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Resumen 
Este proyecto forma parte de un proyecto de investigación del Departamento 
de Organización de Empresas de la Universidad Politécnica de Catalunya 
(UPC) sobre asignación de tareas y curvas de aprendizaje teniendo en cuenta 
el efecto de la experiencia en una tarea en el rendimiento de otra. 
 
El objetivo del trabajo es el diseño de una herramienta que permita la 
asignación de tareas  Es decir, una herramienta que permita realizar una 
distribución de unos ciertos trabajadores en cada una de las tareas que 
poseen los proyectos.  
 
El funcionamiento de la herramienta será el siguiente: 
 
El usuario deberá introducir unos datos, que son las tareas de las cuáles 
constan los proyectos, las horas de experiencia previa que cada trabajador 
posee en la realización de cada tarea y las horas de dedicación que se 
requieren de cada tarea para la ejecución de los proyectos. A partir de estos 
datos y de la asignación de tareas, que el usuario deberá realizar, la 
herramienta calculará la experiencia que va adquiriendo cada trabajador en la 
ejecución de cada tarea y su rendimiento en las distintas tareas. Finalmente, 
se realiza un cálculo de las horas de rendimiento dedicadas a cada tarea y la 
herramienta muestra al usuario si las distintas tareas podrán ser finalizada o 
no.  
 
Para obtener el rendimiento de cada trabajador en cada tarea ha sido utilizada 
una fórmula que fue propuesta [2], en la que se tiene en cuenta la experiencia 
previa que posee cada trabajador en dicha tarea y la influencia que hay  entre 
tareas. 
 
La herramienta se diseño en tres pasos. Primero, se realizó un diseño el cuál 
permitía la introducción de muy poco datos, es decir pocos trabajadores y 
pocas tareas. Esta primera simulación fue diseñada con la intención de 
determinar las características que debía tener la herramienta y su correcto 
funcionamiento. Además, simplemente tenía en cuenta las horas previas de 
experiencia que los trabajadores poseían. Seguidamente, a esta simulación 
previa, se le añadió la función en la que se tenía en cuenta también la 
influencia entre las tareas. Y finalmente, una vez comprobado que su 



funcionamiento era el adecuado, se procedió al diseño de la herramienta 
completa la cuál era más extensa en cuestión de datos. 
 
El proyecto se divide en dos partes. Una parte teórica en la que se introducen 
términos necesarios para obtener un mínimo conocimiento del tema, y otra en 
la que se explica paso a paso el diseño de la herramienta y su funcionamiento 
mediante ejemplos.  
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Overview 
 
This project is part of a research project of the Organization Department of 
Corporations of the Polytechnic University of Catalonia (UPC) about 
assignment of tasks and learning curves, taking into account the effect of the 
experience on a task in the performance of another. 
 
The aim of this work is the design of a tool that allows the assignment of tasks. 
That is to say, a tool that allows to realize a distribution of certain workers in 
each of the tasks that require the projects. 
 
The functioning of the tool is as follows: 
 
The user must enter some data, which are the tasks of the projects, the hours 
of previous experience that every worker has in the implementation of each 
task and the hours of dedication that are required of each task for the 
execution of projects. Based on these data and the assignment of tasks, that 
the user should realize, the tool will calculate the experience that each worker 
is acquiring in the execution of each task and his/her performance on the 
different tasks. Finally, there is realized a calculation of the hours of 
performance dedicated to every task and the tool shows to the user if the 
various tasks can be completed or not.  
 
To get the performance of each employee in each task has been used a 
formula that was proposed [2], which takes into account the previous 
experience that every worker has in that task and the influence that exists 
between tasks. 
 
The tool was designed in three steps. First, there was realized a design which 
allowed the introduction of very few data, i.e. few workers and few tasks. This 
first simulation was designed by the intention of determining the characteristics 
that the tool had to have and its correct functioning. In addition, simply the 
previous hours of experience that the workers possess was taken into account. 
Afterwards, to this previous simulation, was added the function in which the 
influence between the tasks was taken into account. And finally, once verified 
that its functioning will be the suitable, it was proceeded to the design of the 
complete tool, which was more extensive concerning data. 



 
The project is divided into two parts. A theoretical part that introduces terms 
required to obtain a minimum knowledge of the topic, and other one that 
explains step by step the design of the tool and its operation through examples. 
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INTRODUCTION 
 
Competency-Based Management is a set of theories and processes aimed at 
identifying, classifying and managing the competences that people need to 
perform specific jobs. It sets a conceptual and practical framework that drives 
the management of human resources to contribute efficiently and effectively in 
the results of an organization. 
In short, Competency-Based Management is a means of ensuring that there is 
the right person in the right position at the right time. 
 
Competency management can also be used to support career management by 
ensuring that employees are aware of the competences needed for a particular 
career path. 
 
In this piece of research it is going to talk about the competency management in 
a determinate situation. We are going to study some determining factors for the 
competency management research such as: the different processes that a 
project has, the skills and knowledge of the members of the team, the general 
competences that and employee should have and the specific competences 
that the person should have to do the job correctly. 
 
Furthermore, a tool in Excel will be designed which allows the projects that must 
be carried out to be distributed to the employees, assigning every worker the 
tasks of each project that he/she has to execute. This tool will take into account 
the previous experience that each employee possesses in each of the tasks, 
the experience that he/she is acquiring in the execution of each task every time 
he/she repeats it and the influence that exists between the tasks. 
 
From the data obtained by the tool, the user can see the level of experience that 
the employee has in a certain job and, hence, they can see what the workers 
have to learn to gain more experience.  
The use of the tool allows the user to see what the performance of each worker 
is on each task at the beginning and how this performance increases as his/her 
experience increases in the workplace. Therefore, it could be seen which 
workers are profitable for the company and which not. 
 
Moreover, the user could notice, in an approximate way, if a project will be 
completed or not in the time expected before starting its implementation. 
 
But, over and above that, it is a good way to help in the recruitment process, to 
define the selection criteria that identify the competences required for a given 
position as the basis for selecting the best person for the job. Using the tool the 
user can verify which tasks from each project need more reinforcement of 
personnel and which projects will not be completed if there are not enough 
workers. 
 
This project has been organized in three main chapters, the first is rather 
theoretical and the other two are about the performance of the tool.  
Chapter 1 introduces the reader to some terms such as: Competency, 
Competence Management and Learning Path. Once the reader has been 
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familiarized with this kind of vocabulary, some examples of the Nembhard’s 
model [1] will be commented on and studied and, then, a variation that was 
made about this model [2].      
 
Chapter 2 describes the previous steps that have been taken to design the tool. 
Before starting the design a simulation of the tool will be made with a more 
limited design to determine the characteristics that it should have and to verify 
that its functions are suitable. 
 
Chapter 3 shows the format and the new characteristics that the tool has, which 
have not been explained in chapter 2. 
  
Chapter 4 exposes the final conclusions which have been reached once it the 
whole study and the design of the tool have been realized, and the future works. 
It shows all the offers to continue developing the project and new possible 
research deriving from this one. 
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CHAPTER 1. THEORICAL BASIS 
 

Nowadays, knowledge is shifting to a more central position in our society [3]. 
The traditional economy, based on capital, raw materials and labour, is 
changing in a system where knowledge has more value: the knowledge 
economy. This shift has significant consequences for our society and the 
meaning of learning within this society. Thereby, work becomes increasingly 
close to learning, because employees receive more responsibility and skills as 
‘problem solving’ and ‘analyzing’ are becoming more important.  
Therefore, the goal of education and training is to increase skills or knowledge 
in order to raise the value of individuals for an organization. 
 
In this first chapter is intended to evaluate how the skills or knowledge can be 
increased. Some concepts will be used such as: Competences, Competence 
Management and Learning Path. 

 
1.1 Competences 
 
1.1.1 Introduction to competences 
 
It could be said that competences are the abilities needed to perform a role1 in 
the organization [4]. Competences are described in terms such that they can be 
measured. There is a difference between competences and job descriptions2. 
Job descriptions typically list the tasks3 or functions and responsibilities for a 
role, whereas competences list the abilities needed to conduct those tasks or 
functions. Complex positions in the organization may include a large number of 
tasks, which are sometimes referred to as functions.  
Consequently, competences are often used as a basis for training by converting 
competences to learning objectives.  
 
Hence, competences can be defined, in a general way, as the applications of 
knowledge, skills, experiences, abilities and personal characteristics expected 
to be successful for the practice role. 
 
 

                                            
1 Role: the set of responsibilities or expected results associated with a job; where job is a collection of 
tasks and responsibilities that an employee is responsible to conduct. A job usually includes several roles. 
2
 Job descriptions are lists of the general tasks, or functions, and responsibilities of a position. They are 

usually developed by conducting a job analysis, which includes examining the tasks and sequences of 
tasks necessary to perform the job. The analysis looks at the areas of knowledge and skills needed by the 
job. 
3
 Task: defined as a unit of work, that is, a set of activities needed to produce some result (e.g., vacuuming 

a carpet, writing a memo, sorting the mail, etc).  
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Fig. 1.1. Definition of competency 
 
 

There are two significant ways in which competences can be said to differ from 
"qualifications":  
Firstly, competences are linked to the strategic objectives and capabilities of the 
organization. Secondly, competences can be used to track performance in all 
human resource areas, including training, development, performance 
management, and succession planning, and not simply resourcing.  
 
