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ABSTRACT 

 
KEY COMPETENCES AND ACADEMIC ACHIEVEMENT  

IN MEXICAN TECHNOLOGICAL HIGH  

SCHOOL EDUCATION. 

 

 
Jose Antonio Arevalo-deLeon, Ph. D. 

 
 

The University of Texas at Arlington, 2008 
 
Supervising professor: Doreen Elliott 

 
The general purpose of the study was to determine the relation between 

key competences and academic achievement in technological high school 

students in the state of Nuevo Leon. 

This dissertation was based in the contributions and investigations made 

from the approach of one of the contemporary theories of human capital. Human 

capital is the result of three fundamental aspects, recognized in the contemporary 

literature as key competences. These key competences are language, formal 

reasoning and mathematical skills.  

This study was a secondary data analysis. The dependant variable was  

academic achievement, represented by the GPA. The independent variables were 

the key competences, represented by verbal abilities, the capacity for mathematics 
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learning and formal reasoning, measured trough an standardized test delivered by 

COSNET and applied to all the appliers for enrollment in the technological 

education system in the state of Nuevo Leon (DGETI). 

The sample were first year students enrolled in DGETI schools in the state 

of Nuevo Leon that applied for the enrollment evaluation for high school in January 

2006. The final sample includes a number of 1610 students. 

Several descriptive and inferential procedures were performed for the data 

processing. Test of univariate and multivariate normality were conducted. A 

confirmatory analysis of first order validated the model factors for the exogenous 

sub-scales. A confirmatory analysis from the factorial measure model of key 

competences and an evaluation of the structural modeling trough  the structural 

equation modeling (SEM) were conducted.  

The results of this research study showed that only two of the factors, 

verbal ability and mathematics ability, were validated in the measurement model. 

These key competences explain academic achievement. Verbal ability is the key 

competence that best explained academic achievement.  
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CHAPTER 1 

INTRODUCTION 

 

The High School Education Subsystem (SEMS, 2004), specifically the 

General Administration of Industrial and Technological Education (DGETI, 2007), 

develops nowadays programs oriented to promote the improvement of its 

educational quality’s services through the operation of a wide educational reform. 

The educational reform initiated in the 2004 and consist of a curricular reform 

(EBT, 2004) and a didactic reform (MEMST, 2004). This mentioned reform 

started in 2004 and it consists of a curricular reform (EBT, 2004) and a didactical 

reform (MEMST, 2004). The axis of this reform is based in a pedagogical view 

which departs from Bleger (1983) to Delors (1994).  It has, as an important 

antecedent, the classic European authors of the constructivism, such as Piaget 

(Munari, 1999) and Vigotsky (2004), as well as those of the North American 

cognitivism, such as Bruner (1972) and Ausbel (1968). Their local promoters, 

who expose in classes and conferences; and write papers for journals and books 

are: Toledo Hermosillo (1998), Sosa Peinado (2006), Ramírez Hernández 

(2006), Zabala (2000) and Santos Rego (2000).  

In the beginning of the new six-year presidential period, a new educational 

reform is implemented. This is called the Integral Reform (Szequely, 2007b). This 

reform considers compensatory educational policies, such as a scholarship 
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program; an actualized regulation; an integral evaluation system; a new 

authority’s election system and a modified accountability system for the final user 

of the educational services, among others. Each one of this educational policys 

are available for consulting trough the web page of SEMS in Nuevo Leon 

(Szequely, 2007). This integral reform represents the perspective of the new 

administration of the Public Educational Bureau (SEP) which emphasizes the 

factors directly related with the social development and prioritizes the 

compensatory policies. Without denying the basis of the didactic (MEMST, 2004) 

and curricular  (EBT, 2004) reforms, we are now intending to complement it. That 

is why it is called an Integral Reform (Szequely, 2007).  

To underline the characterization of both phases of the educational reform 

is relevant because the official documents of the The High School Education 

Subsystem considers that in the technological Mexican high school, the 

constructivism is the fundament of an educational policy in their didactic an 

curricular aspects. Such base is developed in two documents called 

Technological High School Education Model (MEMST, 2004) and Technological 

High school Structure (EBT, 2004). The first one explains the educational 

philosophy as well as the didactic and pedagogical fundaments of the reform. 

More specifically, it describes the teaching model based in the learning. The 

second document defines the structure of the curriculum and describes the 

courses in each module, as well as the redefinitions of the new courses and 

hours in the new model.  
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The same First Entrance High School Evaluation of COSNET has 

constructivist fundaments, and, therefore, to study the academic achievement 

from the key competences point of view supposes to consider the cognitive 

factors in the explanation of the academic achievement. 

1.1 Educational Coverage and Final School Efficiency 

The implementation of the Educational Reform of DGETI responded to 

different factors. Among them, it is underlined the results showed in the school 

registration indicators, called educational coverage, (53.5%), as well as final 

efficiency indicators (58.9%) for high school education, which were published by 

the Public Education Bureau (SEP, 2004). These indicators are importatnt 

parameters to estimate the opportunities of improving the educational system 

and justify a critical appreciation the educational system condition in the period 

before the reform. 

1.2 The PISA Report 

Other concern that motivated the establishment of the Educational Reform 

of DGETI (General Department of Technological Education for Industry and 

Services) was the result of the academic achievement evaluations received in 

2003 in the PISA report (Programme for Indicators of Student Achievement), 

were Mexican students of this level (fifteen to sixteen age) had an achievement 

below to the mean of the OECD countries  (PISA, 2003). 

International evaluations of educational quality, such as those of PISA 

(2003), set  the topic of the transverse competences in the center of the national 

educational debate. This is a study executed each three years in a group of 
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industrial countries promoted through the governments that participate in the 

OECD. The view of the study focuses on the evaluation of the aptitudes related 

on the capacity of the students for applicating knowledge and abilities to solve 

problems in specific key courses. The specific purpose of the study was to 

analize the aptitudes for mathematics, sciences and the resolution of problems 

and reading. To explain the factors that compromise the quality of educational 

service in high school is not only a matter for specialist’s analysis. It’s an 

important topic for teachers, educational administrators and, in general, for 

officials involved in the implementation of educational policies. The main reason 

is that these last sector participate directly in the implementation of such 

educational policies and, for that reason, any improve process must consider the 

relevant role of this sector. The PISA results questioned seriously the conceptual 

criteria that fundamented the educational policies that were implemented before 

the inclusion of the reform in the high school education (PISA, 2005). Based on 

these arguments, it must be outlined that the referred educational indicators and 

the PISA results were relevant data in the moment in which the educational 

reform of 2004 was implemented. Both cases described a comparative 

disadvantage of the high school educational service.  

1.3. Establishment of the Research Problem 

Academic achievement and GPA are research subjects that have been 

studied from different conceptual and methodological approaches. The PISA 

evaluation is a test of knowledge and abilities. Its results permit to compare the 

academic achievement of students from different nationalities. In this sense, the 
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PISA report is an evaluation of the academic achievement. Its conceptual base 

rests in a cognitive interpretation of the human capital, denominated as key 

competences (Salganik, Rychen, Moser and Konstant , 1999).  

In the specialized literature, prior to the PISA report (2005), the 

contributions of Agodini (1997) are outlined. This author studied the curricular 

changes, called the new basics in the USA educational reform, as an important 

factor to explain the academic chievement. This study was based in the human 

capital theory. In other study, carried out by Caudill and Gropper (1991), an 

evaluation instrument based in the classic theory of human capital was used to 

evaluate the students achievements.  

The differences between the scores of the students and their 

characteristics in terms of human capital did not result relevant for the study. 

Moore and Keith (1992) reported the elaboration of a human capital model 

designed to evaluate student’s achievement. They define success considering 

the participation of students in commitments and activities related to their 

professional aspirations. In all three cases, there is an instrument designed on 

the basis of a common theoretical approach: human capital. A hypotetical 

relation is established between the conception that supports the evaluation 

instrument and specific achievements evaluated trough the student’s 

performance. This kind of study is not new. The studies that link the entrance 

evaluations for junior high school, high school and college education to the 

predictive capacity of school grades as indicators of academical achievement are 

discussed in the north american literature since the 30’s (Linn, 1966).  
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Grade Point Average (GPA) is generally measured trough a system of 

scholar evaluation that translates the student’s accomplishments into a 

quantitative gradation. This allows comparing academical achievement among 

students. Consequently, GPA has been standardized trough school grades. 

Despite the contributions above mentioned, GPA is a topic little attended in the 

specialized literature, particularly in the specialized Mexican literature. 

There are two definitions of academical achievement used in this study. 

One of them says that academical achievement is the grade’s mean that the 

students obtain trough their different courses. This is the traditional definition: 

academical achievement equals GPA. The second definition describes 

academical achievement as a linear combination of grades assigned from 

different courses including some compensation factor, named coeficient. The 

mathematical calculation isnt an average, as it includes a coeficient thet varies 

for different author’s. This definition of academical achievement is the so called 

factorial adjusted GPA. When this research study mentions academical 

achievement, we are refering to this other definition.   

When a generation is promoted, in the academic sense of the term, 

expectations from a generation of students, a group of professors and 

administrative personnel, and the rest of community are fulfilled. Nevertheless, 

the educational wellbeing is a concept wider than academic achievement, 

although for the case, until this moment, they could be considered as 

synonymous.  
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Among the international standards for educational meassures and  

comparison between different countries, the one from OECD is pointed out. This 

is based on a theoretical supported in the concept of key competences 

(DESECO, 2005; Rychen, Salganik and McLauglin, 2001). This model is used 

currently by SEP for the new measures of educational indicators trough the 

ENLACE test. This indicators are composed in to categories : mathematical 

abilities and language skills and they are considered academical achievement 

factors (Rychen and Salganik, 2003). 

This study intends to contribute to the explanation of academical 

achievement from an specific theoretical approach. It proposes to evaluate the 

influence of certain cognitive skills in the students trough the results ofn their 

academical achievement, the so called key competences (OECD, 2005; OECD 

2006). This key competences are: language skills, mathematical abilities and 

formal reasoning skills (DESECO, 2005). The conceptual framework that 

supports this proposal is partially represented by the classical theory of human 

capital, founded by Schultz (1961) and more widely by the contemporary 

versions promoted by OECD (DESECO, 2005). 

In the classic approach, Schultz (1961) defined human capital as 

knowledge and abilities. In the OECD’s version human capital is treated as the 

intersection between knowledge, abilities, competences and other attributes 

integrated individually and that are relevant for the social, personal and economic 

well-being (OECD, 2006). Consecuently, the main research question for this 

dissertation is: are the key competences relevant factors in the explanation of 
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academical achievement?. This question establishes the research problem for 

this study. In order to respond the research question, the next objectives were 

formulated. 

1.4 General Objetive 

The objective for this work is to determine the relations between key 

competences and academic achievement.  

1.4.1. Specific Objectives 

This research considers indicators of academic achievement from 

students in high school centers called Technological Study Centers for Industry 

and Services (CETIS) and Technological High School Centers for Industry and 

Services (CBTIS) which belong to the General Department of Technological 

Education for Industry and Services (DGETI) in Nuevo Leon. This study collects 

academic data from young students who assist to this particular educational 

subsystem. This data comes from the 2005 class, and are collected from the 

results’ database of the COSNET evaluation celebrated in august 2005. In 

addition, a second group of these data will be collected from the official database 

of the final evaluation of the semester August 2005- January 2006. 

The specific objectives are considered next: 

• To establish the differences in the levels of academic achievement of 

technological high school students in the DGETI of Nuevo Leon. 

• To establish a degree of development of the key competences of high 

technological school students in the DGETI of Nuevo Leon. 
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• To determine if this key competence have an influence in the academic 

achievement of the mentioned students. 

• To establish a degree of influence for each one of this key 

competences in high school students in the DGETI of Nuevo Leon. 

1.5 Justification of the Study 

The development of this study is significative from several different 

approaches. From the social approach, this investigation is important because 

the comprehension of the relations between academical achievement and key 

competences contribute with elements that support the optimization of the 

budgets for high school education, which are currently limited. Such explanations 

provide objective procedures that condition the academical results of our 

students.  

This study is theoretically relevant because it intends to contribute in the 

ground of the analysis and design of educational policies as they generate 

important suggestions in this field, particularly in the critic to the design of 

national and international evaluations, such as the PISA, ENLACE and COSNET 

tests. 

The components of key competences are a subject of international debate 

that reverberate in the evaluation of different aspects of the student’s 

performance and, consecuently, in the redesign of different policies in our 

educational system. Given the results of the international comparisons of the 

PISA evaluation, a different approach of key competences will reverberate in the 

results of the evaluation and the institutional proposals and suggestions in which 
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the educational projects of high school will be sustained. The treatment of this 

conceptual lacks has a capital importance in the process of the integral reform for 

high school education. 

This study has methodological relevance from different angles. It offers a 

local evaluation of a problem that is currently studied nationwide as it contributes 

with a different point of view. It analyses the databases of the official tests from 

an independent perspective and it introduces an hypotesis test methodology 

whose results have not yet been appreciated in the local scientific community.  
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CHAPTER 2 

LITERATURE REVIEW 

 

The purpose of this section is to analyze and discuss the theory and 

investigations used as a conceptual framework in the explanation of academic 

achievement. First of all, the concept of “academic achievement” and the 

specialized literature for this subject will be analyzed. Further, we analyze the 

theme of human productivity from the contributions of the theories of intangible 

capital. Finally, the human capital theory that fundament this research study will 

be approached.  

The human productivity theories, also called Intangible capital theories, 

are represented by the concepts of social capital (Coleman, 1988), and cultural 

capital (Bourdieu and Passeron, 1995). Both are referred in this section as 

important conceptual antecedents, but not as part of the theoretical framework. 

Further, we introduce the explanation of academic achievement from the 

perspective of human capital theories. Then, in a very particular way, the 

theoretical models that are relevant for our research problem will be discussed. 

One of them is the human capital theoretical model proposed by Schultz (1961) 

and Becker (1964).  

The other model is represented by Salganik and Rychen (2003 b), where 

the concept of fundamental competences for life is analyzed.  
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2.1 Conceptual Framework: Academic Achievement 

The concept of academical achievement have been elaborated in different 

moments by the specialized literature (Claudill and Gropper, 1991; Moore and 

Keith, 1992; Etcheverry, 1996 and Agodini, 1997). As we described above, the 

performance of a student is measured trough a system of quantitative evaluation. 

Academical achievement, in the most traditional versions, is registered trough an 

average of school grades. The operationalization of the concept of academical 

achievement has been represented by the GPA. Although in the english 

language the denomination of the concept of academical achievement is 

practically generalized; in the spanish language, different expressions such as 

academical success or school success, have been used indistinctively (Arias and 

Chávez, 2002).  

The clasic study in this matter was elaborated by Linn (1996). It has the 

structire of a metha-analysis and it deals with the review of a wide group of 

studies developed between 1927 and 1960. In such studies, the relation between 

GPA and academical performance is the center of debate. The authors of these 

studies were interested in the need to standardize the tests and clarifying the 

differences in the performances from the differences between schools. The 

curriculum of each one of them and the particular standards to establish the 

grades. The differences described by Linn (1966) tilted to include more predictors 

of academical achievement.  

Jhonson (1997) affirmed more recently that GPA is the most widely used 

way to summarize the academical achievement of college students. Due to its 
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wide acceptance, it is pertinent to keep the GPA as an academical achievement 

indicator. This perspective has been defended in the mexican specialized 

literature by Arias & Chavez (2002) who have received critics for using the GPA 

as an indicator of academic achievement. Arias & Chávez (2002) say that to 

compare the grade percentage average (GPA) with the academic achievement 

(relating specifically about scholar success) has been a very criticized attitude, 

but nevertheless “…the detractors have not proposed a better indicator. Besides, 

the average measure is the most common aspect and the most used by 

authorities, students, scholarship donators and employers” (p.209) i 

2.1.1 Critiques to GPA 

Beside the expressed acceptance for the GPA, there is a growing 

manifestation of criticism for the use of grading average as a mean to 

characterize the academic achievement in the college level and recently in the 

high school. An important group of studies proposed, some years ago, to analyze 

other alternatives  instead of the GPA as measure of academic achievement, 

such as those named adjusted measures (Lei, Bassiri y Schulz, 2001; Greenwald 

& Gillmore, 1997; Johnson, 1997; Bejar & Blew, 1981; Caulkins, Larkey & Wei, 

1996; Ziomek, 1995; Linn, 1966; Stricker, 1994; Young, 1990a; Young; 1990b; 

Samejina, 1969). 

Among the arguments that prevail, those of Jhonson (1997) can be 

outlined, who holds the idea that the scheme of combining the simple GPA harm 

the students that are registered in a more rigorous academic program and, 
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furthermore, it affects the process in which the students decide what courses 

must select in each semester.  

