision-making.  
Totally 

disagree 
        X     

Totally 

agree 

11 
Considering CIA-ISM together with Base Score Card may help with decision-

making.  

Totally 

disagree 
            X 

Totally 

agree 

12 
Information provided by CIA-ISM and Based Score Card helps us to understand 

and describe interrelationships between the objectives of the firm.   

Totally 

disagree 
            

 

X 

Totally 

agree 

Table 46. Survey on Objectives-Hypotheses. 

 

The average of responses was practically unanimous in ‘’Totally agree’’. Three first questions 

are aimed at checking if the methodological combination helps enhancing the understanding of 

the organization and its objectives, beyond what would be done just using BSC. Particularly, 

these questions were also aimed at finding out if this knowledge would help mitigate the levels 

of uncertainty and thus, improving the achievement of objectives (by minimizing risks). 

Questions 10 and 11 had the purpose of finding out the perception of the people surveyed about 

whether this combination helps decision-making and if either of them does it better. Outcome 

achieved revealed that temporal matrix provides information and help decision-making, but 

generally the complete combination of both is the one that improves and facilitates most this 

task.  

At the end, question 12 was aimed at finding out to what extent BSC helps understand the 

interrelationships between targets and objectives (Principle of Causality) and the response of 

all people surveyed was unanimous again in ‘’Totally agree’’. 

 

3.6. Conclusions  

There are a great number of conclusions derived from this paper. This article proposes 

theoretical and methodological contributions which emerge at integrating a new scenario-based 

methodology to BSC. BSC is a tool wide acclaimed on behalf of management teams involved and 

experts consulted. Nevertheless, it is also true that the tool has certain failings which must be 

solved in future researches. It is essential to keep in mind that this research involved direct 

participation of the agents involved, and leadership committee of a real organization which is 

currently operating in market. Thus, conclusions that came out are derived from a real feedback 
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of the organization and, in our view, market entails significant improvement regarding to 

validity of the findings and transference of outcomes of the academic research carried out.  

In general, using CIA-ISM in combination with BSC improves the quality and amount of 

information offered by BSC and displaying it graphically and numerically. Particularly, this 

combination offers the possibility of categorizing, displaying targets in an orderly manner, as 

well as exposing their interrelations. Thus, there is also given a reasonable explanation for the 

Principle of Causality, which constitutes the main focus of this research. Moreover, working 

with simulated situations enables a better understanding of the organization and its 

functioning, apart from offering the possibility of preventing possible decision-making effects 

before they became real. This can be used as a training tool for management teams and Decision 

Support Systems (DSS). At any event, an enhancement of general and specific knowledge of the 

organization and its targets, reduce the effects of uncertainty about goals and thus, reducing 

risk level too.  

On the other hand, as a methodological contribution to CIA-ISM, integration of Temporal Bias 

will enable management teams to determine which targets have to be modified and 

strengthened, in order to achieve strategic objectives depending on the available operating 

times.  Therefore, it is essential to highlight that BSC extent using CIA-ISM has a wide range 

of implications that can be assessed from various perspectives.  

Using CIA-ISM in order to understand BSC (Principle of Causality) and as a tool to 

improve BSC. 

The combination/extent of BSC with CIA-ISM, enables us to develop contrasted reasoning to the 

principle of causality, that link objectives in BSC (heading 3.2). Moreover, it is confirmed by the 

organization leadership after presenting data previously illustrated and contrasted by means of 

a survey. In particular, the most direct way to note this causality is through the use of the graphs 

listed and the use of ‘’ceteris paribus’’ simulations, where it is noted how the modification of a 

target affect to the rest. Lastly, generation of simulations will enable management teams to 

adjust the objectives stated for the organization in greater detail. Thus, efficiency and 

effectiveness in functioning of the organization will be promoted.  

Using CIA-ISM to shape BSC 

Methodological combination illustrated enhances and improves the information provided by 

BSC. Specially, it allows building a ductile model that allows to make simulation and provides 

further information about the interrelations of their elements. As it has been previously stated, 

all this generates multiple benefits.  
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Using CIA-ISM together with BSC to understand the Organization 

The following implication of this paper is that leadership agrees in using the combination/extent 

of BSC, as a tool to understand better the organization. Since graphs listed (Step 3) and impact 

matrixes, both temporal and general bias, offer a joint and detailed vision of how targets interact 

which each other, and which is the degree of relationship, depending on the timescales 

considered (Temporal Bias – Outcomes).  

Using CIA-ISM together with BSC as a tool for decision-making (DSS) 

Other implications that entails the use of this proposed combination is that it improves decision-

making, particularly strategic decisions, since the simulator allows to recreate effects of 

decision-making beforehand, or to raise possible scenario simulations to settle them before they 

occur. This means, BSC&CIAS-ISM can simulate effects, as well as training management teams 

and providing them with more information.  

Using CIA-ISM together with BSC as a tool to minimize risks (reduction in uncertainty) 

Furthermore, as a direct consequence of above implications, it is essential to have available 

wider knowledge of the organization, interrelations between targets, simulations and decision-

making support systems based on scenarios. All these consequences directly imply that 

organization must have available a tool to largely minimize uncertainty faced in strategic 

decision-making. As explained in the Introduction of this paper, narrowing uncertainty consist 

in minimizing risks.  

Another advantage of this work is that faults, misstatements or weaknesses have been detected 

and must be taken into account in further researches. Weaknesses to take into account are 

various. First one is strengthening the interface for simulations, which must have a system that 

displays outcomes in a more clear and user-friendly manner from now on and, taking into 

consideration the particularities of this Working Model. Moreover, following step is to set up an 

assessment system for susceptibilities between targets, apart from also covering temporal bias 

and provide a further understanding of them. It would be also appropriate to build a working 

model that includes non-linear, positive or negative impacts. Thus, simulations and interactions 

can be performed more accurately between the targets assessed.  

In conclusion, we consider that BSC extent with CIA-ISM scenario-based methodology enhances 

the state of the initial art, by allowing to describe better the interrelation between targets and 

objectives and providing a reasoned explanation for the most common criticism of BSC, as it was 

previously stated. In addition, increase of knowledge of the organization, its targets and 

interrelationships dramatically decrease the impact of uncertainty on objectives. This enables 

the possibility of improving decision-making and minimizing risk related to the own 

organization in general, and strategic decision in particular.  
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Since there are several weaknesses in this paper, researchers know that impacts between 

objectives cannot be linear, and therefore it is possible that depending on the level of 

accomplishment of certain objectives, these may have different impacts on the rest. Another 

weakness of this research is that it has been conducted in just one company, which despite all 

the advantages resulting, it supposes a weakness with regard to a round-up of major findings.  

Both weaknesses create opportunities to continue working in following researches, since it is 

intended to design a more complex impact matrix, which may enable us to meet not only the 

size of the impact, but also its direction, and by including a non-linear pattern of behavior 

between objectives. Similarly, it is intended to extend this research to other organizations that 

use BSC with the aim at replicating this work, and compare findings with the final purpose of 

validating the statements presented. 
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Abstract 

This paper describes the construction of a tool supporting decision making (DSS) (Keen & Morton, 

1978). The name of the tool ‘’CIBSE’’, comes from the acronym CIA-ISM for Business Success 

Evaluation, and it evaluates the success rate of entrepreneurial ideas by analyzing the previously 

modified Business Model Canvas (BMC) (Osterwalder, Pigneur, Smith, & Movement, 2010). 

Modified Business Model Canvas include financial and no financial dimensions as a way to extend 

the original BMC. In order to analyze data, a model based on CIA-ISM (Bañuls & Turoff, 2011) is 

used to evaluate scenarios, and it enables the estimation of direct, indirect and cascading effects 

interrelationships between all dimensions to calculate an indicator of success. Moreover, this tool is 

able to identify weak and strong points of BMC, which will help to attain the survival goal of 

undertaking by reducing the level of uncertainty, or in other words, by reducing risk (International 

Standards Organisation, 2009). Paradigm of Design Science (Hevner, March, Park, & Ram, 2004) 

has been used as a point of reference to design this tool, along the seven guidelines stated from the 

conceptualization of goal to the dissemination of results. Although this study is focused on regional 

context, it is associated with a project of public services of the 4th biggest region of the EU regarding 

the population size, as well as the 6th biggest region regarding its extent. This approach allows direct 

access, as well as a privileged access to data, technical resources and professionals to develop the 

model, tool and perform further validation having data of real projects.  
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4.1. Introduction 

Joint Research Centre-Institute for Prospective Technological Studies (JRC-IPTS) states that 

promoting the success of business project has become one of the main EU policies (Komarkova et 

al., 2015). EU aims at creating jobs and increasing economic growth rates in society and economy. 

In order to achieve this goal, it is required to promote venture capital (Audretsch, 2007, 2014), which 

is made up of sum of the following elements: framework, cultures and institutions that contributes 

to the establishment of businesses (Audretsch, 2009). In this regard, scientific literature reveals a 

growing interest in the influence of venture over economy and its development (Acs, Audretsch, 

Braunerhjelm, & Carlsson, 2012; Acs & Szerb, 2007; Audretsch, 2009; Audretsch & Keilbach, 2004, 

2008; Fritsch & Noseleit, 2013). There are several contributions that include studies on the factors 

that influences venture from an environment perspective (Aparicio, Urbano, & Audretsch, 2015; 

Busenitz, Gómez, & Spencer, 2000; Méndez-Picazo, Galindo-Martín, & Ribeiro-Soriano, 2012; Roig-

Tierno, Alcázar, & Ribeiro-Navarrete, 2015; Valliere & Peterson, 2009), as well as other studies on 

the individual characteristics of entrepreneur (Lumpkin & Dess, 1996; McClelland, 1961; Hao Zhao 

& Seibert, 2006), studies on success prediction models with financial data (Altman, 1968; Beaver, 

1966) and other non-financial characteristics (Lussier, 1995). There are also more recent and 

innovative models as the one of Van Praag (Van Praag, 2003) or the model developed by Shawn, 

Gordon, Harvey and Henderson (Shaw, Gordon, Harvey, & Henderson, 2010), that purpose different 

approaches for measuring success.  

Notwithstanding contributions mentioned above regardless the source or sort of data to evaluate, 

there are no papers that include all these factors under a common framework or methodology based 

on information technologies at predicting success of an entrepreneurial activity.  

Making this tool available may be a special-interest advantage for those entrepreneurs and public 

and private-sector organizations, which have an interest that an entrepreneurial idea goes ahead 

(public services, bank institutions, local development offices, investors, etc.) Furthermore, this tool 

is of particular concern for decision making, since identifying the weaknesses or threats implies 

reducing effects of uncertainty on the survival goal of undertaking, namely reducing risk (ISO, 2009) 

in order to enable decision, adaptation and improvement of this purpose before its implementation 

and ensuring greatest chance of success.  

Accordingly, this tool integrates intellectual resources with capabilities to improve the quality of 

decisions over semi-structure problems in Decision Support Systems (DSS) (Keen & Morton, 1978). 

Thus, the main goal of this paper is to create and validate a DSS that enables to evaluate the success 

of an entrepreneurial initiative based on financial and non-financial data (quantitative and 
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qualitative), referred to as ‘’CIBSE’’. To attain this goal, a research strategy of information 

technologies has been followed, and it is based on the paradigm of Design Science (Hevner et al., 

2004) which is focused on the development of artifacts designed for the purpose of providing a 

solution to a major problem on the environment, using the existing knowledge base. This paradigm 

discloses several handouts aimed at helping researchers to follow a clear and comprehensive 

creation process.   

According to the taxonomic classification from ‘’CIBSE’’ tool, it is necessary to mention that DSS 

proposed is a collaborative work (Haettenschwiler, 1999) since it enables to modify different 

dimensions until a decision is made, but also it can be classified as a model-driven DDS (in this 

case, CIA-ISM methodology has been used), following the steps criteria of assist mode defined by 

Power (D J Power, 2002). All this has conditioned the internal structure of DSS, in line with the 

proposal that appears in Figure 18 (Boreisha & Myronovych, 2008). 

 

 

Figure 18. Key components of DSS (Boreisha & Myronovych, 2008). 

 

Analytic layer of CIBSE tool is based on calculations performed in a model that uses Cross Impact 

Analysis and Interpretive Structural Modeling methodologies (CIA-ISM) (Bañuls & Turoff, 2011). 
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The utilization of this tool will not only allow to interlink all dimensions considered before, but also 

to interlink direct impacts on success. In order to build this assessment model, internal and external 

data have been collected from different sources of information, such as economic databases, 

enterprise databases, expert consultations, analysis of face-to-face interviews, scientific literature, 

etc.  All these sources of information made possible to collect data for the dimensions evaluated in 

240 different business activities. Access to information and individuals was possible due to this 

study has been included within an entrepreneurship-building project promoted by public 

administrations of the Regional Government of Andalusia, one of the biggest regions in Europe. In 

addition, this project involved the participation of every network of local business support centers 

of the administration mentioned above, as well as a huge group of experts and professionals, which 

contributed to provide access to primary sources of data. Although the mentioned project belongs to 

a regional framework, it is necessary to consider that it constitutes a study validated by data 

collected from the 4th and 6th biggest region of Europe regarding its population and its extent, 

respectively.  This estimation implies that the region constitutes 1.641% of the total population of 

the EU-28, and 1.442% of GDP and 2.017% regarding its European extension. This provides a 

crucial advantage when it comes to building and validating a model through real data.  