The next table depicts an example of a competency definition in terms of 
category, competency, definition and demonstrated behavior. The general 
category of the competency is the “people management competences”, which 
amongst others can include the competences of “Building a Team’s Spirit” and 
“Developing People”.  The table (Table 1.1) illustrates the corresponding 
definitions and demonstrated behaviours: 
 
 
Table 1.1. Indicative example of a competency 
 
Category Competency Definition Demonstrated behaviour 
People 
management 
competences 

Building 
team spirit 

Provide team members with the 
excitement and desire to 
cooperate with each other, 
contributing to common goals 

Encourages help and respect to 
other members 
Creates a common mission and 
feeling of belonging to a team which 
aims at that 

 Developing 
people 

Help team members to reach 
their potential in personal 
development 

Provide mentoring and experience 
transfer 
Provide feedback on strengths and 
weakness of the team members 

 
 
Throughout the years competency based approaches have proved to be a 
critical tool in many organizational functions, such as workforce and succession 
planning and performance appraisal. The main reasons for selecting these 
approaches are the following: 
 

� They can provide identification of the skills, knowledge, behaviours and 
capabilities needed to meet current and future personnel selection 
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needs, in alignment with the differentiations in strategies and 
organizational priorities. 

� They can focus the individual and group development plans to eliminate 
the gap between the competences requested by a project, job role, or 
enterprise strategy and those available. 

 
So, competences are important in the some employee management 
applications such as the following: 
 

� Workforce planning: competences are used in order to evaluate the 
current and future organizational and individual competency needs. The 
analysis can reveal the chasm between the competences that individual 
employees or groups or even the organization should have and 
contribute to the workforce development plans. 

� Recruitment management: competences are used in order to compare 
the capabilities of the candidate with the requirements of the offered 
position; once the best candidate is identified, competency gaps form the 
basis for an initial new learning plan. 

� Learning management: competency gap analysis can identify the needed 
competences; these competences can be linked with the equivalent 
learning objects. 

� Performance management: worker performance is evaluated against job 
competency requirements as well as objectives. 

� Career development: competences are used to create the personal 
development plans of the employees. The latter can review the needed 
competences of all the positions and through comparison with the 
competences they possess they can identify potential positions and 
develop their career plans. 

� Succession planning: organizations assess potential replacements for 
key positions based on competency requirements. 

 
Before competences can be managed, they should first be classified and their 
scope of application defined. Initially, they can be divided into two types: 
general and technical.  
 

- General competences 

There are many models of general competences that can be applied to a variety 
of different functions and technical specialties, i.e. can be applied widely to 
different specialties and different projects. 
 
Therefore, general competences are the knowledge, skills, abilities and 
behaviours that an employee applies in performing his/her work and that are the 
key employee-related levers for achieving results that are relevant to the 
organization’s business strategies [5]. 
 
Competence management, which will be explained in paragraph 1.1.3, is an 
important research object in the more general area of knowledge management 
and a competence management system is often integrated with learning 
management systems. Competence management can have an important 
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contribution at an organizational and personal level, as it identifies the key 
knowledge that an employee or an organization should possess in order to 
achieve his/its objectives. 
 
The typical core components of a competency-based system are as follows [6]: 
 

� Identification/assessment of desired results: one needs to know what 
organizational performance he is trying to achieve in order to identify the 
desired state competences. 

� Competency models: identification of the competences that truly have an 
impact on results. 

� Employee competency assessment: one needs to know the 
competences of employees in order to compare them with desired/ideal 
state (competency model). 

� Employee development strategies and resources: one needs to have the 
training and development programs and resources that can address the 
gap in competences. 

 
 
To sum up, the purposes of the competences management are to help to the 
companies to attract and develop talented employees, identify the right person 
for a job position, performing succession planning, training analysis and other 
core human resources functions. 
 

- Technical competences 

Technical competences (which are that the project will centre on), also called 
functional competences, for career development are specific to the area of work 
or specialization and usually vary across departments and professions, i.e. they 
are specific to a given function, and these need a practical experience.  
 
For example, the Finance area will have a set of finance related competences; 
the Engineering area will have a set of engineering related competences and so 
on.  
They define what specific functional or department knowledge, skills and 
experiences are necessary to be effective in a position.  
 
This is one area where a person needs to pay particular attention particularly 
during your formative career development years.  
If this person chooses to stay within a particular area or department and 
specialize then he/she needs to consider how he/she will be developing those 
competences within that area. By contrast, if he/she is considering a career 
change then he/she needs to think about which of him/hers technical skills and 
competences are transferable to the new area of work. If he/she has gaps then 
he/she needs to think about how to close the gap. 
 
The classification of technical competences could be unique to a specific sector 
or, in some cases, to a specific organization. Some common general principles 
apply to most of these classifications. The most common principle is the top-
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down approach. This means first identifying the broader categories and then 
refining them into sub-groups.  
 
The next figure represents outlined everything explained till now.  
 
 

 
 

Fig. 1.2. Competence management 
 
 
1.1.2 Identification of the needed competences for a task 
 
Identifying competences for a task is a very useful exercise to really get one 
thinking about what's needed to carry out the task [4]. Below are the basic 
points to take into account for developing a list of competences needed for a 
role: 
 

1. When developing the list, is important to think in terms of areas of 
knowledge and skills. It could be useful to review some examples of lists 
of competences to get an idea of how competences are worded.  

2. Conduct a job analysis to understand the various tasks in the job and in 
what sequence.  

3. Observe what areas of knowledge and skills the employee or employees 
use to perform the task or conduct the role.  

4. Consider administering a questionnaire to the employee or employees. 
On the questionnaire, ask them to describe certain practices and 
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procedures to carry out the task or perform the role in the best way 
possible. 

5. Consider interviewing a highly skilled employee or a group of employees 
about the necessary areas of knowledge and skills for superior 
performance. 

6. Review the job description for all of the general responsibilities and 
duties of the role.  

7. A generic list of competences may already exist for a role.  
 

A frequently debated issue is that of diagnosing competences in organizational 
settings, or the assignment of which people possess which competences. 
Several different kinds of approaches were suggested. Subsequently, one of 
them is described: the manual top-down driven approach [6]-[7]-[8], which was 
mentioned when it was spoken about technical competences.  
 
It starts out on the organizational level where core competences of an 
organizational unit are distinguished from competences of individual employees. 
At the same time, the future developments of the market and the needs of the 
customer are looked and from these goes on to define the core competences of 
the organizational unit.  
 
The next step is to define required individual competences which are usually 
done for a single job or a family of jobs. The requirements are defined in terms 
of required technical skills and knowledge, management skills and social and 
personal skills. They are derived from job requirements and are influenced by 
the core competences defined earlier. As a result, a number of job profiles, 
sometimes also called “competency models” are obtained.   
 
While there has been a long tradition of manual profiling some shortcomings 
become immediately apparent. Most importantly, manual profiling requires 
substantial investments for the organization, especially when requirements for 
the workforce change frequently and frequent updating of the profiles become 
necessary. 
 
 
1.1.3 Competence management 
 
The term "Competence Management" was introduced in paragraph 1.1.1, which 
had a brief introduction about competences in general, in a very general way, 
but now it will be studied more deeply. 
 
Broadly speaking, competence management is the way in which organizations 
manage the competences of the corporation, the groups and the individuals. It 
has the primary objective to define, and continuously maintain competences, 
according to the objectives of the corporation. Competence management is 
becoming more and more important because competence has been well 
recognized as extremely important for the achievement of company goals, 
complimentary to, for instance, core business processes, customer 
relationships, financial issues and so on. Some examples can be found [9]. 
 



Theorical basis   9 

So, from everything discussed above, it can be concluded that the success of 
any organization depends largely on the quality of its employees. It enables 
organizations to maximize workforce productivity and performance by providing 
embedded competency management and to leverage employee skills, 
knowledge, abilities and behaviors.  
 
In the paragraph 1.1.1 were commented the four principal processes in which 
the competence management is organized, but they are not all. 
The end-to-end competency management [10] - from creation and assignment 
to development and tracking – represent the full cycle to manage competences. 
 
So, the complete cycle to be followed, which is represented in the Fig. 1.3., 
consists of seven processes that are explained later: 
 
 

 
 

Fig. 1.3. End-to-end competency management 
 
 
Competency Definition: create functional, job-specific competences. 
Competency Assignment: the process by competency assignment based on 
individual attributes such as organization, location, or special project 
involvement. Rating scales may vary by competency, as some competences 
require different scale categories or levels than others. 
Competency Assessment: generate assessment forms based on an employee’s 
assigned competences, greatly streamlining the assessment process.  
Gap Analysis: assessment results identify competency gaps by comparing 
employee rating scores with rating targets as defined by their current job 
requirements.  
Competency Development: Effective resolution of competency gaps is critical to 
driving increased employee performance. This enables the solution to 
automatically recommend learning and development activities to employees 
based on their competency gaps. 
Progress Tracking: provide the ability for employees and managers to easily 
track competency development and goal achievement. As learning and 
development activities are completed and targets are achieved, status is 
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updated in real-time. This essential step creates a continual improvement 
process. 
Competency Updates: as employees reach their competency goals or change 
job positions, new competences are assigned or targets may be increased.  
 
How was commented before, competence management hierarchies let define 
the employee job roles that are specific, complete, and consistent across the 
affected organization. This allows the company to certify that employees 
possess required competences, and that they are qualified for their job roles. It 
also gives users clear, specific, easily followed paths to advancement. At any 
time, users can see what they still need to progress, request or access training 
that improves their skills, and stay on a clear training track centered on 
company needs. The company also benefits in improved employee retention. 
Defined training plans also show employees how they can improve and gain 
new job skills. In this way, training becomes important to the employee, easily 
accessible, and necessary [11].  
 
In short, it could be said that in a learning management system, competency 
management is the system's ability to connect various competences/skill sets, 
job roles, and learning events, to build employee training plans and monitor 
each individual's learning progress. 
 
From everything explained above, one model for the identification of the 
organization’s training needs [12] could be the following: 
 

 
 

Fig. 1.4. Identification of the organization’s training needs 
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In short, to know if an employee is suitable for his/her work and if he/she will 
achieve the goals set by the company it is important to take into account some 
certain factors: 
 
- The previous experience that the worker possesses in the proposed tasks. 
- How it will be his/her performance in their accomplishment. 
- How he/she will be able to increase this experience, and therefore, to improve 
his/her performance. 
 
