
Universidad Politécnica de Madrid 

Escuela Técnica Superior de Ingenieros Industriales 

 

 

 

 

 

 

TRABAJO DE FIN DE GRADO 

GRADO EN INGENIERÍA EN TECNOLOGÍAS INDUSTRIALES 

 

 

 

STRATEGIC MANAGEMENT IN THE CONTEXT OF 
HOSHIN KANRI FOREST 

 

 

 

 

 

Juan Arbizu Sáez 

Número de matrícula: 15018 

Tutor: Joaquín Ordieres Meré 

 

Febrero 2017 

Madrid 



 



 

 

 

 

 

 

 

 

 

 

A todas las personas que me acompañan cada día;  

especialmente a mi familia, 

 a la que debo todo lo que soy y seré



 

 

 

 

 

 

 

 



RESUMEN 

 

Juan Arbizu Sáez Página 5 
 

 

RESUMEN 

La industria manufacturera lleva tiempo siendo consciente de todos los beneficios que 

un sistema de organización y liderazgo bien implantado puede traer a la empresa. En 

este proyecto, va a estudiarse la introducción de un método Lean aplicado, y de todas 

las maneras en las que este fomentará una mejora continua tanto en cada trabajador 

como individuo, como en la organización como un todo. 

El objetivo principal es el de contribuir a esta necesidad mediante la creación de una 

versión simplificada de esta herramienta, demostrando que puede realizarse sobre un 

sistema real con resultados positivos. El principal problema que se ha encontrado 

entre todos los autores de investigaciones es las dificultades que los líderes 

encuentran a la hora de aplicar esta lógica a la práctica de una forma estandarizada. 

Así, se tratará de contribuir a  investigaciones en marcha acerca de la implementación 

de Hoshin Kanri en diferentes organizaciones en todo el mundo. Por otro lado, se 

desea fortalecer la unión entre estos conceptos teóricos y la gestión estratégica 

práctica.  

Es importante resaltar que está tarea es compartida con un proyecto complementario, 

como se explica detalladamente en la memoria. Este proyecto se centra en la 

elaboración de la base de datos y el estudio estadístico de estos, mientras que el 

complementario se centra en la parte del entorno web y la presentación de la 

herramienta al usuario. 

Lean es un concepto muy general que puede aplicarse según diversas interpretaciones. 

Hoy en día ya existen ERPs desarrolladas para diferentes metodologías Lean, como el 

plan Toyota. Sin embargo, el problema que existe con Hoshin Kanri es que no existen 

todavía sistemas de información que ayuden a manejar todos los indicadores (KPIs). 

 

Figure 1 Enterprise Resource Planning 
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De este modo, conforme se asciende en la escala jerárquica de la organización resulta 

más complicado el manejo de cantidades tan grandes de información. Actualmente, 

esto se realiza con hojas de Excel y con muchas reuniones y discusiones. No es difícil 

imaginar lo importante y servicial que sería crear una herramienta adecuada y actual 

que haga más fácil este trabajo. 

Lean significa, de una una manera simple, deshacerse de todo lo que sobra. Eliminar 

gastos, que en un contexto industrial incluye la mayoría de las veces productos 

inacabados. Consiste en crear valor disminuyendo los recursos utilizados. Tratar de 

eliminar todo tipo de residuos a lo largo del flujo de valor de una manera continua. De 

esta forma, las organizaciones crean procesos en los que se necesitará menos manos 

de obra, espacios menores, capitales inferiores y tiempos más breves para producir la 

misma cantidad de productos que en un sistema tradicional de producción en masa. 

 

Figure 2 Metodología Lean 

El objetivo principal de los lideres que quieran implementar gestión Lean debe ser 

promover en los trabajadores el deseo y la búsqueda una mejora continua y una 

opinión propia. Para ello, este proyecto va a basarse en una versión novedosa del ciclo 

PDCA (Plan-Do-Check-Act). 

La primera parte, y la más gruesa, es la elaboración de una base de datos mediante 

Python y MySQL que agrupa y ordena todos los indicadores de una forma clara y 

eficaz. Los datos con los que se trabaja son de una organización real. Sin embargo, el 

enfoque del trabajo no está en el caso en concreto trabajado, sino en utilizarlo como 

ejemplificación de la manera en que se puede aplicar sobre una organización real. 

Una vez están todos los datos correctamente estructurados, el siguiente paso es 

estudiar las mejores características, y las más explicativas, que pueden extraerse. El 

principal problema que se trata de resolver es la gran cantidad de indicadores y datos 

que existen. Por ello, los esfuerzos en este análisis se centraran en identificar los KPIs 

que afectan en mayor medida al resto. Para ello, se va a trabajar principalmente en 

correlaciones.  
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La manera más clara y significativa de presentar estos resultados es el mapa de 

correlaciones. También se han realizado distintos estudios estadísticos que se 

presentan en la memoria. Entre ellos, la obtención de los vectores propios del sistema, 

que proporcionan, explicado de una manera sencilla, la dirección en que varían los 

resultados según los indicadores.  Como se ha comentado anteriormente, los 

resultados concretos de esta investigación no son importantes, sino la manera en que 

se han efectuado y la ayuda que proporcionan. 

 

Figure 3 Ejemplo mapa de correlaciones 

Los estudios realizados resaltan lo clave e importante que es la estandarización de 

procesos, principalmente de las comunicaciones, en los resultados y el desempeño de 

las actividades de las organizaciones. También se proponen formas de introducir y 

fusionar esta herramienta con las nuevas tecnologías, en concreto con la realidad 

virtual y con la realidad aumentada. 

PALABRAS CLAVE 

Lean management 

Enterprise Resource Planning (ERP) 

Key Performance Indicator 
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1. INTRODUCTION 

1.1. AIMS OF THE PROJECT 
Lean is a very general concept that can be applied following plenty of interpretations. 

There are already ERPs developed for some Lean-Applied organizational 

methodologies, such as Toyota´s plan. However, the problem that exists with Hoshin 

Kanri is that there aren´t yet information systems to help handling all the KPIs. 

In this way, it becomes harder to handle such quantity of information as you climb 

higher on the hierarchical scale. This is currently done by using Excel sheets and with a 

lot of meetings and discussion. It is not hard to imagine how helpful it would be to 

create an adequate and up-to-date tool that makes this work easier. 

The main goal of this project is to contribute to this necessity by creating a simplified 

version of that tool, showing that it can be done on a real system and with positive 

results. 

1.2. LEAN METHODOLOGY 
Lean means, straightforward, getting rid of all excess weight, eliminating waste, which 

in a manufacturing context includes mostly the times in which the materials are 

stopped without being worked on. However, even if many people wrongly believe that 

Lean is only applicable in manufacturing, this methodology is suited for any kind of 

process or business, such as services (healthcare ([1])) or high education. As Liker 

states [2], “Lean is not (just) about techniques, but instead, it is more of a way of 

thinking. It is an approach which takes conscience of the whole system, creating a 

culture in which each and every individual is consistently trying to improve processes 

and production”. This sentence is one of the most important qualities of the system 

which is proposed here and which will be later explained. It also sums up very 

concisely what Lean methodology applied to manufacturing organizations is about. 

 

Figure 4 Lean methodology 
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The term “Lean” started being used in the 1980s when the Japanese techniques 

started being studied by several researchers at MIT [3]. These techniques were being 

used by Japanese companies such as Toyota as they started standing out with 

meaningful and notable advantages in the marketplace. 

Expressed in a very general and simple way, Lean consists of creating more value while 

decreasing the resources. This is possible when there is a continuous intent on 

eliminating all types of waste along the entire value streams. By doing so, “it is assured 

that organizations create processes needing less workforce, smaller spaces, a reduced 

capital and less time to produce the same products than with the traditional 

manufacturing strategy of mass production” [4]. Not just that, but also “companies are 

much more flexible to external factors, meaning that they will be able to answer 

changing customer desires in a faster and far more efficient way”. Also, the exchange 

of information between workers will become easier and more malleable, which is the 

part that this project is focusing on. 

1.3. LEAN MANUFACTURING 
Lean methodology started being applied to industrial organizations in Japan, as it has 

already been mentioned. After World War II, manufacturing organizations within Japan 

started noticing relevant shortages of raw materials and resources, both human and 

financial [5]. And so, the alternative that was found was the origin of the Lean 

Manufacturing concept. 

Lean manufacturing did not only challenge in a successful way the traditional and 

unquestioned mass production practices in the automotive industry, but it also led to a 

review of further operations related to manufacturing and services “beyond the high-

volume repetitive manufacturing environment” [6]. The book ‘The machine that 

changed the World’ introduced for the first time the term ‘lean production’ in 1990. It 

has become since one of the most referenced texts about the topic. In spite of the fact 

that the Just-In-Time manufacturing concept had been known much before the book 

was first released, it played a key role in extending and disseminating that knowledge 

outside of Japan. Still, it has been found that, in western societies, only traditional 

process management is thought of; and even at universities, the models which are 

explained are basically all process-related.[7] 

The main problem organizations face when trying to implement Lean strategies lies 

not on the action of eliminating waste, but on identifying it. Toyota defined waste as 

all the factors which prevent a company from achieving a perfectly efficient production 

system [8]. This waste can be classified in three different types, which form the 3 Ms of 

the Kaizan philosophy; Muda, Mura and Muri. 