Once the model has been created, a user interface based on spreadsheets must be developed with 

the purpose of making possible the potential users interaction with the model and collected data. 

This user interface is a prototype and its goal is more focused on validating the functioning instead 

of usability. In this case, this tool enables to analyze Business Models CANVAS (BMC) (Osterwalder 

et al., 2010), that have been adapted to include all business dimensions as well as interpersonal 

dimensions. As a result, it offered an estimate of the chances of success of the idea that was 

underlined in the modified BMC, as well as performing a concise analysis of possible weaknesses 

and threats (SWOT analysis), which would help users to make decisions and improve the plan.  

This present paper is divided into five different sections which are described in the  

Figure 19. Each division of the graph refers to the sections of this paper:  

 

Figure 19. Different stages of research. 

Research
Framework

DSS purpose Methodology Design Evaluation Conclusions
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First section is correlated with a review of literature on this research framework, where an approach 

to previous success assessment models: DSS and BMC tools. Following section describes research 

problem, goals and hypotheses, research strategy used for this work, as well as the methodology for 

building the simulation model. Once research has been framed, following sections describe the 

design process of this tool, as well as the evaluation procedure. Final section of this paper integrates 

research findings, weaknesses found and further research lines in this area.  

After having introduced the major outlines of this work, it is required to go in-depth on each section. 

Review of scientific literature is included in the following section, specially focusing on previous 

success assessment models, DSS associated with business and BMC.  

 

4.2. Literature Review 

4.2.1. Models for Measuring Business Success  

Models for predicting business success have evolved over time. First author to use data in order to 

predict business success was Beaver (Beaver, 1966), followed by Altman (Altman, 1968), although 

the methodology changed a great deal since first univariate analysis were carried out until the same 

author developed ZETA models (Altman, 2000). Most of the studies carried out for modeling 

business success have been based on financial data. While this represents distinct advantage at 

performing calculations and helping to develop mathematical models, a tendency in literature states 

that using only this variable type is insufficient to foresee the future, since they reflect the old days 

(Foster, 1986) and may be handled or just be too simple for predicting (Hillegeist, Keating, Cram, 

& Lundstedt, 2004). 

As noted above, methods on the basis of financial analysis have been the most commonly used 

historically. However, it is interesting to consider recent literature, where the importance of non-

financial variables is discussed in the study on business success for young businesses, as the one 

carried out by Kernell and Wallin (Kernell & Wallin, 2011). This study is based on a review of 

previous published data on models for predicting business success (or predicting bankruptcy). 

Kerner and Wallin state that bankruptcy predictions have been developed through the support of 

financial information (Altman, 1968; Ohlson, 1980). However, the feature characteristics of business 

entrepreneurship may not result in enough information (Keasey & Watson, 1987). In addition, other 

authors find evidence in literature where financial reports must be matched by other sources of 

information (Keasey & Watson, 1987; Peel, Peel, & Pope, 1986). 
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Other authors as Lussier (Lussier, 1995) already identified in his articles a number of 

characteristics/variables that contribute to business entrepreneurship, where financial and non-

financial data are included, giving way to a long list of articles related to this perspective. (Lussier, 

1996a, 1996b; Lussier & Pfeifer, 2001). In this context, the importance of merging economic and 

financial data as well as other data are included in studies carried out by Van Praag (Van Praag, 

2003), where other non-financial variables are analyzed to foresee entrepreneur success defined and 

length of self-employment.  

Lastly, it is necessary to point out the model developed by Shaw for banking in India in 2008 (Shaw 

et al., 2010). This model takes three predicting variables that are used as a benchmark for this 

current model: entrepreneurship characteristics, individual’s business skills and attitude. Said 

variables are evaluated on a scale of 1 to 5 to provide a final prediction. Said model is, to some 

extent, the motivation for writing this article.  

Therefore, it is reasonable considering that assessment of entrepreneurs’ success entails a complex 

task where many diverse variables have an influence on outcomes. It is also necessary to consider 

financial and non-financial variables, qualitative and quantitative variables, but also the fact that 

interrelations between those variables are not known beforehand. Thus, most of statistical studies 

can end up being inconsistent. Generally, there are different types of variable, a great number of 

risk and lack of information which hinder the task of evaluating if any business venture is going to 

be successful or not. All this features in terms of complexity, uncertainty and lack of information 

are those that make us to consider the use of DSS to sort out semi-structure problems as the one at 

hand.  

  

4.2.2. DSS: Applications, Disciplines and Structures 

Literature defines DSS as a tool to combine intellectual resources and competencies in order to 

enhance the quality of decisions over semi-structure problems (Keen & Morton, 1978). It is 

necessary to make clear that semi-structure problems are those where not all variables of a decision 

may be measured quantitatively (Gorry & Morton, 1971). In this case, we are going to focus on 

quantitative and qualitative variables which are subjected to an environment of high uncertainty 

as it is entrepreneurship.   

In literature, DSS may be found in different fields of application, such as business management 

education, military, government and health applications, environmental areas or agriculture, 

amongst others. There are many academic papers that perform a thorough analysis of scientific 
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literature. According to the authors, one of the most interesting is the work of Eom and Lee (H. B. 

Eom & Lee, 1990) where more than 203 bibliographic references, categorized into 9 major groups,  

are analyzed. Standing out for its size, ‘’business management’’ category is divided into 8 

subdivisions. This characteristic is not shared by the rest of the groups.   

 

Subdivisions 

(DSS Business Management) 

Accounting 

Finance 

Human Resources 

Internationalization 

Information Systems 

Marketing/Logistics 

Production & Operations 

Strategic Management 

Table 47. Subdivisions of DSS in Business Management. Eom & Lee (1990). 

 

The immediate conclusion we can draw from DSS is that, although its use is widely spread over 

other fields of application, in Business Management section there is greater job development. 

Moreover, the second conclusion is that although authors carried out detailed analysis and a 

classification of scientific literature, there is any DSS application related to the assessment of 

entrepreneurship or business success.  

Extension of works carried out by these authors has been used in other papers (S. B. Eom, 1995), 

where an analysis of 692 academic papers is performed in the field of DSS by identifying 7 common 

factors (4 primary and 3 secondary). Said factor are: foundations, DSS groups, Models/Data 

Management, Individual Variations, Organizational Science, Multi-Criteria Decision Models and 

Artificial Intelligence. Last three factors are the weakest and less present, what increase the 

motivation for throwing research works that provide knowledge to this fields, particularly 

Organizational Science and the application of Artificial Intelligence Systems.    

At this point, it is required to allude to the different classifications of DSS in literature, considering 

taxonomy, type of assistance and general structure of this tool.  
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Taxonomically described, there are different types of DSS (Haettenschwiler, 1999) which are active, 

passive and cooperative. Last type is those DSS that allow to consider suggestions until a decision 

is taken, which implies the possibility of creating an interactive system to make modifications until 

reaching the best one. On the other hand, following the classification according to the type of 

assistance offered by DSS (D J Power, 2002), there are 5 different types: model-driven DDS, 

communication-driven DDS, data-driven DDS, document-driven DDS and knowledge-driven DDS. 

While, given DSS structure it is possible to find combinations of those.  

Although there are different approaches about the internal structure of DSS, where different 

elements are identified (Sprague Jr. & Carlson, 1982). In general, it is normally similar to the 

classification made by Haah, McCubrey and Cummings (Haag, McCubbrey, & Cummings, 2003) or 

the classification made by Boreisha and Myronovych (Boreisha & Myronovych, 2008) (Figure 1), 

where it is possible to find three different elements: 

• Data layer: data warehouse used for decision-making and composed by a set of data from 

different sources.  

• Analytic layer: model/software used to perform calculations in order to obtain outcomes.  

• User interface layer: responsible for making possible interrelations between the user and 

the tool through a computer or mobile application, spreadsheets…  

Upon the introduction of the possible models to measure business success and review over DSS 

tools, it is necessary to describe business models as tools that comprise different factors for a 

business plan.  

 

4.2.3. Business Success Evaluation and Business Models 

There are different studies focused on success factors for entrepreneurs, since first modern studies 

on entrepreneurship were carried out taking as a reference the definition of Schumpeter 

(Schumpeter, 1934), where entrepreneurs are ‘’individuals who exploit market opportunity through 

technical innovation and/or organizational innovation’’.  

As a thematic review of literature, it is noted the evolution of the different theories based on the 

analysis of the entrepreneur and its characteristics, as well as theories underlying the individual 

characteristics and its attitudinal characteristics (Lumpkin & Dess, 1996; McClelland, 1961). It has 

evolved and integrated different dimensions as for example, the entrepreneurs’ behavior approach 

(Gartner, 1988; H. Zhao, Seibert, & Hills, 2005) or the models that include different cognitive 

variables or factors of the business environment (Rauch & Frese, 2007). Modern approaches also 
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extend beyond the individual characteristics, by evaluating the impact of the environment, 

infrastructures, business opportunities and entrepreneurship in both economic and qualitative 

terms (Busenitz et al., 2000).  

It is realistic to assume that apart from the entrepreneur and environment characteristics, it is 

necessary to evaluate the characteristics of the idea proposed and of those elements that compose 

it. In this respect, comprising more than just financial statements, it becomes interesting to evaluate 

business plans as an abstract and indicators of the entrepreneurial idea. Since the implementation 

of a good idea must be allocated on a proper actor, guideline and scenario in order to be successfully 

implemented and to analyze the possible success or failure, it may result in an incomplete analysis 

in case we do not take into account these three pillars.  

The types of business models have evolved strongly in recent years. Their form and content changed 

depending on the objectives pursued and the perspective of theoretical approach to follow. In any 

event, both the perspective of Schumpeter to the perspectives based on innovation, business models 

attempt to represent the functioning and the organizations’ expectations conceptually.  

As the creator of CANVAS MODEL (BMC) defined ‘’A business model is a conceptual tool that 

contains a set of elements and their relationships and allows expressing the business logic of a 

specific firm’’ (Osterwalder, 2004). In one of his most recent works the author states  “a business 

model describes the rationale of how an organization creates, delivers, and captures value” 

(Osterwalder et al., 2010). 

Following these two major ideas, the present paper has selected BMC as a type of standard model 

to carry out this study. We consider that the authors of BMC previously performed a great review 

of literature, by comparing different business models as outlined in the doctoral thesis of 

Osterwalder. Key factors of entrepreneurship are found in a study of ontology on business plans, as 

well as in a comparative study on the dimensions taken into account in literature (see more 

information in Table 42 of Osterwalder’s doctoral thesis). On the other hand, the simple structure 

of BMC and ease of use for those who are not business organization-literate make it a suitable tool. 

Despite being structured and organized, it is innovative, easy to use and an open system. Moreover, 

the concept of BMC is an open notion and in constant evolution, where plenty of information can be 

found in literature, such as critical analyses over its strengths and weaknesses (Coes, 2014), as well 

as expansions of the model as the examples of models with different layers (Joyce & Paquin, 2016), 

or LEAN BMC of Ash Mayura (Maurya, 2014) that modifies original BMC to focus it on startups. 

Philosophy of Osterwalder and Pigneur in BMC pretends to create a living and questionable 
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structure that involves the community at the time to evolve depending on the requirements but 

always conserving same source and format.  

CANVAS model proposed by Joyce and Paquin integrates two more data layers than the original 

proposal of Osterwalder y Pigneur, and extending the economic concept to the creation of social and 

environmental value of the organization. On the other hand, LEAN BMC is mostly focused on 

entrepreneurship, by using a combination of LEAN STARTUP (Ries, 2011) and BMC.  

In summary, literature related to BMC affirms why 9 dimensions are used, but it leaves open the 

possibility of including modifications to the current model, as they are described in the preceding 

paragraph or the ones included in this work. 

In our case and on the basis of the original BMC, dimensions that we consider necessary to carry 

out a further in-depth study on entrepreneurship success are included. Original BMC provides 

information about the firm, generation of value, environment, but it provides no or little such 

information about the characteristics of entrepreneur. A review on literature over entrepreneurship 

success (Hornaday & Aboud, 1987; McClelland, 1961) helps to integrate in the analysis individual 

characteristics as well as technical characteristics of entrepreneurs. 

After completion of this literature review, it should give way to following section where methodology 

framework is described, as well as goals, hypothesis and research strategy.  

 

4.3. Methodology  

To develop a tool for decision-making in a rigorous way entails considering a set of methodological 

guidelines to lead the research. Since we use a design work linked to information systems, we have 

decided to follow the directions set in one of the most accepted design works on research in 

information systems, following the paradigm of Design Science from Hevner.  

