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Abstract 

 

This research AIMS to describe the grieving process faced 

by parents in the face of the loss of a migrant child, due to 

different Situations presented During The journey to the 

American dream. In the municipality of Tempoal, Ver., An 

Increase in the migratory flow of young people Has Been 

Observed, due to These conditions there Have Been 

Constantly unfavorable events in Which young people 

lose Their Lives During the attempt to cross the border, 

leaving an empty in the family. The Importance of 

conducting qualitative research esta is to know different 

Situations of 5 Families That Have Suffered the death of a 

child During the migratory crossing and let us know the 

feelings and grief through Which parents cross. The 

contribution of esta research will be of great Importance 

Because there are few studies at a regional migratory level 

and it will be a great contribution for migratory grief 

research. The Social Work Bachelor WHO to intervene 

with parents have a migrant child, will know how to 

grieving parents of deceased migrant child, and manage 

Support with different associations. 

 

Grief, migration phenomenon, death, parents. 

 

 

Resumen 

 

Esta investigación pretende describir el proceso de duelo 

al cual se enfrentan los padres ante la pérdida de un hijo 

migrante, debido a diferentes situaciones presentadas 

durante el trayecto al sueño americano. En el municipio de 

Tempoal, Ver., se ha observado un incremento en el flujo 

migratorio de jóvenes, debido a estas condiciones se han 

presentado constantemente sucesos desfavorables en los 

cuales los jóvenes pierden la vida durante en el intento de 

cruzar la frontera, dejando un vacío en la familia. La 

importancia de realizar esta investigación cualitativa es 

conocer diferentes situaciones de 5 familias que han 

sufrido la muerte de un hijo durante el cruce migratorio, y 

nos dejara conocer los sentimientos y el duelo por el cual 

atraviesan los padres. La aportación de esta investigación 

será de gran importancia porque son pocos los estudios 

migratorios a nivel regional y será de gran aportación para 

investigaciones de duelo migratorio. El Licenciado en 

Trabajo Social al intervenir con los padres que cuentan con 

un hijo migrante, va a conocer como sufren el duelo los 

padres con un hijo migrante fallecido, y   gestionar apoyo 

con diferentes asociaciones. 

Duelo, fenómeno migratorio, muerte, padres de 

familia. 
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Introduction 

 

The migration is a challenge of increasing 

importance for the Mexican State. The 

economic, social and cultural links and 

demographic importance of the flows to and 

from Mexico, have an increasing weight to 

national life. 

 

Public policy must address the 

particularities of migration in its multiple 

dimensions, involving aspects such as: 

diversification into the flow, places of origin and 

destination, migration profiles, strategies 

crossing hospitalization, repatriation, insecurity 

and human rights. Therefore, it is urgent the 

design and implementation of policies, actions 

and innovative programs that holistically and 

incorporating sectors of civil society, academia 

and government contribute responsibly 

knowledge and tools to meet the different needs 

of migrants, in its various forms. In this issue, the 

gender perspective becomes more important, 

given the conditions of vulnerability to migrant 

women are exposed. 

 

In the approach to migration, it is observed 

that these have been studied from very different 

perspectives: economics, demography, law, 

statistics, employment, but rarely referred 

specifically to be individual, the person. Not 

always take into account the suffering, fears, 

losses of each individual. The approach to the 

reality of migrant from the phenomenon of 

migration mourning, aims to make visible the 

vicissitudes of the person in their adaptation, 

integration after the loss of their migrant son 

family, as this is a process of adaptation in which 

the whole family is involved and affected, not 

only the migrant that the decision is family 

enters a process. Speaking of migratory grief, 

different names are used to refer to the loss 

suffered by people who are forced to leave their 

country and emigrate to another to seek a better 

future, "Ulysses Syndrome," "Duel 

Immigration", "Poor Immigrant", " Emigrant 

syndrome "," Wanderlust, "" Melancholy "," 

Nostalgia Foreigner "," the drop in six months. " 

The research was conducted in the municipality 

of Tempoal Veracruz, where migration has 

become a problem getting bigger day as 

joblessness is increasingly, and few jobs are 

poorly paid.  

 

 

 

Derived from this situation, young people 

decide to migrate to another country, leaving 

anxiety and fear their parents, because this 

decision affects from the moment the young man 

decides. 

 

Problem Statement 

 

At present migration is a cultural process that 

relates to population mobility between regions 

and countries, whose main objective is to 

improve the living conditions of families seeking 

access to better paid employment. International 

migration is defined as: "The social phenomenon 

that involves the movement of population from 

the native country abroad or vice versa. 

(Universal Illustrated Encyclopedia, 1987). 

 

Migratory movements worldwide increase 

gradually, according to the National Institute of 

Statistics and Geography (INEGI) in 2014, the 

emigration rate was estimated at 36.6 persons 

per 10,000 inhabitants, and immigration 11.9 

persons accordingly the net migration balance of 

population loss estimated at a rate of 24.7 

persons per 10,000 population (period 2012-

2013, the largest migration: INEGI, 2015). 

 

According to the National Institute of 

Statistics and Geography in 2010, it states that 

Mexico has approximately 6.8 million 

unauthorized migrants, which indicated that for 

every 100 Mexicans living in the US 24 are 

young people aged 15 - 29 years and 61 adults 

aged 30-59 years.  Migration from Mexico to the 

United States is one of the phenomena that 

emerged through the loss of much of Mexican 

territory, which has had a major impact because 

of social, political, economic, personal and 

cultural problems which faces man day. 

 

The migratory movement and living 

conditions of migrants to make EU contexts of 

vulnerability that cause risks that endanger his 

person, family structure and social context in 

which they are immersed. In the 1990s cross the 

border US-Mexico was relatively easy because 

the migratory flow was not as high and migrants 

are not exposed to situations as high risk, and 

index every year increased, but the passing of the 

years and the large increase mobilization is 

different strategy as Operation safeguard in 

order to safeguard its borders and strengthening 

security monitoring were implemented.  
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This initiative is part of a program called 

the Southeast Border Strategy, whose goal is "to 

make it so difficult and expensive to enter the 

United States illegally, fewer and fewer 

individuals try it".  

 

And even this time the migratory crossing 

into the United States has become increasingly 

dangerous because of this situation most people 

suffer a transit of longer crossing, prolonging 

their stay at the border limits of Mexico and the 

United States to try to enter the neighboring 

country. 

 

In different situations, these rooms can 

mean death for undocumented immigrants who 

do not have in mind the risks involved in this 

decision, which affects not only the individual 

but the family context from decision making by 

altering their family structure causing them to 

suffer a situation of anguish and despair, not 

knowing what awaits them on their way as they 

are not having enough economic resources they 

risk crossing different ways. 

 

Some of the ways to cross into the United 

States are hidden in vehicles migrants, paying 

visa and traveling in a group, these were used 

some years ago. Today migrants as passengers 

choose to cross through the so-called beast or 

risking their lives to smugglers more, the degree 

of death to reach bringing pain and loss to his 

family. 

 

According to the UN, CONAPO (2015) 

mentions that migrant is the person who has 

permanently changed their place of habitual 

residence, a political administrative division to 

another, in order generally to expand their 

opportunities for economic development, social 

and a suitable atmosphere. Population 

displacement between different geographical 

areas is sometimes so intense that determines 

population growth and transformed the 

population composition of the states, 

municipalities, cities and towns in Mexico. 

 

In Mexico, internal migration dynamics 

has introduced major changes in the last 40 

years, the main determinant of demographic 

changes in the geographical distribution of the 

population. This section describes various 

publications, computer graphics and the main 

results of studies that have been carried out on 

the phenomenon of internal migration occur. 

 

 

The National Institute of Statistics and 

Geography (INEGI) discloses that Veracruz is 

the third ejection entity migrants outside the 

country, for every 100 inhabitants 95 went to the 

United States, in early 2000, Veracruz was one 

of the states with a low rate of migration to the 

United States, whereas in 2010 occupy 6 among 

states most dependent on remittances their 

original sent from the United States (INEGI, 

2010). 

 

As for the Tempoal community, 

municipality of Veracruz 33.1% of community 

residents are migrants. INEGI (2010), the 

population goes to file to other countries, does 

more young number between 15 and 24 years, 

becoming a vulnerable sector of society, the 

main reason is the lack of jobs and salaries bad 

paid, causing young people to avoid finishing 

their studies to support their parents financially, 

before the decision to become migrants has 

come to represent some unfavorable accidents 

on the way to the American dream and even 

leading to the death of young people, creating a 

grieving process in parents, who face the pain 

and despair when they hear the news, for failing 

to prevent death, They enter anguish of not being 

able to see her son, and even come to doubt that 

was her son who died.  

 

During the days takes place the process to 

return the body, it can vary from 4 to 15 days, as 

it has to be a family in the United States or failing 

the Mexican consulate assigns a person to 

perform this process, having gone through this 

pain some families tend to disintegrate and 

eventually fall into depression, not knowing how 

it was the death of his son, so that will anxiously 

for a long time. 

 

Loss of a loved one and especially a child 

is an event which involves many feelings, 

especially pain, which impacts not only the 

parents but the whole family. The death of a 

child is the most difficult to overcome loss and 

as such, we must live the mourning of this 

situation, this loss, which occurs in three stages, 

the child's death, mourning and family 

adaptation. Besides learning how to cope with 

feelings of pain, depression, sadness, guilt, and 

despair in these situations are present either 

during or after experiencing the loss. 

 

According to the issues raised the 

following research question arises. How do 

parents live mourning over the death of a 

migrant child? 
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Goals 

 

Overall objective 

 

Analyze the grieving process for parents faced 

with the loss of a migrant child Township 

Tempoal Ver. 

 

Specific objectives 

 

‒ Knowing the impact of the news on the 

parents of the loss of their migrant son. 

 

‒ Describe the grieving process during the 

transfer of the deceased migrant body.   

 

‒ Identify the change in family structure 

after the loss of a migrant child.  

 

Methodology  

 

This research is qualitative which according to 

Blasco and Perez (2007) authors point out that 

studies reality in its natural context and how it 

happens, taking and interpreting phenomena 

according to the people involved. With an 

ethnographic approach where the general 

background of life of families with the loss of a 

migrant child study description, family history 

and data from the community where she lives 

based on a life story will be addressed. 

 

The research was conducted in the 

municipality of Tempoal. Ver., Where the 

migratory flow goes every day ascent. Study 

subjects will be five parents whose 

characteristics are: 

 

‒ They have experienced the loss of a child 

during the migration process. 

 

‒ In the last 10 years they have lost a child 

during the migration process. 

 

‒ Deceased migrants are the municipality of 

Tempoal, Veracruz. 

 

Research techniques and instruments  

 

‒ Observation 

‒ Interview 

‒ Life story 

‒ Familiograma 

 

 

 

 

Theoretical framework 

 

Duel  

 

Grief is a natural reaction, personal and unique 

to loss. When a loved one dies one of the greatest 

sufferings of life causing both physical, 

psychological, socioeconomic and cultural 

variety of different reactions happen. (Torres LS, 

2011)  

 

Grieving makes us suffer a lot, provoking 

pain which tried to flee, but not understand can 

understand. Ariete: divide pleasurable emotions 

and unpleasant also teaching us that are 

motivational forces, motivate pleasurable 

oriented end what makes us suffer behavior. As 

a state of tension is arranged in such a way that 

motivates a return to homeostasis and 

satisfaction conditions.  

 

The fact feel an emotion, he says, reflects 

a change in the body, but not a disorganization 

also says all the emotions, the human being has 

a congenital component. Psychoanalytically 

grief is a normal reaction to an actual loss, in 

which it acts to divide the libido that had settled 

in the lost object.  