2.1.1.1 The Definitions of GPA and the Adjusted GPA 

In the definition of Wei, Bassiri and Shulz (2001) the GPA is a linear 

combination of grades assigned from different courses. In its simpler way, it is an 

average of this group of courses. In his opinion, the GPA is widely known as an 

imperfect measure of the academic achievement of the students. The main 

critique that they formulate is centered in the problems of predictive validity 

between GPA and the evaluation’s tests of first entrance applied to students of 

the high education level in the universities. They argue that adjusting the 

courses’ grades for the different practices or grade styles of the teachers improve 

the predictive validity of the GPA. Further, they add that, with the adjusted 

averages, there is more consistency with the new grades achieved during their 

permanence in the university. The policies about who and how the courses are 

chosen and about the tolerance in the variation of the ways that the teacher 

assigns grades are two important factors in the holding of the predictive validity 

of GPA. For that reason, it is necessary to adjust these two policies or to 

establish compensatory factors included inside the same definition of the GPA. 

By this means, they talk about the need of an adjusted GPA or AGPA.  

In the perspective of the Mexican technological high school education, the 

first problem is absent. In contrast to the department modalities of many North 

American universities, in the technological  high school the students are assigned 

to a course depending from the administrative needs of the institution, and not 
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depending from the perception of each student about the program or the teacher 

in charge of that academic course.  

There are other problems linked to the use of the grade average as a 

measure of academic achievement. These problems are produced by the 

existence of academics institutions that decide the assignation of scholarships or 

employment offerings supporting their decisions in the in the grade average of 

the candidates  (Lei, Bassini & Schulz, 2001). This argument establishes that 

different professors have different criteria according to their own and particular 

perception of the academic achievement of their students. The statement that 

claims that GPA is not strictly comparable among students and particularly when 

they come from different schools or careers is confirmed.  

The problem of the academic inflation (Young, 1990a; Johnson, 1997; 

Bejar & Blew, 1981) is another factor to take in count. This problem is defined as 

an attitude in which the teachers low their standards in order to improve the 

students’ perception about their courses. This way, students would choose the 

courses taught by teacher recognized as indulgent at the hour to assign their 

grades, or would tend to choose careers or specialties in which the teachers 

easily assign high grades. Although this phenomenon is typically of a university 

nature, it is not exclusive from the university level. Ziomek (1995), has 

documented similar phenomenon in the high school level. 

Lei, Bassini & Schulz (2001), describe the alternative of impose an 

standard of common grade to all teachers, establishing an AGPA. In other words 

an adjusted GPA for the differential difficulties of the courses. This would be a 
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compensatory value for each course that permits to equilibrate the differences in 

the inflation factor. They suggest to complement the GPA with the assistance to 

classes and the evaluation of the school assignments, in a way that the three 

factors contribute to the establishment of the academic achievement and not only 

an isolated measure such as the grade given by the teacher at the course’s final. 

The research reports refered by these authors establish that when introducing 

the AGPA as a measure criterion of academic achievement, there is an 

immediate improvement in the predictive value of the first entrance evaluations 

and it reduces, in addition, the predictive differential for gender (Young, 1990a, 

1990b and Johnson, 1997). 

2.1.1. 2 Methods to Establish the GPA 

There are basically two methods to establish the GPA or grade average. 

The traditional one consists of adding the scores of the different courses and 

divide its product between the number of included courses. The adjusted one 

considers the numeric results of the grades obtained by each student in each 

one of the courses and develops a factorial analysis from them. This method 

reduces a group of values to a single chain of values that represents it (Young, 

1990). This adjustment procedure isnnot based in central trend measures, but in 

measure of variability to represent a value. With this a more precise way to 

represent the value of each grade, supported on its relative variability with the 

other grades, is gained.  
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2.1.1.3 Different Measures to Academic Achievement  

In the report of Lei, Bassini and Shulz (2001), is found a summary of the 

most important criteria to measure the academic achievement in the North 

American universities. Among these criteria, the GPA or grade average is 

outlined, but there are other adjusted criteria such as the additive coefficient, the 

multiplicative coefficient and the combined coefficient. Another group of adjusted 

criteria introduced are the RSB (Rating Scale performed by Bigsteps), the PCB 

(Partial Credit performed by BIogsteps), the PCM1 (partial credit with common 

slope of 1), the PCMA (partial credit with common slope of Multilog), the GPCM 

(generalized partial credit by Multilog), and finally, the GRM (grade response 

performed by Multilog).  

For the purpose of this study, it is convenient to consider academical 

achievement in both modalities. The comparison between them will allows us to 

contribute to the debate exposed above. 

2.2 “Aprovechamiento Escolar” and Academic Achievement 

It is important to distinguish the terms of academic achievement and the 

spanish term “aprovechamiento escolar”. In a first approach the concept of 

“aprovechamiento escolar” seems to be, semantically talking, the most 

appropiate to express the differences in the students academical performance 1. 

In fact, the concept of “aprovechamiento escolar” is part of the package of 

                                                      
1 To English language, “aprovechamiento” could be translated as the ling form of 
the transitive verb “aprovechar”, that essentially means “to make the best of”. So 
the meaning for “aprovechamiento escolar” could be semantically defined as the 
measure in which a student makes the best of the school experience. 
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indicators that  the SEP has established to characterize the students 

performance of the students in the national educational system.  

Beyond the semantic affinities among both concepts, these must be 

differenced attending to the different effects of the evaluation policies in the basic 

education system and in the other hand, in the high school  and college 

education system. I am referring specifically to the mandatory character of the 

basic education cycle. Such character has leaded to a policy of automatic 

accreditation of the students in their transition from one academicals degree to 

another. Nevertheless, it must be clarified that the reasons of the automatic 

grade in basic education are psyco-genetically justified according to  Piagiet’s 

(1986) phases of development and relating to the evolution of the reading-writing 

learning theory (Gómez, 1995).   

The “aprovechamiento escolar” measured trough GPA looses its initial 

capacity to reflect differences in the performance of students and therefore, as to 

discriminate academical success and failure. 

In the level of technological high school education, as the mandatory 

character of high school is in discussion as part of the future integral reforms 

package, it is still a fact that this educational policy is not currently applied. The 

indicator of “aprovechamiento escolar”  still reflects important differences in the 

global students performance, but to use indistinctively the same concept that  the 

SEP uses to describe the performance of students in the first cycle of basic 

education only brings more confusion between an empty concept that does not 

reflect the differences that were originally intended (aprovechamiento escolar) 
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and a second concept (academic achievement) that must be used only for the 

description  of the differences in the performance of students of high school and 

college education. 

2.3 The Intangible Capital Theories 

In the context of the intangible capital theories, there are essentially three 

basic conceptual contributions registered: the social capital theory, mainly 

represented by Coleman (1998); the cultural capital theory (Bourdieu and 

Passeron, 1995); and the human capital theories, wich are  the clasical version 

represented by Schultz (1961) and Becker (1964); and the more contemporary 

version of Rychen and Salganik (2004). 

The social capital theory establishes that academical achievement is 

influenced by the most immediate context of social relationships, where the most 

important factor are of an interpersonal nature (Coleman, 1988). Coleman (1988) 

demonstrated that the degree of social development of a community is reflected 

in the degree of academic achievement of its students. 

A second contribution comes from the research studies made by Bourdieu 

and Passeron (1995) about the concept of cultural capital. The results of their 

investigations evidenced that language, a factor of symbolic nature, is one of the  

important element in the explanation of the differences in academic achievement 

of students. For these authors, the differences in social class , in pedagogical 

abilities of the teachers, in their capacities for communication, as the differences 

in their linguistic capacities, explain the differences in the academic success of 

their students.  
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McClay (2000) reports a study about the role and the possible effects of 

cultural capital in the levels of academical achievement of urban familys. This 

study is complementary to the one held in this dissertation, despite the 

differences in the theoretical framework. The theoretical model of this study is 

cultural capital, but there are a number of methodological and technical affinities 

between this and the other study mentioned above. 

Another important contribution comes from the theory of human capital. 

One version of this theory, denominated as the “classical version” for this study, 

claims that knowledge and abilities are important elements in the academic 

productivity of the students. This first theoretical contribution is represented by 

Schultz (1961) and Becker (1964). The model of human capital that is 

denominated “classic” (Schultz, 1961) is composed by two elements: knowledge 

and abilities. In the opinion of these authors the subjet productivity wa a linial 

result of their education and skills  

The second version, that we will call the “contemporary” version, claims 

that beside knowledge and abilities, the key competence factor is determinant in 

the explanation of the academic achievement of students. The cognitive human 

capital model (Rychen, Salganik and MacLaughlin, 2001), condiered that it three 

basi components are the formal reaoning the mathematics abilities and the 

verbal abilities. In the coneption of human capital from the OECD.the key 

competence are added to the concept of knowledge and abilities.   

This study considered the social and cultural capital’s theories as 

important antecedents and significant contributions to this problematic, but it 
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doesn’t define measurement models regarding them and the structural model 

proposed doesn’t include them too.  

2.4. Human Capital 

The most refered author in the specialized literature, founder of the key 

contribution in the development of the human capital issue, was Theodore 

Schultz (1961). This author discussed the relation between social wellbeing and 

human capital. His analysis of the available alternatives for social investment 

allowed resuming his conception in the next citation: “Investing in themselves, 

people can extend the range of available choices for them. This is a way for free 

men to extend their own wellbeing”. (1961:98). Schultz presented new 

explanations for old productivity issues, not yet solved by the econometric 

models that were common in his time. Traditionally, and even from the classic 

economy, the idea of capital was discussed as an extension of the concepts of 

physical and financial capital. The concept of capital goods contemplated only 

the physical, financial and monetary aspects of the term. This theory, effectively, 

is limited to tangible aspects only. Only things were conceptualized, not persons. 

Persons always appeared in economical analysis as a constant, a homogeneous 

factor and not as a variable. For this reason, when the economists tried to induce 

changes in the economical dimension, they manipulated things, not persons. The 

human aspect of capital was not present in their considerations (Schultz, 1961).  

The human capital theory is based on what its author, Schultz (1961) 

describes as evident. This means that, trough the experience of life, each person 

acquires knowledge and abilities that enrich his own self. This knowledge and 
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abilities become a resource that improves the productivity of the persons. And 

since the processes and efforts that a person uses to improve himself or herself 

are presumably voluntary or intentional, Schultz considers them a deliberated 

“investment”. 

Now, the vitality of Schultz’s theory (1961) is not contained only in his 

definitions, but in the understanding of the importance of the fundamental issue. 

The abilities and knowledge accumulated by persons, regardless of their 

intangibility; will have tangible, observable and measurable effects over the 

social, economical and personal realities (Schultz, 1961).  

The theory of human capital, expressed by the writings of Schultz (1961), 

indicates that knowledge and abilities are the two most important components of 

human capital and both most be privileged in the construction of a model for 

human productivity measure. The theory must then explain what kind of 

knowledge and which abilities will effectively portrait the operationalization of 

human capital as a variable. This issue is treated in the formulations developed 

by Salganik (2004) from the concept of competences for life. 

2.5 Human Capital and Competences for Life 

Human capita in this approach is a resulting factor from three aspects: 

language, formal reasoning and mathematical abilities.  The conceptual 

framework of this investigation question is based on the concept of competences 

for life. According to Salganik (2004), this concept was explored for the first time 

trough the Educational Indicators Program (INES) of the Cooperation and 

Economical Development Organization (OECD, 1992). Its indicators were 
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focused on three areas: academic success, cognitive abilities and personal 

development. Regardless, a study published by OECD (1992) could only 

measure mathematical achievements. 

A second source of learning results, comparable on the international 

ground, showed the indicators that come from the DeSeCo project (2005). This is 

a study fo a comparative nature. The results for the mentioned study embrace 

two phases: the results of the first generation, published in 1998; and the ones 

who come from the second generation, which are developed contemporarily. The 

definitions of human capital used in this study and the components of key 

competences that support this theoretical framework are taken from the DeSeCo 

project (2005) in its second generation.  

In the next lines, we proceed to summarize the DeSeCo study in its first 

and second genearations, with the purpose of hold the formulation and 

hypotheses of this study. 

2.5.1 First Generation DeSeCo Studies: Curricular Competences, 
Alphabetization and Human Capital 

In the study performed by Salganik, Rychen, Moser and Konstant (1999), 

the basic themes for discussion on competences for life, were curricular 

competences, adult alphabetization and human capital. The subject of human 

capital is particularly important since it conceptually situates the theoretical basis 

of Salganik, Rychen, Moser and Konstant approach (1999). In this perspective, 

human capital is redefined based in the concept of key competences, that are of 

a cognitive nature. It was also significant that the concept of human capital was 
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retaken as a factor that impulses academic achievement, as it was originally in 

the approach of Schultz, but now in a more organized dimension. 

The distinction between the two result indicator categories was published 

in a study published by OECD (1997). This dissertation considers only the first of 

this two: human capital in the curricular context. Since 1993, the Curricular 

Competences Viability study has been developing; and consequently, the 

question of which competences are important because of their impact on the 

different areas of the curriculum was formulated. Those competences were 

called “generic”. For the subject of adult alphabetization, the National Adult 

Literacy Survey (NALS) distinguished and defined three kinds of alphabetism: 

literary alphabetism, document alphabetism and quantitative alphabetism. These 

three distinctions were the basis of what later was considered as one of the three 

key competences in the second generation investigation: the abilities related to 

the language use. 

In 1998 the OECD published the different perspectives from which the 

human capital concept was understood were recognized. Also a definition for 

human capital is proposed, wich says that “… knowledge, abilities and 

competences and other attributes of the individuals relevant for the economical 

activity” (OECD, 1988, p.3). 

2.5.2 Second Generation DeSeCo Studies: Design of Measurement Instruments 

The so called second generation studies are focused in the design of 

measurement instruments. Among these instruments, the International Program 

for Student Evaluation (PISA, 1999) is the most important, from the point of view 
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of the theoretical foundations of this dissertation proposal. This study attends to 

the need to count on comparable data for educational indicators. Basically, the 

PISA report (1999) is focused on reading alphabetization, mathematical 

alphabetization and science alphabetization. Its goal its “… to evaluate to which 

point the young have acquired in this areas more knowledge and abilities that will 

be useful in their adult life” (PISA, 2003, p. 3). 

The base of this approach is the concept of learning for life. Even when, 

initially, PISA (1999) only embraced reading, mathematics and science; from the 

beginning it was contemplated to include intra-curricular competences and 

information and communication technologies.  In 2003, only evaluations that tend 

to measure formal reasoning, mathematical skills and language skills are 

included. For the future , the PISA evaluations aim to consider indicators that 

characterize  motivation for learning, learning strategies and the citizen on his 

interaction with the rest of the citizens. 

Second generation research understand human capital as a conjunct of 

factors: language abilities, resources for the learning of mathematics and formal 

reasoning. Those factors are, from this approach (DeSeCo, 2005) the 

explanation of academic achievement.  

The DeSeCo project (2005) had as a goal to select and define the group 

of comptences that hold the theoretical framework in which the OECD 

researcher’s work. To analize the contributions of this group of authors, their 

contributions have been broken down, differencing the contributions dated in the 

first generation, which were centered in the analysis of the curricular aspects 
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related to the selection and definition of key competences. There was also 

summarized a group of studies that were refered as secon generation studies. 

These last studies considered the design, the making of the pilot study and the 

construction of an evaluation instrument held in the group of conceptual 

contributions, a prioritary issue. 

2.6 The Concept of Competence 

The concept of competence requires a rigurous explanation, according to 

Waynert (2004). This lack of clarity in the concept is widely compensated by this 

author. This lack of clarity in the concept is widely compensated in this author 

with an extense effort aimed to a define competence and the implications 

underlying this concept. Although the concepts of capacity, qualification, ability or 

efficiency are treated in general sense as synonimous of competence, neither 

are they defined with precission nor are they differenced with clarity. The 

example analysed by this author is the one from the Webster dictionary ( ) where 

competence is defined as aptitude or capacity. Around this two concepts, the 

mentioned dictionary refers those of efficiency, dominion and ability.  

Weynert (2004) states a distinction between the sense of the word 

competence for natural sciences and for social sciences. This last sense is the 

one that concerns to the matter of this study as it is pertintent for sociology, 

psychology, linguistics, political science and economy. In this respect, Weynert 

(2004) says that for all this disciplines the word competence is interpreted as a 

quite specialized system of abilities or capacities that are necessary for the 

achievement of a certain goal. Theese abilities or capacities pressume a 
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determined learning and the possibility of vinculate it to the resolution of specific 

problems.  

Another relevant aspect relates to the dimension in wich the competences 

are portrayed. This distinction is treated in detail in a study by Carson (2004), 

where the difference between the individual and collective dimension of 

competence is stated  

In Weynert (2004), competence is understood as a system of abilities or 

capacities sufficient for the completion of a goal, that can be applied to an 

individual and the distribution of such competences in a group or social 

institution. 