 

4.3.1. Research Problem 

Nowadays, there is any tool to evaluate the feasibility of success of business proposals, considering 

the characteristics of entrepreneur (or entrepreneurial group), characteristics of the project itself, 

type of business and its location.  

The great number of variables and complexity of interrelations increases the level of uncertainty, 

making difficult to evaluate success. Having available a tool to take decisions based on 
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entrepreneurship, to detect risks and threats over success, makes it a promising idea that would be 

a great help to agents involved, such as entrepreneurs themselves, potential investors and public 

administrations, among others.  

The context of this study is linked to a project for promoting entrepreneurship, which is carried out 

by the Public Administration of the regional government, and which has involved every network of 

local business support centers in one of the biggest European regions regarding its extent and 

population. It is noteworthy that previous works performed in the same context stand out some 

important data at the regional level, particularly in 2016 this network of local business support 

centers helped at creating 15.773 jobs and played an active role in the creation of more than 12.700 

firms with an estimated investment of approximately 176 million dollars. Furthermore, mentoring 

services have been provided to almost 1.800 firms in 2016 (at least during three continuous months). 

Regarding the business survival rates (active for at least 12 to 23 months since its inception), data 

in this region suggest that they comprise 68.86%, but since the firms have been supported and 

mentored, the survival probability increases in 74.24% (+8.38%). In addition, a more thoroughgoing 

study shows that business survival decreases significantly if we change the number of years to 3 

(only 50% of the firms created in 2010 were active in 2013). Therefore, it is necessary to consider 

that the secondary goal pursued is increasing survival in more than 3 years, since those that survive 

for more than 3 years have more chances to remain active and will no longer be considered as new 

businesses.  

Summarizing, one of the problems that entrepreneurs face when undertaking is facing uncertainty 

which entails lack of knowledge with regard to if the business idea is going to be successful or will 

survive. Moreover, as it has been noted at the beginning of this paper, there are many factors that 

have an impact on business survival, whether they are linked to entrepreneur, project or 

environment. In this sense, having available a tool to minimize risk by reducing uncertainty and 

helping decision-making to improve scheduling, as well as strengthening weaknesses found, will 

solve many of said problems.  

 

• Entrepreneur will be able to improve his business model to make it better and stronger. 

• Investor will be able to analyze if the business model present weaknesses and if it has good 

chances of survival.  

• Public administration will be able to detect which are the most common weaknesses, 

depending the type of activity and location, so as to optimize the resources used to promote 

a successful entrepreneurship.  
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In any event, these three perspectives have as common goal the improvement in the indicator of 

business survival and therefore, job generation and improvement of overall economic situation.  

Therefore, the major problem for organizations is not having available appropriate tools to evaluate 

success of an entrepreneurial idea, by considering different types of factors associated to 

entrepreneur, project and environment.  

 

4.3.2. Objectives and Hypotheses  

The objective of this paper is to develop a tool (artifact) to help decision making (DSS) and enable 

us to evaluate success in business models, characteristics of entrepreneur (or entrepreneurial team) 

by considering the environment and type of business. Furthermore, this tool must also provide 

SWOT type relevant information about characteristics evaluated.  

As it has been previously mentioned ‘’the capacity to evaluate feasibility of a business initiative 

beyond economic and financial aspects, constitutes one of the most complex challenges which agents 

involved in local development face’’. Thus, present paper pretends to address this problem by 

designing a model to evaluate success over local business initiatives in the form of artifact or DSS 

tool. This tool will consider local environment based on each sector of activity (partnerships, market 

and resource access), as well as internal factors (key competencies, value proposed) and 

entrepreneur himself (individual’s profile, training and skills).  

Following the paradigm of Design Science, as described below, we will use the existing knowledge 

database (background and methodologies) that will be extended and adapted in order to achieve the 

objective in view. 

On the other hand, once the tool is developed, it must meet the following major hypotheses to 

achieve the objective pursued:  

 

H1. This tool/artifact is able to evaluate properly the success of business initiatives. 

H2. This tool/artifact is able to identify strengths and weaknesses of business initiatives.  

H3. Differential between estimate of business initiatives success and medium level of sector 

success is a reliable indicator of success. 
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After presenting the research problem and having established the hypotheses, next step consists in 

introducing the research strategy conducted.  

 

4.3.3. Research Strategy  

As noted at the beginning of this section, Hevner classify the characteristics of design science for 

research within information system. ‘’The paradigm of design science seeks to extend the boundaries of 

human and organizational capabilities by creating new and innovative artifacts’’. Said artifacts must meet all 

needs (from environment) by using an applicable knowledge database (in a rigorous way). In addition, in the 

process of development, all these needs must be justified and evaluated following an iterative improvement process. 

Eventually, it becomes an applicable tool to solve all these real problems and may be added to the knowledge 

database, which are information systems in this case. 

 

  Figure 20. Framework Information System Research. (Hevner et al, 2004. Fig. 2). 

 

This framework proposed by Hevner (Figure 20) can be seen in a two-fold manner: 

• In a horizontal manner, where we must consider the Relevance to the Environment and the 

Rigor of Research in terms of the knowledge base.  

• In a vertical manner, where proposed developments (Theories or Artifacts) must be Justified 

and Evaluated in an iterative assessment and refining process. 
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With the aim of conducting a proper research, authors proposed 7 working guidelines in order to 

help researchers to carry out more effective science design research. Our purpose consists in 

following the same working guides or guidelines, but for practical reasons we will change the order 

of some of them. The following is a table with more detailed information about each of those work 

patterns defined and its description.  

Guidelines Description 

Guideline 1: Design an 

artifact/tool   

Research on Design Science must produce a viable 

artifact or tool such a theoretical construct, model or 

method.    

Guideline 2: Relevance of the 

problem  

The goal of research in design science is to develop 

solutions based on technology to solve important and 

relevant business problems. 

Guideline 3: Assessment of the 

design  

Quality, usefulness and effectiveness of an artifact of 

design must be proved strictly through methods of 

assessment executed by all members. 

Guideline 4: Contributions of 

Research  

The effective design science research must provide 

clear scientific contributions and must be also 

verifiable in the areas for artifacts design, design of 

foundations and methodologies design. 

Guideline 5: Rigor of research  Research in design science is based on the 

implementation of rigorous methods for construction 

and assessment of the artifact of design.  

Guideline 6: Design as a process 

of seeking  

The search of an effective artifact requires the 

utilization of the means available to achieve the 

targets pursued for the environment of problems.   

Guideline 7: Communication of 

Research  

Research in design science must be presented in an 

effective manner for technological direction as well as 

for the administration’s.  

Table 48. Design Science Research Guidelines (Hevner et al, 2004). 

 

It must be noted that all the process related to research has been performed taking great care in 

the Rigor of research, both for its construction and assessment, as well as trying to meet the 

guideline 5 perfectly, which was postulated in the article mentioned.  
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The following section introduces different methods that can be used in the analytic layer such as 

mechanisms for decision analysis, particularly those based on simulations, since they adapt better 

to the problem we address and the context where we must analyze the qualitative and quantitative 

variables.  

 

4.3.4. Methodologies for Simulation  

As it has been noted in previous sections, internal model of an analytic layer in DSS varies 

depending on the type of implementation, available data and environment. As it is described below, 

we have opted for an application of simulation methodologies for the development of the internal 

model.  

 

4.3.4.1. Simulation in DSS 

There are multiple techniques and simulation methods that can be used in the analytic layer of a 

DSS (Daniel J. Power & Sharda, 2007), in his work both authors identify some of the most common 

simulation systems used in this kind of models, as for example Monte Carlo simulations. These 

simulations include traditional mathematical analysis, probability simulation, data simulations, 

agent-based and multi-agent based simulations and visual simulations. In his work, they 

highlighted that simulations can assist dynamic and static analysis of a specific system, by helping 

specialists to create a simulation that reports the findings in certain situations. Each kind of 

simulation technique is implemented to fit better within the context, problem or system to evaluate, 

whether quantitative analysis as Monte-Carlo simulations (Evans & Olson, 2002) or qualitative 

analysis, using agent behavior modelling techniques. (Bratman, Israel, & Pollack, 1988) 

However, Power y Sharda, states that DSS based on data and models pose different challenges and 

they outlined those associated to complexity management of the systems that are used to simulate, 

as well as the possibility of performing simulations in real-time, for those complex models that must 

be created as well as their linked challenges. Both challenges can be addressed using current 

simulation techniques or a combination of techniques that have been successfully used in other 

contexts. In this case, cross-impact analysis (CIA) and interpretative structural modelling (ISM), 

together (CIA-ISM) makes possible to combat this complexity problem of models and perform 

simulations in real-time, so they can become good candidates to build the analytic layer of a Model-

Driven-DSS.  
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4.3.4.2. CIA-ISM 

CIA is a methodology used to help in stablishing interrelations between elements and how said 

relationships between different events (elements) can have an impact on other events, by reducing 

the level of uncertainty in the future. Due to the capability of CIA to analyze complex contexts with 

a high degree of interactions, Cia is one of the techniques most common used to generate and 

analyze scenarios as historically referred to (Turoff, 1971) and currently (Bañuls & Turoff 2011). 

The analytical approach proposed by Murray Turoff (Turoff, 1971) has been specifically developed 

to restructure properly formalisms of cross impact for its use in an interactive computer terminal. 

This requires users to modify and repeat all estimates until they consider that the conclusion 

deduced is consistent with their points of view. In addition, this method is based on the idea that a 

unique event can occur in the sense that it can occur just once (that is to say, a discovery in 

particular or the outbreak of a specific war).    

According to Turoff (1971) CIA can be used in events that generally do not have an occurrence as a 

significant historical event. Using CIA, the inference of probability of occurrence is possible. In this 

case, the problem of Cross-Impact Analysis consists in inferring causal relationships between 

different perspectives. This is performed based on disturbance of the vision of a participant, who 

understands the problem of each event individually. In other words, the opinions of experts estimate 

the causality. Analytically, estimates of correlation coefficients (Cij) can be calculated using a 

deviation of Fermi-Dirac distribution function. (Equation 1). 

 

𝑃𝑖 = 1 [1 + 𝑒𝑥𝑝 (−𝐺𝑖 −∑ 𝐶𝑖𝑘𝑃𝑘
𝑖≠𝑘

)]⁄  

Equation 1. Probability Distribution Function. 

 

Where: 

  

  - Pi represents the probability of occurrence of the i-th event. 

  -Coefficient Cik represents the impact of the i-th event over the k-th event.  

- Gi (gamma factor) represent the effect of events that have not been specified in the 

model 
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- Cik positive coefficient means that k increases if i occurs and negative coefficient 

means that occurrence decreases.  

 

In other words, CIA methodology infers the occurrence probability of a specific event given the 

occurrence of other event, apart from the correlation between all of them, on the basis that none of 

them have history archive so that conventional inference is possible. Moreover, these events are 

classified as trigger events (those that are the first to occur and cannot be directly ‘’manipulated’’), 

dynamic events (those that occur between trigger and the outcomes and are susceptible of being 

slightly altered or modified), and finally Outcomes (those that bring together the final result of the 

model and have no influence over other elements that do not belong to their type).  

Cross-Impact Analysis enables also to consider two types of relationships between events, namely 

those that occur as the rest if a particular event takes place in a specific level (Rij) and those that 

occur given that an event does not take place in said level (Sij). Without going into technical details, 

we have a double matrix where two types of relationships are considered: those that occur when the 

event takes place, and those that occur when the event does not take place. For more information, 

see the article (Turoff, 1971), where said relationships can be seen in the impact matrix in rows R 

and S.  

The use of this type of relationships between R and S, will make possible to adjust more accurately 

the relationships between events (dimensions) that compose impact matrix. This way the model 

takes into account if a specific dimension does appear or not, and in case it appears, hence depending 

on its value, it may affect to the others in different ways. This type of impact matrix, which are more 

complex, allow to reflect more closely the behavior of relationships between elements that compose 

it and constitutes an innovative contribution to this work when developing the proposed tool.  

Finally, given the factors of influence as linear (positive and negative), we can show that estimators 

of relative relationships are consistent between any event and those that influence them, by 

mapping this relationships in linear scale. Then, we can use a different modelling method, as ISM 

to analyze the complexity of the resulting and balanced influence diagram (Warfield, 1976).  The 

following extent would enable people to see a graphic display from their judgements, as well as 

improving their capability to make improvements.  

On the other hand, ISM developed by Warfield (Warfield, 1976), is a method that perfectly combines 

CIA approach used by Turoff and Bañuls. ISM has been used to easily represent the existing 
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interrelationships between the elements of a CIA matrix and see the direct, indirect and cascade 

relationships established by the model that this matrix generates.   

In its start-up, ISM is composed by a number of elements (n) that forms an S set (Equation 2):  

 

S=(s1, s2,…, sn) 

Equation 2. Set of ISM elements. 