 

Symptoms of grief  

 

Grieving can include both physical and 

emotional symptoms There is a large overlap 

with symptoms of depression. For example, 

emotional symptoms may include the following 

(Physicians, 2012) 

 

‒ Go to. 

‒ Anxiety and panic attacks. 

‒ Guilt. 

‒ Negotiation. 

‒ Confusion. 

‒ Negation. 

‒ Disorganization. 

‒ Fear. 

‒ Guilt. 

‒ Irritability. 

‒ Loneliness. 

‒ Daze. 

‒ Sadness. 

‒ Shock. 
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Types of mourning 

 

Raises seven Duels of migration, lived in the 

family and loved ones, language, culture, land, 

social status, contact with the group of belonging 

and risks to physical integrity, lived, according 

the conditions in which migration occurs, not 

always in good condition, but often for extreme 

situations. These duels classifies them 

(Achotegui, 2000):   

 

a. Simple, when migration is in good 

condition, for example who migrate are 

young, but no child, his parents are 

healthy, conditions return visit is planned.  

 

b. complicated when there are difficulties in 

its preparation, as when one migrates 

leaves small children, a family, sick 

parents, but it can be an opportunity to 

gather again at the new place of residence. 

 

c. extreme, it is not possible live Duel 

process properly and almost impossible 

reuniting with loved ones. 

 

Stressful dimensions migrants live have a 

strong presence in solitude, by the forced 

separation from family and loved ones; the fear 

of failure of the migration project, generating 

feelings of hopelessness; the struggle for 

survival including food, housing, fear. These 

dimensions have the characteristic of being 

multiple, and potentiated become chronic when 

lasts long affective loneliness, the experiences of 

terror and emotional relevance also are 

characterized by a phenomenological dimension 

where the struggle for survival prevails. 

 

 Migratory grief  

 

Grief is a normal, dynamic and active process, 

not a state. Which involves an intimate and 

private adaptation, but rather expressed by the 

public as is the ritual mourning. It is grief is a 

psychological personality reorganization 

process that is triggered after the loss of 

something important, which comes in three 

general stages: denial, acceptance acute pain and 

loss. In this sense migration it involves a 

grieving process because it involves a lot of 

losses.  

 

 

 

The migratory mourning is not a unique 

kind of mourning, if not that each person lives in 

a different way in which different factors which 

influence emphasize the personal resources of 

each individual, social support networks, the 

level of social integration, living conditions and 

the conditions left behind. 

 

According Achotegui and Gonzalez 

(2006), the main factors influencing the 

migratory grief are caused by stressors, such as 

loneliness, the feeling of failure in the migration 

process, the struggle for survival (food, housing, 

etc.) and the fear of physical danger (in the 

migration process) or detention and expulsion 

(once it has reached the recipient country). Its 

duration depends on how you have lived other 

duels, for the duration of anxiety, confusion, and 

depression. 

 

Results 

 
Mothers of 

migrants 

Age Scholarship  Occupation  

RGM 65 years Nula  Housewife 

TGA 63 years  unfinished 

primary  

Housewife 

EMM 88 years Nula  Housewife 

GZ 44 years Primary  Housewife 

LGG 50 years  unfinished 

primary  

Housewife  

 

Table 1 Data subjects. (Prepared)   

 

Categories Analysis 

 

Some of the results of the interviews are 

presented.  

 

The match  

 

RGM "The day came when he had to go, I 

asked him who 4 friends would go over, inform 

me well who else would so we can get in touch 

with them, when was it dismissed her sisters her 

father. The person who would cross asked them 

to bring things to eat in latadas and water to 

drink along the way. I went to say goodbye to the 

house of his friend John and his wife would take 

them to Tanquian Escobedo, when they were 

kissed on the forehead and blessing, I told him 

not to forget about us, we will contact when 

llagara to Reynosa Tamaulipas, mom told me if 

I'm going to be talking about, you do not worry 

I'll be fine and you will see that soon speak to say 

that I'm in America, I said be careful son. " 
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EMM "We went to leave the bus station to 

Tanquian, he went with three friends, who 

likewise was not the first time I went, I gave the 

blessing and a kiss, told her that much cared in 

the way, he told me that I would be talking to 

communicate where he was. The next morning I 

talk to tell me that was already in Reynosa, and 

told me that afternoon were going to get out of 

the house where they had to start walking, before 

he spoke to me and told me he was not going to 

be occupying the cell, his brothers would be 

communicating with me to tell me anything. " 

 

Anguish  

 

RGM "It took two days and I would ask 

the wife of his friend if he had no reason for them 

and told me, no longer answer my cell phone that 

means they are already in the US and now just 

waiting to go for them, I thought the lady 

because her husband was already several times 

that he was leaving, he told me not worry lady as 

I know anything I send to tell " 

TAG "The days passed and I received no 

call from my son, speak to my brother and told 

me he still had not heard from him, talk her 

cousin to ask him if he had not heard and just 

told me that I knew nothing, I worry, just 

thinking that something had happened. " 
 

The news  

 

RGM  "I still remember very well the date was 

Thursday, June 28 when I saw that people began 

to come to my house, and I asked them and now 

you who are doing, and they told me we just 

heard a story and you come to accompany your 

pain. " 

 

GZ "Two days passed and she did not 

speak to me, in the evening I speak my daughter 

and tells me Mom, something happened, and I 

told him what happened, Yesenia mom, my 

sister, and I said Are you already with you? And 

she told me no mom, I speak his friend Pedro 

Angel and told me that my sister gave him a 

sharp pain in the stomach and fainted, I said And 

what hospital is? Claudia no mama told me my 

sister is not in any hospital, my sister died, I 

cried, I did not know what to do, I was alone, and 

I heard my neighbor screaming and I went to see 

what happens neighbor? My daughter, Yesenia 

died on the way " 

 

 

Homecoming    

 

EMM  "His transfer was 6 days came with 

him, 6 days worst of my life, not eating, not 

sleeping, not wanting to know anything, I just 

wanted someone to come and tell me a lie, your 

son is fine, which never happen, my two children 

came before his brother, and the person who 

came in Carrosa during his transfer was a 

cousin of mine, who had roles as the person 

making the transfer and comes with it, you have 

to have papers to cross. " 

 

LGG "People here in the community, 

financially supported me and my family was with 

me during the 4 days that it took to get his body, 

I do not want to see anyone in my house, I did 

not accept that my son had died. Diego was my 

nephew who made the arrangements to transfer 

and community people living in EU cooperation 

conducted to help with the move. " 

 

Conclusions 

 

This research, aimed to identify how parents live 

mourning over the death of a migrant child, this 

was achieved by carrying out a data collection, 

information provided to us parents suffering 

mourning the death of a child in the process of 

migration to the United States, since migration 

refers to population mobility between regions 

and countries in order to improve the living 

conditions of both migrant and their family, 

access to employment with wage-paying, study 

or meet with family; this phenomenon is so 

frequent among young Tempoal community, he 

has increasingly become over time a daily 

practice, which affects not only the migrant but 

also his family. 

 

In response to the research question, the 

grieving parents live to the death of a migrant 

child starts since making the decision to go is to 

the time when parents you have it, because this 

news affects from children to parents, this is an 

irreparable pain that never get to forget, is a 

sadness that never will learn to live without them 

carries a long process, where assimilate he left 

and did not return is something lasting, questions 

how was he died, it hurt him and others, never 

forget, every death has a name, but never a child. 

Death of a migrant child affects psychologically 

and morally, since everything is perfectly recalls 

as if it were yesterday, the family is an important 

pillar when you live a pain as well, because 

without the moral support could not succeed, 
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The impact of the news on the parents of 

the loss of their migrant child is so painful it can 

have an indication of alcoholism or neglect. 

During the transfer of the deceased migrant 

body, parents are the most affected, because not 

knowing how her death, always take them to 

remember seeing a child in a coffin, when they 

saw him walk out, it's a feeling that you never 

forget, having gone through the most difficult 

time, the family can get together more and in 

other circumstances to be a broken family, this 

happens when communication between father 

and mother are not good. The death of a migrant 

child, the real answer always remains in doubt, 

something that lifelong remorse will as parents, 

and to live with this pain affects every day. 
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Abstract 

 

The Autonomous University of Chiapas (UNACH), which 

is characterized by the quest to have graduates of high 

academic quality and considering particular situations of 

the Mayan School of Agricultural Studies in Catazajá, 

Chiapas; the concern arose, to carry out an investigation 

that would allow finding the main agents that generate the 

organizational climate in this school. In this regard, based 

on the González López Model, Senlle and Gutiérrez 

Model and Andrés Model, the measurement instrument 

(questionnaire) of Mendoza (2009) was adapted. The 

sample to support the study was 21 teachers, 9 

administrative and 1 manager, 50 students, of which 100% 

representative evidence was taken, reliable, statistically 

reliable instruments were applied, with a reliability 

coefficient of the variables measured through Cronbach's 

Alpha Coefficient between 0.898 and 0.95. The analysis 

was Mixed type, where qualitative and quantitative 

variables were analyzed, as well as the use of a Likert scale 

to quantify by scale and measure the study variables. 

  

Organizational, Climate, Education Quality  

 

 

 

 

Resumen 

 

La Universidad Autónoma de Chiapas (UNACH), que se 

caracteriza por la búsqueda de tener egresados de alta 

calidad académica y considerando situaciones particulares 

de la Escuela Maya de Estudios Agropecuarios en 

Catazajá, Chiapas; surgió la inquietud, de realizar una 

investigación, que permitiera encontrar los principales 

agentes que generan el clima organizacional en esta 

escuela. Al respecto, partiendo del Modelo González 

López, Modelo Senlle y Gutiérrez y Modelo de Andrés, se 

adaptó el instrumento de medición(cuestionario) de 

Mendoza (2009). La muestra para sustentar el estudio  fue 

de 21 docentes, 9 administrativos y 1 directivo, 50 

alumnos, de las cuales se tomó una evidencia 

representativa del 100%, se aplicaron instrumentos, 

confiables y estadísticamente fiables, con un coeficiente 

de confiabilidad de las variables medidas a través del 

Coeficiente Alfa de Cronbach entre 0,898 y 0,95. El 

análisis fue de tipo Mixto, donde se analizaron variables 

cualitativas y cuantitativas, así como el empleo de una 

escala de Likert para cuantificar por escala y medir las 

variables de studio. 
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Introduction 

 

The organizational climate is a filter or 

intervening phenomenon that mediates between 

the factors of the organizational system 

(structure, leadership, decision making) and the 

motivational tendencies that result in a behavior 

that has consequences on the organization in 

terms of productivity, satisfaction, rotation, 

absenteeism, etc. It is the human and physical 

environment, the set of variables, qualities, 

attributes or relatively permanent properties of a 

particular work environment. It is related to the 

behavior of people, their way of working and 

relating, their interaction with the company, the 

leadership of the manager, the machines used 

and the activity of the workers themselves 

(Gonçalves ,2011) 

 

Technological progress and globalization 

are today the distinctive features of the world of 

organized work. In this context, a fundamental 

concern on which the priority objectives of both 

public and private organizations seem to have 

focused has been to develop, based on the 

anxiety reduction mechanisms that guarantee the 

preservation of the balance and stability of 

formal systems, and on the other hand, the 

construction of shared meanings that crystallize 

in the desired behavior of its members (García, 

2006, p.1) 

 

Every organization has specific 

characteristics that influence the organizational 

or institutional climate that is established, being 

key factors of management, actions, 

performance and new challenges. A fundamental 

element is the institutional climate, which affects 

the conditions that will achieve compliance with 

the established objectives, is a determining 

factor in educational management (Montes, 

2011, p.2) In the Quality Schools Program 

(2010), it is established that public education 

requires innovative and effective proposals that 

have a positive impact on students' learning and 

academic achievement, as well as on 

Educational Quality; ideas that guide and 

encourage school groups to learn new ways to do 

and achieve the purposes of education, in 

relation to the profile of their students' exit. In 

this important effort it is proposed that teachers 

redirect the way they carry out the management 

in school and in the classroom, in order to place 

at the center of decisions the permanent 

improvement of the educational achievement of 

all their students. 