Once studied these three points it may be taken some steps or others. 
These three points are which will be the clue of the continuation of this project. 
And, a theoretical framework that supports they is the Competence-
Performance Approach [2]-[8]-[13].  
 
 

1.2 Competence-Performance Approach 
 
The dependence of performance of a task on experience obtained in performing 
other tasks is supported by the Competence-Performance Approach [Korossy, 
97], how it has been said before. A distinction is made between competences – 
understood to be unobservable constructs representing “pieces of knowledge”– 
and performance in a task – a measurable outcome. To define the concept of 
knowledge structure two more elements have to be considered: relations of 
precedence and states of knowledge. “Precedence” means that the acquision of 
some competences precedes the acquision of others. A state of knowledge is 
the situation of a worker in relation to competences, and is formed by the set of 
pieces of knowledge learned and known by the worker. Precedence rules 
determine what states will be feasible and what will not. A state of knowledge 
that includes a piece of knowledge and not all its precedents will be unfeasible, 
otherwise it will be feasible. A set of feasible states of knowledge is defined as 
knowledge structure [Falmagne, 06]. 
 
Knowledge structure leads naturally to the concept of learning path – sequence 
of learning experiences. It has been used to describe a situation where 
competences can be reached by following alternative sequences. It has been 
used to design life time learning according to the characteristic of the person 
and to partial results [Karampiperis, 06]. 
 
A simplistic example is exposed in [Fig 1.5] to clarify the model. There are 
considered 4 tasks (a to d) implying, each of them, the use of several of 
competences (1 to 5). This supposes the existence of 7 states of knowledge (A-
G). Effectively, a state consisting in competences (4,5), for example, is not 
feasible because it is not possible to acquire this competences without acquiring 
1 and 2. The graphs show the paths that make minimum the number of 
competences to acquire at each step, and that are thought to be the best ones 
from the learning point of view. The other steps will be penalized by higher time 
of learning and lower performance. 
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Fig. 1.5. Examples of states of knowledge and precedence 
 
 

This theoretical approach has been applied to a methodology to asses 
underlying competences [Ley and Albert, 03]. Here they [Olivella, 07] use it to 
define the states of knowledge and justify the differences between time and 
performance according to previous experience. From this relation, it can be 
represented the learning curve of the worker. 

 

1.3 Learning curves 
 
The term learning curve refers to a relationship between the duration of learning 
or experience and the resulting progress. In other words, learning curves reflect 
the increased rate at which people perform task as they gain experience. 

Any job has an associated learning curve. The learning curve is a model, 
ranging from a rule of thumb to a sophisticated mathematical representation, 
which predicts how long it will take, on average, for a new employee to become 
proficient at that job.  

Depending on the difficulty of a given task and on the previous experience in 
this, it may take only a few minutes to memorize the steps associated with this 
particular task, it may take days, weeks or months.  

Training is typically used to show an employee how to perform a task, but 
activity on the job, under the watchful corrective eyes of an experienced coach, 
is needed to scale the learning curve at an appropriate rate. As in piano 
lessons, perfect practice makes perfect. Perfect practice is always slow 
because almost anything can be done wrong quickly. By forcing a slow enough 
pace to perform the task perfectly during the early going it then becomes 
possible to add speed without sacrificing accuracy. 
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The numbers element of a codified learning curve is essential in gaining speed 
at a rate that will build throughput without losing accuracy. Going too fast too 
early is self-defeating, but staying perfectly slow for too long obviously sacrifices 
productivity. People rarely understand how fast they can comfortably and 
accurately perform a task until this is demonstrated by experienced hands. 

Experienced employees transferred from the legacy system to the new system 
experience a reset on some portion of their learning curve and their 
performance will lag for a period. Worse, if the new employees are forced to 
work the new system at their existing productivity rate then they miss the 
opportunity to engage in "perfect practice" and may be significantly delayed in 
regaining and surpassing their old performance. 

The learning curves have been applied in all fields of activities, from the most 
common to the rarest. The learning curves are part of the enterprise strategy 
planning, as for example the pricing decision making, the main investment 
decision making and the functional expenses.  

When a process is applied from a company for first time, it is natural to be 
deprived of experience for that particular procedure. However, while the 
process is repeated, the company becomes more familiarized with this 
procedure and the result is the simultaneous increase of efficiency on the one 
hand and the reduction of labor cost per unit manufactured on the other.  

The learning curves can be applied individually (personally), or in teams of 
individuals (enterprises). The personal learning results to an improvement when 
the individual repeats a process; after that efficiency is increased his/hers 
gained experience. In other words practice makes it perfection.  

Team learning also results from practice, but emanates also from the changes 
in administration, equipment and type of products. In team learning, we expect 
also to see the two types of learning simultaneously presented and to describe 
the combined effect in a single learning curve.  

Certain general directives in order to improve the individual efficiency that is 
based on learning curves include the following:  

• Suitable choice of workers. Not anyone learns at the same rate. Because of 
the differences between the individual persons and their innate ability, their 
age, their previous experience is rendered in each individual person a 
discreet learning curve. A trial period before the worker’s engagement is 
required. These trials should be representative for the scheduled work.  

• Suitable training. The more effective education, the bigger the rate of 
learning.  

• Specialization of work. As a general rule, the easier the target, the faster the 
learning.  

• Implementation one or few tasks of each time. Learning is more effective in 
each individual task, when task is completed separately and not 
simultaneously.  

• Utilization of tools or equipment that helps or supports the efficiency.  
• Fast and easy access for help.  
• Possibility of target re-definition. The reception of more efficiency factors in 

the field of learning curve can, actually, shift the curve downwards.  
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For the individual person, it is easy to conceive how knowledge is acquired and 
it is maintained in an individual process of learning. Of course, a main source of 
learning for companies is the individual education of employees. A company 
acquires also the knowledge of its self development that emanate from the 
equipment, the methods, the product or the product line, the installations and so 
on. For example, while a company advances, the knowledge is incorporated in 
the structure of its organization, in the software and in the production planning. 

Despite everything, in this study the learning curves are going to be applied 
individually. 
 
 
1.3.1 Forms 
 
The learning curves can take many types of forms and it depends basically on 
the difficult of the task that the person has to do and on the experience that this 
person has on it. Some examples of different learning curves are represented in 
the next graph. 
 
 

 
 

Fig. 1.6 Learning curves 
 
 

To interpret the learning curves we have to observe how they start firstly, i.e. 
the process of learning begins where the first unit from the experience is 
produced. From then on, every time the task is repeated, the person 
accumulates experience, the performance that is acquired for the each unit of 
accumulated experience, will increase the performance of the worker. 

 
The rate of increase can be used for prediction of future expenses of labour as 
well as in the control of tasks. 
Subsequently, there are explained with more detail three of the previous cases 
to understand better how interpreting the learning curves: 
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1. First case. 

This case can be given in two situations: 
 

- When the person has a lot of experience in the new job, or, 

- When the task is simple and does not require much experience to do it. 

 

And in this two situations the person will start with a high performance at work 
and this performance will increase very little as he/she repeat the activity. 
Some examples of this type of work are: when a person has to organize a 
queue, or work as a telemarketing phone operator announcing offers to 
customers.  
The learning curve that corresponds to this situation is drawn below. 
 
 

 
 

Fig. 1.7. First example of learning curves 
 
 

2. Second case. 

The second type of learning curve that it is explained is the case that occurs 
when a person practically does not have experience in the work that he/she has 
to perform and the task is complicated and difficult to assimilate or to improve.  
In this case the performance of the worker is steadily increased, but very slowly, 
and so it is difficult to achieve the maximum performance. 
 
 

 
 

Fig. 1.8. Second example of learning curves 
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3. Third case. 

The third case is when the person does not have great experience when he/she 
starts the work, then the performance increases faster until it reaches a point at 
which the performance increases slowly because he has practically all the 
experience needed to do the job. 
 
 

 
 

Fig. 1.9. Third example of learning curves 
 
 

To sum up, when a task is applied from a person for first time, it is natural to be 
deprived of experience for that particular procedure. However, while the task is 
repeated, on the one hand the person becomes more familiarized with this 
procedure and the result is the simultaneous increase of experience and, on the 
other hand performance of the worker.  
 
Therefore, it can be said that performance in a task is influenced not only by the 
experience in this task, but by how recent it is and the experience in similar 
tasks.  
 
Before, a comparison between different learning curve models was made 
(1.3.1), and a three parameter hyperbolic model was found to give the best 
approximation [Nembhard, 00] to determinate the learning curves. 
 
 
1.3.2 Formulation 
 
In this research it will be always used the formula of Nembhard without 
forgetting because it is not going to take into account this factor. 
 
The next [Eq. 1.1] expression of Nembhard is the measure of the productivity: 
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Where: 
 

- yx is represented in the Y-axis and is a measure of work performance. 
- x is represented along the X-axis and is the units of cumulative work, i.e. 

x is the number of times of times that the task has been done.  
- p represents the previous expertise. 
- r is the cumulative production and previous experience required, i.e. is a 

parameter that determines the slope of the curve. This parameter 
changes at every different learning curve represented and this curve has 
different meanings depending on the value of them.  

- k is the limit of yx as x approaches infinity, i.e. productivity when learning 
has been completed.  

 
In the learning curves represented before the value 1 has been given to the 
parameter k, that it is the asymptotic productivity rate expected once all learning 
has been completed, because it is considered to have acquired the maximum 
performance when yx=1. 
 
In the Annexe 1 are shown the values that have been given to the parameters p 
and r to draw the learning above and all the exact data used to draw them. 
 