First of them comes Muda, which means proper waste or uselessness. Mura means 

variation or unbalance, mainly of production rates or workload between workers. 
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Finally, Muri means overloading; subjecting both workers and machines to high levels 

of stress making them less productive. 

 

Figure 5: Muda, Mura, Muri 

One of the most common and best-known Lean methods is Just-In-Time (JIT) 
production. It is very a very representative method to understand the Lean concept 
applied to manufacturing. The traditional western manufacturing organizations were 
based on the “mass production” concept. Nevertheless, JIT uses the Lean concepts 
using just the minimum required resources [9]. There are several ways of functioning 
with JIT but the general idea is that the product is only manufactured when an order 
has been launched. 

There are several other Lean-based systems, and some of them are going to be briefly 
explained [9][10]: 

- Setup time reduction: It consists of continuously trying to reduce the setup 

time on a machine.  

- Total preventive maintenance (TPM): In this system workers carry out regular 
maintenance to detect defects or anomalies in the equipment as a preventive 
action since they are the closest to machines. 

- Total quality management (TQM): The focus on this system is continuous 
improvement centered on customers. It requires a great involvement from all 
employees. 

- 5S: Effective organization of the workplace and standardized work procedures. 
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1.4. LEAN MANAGEMENT 
The concept of Lean Management must be explained now. The primary aim of 

managers who are willing to implement Lean Management must be to empower 

workers to have their own opinions and a will to continuously learn and improve [11]. 

However Villalba and Ordieres [12] express that all the non-value adding activities, 

which are the problems that Lean Management is trying to solve are interspersed 

between processes, and so, it is a responsibility of the corresponding Process Owner to 

eliminate it. Process Owners are understood to be each individual of the organization 

taking control of a determined process or acting upon it. 

In this context, the term Shopfloor Management can be introduced. The word 

“shopfloor” is used to determine the place in which the action occurs, or in a more 

concise way, the place where value is created. Following this, we find that not only do 

Process Owners have the need to be in a continuous form of self-improvement, but 

they all must be aligned in a common direction, Hoshin. In this way, Nonaka [13] 

creates the concept of “ba”, which was originally proposed by Japanese philosopher 

Kitaro Nishida. According to Nonaka, “ba” can be seen as a space which Process 

Owners will share and in which relationships between them will emerge. Of course, 

“ba” can consist of a physical space such as the shopfloor, the virtual space which sets 

for example an online poll, or a mental space which consists of shared experiences or 

ideas. 

Nonaka introduces three different conditions which must be fulfilled for a proper 

knowledge sharing between Process Owners. As listed by Villalba and Ordieres [14], 

“ba” must be “self-organized and possess its own intention, objective, direction and 

mission.” There has to exist a plurality of knowledge between those who participate in 

the sharing. “Ba” is also forced to be limitless, having open boundaries. This implies 

that a context is needed that enables the individuals to operate in the way that they 

reckon to be the best, however, operating all in the same direction, Hoshin. A direction 

which will not be forced upon the individuals, but slightly induced by the managers. 

This brings the aspect that this project wants to contribute to improve and that was 

already introduced at the beginning. All this interesting and good-looking theories are 

lacking a union tie with the reality. A practical way of putting it all into practice is 

missing. 

What the project is going to work on is an IT tool which gives the leaders of 

organizations and its workers an easy and optimal way of handling all the information 

and extracting conclusions from it. It will also be useful as a communication tool with 

which to share the information that is extracted from the indicators that each of them 

is handling with whom it is required. 
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2. BENEFITS OF THE PROJECT 

Next, a description on which the main benefits of this project are will be evaluated. 

2.1. ACADEMICALS 
It is a project which will allow the author to finish the “Grado de Ingeniería en 

Tecnologías Industriales” degree. It is equivalent to 12 ECTS and different kinds of 

knowledge acquired during the degree are to be applied. 

Apart from knowledge based on the Industrial Organization diploma, statistics and 

programming skills will be used. 

2.2. TECHNICALS 
The project incurs in the different methods that exist and are used globally within 

manufacturing organizations. 

It also cooperates with the Projects Department´s research creating an Enterprise 

Resource Planning applied to the Lean Manufacturing system. 

2.3. SOCIALS 
The social aim of this project is to try to develop more efficient organizations, 

especially when it comes to the control of their resources and waste. 

2.4. ECONOMICALS 
Even if it is not the main goal of the project, it may help different manufacturing 

organizations if it comes the time when they decide to reevaluate their organizational 

and manufacturing system. 
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3. STATE OF THE ART 

Manufacturing organizations are fast becoming aware of all the benefits that a proper 

and well-implanted management system can bring. In this project, the implementation 

within the organization of a Lean-applied method, Hoshin Kanri, will be discussed; and 

all the ways in which it will foster a continuous improvement of both each worker as 

an individual and of the organization itself as a whole. 

3.1. HOSHIN KANRI 
Hoshin Kanri has a lot of different definitions. We can see it very well explained by 

Maria R. [15], as a quality planning and management method which was developed in 

Japan in the early seventies (70s). It can be said that Hoshin Kanri implies a process 

which encourages thinking and communication throughout everyone in the 

organization, from direction and management, to shopfloor workers. As it is 

introduced in the introduction, Hoshin Kanri means, in very few words, encouraging 

workers to find their own way of solving problems and improving processes, leaving 

them room for their self-fulfilment. This has to be done through inspiration and 

stimulation, instead of by commanding in a more classical way. This is can be the most 

important part; changing the repetitive, easy and “empty” jobs, in which the worker 

has no space to grow, for more independent, responsible and even exciting and 

enjoyable jobs. In this way, not only will the worker get more involved within the 

company, making them yield better results; but also the company will continuously 

evolve and improve towards a direction which will have been previously set by the 

managers, and which will be encouraged, not forced. It will be later discussed how this 

can be put in practice. 

Hoshin Kanri began being introduced into several eastern companies by the mid 

seventies, mainly in Japan, where it was first used [16]. But it wasn´t until ten years 

later, around 1985, that some Western companies started to adapt it to their own 

interests [17]. That is because, since its arrival, HK hasn´t had much of a good 

reputation in the west [18]. As it was already discussed, most western industries are 

somehow reluctant to apply this management method  within their organizations; 

even if the few who have tried, obtained very good results, and even some of them 

won important awards [15].  

This western-adapted Hoshin Kanri has two very important objects of study; on the 

one hand its strategy, and on the other the Hoshin components. This strategic 

compound is included intending to fix what Osada [19] names as the biggest 

shortcoming of traditional (Japanese) Hoshin Kanri. He states that what Japanese 

companies have been missing the most, is their attention to some critical aspects of 

the formulation of strategies. He believes that their management lacks a well-directed 
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management, which leads to a deficit of leadership that will not bring the desired 

improvements. This is what western companies fixed and has brought some wonderful 

results to the pioneer companies who have tried this kind of Lean Management. 

3.2. CPDnA 
It has already been mentioned that for the knowledge sharing to be achieved, three 

different conditions have to be fulfilled. There is a lot of theoretical content which 

explains the importance of this. However, there aren´t many practical models to foster 

these conditions. 

3.2.1. PDCA cycle 

The Plan-Do-Check-Act cycle, also known as Deming´s Wheel[20], is a well-known 

model for a form of continuous improvement[21]. 

- Plan: Identify a potential improvement. 

- Do: Test. 

- Check: Analyze the performance of the change through the results of the test. 

- Act: Based on the conclusions obtained in the previous phase. 

 

Figure 6: PDCA cycle 

As it has already been said, it is important to note that this is a continuous cycle. Both 

if the results of the Check phase were positive or not, the cycle should be in 

continuous motion. Quality management and empowerment through the PDCA cycle 

may help to significantly improve workplace learning as it has been proved in several 

studies[22]. Nevertheless, this approach is not complete. 

3.2.2. Novel approach 

The model which is proposed by Villalba and Ordieres and that is followed in this 

project is based on the PDCA cycle[14]. The problem with the standard PDCA cycle is 

that it doesn´t consider organizations as complex and adaptive systems. Therefore, 
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complexity may overcome and the PDCA cycle would not be sufficient. In this way, a 

novel approach is proposed. 

3.2.3. Standardized communication unit 

The following interpretation is proposed as the standard way of communication 

between Process Owners, a sender and a receiver Process Owner. 

- 1. Check: In this phase it is important to study the process and determine the 

Key Performance Indicator (KPI) that will measure the performance. Then, the 

KPI will be measured. 

- 2. Plan: This is the phase in which active learning takes place. It is important to 

understand the current state of the process and determine the main sources 

for Muda, Mura and Muri. 

- 3. Do: The action upon the process takes place to eliminate the previously 

identify sources of the 3Ms. 

- 4. Loop (Repetition): Repeat phases 1 to 3. 

- 5. Act (Anchor): “Transforming the active learning into organizational 

learning”[14]. The actions taken and the knowledge developed has to set a new 

standard for the process, becoming the new current state. 

Thus, the cycle which is obtained is not PDCA, but C-P-D-C-P-D-C-P-D-C-P-D-...-A, or 

abbreviated (CPD)nA. 