 

Therefore, the concern arises, to carry out 

an investigation, which helps to find the main 

agents that generate the organizational climate in 

the Maya School; which is reflected in the failure 

to comply with the objectives and requirements 

of the Quality Management System to be 

implemented, affecting the productivity, 

motivation, work development and harmony of 

the members that make up the school. 

 

In this regard, a diagnosis was developed 

to evaluate the organizational climate and how it 

impacts educational quality, impacting on 

productivity and interpersonal relations at the 

Maya School of Agricultural Studies, and 

consequently, making a proposal to efficiently 

comply with the processes and respond to the 

needs of customers and suppliers; considering 

that organizations to serve and develop, must 

maintain an effective organizational climate. 

 

Literature review 

 

The organizational climate represents the 

internal environment existing among the 

members of an organization and is highly related 

to the degree of motivation that prevails. The 

concept of organizational climate reflects the 

environmental influence on the motivation of the 

participants, it can be described as quality or 

ownership of the organizational environment 

perceived or experienced by the members of the 

organization that influences the behavior. The 

organizational climate is high and favorable in 

situations that provide satisfaction of personal 

needs and elevation of self-esteem; It is low and 

unfavorable in situations that cause frustration of 

these needs. The organizational climate 

influences the mood and motivation of people 

and is influenced by it, it is as if it represents a 

feedback between the state of motivation of 

people and the organizational climate (Brunet, 

1987). 

 

The organizational climate is strictly 

linked to the motivation of the members of the 

organization. If the motivation of these is high, 

the organizational climate tends to be high and 

provides relationships of satisfaction, animation, 

interest and collaboration between them. 

However, if the organizational climate is low, it 

is characterized by states of disinterest, apathy, 

dissatisfaction and depression.  
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In some cases it can turn into discomfort, 

aggression and insubordination, situations in 

which members openly confront the 

organization. (Chiavenato ,2006). Likewise, 

there are two essential elements that must be 

considered in any organization; structure and 

processes, which are the two major variables that 

determine the physical configuration of the 

organization and management of human 

resources. However, there is another important 

component: the behavior of individuals and 

groups, because the conception regarding 

climate depends on the individual characteristics 

of the worker or group of workers, because each 

person perceives the situations in a different way 

(Brunet 1987). 

 

Therefore, any company has properties or 

characteristics that other organizations possess, 

however, each of them has an exclusive series of 

those characteristics and properties. The internal 

environment in which the organization finds 

itself is made up of the people who make it up, 

and that is what is considered as the 

organizational climate. The psychological 

feelings of the climate reflect the internal 

functioning of the organization, therefore, this 

internal environment can be of confidence, 

progress, fear or insecurity. The way people 

behave at work depends not only on their 

personal characteristics but also on the way in 

which they perceive their work environment and 

the components of their organization. 

 

In recent years, schools have seen their 

degree of autonomy increase, especially in the 

pedagogical and curricular areas, as an essential 

factor to raise the quality of the teaching they 

teach. Undoubtedly, the increase of personal and 

material means must be accompanied by a 

greater capacity to take initiatives that allow 

promoting innovative actions in pedagogical, 

curricular and organizational aspects (Vera, 

Mora y Lapeña, 2006). 

 

Thus, the organizational climate, together 

with the structures, organizational 

characteristics and the individuals that compose 

it, form a highly dynamic interdependent system, 

which reflects a style and life of its own that 

make it different from the others.  

 

 

 

 

 

This aspect is defined by points such as: 

leadership class, styles and levels of 

communication, the exercise of control, the way 

in which conflicts are resolved, the type of 

coordination and cooperation between levels, 

ways that are used to motivate to the members of 

the institution, the interpersonal relationships, 

the individuality of the person, among others. 

 

In this way, the processes require a 

structure that marks the raison d'être of the 

organization, although the structure should not 

be seen as something fixed, but should be 

adapted to the needs of the organization as 

Martinez points out (2002, p. ) "The process 

requires the structure as a specific" frame ", but 

not in a decisive way, but in a flexible way, 

adapted to the needs, the environment, the 

suggestions that the changes are dictating, to the 

demands that the personnel of the organization is 

doing, and according to the contextual 

peculiarities of the organization ". 

 

Therefore, the climate or organizational 

environment is the result of the type of programs, 

of the processes that are used to put them into 

practice, considering the environmental 

conditions that surround the company, area or 

department. Each one has its own and different 

climate. This aspect determines the quality of 

life and the productivity of the members and 

therefore the effectiveness in the organization.  

 

Likewise, the variables of behavior are the 

personal or particular conditions of the 

members, their psychological characteristics, 

according to their personality, their attitudes or 

their capacities that allow them to see and 

interpret reality in a certain way. Therefore, the 

psychic, emotional, family, social, educational 

and economic aspects that surround the life of 

each individual, intervene in the consideration of 

the organizational climate of the company.  

 

Reddin (2004) emphasizes that "the 

organizational climate is constituted by all those 

factors that influence the behavior of an 

organization or institution and that are common 

to positions that are not necessarily related to 

each other". According to the Quality Schools 

Program: Management must leave aside the uses 

and customs that promote routine and 

professional isolation.  
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What is proposed is to lead processes that 

ensure the results; work as a team to jointly 

assume the decisions that lead to achieve what 

was planned, promote the involvement and 

active participation of parents in the education of 

their children; evaluate the teaching 

performance and that of the students, based on a 

continuous improvement approach. The aim is to 

understand, design and execute the planning of 

the school and the classroom in a totally renewed 

way (Quality Schools Program, 2010). 

It is important and necessary to identify and 

work in the organizational climate to influence 

compliance with objectives, effectiveness, 

quality and strategic results. The dimensions of 

climate are the characteristics that can be 

measured in an institution and that influence the 

behavior of the individual, establishes Sandoval 

(2004) the climate dimensions: 

 

1. Command methods. 

2. Motivational characteristics 

3. Communication processes. 

4. Importance of interaction 

5. Characteristics of the decision-making 

processes. 

6. Planning processes. 

7. Control processes. 

 

Performance objectives and improvement 

(Sandoval, 2004). 

 

Method 

 

Scope of the Investigation 

 

This research is descriptive, since it allowed to 

describe the behavior of the variables under 

study, considering causal hypothesis. It is also 

cross-sectional, since the data was collected at a 

moment in time with the purpose of describing 

the variables and analyzing their incidence and 

interrelation in a period March - December 2015. 

 

In order to obtain the information, it was 

proposed to use a non-probabilistic type of 

sampling, because it was done at random. The 

advantage of this type of convenience sampling 

is that it reduces the cost and facilitates the 

collection of information. Any sampling 

procedure where the probability of selection of a 

population element is not specified is a non-

probabilistic sampling method, regardless of 

whether it has been included in the 

specifications. 

 

 

Research focus 

 

This research was carried out to study and know 

through a diagnosis how the prevailing 

organizational climate affected the processes of 

a Quality Management System at that time to a 

work area, specifically in the Maya School of 

Agricultural Studies of UNACH.  

 

The analysis was Mixed, where qualitative 

and quantitative variables were analyzed, as well 

as the use of a Likert scale to quantify by scale 

and measure the study variables.  The 

importance of this information was based on the 

verification of how to manifest the 

organizational climate and how it significantly 

influences the behavior and performance of the 

members of an area of a federal educational 

entity, through perceptions that filter reality and 

condition levels of work motivation and 

professional and productive performance, 

among others. 

 

Design of the investigation 

 

The design will allow a univariate and 

quantitative analysis, because the variables will 

be analyzed individually, giving them with a 

Likert scale a quantitative value to a qualitative 

item. This will allow us to perform a correlation 

analysis between the variables and their 

indicators, to give rise to the predictors that 

allow us to determine a model that explains the 

results with better statistical reliability.  

 

Non-experimental research 

 

This is a non-experimental investigation, there is 

no variable or factor manipulated to analyze the 

effects. In order to obtain the information, it was 

proposed to use a non-probabilistic sampling 

type, known as convenience sampling, which is 

a type of sampling in which the units are selected 

taking into account aspects of convenience for 

the researcher. The advantage of this type of 

convenience sampling is that it reduces the cost 

and facilitates the collection of information. Any 

sampling procedure that does not specify the 

probability of selection of a population element 

is a non-probabilistic sampling method, 

regardless of whether it has been included in the 

specifications. Although it is not experimental, 

the variables are considered according to a 

mathematical function:  
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Independent variable (X) 

- Organizational climate 

  

Dependent variable (Y) 

 - Educational quality 

 

It is considered that the research follows a 

descriptive design.  

 

Mathematically schematizing we have: 

 

X (V.I.) = Organizational Climate 

Y (V.D.) = Educational Quality (Customer 

Satisfaction + Institutional Management) 

Functional notation: Y = f (X) 

 

The foregoing indicates the influence of 

the organizational climate that exists and 

practices the academic and administrative 

personnel in the management of the Institutional 

Educational Quality of the Maya school 

headquarters, evaluated according to the 

organizational climate that the headquarters 

have. 

 

Select the subjects to study 

 

The study was conducted with subjects of study 

of the Mayan School of agricultural studies, 

which consists of all those who make life in the 

institution, its teaching, administrative, 

managerial and student workforce. 

 

 Universe selection and sample selection 

 

The measuring instrument used was the 

questionnaire and the sample to support the 

study was conducted at the Maya School of 

agricultural studies, which had a workforce at 

the time of the survey with 21 teachers, 9 

administrative and 1 directive, 50 students , of 

which a representative 100% evidence was taken 

to evaluate. This instrument was designed and 

applied to the staff, in order to analyze and 

capture the perceptions and feelings associated 

with the structures and conditions of the area in 

question in order to reach a diagnosis. 

 

Sample's size calculation 

 

The sample was taken through diagnosis, for the 

identification of the nature or essence of a 

situation or problem and the possible or probable 

cause of it, is the analysis of the nature of 

something; first, what was the population was 

considered. 

By population is meant the entire group of 

people whom you wish to understand (the 

sample will be formed by the people of this 

population who finally do the survey), then a 

confidence index of up to 90% was established, 

that is, only accepted 10% error The size of the 

sample was calculated with the following 

formula (Münch and Ángeles, 1990: p.32), 

whose results are shown in Table 2: 

 
 

N: is the size of the population or universe (total 

number of potential respondents). 

k: it is a constant that depends on the level of 

trust that is assigned. The level of confidence 

indicates the probability that the results of the 

research are true: 95.5% confidence, with a 

probability of error of 4.5%. 