In one research a modified version of Nembhard learning function is proposed 
to forecasts performance by including experience in other similar tasks [2]. An 
experiment with voluntary students of telecommunication engineering was 
carried on [14] to verify if the model was effective. The tasks required assembly 
of electronic circuits, and the results fitted well with the proposed model. 
They intented to forescast task performanced according to experience of the 
task, the time that had passed since this experience and experience in other 
similar tasks. The theoretical basis of their approach was based on 
Competence-Performance Approach [Korossy, 97]. A learning and forgetting 
model modified to include experience in other similar tasks had to be defined. 
Their contribution was to consider a wider rang of factors and to carry out an 
experiment to test the model that they proposed. 
 
The model that they proposed [14] was defined in two steps. 
 
 

1.4 Model depending on repetitions and experience of other 
tasks. 

 
The model previously exposed is modified so that when the performance of a 
task is examined it is considered the experience of other tasks too. This effect is 
included by modifying the parameter p by the expression defined in the next 
equation [Eq. 1.2]: 
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Where pj represents the previous the previous experience useful to do task j 
that has been gained by doing other tasks, j belongs to a group of indexes of 
tasks K, qj,j’, are parameters and xj’ is the number of times that the task j’ has 
been done. Over a certain threshold more experience of task j’ does not provide 
any advantage for doing task j; in this case xj takes the value of this threshold. 
 
Finally, the parameter p is substituted in [Eq. 1.1] by the expression defined 
before [Eq. 1.2], resulting in the model defined by the following expression [Eq. 
1.3]: 
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CHAPTER 2. REQUIREMENTS AND SOLUTIONS 
ADOPTED 

 
Now, the objective proposed is the design of a tool that allows the organization 
of employees, to perform projects and tasks of a company in order to save time 
and costs in the implementation of projects which could be programmed in the 
future with a programming language with the intention of converting it into a 
powerful tool which accepts a lot of data. 
This tool is considered in order that in the future the user can make a forecast 
on how long a project needs to be carried out and whether this project could be 
completed or not.  
 
 

2.1 Requirements 
 
With this tool each employee is assigned some projects and the tasks to be 
undertaken by each of them, taking into account the previous experience in 
each task that the workers have. Once the projects and the tasks have been 
assigned to the employee, the tool performs an approximation of the experience 
that the employee is increasing every time that he/she repeats the same task 
and, from the experience in each period of repetition; it will calculate the 
performance of the worker by the model found depending on repetitions and 
experience of other tasks in the previous chapter. Finally, from such 
performances, the user of the tool may know if the projects could be completed 
or not in an approximate way or if the worker is competent in this work. 
 
By means of the use of this tool the user obtains some final results from which 
he/she can reach certain conclusions. When the user obtains these results is 
the moment to take such action that he/she thinks are the most suitable to 
improve the results. 
 
On the one hand, when the total number of hours that have been taken 
advantage to each task is lower than the number of hours needed to complete 
the project the conclusions that the user can take is that it may be due to the 
following factors: 
 

- The number of working hours is lower, perhaps, because more hours 
of work to the task need to be devoted. 

- Or, perhaps because the performance of the employee has been lower 
than was needed. 

 
On the other hand, when the total number of hours that have been taken 
advantage to do each task is superior to the number of hours needed to 
complete the project it might lead one to think that the workers have dedicated 
more hours of work to a certain task of a determined project, which might have 
been needed in the execution of other tasks of the same project or of other 
projects. 
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When these conclusions have been determined it is the moment to take 
decisions.  
 
If the total number of hours that have been taken advantage to a certain task is 
lower than the number of hours needed to complete the project is due to the 
fact that it would have been better to dedicate more hours to this task which has 
been incomplete, the best way to complete the above mentioned task of this 
project would be if a certain employee dedicates more hours of work to this task 
instead of dealing with other tasks. For example, if a worker has dedicated more 
hours than necessary, he/she should reduce the hours dedicated to other tasks 
and devote himself/herself to this task. If this case in which the workers have 
dedicated more hours than necessary in other tasks or other projects is not 
given, another option would be to contract more personnel to be able to 
complete the accomplishment of the projects. 
Or in the case in which a certain worker offers a very low performance in the 
accomplishment of a task, as a last option, it could be a good idea to change 
the distribution of the personnel, i.e. to assign every worker the tasks in which 
he/she possesses more experience and, therefore, his/her performance in the 
task will be higher than in those at he/she does not have so much experience. 
While this has the disadvantage that the workers will not acquire experience in 
these tasks in which his/her performance is not so high. 
 
Before starting the tool’s design a simple design was previously made to 
acquire the concepts clearly on running this tool and then check its operations 
through an example.  
 
The first step was to think about the data that was necessary for the proper 
functioning of the tool. Afterwards, a small design was realized in which it was 
not taken into account the influence among the tasks, it was only taken into 
account the fact that the experience in a certain task increases by means of 
repetitions of the task. To this small design an error checking was added to 
control that the user has completed a correct assignment of the personnel on 
each project. Then, a test of the tool was realized to verify its correct functioning 
by example. Once the functioning was verified, a variation was added to the 
design. This variation consisted of taking into account the influence between 
tasks, besides the previous applications. Finally, the last step was the design of 
a tool of wider possibilities and with more capacity of information. 
 
In this chapter the tool’s operations and how it has been designed the previous 
simulation are explained step-by-step. 
 
 

2.2 Case without the influence between tasks 
 
2.2.1 Data and entering data  
 
The first part of the tool is formed by a set of data that must be completed by 
the user. This information is necessary for the correct functioning of the tool, 
though it is not necessary to enter all of the data as it will be seen later on. 
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The first table that needs to be filled is based on the list of all the tasks that 
have to be performed by the workers in each of the projects. In the left column, 
titled “Competence assignment”, is the assignment that it will be given to each 
task and it is fixed data, i.e. it cannot be modified by the person who uses this 
tool. This assignment is formed by a C and next a number, for example, C1. 
The right column, called “Competency”, must be filled with the list of all the 
necessary tasks for the achievement of the projects; it must be done writing the 
words that best summarize them. This step is only useful for the user, so he/she 
can know at any moment which task corresponds to each assignment. 
This first approach allows only two tasks to be completed.    
 
 
Table 2.1. List of tasks 
 

COMPETENCE  
COMPETENCY 

ASSIGNMENT 

C1 
 

C2 
 

 
 

The next table is in order that the user introduces the required hours of each 
task of of every project.  
The first row indicates to which columns every project belongs. This approach 
consists of only a maximum of two projects.  
In the next row there is the list of all the tasks that the projects have, for 
instance, the first column is referred to the task C1 of the project A, the second 
to the task C2 of the project A, and so on, successively.  In this case there are 
two tasks per project.  
And finally, the third row must be filled with the hours of each task that need to 
be devoted to the achievement of each project.  
So the first two rows are fixed and, therefore, only the data from the last row 
can be modified. 
It is important to know that the projects are assigned through letter, in this case, 
with the letters A and B; it is only a way of distinguishing them. 

 
 

Table 2.2. Required hours per project 
 

 
PROJECT A PROJECT B 

REQUIRED 
C1 C2 C1 C2 

COMPETENCES 

REQUIRED 
        

HOURS/STANDARD 

 
 

The third table which the user has to notice is the workers’ table.  
The first row indicates to which columns every worker belongs, this approach 
consists of two workers at most. In the second row there is the list of all the 
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tasks that the workers should be able to do, for example, the second row of the 
first column indicates the task C1 done by the worker 1. In this case the workers 
need two tasks, C1 and C2, to realize the projects. 
And, the third row must be filled with the hours of previous experience that the 
employee has in each task. These hours are in standard units, i.e. if in the cell 
includes the number 1 it indicates that that worker has one hour experience in 
that task. 
As in the above table, the first two rows are fixed and, therefore, only the data 
from the last row can be modified. 
Notice that the workers are assigned through numbers, in this case, with the 
numbers 1 and 2. 
 
 
Table 2.3. Previous experience of the workers 

 

 
WORKER 1 WORKER 2 

COMPETENCES C1 C2 C1 C2 

EXPERIENCE 
        

HOURS/STANDARD 

 
 
The fourth table must be completed with the parameters p, r and k that the user 
wants to apply to the Nembhard’s formula [Eq 1.1], i.e. the user must introduce 
the desired parameters to obtain the learning curve that he/she thinks is more 
convenient according to the difficulty of the necessary tasks. Depending on the 
values that are introduced means that the worker will have one rate of learning 
or another one, as has been seen before.  
These parameters must be entered in the right column. 
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The user has to take into account that the value of these parameters must fulfil 
the following conditions: 
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Table 2.4. Value of the parameters p, r and k 
 

P=   

r=   

k=   
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After entering all the previous data, it is the moment to assign the tasks to be 
undertaken to each worker for each project in each specified period of time. 
Each period of time represents an hour worked by the employee.  
When an employee must take charge of a certain task in a certain period of time 
it must be represented by introducing the number 1 in the corresponding cell, 
i.e. in the row that corresponds to the correct period and in the column that 
corresponds to the task and correct project (in the group of columns of 
"Assignment"). This operation will be seen clearer further on through an 
example. 

 
 

Table 2.5. Assignment, Experience and Performance columns 
 

  
ASSIGNMENT EXPERIENCE PERFORMANCE 

WORKER 1 2 
1 2 

1 2 

PROJECT A B A B A B A B A B A B A B A B 

TASK C1 C1 C2 C2 C1 C1 C2 C2 C1 C2 C1 C2 C1 C1 C2 C2 C1 C1 C2 C2 

PERIOD 1 
 

                 (a)        (c)               

PERIOD 2 
 

                 (b)                       

PERIOD 3 
 

                                        

PERIOD 4 
 

                                        

PERIOD 5 
 

                                        

PERIOD 6 
 

                                        

 
 

- Error checking 

 
Moreover, the tool has a function of error checking incorporated which verifies 
that a worker is not doing more than one task at the same moment and any 
mistake of clicking made by the user, i.e. that he/she has not introduced any 
other value than 1. 
The following table (Table 4.7) shows an example of what happens when there 
is any error in the above explained. 
When an error is made the cell of the row that corresponds to the error of the 
column between the periods’ column and the “Assignment” column is reddened 
and an exclamation mark appears in it. 
In this example it can be seen that this happens when there are more than one 
number 1 in the same period for the same worker because it is considered that 
a person is not able to do more than one task at the same moment (PERIODS 2 
and 3). Moreover, it happens when the user has introduced a number different 
from 0 (PERIODS 5 and 7). 
 