 

The existing relationships between the elements of the set can be represented using a matrix (nxn). 

After completing an easy mathematical work with ISM matrixes, it is possible to calculate the 

Reachability Matrix (M). This is a square, reflective, transitive and binary matrix that reveals the 

relationships between the elements of S set. If the element M(si,sj)=1 shows there is one way 

between element si and the element sj, and on the contrary, if M(si,sj)=0 shows there is no way. Each 

element of S set can be considered as a node and find a solution through graph theory.   

For a few years now, this theory has been reformulated in order to make it compatible with both 

methodologies, by integrating them in a single one, CIA-ISM (Turoff, Hiltz, Bañuls, & Van Den 

Eede, 2013). This reformulation is based on converting greater absolute values of impacts in 1, and 

maintaining the rest in 0, thus examining Matrix Cij which is transformed into an accessibility 

matrix. All this allows for a classification in different sensitivity levels to note the development of 

interrelationships between the multiple elements.  

This system allows also to make graphics noted below that enable us to observe the 

interrelationships between different elements, by categorizing its significance and relevance, and 

thus providing an overview of direct, indirect and cascading interrelationships of elements in an 

easy and organize manner.  

After having carried out a review of literature, it is necessary to start working on the development 

of the tool. For this purpose, it is necessary to describe and make clear its structure, make-up and 

each of the parts that comprise it.  
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4.4. Model-Driven DSS (CIBSE) 

4.4.1. Structure 

The purpose of this article is to combine CIA-ISM scenarios methodology with Business Models 

CANVAS (BMC) postulated by Osterwalder in order to develop a tool for decision support systems. 

This tool will make possible to evaluate BMC and perform a SWOT analysis of the elements that 

comprise it. DSS will have a CIA-ISM assessment model as a core, that will be created taking as 

key data the expert opinions and primary and secondary data analysis. Once construction of DSS 

has been completed, it would have a structure similar to the one in Figure 18, and will allow the 

assessment of BMC through user interface. Moreover, using a modified BMC to collect all required 

information will enable us to have a standardized system to facilitate the use of the tool and 

adjusting to the interface, as mentioned in the heading 4.4.1.1 of this article and adjusting the 

interface.  

 

Figure 21. Major components of the structure proposed. Based on Figure 1. 

 

CIBSE operation is easy. User only need to entry all data of the modified BMC into the tool and this 

analyze them using CIA-ISM. Finally, data output (success assessment and SWOT) is obtained. 

User can then take the decision to undertake or change the modified BMC in order to get a greater 
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level of success considering SWOT (Figure 22). This tool will take into account the analyzed BMC, 

type of business and even the location where the business will run, as well as it enables users 

(experts, entrepreneurs, investors and others) to have a useful support tool available for decision-

making.  

 

 

Figure 22. Use of CIBSE. 

 

Once the structure and functioning of the tool has been described, it is necessary to describe each of 

the layers that comprise it, taking into account as previously mentioned, that at the moment the 

objective consist in developing a data layer and analytic layer, leaving for later the development of 

the user interface.  

 

4.4.1.1. Data Layer 

Data layer of this tool contains knowledge base (reference information) of the tool. This layer has 

data from different internal and external sources that will be used during decision-making process 

over each of the dimensions that comprise the model.  

Naturally, data layer must have a data structure similar to the problem we intend to solve. In this 

case, entrepreneurship must contain not only general data of the dimensions considered, but also 

those related to the environment, business type, etc.  

In our case, it is necessary to have a solid and contrasted data structure that consider the 

dimensions that have influence on entrepreneurship success. In addition, as previously stated, 

characteristics of business plan itself, entrepreneur and environment must be considered. It is true 

that we will further pursue the design of the tool, but we consider necessary using a standardized 

model to design the data layers’ structure. Dimensions of modified BMC provide an applicable 
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structure to data layer of this tool, as well as making possible to build the assessment model in a 

second step.  

Once introduction of data structure used to build DSS has been presented, we must move towards 

the analytic layer description.  

 

4.4.1.2. Analytic Layer  

Analytic layer is the core of this tool. In this layer, it is possible to find data analysis engine that 

enable us to assess different options and take decisions. There are multiple modelling methodologies 

that can be used in the analysis of semi structure problems. Particularly, scenarios methodologies, 

as previously mentioned, allow performing of simulations and assessment of similar problems. 

Among them, we choose Cross-Impact Analysis and Interpretative Structural Modeling (CIA-ISM). 

This combination has been implemented in contexts of high uncertainty that include quantitative 

and qualitative variables, and making possible to draw inferences over interrelationships of 

multiple variables. All this help to mitigate the issue of simplifying, as well as considering direct, 

indirect and cascading interrelationships. Finally, it is possible to perform simulations in real time, 

which would solve two of the major issues raised by Power and Sharda.  

After having introduced data layer and analytic data, it is possible to start describing the process of 

designing this tool, by beginning with the definition of variables, simulation model and finally, 

interface presentation.  

 

4.4.2. Design of the Artifact 

4.4.2.1. Definition of the Variables of the Model 

As previously mentioned, literature related to entrepreneurship success contain information about 

traditional financial approaches, as well as those that include non-financial features, such as 

technical skills or, personal attributes of entrepreneur, such as autonomy, competitiveness, 

orientation towards innovation and risk-taking (Lumpkin & Dess, 1996), or the contribution of Zhao 

and Seibert about “Big Five” (Ciavarella, Buchholtz, Riordan, Gatewood, & Stokes, 2004; Hao Zhao 

& Seibert, 2006). In addition, it also refers to technical attributes that differentiate successful 

entrepreneurs (Vilas et al, 2014), as for example, conceptual, managerial, strategic skills or 

opportunity recognition. In short, financial and non-financial features are not key factor of 
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entrepreneurship and have been widely developed in literature about business management, 

business strategy, entrepreneurship, psychology and economy. However, despite the great amount 

of information about this matter of research, there are no integrated approached that bridge the 

knowledge in different disciplines.  

In order to include both types of features in the dimensions to assess, BMC has been taken as an 

initial structure, since it is a planning tool that includes great majority of fundamental dimensions 

to assess any plan, and it can be also modified. For example, original BMC includes an specific 

section ‘’Key Activities’’, and on the other hand entrepreneurs’ abilities are assumed. As the main 

objective of our purpose consist in using the business model in order to evaluate success, we also 

integrate the valuation of ‘’Key Activities’’ within ‘’Value Proposition’’, since this section also 

includes information about what is pretended to be done, how we pretend to make it and even which 

differential is available by that time. Secondly, the model proposed in this work include two new 

dimensions ‘’Technical Skills’’ and ‘’Personal Skills’’ of the entrepreneurial team (even if it has only 

one member o more). In this way, figure of actors is also included within the assessment system. 

This is the first contribution to this work but also to the original BMC. Two new dimensions 

‘’Technical Skills’’ and ‘’Personal Skills’’ are included in the modified BMC model that will be part 

of our cross-impact matrix, by considering those factors in the success assessment.  

Once initial decision of using a modified BMC was taken, it was necessary to include particular 

aspects of the entrepreneur in order to define, operationalize and value variables/dimensions. 

Differences can generally be observed in comparison with original BMC in Table 49. 

 Original BMC Differences Modified BMC  

Market Segment  

 

 

ORIGINAL 

Market Segment 

Value Proposition Value Proposition 

Channels Channel 

Customer Relationships Customer Relationships 

Income Sources Income 

Key Sources Sources 

Key Activities  [Within “Value Proposition”] 

Key Associations  Partnerships 

Cost Structure Costs 

 EXTENT Technical Skills  

Personal Skills 

Table 49. BMC Dimensions Vs Modified BMC. 
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Modified BMC has an internal structure perfectly defined that makes possible to group 10 selected 

dimensions into 4 criteria, and this in turn, into two different groups (Table 50). 

Hence, internal structure would be the following: 

A. Those influenced by Entrepreneur, naming the group and criteria they belong to and include 

dimensions directly influenced by entrepreneur. This group include contributions to original 

BMC. 

B. Those affected by Economic Activity and the environment. This group can be subdivided 

following these criteria: 

i) Market. 

ii) Economics.  

iii) Infrastructures. 

 

Group Criterion Dimensions # 

Entrepreneur Entrepreneur 

Value Proposition 1 

Customers Relationships 2 

Personal Skills 3 

Technical Skills 4 

Activity Sector 

Market 
Customer Segment 5 

Channel 6 

Infrastructures 
Key Sources 7 

Partnerships 8 

Economics 
Income  9 

Costs 10 

Table 50. Dimensions, Criteria and Groups. 

 

After having clarify the structure, it is required to define each of those criteria and dimensions: 

• Entrepreneur: Entrepreneur present certain distinctive or acquired characteristics, which 

together with its business idea (Value Proposition) makes him different from the rest of 

entrepreneurs or business ideas. 
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o Value proposition: Degree of specificity depending on the business type, as well 

as its capability to focus differentially on competitiveness when finding a solution 

for specific needs of customers.  

o Customer relationships: This include the adaptation to the way of addressing and 

communicating with customers, positioning and marketing plan. All of them make 

possible to know better the value proposition and to build repeatable relationships. 

o Personal skills: personal abilities and attitudinal skills of entrepreneurs 

(Ciavarella et al., 2004; Lumpkin & Dess, 1996; Hao Zhao & Seibert, 2006). 

Particularly, the contribution of Zhao and Seiber and Ciavarella et al. about the “Big 

Five” has served as a reference for operationalizing this feature.  

o Technical Skills: Training, experience, official qualifications, certificates or 

accreditations that provide a deep understanding of the economic activity and its 

context (providers, resources, customer segments, production processes, product 

characteristics, trends…). 

• Infrastructures: Firm can build necessary partnerships to execute the business model 

with total quality of assurance, to complement capabilities and optimize value proposition, 

as well as having access to necessary key sources for the functioning of the business. 

o Partnerships: collaboration agreements with third parties (providers, strategic 

partners, industry partners, investor partners) that enable the firm to design, 

develop and manage all their business projects.  

o Resources: Key resources are the most important assets so that business model 

works properly (natural resources, facilities and machinery). 

• Market: the firm has a specific market that ensures access to potential customers segments 

for business, as well as the channels to communicate, and reaching and delivering the value 

proposition to customers.  

o Customers segment: set of goal customers to which the firm has directed its value 

proposition.  

o Channel: means of communication whereby firm communicate, reach and deliver 

the value proposition to customers.  

• Economics: Firm has the possibility of generating income and having an adequate cost 

structure to achieve the target. 

o Costs: cost level and structure that the firm has available in order to operate 

business model.  

o Income: way in which firm generate funds by their economic activity.  
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In the end, it is necessary to take into account that the objective of this tool is to evaluate ‘’success 

of an initiative’’ thus, we must add this new dimension to the list as ‘’event/dimension resulting’’ 

that will act as dependent variable. Definition of ‘’Success’’ in entrepreneurship can be expressed 

using different terms, such financial and non-financial, and including survival. In this sense, and 

as detailed in heading 4.3.1, we stablish as variable of ‘’Success’’ the survival of any project for more 

than three years since the beginning of the activity.  

 

4.4.2.2. Previous Delphi Process 

After having defined the elements that constitutes part of this tool (10 dimension), next step is to 

develop DSS model. According to the approach of Turoff about CIA methodology, it is necessary to 

know previously certain data that will enable us to estimate the ‘’correlations’’ between the elements 

of the model. For that purpose, it is required to interview a group of experts that provide information 

so that Cross-Impact Matrix can be calculated. As is usual in literature, this process has been 

carried out using surveys and iterative processes of questions. In our case, we used a Delphi 

procedure (Linstone & Turoff, 1975) formed by several rounds until an acceptable level of agreement 

between the six participants of the process is reached.  

Following the mentioned procedure to obtain initial relational data, the view of experts must be 

altered through several questions regarding occurrence of certain events, in case other occur or not, 

and inquiring into R and S relationships previously discussed (4.3.4.2). This case in particular used 

a survey in which experts where asked to what extent a specific dimension will have an impact over 

the rest, one by one, as well as taking into account if that dimension was present or not.  

For example: ‘’Assuming that, if THERE IS a specific strategy to reach a specific customer segment, 

please specify how it affect to the rest of events of the model to take place or not’’. Similarly, experts 

were asked the same but on the contrary ‘’Assuming that THERE IS NO specific strategy to reach a 

specific customer segment, please specify how it affect to the rest of events of the models to take place 

or not’’. This way is possible to obtain information about the existing interrelationships between the 

different dimensions or events, regardless if the variable is present or not. In order to assess these 

relationships, interviewers must answer these questions using a single scale, for both directions. 

Linker-type scale (Likert, 1932) shows which is the degree of relationship between the dimension 

and the rest, even if this takes place or not. Furthermore, said qualitative label is associated to a 

quantitative assessment that enables us to operate with values and perform calculations (Table 51). 
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Table 51. Assessment scales of relationships. 