 

The most commonly used k values and their 

confidence levels are: 

 

K 1,15 1,28 1,44 1,65 1,96 2 2,58 

Confiden

ce level 

75

% 

80

% 

85

% 

90

% 

95

% 

95,5

% 

99

% 

 

Results of the calculation of the sample size 

Subjects of 

study 

Population Calculated 

sample 

Applied 

sample 

Students 173 49 50 

Teachers 44 27 31 

Administratives 

and Directors 

(Some teachers 

have 

administrative 

functions) 

45 27 30 

 

Source: Own elaboration, 2017  

Results 

 

The regression model for work climate that 

explains the statistical analysis  

 

Organizational climate = -0.433 +0.042 * comfort + 

0.223* Motivation + 0.190* identity -.010* 

communication - 0.065 * structure +0.146* decision 

making + 0.033* leadership + 0.117* reward + 0.235* 

Innovation +.146 * cooperation conflict 
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Regression analysis for organizational climate 
 

Model summary 
 

Mod

el 

R R 

squar

ed 

R 

square

d 

adjust

ed 

Standa

rd 

error 

of the 

estimat

e 

Durbi

n-

Wats

on 

 

1 .933a .870 .805 .316 1.521 
 

 

a. Predictors: (Constant), comfort, motivation, 

identity, communication, structure, decision 
making, leadership, reward, innovation, 

cooperation conflict  

 

b. Dependent variable: organizational climate  
 

 

       
Analysis of variance (ANOVA)a 

Model Sum 

of 

squar

es 

gl Half 

quadra

tic 

F Ne

xt 

1 Regressi

on 

13.36

1 

10 1.336 13.40

0 

.00

01b 

Residue 1.994 20 .100     

Total 15.35

5 

30       

 

a. Dependent variable: organizational 

climate 

b. Predictors: (Constant), comfort, 

motivation, identity, communication, 

structure, decision making, leadership, 

reward, innovation, cooperation conflict 

 

Discussion 

 

To evaluate the main agents that cause the 

organizational climate to be affected in the Maya 

School of agricultural studies and impact on the 

Educational Quality; the analysis of the agents 

generating the deterioration of human relations 

and the organizational climate was carried out 

through the application of questionnaires to the 

members of the Maya School of agricultural 

studies where it was obtained that the generators 

that affect a greater proportion in organizational 

climate it is Comfort, motivation, Identity, 

communication, Structure, Decision making, 

Leadership, Reward, Innovation and 

Cooperation in conflict resolution.  

 

 

 

Where 24% consider that their 

contribution and performance work is valued by 

all the educational agents, while the Leadership 

48% considers that their managers lack 

management skills. When analyzing the 

influence of the organizational climate on 

educational quality based on Institutional 

Management, it was determined that of the 24 

indicators measured, only 16 statistically 

represent the model that is proposed and that 

generate the greatest impact on quality based on 

institutional management.  They are; Identity, 

Pressure, Work Environment, Vision - Mission, 

Reward, Organic Structure, Competence, 

Innovation, Communication, Objectives - Goals, 

Control processes, Leadership, Responsibility, 

Cordiality, Attitude of users and Organizational 

Behavior. 

 

To design an organizational climate 

model, aligned with the institutional policies of 

Educational Quality and the particular needs of 

the Maya School, the Customer Satisfaction 

analysis was carried out, focused on student 

satisfaction and institutional management, 

where indicators that better explain the proposed 

model are; primarily the satisfaction of 

professional skills, followed by companionship, 

available infrastructure, management attention, 

practices and / or field, performance, 

extracurricular activities, performance of 

teachers, services, tutoring and finally, in the 

evaluation of academic performance. 

  

These results coincide with what was 

pointed out by Chiavenato (2006). The 

organizational climate is strictly linked to the 

motivation of the members of the organization. 

If the motivation of these is high, the 

organizational climate tends to be high and 

provides relationships of satisfaction, animation, 

interest and collaboration between them. 

However, if the organizational climate is low, it 

is characterized by states of disinterest, apathy, 

dissatisfaction and depression. In some cases, it 

can turn into discomfort, aggression and 

insubordination, situations in which members 

openly confront the organization.  
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When analyzing the predictors of 

Educational Quality based on Institutional 

Management, identity and work environment 

represent high values; which coincides with 

Quevedo (2009, p.373), states: "A good 

organizational climate is reflected in 

productivity, organizational commitment, 

quality of work and interpersonal relationships".  

 

In the analysis of organizational climate 

and its impact on educational quality based on 

institutional management, coincidences were 

found in the predictors Innovation and Identity; 

which highlights Vera, Mora and Lapeña (2006), 

who mention that in recent years, schools have 

seen their degree of autonomy increased, 

especially in the pedagogical and curricular 

areas, as an essential factor to raise the quality of 

teaching impart. Undoubtedly, the increase of 

personal and material means must be 

accompanied by a greater capacity to take 

initiatives that allow the promotion of innovative 

actions in pedagogical, curricular and 

organizational aspects.  

 

For organizational climate and 

institutional management, the organizational 

structure is a predictor that affects the 

educational processes, which as Martínez Santos 

points out (2002, p.339), the processes require a 

structure that marks the organization's rationale, 

not However, the structure should not be seen as 

something fixed, but should be adapted to the 

needs of the organization "The process requires 

the structure as a specific" framework ", but not 

in a decisive way, but in a flexible way, adapted 

to the needs, environment, to the suggestions 

that the changes are dictating, to the demands 

that the personnel of the organization is making, 

and according to the contextual peculiarities of 

the organization ".  

 

Regarding the evaluation of the 

performance of teachers for customer 

satisfaction as an analysis of educational quality, 

the reward in the organizational climate model 

and also in the model proposed for institutional 

management, is a factor of special attention in 

this investigation as appreciates in the concepts 

expressed by Robbins (2004), with respect to the 

fact that performance evaluations serve several 

purposes, the first, management uses them to 

make general decisions about personnel, since 

they provide information on important issues 

such as promotions, transfers and suspensions.  

 

 

Second, they identify training and 

development needs; point out the skills and 

abilities of the employees that are inadequate, 

but that can be remedied with the appropriate 

programs and, third, the evaluations can serve as 

criteria to validate the training selection 

programs. 
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Abstract 

 

The present work design and implement an expert system 

identify extracurricular activities for students the best for 

each one of Extracurricular Activities Department: 

Rondalla, introduction to music theory, dance, band of 

war, orchestra, soccer, basketball, volleyball, athletics and 

mixed martial arts. Using Java language programming 

using method waterfall model consist of stages through 

development project. The Expert System give guidance to 

new students agree with their skills, for take a correct 

decision agree with their profile and get an excellent 

performs in each activity. With a test answered by the 

students, the expert system identify in each question with 

score gived before to extracurricular activity choosed, the 

skills of each student and select the activities where the 

students  give a good perform. 

 

Expert system, Extracurricular Activities, Students, 

Test 

 

 

 

 

 

Resumen    

 

El presente trabajo diseña e implementa un sistema 

experto para identificar la actividad extraescolar, por parte 

de los estudiantes, más adecuada para cada uno, de las que 

maneja el departamento de Actividades Extraescolares, las 

cuales son: Rondalla, introducción a la teoría musical, 

danza, banda de guerra, orquesta, futbol, basquetbol, 

voleibol, atletismo y artes marciales mixtas. Utilizando el 

lenguaje de programación java, empleando la metodología 

modelo en cascada, el cual conlleva por etapas las 

actividades definidas durante el desarrollo del proyecto. El 

sistema experto orienta a los alumnos de nuevo ingreso, 

tomando en cuenta sus habilidades, a tomar una decisión 

apropiada a su perfil para un desempeño optimo en dicha 

actividad. A través de un test que realiza el alumno, el 

sistema experto va identificando en cada pregunta, por 

medio de un puntaje que es asignado a la actividad 

extraescolar candidata, las habilidades de cada alumno, 

desechando así dichas actividades en las que el alumno no 

tendría ese desempeño que se espera obtener en cada 

alumno. 

 

Sistema Experto, Actividades Extraescolares, 

Estudiantes, Test 
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Introduction 

 

The extracurricular activities department of 

Iguala Technology Institute has Rondalla, 

introduction to music theory, dance, band of war, 

orchestra, soccer, basketball, volleyball, 

athletics and mixed martial arts, the students 

should one of them and finish it for get extra 

credits. Create an expert system for help students 

choose the correct activity agree with their skills 

and Get  good perform in it. 

 

Justification 
 

For innovate the extracurricular activities 

inscription period this process  is automated 

develop Menting  the use of  an expert system 

using Java language programming this improve 

the  process Making better control and  

administration in this department. 

 

Problem 
 

The majority of the students don´t enroll in their 

extracurricular activities in time,and  don´t agree 

with their skills, this is because they  don´t  

discover any  specific talent  for this reason don´t 

take a decision  in time. For another hand there 

are students enroll in time in the semester but, 

they don´t take the best choice agree with their 

skills, because  they take advice of friends, 

boyfriend, girlfriend  or they Don´t  like any 

activity, this cause  absence or low perform. 

 

Hypothesis 

 

Through implement of expert system will be 

automatic the process for choose extracurricular 

Activities. 

 

Objective 

 

General Objective 

 

Implement an automated Expert System for 

choose extracurricular Activities. 

 

Specific  Objectives 

 

‒ Design a test with right result for each 

person. 

‒ Right for all ages suitables   for this 

activity. 

‒ Trust results based in sciences like clinic 

and education psychology. 

‒ Make easy a process for persons should 

take a decision, this decrease the stress, 

because some time are not sure about what 

them want. 

 

Theoretical Frame 
 

The Expert System branch of the Artificial 

Intelligence are informatics system simulate the 

learning, memorazing, reasoning, 

communication and action process consequence 

of an expert human in every branch of the 

science. 

 

This characteristic allow keep data and 

knowledge get logic conclusions, take decisions, 

learn of The experience and facts communicate 

with expert human, explain because the 

decisions taked by consequence of all this. 

 

The technology of an expert system has a 

database of knowledge with accumulate 

experience of expert human and a whole rule for 

apply this database in especially Situation when 

is indicated to the program. Every day the system 

is better with new adds to database or the rules. 

 

Situation when is indicated to the program. 

Every day the system is better with new adds to 

database or the rules. The expert system helps 

the students choose the best extracurricular 

activity agree with their skills. 

 

The extracurricular activities foster and 

promote the participation of the students in 

activities like sports, culture, civic education and 

recreation these help in the complete 

development of the students. 

 

The extracurricular activities contribute to 

strengthen of values and attitude guidance to 

responsability, duty, discipline, solidarity, 

identity, and team work indispensable qualities 

of all complete professional. 

 

Java is a programming language of general 

purpose guidance to objects was special 

designed for have few dependency of 

introducing. 

 

The system is development in this 

language because its characteristics allow 

installing it in any device. 

 

Research Method 

 

Method used in development of the expert 

system is the waterfall model. 
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Research Sort 

 

Use applied research because resolve  a direct 

necessity of extracurricular activities 

department, using innovation tools as the expert 

system for  make automatic a process what  the 

students should do. 

 

Theoretical Method 

 

Use the analysis–synthesis method  because is 

mainly made it for methods and stages used for 

development of the software, we can isolate the 

identification process of the extracurricular 

activities and put it in a friendly interfaz  with the 

student because  use abstract programming 

guidance to objects. 
 

Software Development 

 

The first screen of The Expert System show a 

simple form with a welcome image and text and 

the name of the system.The  window has two 

buttons: start and exit. 

 

 
 

Figure 1 Main menu screen 

 

Do clic in start, show a confirmation message for 

start the system, as show in the next image. 

 

 
 
Figure 2 Confirmation window to start the system 

 

Do clic in exit, show a confirmation 

message for exit to the system,as a show in the 

next image: 

 

 

Do clic in exit, show a confirmation 

message for exit to the system,as a show in the 

next image: 

 

 
 
Figure 3 Confirmation window to exit of the system 

 

Right away show a message where ask to 

answer honestly  and get  the expected  results. 

 

 
 
Figure 4 Previous screen to start  the test 

 

Illness Window, Ask if the student has of 

the next illness. 