An important contribution by Weynert (2004) is the aknowledgment of the 

wide variety of senses for the concept of competence and the great diversity 

appreciated in the uses of such meanings. For that reason, his conclusion about 

the possibilities to articulate a conceptual structure sufficiently organized to hold 

a theoretical explanation about competences is justified. In this respect, he potnts 

out that it is not possible to discern or infere a coherent theory from this multiple 

uses. There isn’t a theoretical basis for a definition or classification from the 

apparently infinite inventory of ways to use the term competence. However, in 

Waynert’s opinion (2004) there is a group of conceptual approaches that can be 

the infrastructure to hold the refered theoretical basis.  

2.6.1. General Cognitive Competences 

In Waynert’s approach (2004), competences are understood as abilities 

and capacities of a cognitive nature. These are general intellectual abilities that 
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include all the menthal resources of an individual. In this respect there are three 

conceptual approaches that can be distinguished. The first of them relates to the 

psychometric models of human intelligence. For those, intelligence is a human 

competence and it is chartacterized as a system of a system of abilities free of 

content and context (Carroll, 1993). The second conceptual approach, in terms of 

general cognitive competences, is the methodology of information processing. 

Intelligence in this approachis a general competence trough which the subject 

gains an infinite variety of abilities and knowledge. The third approach is 

identified expressly as Piaget’s. The secuence of steps in developments conduct 

the subject to an abstract and flexible knowledge and to progressive action 

competences (Piaget, 1947). 

2.6.2. Specialized Cognitive Competences 

From this approach, the calssification and description of specialized 

cognitive competences is important. Such specialization is related to certain 

groups of cognitive pre-requirements that must be available for the indivdual to 

be able to function in a certain area. Naturally, each particular area will demand a 

redefinition of the respective cognitive competences which are particular to it. 

Leplat (1997) has established the advantages of the specific performance 

approach, compared to the ability centered competences approach.    

2.6.3. The Competence-Achievement Model 

This model is held in a basic distinction between the concepts of 

competence and achievement (Chomsky, 1980). For Chomsky, the linguistic 

competence is inherited ability and therefore it is universal. A basic system of 
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competences that, when set to an specific learning process, will allow human 

beings to acquire the mother tounge and therefore it will allow him or her to 

articulate gramatically acceptable statements. The adquisition of language is a 

product of the relation between competence and achievement. As a sub-product 

of this approach, the concept of competences in the theory of discourse can be 

quoted (Hymes, 1967). 

A modification of this approach is the competence-moderator-achievement 

model (Overton, 1985) where the relation between achievement and competence 

is moderated by other variables, for example the cognitive style and memory, 

among others.  

2.6.4. Cognitive Competences and Action-Motivation 

 The relation between cognitive competences and action-motivation trends 

was established by White (1959). In the definition of this author, competence is 

an effective interaction of the subject with the enviroment. He proposed an 

intrinsic need to face the enviroment and from that this author detaches the 

importance of the feeling of effectiveness and motivation for the competence. 

When an individual is competent, he develops an achievement experience that 

has a motivational value and impacts his future performance. Therefore, the self 

concept of the subject has a special value in this author’s approach. He 

distinguishes, for example, a level of “self” by characteristics and a level of “self” 

by state. Another author, named Epstein (1973) quoted by Weynert (2004) differs 

the concepts of “self” for levels of generality. The highest level would be the 

“global self” level, wich is the more general and describe the individual as highly 
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self confident. Another level would consider the personal evaluation in different 

areas such as phisical attractive, social status, intelectual capacity and moral 

capacity. The next level of self concept is related to achievements in very specific 

areas such as mathematics, sports and foreign languages, among others.  

Sembill (1992) makes a distinction between objective and subjective 

competences. The first are the achievements and the dispossition to 

achievement, than can be measured trough scales and tests, as the second are 

defined as the subjective valoration of relevant abilities for the performance, 

which are necessary to solve problems. Finally the concept of subjective 

competence has been divided by Staudel (1987) in three sub-definitions: euristic, 

epysthemological and actualized competence. 

2.6.5. Action Competences 

This approach describes a type of competence that includes all the 

motivational and social cognitive pre-requirements that are indispensable for a 

determined action to be successful. The elements that compose an action 

competence model are: solving problen ability, critical thinking, knowledge on the 

subject in general and particular sense, self confidence and social competences. 

Although traditionally this kind of competences are described in the individual 

order, it is possible to establish achievement objectives for groups and 

institutions. 

2.6.6. Key Competences 

In the wide debate over the theory of competences, the concept of key 

competences has occupies a privileged space. In press as in everyday 
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conversation, this concept is also positioned as mandatory topic for the analysis 

of the educational reform of 2004. And, in the opening of the forums about the 

integral reform of 2008. That justifies the pertinence of Weynert’s question: why 

does the key competences concept results as such an attractive one?  

In this author’s definition, the term is generally refers to multi-functional 

and transdiciplinary useful for the achievement of many important goals, to 

master diverse tasks and to perform in unknown situations (Weinert, 2004). Is 

this wide spectrum competence condition, of multiple function condensation, 

trough a wide group of disciplines, what provides the elected competence with a 

privileged value. 

The key competence would appear as a metha-competence, a cognitive 

ability that qualifies us to develop in a global way the rest of the important 

competences. For the educational policy analysts this concept is attractive 

because it separates the idea of an overloaded curriculum and focuses it in a few 

key competences. Naturally, the matter is under which criterion the condition of 

key competence is established in a competence.  

According to Weinert (2004) there is a wide spectrum of competences that 

the specialized literature refers as key competences. Among them are: the 

mother toungue’s oral and written mastery, mathematical knowledge, reading 

competence for fast acquisition and adequate processing of written information; 

the mastery of at least one foreign language, the competence of the means, the 

independent learning strategies; social competences; divergent thinking, critical 

judgments and self criticism. In some way, these competences have already 



 32

been formally and widely recognized inside and outside the specialized literature. 

The criteria in which their selection as key competence is held are the ones 

proposed by Weinart (2004). In the next lines they will be described: 

• Key competences are defined in different abstraction, generality and 

universality levels, there isn’t a theoretical model that represents 

them in an accurate way. It is important to establish a normative 

reference framework-not only empirical- as a context for the 

definition of the key competence. 

• The key competences are knowledge, beliefs and action systems 

that are built from the mastery of a group of basic abilities. There are 

psychological components that are considered in some cases as part 

of the key competences and that must be defined in such a way that 

they do not give place to a psychological discrimination. 

• A common prejudice to the possibilities of education and 

socialization in general terms, is related with the key competences. 

This prejudice establishes that learning how to learn and learning the 

electronic means to locate the information will substitute the need of 

the citizens to learn specific contents. The more the general the key 

competence, the less the applied capacity to solve a wide variety of 

problematic situations. 

• In general sense, key competences can’t compensate their lack of 

specific content (Weinert, 1998). By themselves, the key 
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competences have no practical use. It is the expereince that allows 

the general competence to actually function.  

• Finally, relating to many of the refered key competences, the basic 

issue is if they can be effefctively developed in the subject trough 

programs of planified training. The example for this discussion is 

critical thinking. 

• An important discussion about key competences is related to the 

concept of metha-competence. The concept is a derivation of the 

reference framework of contemporary psychology denominated 

metha-cognition. This concept is relate to the knowlegde we have 

abour knowledge itself. The case of metha-competence is define by 

Nelson and Narens (1990) as the ability to judge, the availability, use 

and quality of the learning of the personal competences. It is a 

competence that allow the knowledge and application of a wider 

group of competences.  

• In general, the results of the metha-cognitive studies are important 

for the development of a theoretical conceptualization about 

competences in general sense and in a very particular way, for the 

topic of the key competences. The metha-coignitive studies outline 

the role of introspection in that process, as it is the baisis of the 

psyuchologic processes for learning, memory and thinking. 

As a conclusion, Weinert (2004) establishes that it isnt possible to offer a 

unified definition for the concepts or competence and metha-competence. About 
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competence, however, he outlines that the concept refers to the pre-requirements 

necessary that are availabe by a group or individual for successful achievement.. 
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CHAPTER 3 

METHODOLOGY 

 

The purpose of this section is to present the methods used to conduct this 

proposal. First, the research design, the description of the population to be studied 

and the sampling design are exposed. To continue, the measure instruments and 

the variables to be considered will be detailed. The procedures for data collection, 

data processing and finally the design of the statistical analysis of data will be 

developed to evaluate the research hypotheses. 

3.1 Research Design 

The design of the research proposed belongs to the category of studies 

denominated secondary data analysis and intends to characterize the important 

variables, in a separated way and in their interrelation.  

The exogenous variable of the study are the key competences 

(mathematics, logical reasoning and language), which were measured trough the 

results of the achievement of the students of technological high school during their 

first entrance evaluation trough the standardized test made by the COSNET in 

september 2005.  

The endogenous variable is the academic achievement, measured trough 

the scores in the semester evaluations of the same students processed by their 

teachers in January 2006.  
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Given the existence of an institutional investigation line from OECD for over 

20 years, this study demands a confirmatory approach in the analysis of the data 

and, given the importance of establishing patterns of relations among the variables 

a priori, the use of technical resources of an inferential nature was considered. It 

was considered an strategic need to incorporate tools that analyze  in a 

systematical way the error in the different dimensions in which it occurs in the 

variable measures. Given the latent nature of the exogenous variable and the also 

latent nature in the option b of the endogenous variable, it was necessary also to 

choose a methodology that permits the processing of latent data.  

Finally, given the limited variety of procedures and the great difficulty of 

certain cases to find the tools to perform the multivariate modeling of relations 

between variables, in this study we considered the use of tools of covariance 

analysis, particularly the Structural Moments Analyzer, also known as AMOS 

(Arbuckle and Wothke,1999; McCallun and Austin, 2000). 

3.2 General Characteristics of the Population Studied. 

The population of this study is composed by students that enter to 

technological high school in September 2005. They are teenagers (fifteen years 

old average) both sexes. Most of them come from the socially segregated zones of 

the seven geographical areas of Nuevo Leon state. Geographical zones co-

respond to the areas where technological high school institutions are. The 

technological high schools in Nuevo Leon are: CBTis 22 in Monterrey, CBTis 99 in 

Monterrey, CETis 101 in Guadalupe N.L., CBTis 74 in Guadalupe N.L., CBTis 53 
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in Apodaca N.L., CBTis 258 in Escobedo N.L. and CBTis 163 in Montemorelos, 

N.L. 

3.2.1 Locality of the Study 

The subjects of this study are from different communities in the state of 

Nuevo Leon. Despite that fact, the data for the independent variable (the first 

entrance evaluation of 2005) and for the dependent variable (the semester 

evaluation of January 2006) are available for consulting in the digital files of the 

XIX Zone Coordination of DGETI in Nuevo Leon. Consequently, it is possible to 

make the indirect collection of this data without having to consult the specific files 

of each involved school. 

3.3 Sampling and Procedures 

The sample is formed by first grade students, both genders, enlisted in 

DGETI schools in Nuevo Leon state that went trough the High School Entrance 

Evaluation in September 2005 and concluded their first semester in January 2006. 

The study considered students that participated in the evaluation in 

September 2005 and finished their first semester in January 2006.  

Initially, the 2064 that participated in the Technological High School First 

Entrance Evaluation in 2005 were considered. Now, considering the high school 

drop-out (up to 19% in first semester), as well as the incidence of other 

factors;aproximately 81% of the student originally registered are part of this study. 

The final sample is then 1610 students. 

 The definition of the sample size from a multivariate angle demanded 

different criteria. The number of manifested variables in the model was accounted 
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and multiplied by fifteen. The multivariate requirement for the size of the sample 

for the measure factorial model of the independent variable resulted in 390 cases, 

following the criterion pointed out by Stevens (1996). In the case of the final 

model, the so called structural model, up to 30 manifest variable were considered, 

and therefore the sample should not be less than 450 cases.  

Other authors as Bentler and Chou (1987), agreed with Steven’s criterion; 

although, they have establishes that same criterion but considering the parameters 

to be estimated (by 5) and not the manifest variable (by 15) by themselves. 

Nevertheless, the five parameters from Bentley and Chou (1987) to be estimated, 

always consider, at least , one residual term and a path coefficient for each 

parameter to be estimated. Finally, they are 3 by 5 and that way it matches 

Steven’s criterion for the number of manifest variables, by 15.  

In a different criterion, Loehlin (1992) established, after an exhaustive 

review of the literature, that 100 and 200 cases were an adequate sample for this 

type of studies. For the initial model and the final model, the size of the sample for 

this study widely exceded the requirements of Stevens (1996), Bentler and Chou 

(1987) and Loehlin. 

The study intends to establish conclusions about a universe of 4,542 

candidates that were enlisted for technological high school in the state of Nuevo 

Leon during September 2005. Due to the administrative critera of DGETI in a 

federal level, only the first 2,064 of these students went trough the exam 

developed by COSNET. Cases were obtained directly from the registries made by 

the XIX Zone Coordination and the selection must include every registry that 
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includes the listing for the First Entrance Evaluation of September 2005 as well as 

the Semester Evaluation of January 2006, wich provides a ver robust sample. 

3.4 Measurement Instrument 

The measurement instrument for the independent variable is the First 

Entrance Evaluation Questionnaire of COSNET, September 2005. The instrument 

applied in the evaluation was formed in three segments where the level of 

development for formal reasoning (eight categories with thirty two questions), 

capacities for the learning of mathematics (eight categories with twenty four 

questions) and verbal abilities (four categories with fifthy four questions) were 

evaluated. In total one hundred and ten questions. For each of the three 

segments, composite measures were generated. In total they were 20 cathegories 

which we refered as sumated scales.(8, 8 and 4). 

Table 3.1 Factor, Category and Items. 
FACTOR CATEGORIES ÍTEMS

   
RF1, Compensaciones multiplicativas 
RF2, Pensamiento correlacional 
RF3, Pensamiento probabilístico 
RF4, Pensamiento combinacional 
RF5, Pensamiento proporcional 
RF6, Formas de conservación sin 
verificación directa 
RF7, Equilibrio mecánico 

 
 
 
Formal reasoning 

RF8, Coordinación de dos o más sistemas 
de referencia 

24 

MT1, Comprensión de los enunciados que 
se leen 
MT2, Capacidad para establecer 
inferencias lógicas 
MT3, Capacidad para realizar 
generalizaciones 

 
 
 
Mathematics abilities 

MT4, Abstracción reflexiva 

24 
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Table 3.1 Continued 
MT5, Capacidad para establecer relaciones 
MT6, Capacidad para comparar relaciones 
MT7, Capacidad de simbolización 

 

MT8, Capacidad de imaginación 

 

HV1, Comprensión de lectura 
HV2, Analogías 
HV3, Complementación de enunciados 

 
Verbal abilities 

HV4, Antónimos 

54 

TOTAL 20 110 
 

3.4.1 Instrumentation and Variable Measurement Tools 

To conduct the analysis and interpretation of the data obtained in the verbal 

ability, formal reasoning and mathematic ability tests, denominated key 

competences, it is necessary to have a comparison framework that responds to 

what is desirable. For the authors of the evaluation (COSNET) this comparison 

framework is as described below: 

• Formal reasoning: It’s the intelectual act made by the subject to appropriate of 

the characteristics of an object, fact of phenomenae wihotu the need for the 

subject to be present. In this ability, it is desirable that the students answer, as 

minimum, eighteen of the thirty two uqestions correctly. This means they must 

be in the level of low formal reasoning, or high. 

• Capacities for the learning of mathematics: the potential that the subject 

posesses to achieve intelectual action with success in the area of mathematics. 

In this ability, it is desirable that the students answer correctly at least twelve of 

the twenty four in the test, for them to achieve, at least, the medium domain 

level.  
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• Verbal ability: the minimum desirable criteria are for the accepted candidates to 

answer, at least, thirty seven of the fifty four questions correctly, for them to be 

in the level of domain. 

3.4.1.2 Dependent Variable: GPA 

The interpretation framework for the evaluation of academic achievement 

considers the qualification measure obtained in six assignments for each one of 

the first semester students in the semester evaluation of January 2006. Those 

assignments are algebra; english; chemistry; reading, written oral expression; 

science, technology, society and values and technologies of information and 

communication. Nevertheless, compared to a factorial measure model of the 

dependant variable, the predictive validity of independent variable significantly 

improves. 

3.5 Research Hypothesis 

The main research question fo this study asks if the key competences are 

significant factors in the explanation of academical achievement. The research 

hypotesis for this study (H1) holds that key competences influence academical 

achievement significantly. From this key competences, the ones related to 

mathematical literacy, language literacy and logical reasoning literacy are 

significantly important. 

3.5.1 Model Specification 

The model specification is sustained in a theoretical-hypotetical formulation 

that supposes linearity between human capital and academic achievement. 