 

Using Delphi procedure implied the performing of several rounds of surveys until a level of 

agreement between responses of experts was reached. After having achieved said level, responses 

were integrated through Dalkey average (Dalkey, 1975) that made possible to have initial 

probabilities to start making the calculations of the impact matrix. 

 

4.4.3. Cross-Impact Analysis (CIA) 

After knowing the initial probabilities of the Matrix (Pij), CIA methodology can be applied. It is 

important to remind that in this model we consider the impact of a dimension over the rest, by 

keeping in mind that said dimension is present or the impact they receive in case they are not 

present. Due to this characteristic matrix of R and S factors is obtained (Table 52), as shown below. 

All those factors are measured on a scale of zero to five. In the case of a tie, the level of uncertainty 

is of 0.5. If any event is under this level (between 0 and 0.5), it is assumed that the impact on the 

rest will be negative, since it is considered that is does not appear a minimal number of times. Said 

‘’negative’’ impact can be read in rows S. On the contrary, if an event/dimension has a value 

exceeding the level of uncertainty, is taken for granted that the effect on the rest will be positive 

and thus, its impact can be read in rows R. It is worth noting that the last column ‘’success of 

initiative’’ has no influence on the rest, since it is used as an outcome variable, but it has direct and 

indirect impacts of the rest of events/dimensions.  

It should be made clear that this ‘’level of uncertainty’’ (named Pi in CIA model) can be modified, 

thus the model can define different levels for each dimension or type of activity. For example, to 

carry out an engineering work the level of technical knowledge must be high, therefore the level is 

increased from 0.5 to 0.75, and any under 0.75 will have an impact S on the rest of values. 

Conversely, if an activity does not require specific knowledge, Pi can be marked with 0.25 and any 

above this level will have R impact.  

 

 NC No Impact Moderately Likely Highly likely Highly probable 

Exist - 50% 60% 70% 80% 90% 

Does not exist - 50% 40% 30% 20% 10% 
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R Technical skils OVP 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

S Technical skills OVP 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

R Personal skills 0.50 OVP 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

S Personal skills 0.50 OVP 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

R Value proposition 0.68 0.58 OVP 0.63 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

S Value proposition 0.20 0.40 OVP 0.40 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

R Customer relationships 0.62 0.68 0.68 OVP 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

S Customer relationships  0.30 0.35 0.40 OVP 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

R Partnerships 0.68 0.68 0.63 0.60 OVP 0.75 0.60 0.65 0.50 0.50 0.50 

S Partnerships 0.30 0.35 0.40 0.40 OVP 0.30 0.35 0.40 0.50 0.50 0.50 

R Resources 0.64 0.58 0.60 0.63 0.85 OVP 0.60 0.60 0.50 0.50 0.50 

S Resources 0.25 0.45 0.45 0.50 0.25 OVP 0.40 0.40 0.50 0.50 0.50 

R Customer segment 0.74 0.65 0.70 0.78 0.75 0.60 OVP 0.80 0.50 0.50 0.50 

S Customer segment 0.30 0.35 0.40 0.10 0.30 0.35 OVP 0.15 0.50 0.50 0.50 

R Channel 0.70 0.63 0.60 0.73 0.70 0.70 0.75 OVP 0.50 0.50 0.50 

S Channel 0.35 0.40 0.45 0.15 0.35 0.30 0.30 OVP 0.50 0.50 0.50 

R Costs 0.66 0.50 0.53 0.53 0.75 0.75 0.50 0.65 OVP 0.65 0.50 

S Costs 0.20 0.45 0.35 0.35 0.35 0.25 0.30 0.40 OVP 0.35 0.50 

R Income 0.64 0.63 0.65 0.68 0.75 0.70 0.80 0.80 0.70 OVP 0.50 

S Income 0.20 0.35 0.20 0.15 0.35 0.30 0.25 0.20 0.30 OVP 0.50 

R Success of Initiative 0.70 0.75 0.85 0.70 0.60 0.65 0.80 0.70 0.60 0.85 OVP 

S Success of Initiative 0.25 0.30 0.40 0.35 0.40 0.10 0.25 0.30 0.15 0.20 OVP 

Table 52. Matrix of R and S Factors.  

The characteristic of this methodology, that implies the use of different levels of uncertainty to take 

R and S values, makes possible to adapt the model to the specific characteristics of each type of 

business, as will be clarified below in this heading.  

Finally, we can say that the second contribution of this model is that it takes into account the 

probability of presence of a specific event/dimension, as well as the degree of severity, that is to say, 

the extent and direction affects the rest of the elements that comprise the model of this work.  

 

To understand better in a more visual way and checking the internal consistency, as well as the 

relationships between the different events/dimensions, graphic analysis of those interrelationships 

between variables was carried out using ISM methodology. This methodology enables us to see a 

concept map of interrelationships and validate if these relations are consistent with the theoretical 

structure of the model (4.5.1).  
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4.4.4. Values of Dimensions and Type of Activity 

In order perform calculation, analytic layer of this tool consider two different groups of dimensions 

(entrepreneur and business sector). Analytic layer evaluates generic value of each dimension 

(uncertainty value) as well as the value assigned by users.  

The model consider that all dimensions linked to ‘’Entrepreneur’’ will have an Initial Probability 

(Pi) of 0.5 (classified as ‘’marginal’’ in Table 54) as detailed later, user is responsible to evaluate if 

each of the dimension of this group must be modified by increasing or decreasing them. For that, it 

is necessary to consider each of the dimensions separately and contrasting them with information 

available.  

On the other hand, in order to evaluate the dimensions linked to Business Sector, we took into 

account 240 businesses that appear in a list standardized at national level. Those businesses that 

could not be conducted in the scope of this study were discarded. A group of experts associated to 

local support center for entrepreneurship evaluated each of the 6 dimensions for those 240 activities, 

by completing questionnaires of assessment similar to those used to evaluate the relationships of 

dimensions in an impact matrix.  

Said questionnaire consisted in asking technicians and experts about the level of initial influence 

that each of these 6 dimensions had on the success of the initiative. For that, it is necessary to take 

into account the type of entrepreneurial activity assessed. As shown in (Table 53):  

 

Code Activity Partnership Resources Segment Channel Income Costs 

561 Restaurants and food stalls Marginal Excelent Excelent Excelent Inappropiate Innappropiate 

Table 53. Example of assessment depending on the type of activity. 

  

Answers of interviewers were used to execute two calculations. Firstly, as with impact matrix, 

values of responses average were calculated in order to obtain reference values of sector. Second 

calculation is based on creating a ranking of activities with higher chance of success in the general 

context we have assessed, taking into account also the list of best activities in the municipality.  

These assessments are integrated in data layer of the tool and they are used as recommendations 

of the initial value to perform calculations on success of the evaluated model. This does not involve 
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fixed values. In case the evaluator has different information, he can modify recommended values in 

order to set the assessment for each case.  

As explained in the following section, assigning of values by users must follow a protocol that make 

them able to assign a value of Table 54 for each of the dimensions shown in Table 50 of modified 

BMC. For that, initial value is assigned to the dimension depending on the type of activity they 

belong to. This system pretends to balance subjective perception of users with objective information 

available, characteristic of unstructured problems as the one we address.  

 

4.4.5. Interface Construction and Functioning 

Next step in the development of this tool was to build an interface prototype to stablish the 

relationship between user and assessment system (Model) in order to perform simulations on the 

basis of data collected by Modified BMC. Although main objective of this work is focused on the 

internal functioning of the model (Data layer and Analytic layer), first user interface was created 

using a spreadsheet and paying special attention, so that it is friendly for a user that may have not 

knowledge the use of this type of tools.  

Interface makes possible to entry users’ valuations according to the ten dimensions considered, and 

offering as a result an estimate of strengths and weaknesses for each of them, regarding the activity 

to evaluate, as well as the valuation of the chance of success in the evaluated BMC. 

The use, as we say, implies the assignment of values by users for each of those dimensions, and it 

is performed selecting a level of the drop-down list within the interface itself. Each of those 

descriptive levels present internally a numerical assignation that makes possible to make 

calculations based on simulations. Different levels can be seen in the following table (Table 54): 

 

Level Criteria 

Excellent Exceed dramatically minimum levels that are described in references  

Appropriate Exceed minimum levels that are described in references  

Marginal Match levels that are described in references  

Inappropriate Does not reach levels that are described in references  

Poor Below the levels that are described in refences 

Invalid  Entirely absent 

Table 54. Values selectable in valuation tool. 
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We suggest that the evaluator should take into account the level recommended by the tool for the 

dimensions of the group ‘’Activity sector’’, as well as he should assess the differential between 

dimensions of BMC to assess, and this recommendation once we entry economic activity code. 

Moreover, the network of local business support centers had 500 business guidelines in format BMC 

that may be used to identify differences between general plans and the one proposed. In case 

references about any of the dimension can be found, assigning recommended values by the tool 

should be chosen. 

In order to assign values to dimensions of the group ‘’Entrepreneur’’, 500 standardized business 

guidelines we mentioned previously are taken as a main reference. However, different 

particularities must be considered. For ‘’Value proposition’’ new offered contributions can be taken 

into account, as well as manufacturing method, provision of services, or if the assessed model 

deserves any kind of acknowledge, award or mention on behalf of any public or private body, or if it 

presents any remarkable differential with regard to BMC of reference. Increasing or decreasing of 

‘’degree of marginalization’’ must be performed in a linear and proportional way. Similarly, 

valuation of ‘’Technical competences’’ is performed by comparison of technical needs, mentioned in 

the reference guide, with the previous technical skills of the individual or entrepreneurial team, by 

modifying and increasing and decreasing depending on the requirements. For ‘’Customer 

relationships’’ it must be considered if members of an entrepreneurial team present any kind of 

specific training, or if they were previously in contact with potential customers. Both positive and 

negative perspectives would change the level of said dimension.  

Due to lack of clear and defined consensus in literature, this work establishes a different criterion 

for ‘’Personal skills’’. This criterion is based on the idea that entrepreneurial team present any of 

the personal skills defined by the “Big Five” previously mentioned, and using a linear scale, where 

2 should be considered as ‘’marginal’’ and will not have a serious outcome in ‘’Poor’’. 

Following table (Table 55) summarize sources of references taken for each dimension. As previously 

stated, the evaluation of each of those dimensions is performed through linear comparison between 

modified BMC and the source of reference. This is conducted by adjusting the value on the basis of 

the initial level assigned by the benchmark.  

The process of evaluation and the use of this interface can be summarized easily. Once 

entrepreneurial team complete their own modified BMC, user can take the developed interface to 

evaluate the changes of success of said BMC. For that, as we mentioned, data of the business sector 
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have been added to this tool, as well as 500 specific plans that are available, data of modified BMC 

and his own assessment, following the guidelines previously stated.  

 

Dimension Reference 

Value Proposition 

Standard BMC Customer Relationships 

Technical Skills 

Personal Skills “The Big Five” 

Customer Segment 

Initial assignment of DSS 

Channel 

Key Sources 

Partnerships 

Income 

Costs 

Table 55. Dimensions y references. 

 

In addition, this tool makes possible to introduce the name or code of this ‘’guide’’ or ‘’Business 

Plans’’ taken as reference, and the name of the ‘’project’’ that must be evaluated.  

Once data have been entered into the tool, it shows the evaluations for each of those dimensions 

(Table 56). 

Element Description 

Result Numeric data. 

Risk Qualitative indication. 

SWOT Identification of threat / Chance with a level 

associated. 

Recommendation Message with a general recommendation for 

said dimension. 

Chance of Success Valuation of survival probabilities.   

Table 56. Data output: Types and description. 

 

Finally, tool or artifact provides the ‘’Chance of success’’ of the initiative in a percentage, as well as 

through a descriptive text.  
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At this point, we can state that the objective of elaborating a DSS tool based on CIA-ISM 

methodology in combination with modified BMC that makes possible to meet those two hypotheses 

stated beforehand in the section focused on objectives: evaluate success and identify 

chances/threats.  

As stated in guideline 3, next step consists in evaluating if the design of this artifact proposed is 

suitable or not for the achievement of the objective of this paper, as well as the stated hypotheses. 

Next section contains information about the process conducted in order to validate the outcomes of 

said process. 

 

4.5. Evaluation of the Design 

Guideline 3 develop recommendations about the possible methods that can be used in order to assess 

the design of a research with all these characteristics. Particularly, Hevner states that this research 

may present the following characteristics: observational, analytical, experimental, probationary or 

descriptive.  

 Regarding the methods that consist in observational studies, field survey is identified as the 

method where an evaluator uses an artifact in multiple projects. As we will explain later, the 

evaluation method for the outcomes have been conducted following this guideline to check goodness 

of fit. This analysis is performed in comparison with the outcomes obtain from the artifact, as well 

as those noted in real term. Furthermore, BMC&CIA-ISM can make predictions more or less correct 

in comparison with real term.  