 

 
 
Figure 5 Illness ( Previous to the questions) 

 

Drink Window, Ask if the student drink 

alcoholic drinks. 

 

 
 
Figura 6 Alcolism previous to test 
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Figure 7 Intervention Window, Ask if  the student in the 

last six months had  any surgery or fracture 

 

 
 
Figure 8 Tobacco Window, Ask if the student smokes and 

how often.any surgery or fracture. 

 

 
 
Figure 9 In case  previous analysis about previous 

information is right for take any extracurricular  activity 

show the next image. surgery or fracture 

 

About  priority use hands or feet. 

 

 
 

Figure 10 Question No 1. 

 

About physical strength. 

 
 
Figure 11 Question No 2. 

 

What part of the body is stronger. 

 

 
 

Figure 12 Question No 3 

 

About reflexes of  the student. 

 

 
 
Figure 13 Question No 4. 

 

About behavior of the student. 

 

 
 
Figure 14 Question No 5. 

 

About reflexes of  the student. 
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Figure 15 Question No 6 

 

About   martial  arts 

 

 
 

Figure 16 Question No 7 

 

About  soccer. 

 

 
 
Figure 17 Question No 8 

 

About  team or individual work. 

 

 
 
Figure 18  Question No 9 

 

About   self defense. 

 
 
Figure 19 Question No 10 

 

Results 

 

With the implementation of the expert system, 

the department of extracurricular activities will 

optimize resources, decreasing material waste 

(paper). As for the students will have a help tool 

to choose their activity, with the certainty that a 

good decision will be made. 

 

Conclusions 

 

The registration process of extracurricular 

activities will be updated with the 

implementation of this tool. 

 

The students can choose on time, without 

worrying about choosing an activity that they do 

not know. Also with this choice is avoided to 

follow the friends achieving a better distribution 
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Abstract 

 

The main objective in this paper is to solve the 

maximin problem in infinite-horizon zero-sum 

stochastic differential games with Markovian 

switchings. To this end, we propose a verification 

theorem which is proved using standard dynamic 

programming techniques. This theorem is applied to 

solve the maximin problem: maximize the expected 

utility from terminal wealth with the risk minimum 

in a financial market with Markovian switching 

assuming the mean rate of return of the stocks, is not 

given a priory (because risk). 

 

Black-Scholes market, Hamilton-Jacobi-Bellman 

equations, zero-sum games 

 

 

Resumen 

 

El principal objetivo del trabajo consiste en encontrar 

la solución de un problema maximin dentro de un 

juego diferencial estocástico con cambios 

markovianos en horizonte infinito. Para tal fin, 

proponemos teorema de verificación el cual es 

probado usando técnicas de programación dinámica. 

El Teorema de verificación asegura la existencia de 

una solución al problema maximin: maximizar la 

utilidad esperada de la ganancia terminal con mínimo 

riesgo en un mercado financiero con cambios 

markovianos asumiendo que la tasa de rendimiento 

promedio de los activos es desconocida. 

 

Mercado Black-Scholes, Ecuaciones de Hamilton-

Jacobi-Bellman, Juegos de suma cero 

 
 

 

 

Citation: ESCOBEDO-TRUJILLO, Beatris, COLORADO-GARRIDO, Darío, ALAFFITA-HERNÁNDEZ, Francisco and 

HERRERA-ROMERO, José. A verification theorem in stochastic differential games with markovian switchings. ECORFAN 

Journal-Republic of Colombia. 2018, 4-6: 24-32.  

 

 

 

 

 

 
* Correspondence to Author (email: Ernestina.amguiano@itigual.edu.mx) 

† Researcher contributing first author. 

 

 

 

 

© ECORFAN Journal-Republic of Colombia                                        www.ecorfan.org/republicofcolombia



25 

Article                                                                      ECORFAN Journal-Republic of Colombia  
                                                                              June 2018 Vol.4 No.6 24-32 

 

 
ISSN-On line: 2539-1372 

ECORFAN® All rights reserved. 

 

ESCOBEDO-TRUJILLO, Beatris, COLORADO-GARRIDO, Darío, 

ALAFFITA-HERNÁNDEZ, Francisco and HERRERA-ROMERO, 

José. A verification theorem in stochastic differential games with 
markovian switchings. ECORFAN Journal-Republic of Colombia.  

2018 

 

Introduction  
 

In this work a verification theorem 

(Theorem 2.4) is proved which includes the 

Hamilton- Jacobi-Bellman (HJB) equation 

for two-player finite-horizon zero-sum 

stochastic differential games with 

Markovian switchings, see Escobedo et al. 

(2012) and Mao et al.  (2006). This verification 

theorem allows to study the maximin 

(minimax) problem. As an application from 

theorem, a financial market in which the 

prices of assets are governed by stochastic 

differential equations with coefficients 

depending on a continuous-time finite state 

homogenous Markov chain is considered, 

see Baüerle et al. (2004) and Di Masi et al. 

(1994). The states of the Markov chain 

represent the market conditions.  

 

The market is incomplete due to the 

randomness of    the coefficients. To 

simplify the exposition we will suppose that 

the market consists of one bond and one 

risky stock only. Moreover, we consider a 

completely observable market, which 

means that the investor or decision-market 

has full knowledge of the different asset 

prices   and the market conditions. The 

problem in this application consists in 

finding investment portfolios that maximize 

the expected utility of terminal wealth (optimal 

investment problem). This problem leads to 

a maximin problem whose solution we are 

interested to find. Using the verification 

theorem and assuming that the mean rate of 

return of the stock is not given a priori, the 

problem will be solved explicitly using 

logarithmic utility. 

 

The work is organized as follows. In 

Section 2 we study the diffusion processes 

where the coefficients evolve as a 

continuous-time Markov chain. This kind of 

processes is called diffusion processes with 

Markovian switchings. Also, we study the 

general zero-sum stochastic differential 

game. In Section 3 the main theorem is 

proved. In Section 4 we describe the financial 

market we want to study and we show how to 

solve a optimal investment problem with the 

logarithmic utility using the verification 

Theorem 2.4. 

 

 

 

 

1. Stochastic differential games with 

Markovian switchings 

 

Let Y (t)  be  a  continuous-time  Markov  

chain  on  the  filtered  probability  space  (Ω, 

F , F̂, P) which taking values in a finite space E 

= {1, 2, . . . , N } with generator Q = {qi,j}N×N 

given  

 

𝑃(𝑌(𝑠 + 𝑡) = 𝑗|𝑌(𝑠) = 𝑖) = 𝑞𝑖𝑗𝑡 +

𝑜(𝑡),                                                              (1)
  

for states  𝑖 ≠j the number qij ≥ 0  is the 

transition rate from i to j, while 𝑞𝑖𝑖 =
−𝛴𝑗≠𝑖𝑞𝑖𝑗. We assume that Y (t) is right 

continuous with finite limits from the left. 

Consider the controlled Markov-modulated 

diffusion process (also known as a piecewise 

diffusion or a switching diffusion or a 

diffusion with Markovian switching) 

defined by  

 

𝑑𝑋(𝑡) = 𝑏(𝑋(𝑡), 𝑌(𝑡), 𝑢(𝑡))𝑑𝑡

+ 𝜎(𝑋(𝑡), 𝑌(𝑡))𝑑𝑊(𝑡),     
 

𝑥(0) = 𝑥,   𝑌(0) = 𝑖,                                     (2) 

 

where b : ℝn × E × U →  ℝd and σ : ℝd 

× E →  ℝd×n are given functions, usually 

called the drift and the dispersion matrix, 

respectively, and W (·) is a n-dimensional 

standard Brownian motion independent of Y 

(·). The stochastic process u(·) is  a  U −valued  

process called the control process and the set 

U ⊂ ℝm is called the control (or action) 

space. 

 

To begin, we impose the following 

conditions on the coefficients b, σ and on the 

Markov chain Y (t). 

 

Assumption 2.1. Ito conditions. The 

functions b(x, i, u) and σ(x, i, u) are 

measurables, and satisfy for some constant K 

≥ 0: 

(a) (Linear growth condition) for all x ∈ ℝd 

and i ∈ E 

|b(x, i, u) + σ(x, i, u)| ≤ K(1 + |x|), 

 uniform u ∈ U. 

(b)  (Local Lipschitz condition) for all x ∈ ℝd,   

| 

b(x, i, u) − b(y, i, u)| 

 + |σ(x, i, u) − σ(y, i, u)| ≤ K |x − y|, 
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(c) In addition, the Markov chain Y (t) is 

such that the joint process (X(t), Y (t)) 

satisfies the Feller property. 

(d) The  control process U is a compact set.   

 

Assumption 2.1 (a)-(b) ensure the 

existence of a unique solution of (2). On the 

other hand, even though X(t) itself is not 

necessarily Markov, it is a well-known fact 

(see for instance Mao et al. (2006)) that the 

joint process (X(t),Y(t)) is Markov. 

Furthermore, Assumption 2.1 (c) implies that 

(X(t), Y (t)) is strong Markov. 

 

Stochastic differential games 
 

The main references in this section are, 

Escobedo et al. (2012), Oksendal (2003) and 

Mao et al. (2006). Consider the stochastic 

differential equation with Markovian  

switchings (2) and let f : ℝd ×   E × U → ℝ 

and g : ℝd × E → ℝ be given functions, called 

the payoff rate and the bequest function, 

respectively. Let R be an open subset of Rd × 

E, called the solvency region, and let  

 

т𝑅 ≔ inf{𝑡 > 0: (𝑋(𝑡), 𝑌(𝑡)) ∉ 𝑅}            (3) 

be the first exit time of (X(·), Y (·)) from R. We 

assume that     

 

𝔼𝑧
𝑢[∫ │𝑓(𝑋(𝑡), 𝑌(𝑡), 𝑢(𝑡))│𝑑𝑡 +

т𝑅

0

│𝑔(𝑋(т𝑅), 𝑌(т𝑅))│] < ∞      ]                  (4) 

 

for all control process u(·) ∈ U  and z ∈ 

R. Associated to each control u(·)  and each 

initial   point z = (x0, i0) ∈ R we define the 

payoff functional Ju(z) of the form 

 

𝐽𝑢(𝑧) = 𝔼𝑧
𝑢[∫ │𝑓(𝑋(𝑡), 𝑌(𝑡), 𝑢(𝑡))│𝑑𝑡 +

т𝑅

0

│𝑔(𝑋(т𝑅), 𝑌(т𝑅))]                                      (5) 

 

Here and in (4) we interpret g(X(тR), Y 

(τR)) as 0 if тR = ∞. 

Now suppose that there are two controllers 

rather than one. Then the control u(t) has 

the form 

𝑢(𝑡) = (𝜃(𝑡), 𝜋(𝑡)), 𝑡 ≥ 0 

 

 

 

 

 

 

where θ(·) is a control (or strategy) of 

player 1, and π(·) is a control (or strategy) of 

player 2. In this case, the process X(·) in (2) 

denotes the state of a two player stochastic 

differential game with Markovian 

switchings. 

 

Definition 2.2. For the payoff functional 

𝐽𝜃(𝑡),𝜋(𝑡)(𝑧) in (5) with u(t) = (θ(t), π(t)), the 

game is called a zero-sum game if the payoff 

𝐽𝜃(𝑡),𝜋(𝑡)(𝑧)  represents the gain for player 1  

and the loss for player 2. 