Consequently, this research hypothesis can be expressed in the next way: La = 
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CH + e, and therefore: La = hv + hm +rf +e. La is academic achievement, CH is 

Human Capital e is the error, hv is verbal abilities, hm is mathematics abilities and 

rf is formal reasoning. Attending to the research hypotheses it proceeds first to 

design a measurement model for each of the key competences, a human capital 

measurement model and finally, a structural model that to establish the relations 

between the measure model of the exogenous variables and the measure model 

of the endogenous variable. 

3.5.2 The Re-specification of the Measurement Models 

The analysis of the factorial model for verbal ability, mathematical abilities 

and formal reasoning allowed to validate the condition of multi-variate normality of 

the sample, being supported in the respective Mardia’s coefficient (1980) and it 

also allowed to adjust the values out of range or outliers, trough the analysis of the 

Mahalanobis’s distance (Trochim, 2003; Hair, Anderson, Tatham and Black, 

1998). Basically the intention was to establish if the group of sub-scales loaded the 

hypotetized factor. When this happened, a measure adjustment evaluation was 

performed and when that didn’t happen, a re-specification of the measure model 

was conducted (Kline, 1998). 

3.5.2.1 Specification of the Measure Model 

Given its condition of latent variable, accesed indirectly trough its effects, 

human capital requires a measure model for non-directly tangible variables, in 

other words, a factorial type model. The measure model of the exogenous variable 
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expresses the theoretical assumptions of the human capital in the contemporary 

version and suposses that sumated scales and indicators will be grouped in each  

case around its factor loading. Theese three factors -mathematics, language 

abilities and formal reasoning- will be grouped around our exogenous construct: 

human capital. To evaluate normality and in its case, to adjust values out of range; 

Mardia’s coefficient was used as well as the analysis of the Mahalanobis’s 

distance. Thye factorial model was validated trough the factor loading report. 

Finally, the measures of goodnes of fit measures. The next figure expresses the 

hypotesis where an interrelation between the key competences is formulated. 

Same time that factorial measure model is vinculated, under the shape of 

an structural model, to the endogenous variable : academical achievement. 

3.5.2.2  Specification of the Structural Model 

The specification of the structural model considers the measuring model of 

the exogenous variable as the measuring model of the endogenous variable.: the 

manifested (GPA) and the latent (factorial AGPA). The manifested endogenous 

measuring model (the average variable) is one of the dependant variables and the 

endogenous-latent measuring model (the adjusted factorial) is the other 

dependant variable to be compared. This endogenous dependant can be a 

manifest endogenous or it can be sustituted by an endogenous-latent variable. 

The endogenous variable is a dependant. Manifest is the name given to the 

variable that relates to GPA and latent is the name given to the variable 

associated to the adjusted factorial. 
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3.6. Procedures for Data Processing 

Data processing for this study was developed using the statistical software 

for social sciences called SPSS. Specifically, the most recent of its modules was 

used, the one related to structural moments analysis. The reason to perfomr the 

statistical calculations trough this software is that it simultaneously performs two 

well differenced mathematical procedures: a factorial analysis and a multiple 

regression.  

This SPSS module is specifically designed to work with big samples and it 

is provisioned of modules to establish multi-variate normality, to adjust non-

normality problems; to establish factorial of measurement and for making 

decisions based on a wide spectrum of indicators of goodness of fit measurement. 

Non of this characteristics are present in earlier modules of SPSS. 

Finally, the module of structural moments of SPSS was used because it is 

the only one that allows to perform regressions of the factorial models in a 

simultaneous way. The most recent literature not only reccomends the use of this 

module of SPSS for research on economy, sociology and psychology but also 

claims that this software has been specially designed for this sort of purposes. 

(McCallum and Austin, 2000) 

For the data processing the further actions were taken: 

• Assumptions, normality and data adjustment. 

• Analysis of the first order factorial measuring model for each of the 

exogenous sub-scales. 

• Analysis of the factorial measuring model for key competences 
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• Analysis of structutral modeling. 

3.6.1 The Hypotheses 

In this section it will be showed the main hypotheses that were considered 

for this study. 

• H0: key competences are not important factors in the explanation of 

academic achievement. 

• H1: key competences are important factors in the explanation of 

academic achievement of high school students. 

• H2: language is the key competence that best explains academic 

achievement.     

• H3: mathematical abilities are the key competence that best explains 

academic achievement 

• H4: formal reasoning is the key competence that best explains 

academic achievement. 

3.7 Limitations of the Study 

An intial limitation is related to the characteristics of the sample. Although it 

was originally intended to include the eight schools of DGETI in Nuevo Leon, in 

the databases consulted, only seven of them were accessable. This initiall 

decrease in the size of the sample impacted the generalization of results. That 

explains the importance of reprising the study in different, wider contexts. A 

second limitation is the fact that the schools in the sample are from Nuevo Leon 

only, restricting its representativity as a sample. A third limitation has to do with the 

instrument of measure, due to the fact that its data wouldn’t allow a factorial 
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validation in its three components. This circumstance demanded the re-

specification of the measurement model of the key competences, now considering 

only the two components validated in their factors. Different from the original 

model, the model that just incluide verbal and mathematical abilities can be hold in 

its latent variant as in its manifest variant. 

A fourth limitation is relate to the conceptual frameworkl of the key 

competences model in its original version, as it considers GPA as its dependant 

variable. The results of the study represent a critic to the traditional conception of 

GPA as the model of the AGPA demonstrated a greater predictive validity. 

Aditionally, the results of the study must be interpreted as a critic to the use 

of qualifications provided by the teachers as a valid, trustable measure, held in the 

academical achievement of students. 

Another of the limitations of this study is the impossibility to directly access, 

item by item, to the prime subject of this study, the integral databases of the 

evaluation performed in 2004. The sumated scales as the sub-scales were used. 

Another limitation of a formal nature is that the sub-system SEMS doesn’t have a 

structure that holds the condition of cotidian work of scientific research, so 

research cannot be performed any further than weekends. Besides, there exist 

personal limitations of the researcher as an instrument for this research.  

Aditionally, it is important to develop an evaluation of the theoretical model 

that holds the study, as the methodology used. The human capital model of OECD 

held a structure of three components, in which each one of them had an 

equivalent weight.  
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The results of the study represent a critic to this model as they can justify its 

re-formulation to one of the two factorial components: mathematical abilities and 

verbal abilities. The results of the study also question the specific weight of each 

factor, giving the verbal abilities a weight significantly greater than the one 

reported for mathematical abilities. 

A third theoretical questioning is related to the explanatory capacity of the 

model. Although, the original formulation of the OECD only includes three 

elements, in the structure of the human capital model the results of the study allow 

to claim that there exist other important variables in the explanation of academical 

achievement. The study establishes, between its most important findings ,  that the 

explanatory capacity of the model is narrow and at the same time holds that such 

limited capacity is significant.  

About the methodology oif the study, although its selection was founded on 

the assumptions that justify a methodological approach of this nature, and 

although such assumptions are held at the same time in the suggestions that the 

specialized literature shows, the structural ecuation modeling still depends on not 

always standardized nor unified criteria.  

The determination of the sample size for multi-variate studies depends of 

uniform criteria, but not always these are clear or explained in detail. Even thoug, 

they are operative and allow to make decisions about how many cases are 

necessary to run the databases.  

The software used in this study for structural ecuation modeling do not offer 

the criteria for the interpretation of Mardia’s coefficient, nor to establish the edge in 
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the analysis of Mahalanobis’s distance, nor to decide if the factorial measurement 

model is or isnt valid, nor to determine how to interpret the proportion of explained 

variance of the factorial components of the dependant variable (in case of 

standardized facorial loading), nor in the case of the square multiple co-relation as 

an elemnt to interpret the proportion of global explained variance of the model for 

its dependent variable, which is academical achievement. 

About the current thirty element criteria for the completion of the analysis of 

the goodness of fit measures, it can only be added that each on of them responds 

to a different criterion and that to evaluate that criterion will always be 

complementary between the available coefficients. The researcher has to solve 

each one of the mentioned ellements of criteria and can only advance up to the 

point where he is able to comprehend the specifi sense of each process in every 

replay of the adjustment that goes around re-specifying its own structural model. 
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CHAPTER 4 

RESULTS 

 
The general results of the study, generated though the group of statistics 

procedures, will be exposed in this chapter. Initially, it exposes the results of the 

sample’s  demographic variables and their comparision with the current national 

estimates. Then, the results regarding the desciptive analysis of the dependent 

and independent variable will be presented, followed by the results of the 

endogenous and exogenous measurement models. Finally, the structural 

measurement model is evaluated, comparing the case of the manifested and 

latent dependent variables. 

4.1 Distribution of the Demographic Variables 

The distribution of the socio-demographic variables is important in the 

extent that they offer a description of the context’s elements that could be 

significative in the more general frame of the study results’ interpretation. It also 

permits to establish the elements of the specific context that facilitate to make cuts 

in the study  in attention to their socio-demographic conditions. Among them, the 

participation’s percent of DGETI schools in Nuevo Leon, the type of junior high 

school of precedence, the year of junior high school graduation, as well as the 

age, gender and carreer’s percentage were considered. 
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Table 4.1. Participation’s Percentage of the DGETI Schools in in the Sample. 
Schools Frequency Percentage 

CETis 163 203 12.6 
CETis 101 435 27.0 
CETis 066 206 12.8 
CBTis 099 205 12.7 
CBTis 074 130 8.1 
CBTis 022 431 26.8 

 1610  
 
Table 4.1 above shows that the participation’s percentage in the sample 

per school goes from 8 to 27%. More than half of the sample concentrated in two 

schools: the CBTIS 22 and the CETis 101. There were two schools in Nuevo Leon 

that did not participate in the sample: the CBTIS 258 and the CBTIS 53.  

Table 4.2. Participation’s Percentage for Junior High School of Procedence 
Type of school  Percentage 

Other .6  
Technical private school .8 
General private school .7 

Telescondary state school .4 
Workers state school .2 
Technical state school 13.0 
General state school  31.6 

Tele secundary federal school 2.4 
Workers federal school .3 
Tecnical federal school 27.8 
General federal school 20.3 
Workers private school 1.8 

 
Table 4.2 above shows that the participation’s percentage for junior high 

school of procedence point out that the main sources are the state and federal 

schools, while the general an technical private schools have a minimal 

participation. In the sample participated federal schools with a 50.8 %, the state 

schools with a 45.2%  and finally, the private technical and general private schools 

with a 3.3 %.  It is concluded that in the DGETI subsystem of Nuevo Leon, most of 
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the students came from the federal system of technical and general junior high 

schools. 

Table 4.3. Percentage of Students for Graduation Year in Junior High School  
Año en que concluyo la 

secundaria 
Porcentaje 

2005 82.2  
2004 
2003 

12.0 
3.5 

 
Table 4.3 above shows that most of the students of the sample have 

recently graduated from junio high school. They are barely 12% that graduated in 

the 2004 and only a 3.5% graduated in the 2003. 97.7% of the population 

concentrated between 2003 and 2005. 

Table 4.4. Age Percentage 
Age Percentage 
21  
20 00.3 
19 00.4 
18 00.7 
17 03.9 
16 13.2 
15 50.9 
14 29.5 

 

As regards ages (see table 4.4 above) of the students that participate in the 

sample, it outlines that the age rank with the highest  population is the one of 15 

years with a 50.9 %, followed by the age rank of 14 years (29.5%) and the age 

rank of 16 years (13.2%). Basically the students that enter the system and 

participate in the first entrance evaluation oscilate between 14 and 16 years old.  

Table 4.5. Gender Percentage 
Gender Percentage 
Female 40.9  

Male 56.0 
No answer 03.0 
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Table 4.5 above shows that there are still more males than females among 

participants registered in the technological high school education system. The 

difference between the male and female population is 15%. Even though, it can be 

considered that in this educational choice the percentage of females registered 

has increased in the last years. 

4.2 Results of the Desciptive Analysis 

In this part, the results of the descriptive analysis will be displayed. The 

tables are the best reference. 

4.2.1 The Dependent Variable 

The dependent variable of the model took in count the results of the grades 

of each one of the students in the sample, in the six corresponding courses. Table 

4.6 shows the central tendency statistics regarding the six courses and the GPA. 

Table 4.6. GPA, Standard Deviation, Standard Error of Kurtosis and of Skewness 
 GPA Química Algebra ING LEO CTSV TIC 

Mean 7.10 7.02 6.34 6.98 7.09 7.75 7.42 
Std 

deviatior 
5 1.56 1.43 1.60 1.63 1.71 1.62 

Kurtosis -.772 -1.123 -.526 -1.094 -1.166 -1.102 -1.107
Skewness .069 .089 .723 .204 .092 -.331 -.162 

Error S 
Kurtosis 

.120 .120 .120 .120 .120 .120 .120 

Error S 
Skewness 

.060 .060 .060 .060 .060 .060 .060 

Note: Normality criterion  is a value of error estándar of kurtosis and skewness 
less than a +-1.96. p= 0.01 

 
This six assignatures belong to the dependant variable of the study. The 

purpose of table 4.6 is to offer a statistc proof criterio that allows to evaluate 

normality in the group of data that compose each sub-scale. The normality 

evaluation of the dependent variable GPA attended Hair, Anderson, Tatham and 
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Black (1998) criterion, that establishes what he calls they called the “thumb rule”. 

This criterion of cut is held in the standard error of kurtosis an skewness.  In all the 

cases, including the six grade GPA, the estimate values of the standard error of 

kurtosis and skewness are lower than +-1.96 with a p= 0.01. Consequently, it fails 

to reject the assumption of univariate normality and it accepts that provisionally 

those scores are normally distributed. In this evaluation, the suggestion of Hair, 

Anderson, Tatham and Black (1998) was considered. They recommend two 

graphic tests a statistical test as a resource to evaluate normality.  

In the histograms exposed, bi-modal behaviours are observed, but in 

general terms, the dependant variable can be considered as visually normal. This 

apreciation is founded particularly in the behaviour observed in the histograms 

from figure A1 to A7, in appendix A; the graphic tests named normal Q-Q plot and 

detrended normal Q-Q plot of the six courses from figure A8 to A21; and even 

GPA in figure A19. All theese report a behaviour that shows the dots being very 

near to the line in the graphic in the Q-Q plots, as they show opossition to the 

horizontal line in the detrended Q-Q plots. This indicates normality. Graphics from 

A1 to A21 are available to be looked up. 

From the point of view of the statistical test, supported in the standard error 

of kurtosis and skewness (see table 4.6), the reported values were under the 

criterion of cut +-1.96 wiht a p= .01, and therefore the dependent variable and its 

subscales are normal distributed. 
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4.2.2 The Independent Variable 

As regards to the independent variable, some desciptive analysis, such as 

central tendency examinations for each one of the subscales of the components 

were done. Like the analysis of the dependent variable, a normality evaluated test 

was included considering the standard error of kurtosis and the standard error of 

skeweness. Table 4.7, 4.8 and 4.9 illustrated the summarized results of the 

descriptive analysis.  They included mean standard deviation, kurtosis skewness, 

standard error fot he kurtosis and skewness for each one of the three sub-scales 

of the independent variable. The three tables are exposed next. 

Table 4.7. Subscales of Formal Reasoning of the Independent Variable 
 Rf1 Rf2 Rf3 Rf4 Rf5 Rf6 Rf7 Rf8 

Mean .71 .96 .23 .86 .13 .85 .84 .78 
Std D .83 .85 .24 .83 .96 .84 .87 .83 

Kurtosis 1.54 -.165 .197 .148 .381 -.377 .382 659 
Skewness 1.209 .593 .850 .742 .538 .633 .895 .931 

Error S 
Kurtosis 

.122 .122 .122 .122 .122 .122 .122 .122 

Error S 
Skewness 

.061 .061 .061 .061 .061 .061 .061 .061 

       
Table 4.8.  Subscales of Mathematics Abilities of the Independent Variable 

 Mt1 Mt2 Mt3 Mt4 Mt5 Mt6 Mt7 Mt8 
Mean .71 .77 .94 .94 .71 .49 .65 .62 
Std D .74 .80 .93 .86 .76 .65 .68 .68 

kurtosis -2.34 -.252 -.501 -.543 .117 .122 .122 .122 
Skewness .709 .719 .679 .528 .829 1.049 .613 .744 

Error S 
Kurtosis 

.122 .122 .122 .122 .122 .122 .122 .122 

Error S 
Skewness 

.061 .061 .061 .061 .061 .061 .061 .061 

 
Table 4.9.  Subscale of Verbal Ability of the Independent Variable. 