The use of analytical methods involves different process that pursue different objectives: check the 

structure, adjustment to architecture, optimum properties or dynamic studies. In this work, CIA-

ISM methodology has been introduced as better methodology to make this kind of calculations. 

Having available data pool, where ten dimensions have been assessed for 130 different firms, 

enables us to apply exploratory analysis techniques in said pool to note if obtained outcomes have 

greater consistency and/or relevance than the outcomes obtained through the use of CIA-ISM. In 

this article, we pretend to validate if the artifact is able to predict accurately success or failure of 

modified BMC, but also to understand internal consistency of interrelationships between variables 

since this bring more complexity to the matter.  

Descriptive method has been defined several times throughout this article, as for example the 

definition of relationships of impact matrix in Table 52 or as ISM graphics that can be seen in Figure 

23 and Figure 24.  
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Although two other methods are mentioned as probationary and experimental studies. This will be 

used for future works based on the following rounds and iterations to adjust the artifact and 

optimize usefulness and usability of said artifacts, as we will state in future lines of research.  

 

4.5.1. Descriptive Method 

As it is stated in the last part of previous section, scenarios and well-reasoned reports have been 

used in the different sections of this paper. Particularly, those that pretend to test the structure of 

this tool and check its internal consistency. 

CIA-ISM methodology allows to face and perform simulation in complex contexts more affordable. 

In our case and addressing the complexity of the assessed system, it is necessary to note that it is a 

system composed by 11 elements. Following calculations (Table 57) postulated by Turoff (Turoff, 

1971) we can state that complexity of different systems in comparison with the number of solutions 

(possible scenarios).  

 

Number of Events 

(N) 

CIA (N2) System without 

Memory (N*2N-1) 

System with Memory 

(e*N!) 

11 121 11.264 108.505.112 

Table 57. Number of possible combinations.  

 

Working with 121 elements is much comfortable and manageable than generating more than 108 

Million combinations in a system with memory. In this sense, it seems that using the artifact 

proposed is more efficient than using traditional systems. 

On the other hand, as previously mentioned, CIA methodology in combination with ISM, allows 

displaying direct and indirect relationships of dimensions by considering even the relationships 

direction (positive ‘’R’’ and negative ‘’S’’). Moreover, in structure of impact matrix in Table 52 is 

possible to note how dimensions of entrepreneur have an impact on the rest of dimensions, as well 

as the activity that have an impact on them and on the outcome. Except for Costs and Income that 

are associated between them and is also related to final outcome. This information can be 

graphically displayed following the patterns postulated in ISM methodology.  

Before showing the graphics obtained through impact matrix analysis, we must keep in mind that 

CIA-ISM classifies the elements of the system into types of events:  
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• Inception events: Those events that take place even before that dynamic events of the model 

start to have effect. In our case, four dimensions are defined within the group 

‘’Entrepreneur’’.  

• Dynamic event: those events that are directly influenced by the scenario where analysis is 

conducted. In our case, those are the events included within the group ‘’Activity sector’’.  

Using ISM methodology makes possible to convert information of impact matrix into the pointed 

graphics. It is necessary to select a trigger level to turn CIA matrix into binary matrix, where 1 

show if there is any relationship between an event/dimension and another. 

We will show through two different graphics how events/dimensions of our work model are 

associated. The first graphic shows the relationships between events that have a positive impact on 

the success of any initiative. The other graphic show how they have a negative impact. Moreover, it 

can be noted how events are classified with the regard to if they are inception, dynamic and outcome 

events, as well as taking into account if they have influences of other events or not.  

Finally, to understand better the graphic, it its necessary to observe that sometimes evens of the 

same group have also an influence on each other, creating a micro-scenario or macro-event, as it is 

referenced in literature. Said micro-scenarios are illustrated by framing within a square the events 

involved.  

 

Graphic analysis of values R (those that have a positive impact on the success of an 

initiative) 

This graphic (Figure 23) illustrates positive relationships between events selected for Cij level. 

Obviously, technical and personal skills of entrepreneurial team have been considered as inception 

events that have positive repercussions on relationships of the whole model. It is also interesting 

how Partnership and Resources group, that develop its own micro-scenario (Criterion: 

Infrastructures), is directly influenced by the abilities of entrepreneurial team. Similarly, Customer 

segment and Channel (Criterion: Market) develop its own micro-scenario influenced by events of 

Criteria: Entrepreneur and Market.  

In addition, it can be noted how Infrastructures have direct influence on cost, as well as the rest on 

income.  
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Figure 23. ISM graphic of values R. 

 

Finally, all the events/dimensions have an influence on success of initiative, that represents the 

Outcome event of the model.  

 

Graphic analysis of values S (those that have negative impact on the success of the 

initiative) 

As we have previously seen negative relationships between different events (Figure 24), it is possible 

also to notice how those trigger events (1-4) are situated at the top of the graphic the outcome (11) 

at the last part, and dynamic events located in the middle, which indicates that this aspect of the 

model works consistently.  
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Figure 24. Graphic ISM of values S. 

In general, it is almost a copy of positive relationships since various aspects can be remarkable. 

Position of costs over income shows the negative effect that the wrong structure of costs has on the 

ability of generating income, and not the other way around. It is also remarkable that personal 

skills, in Cij level, have direct influence on the success of initiative, by showing somehow the way 

personal skills of entrepreneurial team itself have on success of data, mentioned in literature when 

entrepreneurial teams present certain personal skills and the fact that, not having these 

characteristics is negative rather than positive.  

Both cases, matrixes and graphics, it is possible to see perfectly which are the interrelationships 

between groups, criteria and dimensions. Without repeating what has been previously stated, in 

graphics (Table 52 and Figure 24) it is possible to see how dimensions are divided into levels (from 

top to bottom) according to the group they belong to. Dimensions are also divided into micro-

scenarios depending on the criteria that associate them. On the other hand, CIA matrix (Table 52) 

shows how dimensions are interrelated between them, even if we talk about how many times they 

occur or the lack of a specific level of said dimensions. By comparison of those obtained results with 

the map shown in Table 50, it seems consistent to say that the system, that has been created, shares 

the relational structure that was conceptually raised at the very first stage of this paper. Dimension 
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assigned to ‘’entrepreneur’’ group are associated to those assigned to activity, and altogether they 

have influence on success or failure of this business model.  

 

4.5.2. Observational Method 

Some of the activities carried out by the network of local support centers for entrepreneurship, 

include the development of 500 business plans following BMC in 2015. This business plans are 

linked to the 240 economic activities previously mentioned, and as an adjunct to those plans, 600 

personal interviews to business people of all types of sectors. After completing the project, authors 

had access to databases that comprise all information gathered. Thus, access to information will be 

used as reference to estimate the reliability of evaluations performed by this tool.  

 

Validation system used is based on the comparison of results between the outcomes offered by the 

tool and reality. For that, it was necessary having a sufficient sample in order to note the number 

of hits and mistakes of the tool for predicting survival.  

Firstly, it was necessary having a big enough population to contrast results. For that purpose, 600 

interviewed firms in 2015 were taken as overall population. Selection of the population under study 

of 128 firms was conducted, and its common feature was that they have not been operating for more 

than three years when interviews were conducted.  

In a second step, it would be required to identify which of those organizations continued operating 

or had been operating for more than three years. To deal with this task, information was collected 

from different sources of 128 firms in order to identified said data. As a result, 96 of this firms were 

still operating and 32 had stop being working.  

Therefore, a second sample with 128 firms was available, where the group of success was composed 

by 96 firms and the group of failure was composed by 32 firms. Then, we add into our data base a 

variable (Operating_2017) with value 0 or 1, in order to state if the organization was still operating 

or not. Collecting this information is enough to move on the next step that consists in assigning a 

value to ten dimensions of those 128 examples.  

Next step is the assignment of values to perform the simulation, which has been the most laborious 

part of this project. Following indications stated in heading 4.4.5 to validate dimensions, analysis 

of those 128 interviews was conducted. Said interviews, even if they were too informal and 

unstructured, contained enough information to evaluate most dimensions. However, as previous 
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explained, this model presents neutral valuations for the dimensions that do not have available 

enough information to be assessed, although for that case reliability of prediction may be less 

accurate. It is remarkable that the process of assigning values was conducted anonymously, without 

knowing if the firm was actually operating or not.  

As stated in the quoted heading, in order to cover dimensions of the group ‘’Activity Sector’’, 

differential of each of those models assesses were evaluated with regard to a business plan taken as 

reference from the mentioned reference guide that contain 500 successful business plans.  

In the case of ‘’Entrepreneur’’ group, more complex task was carried out as previously said in the 

quoted heading. In case of ‘’Value proposition’’ it was taken into account if the assessed model had 

obtained any kind of acknowledge, award or mention on behalf of any public or private body, or if 

the assessed model had any remarkable differential regarding to BMC of reference. ‘’Technical 

skills’’ were assessed by contrasting reference guides and the profile of entrepreneurial team. In 

‘’Relationships with customers’’ it was considered if the member of entrepreneurial team expressed 

any specific view about their abilities, training or if they were previously in direct contact with 

potential customers. Positive and negative comments would modify the level of said dimension.  

Finally, ‘’Personal skills’’ has been the most difficult dimension to valuate for each of the models 

assessed. With the aim at following a consistent assessment protocol, dimensions stablished by 

(Ciavarella et al., 2004) were taken as indicators of said ‘’Personal Skills’’. These dimensions are 

also known as the dimensions of the “Big Five”: extraversion, emotional stability, kindness, 

conscientiousness and openness to experience. Knowing all characteristics and elements, process of 

text analysis was conducted by neutral evaluators, followed by Delphi procedure in order to achieve 

unification of criteria. Evaluators that review these 128 interviews individually were looking for 

indicators for each of these five dimensions. After having conducted the first round of questions, 

results were contrasted and a discussion about differences founded took place with the assistance 

of a judge. Reaching the agreement, total this time, we proceed to evaluate ‘’personal abilities’’ in a 

linear manner as stated in heading 4.4.5. 

After knowing values of all dimensions of these real examples, evaluation of the level of success of 

each of those was conducted by means of the tool. Then, ‘’Estimate of success’’ must be stated for 

each of those and this value must be contrasted with the actual situation.  

Said comparison provided two major outcomes. First one, is that if estimates of the cases are 

compared without taking into account the average level of success of each type of activity, tool has 

an accurate percentage of 76% with low sensitivity when assigning failure values. Outcome is due 
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to, difficulty while achieving success of a specific activity to develop must be taken into account, 

either on the complexity of activity, technical requirements or special needs among other factors.  

Second outcome obtained from comparison is directly associated to the Hypothesis 3 ‘’Differential 

between estimate of business initiatives success and medium level of sector success is a reliable 

indicator of success’’, as proposed in heading 4.3.2. Success of activities was evaluated taking only 

data from the dimension of the activity sector assigned by experts, as the example of Table 53 shows, 

obtaining average of success depending on the sector. After knowing both values, differential 

between both was calculated and it is named as ‘’Net Success Indicator’’ (NSI) (Equation 8).  

 

NSI = Estimate Success Prob. – Average Sector Success Prob. 

Equation 8. Net Success Indicator 

 

Value of NSI range between -10.47% and 41.46%, and it is compared with the dichotomous variable 

‘’Operating_2017 to obtain following results: 

 

Operating_2017 N NSI (per 1) N Group %  Total %  

1 96 <0.00 96 100% 75% 

 

 

0 

 

32 

NSI<0.00 21 65.625% 16.4% 

0.00<NSI<0.044 9 28.125% 7.04% 

NSI>0.044 2** 6.25% 1.56% 

Table 58. Outcomes of NSI evaluations. ** outsiders. 

 

Generally, all those firms that were still operating had a value NSI >0.00 and firms that belong to 

‘’NOT_Operating_2017’’ had NSI <0.044 with the exception of two cases that we will explained later.  

As me mention, NSI was greater than 0.00% for those assessed cases that were still operating in 

2017.  

NOT_Operating_2017 group was more fragmented. It was possible to count 21 out of 32 cases with 

NSI < 0.00.  

Nine examples of NOT_Operating_2017 had NSI between 0.001 and 0.044.  



Chapter 4   

 

 

162 
 

Finally, two examples taken as exceptions of the group NOT_Operating_2017 had values higher 

than 0.1.  

Interpreting results has been considered a promising task. Taking as trigger value NSI=0.00, it is 

possible to state that all firms that were operating in 2017 have NSI positive differential (greater 

than 0.00%). Moreover, 21 of the 32 firms that were not still operating in 2017 have NSI negative 

differential. Operating firms are well identified taken as trigger value INE=0 represent 100% of the 

operating group and 75% of the total number of firms that have been evaluated.  

Firms from NOT_Operating_2017 group that have been well assessed and present NSI<0.00% are 

21 from those 32 firms, which results in 65.625% of the NOT_Operating_2017 group, and 16.4% of 

the total.  

Therefore, there is 91.4% of firms well classified with regard to the chance of success, by considering 

success as operating for three or more years.  