 

For every initial state z = (x, i) ∈ R, 

player 1 tries to maximize Jθ,π(z) over the set 

of her admissible controls θ(·), whereas 

player 2 tries to minimize Jθ,π(z) over the set 

of her controls π(·). Let Θ and Π be given 

families of admissible controls θ and π, 

respectively. The functions 

 

𝒰(𝑧) ≔
𝑖𝑛𝑓

𝜋 ∈  П
(

𝑠𝑢𝑝

𝜃 ∈ Θ
𝐽(𝜃,𝜋)(𝑧))                 (6) 

 

ℒ(𝑧) ≔
𝑠𝑢𝑝

𝜋 ∈  Θ 
(

𝑖𝑛𝑓

𝜃 ∈ П
𝐽(𝜃,𝜋)(𝑧))                 (7) 

 

play an important role. The function ℒ(𝑧) 

is called the game’s lower value, and 𝒰(𝑧) is the 

game’s upper value. Clearly, we have 

 

ℒ(𝑧) ≤ 𝒰(𝑧) for all 𝑧 ∈ R 

 

If the upper and lower values coincide, 

then the game is said to have a value, and the 

value of the game, call it V(z), is the 

common value of ℒ(𝑧) and 𝒰(𝑧), i.e., 

 

𝑉(𝑧) ≔ ℒ(𝑧) = 𝒰(𝑧) for all 𝑧 ∈ R              (8) 

 

The general maximin problem 

consists, essentially, in finding a pair of 

strategies that attain the lower value (7). 

Hence, the precise definition of the problem 

we are interested in is as follows. 

 

Problem 2.3. Find (θ∗, π∗) ∈ Θ × Π such 

that 

ℒ(𝑧) ≔ 𝑠𝑢𝑝
𝜋∈ Θ 

( 𝑖𝑛𝑓
𝜃∈П

𝐽(𝜃,𝜋)(𝑧)) =

𝐽(𝜃∗,𝜋∗)(𝑧)∀ 𝑧 ∈ R                                        (9) 
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If such a pair (θ∗, π∗) exists, then it is 

called a maximin strategy or an optimal 

control. 

 

Similarly, the minimax problem is to find 

(θ∗, π∗) ∈ Θ × Π such that 

𝑢(𝑧) ≔ 𝑖𝑛𝑓
𝜋∈ П

( 𝑠𝑢𝑝
𝜃∈Θ

𝐽(𝜃,𝜋)(𝑧)) =

𝐽(𝜃∗,𝜋∗)(𝑧)  ∀  𝑧 ∈  R                                     (10) 

 

Strategies. We restrict ourselves to 

consider only admissible Markov controls in 

Problem 2.3. Hence we assume that 

 

𝜃(𝑡) = 𝜃̅(𝑡, 𝑋(𝑡), 𝑌(𝑡)) and  

𝜋(𝑡)

= 𝜋̅(𝑡, 𝑋(𝑡), 𝑌(𝑡)),                                        (11) 

for some functions 𝜃̅: ℝ+ × ℝd × E →  K1,𝜋:̅ ℝ+ 

× ℝd × E →  K2, where K1, K2 are compact 

subsets of 𝑈 ⊂ ℝ𝑑. As customary we do not 

distinguish notationally between 𝜃and 𝜃̅, π and      

π. Thus our controls can simply be identified 

with (deterministic) functions  𝜃(𝑡, 𝑧) and 

𝜋(𝑡, 𝑧),   𝑧 ∈  ℝd × E. 

 

Main Result 
 

When the control 𝑢 = (𝜃(𝑡, 𝑧), 𝜋(𝑡, 𝑧)) ∈ Θ × 

Π is Markovian, the corresponding system (2) 

becomes a diffusion process with  Markovian  

switchings,  whose generator 𝐿𝜃,𝜋 is given by  

 

𝐿𝜃,𝜋𝑣(𝑧) = 𝑣𝑥(𝑧)𝑏(𝑧, 𝜃(𝑡, 𝑧), 𝜋(𝑡, 𝑧)) +
1

2
 

Trace[𝑣𝑥𝑥(𝑧)𝐷(𝑧, 𝜃(𝑡, 𝑧), 𝜋(𝑡, 𝑧)] +        

∑ 𝑞𝑖𝑗𝑣(𝑧)

𝑁

𝑗=1

                                                                (12) 

 

witch 𝑧 = (𝑥, 𝑖) in R, 𝐷 ≔ 𝜎𝜎∗and 𝑣 ∈ 𝐶2 

(ℝd × E)        

 

Let 𝔗   be the set of all F𝑡−stopping 

times  𝜏 ≤ 𝜏𝑅. We  can  now  state  the  main  

result  of this work: 

 

Theorem 2.4. (The HJB equation for 

zero-sum differential games with Markovian 

switchings). Suppose that ν ∈ C2(R) ∩ C(R̅) 

satisfies the equation 

 
𝑠𝑢𝑝

𝜃∈ Θ
𝑖𝑛𝑓
𝜋∈П

{𝐿𝜃,𝜋𝑣(𝑧) + 𝑓(𝑧, 𝜃, 𝜋)} = 0 ∀ 𝑧 ∈ R         (13) 

 

with boundary condition 

 

𝑣 (𝑋𝜃,𝜋(𝜏𝑅), 𝑌(𝜏𝑅))

= 𝑔 (𝑋𝜃,𝜋(𝜏𝑅), 𝑌(𝜏𝑅)) 𝜒{𝜏𝑅

< ∞} 

at time 𝜏𝑅 . If (𝜃̂(𝑡, 𝑧), 𝜋̂(𝑡, 𝑧)) ∈ 𝐾1 × 𝐾2 are 

admissible Markov controls such that 
𝑠𝑢𝑝

𝜃∈ Θ
𝑖𝑛𝑓
𝜋∈П

{𝐿𝜃,𝜋𝑣(𝑧) + 𝑓(𝑧, 𝜃, 𝜋)} = 0 ∀ 𝑧 ∈ R 

=𝐿𝜃̂,𝜋̂𝑣(𝑧) + 𝑓(𝑧, 𝜃, 𝜋̂) = 0 ∀ 𝑧 ∈ R 

then 

𝑣(𝑧) = ℒ(𝑧) =
𝑠𝑢𝑝

𝜃 ∈ Θ
(

𝑖𝑛𝑓

𝜋 ∈ П
𝐽𝜃,𝜋(𝑧))

=
𝑠𝑢𝑝

𝜃 ∈ Θ
𝐽𝜃,𝜋̂(𝑧)

=
𝑖𝑛𝑓

𝜋 ∈ П
𝐽𝜃,̂𝜋(𝑧))

= 𝐽𝜃̂,𝜋̂(𝑧),                        (14) 

and 

(𝜃(𝑡, 𝑧), 𝜋̂(𝑡, 𝑧)) is an optimal (Markov) control       

(15) 

 

Proof. Suppose that 𝑣 ∈ 𝐶2(𝑅) ∩ 𝐶(R̂) 

and(𝜃(𝑡, 𝑧), 𝜋̂(𝑡, 𝑧)) ∈ 𝐾1 × 𝐾2 satisfy the hy- 

potheses of the theorem. Then we have 

(i) 𝐿𝜃,𝜋̂(𝑡,𝑧)𝑣(𝑧) + 𝑓(𝑧, 𝜃, 𝜋̂(𝑡, 𝑧)) ≤ 0 ∀  ∈

 𝐾1, 𝑧 ∈ 𝑅 

(ii) 𝐿𝜃̂(𝑡,𝑧),𝜋𝑣(𝑧) + 𝑓(𝑧, 𝜃(𝑡, 𝑧), 𝜋) ≥ 0 ∀ 𝜋 ∈

 𝐾2, 𝑧 ∈ 𝑅 

(iii) 𝐿𝜃̂(𝑡,𝑧),𝜋̂(𝑡,𝑧)𝑣(𝑧) +

𝑓 (𝑧, 𝜃(𝑡, 𝑧), 𝜋̂(𝑡, 𝑧)) = 0 ∀ 𝑧 ∈ 𝑅 

(iv) 𝑋𝜃,𝜋(𝜏𝑅) ∈ 𝜕𝑅 a.s. on {𝜏𝑅 > ∞} and  
lim

𝑡→𝜏𝑅
−

𝑣(𝑋𝜃,𝜋(𝑡), 𝑌(𝑡))

= 𝑔(𝜏𝑅), 𝑌(𝜏𝑅))𝜒{𝜏𝑅>∞} 

a.s. for (𝜃, 𝜋) ∈ 𝐾1 × 𝐾2, 𝑧 ∈ 𝑅. 
 (v) the family {𝑣(𝑋𝜃,𝜋(𝜏), 𝑌(𝜏))}𝜏∈𝔗 is 

uniformly integrable, for all 𝑧 ∈ 𝑅 and 
(𝜃, 𝜋) ∈ 𝐾1 × 𝐾2 because of the fact that  

𝑣 is in 𝐶2(𝑅) ∩ 𝐶(𝑅̅). 
Choose (𝜃, 𝜋) ∈ 𝐾1 × 𝐾2. Then by 

Dynkin’s formula we have 

𝔼𝓏[𝑣(𝑋(𝜏𝑅
(𝑁)

), 𝑌(𝜏𝑅
(𝑁)

))] = 𝑣(𝑥, 𝑖) +

𝔼𝓏[∫ 𝐿𝜃,𝜋𝑣
𝜏𝑅

(𝑁)

0
(𝑋(𝑡), 𝑌(𝑡))𝑑𝑡],              

(16) 

where (𝑋(𝑡), 𝑌(𝑡)) = (𝑋𝜃,𝜋(𝑡), 𝑌(𝑡)) 

and  

𝜏𝑅
(𝑁)

= 𝜏𝑅 ∧ 𝑁 ∧ inf{𝑡 > 0: | 𝑋(𝑡)|≥ 𝑁}, 
         𝑁 = 1,2, …  

 

Our first goal is to show that 𝑣(𝑧) ≤ ℒ(𝑧) 

for all 𝑧 in 𝑅 
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(I) If we apply (16) to (𝜃, 𝜋̂) and use (ii) for 

all 𝑧 we get 𝔼𝓏[𝑣(𝑋(𝜏𝑅
(𝑁)

), 𝑌(𝜏𝑅
(𝑁)

))] ≥
𝑣(𝑧) −

𝔼𝓏[∫ 𝑓(𝑧, 𝜃(𝑡,
𝜏𝑅

(𝑁)

0
𝑋(𝑡), 𝑌(𝑡)), 𝜋(𝑡, 𝑋(𝑡) 

, 𝑌(𝑡))) 𝑑𝑡], 
or 
𝑣(𝓏) ≤

𝔼𝓏[∫ 𝑓(𝓏, 𝜃(𝑡,
𝜏𝑅

(𝑁)

0
𝑋(𝑡), 𝑌(𝑡)), 𝜋(𝑡, 𝑋(𝑡), 𝑌(𝑡))) 𝑑𝑡 +

𝑣(𝑋(𝜏𝑅
(𝑁)

), 𝑌(𝜏𝑅
(𝑁)

))].  

Letting 𝑁 → ∞ and using (iv) and (v) we 

obtain  

𝑣(𝓏) ≤ 𝐽𝜃̂,𝜋(𝓏).                                   (17) 

Since this holds for all 𝜋 ∈ ∏ we deduce 

that 

𝑣(𝓏) ≤ inf
𝜋∈∏

𝐽𝜃̂,𝜋(𝓏).                          (18)  

Hence 

𝑣(𝓏) ≤ sup
𝜃∈Θ

( inf
𝜋∈∏

𝐽𝜃̂,𝜋(𝑥, 𝑖)) = ℒ(𝓏))  

(19) 

for all 𝑧 in 𝑅. 