 Hv1 Hv2 Hv3 Hv4 
Mean 3.07 3.05 3.32 3.03 

Std deviatior 1.54 1.90 1.86 1.82 
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Table 4.9.  Continued 
Kurtosis -.053 .848 .179 .113 

Skewness .375 .801 .591 .603 
Error S Kurtosis .122 .122 .122 .122 

Error S Skewness .061 .061 .061 .061 
 
The normality test took as a reference point the standard error of the 

kurtosis and skeweness estimates (Hair, Anderson, Tatham and Black, 1998), as 

shown in table 4.7, 4.8 and 4.9. Since these values are under +-1.96, at the 

p=0.01, they fail to reject the normality assumtion. This means that these variables 

are provisionally considered normally distributed. 

The graphic tests (figures B1 to B24 in appendix B), as well as  the 

statistical tests (Table 4.7, 4.8 and 4.9), hold the difficulty to reject the normality 

assumption in the three sub-categories of the independent variable (verbal skills, 

mathematical abilities and formal rerasoning). Consecuentlly, it can be 

provisionally affirmed that the independent variable is normal. 

4.3 Results of the Analysis of the Factorial Measurement Model 
 

This section describes the results of the analysis of the factorial 

measurement model. 

4.3.1 The Subescale of Verbal Ability 
 

The tables shown be low describe the evaluation of the subescale of verbal 

ability. 
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Table 4.10. Multivariate Normality for Verbal Ability 
Evaluación de normalidad 

 Min Max Skew c.r. kurtosis c.r. 
hv1 0.00000 9.00000 0.42573 6.98681 0.10001 0.8206 
hv2 0.00000 11.00000 0.83001 13.62153 0.93396 7.6637 
hv3 0.00000 10.00000 0.59516 9.76735 0.18031 1.4795 
hv4 0.00000 10.00000 0.60614 9.94754 0.10025 0.8226 

       
Multivariate     Mardia 

Coeficients=
1.95883 5.6828 

Multivariate      1.80563 5.2335 
Multivariate      1.72664 5.0030 

 
Table 4.10 shows, in the intersection between kurtosis and multi-variate, 

the Mardia’s coefficient. Considerint the values of this coefficient, the four sub-

scales analyzed have multivariate normality. The three values of the Miardia’s are 

between 1 and  10 points, and this value impproved in each adjustment. The 

criterion of cut establishes that the values between 1 and 10 present a good level 

of normality; between 0 and 1, an excellent normality level and over 10 is not 

acceptable. Based on the last adjustment to the Mardia’s coeficient (1.72), it can 

be claimed that the 4 subscales of the independent variable have a multivariate 

normal distribution.  

Table 4.11. Mahalanobis Distance of the 4 Sub-scales of Verbal Ability. 
Higher scores of Mahalanobis distance 

Observation Mahalanobis   
Number d-squared p1 p2 

1373 18.59243 0.00094 0.78296 
1543 18.52386 0.00097 0.46703 
1240 18.48836 0.00099 0.21669 
1254 18.42926 0.00102 0.08484 
1253 18.49748 0.00099 0.79641 
1453 18.30190 0.00108 0.51844 
1452 18.30784 0.00107 0.82320 

Note: Outliers=  p1< 0.001.  
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Table 4.11 shows the Mahalanobis distance values of the verbal ability 

subscales. The adjustment to improve the Mahalonobi’s distance considers to 

eliminate the cases that have a significance (p1) below 0.001. Trough that 

procedure the first, second, third and fifth case were eliminated, until the values 

adjusted to 0.001 of the percentage of trust.  
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Figure 4.1. Measurement model for verbal ability. 

 

The measurement model for verbal ability considered four manifested 

variables and their factor loading in verbal ability (HV). These 4 subescales are: 

Hv1,reading comprehension; Hv2, Analogies; Hv3, statement completion and Hv4, 

Anthonims.  

Table 4.12. Regresion Weights Estimates of Verbal Ability 
Regresión Weights        

                                 Estimate S.E.            C.R.            P Label  
hv4 <-- Hv 1.00000     
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Table 4.12. Continued 
hv3 <-- Hv 0.85291 0.09367 9.10551      0.00000  
hv2 <-- Hv 0.93446 0.10300 9.07226      0.00000 
hv1 <-- Hv 0.34955 0.05710 6.12203      0.00000  

 
Note: Significant factor loading are the values with a critical ratio 
(C.R.) up to +-1.96  

 
Once accomplished the normality assumptions and the outliers, the next 

matter was to see the factor weight of the measurement model. In table 4.12, the 

interest is centered in the critical ratio (c.r.) values. In the case of the 

measurement model, the four subscales weighed significantly in the factor HV, 

considering that their critical ratio values were above +-1.96 with a p = 0.01 

(Byrne, 2001). So it can be claimed that HV is a common factor to the four 

subscales. 

Table 4.13. Chi Square of Verbal Ability 
    Number of distinct sample moments  =  10 
    Number of distinct parameters to be estimated  =  8 
    Degrees of freedom  =  10 - 8  =  2 
Minimum was achieved 
Chi-square = 6.900 
Degrees of freedom = 2 
Probability level = 0.032 

 

Table 4.13 focuses on the probability level. The goodnes of fit value in SEM 

reported in this table the resuls of the chi-square Thes values should be 

considered in a wider context of goodness of fit criteria. Although chi square is 

always present among goodness of fit criteria, its interpretation is always 

contextual. The main reason of this is that this criterion has always resulted very 

dependent to other factors. There is also a consensus in the literature that this 
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parameter is sensitive to the differences in the sample size, particularly in large 

sample sizes, as in this case (Joreskog y Sorbom, 1993). The same situation 

applies for the probability level, that in this case is 0.032, which is significative at 

p=0.05. Considered isolated, it is determined that there are significant differences 

between the measurement model specified and the data. Nevertheless, this 

parameter required to be considered in the context of other goodness of fit criteria 

for conclusions to be established. The specialized literature agrees that chi-square 

has resulted to be little realistic.  

In table 4.14, the complementary criteria for adjusted chi-square are shown 

(CMINDF). For the case of the verbal ability factor, the adjusted Chi square 

CMINDF reported a value of 3.45, which indicated a significative difference 

between the model and the data, considering the criterion of values > to 3.1. The 

RMR reported 0.04, which is interpreted as value barely acceptable, if considering 

the criterion of acceptable values those that are < 0.05 as a limit to establish that 

there is no significative difference between de data and the model. 

The Goodnes of Fit Index (GFI) reported a value of 0.99 and it is interpreted 

as a good index because it is over 0.95. This is the same case for AGFI; that is an 

adjusted GFI. It reported a value of 0.98, and it is good because is over 0.90. The 

normed fit index reported 0.98 over the acceptable level of 0.90 and the Tucker 

Lewis Index reported 0.95, over the acceptable level of 0.90. 

Another important index is the analysis of residuals RMSEA that reports a 

good  value of 0.03. The criterion established that values of 0.06 or less are 

acceptable. Finally, the last values reported were the Hoelter indices that reached 
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a 1398 with a p=0.05 and 2150 with a p=0.01 respectively and were considered 

good values because they are over 200.  These results are exposed on table 4.14 

Table 4.14. Goodnes of Fit Estimates for the Sub-scale of Verbal Abilities 
Fit Measures  

Fit Measure Default 
model 

Satura
ted 

Independ
ence 

Macro Criterio 

Discrepancy 6.90004 0.0000
0 

357.7733
3 

CMIN Menor Xi2  

Degrees of freedom 2 0 6 DF Mayor  
P 0.03174  0.00000 P 0.01 y 0.05 
Number of 
parameters 

8 10 4 NPAR Overidentifi
ed 

Discrepancy / df 3.45002  59.62889 CMIN
DF 

b:< 2.1 m: 
2.1 y 3.1 

      
RMR 0.04930 0.0000

0 
0.53618 RMR < 0.05 o 

menos 
GFI 0.99790 1.0000 0.88720 GFI 0-1 m:90-95 

b: 95  
Adjusted GFI 0.98949  0.81201 AGFI 0-1 acep: 

.90 
Parsimony-adjusted 
GFI 

0.19958  0.53232 PGFI 0-1 
no aplica 

Normed fit index 0.98071 1.0000 0.00000 NFI 0-1 .90 
Relative fit index 0.94214  0.00000 RFI 0-1 
Incremental fit index 0.98623 1.0000 0.00000 IFI 0-1 
Tucker-Lewis index 0.95821  0.00000 TLI 0-1 acep: 

.90 
Comparative fit 
index 

0.98607 1.0000 0.00000 CFI 0-1 

      
Parsimony ratio 0.33333 0.0000 1.00000 PRAT

IO 
 

Parsimony-adjusted 
NFI 

0.32690 0.0000 0.00000 PNFI no aplica 

Parsimony-adjusted 
CFI 

0.32869 0.0000 0.00000 PCFI 0-1 

Noncentrality 
parameter estimate 

4.90004 0.0000 351.7733
3 

NCP Rangos         
no aplica 

NCP lower bound 0.31590 0.0000 293.4677
0 

NCPL
O 
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Table 4.14. Continued  
NCP upper bound 16.96064 0.0000 417.4887

5 
NCPH
I 

 

FMIN 0.00429 0.0000 0.22222 FMIN  
F0 0.00304 0.0000 0.21849 F0 Rangos 
F0 lower bound 0.00020 0.0000 0.18228 F0LO  
F0 upper bound 0.01053 0.0000 0.25931 F0HI  
RMSEA 0.03901  0.19083 RMSE

A 
< 0.06 o 
menos 

RMSEA upper bound 0.07258  0.20789 RMSE
AHI 

 

P for test of close fit 0.65470  0.00000 PCLO
SE 

 

Akaike information 
criterion (AIC) 

22.90004 20.0000
0 

365.7733
3 

AIC Cerca del 
cero 
no aplica 

Browne-Cudeck 
criterion 

22.94989 20.0623
1 

365.7982
6 

BCC  

Bayes information 
criterion 

77.06728 87.7090
5 

392.8569
5 

BIC  

Consistent AIC 73.97692 83.8461
0 

391.3117
7 

CAIC  

Expected cross 
validation index 

0.01422 0.01242 0.22719 ECVI Rangos 
no aplica 

ECVI lower bound 0.01138 0.01242 0.19097 ECVIL
O 

 

ECVI upper bound 0.02171 0.01242 0.26801 ECVI
HI 

 

MECVI 0.01425 0.01246 0.22720 MECV
I 

no aplica 

      
Hoelter .05 index 1398  57 HFIV

E 
Arriba de 

200 
Hoelter .01 index 2150  76 HONE Arriba de 

200 
Note: The limit criteria is exposed in the last column to the right. 

 
CMINDF should be used to evaluate significant differences between the 

model and the data, while RMR, GFI. AGFI, NFI, TLI , RMSEA and Hoelter values 

are important for the failing or acceptance of the hypotheses. To this moment, the 

verbal ability model adjusts to the data.  
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4.3.2 The Mathematics Ability Measurement Model 

Next, the measurement model of mathematics ability its evaluated. The first 

reference is the multivariate normality evaluation.   

Table 4.15. Multivariate Normality Evaluation for Mathematics Ability 
Multivariate Normality  

 Min Max Skew c.r. kurtosis c.r. 
Mt1 0.0000 3.00000 0.70682 11.58561 -0.2426 -1.988 
Mt2 0.0000 3.00000 0.71764 11.76281 -0.2536 -2.078 
Mt3 0.0000 3.00000 0.67678 11.09318 -0.5067 -4.153 
Mt4 0.0000 3.00000 0.52825 8.65862 -0.5444 -4.462 
Mt5 0.0000 3.00000 0.82625 13.54308 0.1048 0.859 
Mt6 0.0000 3.00000 1.04903 17.19466 0.3397 2.784 
Mt7 0.0000 3.00000 0.61358 10.05716 -0.4637 -3.800 
Mt8 0.0000 3.00000 0.74214 12.16439 -0.1992 -1.632 

Multivariate      Mardia 
coeficient

= 

-2.1966 -3.486 

 
Table 4.15 above shows a Mardia coeficient value of -2.19664, which is 

inside the rank +- 1 +- 10 . Consequently, the matematics abilities subscales 

reaches multivariate normality.  

In table 4.16 the value 0.002 in the case 1258 shows that the Mahalanobis 

distance adjusted in the first trial and consequently reached the best value for the 

Mardia’s coefficient. This data conffims the former conclusions about the  

mathematics abilities subscale.  

Table 4.16. Mahalanobis Distance for Mathematics Abilities 
Higher scores of Mahalanobis distance 

Observation  Mahalanobis 
                                Number  d-squared    p1           p2 

1258      24.21499    0.00211     0.96674 
1312      23.75735    0.00252     0.91276 
1124      23.15585    0.00317     0.88468 
1423      22.57296    0.00396     0.88014 

Note: Outliers=  p1< to  0.001 
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The measurement model of mathematics abilities considered 8 observed 

variables representing the factor MT. These variables are Mt1, Statement 

comprehension; Mt2, Capacity to establish logic inferences; Mt3, Capacity to 

perform generalizations; Mt4, Capacity to reflexive abtraction; Mt5, Capacity to 

establish relationships; Mt6, Capacity to compare relationships; Mt7, Simbolization 

capacity and Mt8, Imagination Capacity. 

 

Mt

.01

Mt8emt8

.01

Mt7emt7

.02

Mt6emt6

.17

Mt5emt5

.31

Mt4emt4

.30

Mt3emt3

.03

Mt2emt2

.01

Mt1emt1

.09

.07

-.13

.41

.55

.55

.16

.11

 
 
 

Figure 4.2. Measurement model of mathematics abilities 
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In the next lines, the results of the factor loadings distribution between the 

component mathematical abilities and its sub-scales will be analyzed. 

 
Table 4.17.  Factor Weights for Mathematics Abilities 

Regression Weights 
   Estimate S.E. C.R. P Label 

Mt8 <-- Mt 1.00000     
Mt7 <-- Mt 0.78761 0.47507 1.75790 0.09734 par-1 
Mt6 <-- Mt -1.35277 0.61261 -2.20819 0.02723 par-2 
Mt5 <-- Mt 4.97620 1.90728 2.60905 0.00908 par-3 
Mt4 <-- Mt 7.56106 2.91187 2.59663 0.00941 par-4 
Mt3 <-- Mt 8.21316 3.13149 2.62277 0.00872 par-5 
Mt2 <-- Mt 2.08129 0.87773 2.37122 0.01773 par-6 
Mt1 <-- Mt  1.37019 0.66760 2.05240 0.04013 par-7 

Note: Significant factor weights are those estimates up to 1.96 (C.R.) 
 
Table 4.17 shows the factor loadings of the variable MT. The critical ratio of 

Mt7 reported a value of 1.757 which is under the accepted value of 1.96; and Mt6 

has a negative value of -2.20 which is very irregular in factor loading. The rest of 

the values adjusted over the accepted level.This way, the subscales Mt1, Mt2, 

Mt3, Mt4, Mt5 y Mt8 are significantly represented by the factor mathematics 

abilities (MT).  

Table 4.18 below reported  a value of 0.073 as probability level. This value 

is above the required level of 0.05. Therefore, considering this as a isolated value, 

we can interpret that there are no significant differences between the 

measurement model and the data. Nevertheless, as the case above the 

contextualization of this value is required in contrats to other goodness of fit 

indices, for any conclusions to be established. 

Table 4.18. Chi Square for Mathematics Abilities 
Computation of degrees of freedom 
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Table 4.18 Continued 
    Number of distinct sample moments  =  36 
    Number of distinct parameters to be estimated  =  16 
    Degrees of freedom  =  36 – 16  =  20 

Minimum was achieved 
Chi-square = 29.784 
Degrees of freedom = 20 
Probability level = 0.073 
 
Table 4.19 reported a set of goodness of fit measures for this same model.  

The first of this is the chi square value (CMIN), which reports a value of 29.78 and 

is significant to 0.73, which is above of the 0.05 probability level. Consecuently, it 

is interpreted that it fails to reject the hypothesis that there is not a difference 

between the model and the data. The CMINDF supports the former interpretation 

reporting a value of 1.48, because it is inside the rank to be considered a good fit 

(< 2.1).  

The RMR, with a 0.01 also reported a good adjustment fit (0.05 or less). 

GFI (0.99), AGFI (0.99), NFI (0.91) and TLI (0.96) also reported acceptable 

goodnes of fit values as they are all above the acceptable levels : 0.95, 0.90, 0.90 

and 0.90 respectively. Finally, RMSEA reported a value of 0.01 which is 

considered acceptable as it is under the value of 0.06 and Hoelter indices reported 

values of 1698 and 2031 are over 2000 and were considerd good fit values. 