The program ensures that none of these errors happen by adding the value of 
all the cells which indicate the tasks of every project in which the employee can 
work. If that value is larger than 1 it means that there has been a writing mistake 
or that the worker has been assigned to take up two tasks simultaneously, 
something that cannot be given. Therefore, when the program finds that this 
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amount, the above mentioned sum is different from 0 or to 1 the error indicator 
is activated. 
 
 
Table 2.6. Error checking in the tool 
 

  
ASSIGNMENT 

WORKER 1 2 

PROJECT A B A B A B A B 

TASK C1 C1 C2 C2 C1 C1 C2 C2 

PERIOD 1 
 

1           1   

PERIOD 2 ! 1   1       1   

PERIOD 3 !   1       1 1   

PERIOD 4 
 

1       1       

PERIOD 5 !     3   1       

PERIOD 6 
 

    1           

PERIOD 7 ! 1       1,6       

PERIOD 8 
 

    1       1   

 
 
 
2.2.2 Variables and formulas 
 
Once the user has entered all the data, the tool is responsible for carrying out 
all the calculations. 
 

- Experience 

In the column named "Experience" of the Table 2.5 the experience that each of 
the workers possesses at any given moment is shown in the accomplishment of 
every task.  
To get the number of hours of experience that a certain employee has in a 
certain task at a certain moment, the program checks whether this employee is 
taking charge of this task at this particular moment in any of the projects, i.e. the 
program verifies if in this certain moment there is a 1 indicating that the worker 
is responsible for that particular task in any of the projects (group of columns of 
"Assignment"). If there is a 1, the program obtains the value of the total hours of 
experience that the worker has in the above mentioned task until this moment 
and it adds one more hour, because he has dedicated another hour of work to it 
and the experience increases. However, if there is not a 1, the program obtains 
the total number of hours that a worker has previously in that task and keeps it 
equal. 
 
The function of Excel used to obtain the values of these columns is the following 
one: 
 

� “Experience” columns: 
 
The columns follow the next function: 
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 =SI(xjit =1;ejit+1;SI(xjit =1; ejit +1; ejit)) 
 
Where: 
 

- xjit: Binary variable that shows whether a task (j) is done by a worker (i) 
in a period of time (t) 

- ejit: Number of periods devoted to the task (j) by the worker (i) before 
thebeginning of a period of time (t) 

For example: 
 

The first row is programmed with this function: 
 

=SI(I5=1;B15+1;SI(J5=1;B15+1;B15)) (a) 
 
 Where:  
 

- I5: Worker 1 doing the task C1 of the project A during the first 
period. 

- B15: Value introduced before of the required hours to do the task 
C1 of the project A.  

- J5: Worker 1 doing the task C1 of the project B at the first period. 
 

And, the others rows with the next: 
 

=SI(I6=1;Q5+1;SI(J6=1;Q5+1;Q5)) (b) 
  

Where: 
 

- I6: Worker 1 doing the task C1 of the Project A at the second 
period. 

- Q5: Value that this worker had of experience one period of time 
before, in this case, is the value that appears in the cell (a). 

- J6: Worker 1 doing the task C1 of the project B at the second 
period of time. 

 
To sum up, the function checks whether the worker is taking charge or not of a 
certain task of a project  and, if that happens it sums up 1 hour more of 
experience, if not the hours of experience do not change. 
 

- Performance 

Whereas, in the column entitled "Performance" of the Table 2.5 there is shown 
the performance of each one of both workers at each moment in the 
accomplishment of each task in every certain project. 
What the program exactly does is to check whether the worker is taking charge 
of a certain task of a certain project at a particular moment, i.e. the program 
verifies if in a certain moment there is a 1 indicating that the worker is 
responsible for this particular task in a certain project (group of columns of 
"Assignment"). If there is a 1, the program gets the performance that the worker 
has a task in a project by means of the function of the model depending on 
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repetitions, which has seen before. To obtain the performance it is necessary to 
know the hours of experience that the worker possesses in doing this task of 
this certain task at that instant in time. These hours of experience have been 
calculated previously (columns of "Experience"), therefore, the program gets the 
one that interest in every moment. On the other hand, if there is not a 1, this cell 
remains empty because there is no performance on that task at this moment, 
because the worker may be taking charge of another one. 
 
The function of Excel used to obtain the values of these columns is the following 
one: 

� “Performance” columns: 
 
All the rows and columns are programmed with this function (but 
changing the rows and columns): 
 
=SI(xjit =1;k*((ejit+p)/(ejit+p+r));"") 
 
Where: 
 

- xjit: Binary variable that shows whether a task (j) is done by a worker (i) 
in a period of time (t) 

- k: The value that has been given to the parameter k. 
- ejit: Number of periods devoted to the task (j) by the worker (i) before 

the beginning of a period of time (t). 
- p: The value that has been given to the parameter p. 
- r: The value that has been given to the parameter r. 

 
For example: 
 
=SI(I5=1;$B$21*((Q5+$B$19)/(Q5+$B$19+$B$20));"") (c) 
 
Where: 
 

- I5: Worker 1 doing the task C1 of the project A at the first period. 
- Q5: Value that this worker had of experience at this period of time, in 

this case, is the value that appears in the cell (a). 
- B19: The value that has been given to the parameter p. 
- B20: The value that has been given to the parameter r. 
- B21: The value that has been given to the parameter k. 

 
To short, the function checks whether the working is taking charge or not of a 
certain task of a project and, if that happens it applies the Nembhard’s model, if 
not it leaves the cell blank. 
 
Finally, the last table (Table 2.7) shows the total performance dedicated to 
every task of each project by all the workers, i.e., the number of total hours in 
which the worker has given good results. 
 
This is obtained by adding all the performances that the worker has given in a 
certain task of a project in every instant, i.e. it adds up the hours in which the 
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worker has given good results in a certain task of a certain project. It is 
supposed that the performance will be greater every time as the experience is 
increasing. Immediately, it receives all the total hours performed, in this task of 
this certain project, for each of the workers and it adds up them. 
 
Consequently, it compares those results with the values of the total hours that 
were needed for the execution of every project introduced previously in the 
Table 4.2. In the cells of the last row can appear two possible results: 
 

- FT: Finished Task. This appears when the number of the total 
performance dedicated to every task of each project by all the workers is 
larger than the total hours required of each task for the accomplishment 
of a certain project. It means that the work has been completed. 

- UT: Unfinished Task. This appears when the number of the total 
performance dedicated to every task of each project by all the workers is 
lower than the total hours required of each task for the accomplishment 
of a certain project. It means that the work has not been completed. 

 
 
Table 2.7. Table of the results 

 

 
PROJECT A PROJECT B 

 
C1 C2 C1 C2 

TOTAL  (d)       

 
(e)       

 
 
The functions of Excel used to obtain the values of both rows are the following 
one (Table 2.7): 

 
� “Total” row: 

All the columns are programmed with this function: 
 

=SUMA(s j,1j: s j,20j; s j,1j: s j,1j)  

 

Where: 

 

- s j,tj: Volume of work in the task that has been done at the end of 
the period τj. 

 

For example: 

 

=SUMA(U5:U34;Y5:Y34) (d) 

 Where: 
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- U5:U34: Performance range, from 1 to the last period, of the 
worker 1 in the task C1 of the project A. 

- Y5:Y34: Performance range, from 1 to the last period, of the 
worker 2 in the task C1 of the project A. 
 

� Next row (dark blue): 

 

All the columns are programmed with the next function: 

 

=SI(sj>=vj;Dj1;Dj2) 

  
 Where: 
 

- sj: Volume of work in the task that has been done at the end . 
- vj: Volume of work to do in the task j – number of units of work on 

the task j necessary to complete the Project. 
- Dj1: FT if the task j is completed.  
- Dj2: UT if the task j is not completed. 

 

For example: 
 
=SI(B25>=B10;$B$28;$B$29) (e) 

  
Where: 

- B25: Value of the sum of the entire performance, i.e. is the value 
that appears in the cell (d). 

- B10: Value of the required hours to do the task C1 of the project A 
that was introduced before. 

- B28: A cell where FT is written (Finished Task). 
- B29: a cell where UT is written (Unfinished Task). 

 
 
2.2.3 Functioning of the solutions adopted 
 
In this section is shown step by step how the necessary data should be 
introduced and, then, how the tool works. 
 

The first step is completing the list of all the tasks that must be done by writing 
the words that best summarize them (Table 2.8). 
 
The next is to write the total hours required of each task for the implementation 
of each project. 
For example, for the implementation of the Project A 10 hours are required of 
the task C1 and 15 hours of the task C2, and for the implementation of the 
Project 2 are needed 20 hours of the task C1 and 5 of the task C2. 
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Table 2.8. and Table 2.9. Introduce the data in Tasks and Projects tables 
 
 

COMPETENCE  
COMPETENCY 

ASSIGNMENT 

C1 Do this… 

C2 Do another thing… 

 
 
 
Then, the user has to introduce the total hours of previous experience that each 
worker has in each task in the Table 2.10. 
For example, the worker 1 has 30 hours of previous experience in realizing the 
task C1 and no experience in realizing the task C2, and so forth. 
 