Our second goal is to prove the reverse of 

(19), so that ℒ(𝑧) ≤ 𝑣(𝑧) for all 𝑧 in 𝑅. 
(II) If we apply (16) to (𝜃, 𝜋̂), with 𝜋̂ ∈ ∏, and 

use (i) for all 𝑧 we get 

𝔼𝓏[𝑣(𝑋(𝜏𝑅
(𝑁)

), 𝑌(𝜏𝑅
(𝑁)

))] ≥ 𝑣(𝓏) −

𝔼𝓏[∫ 𝑓(𝓏, 𝜃(𝑡,
𝜏𝑅

(𝑁)

0
𝑋(𝑡), 𝑌(𝑡)), 𝜋̂(𝑡, 𝑋(𝑡) 

, 𝑌(𝑡))) 𝑑𝑡], 
or 𝑣(𝓏) ≥

𝔼𝓏[∫ 𝑓(𝓏, 𝜃(𝑡,
𝜏𝑅

(𝑁)

0
𝑋(𝑡), 𝑌(𝑡)), 𝜋̂(𝑡, 𝑋(𝑡), 

𝑌(𝑡))) 𝑑𝑡 + 𝑣(𝑋(𝜏𝑅
(𝑁)

), 𝑌(𝜏𝑅
(𝑁)

))].  
Letting 𝑁 → ∞ and using (iv) and (v) we 

obtain  

𝑣(𝓏) ≥ 𝐽𝜃,𝜋̂(𝓏) ≥ inf
𝜋∈∏

𝐽𝜃,𝜋(𝓏).           (20) 

Since this holds for all 𝜃 ∈ Θ we deduce 

that  

𝑣(𝓏) ≥ sup
𝜃∈Θ

( inf
𝜋∈∏

𝐽𝜗,𝜋(𝓏) = ℒ(𝓏).   (21) 

(III) Finally, we apply (16) to (𝜃,̂ 𝜋̂) and 

proceed as above. Then we end up with   

𝑣(𝓏) = 𝐽𝜃,̂𝜋̂(𝓏).                                   (22) 

Combining (19), (21) and (22) we 

conclude that 

 

ℒ(𝑧) ≤ 𝑣(𝑧) = 𝐽𝜗,̂𝜋̂(𝑧) ≤ ℒ(𝑧), 
 

this proves (14) and (15) for all z in R. For 

our application, note that if 𝑣 ∈ 𝐶1,2(ℝ+ × ℝ𝑑 ×
𝐸), then (2) becomes a diffusion process with 

Markovian switchings whose generator 𝐿𝜃,𝜋 is 

given by  

 

𝐿𝜃,𝜋𝑣(𝑡, 𝑧) = 𝑣𝑡(𝑡, 𝑧) +

𝑣𝑥(𝑡, 𝑧)𝑏(𝑡, 𝓏, 𝜃(𝑡, 𝑧), 𝜋(𝑡, 𝑧)) +
1

2
𝑇𝑟𝑎𝑐𝑒[𝑣𝑥𝑥(𝑡, 𝑧)𝐷(𝑡, 𝑧, 𝜃(𝑡, 𝑧), 𝜋(𝑡, 𝑧)] +

∑ 𝑞𝑖𝑗𝑣(𝑡, 𝑧).𝑁
𝑗=1                             (23) 

for each 𝑧 ∈ ℝ𝑑 × 𝐸.  
 

 

Application: Financial market with 

Markovian switching 

 

The main references in this section are, Baüerle 

et al. (2004), Di Masi et al. (1994), Fernholz 

(2002), Karatzas et al. (1998), Mataramvura et 

al. (2005). 

 

Let (Ω, ℱ, 𝒫) be a probability space 

endowed with a filtration ℱ̂ = {ℱ𝑡, 𝑡 ≥ 𝑜}, 

which is a nondecreasing right-continuous 

family of 𝜎−algebras ℱ𝑡. We consider a 

model of a financial market as a pair of 

assets: a risk-free asset (bond) 𝐵 and a risky 

(stock) asset 𝑆, which can be represented by 

their prices 𝐵(𝑡) and 𝑆(𝑡), 𝑡 ∈ ℝ+. In this 

case one refers to a (𝐵, 𝑆)−market in 

continuous time.  

 

We assume that the prices of the bond and 

the stock are stochastic processes defined on         

the filtered probability space (Ω, ℱ, ℱ̂, 𝒫). In the 

classical Black-Scholes formula for option 

pricing the price dynamics of the underlying 

asset is given by 

 

𝑑𝑆(𝑡) = 𝜇𝑆(𝑡)𝑑𝑡 + 𝜎𝑆(𝑡)𝑑𝑊  𝑆(0) > 0,    (24) 

 

the average rate of return 𝜇 and the 

volatility 𝜎 are constants. However, it has been 

proved  by many authors that both of them, 

specially the volatility, are random processes in 

many situations. There is a strong evidence to 

indicate that the rate 𝜇 is a Markov jump process 

which can be modelled by a Markov chain. Of 

course, when the rate jumps, the volatility will 

jump accordingly. Taking these jumps into 

account, the classical model (24) has recently be 

generalized to form a new financial model 

 

 𝑑𝑆(𝑡) = 𝜇(𝑌(𝑡))𝑆(𝑡)𝑑𝑡 +
𝜎(𝑌(𝑡))𝑆(𝑡)𝑑𝑊(𝑡)  𝑆(0) > 0.                     (25) 
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Here 𝑌(𝑡) is a Markov chain with a finite 

state space 𝐸 = {1,2,∙, 𝑁}and 𝜇, 𝜎 are mapping 

from 𝐸 to [0, ∞). So, if the Markov chain is 

initially in state 𝑌(0) = 𝑖 ∈ 𝐸0, then before its 

first jump from 𝑖0 to 𝑖1 ∈ 𝐸 at its first (random) 

jump time𝜏1, the underlying asset price obeys 

the following geometric Brownian motion 

 

𝑑𝑆(𝑡) = 𝜇(𝑖0)𝑆(𝑡)𝑑𝑡 + 𝜎(𝑖0)𝑆(𝑡)𝑑𝑊(𝑡) 
 

𝑆(0) > 0                                                      (26) 

 

with initial value 𝑋(𝑡0) = 𝑥0. During this 

period from 𝑡0 to 𝜏1 the rate and volatility are 

𝜇(𝑖0) and 𝜎(𝑖0), respectively. At time 𝜏1, the 

Markov chain jumps at time𝜏2. During the 

period from 𝜏1to𝜏2, the underlying asset price 

obeys another geometric Brownian motion 

 

𝑑𝑆(𝑡) = 𝜇(𝑖1)𝑆(𝑡)𝑑𝑡 + 𝜎(𝑖1)𝑆(𝑡)𝑑𝑊(𝑡) 

𝑆(0) > 0                                                       (27) 

 

with initial value 𝑋(𝜏1) at time 𝜏1, and the 

rate and volatility have been switched to 𝜇(𝑖1) 

and 𝜎(𝑖1) from 𝜇(𝑖0)  and 𝜎(𝑖0), respectively. 

The underlying asset price will continue to 

switch from one geometric Brownian motion to 

other according to the Markovian switching. 

 

The equation (25) is known as the 

geometric Brownian motion with Markovian 

switching or the hybrid geometric Brownian 

motion, and a financial market is said to be 

financial market with Markovian switching if the 

stock price obeys the equation (25). 

 

Definition 3.1. An stochastic process 

{𝑋(𝑡)}0≤𝑡≤𝑇is said to be progressively 

measurable or progressive if for every𝑇 ≥ 0, 
{𝑋(𝑡)}0≤𝑡≤𝑇regarded as a function of (𝑡, 𝜔)from 

[0, 𝑇] × ℝ𝑑 is 𝐵([0, 𝑇]) × ℱ𝑡− measurable, 

where 𝐵([0, 𝑇])is the family of all Borel sub-sets 

of [0, 𝑇]. 
 

Definition 3.2. A portfolio (or investment 

strategy) is a pair of ℱ𝑡−progressively 

measurable processes 𝜋0(𝑡) and 𝜋1(𝑡) that 

describe, respectively, the number of units of 

stock and of the bond that we hold at time t. The 

processes can take positive or negative values 

(we will allow unlimited short-selling of stock or 

bond). The value 𝑉(𝑡) of a portfolio 𝜋(𝑡) =

(𝜋0(𝑡), 𝜋1(𝑡)) at time t is given by  

 

 

 

𝑉(𝑡) = 𝜋0(𝑡)𝑆(𝑡) + 𝜋1(𝑡)𝐵(𝑡). 
The definition of a (B, S)-market must be 

completed by indicating what kinds of portfolios 

can be used. The most important class consists 

of the self-financing portfolios. 

 

Definition 3.3. A portfolio is self-

financing if the change in its value depends on 

the change of the assets prices only. That is, 

(𝜋0(𝑡), 𝜋1(𝑡))  𝑖𝑠 𝑠𝑒𝑙𝑓 − 𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑛𝑔  

 ⬌𝑑𝑉(𝑡) = 𝜋0(𝑡)𝑑𝑆(𝑡) + 𝜋1(𝑡)𝑑𝐵(𝑡) 
 

In the following we assume that the 

portfolio satisfies the self-financing property.  

 

We consider a (B, S)-market in continuous 

time with Markovian switching. Moreover, in 

what follows, we suppose that 𝜇, 𝑟, 𝜎: 𝐸 → ℝ+ 

and 𝜇(𝑖) > 𝑟(𝑖) > 0 for all 𝑖 ∈ 𝐸. Our model 

allows for random jumps of the interest rate r, the 

appreciation rate 𝜇 and the volatility 𝜎. These 

jumps can be due to changes of external 

economic factors. The Markov chain 𝑌(∙) is used 

to represent the possible regimes of the financial 

environment. 

 

Let 𝜋(∙) be an admissible portfolio. The 

dynamics of the corresponding value process 

𝑉(𝑡) = 𝑉𝜋(𝑡) is  

𝑑𝑉𝜋(𝑡) = 𝑉𝜋(𝑡)𝜋0(𝑡)
𝑑𝑆(𝑡)

𝑆(𝑡)
+ 𝑉𝜋(𝑡)(1

− 𝜋0(𝑡))
𝑑𝐵(𝑡)

𝐵(𝑡)
 

= 𝑉𝜋(𝑡)𝜋0(𝑡)[𝜇(𝑌(𝑡))𝑑𝑡 + 𝜎(𝑌(𝑡))𝑑𝑊(𝑡)]

+ 𝑉𝜋(𝑡)(1 − 𝜋0(𝑡))𝑟(𝑌(𝑡))𝑑𝑡 

= 𝑉𝜋(𝑡)[{(1 − 𝜋0(𝑡)𝑟(𝑌(𝑡)) +

𝜋0(𝑡)𝜇(𝑌(𝑡))}𝑑𝑡 + 𝜋0(𝑡)𝜎(𝑌(𝑡))𝑑𝑊(𝑡)], (28)        

with 𝑉𝜋(0) > 0, being the initial value, 𝜋0(𝑡) is 

the fraction of the current wealth invested into 

the risky asset at time 𝑡 ∈ [0, 𝑇]. The linear 

stochastic differential equation (28) can be 

solved explicitly and the solution is given by  

 

𝑉𝜋(𝑡) = 𝑉𝜋(0)𝑒𝑥𝑝 {∫ [𝑟𝑌(𝑠)) +
𝑡

0

𝜋0(𝑠)𝜇(𝑌(𝑠)) − 𝑟(𝑌(𝑠)) +
1

2
𝜎2(𝑌(𝑠))𝜋0

2(𝑠)]𝑑𝑠 +

∫ 𝜎(𝑌(𝑠))𝜋0(𝑠)𝑑𝑊(𝑠)
𝑡

0
},                            (29) 
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assuming that  

∫ {|1 − 𝜋0(𝑡)𝑟(𝑌(𝑡))| + |𝜋0(𝑡)𝜇(𝑌(𝑡))|
𝑇

0

+ 𝜋0
2(𝑡)𝜎2(𝑌(𝑡))}𝑑𝑡 < ∞ 𝑎. 𝑠. 