 

Figure 7 CPDnA cycle 

This standardized unit of communication between Process Owners is able to promote 

and guide a continuous improvement through the communication between both 

Process Owners[14]. The aim in this model is to create as many links as possible to 

create a structural network. 
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To sum up, and with the perspective given by some authors [23] some recommended 

characteristics to enhance learning on the shopfloor are listed: 

- It is required for a Lean Management method to promote and enhance 

knowledge creation and communication, transfer. 

- The communication of said knowledge should take place in an automatic way, 

“by repetition of behavioural patterns” [12], such as CPDnA. 

- It is vital that the manager create an atmosphere of individual learning and self-

observation among all the Process Owners. 

In this way, the main pillars that are introduced on which to hold this model are the 

will and desire to continuously improve and enhance the process and “an 

understanding of the current state of the process at stake” [14]. 

These characteristics together with the structural network of links that has to be 

shaped form the Hoshin Kanri Tree. 

3.3. HOSHIN KANRI TREE 

Hoshin Kanri Tree is the result of multiple, interconnected links. These kind of complex 

networks can be measured through a couple of parameters: Clustering Coefficient and 

Average Path Length. 

Next, these two parameters are going to be roughly explained, in a superficial manner, 

as it is not of a vital importance for the concrete field of study of the project. The 

Clustering Coefficient measures how much each node is connecting with all the rest. 

On the other side, the Average Path Length, as its name already explains, is the 

average number of steps that have to be taken between all possible pairs of nodes. Of 

course, the desired values for the parameters are a high Clustering Coefficient and a 

small Average Path Length. These networks are defined as “small-world” networks 

[14]. In this manner, both parameters can be combined measuring the degree of 

“small-worldness” w [24] [25]. 

   
       
   

  
  

      
 

In the equation CClatt represents Clustering Coefficient of a lattice network, and APLrand 

is the Average Path Length of a random network. In this way, when w is close to 0 that 

means that the network has a great degree of “small-worldness”. 

Once the Hoshin Kanri Tree has been described, Villalba et al [12] offers four 

propositions as Management Implications which are considered to be an important 

and clarifying summary: 
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- Proposition 1: “Empowerment first, Alignment second.” That means that the 

managers or leaders of the organization have to first empower the Process Owners, 

and just then align them in the same direction with the same strategic aims. 

- Proposition 2: “Hoshin Kanri Tree provides the necessary framework to 

empower Process Owners plant-wide.” It can evolve and resist changes in the 

atmosphere of the plant; it is resilient and can cope with complexity. 

- Proposition 3: “In the empowerment phase of Hoshin Kanri Tree, the 

behavioral direction (HOSHIN) deals with improving his or her process with every cycle, 

instead of achieving a certain numeric local future state or goal.” This is a very 

important sentence that is sometimes overlooked. There is not a goal state that is 

wanted to achieve during the empowerment, but the goal of the Process Owner during 

this phase is to continuously improve its own process. 

- Proposition 4: “In the alignment phase of Hoshin Kanri Tree, the behavioral 

direction (HOSHIN) should be guided by strategic numeric goals.” It is now when the 

Process Owner have a numeric goal for its process and has to Act accordingly, to 

anchor and create a new “current state” over that goal. 

However, the main problems that all the researched authors are having come from the 

difficulties that leaders face when trying to attach to a standardized logic, the PDCA 

logic. In this way, this project collaborates with ongoing research focused on 

implementing the Hoshin Kanri Tree in different organizations all over the globe. It also 

aims to strengthen the link between these theoretical concepts and practical strategic 

management. 

 

 

  



Strategic management in the context of Hoshin Kanri forest 

 

Página 20 Universidad Politécnica de Madrid 
 

4. GOALS OF THE PROJECT 
Next, the main goals of the project will be listed. 

 To renew the related state of the art for holistic Lean Management 

approaches. 

 The proposal of a simple, functional and well implanted Lean-applied ERP 

within a manufacturing organization in the context of Hoshin Kanri. 

 The creation of a standardized and functional database to store all the data, 

the KPIs. 

 To study the best characteristics to analyze when it comes to identifying the 

most important Key Pattern Indicators within an organization. 

 To develop a written documentation about all the studies carried out by the 

author. 
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5. DATA ACQUISITION 
The first part of the project that has been carried out is really important as it consists 

on the creation of the data base. It is required to create a tidy and organize data base 

that allows a simple and comfortable handling of the date afterwards. 

In this section, the organization of the storage of the data into the data base is 

going to be explained. After explaining the qualities of the chosen programs and the 

reasons behind that choice, the performance of the task will be explained in different 

subsections. First, the structure of the data collection template, which will be 

standardized, will be analyzed.  Secondly, the data base will be structured; all the 

tables which compose the data base will be listed with their columns also being 

explained. Finally, it will be clarified why such structure was the one that was used, 

also mentioning further steps which could be taken according to the author. 

5.1. PROGRAM ELECTION 
Nowadays, there are multiple programs of choice with which to perform the task. It 

could be directly done with Excel sheets. Another option is to do it directly with the 

statistical program R. In this way we would avoid to take an extra step between the 

origin of the data, which is an excel sheet, and the program with which we are going to 

analyze them.  

However, given the complexity of the task and the magnitude of the dataset, a more 

precise and efficient program was required. For this purpose, the task was carried out 

on Phython, which is a program with a lot of freedom in which it is possible to perform 

multiple tasks of different natures. 

On the other hand, PhpMyAdmin has been chosen to store the data base and navigate 

around it. It is a free software tool that is written in the PHP programming language. 

Also, this tool administrates MySQL online. 

5.2. DATA COLLECTION TEMPLATE 
It is of a vital importance to have a useful, optimal and functional standardized 

template with the data storage, in order for the program to be able to read and 

storage the data into the data base. Firstly, the structure of said template will be 

explained, and later an illustrative example will be shown. The procedure which 

completes this action will be later explained in later sections; however it is very 

important to note that if we want the program to be universal, the template must be 

standardized. 

The data will be storaged in different columns. The first few ones will storage the 

information of the KPIs and the CPDnAs. The first column will contain the different 

indicator names. The second and third column will express respectively the node sink 
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and node source of the CPDnA, and in the fourth column the link type between those 

nodes will be specified. 

The next columns will be different, as each column will represent one day of 

work. In every column, the numeric value of the indicator measured in that day will be 

displayed. How often each indicator is measured varies, that is why, the template will 

include every calendar day, even if some days will contain no data from any indicator. 

The number of columns here will vary depending on how often the program is run with 

different templates; that means, depending on how often the data base is updated. 

 

Figure 8 Data Template 
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5.3. DATA BASE ELABORATION 

5.3.1. Entity-relationship model 

The first step here is to create a data base, although not only one that works, but a 

functional one, a data base which is suitable for our purposes. What has to be declared 

first is how many tables will there be in the data base, and how many and which 

connections, primary keys, will there be between them. 

For this purpose, an entity-relationship model was built. This is very useful to decide 

beforehand what we want our data base to be like. Since our approach to the creation 

of this ERP is very general, we are not focusing concretely on this model but giving an 

example of what can be done, we want this model to be simple and representative. 

 

Figure 9 Entity-Relationship Model 

 

As it can be seen in the image, the goal was to have as many relationships among 

entities as possible, so that it is easier and more optimal later to create the algorithms. 

5.3.2. Building the model 

With a clear image of the data base which is to be created, it is time to start with 

Python, which as it was already explained, is the program that was found best to the 

interests of the author. 

There will be different files within the program, all with a different task to fulfill. The 

first file, and probably the most important, is the one which is properly setting up the 

data base. It will create empty tables, but already with their attributes. 
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from __future__ import print_function 

 

import mysql.connector 

from mysql.connector import errorcode 

 

DB_NAME = 'proyecto' 

 

TABLES = {} 

 

TABLES['Indicadores'] = ( 

    "CREATE TABLE `Indicadores` (" 

    " `idKPI` int(11) NOT NULL AUTO_INCREMENT," 

    " `Titulo` varchar(40) NOT NULL," 

    "  PRIMARY KEY (`idKPI`)" 

    ") ENGINE=InnoDB") 

 

TABLES['CPDnAs'] = ( 

    "CREATE TABLE `CPDnAs` (" 

    " `idCPDnA` int(11) NOT NULL AUTO_INCREMENT," 

    " `idKPI` int(11) NOT NULL," 

    " `Po_Source` int(11) NOT NULL," 

    " `Po_Sink` int(11) NOT NULL," 

    "  `Link_type` int(11) NOT NULL," 

    "  PRIMARY KEY (`idCPDnA`,`idKPI`), KEY `idKPI` (`idKPI`)," 

    "  CONSTRAINT `CPDnAs_ibfk_1` FOREIGN KEY (`idKPI`) " 

    "  REFERENCES `Indicadores` (`idKPI`) ON DELETE CASCADE" 

    ") ENGINE=InnoDB") 

TABLES['POs'] = ( 

    "CREATE TABLE `Pos` (" 

    " `idPO` int(11) NOT NULL AUTO_INCREMENT," 

    " `Numero` int(11) NOT NULL," 

    "  PRIMARY KEY (`idPO`)" 

    ") ENGINE=InnoDB") 

TABLES['Valores'] = ( 

    "CREATE TABLE `Valores` (" 

    "  `id` int(11) NOT NULL AUTO_INCREMENT," 

    "  `idCPDnA` int(11) NOT NULL," 

    "  `idKPI` int(11) NOT NULL," 

    "  `Uds` varchar(40) NOT NULL," 