 
Table 2.10. Introduce the data in Workers table 
 

 
WORKER 1 WORKER 2 

COMPETENCES C1 C2 C1 C2 

EXPERIENCE 
30 0 15 5 

HOURS/STANDARD 

 

 
When the user fills in the table with the parameters of the function, he/she has 
to be aware of what kind of learning curve will be more adapted to the workers’ 
learning. In this example it has been believed that the most usual to follow is the 
situation in which the worker gains enough experience at the beginning and 
then, when he/she has acquired a high performance, the experience is gained 
more slowly because, at this moment, he/she has already acquired the 
sufficient knowledge to develop his/her work (Figure 2.11). 
 
 
Table 2.11. Introduce the data in parameters table 
 

P= 3 

r= 5 

k= 1 

 
 
Therefore, the mathematical equation that the tool will use to calculate the 
performance of each worker is the following one: 
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PROJECT A PROJECT B 

REQUIRED 
C1 C2 C1 C2 

COMPETENCES 

REQUIRED 
10 15 18 5 

HOURS/STANDARD 
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Where x will be replaced by the value of the total hours of experience that the 
worker possesses in each moment. 
The last step is to fill the number 1 cells of the periods to indicate in which task 
and in which project every employee will be employed at every moment, it is 
about doing a planning for each worker, this is done in the assignments’ 
column.   
 
 
Table 2.12. Example of the functioning 
 

ASSIGNMENT EXPERIENCE PERFORMANCE 

WORKER 1 2 
1 2 

1 2 

PROJECT A B A B A B A B A B A B A B A B 

TASK C1 C1 C2 C2 C1 C1 C2 C2 C1 C2 C1 C2 C1 C1 C2 C2 C1 C1 C2 C2 

PERIOD 1 
 1           1   31 0 15 6 0,87           0,64   

PERIOD 2 
 1           1   32 0 15 7 0,88           0,67   

PERIOD 3 
   1         1   33 0 15 8   0,88         0,69   

PERIOD 4 
 1       1       34 0 16 8 0,88       0,79       

PERIOD 5 
     1   1       34 1 17 8     0,44   0,80       

PERIOD 6 
     1     1     34 2 18 8     0,50     0,81     

PERIOD 7 
 1       1       35 2 19 8 0,88       0,81       

PERIOD 8 
     1       1   35 3 19 9     0,55       0,71   

PERIOD 9 
 1             1 36 3 19 10 0,89             0,72 

PERIOD 10 
     1       1   36 4 19 11     0,58       0,74   

PERIOD 11 
 1             1 37 4 19 12 0,89             0,75 

PERIOD 12 
 1           1   38 4 19 13 0,89           0,76   

PERIOD 13 
       1     1   38 5 19 14       0,62     0,77   

PERIOD 14 
 1       1       39 5 20 14 0,89       0,82       

PERIOD 15 
     1       1   39 6 20 15     0,64       0,78   

PERIOD 16 
     1     1     39 7 21 15     0,67     0,83     

PERIOD 17 
 1       1       40 7 22 15 0,90       0,83       

PERIOD 18 
     1       1   40 8 22 16     0,69       0,79   

PERIOD 19 
 1       1       41 8 23 16 0,90       0,84       

PERIOD 20 
     1       1   41 9 23 17     0,71       0,80   

PERIOD 21 
 1             1 42 9 23 18 0,90             0,81 

PERIOD 22 
       1 1       42 10 24 18       0,72 0,84       

PERIOD 23 
 1           1   43 10 24 19 0,90           0,81   

PERIOD 24 
 1       1       44 10 25 19 0,90       0,85       

PERIOD 25 
     1       1   44 11 25 20     0,74       0,82   

PERIOD 26 
     1         1 44 12 25 21     0,75         0,83 

PERIOD 27 
       1 1       44 13 26 21       0,76 0,85       

PERIOD 28 
     1       1   44 14 26 22     0,77       0,83   

PERIOD 29 
 1       1       45 14 27 22 0,91       0,86       

PERIOD 30 
     1       1   45 15 27 23     0,78       0,84   
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As can be seen in the example during the first and second periods the worker 1 
has to deal with the task C1 of the project A and the worker 2 is responsible of 
the task C2 of the project A, and so on until the last period of time. This 
example has a maximum of 30 periods because, as said before, it is only a test 
to understand the tool. 
 
Immediately, the tool adds one hour of experience to each task that has been 
performed because it is understood that the worker has gained a little more 
experience in performing this task. 
In the example, the worker 1 had 30 hours of previous experience in the task 
C1 (this value was introduced by the user in Table 2.10). As in the first period 
that person has taken charge of task C1 of the project A, he/she acquires 
another hour of experience, so that in the first period, after having been working 
on this task, the worker 1 will have 31 hours of experience. The same happens 
with the worker 2 who increases one hour of experience in the task C2 and, 
therefore, at that time has 6 hours of experience. 
Notice that the worker 1 in the third period of time has been taking charge of the 
task C1 of the project B, so the hours of experience will change from 32 to 33, 
even though the worker has been working on the project B, i.e. it does not 
matter in which project the employee is working because he/she is gaining 
experience in a task likewise. 
 
Once the experience that every employee has of each task at each instant of 
time has been calculated, the tool undertakes to calculate the performance of all 
the workers for each task in each project at each instant in time. This data is 
shown in Table 2.12, in the column with the heading "Performance". 
 
Next it will be shown only an example of the calculation realized to obtain the 
performances, because the functions applied to realize these calculations have 
already been explained above. 
For instance, the worker 1 has taken charge of the task C1 of the project A in 
the first period; it can be noticed because there is the number 1 in this position 
in the assignments’ column. Therefore, in this position of the performances’ 
column the next formula will be applied: 
 
 

8718,0
5331

331
1

31
=








++

+
=y     

 
 

Where, the number 31 is the total hours of experience that this worker has in 
the task C1 at this period of time; and the result, in this case 0.8718, which 
means that the 87.18% of an hour has been profitable. 
 
As was to be expected the performance increases as the worker acquires 
experience. It could be noticed looking at the performances of the worker 2 
doing the task C2 of the project A. When he/she does the this task for this 
project for the first time (Period 1) his/her performance is of 0,64, but as he/she 
repeats the same task (it could be in any project) he/she will acquire more 
experience and the performance will grow. So, after repeating this task 14 times 
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in the project A and 4 more times in the project B, his/her performance is of 
0,84. 
Another thing that it is evident, that has been explained before, is that a person 
who has more experience in one task than in another will have a better 
performance in this task. A clear example of this it can be seen in worker 1; 
he/she starts with a previous experience of 30 hours in doing the task C1 and 
no hours of experience in the task C2, which leads to think that this worker will 
be more efficient performing the task C1 than the task C2 initially. This facts is 
reflected in the columns of “Performance”, where it can be seen that the 
performance of the task C1 (0,87) is higher that the performance of the C2 
(0,44), originally. 
 
Finally, in the last table (Table 2.13) the total hours produced is calculated 
between the workers of each task in each project. It could be better to explain it 
by the example; to know the total hours that the workers have produced in the 
task C1 of the project A the tool adds all the values of the column of project A 
and task C1 of each worker. As an example, adds the values of the two 
columns marked with the red arrow and then, adds both results. 
As this total value, in this example 20.67, is bigger than the total of required 
hours needed that were introduced in the table X, which was 10, the program 
shows the letters FT that indicates that the task has been completed. If not, the 
program would show the letters UF, as happens in the case of task C2 of the 
Project A, which has not been completed.  

 
 

Table 2.13. Example of the results table 
 

PROJECT A PROJECT B 

C1 C2 C1 C2 

TOTAL 20,78 18,48 2,51 5,21 

FT FT UT FT 

 
Some conclusions can be obtained of these results, as will be seen later on. 
 
 

2.3 Case with the influence between task 
 
Once the previous simulation has been designed and tested by an example, the 
next and last step before designing the whole tool is to extend the model 
depending on repetitions (Nembhard’s model) so that it takes into account the 
influence between the tasks. 
 

This variation will modify only a couple of aspects in the design and the final 
results will change slightly depending on the degree of influence between the 
tasks. 
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2.3.1 Data and data entering 
 
In this case it is necessary to consider the four tables of data of the previous 
case because these data are still necessary; therefore, it is necessary to fill 
them of the same form. In addition, it is necessary to refill one more table (Table 
2.14.). 
 
 
Table 2.14. Introduce the parameters of influence 
 

INFLUENCE BETWEEN TASKS 

q1,2= 0,6 

q2,1= 0,2 

 
 
In this new table the user has to introduce the corresponding value to the 
parameters q1,2 and q2,1. These parameters represent the percentage of 
influences that exist between the tasks. For example, the influence of having 
done the task C2 at the moment to do de task C1 is 60%. 
 
These parameters correspond to the unknowns qj,j’ of the variation of the 
Nembhard’s formula that was seen in the first chapter [Eq 1.3]. 
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It is be interesting to remind that the parameter qj,j’ corresponds with the relation 
between the current task j and another which is associated to the preceding for 
a moment j'. The number of j' ’s assemblies is determined by xj’. In the next 
section will be an example of the formula developed in order to see clearly how 
the tool uses it. 
 
It has to be taken into account that the larger the values of the above mentioned 
parameters are (as close as possible to 1) the performance of the workers will 
be greater, and the smaller the values are, the opposite happens, the 
performance will be less. This is due to the fact that the value of the parameters 
corresponds to the influence that exists between a task and another one, as has 
been mentioned before. Therefore, if the influence between two tasks is very 
big it means that both tasks are very similar, so if the worker has a lot of 
experience in one of them, the other task will be easier to assimilate for him/her. 
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That formula, as in the first phase of the tool’s design, is applied in the 
“Performance” columns to obtain the performance (taking into account the 
repetitions) and experience of other tasks of each worker in every task of every 
project in every certain period. 
 
The assignment of every worker to every task of a project in every working hour 
(“Assignments” column) is kept equal because, at the moment, it is going to 
follow with the same procedure. Moreover, the table maintains its system of 
error checking. 
 
 
2.3.2 Variables and formulas 
 

- Experience 
 
In the “Experience” columns the experience that each of the workers possesses 
at any given moment is shown in the accomplishment of every task with the 
same procedure as before. 
 