Table 4.19.  Goodnes of Fit Measures for Mathematics Abilities 
Fit Measures      
Fit Measure Default 

model 
Saturated Independence Macro Criterion 

Discrepancy 29.78444 0.00000 371.84211 CMIN low Xi2  
Degrees of 

freedom 
20 0 28 DF Mayor  

P 0.07342  0.00000 P 0.01 y 0.05 
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4.19. Continued 
Number of 
parameters 

16 36 8 NPAR Overidentifie
d 

Discrepancy / 
df 

1.48922  13.28008 CMINDF b:< 2.1 m: 
2.1 y 3.1 

RMR 0.01091 0.00000 0.06016 RMR < 0.05 o 
menos 

GFI 0.99541 1.00000 0.93817 GFI 0-1 m:90-95 
b: 95  

Adjusted GFI 0.99175  0.92051 AGFI 0-1 acep: .90
Parsimony-

adjusted GFI 
0.55301  0.72969 PGFI 0-1 

no aplica 
      

Normed fit 
index 

0.91990 1.00000 0.00000 NFI 0-1 .90 

Relative fit 
index 

0.88786  0.00000 RFI 0-1 

Incremental 
fit index 

0.97219 1.00000 0.00000 IFI 0-1 

Tucker-Lewis 
index 

0.96016  0.00000 TLI 0-1 acep: .90

Comparative 
fit index 

0.97154 1.00000 0.00000 CFI 0-1 

      
Parsimony 

ratio 
0.71429 0.00000 1.00000 PRATIO  

Parsimony-
adjusted NFI 

0.65707 0.00000 0.00000 PNFI no aplica 

Parsimony-
adjusted CFI 

0.69396 0.00000 0.00000 PCFI 0-1 

Noncentrality 
parameter 
estimate 

9.78444 0.00000 343.84211 NCP Rangos      
no aplica 

     NCP lower 
bound 

0.00000 0.00000 285.28892 NCPLO  

bound      
     NCP 

upper bound 
28.5278

7 
0.00000 409.84142 NCPHI  

FMIN 0.01850 0.00000 0.23096 FMIN  
F0 0.00608 0.00000 0.21357 F0 Rangos 

     F0 lower 
bound 

0.00000 0.00000 0.17720 F0LO  

     F0 upper 
bound 

0.01772 0.00000 0.25456 F0HI  
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4.19. Continued 
RMSEA 0.01743  0.08733 RMSEA < 0.06 o 

menos 
     RMSEA 
lower bound 

0.00000  0.07955 RMSEAL
O 

 

     RMSEA 
upper bound 

0.02977  0.09535 RMSEAH
I 

 

P for test of 
close fit 

1.00000  0.00002 PCLOSE  

Akaike 
information 

criterion (AIC) 

61.78444 72.00000 387.84211 AIC Cerca del 
cero 

no aplica 
Browne-
Cudeck 
criterion 

61.96433 72.40475 387.93206 BCC  

Bayes 
information 

criterion 

181.20927 340.70587 447.55453 BIC  

Consistent 
AIC 

163.93821 301.84597 438.91900 CAIC  

Expected 
cross 

validation 
index 

0.03838 0.04472 0.24090 ECVI Rangos 
no aplica 

     ECVI 
lower bound 

0.03230 0.04472 0.20453 ECVILO  

     ECVI 
upper bound 

0.05002 0.04472 0.28189 ECVIHI  

MECVI 0.03849 0.04497 0.24095 MECVI no aplica 
      

Hoelter .05 
index 

1698  179 HFIVE Arriba de 
200 

Hoelter .01 
index 

2031  210 HONE Arriba de 
200 

 
As appreciated, all these estimates of goodness of fit, even the chi square, 

favor the interpretation of failing to reject the nil hypothesis and consequently there 

are no differences between the measurement model and the data. It is affirmed, 

then, that the measurement model of mathematics abilities fit the sample data.  
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 4.3.3 Formal Reasoning Subscale 

Table 4.20 bellow shows the Mardia’s coeficient value (3.34), which can be 

considered inside the rank of 1 to 10. Consequently, it is affirmed that the sample 

has a multivariate normal distribution.  

Table 4.20. Multivariate Normality Evaluation of Formal Reasoning 
Evaluacion de normalidad 

 Min Max Skew c.r. Kurtosis c.r. 
rf1 0.00000 4.00000 1.20539 19.75758 1.5228 12.48015
rf2 0.00000 4.00000 0.59352 9.72837 -0.1686 -1.38196 
rf3 0.00000 4.00000 0.84785 13.89713 -0.2049 -1.67995 
rf4 0.00000 4.00000 0.74306 12.17952 0.1430 1.17213 
rf5 0.00000 4.00000 0.53664 8.79611 -0.3879 -3.17974 
rf6 0.00000 4.00000 0.63072 10.33811 -0.3841 -3.14819 
rf7 0.00000 4.00000 0.89515 14.67237 0.3783 3.10066 
rf8 0.00000 4.00000 0.93140 15.26667 0.6493 5.32143 
Multivariate    Mardia’s 

Coefficient=
 
3.3466 

5.31139 

 
Mardia’s coefficient in table 4.20 could have been improved erasing four 

cases reported by the Mahalanobis distance estimate in table 4.21 below. 

Nevertheless, the values obtained at this moment are good and this justify to keep 

these cases in the database.  

Tabla 4.21. Mahalanobis Distance of Formal Reasoning 
Higher scores of Mahalanobis distance 

    
Observation Mahalanobis   

Number d-squared p1 p2 
1605 33.33630 0.00005 0.08272 
850 28.11742 0.00045 0.16604 
1387 27.81239 0.00051 0.05092 
1310 27.77779 0.00052 0.01049 
916 26.10709 0.00101 0.02491 
675 25.65294 0.00120 0.01446 
1342 25.58035 0.00124 0.00447 
1525 25.31603 0.00137 0.00204 
1341 24.86939 0.00164 0.00162 
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Note:  outliers= p1 <de 0.001.  

The measurement model for formal reasoning (Rf) considered 8 observed 

variables as subscales. These are: Rf1, Compensaciones multiplicativas. Rf2, 

Pensamiento correlacional. Rf3, Pensamiento probabilístico. Rf4, Pensamiento 

combinacional. Rf5, Pensamiento proporcional. Rf6, Formas de conservación sin 

verificación directa. Rf7, Equilibrio mecánico. Rf8, Coordinación de dos o más 

sistemas de referencia. 
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Figure 4.3. Measurment model of formal reasoning. 
 

No cases were erased from the database in this case and the study 

proceeded to the factor weights analysis, as reccomended by the mahalanobis 

distance. Table 4.22 below shows the factor weight values of these subscales. 

Observing the critical ratio values, it is appreciated that none of the components of 
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formal reasoning (Rf) are charging the factor. In all these cases the critical ratio is 

under +- 1.96. These values will be considered for a re-specification of the model.  

Table 4.22.  Factor Weights of Formal Reasoning 
Regression Weights 

   Estimate S.E. C.R. P Label 
rf8 <-- Rf 1.00000     
rf7 <-- Rf 1.76460 2.28976 0.77065 0.44091 par-1 
rf6 <-- Rf 11.41808 12.79659 0.89227 0.37225 par-2 
rf5 <-- Rf 15.35537 17.19240 0.89315 0.37178 par-3 
rf4 <-- Rf 7.43259 8.37093 0.88791 0.37459 par-4 
rf3 <-- Rf 30.17191 33.78642 0.89302 0.37185 par-5 
rf2 <-- Rf 9.45588 10.61679 0.89065 0.37312 par-6 
rf1 <-- Rf 1.67476 2.17567 0.76977 0.44144 par-7 

Note: C. R. up to 1.96= Significant factor weight values  
 

Prior to proceed with the re-specification of the model, it is importan to 

analyze it from an exploratory or heuristic approach, in a way that the 

appreciations exposed can be validated. The heuristic used to test the results 

obtained so far involved the three sub-scales analyzed in an unitary model that 

explored the interrealtion of the sub-scales and between sub-scales. Their graphic 

representation is exposed below and it will allow to evaluate a key competences 

model that will be denominated as human capital measurement model. 

4.3.4 The Heuristic Model  
 

The heuristic model that tested the results exposed above included the 20 

subscales  (8 from Rf, 8 from Mt and 4 from Hv) in a single model (key 

competences) and visualizaed the three hypothetized factors and their relations 

with each proposed factor.  
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Figure 4.4. Heuristic model of the three key competences’ sub scales.  
 
Figure 4.4 proposes to analyze the inter-relation of each factor with the 

others. In that sense it is heuristic, as it allows to validate the appreciations found 

in the partial analysis of each factor.  

To establish multi-variate normality, the Mardia coefficient will be analyzed 

again to see the difference in its result when the model is analyzed in a global 

way. 
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Table 4.23. Multivariate Normality for the Key Competences Model 

Multivariate normality  
 Min Max Skew c.r. Kurtosis c.r. 

rf8 0.00000 4.00000 0.93140 15.26667 0.64931 5.3214 
rf7 0.00000 4.00000 0.89515 14.67237 0.37834 3.1006 
rf6 0.00000 4.00000 0.63072 10.33811 -0.38413 -3.1481
rf5 0.00000 4.00000 0.53664 8.79611 -0.38798 -3.1797
rf4 0.00000 4.00000 0.74306 12.17952 0.14302 1.1721 
rf3 0.00000 4.00000 0.84785 13.89713 -0.20498 -1.6799
rf2 0.00000 4.00000 0.59352 9.72837 -0.16862 -1.3819
rf1 0.00000 4.00000 1.20539 19.75758 1.52280 12.480 
Mt8 0.00000 3.00000 0.74214 12.16439 -0.19924 -1.6328
Mt7 0.00000 3.00000 0.61358 10.05716 -0.46379 -3.8009
Mt6 0.00000 3.00000 1.04903 17.19466 0.33978 2.7846 
Mt5 0.00000 3.00000 0.82625 13.54308 0.10489 0.8596 
Mt4 0.00000 3.00000 0.52825 8.65862 -0.54448 -4.4622
Mt3 0.00000 3.00000 0.67678 11.09318 -0.50677 -4.1532
Mt2 0.00000 3.00000 0.71764 11.76281 -0.25364 -2.0786
Mt1 0.00000 3.00000 0.70682 11.58561 -0.24269 -1.9889
hv4 0.00000 10.00000 0.60120 9.85437 0.10292 0.8434 
hv3 0.00000 10.00000 0.58877 9.65053 0.17283 1.4164 
hv2 0.00000 11.00000 0.79846 13.08757 0.83765 6.8650 
hv1 0.00000 9.00000 0.39754 6.51609 0.02279 0.1867 

       
Multivariate     Mardia 

Coeficient=
7.09397 4.8006 

 
Table 4.23 considers the three components in a single model without a pre-

determined dispossition of the sub-scales. In this sense, this is an exploratory or 

heuristic model and its purpose is to make evident the failings of the model in 

different aspects. Table 4.23 shows the multi-variate normality evauation. In this 

case, the Mardia coeficient (7.09) is in the top level of the rank (1- 10) at a point 

closer to 10 than 1. For practical ends, this value is significant to establish 

multivariate normality. 
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Table 4.24 Mahalanobis Distance Key Competences Model  

Higher scores of Mahalanobis distance 
    

Observation Mahalanobis   
Number d-squared p1 p2 

708 52.40636 0.00010 0.14795 
1172 50.92238 0.00016 0.02908 
1590 50.56496 0.00018 0.00347 
850 50.54599 0.00018 0.00026 
916 50.39221 0.00019 0.00002 

1286 49.43514 0.00027 0.00001 
1605 47.74205 0.00046 0.00001 
1540 43.52100 0.00174 0.00825 
1185 42.74856 0.00221 0.00033 

Note: Outliers= p1 < 0.001.   
 
Table 4.24 did not adjust the p1 for the first 7 cases with a mahalanobis 

distance below 0.001. This interpreatation,  confronted to a normal Mardia 

coefficient, justifies a more careful approach to the evaluation of the model,  

regardless the fact that it is near to the limits. 

 In the other hand, Table 4.25 reported a global appreciation of the model: 

all the sub-scales of verbal abilities load the factor Hv; the subscales of 

mathematics abilities, except for mt6 and mt7, load the factor Mt; and the 

subscales of formal reasoning do not load the factor Rf.  

Table 4.25. Factor Weights of Heuristic Models 
Regression Weights 

   Estimate S.E. C.R. P Label 
hv1 <-- HV 1.00000     
hv2 <-- HV 2.64357 0.37478 7.05370 0.00000  
hv3 <-- HV 2.50993 0.35773 7.01631 0.00000  
hv4 <-- HV 2.70796 0.38017 7.12305 0.00000  
Mt1 <-- MT 1.00000     
Mt2 <-- MT 1.62452 0.52507 3.09389 0.00198  
Mt3 <-- MT 6.73348 1.84982 3.64007 0.00027  
Mt4 <-- MT 5.23497 1.44593 3.62049 0.00029  
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Table 4.25. Continued 
Mt5 <-- MT 3.54057 0.99357 3.56350 0.00037  
Mt6 <-- MT -0.93462 0.34472 -2.71121 0.00670  
Mt7 <-- MT 0.54183 0.28751 1.88457 0.05949  
Mt8 <-- MT 0.60293 0.29649 2.03352 0.04200  
Rf1 <-- RF 1.00000     
Rf2 <-- RF 7.64028 6.05575 1.26166 0.20707  
Rf3 <-- RF 21.81079 17.18004 1.26954 0.20425  
rf4 <-- RF 5.38392 4.30186 1.25153 0.21074  
rf5 <-- RF 13.41518 10.57907 1.26809 0.20477  
rf6 <-- RF 8.35713 6.61368 1.26361 0.20637  
rf7 <-- RF 1.40388 1.37705 1.01949 0.30797  
rf8 <-- RF 0.71740 0.96906 0.74030 0.45912  

Note: Significant factor weights =  C.R. up1.96 
 

This can be appreciated by examining the critical ratio column, considering 

the > 1.96 as a critical value to establish a significant factor loading. This result 

demands a re-specification of the model that allows to achieve that the key 

competences measurement model load factors as a pre-requisite to consider it’s 

inclusion on a structural model. The verbal skill factor can be reprised intact in the 

re-specification of the new human capital model. The matemathical abilities can be 

reprised partially, conditioned to the exclusion of two sub-scales in the new model, 

which are Mt6 and Mt7. Finally, the formal reasoining sub-scales must be 

excluded in the new model. 

The measuring model for the dependant variable consider a traditional 

option, analyzed in the descriptive exposure, entitled GPA; and a second choice of 

adjusted dependant variable, that in this case is of a factorial nature. It includes 

the sub-scales of each of the six courses of first semester: Engish; information and 

communication technologies; reading and oral and written expression; chemistry; 

science, technology, society and values and algebra.   



 76

4.3.5 The Dependent Factorial Variable 

The dependent factorial is the result of considering the variablility in the six 

courses of the students in their first semester. The ellements that compound this 

variable are the grades obtained in those six courses, but the resource to 

represent them is not the central tendency, as it happens with GPA; but a 

variability measure, in this case of a factorial nature. 
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Figure 4.5. Measurement model of the factorial dependent variable 
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Table 4.26. Multivariate Normality Evaluation of the Endogenous Latent Variable  
Normality evaluation  

 Min Max Skew c.r. Kurtosis c.r. 
Leo 5.00000 10.00000 0.11050 1.81059 -1.16318 -9.5299 
Ctsv 5.00000 10.00000 -0.30781 -5.04380 -1.10583 -9.0600 
Tic 5.00000 10.00000 -0.14398 -2.35925 -1.10764 -9.0748 
Qui 5.00000 10.00000 0.10990 1.80083 -1.11473 -9.1329 
In 5.00000 10.00000 0.22711 3.72148 -1.06255 -8.7055 
Al 5.00000 10.00000 0.76718 12.57096 -0.43079 -3.5294 
       

Multivariate     Mardia 
Coeficient

-1.78126 -3.6484 

 
The multivariate normality evaluation of this model is showed in table 4.26 

above. Mardia’s coficient adjusted with a value -1.78 and therefore, it considers 

that the subscales are normally distributed from a multivariate angle. 

Table 4.27. Mahalannobis’s Distance of the Endogenous Latent Variable  
Higher scores of Mahalanobis distance 

    
Observation Mahalanobis   

Number d-squared p1 P2 
935 21.96768 0.00123 0.86171 
602 21.28077 0.00163 0.73881 
354 19.79306 0.00301 0.86308 
18 19.76668 0.00305 0.72234 
442 19.14211 0.00393 0.75743 

 
Mahalanobis’s distance values ajusted in the first trial as seen in table 4.27 

with a value of 0.001 and therefore the Mardia coefficient is already in its limits. 

Table 4.28. Factor Weights of the Latent Endogenous Variable  
Regression Weights      

   Estimate S.E. C.R. P Lab
el 

Al <-- Logro_academico 1.00000     
In <-- Logro_academico 1.31930 0.05556 23.74438 0.00000  

Qui <-- Logro_academico 1.36102 0.05529 24.61533 0.00000  
Tic <-- Logro_academico 1.06870 0.05368 19.90934 0.00000  
Cts. <-- Logro_academico 1.29887 0.05842 22.23232 0.00000  
Leo <-- Logro_academico 1.46476 0.05837 25.09536 0.00000  
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Note: Significant factor weights=  C.R. > 1.96. 
 