    "  `Fecha` date NOT NULL," 

    "  `Valor` float(10,0) NOT NULL," 

    "  PRIMARY KEY (`id`,`idKPI`,`idCPDnA`), KEY `idKPI` (`idKPI`)," 

    "  KEY `idCPDnA` (`idCPDnA`)," 

    "  CONSTRAINT `Valores_ibfk_1` FOREIGN KEY (`idKPI`) " 

    "  REFERENCES `Indicadores` (`idKPI`) ON DELETE CASCADE," 

    "  CONSTRAINT `Valores_ibfk_2` FOREIGN KEY (`idCPDnA`) " 

    "  REFERENCES `CPDnAs` (`idCPDnA`) ON DELETE CASCADE" 

    ") ENGINE=InnoDB") 

cnx = mysql.connector.connect(host = 'localhost', user='root', passwd='esaiicvr1') 

cursor = cnx.cursor() 

 

def create_database(cursor): 

    try: 

        cursor.execute( 

            "CREATE DATABASE {} DEFAULT CHARACTER SET 'utf8'".format(DB_NAME)) 

    except mysql.connector.Error as err: 

        print("Failed creating database: {}".format(err)) 

        exit(1) 

 

try: 

    cnx.database = DB_NAME 

except mysql.connector.Error as err: 

    if err.errno == errorcode.ER_BAD_DB_ERROR: 

        create_database(cursor) 

        cnx.database = DB_NAME 

    else: 

        print(err) 

        exit(1) 

 

for name, ddl in TABLES.iteritems(): 

    try: 

        print("Creating table {}: ".format(name), end='') 

        cursor.execute(ddl) 

    except mysql.connector.Error as err: 

        if err.errno == errorcode.ER_TABLE_EXISTS_ERROR: 

            print("already exists.") 

        else: 

            print(err.msg) 

    else: 

        print("OK") 

cursor.close() 

cnx.close() 
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The next steps are now to create the files which capture the data from the template 

and insert them into the adequate spot, the correct column of the appropriate table. 

There will be one file inserting the data for each entity. All the files will have the same 

structure and will be quite similar. 

Firstly, the file inserting the data into the table “Pos” will be shown. It is a very simple 

table so this file was created the first one among the rest of the tables as it was the 

easiest. 
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# Módulo para que lea ficheros xls 

import xlrd 

# Módulo para que se conectae con MySQLdb 

import MySQLdb 

 

# Ruta para que abra el fichero xls en el servidor de 

PythonAnyWhere 

book = xlrd.open_workbook("(CPD)AProjectManagement.xls") 

 

sheet = book.sheet_by_name("datos") 

 

# Establece la conexión MySQL 

 

conector = MySQLdb.connect (host='localhost',                               

                            user='root',                            

                            passwd='arbizu95',                            

                            db="proyecto") 

                                

# Aquí abro el diálogo con la base de datos 

cursor = conector.cursor() 

#Asigno los campos ide, Numero los valores que cargará Python. 

 

query = """INSERT INTO POs (idPO, Numero) VALUES (%s, %s)""" 

# Aquí se itera para que Python cargue en la tabla los datos 

# de la hoja datos[sheet = book.sheet_by_name("datos")] 

for r in range(2, sheet.nrows): 

      # Luego se asigna a ide los valores de la primera columna(0 

para Python)       

      idPO = sheet.cell(r,0).value 

      # Luego carga la segunda columna (1 para Python) 

      Numero = sheet.cell(r,1).value 

      # Asigna a values los valores de ide y Numero 

      values = (idPO, Numero) 

 

      # Ejecuta la SQL Query 

      cursor.execute(query, values) 

 

# Cierra el cursor 

cursor.close() 

# Concluye la transacción con la base de datos 

conector.commit() 

# Cierra la conexión con la base de datos 

conector.close() 

# Imprime resultados 

print "" 

columns = str(sheet.ncols) 

rows = str(sheet.nrows) 

print columns, rows 
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Next, the script of the file inserting the data to the table “Indicators” will be shown. 

 

# Módulo para que lea ficheros xls 

import xlrd 

# Módulo para que se conectae con MySQLdb 

import MySQLdb 

 

# Ruta para que abra el fichero xls en el servidor de 

PythonAnyWhere 

book = xlrd.open_workbook("(CPD)AProjectManagement.xls") 

 

sheet = book.sheet_by_name("datos") 

 

# Establece la conexión MySQL 

# Modificaciones para una red local: 

 

conector = MySQLdb.connect (host='localhost', 

                            user='root', 

                            passwd='arbizu95', 

                            db="proyecto") 

                                # 'proyecto o la db que quieras' 

# Aquí abres el diálogo con la base de datos 

cursor = conector.cursor() 

 

query = """INSERT INTO Indicadores (idKPI, Titulo) VALUES (%s, 

%s)""" 

# Aquí se itera para que Python cargue en la tabla los datos 

# de la hoja datos[sheet = book.sheet_by_name("datos")] 

for r in range(2, sheet.nrows): 

      # Luego se asigna a ide los valores de la primera columna 

      # que he modificado, para que liste los ides de datos(0 

para Python) 

      idKPI = sheet.cell(r,0).value 

      # Luego carga la segunda columna (1 para Python) 

      Titulo = sheet.cell(r,2).value 

      # Asigna a values los valores de ide y Numero 

      values = (idKPI, Titulo) 

 

      cursor.execute(query, values) 

 

# Cierra el cursor 

cursor.close() 

# Concluye la transacción con la base de datos 

conector.commit() 

# Cierra la conexión con la base de datos 

conector.close() 

# Imprime resultados 

print "" 

columns = str(sheet.ncols) 

rows = str(sheet.nrows) 

print columns, rows 
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The next script is the one working for the table “CPDnAs” 

 

# Módulo para que lea ficheros xls 

import xlrd 

# Módulo para que se conectae con MySQLdb 

import MySQLdb 

 

# Ruta para que abra el fichero xls en el servidor de 

PythonAnyWhere 

book = xlrd.open_workbook("(CPD)AProjectManagement.xls") 

 

sheet = book.sheet_by_name("datos") 

 

# Establece la conexión MySQL 

 

conector = MySQLdb.connect (host='localhost',                                

                            user='root', 

                            passwd='esaiicvr1', 

                            db="proyecto") 

# Aquí abro el diálogo con la base de datos 

cursor = conector.cursor() 

 

 

query = """INSERT INTO CPDnAs (idCPDnA, idKPI, Po_Source, 

Po_Sink, Link_type) VALUES (%s, %s, %s, %s, %s)""" 

 

for r in range(2, sheet.nrows): 

      idCPDnA = sheet.cell(r,0).value 

      idKPI = sheet.cell(r,1).value 

      Po_Source = sheet.cell(r,4).value 

      Po_Sink = sheet.cell(r,3).value 

      Link_type = sheet.cell(r,5).value 

 

      # Assign values from each row 

      values = (idCPDnA, idKPI, Po_Source, Po_Sink, Link_type) 

 

      # Execute sql Query 

      cursor.execute(query, values) 

 

# Cierra el cursor 

cursor.close() 

# Concluye la transacción con la base de datos 

conector.commit() 

# Cierra la conexión con la base de datos 

conector.close() 

# Imprime resultados 

print "" 

columns = str(sheet.ncols) 

rows = str(sheet.nrows) 

print columns, rows 
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And finally, the file which inserts the data into the table “Values”. This may be the 

most important table when it comes to showing it, as it is the table containing all the 

measured numeric data from the Key Performance Indicators. 

 

 

# Módulo para que lea ficheros xls 

import xlrd 

# Módulo para que se conectae con MySQLdb 

import MySQLdb 

 

# Ruta para que abra el fichero xls en el servidor de 

PythonAnyWhere 

book = xlrd.open_workbook("(CPD)nAProjectManagement.xls") 

sheet = book.sheet_by_name("datos") 

 

# Establece la conexión MySQL 

 

conector = MySQLdb.connect (host='localhost', 

                            user='root', 

                            passwd='arbizu95', 

                            db="proyecto") 

                                

# Aquí abres el diálogo con la base de datos 

cursor = conector.cursor() 

 

query = """INSERT INTO KPIs (idCPDnA, idKPI, Uds, Fecha, 

Valor) VALUES (%s, %s, %s, %s, %s, %s)""" 

 

for r in range(2, sheet.nrows): 

      idCPDnA=sheet.cell(r,1).value 

      idKPI = sheet.cell(r,1).value 

      Uds = sheet.cell(r,9).value 

      Fecha = sheet.cell(r,8).value 

      Valor = sheet.cell(r,7).value 

      # Assign values from each row 

      values = (idCPDnA, idKPI, Uds, Fecha, Valor) 

 

# Cierra el cursor 

cursor.close() 

# Concluye la transacción con la base de datos 

conector.commit() 

# Cierra la conexión con la base de datos 

conector.close() 

# Imprime resultados 

print "" 

columns = str(sheet.ncols) 

rows = str(sheet.nrows) 

print columns, rows 
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5.4. ASPECT OF THE DATA BASE 

With the scripts that have been previously shown, the data base is created. As it was 

mentioned before, the program that has been chosen to operate the data in a visual 

way and preferably online is “PHPMyAdmin”. 