There are nine assessed firms, whose NSI is defined between 0.00% and 4.4%, should be operating 

but have closed. This mistake can be read in different ways, since a wrong development of the model 

or a wrong assignment of valuation to dimensions to assess. In any event, difference is under 5%, 

which is relatively acceptable, although in future lines of research we will work to improve the 

adjustment of artifact as it will be explained in the next section and following guideline 6 stated by 

Hevner.  

Finally, there are two cases whose valuations are well above the acceptable margin of error 

mentioned above. These examples attract the attention of researchers’ team, since they could find 

entrepreneurs and ask them why their businesses were closed.  

All of them answer the same. Their businesses did not close because of lack of success, but in both 

cases a greater firm offered them better work conditions, greater stability wage security. To some 

extent, it can be also considered that they ‘’bought’’ success, since both entrepreneurs currently work 

in firms of the same business sector and operate in the same geographical area. In case they did not 

close, both would be still operating and add to two more hits to the model.  

To summarize, indicator purposed in Hypothesis 3 is a great indicator of success estimation and 

hence, also of the functioning of this tool.  
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4.5.3. Analytic Method 

Two more analysis can be added to the analysis of the model structure through observation of 

obtained outcomes after having developed BMC&CIA-ISM work model, and the analysis of the 

goodness of fit with the simulations previously mentioned. All this can be completed with analytical 

outcomes that we may obtained while applying other statistical methods. It is important to remind 

that we have available the valuation of 20 dimensions for the 128 interviewed firms. This pool of 

data is enough to conduct and exploratory analysis to find out the structure that allows generating 

an explicative model of characteristics similar to the one obtained by means of cross-impact 

analysis.  

First factorial and exploratory analysis of 10 considered dimensions, consists in using as criterion 

the extraction of maximum likelihood estimation, with no turnover and 250 iterations  Component 

matrix is not possible to be calculated.  

By conducting a similar analysis, but this time using as extraction method Major Components  

Component matrix can be calculated. At this point, we can expect that dimensions are grouped 

similarly to the way purposed in Table 50, in criteria or in groups. However, this time outcomes 

were different.  

Noting obtained component matrix, three possible grouping can be illustrated (Table 59):  

 

 

Component 

1 2 3 

Technical skills  0.061 0.389 0.563 

Personal skills 0.056 0.620 -0.340 

Value proposition 0.202 0.560 0.295 

Customer relationships 0.246 0.825 -0.099 

Alliances with partners 0.928 -0.035 0.053 

Resource access 0.860 -0.352 0.013 

Customer segment 0.877 0.051 -0.294 

Channels 0.876 -0.030 -0.335 

Income 0.565 -0.127 0.650 

Costs 0.863 0.015 0.085 

Table 59. Factor Analysis Extraction. 
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First component (Column 1) includes almost all dimensions of the Group ‘’Activity Sector’’ but 

Income are phased out. Group 2 include dimensions of ‘’Entrepreneur’’ Group, although values are 

very low for ‘’Personal Skills’’ and ‘’Value proposition’’, which make us think that consistency is too 

low. Moreover, ‘’Technical skills’’ are phased out Group 3 and included within ‘’Income’’ that came 

out Group 1.  

Given the little brighter results, the following step consist in analyzing the consistency of the factors 

that are found through reliability analysis.  

 

Component 1 2 3 

N of Elements 5 3 2 

Conbrach’s alpha 0.934 0.515 0.263 

Table 60. Components Reliability. 

 

As it is illustrated (Table 60), values from Conbrach’s alpha are quite disparate. The only component 

that shows internal consistency is Component 1. On the contrary, other two components do not yield 

enough consistency, therefore, it would be not necessary to develop any kind of explanation. Once 

we obtain analyzed data and obtained outcomes, it seems that there is not information and enough 

reliability to develop an explicative model that include all these variables beyond the ones included 

in Component 1.  

It is not our intention to put any other type of statistical analysis, but just revealing that model 

introduced seems to meet better the necessary and raised requirements of the initial concept map. 

Obviously, we keep in mind that maybe, it may be necessary to conduct other in-depth statistical 

analysis that go beyond a simple exploratory analysis.  

 

4.6. Conclusions 

Taking into account the guidelines stated by Hevner, is necessary to reference guidelines 4, 5, 6 and 

7 (Contributions, Rigor, Process of seeking and Communication of Research). It is now time to start 

with contributions.  
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4.6.1. Contributions 

Firstly, we must remember which are the objectives and hypotheses raised in heading 4.3.2 of this 

paper. Objective purposed has been achieved, since DSS has been developed. In this case, DSS is 

aimed at evaluating entrepreneurial success through the assessment of BMC by using the model 

developed by CIA-ISM (Objective). Furthermore, three raised hypotheses can be accepted, since the 

tool is able to evaluate success of BMC (H1), as well as NSI offer a level of accuracy of 91.4% (H3), 

by stating that this tool has great predictive power. On the other hand, this tool is able to conduct 

SWOT analysis of dimension of a specific project applied in a specific activity sector (H2).  

 

Secondly, considering the contributions make along the article, we can conclude that this tool is able 

to consolidate different perspectives and methodologies for the factors that have impact on 

entrepreneurial success. ‘’Technical skills’’ and ‘’Personal skills’’ are included in the assessment 

model by modifying the purpose of Osterwalder.  

In the third place, application of CIA-ISM as methodology enable to evaluate effects of ten 

mentioned dimensions on entrepreneurship success, by considering direct, indirect and cascading 

effects, which entails more than 108 million possible relationships for each of those 240 considered 

activities. As a result, almost 26.000 million possible relationships are identified.  

Fourthly, this is the first time that cross impact matrix is used in a study on entrepreneurship. This 

cross-impact matrix includes different types of relationships, that may be positive or negative 

depending of the valuation of each of those dimensions. In addition, different adjustments can be 

performed that will be used in similar backgrounds.  

At the global level, we expect that this tool enables agents involved in entrepreneurship to have 

available a tool based on business information systems. This would minimize risk levels of 

entrepreneurship, by helping to identify strengths and weaknesses that reduce the high levels of 

uncertainty that entrepreneurs face.  

 

4.6.2. Limitations and Further Research  

Guideline 6 states that research process in information system must be an open and iterative 

process until optimal outcome is obtained. In this sense, although obtained outcomes are hopeful, 

we must keep in mind weaknesses and shortcomings presented at this study. 
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Although the methodological combination of CIA-ISM has been already applied in many scenarios, 

much remains to be done in this area. In our view, most important aspect to consider is conducting 

a comparative analysis in-depth about the advantages and disadvantages of the use of CIA-ISM 

against other type of analysis. As well as improving reliability of the presented model. Moreover, it 

is intended to undertake different modifications by using mixed modelling systems that integrate 

CIA, system theory, structural equation modelling, etc.  

Next step is focused on the development of a functional interface and user-friendly that can be use 

remotely. This project of development might extent towards integration of DSS tool in a global IS 

that could make possible the update and extent of available information in the data layer. This 

would make possible the integration of this layer to this tool and to the analytic layer by means of 

business intelligence tools.  

Other future lines of research consist in continue refining this model so that it may be used in other 

geographic areas. For that purpose, it will be necessary to improve the interface as well as the core.  

It is important also to review some information about scales and assessments models for each of 

those dimensions so that adjustment to said dimensions becomes more accurate. In this sense, it 

would also avoid errors in valuations and make easier the use of this tool for agents.  

Finally, we will continue working on the application of methodological combinations based on CIA-

ISM in different areas where there is a high degree of uncertainty and minimize this way the risks 

and help in decision making.  

 

4.6.3. Communication of Outcomes 

The last purpose of Hevner refers to communication of the findings of research. This goes beyond 

publishing of this document. Authors consider that at this point is necessary to take a step further 

towards transfer of academic knowledge, as well as transferring outcomes to entrepreneurial area. 

Currently, we are working with the same network of public agents and collaborators by carrying 

out actions, organizing presentations and conferences with the aim of showing obtained outcomes 

in a practice and real environment. The objective of those action is twofold, since on the one hand 

we provide an approximation to those outcomes and tool developed for potential users, and on the 

other hand, we obtain a great amount of information of user after using this tool. All this enables 

us to continue with the iterative process of improvement as mentioned in the research strategy 

section.  
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5.1. General and Particular Conclusions 

Once main chapters of this dissertation have been explained, it is time to remember the problem of 

research that causes it, as well as its main objective. This dissertation considers the postulation of 

ISO standard (ISO 2010)as a definition of risk. It defines risk as the effect of uncertainty on the 

organization’s objectives. And also states that as it is a problem of uncertainty, a possible solution 

should come from IS (Sage 1968; Salmerón 1997; Zwass 2017; Bañuls & Salmeron 2008; McGrath 

2005; Power 2002). Thus, the problem was to find a methodology, tool or construct able to reduce 

the impact of uncertainty effects on objectives. Also, considering that the problem to be solved is an 

unstructured problem (Gorry & Morton 1971; Mintzberg et al. 1976; Hevner et al. 2004) and that 

the methodology, tool or construct should meet requirements and charachterictis defined in 

literature (Table 1) 

Having reach this time, it should be pointed out that this whole dissertation is related to the 

conclusions extracted in previous works associated with the cross-impact approach. Thus, this 

dissertation validates these researches and also spreads its results, giving more value to the art 

state. Although references of these researches appear in previous chapters, the following paragraph 

will show hoe conclusions of each of them have a direct relation with this dissertation. 

In the introduction, it was mentioned the article written by Bañuls and Salmeron, titled A Scenario-

Based Assessment Model SBAM, in which (Banuls & Salmeron 2007) is suggested the basis and 

possibilities that CIA offers as a tool of Analysis in uncertain environment and postulated some 

contexts for it application. As it has been shown in central chapters of this dissertation. In this work 

about the combination of CIA and Delphi (Bañuls & Turoff 2011), it was postulated that the use of 

dynamic scenarios could be a decisive tool in order to contribute to organizations and professionals 

when making strategic decisions and that would suppose a differential improvement before another 

type of discrete tools, as it is shown specifically in chapter 3. The use of CIA in order to model 

sceneries of emergency (Bañuls et al. 2013) is shown how the use of CIA allows to use data from 

many sources and groups of interest in order to model complex sceneries allowing to “think about 

unthinkable”, as it has been shown in each main chapter of interest when showing 

interrelationships among all the elements which compose each scenery. Finally, CIA-ISM 

application for a modelling of interaction and critical infrastructures (Turoff et al. 2016) confirms 

that although methodologies of sceneries and CIA-ISM have been frequently used in a process of 

decision-making, they are not flexible enough to be adjusted to all models (van der Heijden 1997) 

but also confirms that this problem is overcome with the application of CIA-ISM since it can be 

integrated in a dynamic system of continuous improvement (Marchais-Roubelat & Roubelat 2011), 

as it is the case explained in chapter 4 . 
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In the three previous chapters, it has been explained how the cross-impact methodology CIA-ISM 

has supposed an improvement in the art state of the risk analysis generally and for each analysed 

context specifically. In general, the capacity of CIA-ISM in order to analyse very complex sceneries 

categorising elements, calculating interrelationships and allowing to carry out simulations in real 

time, graphically and numerically, suppose a reduction of uncertainty levels in each analysed 

scenery, either operational, strategic or entrepreneurial. In addition, methodology is easily to 

integrate into entrepreneurial IS, offering immediate and easily interpretable results, which 

enables a better entrepreneurship of sceneries by user. Finally, it flexibility of adaptation allows to 

be adjusted to different sceneries allowing to be combined with other previous methodologies or 

tools, developing its results and allowing to face unstructured problems. 

In order to give an answer to the questions of research formulated at the beginning of this 

dissertation is necessary to have previously demonstrated secondary objectives considered in the 

introductory chapter (Table 2) and that make reference to the compliance of characteristics of Table 

1.  

O1. The application of CIA-ISM helps the organizations to meet characteristics of the high reliability 

enterprise proposed by Weick and Sutcliffe (Weick & Sutcliffe 2001a). 

In every analysed cases, CIA-ISM has considered postulated characteristics by authors   about HRT, 

since it does not simplify, considers the experts’ opinion and concerns for the fail, focused on the 

operations (actions, decisions) and it is related to resilience. 

O2. The application of CIA-ISM in environments of high uncertainty (operations, strategies decisions 

making and entrepreneurship) meets optimum characteristics determined by Tixier (Tixier et al. 

2002). 

As it can be read in previous chapters, CIA-ISM in combination with different methodologies/tools 

allows to manage qualitative and quantitative data. It can be categorised as a mixed methodology, 

both probabilistic and deterministic. Thus, it meets the requirement established by authors. 

O3. The application of CIA-ISM in combination with presented methodologies/tools meet necessary 

characteristics postulates by ISO 31010 (ISO 2009a). 