Critical ratio values displayed in table 4.28, showed that all subscales of the 

latent factorial variable load this factor because they are up to +- 1.96. 

Consequently, they are represented by its factor academic achievement. 

The report of goodness of fit measures in table 4.29 below, offered two 

interpretations. The parameter CMIN (chi square) reported 101.90 with a p = of 

0.000. The CMINDF reported 11.32, whichs is a value above the limit value of 3.1. 

RMR reached a value of 0.07, which is above the limit of 0.05 and RMSEA 

obtained value was 0.08 also above the limit of 0.06. In this four cases it can be 

interpreted that there are no adjustment between the model and the data. In the 

other side, GFI (0.97), AGFI (0.94), NFI (0.97) and TLI (0.95) reached good fit 

values. Finally, Hoelter indices reached values of 268 and 343 also considered as 

good fit values as they are over 200. This allows to infere that the nil hypothesis 

cannot be rejected.  Consequentlly, the model provisionally adjusts.  

In the re-specification of the model, three aspects were considered. First, 

the verbal ability measure model is included intact. Second, the measuring model 

for mathematical skills is partially reprised, excluding the sub-scales that did not 

load the Hm factor (Mt6 and Mt7). Third, the eight sub-scales of the formal 

reasoning scales is eliminated. In the exploration of the model, the re-specification 

is considered an improve of the goodness of fit indices.    

Table 4.29. Goodnes of Fit Measures  of Endogenous Latent Variable  
Fit Measures      
Fit Measure Default 

model 
Saturated Independence Macro Criterio 

Discrepancy 101.90229 0.00000 3730.83487 CMIN Menor Xi2  
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Table 4.29. Continued 
Degrees of 
freedom 

9 0 15 DF Mayor  

P 0.00000  0.00000 P 0.01 y 0.05 
Number of 
parameters 

12 21 6 NPAR Overidentifi
ed 

Discrepancy 
/ df 

11.32248  248.72232 CMINDF b:< 2.1 m: 
2.1 y 3.1 

      
RMR 0.07771 0.00000 1.06324 RMR < 0.05 o 

menos 
GFI 0.97726 1.00000 0.44795 GFI 0-1 m:90-95 

b: 95  
Adjusted GFI 0.94694  0.22713 AGFI 0-1 acep: 

.90 
Parsimony-
adjusted GFI 

0.41883  0.31996 PGFI 0-1 
no aplica 

      
Normed fit 
index 

0.97269 1.00000 0.00000 NFI 0-1 .90 

Relative fit 
index 

0.95448  0.00000 RFI 0-1 

Incremental 
fit index 

0.97504 1.00000 0.00000 IFI 0-1 

Tucker-Lewis 
index 

0.95833  0.00000 TLI 0-1 acep: 
.90 

Comparative 
fit index 

0.97500 1.00000 0.00000 CFI 0-1 

      
Parsimony 
ratio 

0.60000 0.00000 1.00000 PRATIO  

Parsimony-
adjusted NFI 

0.58361 0.00000 0.00000 PNFI no aplica 

Parsimony-
adjusted CFI 

0.58500 0.00000 0.00000 PCFI 0-1 

      
Noncentrality 
parameter 
estimate 

92.90229 0.00000 3715.83487 NCP Rangos no 
aplica 

     NCP 
lower bound 

64.08158 0.00000 3518.65778 NCPLO  

     NCP 
upper bound 

129.17930 0.00000 3920.28121 NCPHI  

FMIN 0.06329 0.00000 2.31729 FMIN  
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Table 4.29  Continued 
F0 0.05770 0.000

00 
2.30797 F0 Rangos 

     F0 lower 
bound 

0.03980 0.000
00 

2.18550 F0LO  

     F0 upper 
bound 

0.08024 0.000
00 

2.43496 F0HI  

RMSEA 0.08007  0.39226 RMSEA < 0.06 o 
menos 

     RMSEA 
lower bound 

0.06650  0.38171 RMSEALO  

     RMSEA 
upper bound 

0.09442  0.40290 RMSEAHI  

P for test of 
close fit 

  0.00001 PCLOSE  

      
Akaike 
information 
criterion (AIC) 

 42.00
000 

3742.83487 AIC Cerca del 
cero 
no aplica 

Browne-
Cudeck 
criterion 

 42.18
341 

3742.88727 BCC  

Bayes 
information 
criterion 

 192.7
0377 

3785.89309 BIC  

Consistent 
AIC 

 176.0
7682 

3781.14253 CAIC  

Expected 
cross 
validation 
index 

 0.026
09 

2.32474 ECVI Rangos 
no aplica 

     ECVI lower 
bound 

 0.026
09 

2.20227 ECVILO  

     ECVI upper 
bound 

 0.026
09 

2.45173 ECVIHI  

MECVI  0.026
20 

2.32477 MECVI no aplica 

      
Hoelter .05 
index 

 268 11 HFIVE Arriba de 
200 

Hoelter .01 
index 

 343 14 HONE Arriba de 
200 

Note: The limit criteria is exposed in the last column to the right. 
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Figure 4.6. Re specification of the key competences model. 

Table 4.30 shows a chi square value of 0.05 and a p of 0.11. This means 

that it fails to reject that the model adjusted to the data. Therefore, It must be 

accepted the nil hypothesis. Nevertheless, as establised before, other fit values 

will be considered to make a better decision 

Table 4.30. Chi Square for the Re-specification of the Measurement Model of Key 
Competences. 

Computation of degrees of freedom 
 
    Number of distinct sample moments  =  55 
    Number of distinct parameters to be estimated  =  21 
    Degrees of freedom  =  55 - 21  =  34 
 
Minimum was achieved 
 
Chi-square = 44.029 
Degrees of freedom = 34 
Probability level = 0.116 
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Table 4.31 shows a Mardia’s coeficient of 0.59, which is considered as and 

excellent value (Less than 1), so that the sample data has got multivariate 

normality. 

Table 4.31. Multivariate Normality Evaluation. Measurement Model of Key 
Competences  

 
 Min max Skew c.r. kurtosis c.r. 

Mt8 0.00000 3.00000 0.74306 12.17577 -0.19890 -1.62 
Mt5 0.00000 3.00000 0.82833 13.57293 0.11244 0.92 
Mt4 0.00000 3.00000 0.52746 8.64292 -0.54467 -4.46 
Mt3 0.00000 3.00000 0.67860 11.11944 -0.50343 -4.12 
Mt2 0.00000 3.00000 0.71799 11.76504 -0.25454 -2.08 
Mt1 0.00000 3.00000 0.70859 11.61087 -0.23667 -1.93 
hv4 0.00000 10.00000 0.60286 9.87838 0.10928 0.89 
hv3 0.00000 10.00000 0.59026 9.67194 0.17498 1.43 
hv2 0.00000 11.00000 0.80023 13.11261 0.84164 6.89 
hv1 0.00000 9.00000 0.37462 6.13848 -0.05626 -0.46 

Table 4.31 
Continue 

      

Multivariate     Mardia 
Coeficient=

 
0.78638 

1.01 

Multivariate     Mardia 
Coeficient= 

 
0.59883 

0.77 

Note: the limit value is Mardia’s coefficient and it is located in the intersection 
between the kurtosis column and the multivariate row. 
 

4.3.6 Respecification of the Key Competences Model 

The re-specification of the new measure model of human capital includes 

integrally the component called verbal abilities; it recovers six of the eight sub-

scales of mathematical abilities and eliminates the eight components of formal 

reasoning. This new model was tested and, as it is already evident, the difference 

between the heuristic model (7.0) and the re-specified model (0.59) is quite 
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significant. While the heuristic model was near to the rejection limits of normality, 

the re-specified model is within the excellent adjustment criterion.  

The mahalanobis distance in table 4.32 required an adjustement in the 

1184 value. After that, the test adjusted to 0.001 

Table 4.32. Mahalanobis Distance for Key Competences 
Puntajes mas alejados del centroide (Mahalanobis distance) 
    

Observation Mahalanobis   
Number d-squared P1 p2 

1184 30.95480 0.00060 0.61783 
1542 28.55681 0.00147 0.68453 
1394 27.68704 0.00203 0.63340 
642 27.04807 0.00256 0.59041 

1281 26.19847 0.00348 0.65977 
 

As it can be appreciated in table 4.33, shown below, in the critical ratio 

column, the re-specified model of key competences loads now in all its 

components. Analyzing the critical ratio column, it can be appreciated that the four 

components of verbal ability, as the six components of mathematical abilities, load 

each in their respective facto: Hv and Hm. IN the case of Mt8, the factor barely 

loads in the limit of the established criterion, which allows to include it as a 

significant load of the Mt factor.  

Tabla 4.33.  Factor Loadings Including Mt8 
Regression Weights 

   Estimate S.E. C.R. P Label 
hv1 <-- HV 1.00000     
hv2 <-- HV 2.66485 0.39192 6.79954 0.0000 par-1 
hv3 <-- HV 2.58576 0.38084 6.78960 0.0000 par-2 
hv4 <-- HV 2.70814 0.39492 6.85736 0.0000 par-3 
Mt1 <-- MT 1.00000     
Mt2 <-- MT 1.50017 0.50999 2.94154 0.0032 par-4 
Mt3 <-- MT 6.60985 1.86576 3.54271 0.0004 par-5 
Mt4 <-- MT  5.25626 1.48878 3.53059 0.0004 par-6 
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Tabla 4.33. Continued 
Mt5 <-- MT 3.38537 0.97702 3.46500 0.0005 par-7 
Mt8 <-- MT 0.60497 0.30420 1.98869 0.0467 par-8 

 
Another re-specification was held in the exclusion of Mt8. The table 4.34 

evaluates the normality of the model without Mt8. The Mardia’s coefficient reaches 

up to 0.97. 

Table 4.34. Normality Evaluation for the New Human Capital Model. 
Multivariate normality 

 Min Max Skew c.r. kurtosis c.r. 
Mt5 0.00000 3.00000 0.83041 13.60284 0.12003 0.98 
Mt4 0.00000 3.00000 0.52918 8.66840 -0.54134 -4.43 
Mt3 0.00000 3.00000 0.67852 11.11468 -0.50485 -4.13 
Mt2 0.00000 3.00000 0.71835 11.76728 -0.25544 -2.09 
Mt1 0.00000 3.00000 0.70220 11.50273 -0.25638 -2.09 
hv4 0.00000 10.00000 0.59285 9.71141 0.08168 0.66 
hv3 0.00000 10.00000 0.58978 9.66105 0.17288 1.41 
hv2 0.00000 11.00000 0.79994 13.10371 0.83921 6.87 
hv1 0.00000 9.00000 0.37616 6.16187 -0.05269 -0.43 

       
Multivariate     Mardia 

coeficient
= 

 
0.97922 

1.39 

 
The new model of human capital reported, in table 4.34, a value of 0.97. 

Since this value is under 1, it must be interpreted as a very good fit and therefore, 

the new model is provisionally normal from a multivariate approach. It is noted that 

the new model gained normality with the re-specification. 

Table 4.35. Factor Weight for the Key Competences New Model 
Regression Weights 

   Estimate S.E. C.R. P Label
hv1 <-- HV 1.00000     
hv2 <-- HV 2.66951 0.39348 6.78441 0.000 par-1
hv3 <-- HV 2.58795 0.38207 6.77354 0.000 par-2
hv4 <-- HV 2.72480 0.39803 6.84570 0.000 par-3
Mt1 <-- MT 1.00000     
Mt2 <-- MT 1.45741 0.49307 2.95577 0.003 par-4
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Tabla 4.35. Continued 
Mt3  MT 6.49953 1.80883 3.59322 0.000 par-5
Mt4  MT 5.17871 1.44624 3.58081 0.000 par-6
Mt5  MT 3.32619 0.94718 3.51169 0.000 par-7
 
As appreciated in table 4.35, the new measurement model of key 

competences showed critical ratio values > =_1.96 in all of its components. It is 

interpreted that the subscales loaded the two involved factor (Hm and Hv) with no 

exceptions in this case. This condition of re-specified model with all its 

components loaded, permitted to evaluate a wider group of goodness of fit 

measures as we proceed. It was important to achieve this adjustment before 

evaluatng this human capital measurement model within a structural model.  

Table 4.36 shows the estimated parameters of goodness of fit for the 

measurement model of the exogenous variable. 

Table 4.36.  Goodness of fit for the Human Capital Model 
Fit Measures      

      
Fit Measure Default 

model 
Saturated Independence Macro Criterio 

Discrepancy 31.59948 0.00000 998.26626 CMIN Menor Xi2  
Negrees of 

freedom 
26 0 36 DF Mayor  

P 0.20670  0.00000 P 0.01 y 0.05 
Number of 
parameters 

19 45 9 NPAR Overidentified

Discrepancy / 
df 

1.21536  27.72962 CMINDF b:< 2.1 m: 2.1 
y 3.1 

      
RMR 0.03347 0.00000 0.30150 RMR < 0.05 o 

menos 
GFI 0.99568 1.00000 0.83326 GFI 0-1 m:90-95 

b: 95  
Adjusted GFI 0.99252  0.79157 AGFI 0-1 acep: .90 
Parsimony-

adjusted GFI 
0.57528  0.66661 PGFI 0-1 

no aplica 
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Table 4.36. Continued 
Normed fit 

index 
0.96835 1.00000 0.00000 NFI 0-1 .90 

Relative fit 
index 

0.95617  0.00000 RFI 0-1 

Incremental 
fit index 

0.99424 1.00000 0.00000 IFI 0-1 

      
Tucker-Lewis 

index 
0.99194  0.00000 TLI 0-1 acep: 

.90 
Comparative 

fit index 
0.99418 1.00000 0.00000 CFI 0-1 

Parsimony 
ratio 

0.72222 0.00000 1.00000 PRATIO  

Parsimony-
adjusted NFI 

0.69936 0.00000 0.00000 PNFI no aplica 

Parsimony-
adjusted CFI 

0.71802 0.00000 0.00000 PCFI 0-1 

Noncentrality 
parameter 
estimate 

5.59948 0.00000 962.26626 NCP Rangos no 
aplica 

     NCP 
lower bound 

0.00000 0.00000 862.92858 NCPLO  

     NCP 
upper bound 

23.98891 0.00000 1069.0038
8 

NCPHI  

FMIN 0.01964 0.00000 0.62043 FMIN  
F0 0.00348 0.00000 0.59805 F0 Rangos 

     F0 lower 
bound 

0.00000 0.00000 0.53631 F0LO  

     F0 upper 
bound 

0.01491 0.00000 0.66439 F0HI  

RMSEA 0.01157  0.12889 RMSEA < 0.06 o 
menos 

     RMSEA 
lower bound 

0.00000  0.12206 RMSEALO  

RMSEA 
upper bound 

0.02395  0.13585 RMSEAHI  

P for test of 
close fit 

1.00000  0.00002 PCLOSE  

Akaike 
information 

criterion 
(AIC) 

69.59948 90.00000 1016.2662
6 

AIC Cerca del 
cero 

no aplica 
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Table 4.36. Continued 
Browne-
Cudeck 
criterion 

69.83713 90.56285 1016.3788
3 

BCC  

Bayes 
information 

criterion 

213.6425
4 

431.15463 1084.4971
8 

BIC  

Consistent 
AIC 

190.8952
8 

377.27953 1073.7221
6 

CAIC  

Expected 
cross 

validation 
index 

0.04326 0.05594 0.63161 ECVI Rangos 
no aplica 

ECVI lower 
bound 

0.03978 0.05594 0.56987 ECVILO  

ECVI upper 
bound 

0.05469 0.05594 0.69795 ECVIHI  

MECVI 0.04340 0.05629 0.63168 MECVI no aplica 
Hoelter .05 

index 
1980  83 HFIVE Arriba de 

200 
Hoelter .01  2325  95 HONE Arriba de 

200 
 

In general terms the independent variable for this model showed excellent 

goodness of fit values. For example, the CMIN, or chi square, reached a 31.59 

value and a p = 0.20. This means that the model adjusts above the 0.05. There 

are no differences between the data and the model. Consequently. It failed to 

reject the nil hypothesis. 

Other estimated values sustained this affirmation. CMIN/DF reported a 

value of 1.2 (below 2,1),  RMR, 0.03, (under 0.05), GFI, 0.99 (over 0.95), Ajusted 

GF, 0.99 value (over 0.90), NFI, 0.96 value (over 0.90), TLI, 0.99 value(over 0.90), 

RMSEA 0.01(under 0.06)  and finally, Hoelter values of 1980 and 2325 (over 200). 

In all the cases, including Chi square, all the indices harmonized in the same 

interpretation. The goodness of fit measures established that it failed to reject the 
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nil hypothesis and therefore there is no significant difference between the model 

and the data.  

4.4 Results of the Analysis of the Structural Model 

In this section the results of the analysis of the structural model will be 

displayed. 