 

Now,  let us assume that the mean rate of 

return 𝜇(𝑌(𝑡)) of the stock, is not given a priori, 

but it is the consequence of the portfolio choice 

𝜋(𝑡) of a “representative” trader. The trader 

tries to maximize the expected utility of her 

terminal wealth by choosing her portfolio 

optimally, while the “market” tries to 

minimize this maximum expected utility by 

choosing µ (Y (t)) accordingly. This leads to 

the minimax problem. 

 

𝑖𝑛𝑓
𝜇𝜖𝑀

(𝑠𝑢𝑝𝔼[𝑈0(𝑉𝜋(𝑇))])
𝜋∈∏

                          (30) 

 

where U0 is a given utility function  and 

M is a given family of admissible processes µ 

(Y (t)). To put this problem in the framework 

of Section 

 

2.2 y 2.3 we define the process X(t) = (X0(t), 

X1(t)) by 

 

𝑑𝑋0 = 𝑑𝑡, 𝑋0 = 𝑥0 = 𝑠 ∈ ℝ                       (31) 

and (see (28)) 

 

𝑑𝑋1(𝑡) =  𝑑𝑉𝜋(𝑡)[{(1 − 𝜋(𝑡))𝑟(𝑌(𝑇)) +

𝜋(𝑡)𝜇(𝑌(𝑡))}𝑑𝑡 + 𝜋(𝑡)𝜎(𝑌(𝑡))𝑑𝑊(𝑡)],    (32) 

With 𝑋1(0) = 𝓍1 = 𝓍 > 0.  
 

Then problem (30) can be formulated as 

follows: 

 

Problem 3.4 Find (𝜇∗, 𝜋∗) ∈ 𝑀 ×
∏ 𝑎𝑛𝑑 𝒰(𝑡, 𝑧)𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 

𝒰(𝑡, 𝑧) =  𝑖𝑛𝑓
𝜇𝜖𝑀

(𝑠𝑢𝑝𝔼[𝑈0(𝑉𝜋(𝑇))])
𝜋∈∏

=

 𝔼𝑡,𝑧[𝑈0(𝑉𝜇∗,𝜋∗
(𝑇))],                                   (33) 

 

where 𝑧 ∈ R recall that R is the solvency 

region of the process (X (·), Y (·)); see (3). 

In this case, the generator Lµ, π of the 

process (32) has the form 

 𝐿µ,𝜋𝑉(𝑡, 𝑧) =
𝜕𝑣(𝑡,𝑧)

𝜕𝑡
+ 𝑥[(1 − 𝜋)𝑟(𝑖) +

𝜋𝜇(𝑖)]
𝜕𝑣(𝑡,𝑧)

𝜕𝑥
+

1

2
𝜎2(𝑖)𝜋2𝑥2 𝜕2𝑣(𝑡,𝑧)

𝜕𝑥2 +

∑ 𝑞𝑖𝑗𝑣(𝑡, 𝑥, 𝑗)𝑗∈𝐸  

 

For 𝑧 = (𝑥, 𝑖) ∈ 𝑅 fixed and 𝑣 ∈
𝐶1,2(ℝ+ × 𝑅). The HJB equation associated to 

the Problem 3.4 can be written as 

{
𝑖𝑛𝑓𝜇∈𝐾1

(𝑠𝑢𝑝𝜋∈𝐾2
{𝐿µ,𝜋𝑣(𝑡, 𝑥, 𝑖)}) = 0 𝑡 < 𝑇

𝑣(𝑇, 𝑥, 𝑖) = 𝑈0(𝑥).
}         (34) 

 

The following results are from [1]. 

 

Portfolio optimization with logarithmic 

utility. If we specify U0(x) to be of logarithmic 

form, i.e., 

U0(x) = log (x), 

 

then the value function ν(t, z)  =  ν(t, x, i)  
in (34) is the form [1]. 

 

ν(t, x, i) = log (x) + g(t, i)                           (35) 

 

where 𝑔(𝑡, 𝑖) is the unique solution of 

the following system of linear differential 

equations 

 

∂g(t, i)

∂t
+ r(i) +

1

2
(

μ(i) − r(i)

σ(i)
)

2

+ ∑ 𝑞𝑖𝑗𝑣(𝑡, 𝑗)

𝑗∈𝐸

= 0, 0 ≤ t ≤ T 

 

With boundary condition 𝑔(𝑇, 𝑖)= 0 for 

𝑖 ∈ 𝐸. The process 𝜑: 𝐸 → ℝ+ defined as 

 

𝜑(𝑌(𝑡)) =
μ(Y(t))−r(Y(t))

σ(Y(t))
, 

 

with σ(Y(t)) >0 for all t ∈ [0, T], is called 

the market price of risk. Applying the 

generator Lµ, π to ν(t, x, i), we obtain 

𝐿µ,𝜋𝑣(𝑡, 𝑥, 𝑖) =
𝜕𝑔(𝑡,𝑖)

𝜕𝑡
+

1

𝑥
[(1 − 𝜋)𝑟(𝑖) +

𝜋𝜇] +
1

2
𝜋2𝜎2(𝑖)𝑥2 (−

1

𝑥2
) +

∑ 𝑞𝑖𝑗𝑔(𝑡, 𝑗) =𝑗∈𝐸
𝜕𝑔(𝑡,𝑖)

𝜕𝑡
+ (1 − 𝜋)𝑟(𝑖) + 𝜋𝜇 −

1

2
𝜋2𝜎2(𝑖) + ∑ 𝑞𝑖𝑗𝑔(𝑡, 𝑗),𝑗∈𝐸                          (36) 

 

where 𝑉𝜋(𝑡) = 𝑥, 𝜋(𝑡) = 𝜋 𝑎𝑛𝑑 𝜇(𝑖) =
𝜇 𝑓𝑜𝑟 (𝑡, 𝑥, 𝑖)𝑓𝑖𝑥𝑒𝑑. 
 

Maximizing (36) over π we obtain the 

following first-order condition for the maximum 

Point π=𝜋̂ 
𝜕

𝜕𝜋
𝐿𝜇,𝜋𝜐(𝑡, 𝑥, 𝑖) = −𝑟(𝑖) + 𝜇(𝑖) − 𝜋𝜎2(𝑖) = 0 

𝜋̂ =
𝜑(𝑖)

𝜎(𝑖)
                                                         (37) 
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Using the criterion of the second 

derivative we can see that the strategy 𝜋̂ is really 

the maximum point because 
𝜕2

𝜕𝜋2 𝐿𝜇,𝜋𝑣(𝑡, 𝑥, 𝑖) =

−𝜎2(𝑖) < 0. 
Substituting 𝜋̂ into (36), some tedious 

manipulations yield 

 

 𝐿𝜇,𝜋̂𝑣(𝑡, 𝑥, 𝑖) =
𝜕𝑔(𝑡,𝑖)

𝜕𝑡
+ 𝑟(𝑖) +

1

2

𝑟2(𝑖)

𝜎2(𝑖)
 

+
1

2

𝜇2

𝜎2(𝑖)
−

𝑟(𝑖)

𝜎2(𝑖)
+ ∑ 𝑞𝑖,𝑗𝑔(𝑡, 𝑖),𝑗∈𝐸                (38) 

 

and minimizing over 𝜇 gives the first-order 

condition for the minimum point 𝜇 = 𝜇̂ 
𝜕

𝜕𝜇
𝐿𝜇,𝜋̂𝑣(𝑡, 𝑥, 𝑖) =

𝜇(𝑖)

𝜎2(𝑖)
−

𝑟(𝑖)

𝜎2(𝑖)
= 0   obtaining 

𝜇̂ = 𝑟(𝑖).                                                       (39) 

 

The criterion of the second derivative 

shows that µ is a minimum because 
𝜕

𝜕𝜇
𝐿𝜇,𝜋̂𝑣(𝑡, 𝑥, 𝑖) =

1

𝜎2(𝑖)
> 0.   

 

Combining (37) with (39) and substituting 

in (36) we obtain 

 

𝐿𝜇̂,𝜋̂𝜈(𝑡, 𝑥, 𝑖) =
𝜕𝑔(𝑡,𝑖)

𝜕𝑡
+ 𝑟(𝑖) +

∑ 𝑞𝑖𝑗𝑔(𝑡, 𝑗) = 0,𝑗∈𝐸                                       (40) 

 

By substituting (40) into (34) we get the 

following problem:  

 

Problem 3.5. Solve the linear system 
𝜕𝑔(𝑡, 𝑖)

𝜕𝑡
+ 𝑟(𝑖) + ∑ 𝑞𝑖𝑗𝑔(𝑡, 𝑗) = 0,

𝑗∈𝐸

      𝑡 < 𝑇, 𝑖

∈ 𝐸,                                       (41) 

with boundary condition 𝜈(𝑇, 𝑥, 𝑖) =
log(𝑥). 
 

The Problem 3.5 was solved in [1] 

obtaining that 

𝑔(𝑡, 𝑖) = 𝔼𝑡,𝑥,𝑖 ∫ [𝑟(𝑌(𝑠)) +
1

2
𝜑(𝑌(𝑠))2] 𝑑𝑠.

𝑇

𝑡
          (42) 

 

Theorem 2.4 shows that the solution of 

Problem 3.4 in this case is: 

 

𝒰(𝑡, 𝑥, 𝑖) = 𝜈(𝑡, 𝑥, 𝑖) = log(𝑥) + 𝑔(𝑡, 𝑖). 
 

with 𝑔(𝑡, 𝑖) given by (42). We conclude 

that in this game between the trader and the 

market, the market reacts to the trader’s optimal 

portfolio choice by choosing 

 

𝜇̂(𝑡) = 𝑟(𝑌(𝑡)), 𝑡 ∈ [0, 𝑇].  
 

Conclusions 

 

Stochastic models with Markovian switching 

have recently been developed to model various 

financial quantities, such as option pricing and 

stock returns since there is a considerable 

interest, both from a theoretical and practical 

point of view, in a quantitative assessment of the 

risk involved in a financial position. By this 

reason, in this paper we show a form of evalued 

the financial risk using stochastic differential 

games theory. 

 

Notation 

 

a.s.: almost surely 

ℝd: the d-dimensional Euclidean Space 

ℝd×n: the space of real d x n- matrices 

𝜎∗ : the transpose of a vector or matrix 𝜎 

𝑣𝑥 : the gradient of function 𝑣𝑥 

𝑣𝑥𝑥: The Hessian matrix 

𝜒{𝑀}: characteristic funstion of set M 

𝔼𝓏 [X]: expectation of the random variable X 

given the initial state z  

C(ℝ d x E): the space of real-valued continuous 

bounded functions on ℝ d x E 

C 2 (ℝ d  x E): The family of real-valued 

functions 𝑣  defined on ℝ d x E which are twice 

continuously differentiable in x ∈ ℝ d  

C 1,2 (ℝ +  x ℝ d  x E ): The family of all real-

valued functions 𝑣(𝑡, 𝑥, 𝑖)  defined on ℝ +  x ℝ 
d  x E which are twice continuously 

differentiable x∈ ℝ d   and once continuously 

differentiable in t∈ ℝ +   
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