- Performance 

 
The variables do neither change, but now, the function used in all the rows and 
columns of the “Performance” columns is the following: 
 

=SI(xjit=1;k*((ejit+p+(e’
jit*qj,j’))/(ejit+p+r+(e’

jit*qj,j’)));"") 
 
Where: 

 
- xjit: Binary variable that shows whether a task (j) is done by a worker (i) 

in a period of time (t) 
- k: The value that has been given to the parameter k. 
- ejit: Number of periods devoted to the task (j) by the worker (i) before 

the beginning of a period of time (t). 
- p: The value that has been given to the parameter p. 
- r: The value that has been given to the parameter r. 
- e’

jit:Equivalent experience of the task (j) of the worker (i) before the 
beginning of a period of time (t) – obtained by doing other tasks 

 
For example: 
 

=SI(I5=1;$B$21*((Q5+$B$19+(R5*$B$24))/(Q5+$B$19+$B$20+(R5*$B$
24)));"") 

 
This function corresponds to the first row of the first column of the 
“Performance” column, i.e. to the worker 1 doing the task C1 of the project A in 
the first period of time. The tool changes the parameters qj,j’ automatically in 
each case. 
 

Where: 
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- I5: Worker 1 doing the task C1 of the project A during the first period. 
- Q5: Value that this worker had of experience at this period of time, in 

this case, is the value that appears in the cell. 
- R5: Value that this worker had of experience in task C2 at this period of 

time. 
- B19: The value that has been given to the parameter p. 
- B20: The value that has been given to the parameter r. 
- B21: The value that has been given to the parameter k. 
- B24: The value that has been given to the parameter q1,2. 

 
And, in the last table, which reports if the tasks have been finished to complete 
the project or not there is no change, the method of operation is the same as 
before. 
 
 
2.3.3 Functioning 
 
The next table (Table 2.15) shows the full final model before the design of the 
complex tool with the same data as the previous example. 
 
 
Table 2.15. The previous design complete 
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Based on the results that are given in the table “Results” (Table 5.6), the user 
can draw his/her own conclusions. Immediately, there is done a detailed 
analysis of the results obtained in this example, to understand clearly how to 
analyze them and how to obtain conclusions. The data will be analyzed in three 
steps. 
 
Firstly, will begin analyzing the results obtained in the table: 
  

- For the accomplishment of the project A 10 hours of dedication were 
needed on the task C1 and there were dedicated little more than 21 
hours, a bit more than the 10 hours needed. 

- For the accomplishment of the project A 15 hours of dedication were 
needed on the task C2 and the workers dedicated little more than 20 
hours to it. 

- For the accomplishment of the project B 18 hours of dedication were 
needed on the task C1 and the workers were employed in this task 
little more than 2. 

- For the accomplishment of the project 5 hours of dedication were 
needed on the task C2 and they worked in it little more than 5. 

 
Secondly, some conclusions can be made. For example, on the tasks of the 
project A many more hours necessary have been worked. And, in the case of 
the project B, the distribution of how many hours each worker has to dedicate to 
task C2 has been correct, but not in task C1. It is necessary to dedicate many 
more hours to this task. Therefore, the distribution was not correct. 
 
Finally, some measures should be taken to solve the problem. One measure 
could be to contract another worker who has experience in doing the task C1 to 
dedicate the necessary hours to performing this task of project B. But it is not 
the best solution because some hours that have been devoted to the tasks of 
the other project could be employed in the realization of the C1 of project B. 
And furthermore, the fact of hiring another new employee carries more 
expenses for the user, among them, the payment of one more salary.  
The best measure that should be applied is a reorganization of the workers. 
One of the reorganizations of the personnel that it might be made is the 
following one: 
 
The worker 1 shall be responsible for task C1 of the project B from the period 8, 
instead of the task C1 of the project A; and he/she should be responsible of this 
task of the project B, instead of the C2 of project A, from the period 21. And, the 
worker 2 will have to take charge of the task C1 of the project B from the period 
25, instead of the task C1 of project A; and he/she will have to take charge of 
this task of project B, instead of the C2 of the project A, from the period 26. 
Thus, all the tasks of all the projects will be completed. 
 
The final conclusion can be obtained from the tool, after considering everything 
previous, is that it is a good method for the organization before the project 
accomplishment. Thus, one can predict, in an approximate way, if a project 
could be finished or not before beginning it. And, if it is verified that the project 
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cannot be successfully completed it allows taking measures. Therefore, the 
purpose of the tool is to minimize the work time as much as possible. 
 
Once it has been seen that it is a useful tool and that it works correctly, it is the 
moment to begin with the design of the same tool, but more broadly, i.e. of 
designing a tool which accepts more workers, projects and tasks. 
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CAPTER 3. DESCRIPTION OF THE TOOL 
 
Starting from the model designed previously, in this section it is going to see 
how the tool has evolved with a wider use, with greater capacity for data than 
the previous design.  
Remember that everything explained in the second chapter was only used to 
leave one with clear concepts about the use of the tool and to check that it 
would work; if the simple design works the more complicated one will also. If 
during the time when the previous design was being developed it was noticed 
that the tool is not useful or that is does not have any purpose, it would not have 
arrived at the final stage of design. 
The final tool designed with Excel, and verified by examples, admits a maximum 
of seven workers, seven projects and twenty tasks for each of the projects. 
Moreover, it allows up to forty repetitions (40 working hours) of every task. 
If some data is not required, i.e. the project requires fewer tasks or fewer 
workers who devote to it, or less than seven projects are going to be realized; it 
would be enough not filling the corresponding cells, simply fill in the desired 
information. However, if more data is needed, Excel could be manually 
programmed in order that they could be introduced in a very easy way. 
It is important to remember that the tool designed in Excel has been thought out 
to be programmed in the future with a programming language by a specific 
program. 
The definitive tool changes a bit the format that has been applied before, but the 
procedures to be followed are exactly the same. 
The previous simulation that was made only occupied one sheet of Excel; on 
the other hand, for the final design of the tool it was considered that the best 
option was the use of six pages of Excel. One in order that the user could 
assign every worker to the corresponding task of every project, and other 
different in which there is a table in where is assigned a 1 to each cell that 
represents every assignment done in the table of the previous sheet. In another 
sheet are all the tables that have to be filled by the user: List of Competences, 
hours required of each task in every project, Hours of previous experience that 
each worker has in every task, the value of the parameters p, r and k, and the 
table of the influences between tasks. In addition there is a sheet for the table 
of the experiences that the workers are accumulating and other one for the 
table of the performance of each employee. The last sheet is formed by the 
table which shows the total value of the hours spent on each task on each 
project and whether the projects have been completed or not. 
 
Next, each of the tables will be commented on by means of an example: 
 
In the previous example, in which only two tasks could be assigned to every 
project, the table in which the user had to introduce the percentage of influence 
that exists between one task and another was only composed of a column and 
two rows. Now, on having introduced up to twenty tasks (400 cells), a 20x20 
table has been created with the intention to make the work more practical and 
easy for the user. 
This is a table in which the value included in every cell corresponds to the 
influence that has the task that represents the row on the accomplishment of 
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the task that is represented in the column, as it can be seen in the next table. 
For example, the influence of the task C4 over the task C8 is a 40%, i.e. 
q8,4=0,4. 
 
 
Table 3.1. Parameters q of the tool 
 

 

 
In the previous simulation, the assignment of every worker to each task of every 
project in every moment was done directly in the table "Assignments". In this 
case, it is realized in another different table (Table 3.2) with the intention to 
make this process easier for the user. It is about table-sized 7x80 in which 
every row corresponds to a worker and every group of two columns, which 
represent a period of time, corresponds to a project (the left one of this group of 
two columns) and a certain task of this project (the right one of this group of two 
columns). The user must click in each of the desired cells, where a dropdown 
will be opened with a list of all the projects on which the worker can be 
assigned; and, in the contiguous cell to this column of projects, through the 
same procedure, the task of the the project previously chosen can be 
designated. 
 
For instance, as it could be seen in the next table, the worker 1 has been 
assigned to do the task C6 of project A during the first period of time, and the 
task C3 of project A during the third period, and so on. 
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Table 3.2. Distribution of the workers 
 

 
 
 

The dropdowns are one of many options that that Excel allows to be applied. To 
insert them two steps have to be executed. First, a table in which appears all 
the information that is wanted to be seen must be made. Once the table is 
made it has to be saved, assigning a name. The next step is to select the cell 
where the dropdown is wanted and, finally, by means of the “Validation of 
information” function of the menu “Information” it will be able to be applied. 
When this feature is clicked a window is opened, and in the "Settings" tab one 
has to click on “Allow List” and, afterwards, write the name that was given to the 
list. 
 
All the assignments that are done in the previous table (Table 3.2) will be 
converted into 1 or 0 in the following table (Table 3.3). And hereby, a table like 
that of the previous simulation will be created but with the dimensions 980x40. 
The table is distributed in such a way that firstly are all rows with all the options 
that the worker 1could be assigned, then all of which could be assigned the 
worker 2, and so on consecutively. 
The option to create the Table 3.2 was chosen because it was much clearer 
and easier to use for the user than writing directly in a table with such large 
dimensions.   
 
Let’s see it with an example. The worker 1 has been chosen to take care of the 
task C6 of project A during the first hours of work and of the task C2 of the 
same project during the second hour (see Table 3.2). Therefore, in the 
assignments’ table (Table 3.3) is marked with the number 1 the cell which 
corresponds to the worker 1, task C6 of project A on the first period and the cell 
which corresponds to the worker 1, task C2 of project A on the second period, 
and so on.    
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Table 3.3. Assignment table of the tool 
 

 
 
 

Once the 1 and 0 in the table of “Assignments” have been introduced, the table 
of “Experience” is automatically filled with the same procedure as it was done in 
the previous simulation. When the program detects a 1 in the above table 
(Table 3.3) in a certain period of time, the experience that this worker has in that 
task increases one more hour, on the other hand if he/she has not worked on 
this task during this period (there is a 0) the value of experience does not vary. 
This table (Table 3.4) is sized 140x40 cells and is organized in such a way that 
firstly are all the rows that correspond to the 20 tasks that the worker 1 can take 
charge of, secondly are all the 20 rows for worker 2 and so on. 
 