With this purpose, after creating the data base with “mySQL” a .sql script is created 

that contains all the information from the data base. After accessing the desired server 

and data base, which has already been created in the website; the script is imported in 

a very simple way into that data base. In this case, the name of the data base is 

“jarbizu”. 

5.4.1. General aspect 

In the next image, that general aspect of the data base is going to be shown. A lot of 

information can be seen from the data base in this review. The tables that compose 

the data base with the number of rows, or entries, that each of them has. 

 

Figure 10 General aspect 

As it can be seen, the table with the most entries is “Valores”. This is because every 

measurement which is taken upon a certain indicator will count as a new entry in this 

table. On the other hand, the rest of the tables have a constant or at least less variable 

number of entries. The number of rows in the rest of those tables will only vary when a 

new indicator is required to be measured, a new worker (Process Owner) entries the 

system or a new relationship or tie of communication (CPDnA) among Process Owners 

is created. 

5.4.2. Table CPDnAs 

Next, a capture of how the table CPDnas looks on the program will be shown. Of 

course, only the first entries will appear as there are too many to be shown. Each entry 

represents an exchange of communication between two Process Owners, a tie 

between two nodes of the Hoshin Kanri Tree. The information it gives for each CPDnA 

is the indicator or indicators that it carries, the source and sink nodes (sender and 

receiver), and the link type. 
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In this case, the column “idCPDnA” coincides with “idKPI” and they may look 

redundant. However, it could happen that a certain CPDnA adds a new indicator to the 

exchange of communication or changes it. And so, the first columns would not be the 

same. 

 

Figure 11 PHPMyAdmin "CPDnAs" 

5.4.3. Table Indicators 

The next table that will be shown is indicators. Each entry represents an indicator of 

interest from a certain process which is measured. 

 

Figure 12 PHPMyAdmin "Indicators" 
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5.4.4. Table Process Owners 

The following table is Process Owners, it lists all the Process Owners of the 

organization. 

 

Figure 13 PHPMyAdmin "Process Owners" 

5.4.5. Table Values 

The table Values is the one that contains the most information; given that, as it was 

said, for every measurement that is taken, a new entry is recorded. 

 

Figure 14 PHPMyAdmin "Values" 
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For each value that has been measured the table offers different pieces of information. 

It says which tie of the tree, or which CPDnA, the measurement belongs to. It also adds 

the indicator that is being measured, the units in which it is measured, the date when 

the measurement took place and, of course, the value that was measured. 
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5.5. RELATIONSHIP WITH WEB ENVIROMENT 
As it was introduced in the beginning of the memory, the final purpose of this project 

is shared with a complementary project. In that project, the field of study is how to 

present the data to the users, how the application will be structured when it comes to 

its use, the web environment. 

Some captures on how said web environment looks are going to be presented now.  

Firstly, the log-in page is shown. 

 

Figure 15 Log-in 

After clicking on the “Register” button a page will open with the following form for a 

Process Owner to create a new user. 

 

Figure 16 Registration 

Next figure is the main screen, or Start Screen, that appears after logging in. 

 

 

 

 

 

 
Figure 17 Main Screen 
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Now, the structure of nodes that forms the Hoshin Kanri Tree network is going to be 

shown. 

 

Figure 18 Network Structure 

And finally, some pictures about how the information on the Process Owners and the 

CPDnAs is presented and how to look for different CPDnAs. 

 

Figure 19 CPDnA search 

 

Figure 20 Properties 
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Figure 21 User´s CPDnAs 

“Hoshin Kanri IT Tool”, by Irene De Maria, is the complementary project that took 

charge of the web environment that has been explained. If desired, it can be accessed 

for more information on the topic about how the web environment was created and 

other features that it includes [26]. 

The statistical analysis of the dataset is another feature which would be accessible 

from the web environment. Each Process Owner would have access to the analysis 

that abides his own CPDnAs. 
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6. DATA ANALYSIS   
Once all the data are correctly structured and organized in a data base the next step is 

to identify the best characteristics that can be extracted from them.  

One of the main problems that exists and that is wanted to be solved is the fact that 

there is a huge number of KPIs and that makes it hard to handle all of them. In this 

way, the efforts in this analysis are going to be focused on this aspect. The most 

important outcome will be to identify the KPIs which are affecting the rest the most. In 

this way, what we are going to look for is correlations. The code for each characteristic 

will be displayed at the end of this chapter. 

6.1. CORRELATIONS 

6.1.1. Correlation map 

The correlation map is very representative and explanatory. It indicates how correlated 

is each pair of indicators. Since there are a lot of indicators, in order for the map to be 

as representative as possible, the correlation is presented through colours. The value 

of the correlation goes from -1 to 1. Of course, in the entire main diagonal, which 

represents the correlation of each indicator with itself, the value fot the correlation 

will be 1. 

 

Figure 22 Correlation map 
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6.1.2. Values vs Indicators 

In the following figure, all the values will be displayed against the indicators they are 

measuring. 

 

Figure 23 Values vs Indicators 

As it can be easily concluded from the figure, there is no correlation between there is 

no correlation at all. 

6.1.3. Values vs time 

In this case, the values are going to be represented against time. 

 

Figure 24 Values vs time 
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In this case, a correlation can be intuited and the regression will be shown next. As it 

was mentioned before, It will later be explained how this was calculated. 

 

Figure 25 Regression of the values with time 

6.2. EIGENVALUES AND EIGENVECTORS 
The idea to calculate the eigenvectors comes from the fact that there are loads of 

indicators and it is very difficult to focus in all of them. So by calculating the 

eigenvectors, it will be known what and in which proportion are the most important 

KPIs in terms of how much they are affecting the rest. In the following picture, this idea 

is very visible in the next picture, in which it is explained in a much simpler two-

dimensional context. 

  

Figure 26 Eigenvectors 
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The values that were obtained both for the eigenvalues and for the eigenvectors will 

be shown in an annex to the memory. The number of values is high and the values 

itself are not of great interest that´s why it is not very useful to display all of them 

here. The main goal is to successfully explain how helpful it is to calculate them. 

6.3. SCRIPT 
In this section, the code for the main parts of the statistical analysis with R will be 

displayed.First of all, some libraries had to be installed into R to facilitate the task. 

These libraries are: 

- RMySQL: To import the database that was created and work on it. 

- dbConnect: Same than before, connect the MySQL database. 

- corrplot: It eases the obtaining of all the correlation-related attributes. 

- Plyr 

In the very beginning, the database needed to be connected to R. 

 

 

 

 

 

The code to import those packages into R is fairly simple. 

 

 

 

 

 

 

To obtain the correlation map. 

 

 

 

library(RMySQL) 

library(dbConnect) 

library(corrplot) 

library(plyr) 

x<-data.matrix(x) 

cormat<-round(cor(x),2) 

head(cormat) 

 

con= dbConnect(MySQL(), user="root", host="localhost", password="*********", 

dbname="proyecto") 

cun<- dbListTables(con) 

head(cun) 
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To calculate both the eigenvalues and the eigenvectors. 

 

 

 

6.4. DATABASE 

Finally, some captures are going to be shown of how all the tables from the database 

look. Not the whole table is going to be shown but just the first rows, as the tables are 

very large and have a lot of entries. The next code shows how to call them from R. 

 

 

 

 

First, the table “Valores”: 

 

Figure 27 "Valores" 

ev<-eigen(x) 

c<- ev[[ 1 ]]    

 

query<- dbGetQuery(con, statement  =  

“select * from valores”) 

View(query) 



Strategic management in the context of Hoshin Kanri forest 

 

Página 42 Universidad Politécnica de Madrid 
 

Next, table “CPDnAs”: 

 

Figure 28 "CPDnAs" 

Table “Indicadores”: 

 

Figure 29 "Indicadores" 
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Finally, “Pos”: 

 

Figure 30 "Process Owners" 
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7. CONCLUSIONS 
The biggest problem that has been found among all the articles that have been 

reviewed and all the researchers dedicated to Lean investigation is, as it has already 

been mentioned several times, that there is a huge amount of theoretical content and 

concepts dedicated to improve the quality of the organization in factories. However, a 

lack of materialization and a lot of ideas not yet carried out could be appreciated. 

The main idea was to supply a tool that can be used to apply some of the great 

theoretical concepts that exist on the matter, process standardization, and more 

concretely, interprocess communication standardization. 

7.1. PROJECT LIMITATIONS 
Even though the results obtained have been successful it is quite important to note 

some limitations. 

First of all, the set of data that was used to apply the theoretical knowledge wasn´t 

very extensive. This is because the aim of the project, as explained at the beginning, 

was only to show how an ERP could be helpful for factories applying Hoshin Kanri. 

Having said that, the idea is that the method and the data base which were used are 

transposable to bigger and more complex units. 

7.2. FUTURE FEATURES 
Due to complexity and the required of amount of time and dedication, there are some 

features that have been left out and could add value if applied. All of these features 

related both to the creation of the data base and to the analysis of the data set. 

However, it isn´t needed to explain them, as both parts of the project are more than 

sufficient as they are currently. Those features would consist on adding more 

attributes to the identities for a better description or on using faster programming 

tools. 

Instead of that, what it is going to be proposed now, are a couple of innovative 

applications that are of a great interest to the author. Both of these proposals were 

read by the author in articles not related concretely to Lean Management. However, 

both are very suitable options in which the ERP that has been created could be 

presented in the short or medium term. One of them is related to virtual reality and 

the other to augmented reality. These are going to be just brief sketches of how the 

feature would work and how it combines with what has been done in this project. 