In the three main chapters of this dissertation, it is shown how CIA-ISM has a relatively easy 

integration, and it is able to generate reports. In addition, it has the capacity of evaluation and 

assessment; offering high level of detection (risks and relations) consistently and reliably. 
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O4. The application of CIA-ISM applied to high uncertainty environments (operations, strategic 

decision making and entrepreneurship) enables the carrying out of simulations and predictions. 

The three analysed cases have been accompanied by simulations and predictions that have been 

contrasted both with real data and with the involved experts’ opinion, which allows to affirm that 

the obtain results are consistent and reliable. 

Once all secondary objectives have been met, it can be said that: It is already demonstrated that 

CIA-ISM is a suitable approach for the risk analysis in high uncertainty environments 

since all demanded requirements by principal theories and standards are met. After meeting all 

secondary objectives and due to its ease of adaptation to other specific tools and methodologies, it 

can be affirmed that cross impact methodology susceptible to be applied for the risk analysis. 

 

5.1.1. Conclusions - Chapter 2 

There are some extracted conclusions from the second chapter of this dissertation in which is carried 

out an analysis of risk associated with industrial operations.  

Finally, it is concluded that the use CIA-ISM combined with HAZOP and Risk-Consequences 

Matrixes increases and improves the analysis. It improves the initial state of art when enables a 

dynamic and multidimensional analysis of risks. Allowing the evaluation of quantitative and 

qualitative data avoiding simplifications and obtaining exhaustive results through a process which 

considers main characteristics of HRT (Weick & Sutcliffe 2001a) and the proposal postulated by 

Tixier (Tixier et al. 2002) about the main characteristics of a good methodology for risk analysis 

Table 19. 

The use of CIA-ISM allows to calculate predictions and simulations, in particular the contributions 

of the two phases, joined to the exhaustivity mentioned contributes to detect dangerous sceneries 

and risks that could not be assessed with the methods before mentioned contributing to improve 

plans and teams related to security and prevention improving the resilience of organization. 

All results, from the model to simulations, were proved directly with a panel of experts related to 

the analysed industrial plan, reporting a large agreement concerning the obtained results and 

describing the use of CIA-ISM as a good tool for the process of decision making associated with the 

risk analysis. 
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5.1.2. Conclusions - Chapter 3 

There are some conclusions deduced after the spreading of BSC through the application of CIA-ISM 

which is carried out in chapter 3. The main one is that its combined use improves the quantity and 

quality of the information obtained before the exhaustive use of BSC. It categorises and classifies 

the strategic objectives of the organization, showing its interrelations graphically and analytically, 

what supposes an explanation to the principle of BSC causality which consists of one of the main 

reviews of it (Norreklit 2000). The capacity of CIA-ISM in order to carry out predictions and 

simulations, including temporal bias, implies that the cross-impact approach together with BSC can 

be used to train professionals and as Support System for the Decision Support System (DSS). 

In conclusion, the use of CIA-ISM together with BSC has allowed to improve the previous art state. 

This can form BSC to better understand the organization. In addition, the use of BSC&CIA-ISM as 

a tool for the decision making (DSS) and increase of knowledge and information level on the 

objective of organization, that is, reducing effects of uncertainty on the objectives, or in other words, 

reducing the level of risk. 

 

5.1.3. Conclusions - Chapter 4 

The direct conclusion of this chapter is that it has been possible to create an efficient tool DSS for 

the assessment Business Model CANVAS, using cross impact methodology as an analytical layer. 

In additions, it is concluded that this evaluation is reliable and that the results obtained by 

simulations allow to create a SWOT analysis which works as a support entrepreneurship teams to 

improve their plans. 

In this chapter, it is also deduced that CIA-ISM can be used as a methodology of analysis that allows 

to include different approaches, assessing financial and non-financial data, also included personal 

characteristics, techniques of the entrepreneur, improving the art state on the success factors of the 

entrepreneurship and providing flexibility to the tools and current proposals. In addition, in this 

chapter, it has been presented how CIA-ISM allows to show graphic and analytically 

interrelationships de the assessed dimensions, what allows to contrast the inner structure of the 

model with the theorical structure. 

Once the assessment of design has been carried out (descriptive, analytical and observational), it 

can be affirmed that created DSS tool allows to assess correctly a plan of business also showing 

their strengths and weaknesses. It means improving the level of knowledge on the survival 

objectives, reducing the effect of uncertainty, and once more, reducing the level of risk. 
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After having briefly explained general and particular conclusions for each chapter that are 

explained in the body of this dissertation, the following step is to present the contributions carried 

out throughout this dissertation. 

5.2. Contributions 

Although it is deduced in each main chapter, this section explains the main contributions carried 

out in this dissertation. To have a better understanding of them, it has been classified in 

contributions associated with literature of risk analysis, with theories to applications of CIA-ISM 

methodology in combination with other tools and, finally, with those contributions carried out in 

the application of CIA-ISM methodology. 

 

5.2.1. Implications 

In general terms, this dissertation lays the foundations to postulate CIA-ISM as a suitable 

methodology for risk analysis in high uncertainty environments. In particular, in situations of 

organizational risk from the assessment of risks in the entrepreneurship to the operational or 

strategic decision-making. Being outlined, in particular, the following theorical contributions 

throughout this dissertation: 

- Improvement of the risk analysis in (industrial) operations. 

In combination with HAZOP, Risk-Consequence Matrixes and expert’s assessment allow to increase 

the quantity and quality analysis showing information about relations among risks, its direct, 

indirect and cascading effect. In addition, they allow to outline sceneries in which some 

simultaneous risks of low probability and low impact form a catastrophic scenery. Finally, they 

incorporate the possibility of carrying out predictions and simulations which suppose a useful tool 

for the decision making and the training of teams. 

- Improvement of risk analysis in strategic decision making. 

Connected to BSC, CIA-ISM offers key information that allows to create a relational map of strategic 

objectives, giving a solid explanation to the principle of causality. This relational map improves the 

available information and inner knowledge of the enterprise which supposes a direct assistance to 

the process of decision making. In addition, possibility of assessing, characterising, relating and 

categorising each objective within the organisation together with the possibility of simulations and 

predictions suppose an essential improvement concerning the use of BSC. In addition, the 
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improvement of information and knowledge about the objectives supposes a reduction of the effects 

of uncertainty on them, consequently, a reduction of risk levels. 

- Improvement of analysis in entrepreneurship environment. 

CANVAS&ISM allows to assess the success of a business idea. From the analysis of the 

characteristics of the entrepreneur and environment, both financial and non-financial, considering 

the environment and the type of activities, it has been created a tool capable of allocating a success 

level of a business model. In addition, the tool allows to identify weaknesses and strengths though 

the assessment process, what allows entrepreneurial teams to make improvements in their projects 

through a repetitive process. CIBSE allows their users to have the ability to assess plans from an 

objective point of view which approach positions about different approaches about factors of 

entrepreneurial success. 

- Overall improvement of the risk analysis in complex environments. 

The overall contribution to knowledge will be to assess whether the cross-impact analysis is a 

suitable methodology for the risk analysis in high uncertainty environments generally, and in the 

application to the industrial and entrepreneurial environment in particular. Meeting the 

characteristics mentioned by HRT, as well as in Tixier’s classification (Tixier et al. 2002), it supposes 

an improvement of the art state in the analysis of risk. 

- Other contributions to knowledge. 

Although the use of combined CIA-ISM with other methodologies is not recent, this thesis has shown 

how it is possible to combine data coming from HAZOP, CANVAS, BSC analysis among others in 

combination with CIA-ISM to improve knowledge of each context reducing the level of uncertainty 

and consequently the level of risk. 

This dissertation shows that CIA-ISM allows to work with both qualitative and quantitative data 

through a process of deterministic and probabilistic analysis offering adjusted and reliable results 

to the reality. Which would help to ease first scarcities of ISO 31000 standard mentioned before. 

On the other hand, it is expected that this application of the described methodology allows to 

identify concatenations of low probability events and it might suppose a very serious scenery in 

terms of risk. Therefore, scarcities of ISO 31000 standard would be improved. 

In addition, it has been shown how the use of this combination of methodologies can be used in order 

to make predictions and simulations, something that improves both organizations’ ability to make 

decisions and possibility of training teams and professionals in order to answer possible risk 
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situations. In this sense, the creation of maps, reports and simulation would ease the third of 

scarcities of mentioned standard. 

In other words, there are not any hurdle or obstacle that avoid the integration of CIA-ISM as a 

suitable methodology for the analysis of risks and that could be recommended by ISO 31010 

standard. 

Having reach this point, it is presented a brief summary about methodological and theorical 

contributions made throughout the chapters of this theses. 

 

5.2.2. Theorical Contributions 

In the second chapter of this dissertation, it is the first time that it is made an analysis of CIA-Ism 

in combination with HAZOP and Risk Matrixes, what suppose the integration of three different 

methodologies connected by the cross-impact approach which allows to analyse interrelationships 

od all risk overall. 

In the third chapter, it is presented an extension of BSC throughout the application of CIA-ISM, 

with a dual purpose of searching a solid explanation to the principle of causality non-explained by 

literature (Norreklit 2000). One the model of work based on CIA-ISM has been explained, it can be 

used calculations to make simulations and predictions, which suppose a first step to create a tool of 

support for the making-decision that also allows to train the personal. 

Finally, in the fourth chapter of this dissertation can be seen as Osterwalder’ BMC original is 

adapted to integrate personal dimensions, which suppose a unification of approaches about the 

decisive factors of traditional entrepreneurship. 

 

5.2.3. Methodological Contributions  

Each main chapter is outlined by integration of particular methodological contributions. 

 In the first chapter, it can be seen as the use of simulations are explained in two steps to observe 

the evolutions of the effects of certain risks over time. 

In the second chapter, simulation mentioned in two steps leads to a more complex simulation 

system. Though the use of a temporary matrix, users can bias relationships among events 

considering different periods, which also allow to make more adjusted simulations to the reality 
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observing a temporary delay that exists between making a strategic decision-making and observing 

its results on the objectives. 

Finally, in the chapter 4, it is introduced a dual matrix of R and S consequence, this matrix allows 

to bias the intensity and the sense of the relationships among dimensions depending on the value 

considered as neutral. 
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 IMPLICATIONS THEORICAL 

CONTRIBUTIONS 

METHODOLOGICAL 

CONTRIBUTIONS 

DOCTORAL 

DISSERTATION 

CIA-ISM as a suitable 

methodology for the risk 

analysis and that might be 

recommended by ISO 3101 

standard. 

It is shown that CIA-ISM meets the 

characteristics explained by 

literature to be a methodology of risk 

analysis. 

It has been shown in 3 cases that CIA-ISM 

is a methodology of quantitative and 

qualitative data analysis that can be 

combined with other tools improving and 

developing previous obtained results.   

CHAPTER 2: 

OPERATIONAL 

RISK 

MANAGEMENT 

CIA-ISM can be used for the 

risk analysis in industrial 

environments. 

The use of the cross-impact approach 

allows to assess industrial risks 

multidimensionally and 

dynamically. 

The bases of simulation are explained in 

two phases which allow to discern the 

effects the impacts in a temporary 

sequence. 

CHAPTER 3:  

EXTENDING BSC 

WITH CIA-ISM 

CIA-ISM can be used to create 

a relational map of the 

organization’s objectives which 

allows to make better strategic 

decision. 

The use of the cross-impact approach 

has allowed to give an explanation to 

the principle of causality among 

BSC. 

It is deduced the concept of simulation in 

two phases including the matrix of 

temporary bias which allows to analyse 

the relationships among objectives 

considering the temporal dimension. 

CHAPTER 4: CIBSE  CIA-ISM can be used as a 

DSS tool to analyse the 

success level of 

entrepreneurial ideas and to 

perform SWOT analysis. 

The use of the Cross-Impact 

approach allows to perform a 

modified BMC analysis that 

integrate different dimensions both 

financial and non-financial that 

allow to join theorical approaches 

about the entrepreneurial success. 

 

It is used an impact matrix that considers 

intensity and sense of relations among 

dimensions. 

Table 61. Main Implications and Contributions. 
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6.1. Acronym Index 

AHI: Accident Hazard Analysis. 

ASP: Accident Sequences Precursor. 

BMC: Business Model CANVAS. 

BSC: Balanced Scorecard. 

CIA: Cross-Impact Analysis. 

CIASS: Web-based tool for simulation and forecasting. www.ciass.org. 

CIBSE: Cross Impact Business Suscess Evaluation. 

DSS: Decision Support Systems. 

ETA: Event Tree Analysis. 

FEI: Dow Fire and Explosion Index. 

FMEA: Failure Mode Effect Analysis. 

FMECA: Failure Mode Effect Criticality Analysis. 

HAZOP: Hazard and Operability. 

HRO: High Reliability Organization. 

HRT: High Reliability Theory. 

IS: Information Systems. 

ISM: Interpretative Structural Modeling. 

MCAA: Maximum Credible Accident Analysis. 

NAT: Natural Accident Theory. 

PSA: Probabilistic Safety Analysis. 

RR: Rapid Ranking. 

RBD: Reliability Block Diagram. 
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