In this case, worker 1 has to take charge of the task C6 of the project A during 
the first period and his/her previous experience in doing this task is 1 hour. So, 
once he/she will have realized this period of time, he/she will increase one hour 
more of experience, i.e. at the end of this period the worker he/she has 2 hours. 
The same can be seen in the case of this worker that in the second periods has 
the charge of task C2 of project A, once he/she has completed this hour of work 
his/her experience will increase from 7 to 8 hours of experience (at the end of 
period 2 he/she will have 8 hours). 
  
 
Table 3.4. Experience table of the tool 
 

 
 
 

Then, the program fills the “Performance” table with the same procedure as in 
the previous simulation. This table has the same dimension and the same 
format as the table of assignments. 
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How the program fills this table (Table 3.5) is by calculating the performance of 
the worker in a certain period of time when it is detected that a worker has to 
take charge of a task of a project. 
For example, during the third period of time the worker 1 is taking charge of the 
task C3 of project A and at the end of this hour of work he/she will have done 35 
hours of this task. So, his/her performance doing this task at this moment is: 
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Where: 
 

- 35  is the experience that this worker has in doing the task C3 in the 
third hour of work 

- 3 is the value that the user has given to the parameter p.  
- 0,5 is the influence of the task C10 in doing the task C3 (q3,10). The rest 

of tasks do not have influence in doing this task (q3,j’=0, j’≠3).  
- 13 is the experience that the worker 1 has on performing the task C10. 

 
The result obtained in the last expression is the performance that the worker 
has in performing the task, and all of them are calculated as the same way as 
can be seen in Table 3.5. 
 
 
Table 3.5. Performance table of the tool 
 

 

 
 

The last table is the table that provides the user with all the results and its 
dimensions are 140x42 cells. In it are represented all the performances 
accumulated in each period of time and in the penultimate column is the sum of 
the performance once all the 40 periods have been completed. 
Table 3.6 only represents the data of the two first projects; the others are 
following the project B. 



Description of the tool   43 

Table 3.6. Results table of the tool 
 

 
 
 

Next, one case is going to be analyzed and commented on. For example, the 
workers that have taken charge of the task C6 of project A have been the 
workers 1, 4 and 5. During the first period of time the employees 1 and 4 have 
been working on this task and they have given good results for 50% of the hour 
and 76%. So, in this period they have worked at maximum during 1,3 hours. In 
the seventh period, the thirteenth, the nineteenth, twenty-fifth, and thirty-first the 
worker 1 has been taking charge of this task and his/her performance has been 
0,5; 0,6; 0,6; 0,6 and 0,7, consecutively. And, during the ninth period the worker 
5 has taken charge of this task and his/her performance has been 0,7. If all this 
performances are added, they have been working during 5 hours on this task.  
As a dedication of 6 working hours was required, the task of this project is 
unfinished. The options to improve this result have already been explained in 
the previous chapter. 
On the other hand, it is possible to see that the tasks C1, C2 and C3 have been 
completed because there were required 20, 5 and 4 hours of dedication to 
them. 
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CHAPTER 4. CONCLUSIONS AND FUTURE WORKS 
 

In this research has been fulfilling the goals set at the beginning.  
A useful tool has been designed for the accomplishment of a correct 
organization of projects. With this tool the user is able to predict, in an 
approximate way, whether the tasks of a project will be completed or not before 
the beginning of the project. And then, the user can distribute the workers in 
one way or another. 
 
On the other hand, if one talk about the environmental impact, it can be said 
that with the use of this tool the consumption of resources will diminish (energy 
and others needed to carry out the tasks), because the tool minimizes the time 
of work at maximum. 
 
This designed tool to plan tasks taking into account learning has already been 
developed. In spite of the fact that the design has been finished it could still be 
retouched. 
 
Although having created an extensive tool, there are some points that are not 
considered due to the lack of time; which means that this project could be more 
extensive. 
 
The aim of this chapter is to detail all the aspects that can be taken into account 
in the future. In this paper, the researchers who are interested in continuing 
could find all the necessary information to continue developing it. 
 
Two options are proposed: 
 
Firstly, the tool could be extended in capacity to accept more workers, projects 
and tasks. In addition to, a more ambitious extension of an automatic 
introduction of the assignment of works. 
 
Secondly, this tool could be used in a real situation to check its actual operation 
and, thus, analyze the data. From this data, the researchers could take the 
appropriate action and return to see how the situation has improved. 
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ANNEXE 1 
 
In the next table are the values that have been given to the parameters p and r 
to draw the learning curves: 
 
 

 
 
 
 
The next table represents the performances at each period of time: 
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x p=8, r=5 p=100,r=30 p=9,r=1 p=8,r=3 p=3,r=8 p=3,r=5 p=8, r=16 p=8,r=19 p=4, r=12 p=3,r=10 p=6,r=10 

1 0,643 0,771 0,909 0,750 0,333 0,444 0,360 0,321 0,294 0,286 0,412 

2 0,667 0,773 0,917 0,769 0,385 0,500 0,385 0,345 0,333 0,333 0,444 

3 0,688 0,774 0,923 0,786 0,429 0,545 0,407 0,367 0,368 0,375 0,474 

4 0,706 0,776 0,929 0,800 0,467 0,583 0,429 0,387 0,400 0,412 0,500 

5 0,722 0,778 0,933 0,813 0,500 0,615 0,448 0,406 0,429 0,444 0,524 

6 0,737 0,779 0,938 0,824 0,529 0,643 0,467 0,424 0,455 0,474 0,545 

7 0,750 0,781 0,941 0,833 0,556 0,667 0,484 0,441 0,478 0,500 0,565 

8 0,762 0,783 0,944 0,842 0,579 0,688 0,500 0,457 0,500 0,524 0,583 

9 0,773 0,784 0,947 0,850 0,600 0,706 0,515 0,472 0,520 0,545 0,600 

10 0,783 0,786 0,950 0,857 0,619 0,722 0,529 0,486 0,538 0,565 0,615 

11 0,792 0,787 0,952 0,864 0,636 0,737 0,543 0,500 0,556 0,583 0,630 

12 0,800 0,789 0,955 0,870 0,652 0,750 0,556 0,513 0,571 0,600 0,643 

13 0,808 0,790 0,957 0,875 0,667 0,762 0,568 0,525 0,586 0,615 0,655 

14 0,815 0,792 0,958 0,880 0,680 0,773 0,579 0,537 0,600 0,630 0,667 

15 0,821 0,793 0,960 0,885 0,692 0,783 0,590 0,548 0,613 0,643 0,677 

16 0,828 0,795 0,962 0,889 0,704 0,792 0,600 0,558 0,625 0,655 0,688 

17 0,833 0,796 0,963 0,893 0,714 0,800 0,610 0,568 0,636 0,667 0,697 

18 0,839 0,797 0,964 0,897 0,724 0,808 0,619 0,578 0,647 0,677 0,706 

19 0,844 0,799 0,966 0,900 0,733 0,815 0,628 0,587 0,657 0,688 0,714 

20 0,848 0,800 0,967 0,903 0,742 0,821 0,636 0,596 0,667 0,697 0,722 

21 0,853 0,801 0,968 0,906 0,750 0,828 0,644 0,604 0,676 0,706 0,730 

22 0,857 0,803 0,969 0,909 0,758 0,833 0,652 0,612 0,684 0,714 0,737 

23 0,861 0,804 0,970 0,912 0,765 0,839 0,660 0,620 0,692 0,722 0,744 

24 0,865 0,805 0,971 0,914 0,771 0,844 0,667 0,627 0,700 0,730 0,750 

25 0,868 0,806 0,971 0,917 0,778 0,848 0,673 0,635 0,707 0,737 0,756 

26 0,872 0,808 0,972 0,919 0,784 0,853 0,680 0,642 0,714 0,744 0,762 

27 0,875 0,809 0,973 0,921 0,789 0,857 0,686 0,648 0,721 0,750 0,767 

28 0,878 0,810 0,974 0,923 0,795 0,861 0,692 0,655 0,727 0,756 0,773 

29 0,881 0,811 0,974 0,925 0,800 0,865 0,698 0,661 0,733 0,762 0,778 

30 0,884 0,813 0,975 0,927 0,805 0,868 0,704 0,667 0,739 0,767 0,783 

31 0,886 0,814 0,976 0,929 0,810 0,872 0,709 0,672 0,745 0,773 0,787 

32 0,889 0,815 0,976 0,930 0,814 0,875 0,714 0,678 0,750 0,778 0,792 

33 0,891 0,816 0,977 0,932 0,818 0,878 0,719 0,683 0,755 0,783 0,796 

34 0,894 0,817 0,977 0,933 0,822 0,881 0,724 0,689 0,760 0,787 0,800 

35 0,896 0,818 0,978 0,935 0,826 0,884 0,729 0,694 0,765 0,792 0,804 

36 0,898 0,819 0,978 0,936 0,830 0,886 0,733 0,698 0,769 0,796 0,808 

37 0,900 0,820 0,979 0,938 0,833 0,889 0,738 0,703 0,774 0,800 0,811 

38 0,902 0,821 0,979 0,939 0,837 0,891 0,742 0,708 0,778 0,804 0,815 

39 0,904 0,822 0,980 0,940 0,840 0,894 0,746 0,712 0,782 0,808 0,818 

40 0,906 0,824 0,980 0,941 0,843 0,896 0,750 0,716 0,786 0,811 0,821 
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