7.2.1. Augmented reality 

Google Glass is an augmented reality device with the shape of normal glasses. It is 

widely known that its release wasn´t as successful as it had been predicted. However, 
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it all suddenly changed as a different target market that the one it had been designed 

for started using it in large quantities. 

It started being used at factories by the employees at their workplaces [27][28]. Even 

giant companies such as  GE, Boeing, DHL, and Volkswagen adopted the device [29]. Its 

popularity grew and the design of the device was improved and adapted to the new 

use it was being given. What started as a trial has now plans of wide spreading; it 

seems that it is here to stay. Even other businesses, such as medical practices, have 

started using the Google Glass as well [30]. 

 

Figure 31 Google Glass being used by a factory worker 

Seeing this, it isn´t difficult to imagine what the first innovative proposal is. The idea is 

to implement the ERP that has been created here. In this manner, anytime a worker is 

staring at a machine, all the KPIs that concern said machine and all the information 

related to them would appear in a similar way that the one that can be seen in the 

picture. 

7.2.2. Virtual reality 

Dynatec is an engineering company that wants to change the way factories work 

nowadays. Their initiative, “Collaborative Work Enviroment” is to create the factories 

virtually, like it was a videogame, so that engineers don´t have to be in the workplace 

in person. Everything in the factory would be virtually created, from the machines to 

the workers; the engineers would create their own avatar character to access the 

factory from anywhere in the world [31]. 

It is of course longer to explain, and there are several problems that come up with this 

idea, such as identity fraud. However, the main idea that wants to be mentioned in this 

project comes when combining that technology with the Hoshin-Kanri adapted ERP. 
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The idea works in a similar way to the previous one, although in a virtual environment. 

Every machine and significant tool from the factory would have all the information 

that comes with their related KPIs incorporated. The engineer would move around 

with their avatar character around the factory and he would be able to check all the 

required information to perform the task. 

 

Figure 32 Virtual factory 
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8. BUDGET AND PLANIFICATION 

8.1. BUDGET 
In this section the costs related to this project will be calculated and explained. Due to 

the nature of it, most of the costs will correspond to human resources, services 

performed by the author. 

8.1.1. Human resources 

First the costs of the job done by the author will be shown considering that the salary 

of the student is 12 € /hour. 

 

TASK HOURS HOURLY SALARY(€) TOTAL COST (€) 

DOCUMENTATION 100 12 1200 

EXPERIMENTATION 150 12 1800 

ANALYSIS 50 12 600 

MEMORY ELABORATION 75 12 900 
Figure 33 Cost of the job done by the student 

 

In this way, the total cost of the job done by the student is 4.500 €. 

8.1.2. Costs of materials 

The next type of costs that is going to be analyzed is the costs of materials. 

 

RESOURCE COST (€) 

Anual licence of Office 99 

TFG tuition fee 318 

Printing and binding 50 

Computer use related costs 75 
Figure 34 Cost of materials 

 

And so, the total cost of materials is 542 €. 
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8.1.3. Total costs 

Summing up the human resources costs and the material costs, and adding the general 

costs and the costs of industrial benefit the total costs will be obtained applying a VAT 

of 21%. 

 

 

Cost Price(€) 

Human Resources 4.500 

Cost of materials 542 

General costs 504,2 

Industrial benefit 453,78 

VAT (21%) 1260 

Total costs 7.259,98 
Figure 35 Total costs 

 

Finally, the total costs of this project amounts to 7259,98 €. 
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8.2. PLANIFICATION 

The project is structured in different phases which cover a total duration of work of 6 

months (two summer months in the middle), with a dedication of approximately 375 

hours. 

- Search for bibliography and study of documentation 

- Election and study of the used methods 

- Creation of data base 

- Analysis of results 

- Elaboration of the memory 

The first weeks of work were used both to look for and identify the best 

documentation in the field of study and to learn the basics of the use of Python and R 

Statistics. 

Then, the redaction of the State of Art took place, with the use of all the articles 

identified in the previous phase. This part of the project took several changes and was 

in constant evolution during the whole period. 

The longest phase was the creation of the data base, as it was quite complicated to get 

the desired results in Python. Also, once the initial results were obtained, it suffered a 

lot of modifications until its final version. 

After the creation of the data base, it was used to analyze the indicators and obtain 

the results. This was done using R Statistics. 

Lastly, the elaboration of the memory took place, even though it had been being 

developed during the whole time, the last weeks were devoted exclusively to the 

elaboration of the memory. 

Next, the Gantt Diagram will be shown. Every stage will appear on it with more detail 

of the time it took to be completed. 

 



Strategic management in the context of Hoshin Kanri forest 

 

Página 50 Universidad Politécnica de Madrid 
 

8.2.1. Gantt Diagram 

 

Figure 36 Gantt Diagram 
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11. ANNEX 

11.1. EIGENVALUES AND EIGENVECTORS 

11.1.1. Eigenvalues 

 

38.1431072031   
3.9819018112   
1.6807453684   
0.9664307736   
0.7228362683   
0.2633790682 
0.0728624735   
0.0653297894   
0.0423560209   
0.0391451817   
0.0303233591   
0.0282116023 
0.0276971624   
0.0247205629   
0.0226255852   
0.0213756109   
0.0201464785   
0.0180310755 
0.0165152050   
0.0134199946   
0.0125414006   
0.0107872653   
0.0089849176   
0.0068130532 
0.0054301966   
0.0040227070   
0.0020226573   
0.0018418933  
-0.0006619123  
-0.0013338950 
-0.0026401662  
-0.0032609178  
-0.0055196833  
-0.0083239581  
-0.0093202488  
-0.0116093758 
-0.0138076298  
-0.0153217026  
-0.0167400651  
-0.0177029799  
-0.0190961833  
-0.0218127625 
-0.0226495773                                              
-0.0253218061                                              
-0.0272312335                                             
-0.0312505880 
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11.1.2. Eigenvectors 

 

             [,1]         [,2]        [,3] 
 [1,] 0.017880098  0.040039363  0.52102005 
 [2,] 0.005530015 -0.498102118  0.04684293 
 [3,] 0.007209883 -0.488795689  0.06143674 
 [4,] 0.002228152 -0.494210445  0.04034571 
 [5,] 0.004651690 -0.497768061  0.04485181 
 [6,] 0.153113499  0.007440013 -0.10100152 
 [7,] 0.150031861  0.006413057 -0.13428097 
 [8,] 0.158780178  0.042966968 -0.01979771 
 [9,] 0.157604039  0.010986029 -0.06735666 
[10,] 0.157063416  0.011545916 -0.04517942 
[11,] 0.157426396  0.018370029 -0.05116294 
[12,] 0.159823302  0.027244331  0.04302472 
[13,] 0.157251886  0.029964984 -0.02818667 
[14,] 0.145057408  0.008717589 -0.19718639 
[15,] 0.150324836  0.010159144 -0.15430437 
[16,] 0.159428787  0.014891939  0.06991407 
[17,] 0.156600580 -0.031142110 -0.13578178 
[18,] 0.155365783 -0.033523524 -0.15443660 
[19,] 0.157411487 -0.024578294 -0.11257019 
[20,] 0.155084848 -0.036279044 -0.16003177 
[21,] 0.160938462 -0.006931514  0.02731473 
              [,4]          [,5]        [,6] 
 [1,]  0.127947189  0.8382546004  0.07269024 
 [2,] -0.032859622  0.0151992536 -0.01984763 
 [3,] -0.016652318  0.0031296487  0.02611212 
 [4,] -0.061238705 -0.0002503235 -0.06594101 
 [5,] -0.055778487 -0.0095901912 -0.03584799 
 [6,] -0.285412658  0.1128800270 -0.02938663 
 [7,] -0.312559527  0.1380141628 -0.04271253 
 [8,] -0.136002962  0.0347959559 -0.11625577 
 [9,] -0.196993188  0.0715280565  0.04275470 
[10,] -0.226105949  0.0650630277 -0.04088202 
[11,] -0.212536270  0.0496453594  0.05200892 
[12,] -0.121698937 -0.0078941034 -0.06227143 
[13,] -0.205448544  0.0514679885 -0.16673568 
[14,] -0.339131171  0.1544537668  0.03814387 
[15,] -0.283016850  0.1433090771 -0.03676104 
[16,] -0.108735416 -0.0494392004  0.07286013 
[17,]  0.167959654  0.0580697915  0.05232933 
[18,]  0.166722472  0.0521048102  0.11940945 
[19,]  0.160242912  0.0428629109 -0.01573418 
[20,]  0.170887397  0.0612149585  0.09926850 
[21,]  0.086374905 -0.0370465863 -0.04050539 
              [,7]         [,8]         [,9] 
 [1,] -0.022131622  0.002328711 -0.007698124 
 [2,]  0.103254030 -0.014753275 -0.113194907 
 [3,]  0.719380058  0.102688873 -0.076766564 
 [4,] -0.528791232 -0.016884782  0.061520503 
 [5,] -0.280062120 -0.092047819  0.100695948 
 [6,] -0.022171917  0.056917781  0.038847078 
 [7,] -0.022073495  0.002178525 -0.001407369 
 [8,] -0.040160682 -0.018253011 -0.228565361 
 [9,]  0.013442990  0.129851350  0.106353884 
[10,]  0.055793199  0.011304649 -0.127703894 
[11,]  0.065634213 -0.055454938 -0.036058163 
[12,]  0.034604730  0.162362312 -0.074307703 
[13,] -0.084313705 -0.002028020 -0.078791015 
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[14,]  0.030078624 -0.010591281 -0.036200205 
[15,]  0.027916715 -0.212478302  0.085469858 
[16,]  0.083401023  0.213501224  0.303250957 
[17,]  0.071506418  0.015409525  0.055238791 
[18,] -0.003389712 -0.035942408  0.033668134 
[19,]  0.081331394 -0.141721971 -0.029474771 
[20,] -0.049166679 -0.039946993 -0.017759479 
[21,]  0.052422911  0.083653898 -0.069785433 
              [,10]        [,11]        [,12] 
 [1,] -0.0071291230  0.005529618 -0.002942059 
 [2,] -0.1384881537  0.097055183 -0.044701882 
 [3,]  0.0420584137 -0.056153821  0.147462069 
 [4,] -0.0509288712  0.150685203  0.076103112 
 [5,]  0.1892214847 -0.192786399 -0.136634989 
 [6,] -0.1672946812 -0.155806589  0.017330449 
 [7,] -0.1552098604 -0.203137340  0.052453426 
 [8,]  0.3819073521  0.132711013  0.306466502 
 [9,]  0.0015979153 -0.046257012 -0.284408848 
[10,]  0.1461773874  0.256195768 -0.191756069 
[11,]  0.1608221064 -0.096960619  0.007075182 
[12,] -0.1373914889  0.056682406  0.205694327 
[13,] -0.1415199866 -0.232901902  0.129526547 
[14,] -0.1135370822  0.027021818 -0.188774609 
[15,]  0.0454620071  0.274875575  0.038633993 
[16,]  0.1487541214  0.086297415  0.191349540 
[17,] -0.1334966193 -0.130113360 -0.040824796 
[18,] -0.1992861738  0.078373971 -0.013818857 
[19,]  0.0726171238 -0.192052401 -0.150907973 
[20,] -0.1976146995 -0.083411681 -0.025880969 
[21,] -0.1106630511  0.111142308 -0.371756620 
             [,13]        [,14]        [,15] 
 [1,] -0.010067447 -0.001282276  0.003687302 
 [2,]  0.194284495  0.129252539 -0.216231916 
 [3,] -0.027280044 -0.040324543  0.124026830 
 [4,] -0.049626414 -0.003749868  0.129752430 
 [5,] -0.104822584 -0.065400261 -0.011674967 
 [6,] -0.073071863  0.049919691 -0.184417161 
 [7,] -0.256785361 -0.064791228 -0.006190768 
 [8,] -0.076202386  0.046331601  0.099164131 
 [9,]  0.226264766 -0.127956593  0.204362692 
[10,]  0.127086414 -0.178446840  0.028794179 
[11,]  0.008973581 -0.026515965  0.037374526 
[12,]  0.043326273  0.198235766  0.041876885 
[13,] -0.009473670  0.083812280 -0.144817104 
[14,]  0.249593853  0.029031167  0.132324223 
[15,] -0.156766127  0.052962720 -0.105926676 
[16,] -0.095736085  0.083522872 -0.036383198 
[17,] -0.228926018  0.060986918 -0.117095853 
[18,] -0.155540262 -0.095108469  0.040395595 
[19,]  0.089337784  0.277669963 -0.201683895 
[20,] -0.086569898  0.010729920  0.014867338 
[21,] -0.236818161 -0.151403427  0.002418798 
             [,16]        [,17]        [,18] 
 [1,]  0.003212978  0.001007317 -0.007569339 
 [2,]  0.010506471  0.151567006  0.161553972 
 [3,] -0.041219649 -0.060735580 -0.034214361 
 [4,]  0.087248938 -0.155092605 -0.085606016 
 [5,] -0.061698086  0.054014556 -0.044744617 
 [6,]  0.152114169  0.244989555 -0.244671639 
 [7,] -0.132004285  0.207071461  0.289164001 
 [8,]  0.050655942  0.045529314  0.140515310 
 [9,]  0.042422434 -0.254257129  0.023364876 
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[10,]  0.175224733 -0.096020614 -0.158882147 
[11,]  0.289817357 -0.160299653  0.302200267 
[12,] -0.091194037 -0.201773425  0.065864205 
[13,] -0.042302817 -0.245862132 -0.202053824 
[14,] -0.059423251  0.064610567 -0.202156566 
[15,] -0.265516556  0.026360339  0.203244403 
[16,] -0.022387874  0.209392587 -0.335647930 
[17,]  0.207310815 -0.100933483 -0.129276249 
[18,] -0.050034574 -0.035416143 -0.207788572 
[19,]  0.134678285 -0.096481542 -0.212785875 
[20,] -0.384584770 -0.004644708  0.140452891 
[21,] -0.044891160  0.118225179  0.215298884 
              [,19]        [,20]         [,21] 
 [1,] -0.0006529695 -0.006302112 -0.0005669186 
 [2,] -0.2088548612  0.094928163  0.1226327251 
 [3,]  0.1799118462 -0.027522295 -0.0181202261 
 [4,]  0.1535335717 -0.163193899  0.0963906035 
 [5,] -0.1081988005  0.107346328 -0.1983170749 
 [6,] -0.0273509502  0.015838555  0.1806406531 
 [7,]  0.1037115526  0.003596089  0.0747600169 
 [8,]  0.1280345087 -0.081746525  0.2005077566 
 [9,] -0.0202455511  0.028795366 -0.1505193152 
[10,] -0.2332960148 -0.105157910  0.0889983100 
[11,] -0.1462083090  0.145339435 -0.1784361647 
[12,] -0.2516469986 -0.017888111  0.1042046289 
[13,]  0.1700645298  0.318868955  0.1121635059 
[14,]  0.1144115820 -0.168270368 -0.0050100804 
[15,] -0.0241917387 -0.060653565 -0.2539525703 
[16,]  0.0125671815 -0.072909333 -0.2145888310 
[17,] -0.1634090853  0.052766728 -0.1256595869 
[18,] -0.0024544560 -0.374043326 -0.0349278378 
[19,] -0.1562357199  0.045913815  0.0807555799 
[20,] -0.1954518133  0.157920950 -0.0409530370 
[21,]  0.1905927620  0.034390235  0.0873544893 
             [,22]        [,23]        [,24] 
 [1,] -0.010152593 -0.004580511 -0.001138889 
 [2,]  0.280340884 -0.324052508  0.114059572 
 [3,] -0.082688313  0.188187104  0.009886575 
 [4,] -0.080326034  0.179865830  0.042619875 
 [5,] -0.106792115 -0.046355409 -0.170465470 
 [6,] -0.090272599 -0.080828007 -0.043381294 
 [7,]  0.115398244  0.190008226  0.004430688 
 [8,]  0.008642107 -0.225846650  0.068761787 
 [9,]  0.120735710 -0.003290373 -0.169155004 
[10,]  0.156206102  0.036010526  0.107686211 
[11,]  0.084272054 -0.003444670  0.238741255 
[12,] -0.125212922  0.122160964 -0.208731676 
[13,]  0.186984884  0.015212063 -0.038520344 
[14,] -0.396160493 -0.171576869  0.125208068 
[15,]  0.041833537  0.182778302 -0.083621847 
[16,]  0.036519216 -0.228772759 -0.051351385 
[17,]  0.073971899 -0.181572160  0.088521880 
[18,]  0.411412659  0.171333618 -0.004679402 
[19,] -0.125410636  0.237839388 -0.045200556 
[20,] -0.005946370 -0.158459503  0.102826753 
[21,] -0.007831220 -0.147473243 -0.103349245 
              [,25]         [,26]        [,27] 
 [1,]  0.0099329190 -0.0009323415  0.013870653 
 [2,] -0.1825081932  0.1063042681 -0.158143379 
 [3,]  0.0836885329 -0.0583752458  0.070317199 
 [4,]  0.0504837549 -0.0025754821 -0.001538978 
 [5,]  0.0515083218 -0.0500765931  0.074699631 



Strategic management in the context of Hoshin Kanri forest 

 

Página 60 Universidad Politécnica de Madrid 
 

 [6,]  0.2187912277 -0.1225392020  0.049688926 
 [7,] -0.0992478859  0.0491231764  0.112964531 
 [8,]  0.1894194175  0.0344031725  0.046101997 
 [9,]  0.2880821231 -0.0619511179 -0.123954685 
[10,] -0.3222400190  0.0377309400  0.190395482 
[11,]  0.0948414909 -0.0069734023  0.275630424 
[12,] -0.0226774184  0.1897122865 -0.358180170 
[13,]  0.0026779859  0.1353386266  0.074617317 
[14,] -0.1119458991  0.0010016323 -0.118087298 
[15,] -0.0486343242 -0.1207251799 -0.192078087 
[16,]  0.0595193759 -0.0439457584  0.100278485 
[17,]  0.2563230094 -0.0768690201 -0.234207606 
[18,] -0.0160662136  0.1670879134  0.144372346 
[19,] -0.0951265948 -0.1096275398  0.037975862 
[20,] -0.0365746047  0.0223157566  0.128477996 
[21,]  0.0939520794 -0.2433954985 -0.228514337 
             [,28]         [,29]         [,30] 
 [1,] -0.005597547 -0.0052161841 -0.0135317141 
 [2,]  0.121858684 -0.0644567192 -0.0429834048 
 [3,] -0.022918885  0.0519230052  0.0212311632 
 [4,] -0.010580844  0.1363178083  0.1017667736 
 [5,] -0.106951630 -0.1304247280 -0.0668601570 
 [6,] -0.089492676 -0.0189396581  0.1737852656 
 [7,]  0.299032507  0.1541387709 -0.0532611407 
 [8,] -0.014843109  0.0965812314  0.0224505779 
 [9,]  0.077693827  0.1916785800  0.0852027487 
[10,]  0.113360225 -0.0441628326  0.2265828953 
[11,] -0.355662456 -0.1036769192 -0.0244547884 
[12,] -0.167889233 -0.0567959358 -0.2455866986 
[13,]  0.020489933 -0.2144748637 -0.1837596009 
[14,] -0.029428695 -0.0635897168 -0.0566613873 
[15,] -0.033593299  0.0571800498 -0.1030856666 
[16,]  0.031973737 -0.1059609473  0.0259710011 
[17,] -0.114500373  0.1787864788  0.1460078768 
[18,] -0.008214697 -0.2214196701 -0.0558261134 
[19,]  0.360585492  0.2822974091 -0.1013723695 
[20,] -0.069222952 -0.1323492292  0.3005504283 
[21,]  0.107798072 -0.0201051622  0.0963607931 
             [,31]         [,32]         [,33] 
 [1,] -0.004976869 -0.0003778877 -1.171878e-02 
 [2,]  0.008275144 -0.0241836292 -8.610508e-03 
 [3,] -0.013205654  0.0221422923  1.055140e-01 
 [4,] -0.029627715  0.0905267191  2.055873e-01 
 [5,]  0.020463128 -0.0779704887 -3.166215e-01 
 [6,]  0.199052371  0.0755196352  1.520759e-01 
 [7,] -0.068751240 -0.2315995779 -8.074649e-03 
 [8,] -0.192768342  0.1443574941 -2.850090e-01 
 [9,] -0.005536112  0.2590325438  1.373395e-01 
[10,] -0.019201319  0.0162518040 -1.013196e-01 
[11,]  0.219333097 -0.0943396713  8.073660e-02 
[12,]  0.152089756  0.1874770229 -2.997584e-01 
[13,] -0.085359498  0.1067984492  8.302590e-02 
[14,] -0.104830582 -0.2853149284 -1.536164e-01 
[15,] -0.050030235  0.1012606557  2.406712e-01 
[16,] -0.014346982  0.0932502663 -1.498617e-01 
[17,] -0.257842703 -0.1716818644  3.312283e-02 
[18,]  0.094569795 -0.1479054026 -8.178854e-02 
[19,] -0.011287055  0.1294675907 -1.017784e-01 
[20,]  0.066969132  0.3513268678 -2.616591e-02 
[21,]  0.164719801 -0.0109175886 -2.242833e-01 
             [,34]         [,35]        [,36] 
 [1,]  0.003742262 -0.0008441149 -0.003356638 
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 [2,]  0.227298352 -0.0007016766 -0.061720680 
 [3,] -0.145324745 -0.0143104111  0.043158307 
 [4,]  0.126225895 -0.0330468016  0.039745717 
 [5,] -0.200226500  0.0567597735 -0.017368104 
 [6,] -0.222263456 -0.0617853913  0.304062143 
 [7,]  0.088639814  0.1014720796  0.049069085 
 [8,] -0.055939720  0.2885228897  0.084776768 
 [9,]  0.298365586  0.0929382810  0.055113402 
[10,]  0.085984897 -0.0787772096 -0.065622797 
[11,]  0.100174585  0.0096940498  0.126151650 
[12,]  0.057528641 -0.0317888610  0.114666842 
[13,] -0.024186551 -0.0073673686 -0.292876119 
[14,] -0.090046059 -0.1958544456  0.026866161 
[15,] -0.148001616  0.0004387586 -0.261603493 
[16,]  0.181988957  0.2030500590 -0.263024466 
[17,]  0.055454203 -0.0460823379 -0.262940023 
[18,] -0.085507136  0.1973982170  0.090311557 
[19,] -0.010283946  0.2431309747  0.140221745 
[20,] -0.116415562 -0.0065740893  0.209142113 
[21,]  0.020147311  0.0428178101 -0.038894144 
             [,37]        [,38]         [,39] 
 [1,]  0.003386263 -0.003557129 -0.0142675861 
 [2,] -0.221010966  0.117102016  0.0252050353 
 [3,]  0.122261105 -0.033024818  0.0006197615 
 [4,] -0.051009327 -0.060536144  0.1384529531 
 [5,]  0.150765579 -0.033558865 -0.1712298123 
 [6,] -0.295926587 -0.008206583  0.2621410946 
 [7,]  0.241718111  0.103759108  0.2927444388 
 [8,] -0.038144494  0.147942786 -0.0969804628 
 [9,]  0.123027937  0.153976008 -0.0826547460 
[10,]  0.131277579 -0.096462155  0.0964812887 
[11,] -0.139707516 -0.148568688 -0.0982340471 
[12,]  0.068850238 -0.333142762  0.2047310904 
[13,]  0.161226252  0.147311788 -0.1823776112 
[14,]  0.117526563  0.012782463 -0.2314489379 
[15,] -0.304186748 -0.096082389 -0.2129125913 
[16,] -0.019354701 -0.002940478  0.1838255279 
[17,]  0.161333416 -0.199588949  0.0855625899 
[18,] -0.037333744 -0.220111791 -0.1134823202 
[19,] -0.131884310 -0.032538915 -0.1466996360 
[20,]  0.261323889  0.112082444 -0.0372306102 
[21,] -0.140029938 -0.071146356 -0.0801810006 
             [,40]       [,41]        [,42] 
 [1,]  0.008642729  0.00017935 -0.010445999 
 [2,]  0.081767322 -0.01355845  0.044731630 
 [3,]  0.033879116 -0.01194567  0.050102799 
 [4,]  0.159006122 -0.01287713 -0.202980017 
 [5,] -0.261041377  0.05560027  0.116702307 
 [6,] -0.050340140 -0.02253536  0.242839376 
 [7,] -0.109462823 -0.01854678 -0.109763276 
 [8,] -0.166729786  0.16264883  0.035042017 
 [9,]  0.030076360  0.11754439  0.272608023 
[10,] -0.281085325 -0.10802836  0.074455447 
[11,]  0.164013548  0.08735130 -0.304362334 
[12,] -0.052080885 -0.00835244  0.024077036 
[13,]  0.205453411  0.09388975  0.107281470 
[14,]  0.187666185 -0.01147373 -0.130824102 
[15,] -0.110376377 -0.15191580 -0.022493050 
[16,]  0.283814050 -0.12024218 -0.226842889 
[17,] -0.302166088 -0.05157660 -0.091124088 
[18,]  0.088083087  0.28506521  0.138113631 
[19,]  0.035294575  0.10785746 -0.347052989 
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[20,]  0.064923897 -0.16250809 -0.210395915 
[21,]  0.196545166  0.27201289 -0.032074096 
             [,43]        [,44]        [,45] 
 [1,]  0.002307956  0.004054798 -0.001462391 
 [2,]  0.029143142 -0.116644519  0.189253628 
 [3,] -0.083926214  0.088006651 -0.082209736 
 [4,] -0.194157857  0.036196219 -0.172147462 
 [5,]  0.242685394 -0.019111947  0.064729046 
 [6,]  0.084577008  0.143359401  0.117369922 
 [7,]  0.090209851 -0.267885715 -0.082162410 
 [8,] -0.201613244  0.034164072  0.109039662 
 [9,] -0.052200736 -0.179613176  0.191599005 
[10,] -0.005194672  0.337866627 -0.214880108 
[11,]  0.137647322 -0.116010374 -0.106907298 
[12,]  0.001257420 -0.099599484 -0.124628668 
[13,]  0.109735972  0.246279691 -0.165320614 
[14,] -0.123828216 -0.138665191  0.079654568 
[15,] -0.061428787  0.150628470  0.117711505 
[16,] -0.003899013 -0.045123378 -0.026309451 
[17,] -0.090355982 -0.038656344 -0.050276880 
[18,] -0.131834596 -0.088177814  0.198591794 
[19,]  0.041792024  0.066160058  0.071806278 
[20,] -0.292751843  0.119566008  0.058412893 
[21,]  0.033701529  0.178706441 -0.407032393 
             [,46] 
 [1,] -0.011717163 
 [2,]  0.099966136 
 [3,] -0.012490137 
 [4,]  0.102663840 
 [5,] -0.179487546 
 [6,]  0.021729721 
 [7,] -0.080061693 
 [8,]  0.206224874 
 [9,] -0.156909293 
[10,] -0.138682990 
[11,]  0.040080489 
[12,] -0.045614255 
[13,]  0.161074588 
[14,]  0.129185045 
[15,] -0.063927747 
[16,] -0.264907834 
[17,]  0.306223706 
[18,]  0.086434546 
[19,] -0.051158582 
[20,] -0.041622451 
[21,] -0.005016837 

 

 

 