4.4.1 Structural Model with Manifest Dependent 

The next figure shows the structural model with the variation of manifest 

dependent. 
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Figure 4.7. Structural model with an observed endogenous variable 
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Figure 4.7 shows the measurement model for the independent variable, 

after it was re-specified; and it establishes de relation between this and the 

dependent manifest variable. It is a structural model as it identifies  measurement 

models and proposes structural relations between them. 

 
Table 4.37. Chi Square for Structural Model with an Observed Endogenous 

Variable 
 
    Number of distinct sample moments  =  55 
    Number of distinct parameters to be estimated  =  20 
    Degrees of freedom  =  55 - 20  =  35 
 
Minimum was achieved 
 
Chi-square = 350.631 
Degrees of freedom = 35 
Probability level = 0.000 

 
As appreciated in table 4.37, the probability level of chi square established 

a significant difference between the model and the data. This suposes that the 

human capital model does not adjust with the variable promedio 

(GPA).Nevertheless, as pointed out before, this index is unstable with large 

samples, so that other estimates will be considered.  

Table 4.38. Normality Evaluation  for Structural Model with an Observed Variable  
Multivariate Normality 

 Min max Skew c.r. Kurtosis c.r. 
Promedi 5.00000 10.00000 0.07478 1.22492 -0.76854 -6.29472

Mt5 0.00000 3.00000 0.83041 13.60284 0.12003 0.98310 
Mt4 0.00000 3.00000 0.52918 8.66840 -0.54134 -4.43380
Mt3 0.00000 3.00000 0.67852 11.11468 -0.50485 -4.13491
Mt2 0.00000 3.00000 0.71835 11.76728 -0.25544 -2.09218
Mt1 0.00000 3.00000 0.70220 11.50273 -0.25638 -2.09987
Hv4 0.00000 10.00000 0.59285 9.71141 0.08168 0.66897 
Hv3 0.00000 10.00000 0.58978 9.66105 0.17288 1.41593 
Hv2 0.00000 11.00000 0.79994 13.10371 0.83921 6.87347 
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Table 4.38. Continued 
Hv1 0.00000 9.00000 0.37616 6.16187 -0.05269 -0.43152

       
Multivari

ate   
   Mardia 

Coeficient=
 

-0.01522 
-0.01970

 
The evaluation of multivariate normality in table 4.38 is focused in Mardia’ 

coeficient (- 0.01522).This value is < 1, which is considered a good multivariate 

normality value.   

Table 4.39. Mahalanobis Distance Adjustment for Structural Model with an 
Observed Variable  

Higher scores of Mahalanobis distance 
    

Observation Mahalanobis   
Number d-squared P1 p2 

1541 27.87792 0.00189 0.95231 
1393 27.43625 0.00222 0.87215 
1280 26.02065 0.00371 0.93734 
1411 25.51258 0.00445 0.92717 
1534 25.42316 0.00460 0.86136 

 
The Mahalanobis distance values in table 4.39 established that there is no 

need to eliminate more cases.  

Table 4.40. Factor Weights of the Structural Model with an Observed  Variable 
Regression Weights      

   Estimate S.E. C.R. P Label 
Hv1  HV 1.00000     
Hv2  HV 2.71903 0.33484 8.12043 0.00000 par-1 
Hv3  HV 2.63395 0.30857 8.53605 0.00000 par-2 
Hv4  HV 2.81447 0.35826 7.85601 0.00000 par-3 
Mt1  MT 1.00000     
Mt2  MT 1.47694 0.54724 2.69890 0.00696 par-4 
Mt3 <-- MT 5.94129 1.81732 3.26926 0.00108 par-5 
Mt4 <-- MT 5.63396 1.73490 3.24743 0.00116 par-6 
Mt5 <-- MT 3.55526 1.11507 3.18838 0.00143 par-7 

Promedio <-- HV 1.00000     
Promedio <-- MT 1.53563 0.69129 2.22140 0.02632 par-8 
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Table 4.40, reported regression weights with critical ratio values over +- 

1.96. This indicated that all the subscales and variable weights are significants.  

Table 4.41. Standardized Weights for the Structural Model with an Observed 
Variable 

Standardized Regression Weights 
   Estimate 

Hv1 <-- HV 0.22783 
Hv2 <-- HV 0.50046 
Hv3 <-- HV 0.49496 
Hv4 <-- HV 0.54214 
Mt1 <-- MT 0.11490 
Mt2 <-- MT 0.15837 
Mt3 <-- MT 0.54320 
Mt4 <-- MT 0.56189 
Mt5 <-- MT 0.40050 

Promedio <-- HV 0.29204 
Promedio <-- MT 0.10924 

 
In table 4.41, the hierarchy of the predictors can be appreciated. HV with a 

estimate value of 0.2920 is a better predictor than MT, which reached a value of 

0.1092.     

Table 4.42. Explained Proportion Variance for GPA 
Squared Multiple 

Correlations 
 Estimate 

  MT 0.00000 
  HV 0.00000 
  promedio 0.09722 
  Mt5 0.16040 
  Mt4 0.31572 
  Mt2 0.02508 
  Mt1 0.01320 
  hv4 0.29392 
  hv3 0.24498 
  hv2 0.25046 
  hv1 0.05190 

 
Finally, table 4.42 allows to establish the proportion of explained variance 

of the structural model with a manifested dependent variable, in this case GPA. In 
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this model, 9.72 % of the variance associated with the dependent variable 

promedio (GPA) is determined by two of the three hypothetized predictors: verbal 

ability (Hv) and mathematics ability (Mt). The factor Mt explains 16 % of the 

variance associated to the sub-scale Mt5, and the 31 % de la variance associated 

to Mt4, 29 % of the variance associated to MT3 and 2 % of the variace associated 

to Mt2, and 1 % of the variance associated with Mt1. The factor verbal ability (Hv) 

explains 29 % of the variance associated to the subscale Hv4, 24 % of the 

variance associated to Hv3, 25% of the variancea associated to Hv2, and 5% of 

the variance associated to Hv1. 
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4.4.2 Structural Model with a Latent Dependent 
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Figure 4.8. Structural model with a latent endogenous variable 

 

Figure 4.8 shows the measurement model of the independent variable after 

it was re-specified. Also it establishes the relation between this and the dependent 

latent variable. It is an structural model as it identifies measurement models and 

proposes structural relations between them. 



 95

Table 4.43.  Chi Square for the Structural  Model with a Latent Endogenous 
Variable 

Computation of degrees of freedom 
 
    Number of distinct sample moments  =  120 
    Number of distinct parameters to be estimated  =  32 
    Degrees of freedom  =  120 - 32  =  88 
 
Minimum was achieved 
 
Chi-square = 565.669 
Degrees of freedom = 88 
Probability level = 0.000 
 
In table 4.43 appear the chi square values for the structural model with 

latent endogenous variable. The probability level shows that the model does not fit 

to the sample, and consequently, the nil hypotheses is rejected.  A wider group of 

goodness of fit measures will be considered. 

Table 4.44. Multivariate Normality of the Structural Model with a Latent 
Endogenous Variable 

Multivariate Normality    
 Min max skew c.r. kurtosis c.r. 

Leo 5.00000 10.00000 0.11145 1.82565 -1.16348 -9.52937 
Ctsv 5.00000 10.00000 -0.30850 -5.05356 -1.10629 -9.06098 
Tic 5.00000 10.00000 -0.14282 -2.33960 -1.10745 -9.07053 
Qui 5.00000 10.00000 0.11111 1.82005 -1.11337 -9.11897 
In 5.00000 10.00000 0.22711 3.72033 -1.06373 -8.71244 
Al 5.00000 10.00000 0.76913 12.59911 -0.42677 -3.49542 

Mt5 0.00000 3.00000 0.83041 13.60284 0.12003 0.98310 
Mt4 0.00000 3.00000 0.52918 8.66840 -0.54134 -4.43380 
Mt3 0.00000 3.00000 0.67852 11.11468 -0.50485 -4.13491 
Mt2 0.00000 3.00000 0.71835 11.76728 -0.25544 -2.09218 
Mt1 0.00000 3.00000 0.70220 11.50273 -0.25638 -2.09987 
hv4 0.00000 10.00000 0.59285 9.71141 0.08168 0.66897 
hv3 0.00000 10.00000 0.58978 9.66105 0.17288 1.41593 
hv2 0.00000 11.00000 0.79994 13.10371 0.83921 6.87347 
hv1 0.00000 9.00000 0.37616 6.16187 -0.05269 -0.43152 

       
Multiva

riate   
   Mardia 

Coeficien
t= 

 
-1.64657 

-1.46277 
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Table 4.44 shows the Mardia coefficient has multivariate normality. This 

value (-1.64657) is considered good because it is inside the rank of +-1 and 10.   

Table 4.45. Mahalanobis Distance for the Structural Model with Latent 
Endogenous Variable 

Observations farthest from the centroid (Mahalanobis distance) 
    

Observation Mahalanobis   
Number d-squared p1 p2 

1197 37.17073 0.00119 0.85410 
892 36.14360 0.00169 0.75403 
1393 36.12508 0.00170 0.51390 
1332 35.43705 0.00213 0.44809 
1126 34.76261 0.00266 0.42556 
 
The Mahalanobis distance in table 4.45 is adjusting at 0.001 in the first 

report, this means that there are no significant outliers to delete and that the 

gained Mardia’s coefficient is the best multivariate normality obtained by this 

means.. 

Table 4.46. Factor Weight of the Structural Model with a Latent Endogenous 
Variable  

Regression Weights     
   Estimate S.E. C.R. P Label 
Logro_Ac
ademico 

 HV 0.6824 0.1300 5.2488 0.0000 par-13 

Logro_Aca
demico 

 MT 1.2902 0.5742 2.2468 0.0246 par-14 

hv1 <-- HV 1.0000     
hv2 <-- HV 2.5394 0.3954 6.4212 0.0000 par-1 
hv3 <-- HV 2.4514 0.3754 6.5288 0.0000 par-2 
hv4 <-- HV 2.6068 0.4190 6.2213 0.0000 par-3 
Mt1 <-- MT 1.0000     
Mt2 <-- MT 1.4836 0.5491 2.7016 0.0069

0 
par-4 

Mt3 <-- MT 5.9402 1.8172 3.2687 0.0010 par-5 
Mt4 <-- MT 5.6257 1.7322 3.2476 0.0011 par-6 
Mt5 <-- MT 3.5685 1.1196 3.1873 0.0014 par-7 
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Table 4.46. Continued 
Al <-- Logr

o _ 
acad
émic
o 

1.0000     

In <-- Logr
o _ 
acad
émic
o 

1.3237 0.05563 23.797
2 

0.0000 par-8 

Qui <-- Logr
o _ 
acad
émic
o 

1.3682 0.0551 24.792
6 

0.0000 par-9 

Tic <-- Logr
o _ 
acad
émic
o 

1.0815 0.0549 19.701
7 

0.0000 par-10 

Ctsv <-- Logr
o_Ac
adé
mico 

1.3133 0.0599 21.908
6 

0.0000 par-11 

Leo <-- Logr
o_Ac
adé
mico 

1.4735 0.0598 24.635 0.0000 par-12 

 
 
Table 4.46. shows the critical ratio values of the factor weights for the 

complete structural model with latent endogenous variable. All these values are 

significant because they are up to +- 1.96 . 

Table 4.47. Factor Standardized Weights for the Structural Model with a Latent 
Dependent Variable 

Standardized Regression Weights  
   Estimate 

Logro_Academico <-- HV 0.29241 
Logro_Academico <-- MT 0.12533 

Hv1 <-- HV 0.24427 
Hv2 <-- HV 0.50202 
Hv3 <-- HV 0.49478 
hv4 <-- HV 0.53933 
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Table 4.47. Continued 
Mt1 <-- MT 0.11485 
Mt2 <-- MT 0.15903 
Mt3 <-- MT 0.54289 
Mt4 <-- MT 0.56084 
Mt5 <-- MT 0.40184 
Al <-- Logro_Academico 0.62294 
In <-- Logro_Academico 0.73283 

Qui <-- Logro_Academico 0.77440 
Tic <-- Logro_Academico 0.58788 

Ctsv <-- Logro_Academico 0.67540 
Leo <-- Logro_Academico 0.79858 

 
Standardized regression weights, reported in table 4.47, showed the 

hierarchy of the two independent variables. These values, in terms of explained 

variance were 29.24 % for Hv and 12.53 % for Mt. This way, verbal ability is a 

better predictor than mathematics abilities. 

Table 4.48.  Propotion of Variance Explained for the Structural Model with Latent 
Variable 

Squared Multiple Correlations   
   Estimate 
  MT 0.00000 
  HV 0.00000 
  Logro _ 

académico 
0.10121 

  Leo 0.63774 
  Ctsv 0.45617 
  Tic 0.34560 
  Qui 0.59969 
  In 0.53705 
  Al 0.38806 
  Mt5 0.16148 
  Mt4 0.31454 
  Mt3 0.29473 
  Mt2 0.02529 
  Mt1 0.01319 
  hv4 0.29088 
  hv3 0.24480 
  hv2 0.25202 
  hv1 0.05967 
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Table 4.48 reported the proportion of  variance explained in the structural 

model with latent dependent. The structural model can explain only 10.12 % of the 

variance of logro académico (academic achievement). This means that 10.2% of 

the variance associated with the dependent variable logro académico was 

determined for two of the three hypothetized independent variables: verbal hability 

(Hv) and mathematics ability (Hm).  

The factor logro académico (La) explains 63% of the variance associated 

with the course Leo, and 45% of the variance associated with the course Ctsv, the 

34 % of the variance associated with the course TIC, 59% of the variance 

associated with the course Qui. 53% of the variance associated the course In, and 

38% of the variance associated with Al. 

The factor mathematics ability (Mt) explains 16% of the variance associated 

to the subscale Mt5, 31% of the variance associated to the subscale Mt4, 29 % of 

the variance associated to the subscale Mt3, 2% of the variance associated to the 

subscale Mt2, and 1% of the variance associated to the subscale Mt1.  

The factor verbal ability (Hv) explains 29 % of the variance associated to 

the subscale Hv4, 24% of the variance associated to the subscale Hv3, 25% of the 

variance associated to the subscale Hv2, and 5% of the variance associated to the 

subscale Hv1. 
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Figure 4.9. Structural model with a latent endogenous variables, standardized 

version. 
 

Table 4.49. Comparative Table of Fit Measures for the Observed and Latent 
Variable 

Fit Measures              Observed endogenous and latent endogenous variable 
     

Fit Measure Obseved Latent Macro Criterion 
Discrepancy 350.0479

7 
565.6692

3 
CMIN Menor Xi2  

Degrees of freedom 35 88 DF Mayor  
P 0.00000 0.00000 P 0.01 y 0.05 

Number of 
parameters 

20 32 NPAR Overidentified 

Discrepancy / df 10.00137 6.42806 CMINDF b:< 2.1 m: 2.1 y 3.1 
RMR 0.14554 0.12018 RMR < 0.05 o menos 
GFI 0.96140 0.95566 GFI 0-1 m:90-95 b: 95  

Adjusted GFI 0.93934 0.93953 AGFI 0-1 acep: .90 
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Table 4.49. Continued 
Parsimony-adjusted 

GFI 
0.61180 0.70082 PGFI 0-1 

No aplica 
     

Normed fit index 0.68690 0.88589 NFI 0-1 .90 
Relative fit index 0.59744 0.86385 RFI 0-1 

Incremental fit index 0.70910 0.90190 IFI 0-1 
Tucker-Lewis index 0.62250 0.88254 TLI 0-1 acep: .90 

Comparative fit 
index 

0.70639 0.90156 CFI 0-1 

     
Parsimony ratio 0.77778 0.83810 PRATIO  

Parsimony-adjusted 
NFI 

0.53426 0.74246 PNFI No aplica 

Parsimony-adjusted 
CFI 

0.54941 0.75559 PCFI 0-1 

     
Noncentrality 

parameter estimate 
315.0479

7 
477.6692

3 
NCP Rangos no aplica 

     NCP lower bound 258.7416
6 

406.2392
3 

NCPLO  

     NCP upper 
bound 

378.8164
9 

556.5927
4 

NCPHI  

FMIN 0.21756 0.35157 FMIN  
F0 0.19580 0.29687 F0 Rangos 

     F0 lower bound 0.16081 0.25248 F0LO  
     F0 upper bound 0.23544 0.34592 F0HI  

RMSEA 0.07480 0.05808 RMSEA < 0.06 o menos 
     RMSEA lower 

bound 
0.06778 0.05356 RMSEAL

O 
 

     RMSEA upper 
bound 

0.08202 0.06270 RMSEAH
I 

 

P for test of close fit 0.00002 0.00179 PCLOSE  
     

Akaike information 
criterion (AIC) 

390.0479
7 

629.6692 AIC Cerca del cero 
No aplica 

Browne-Cudeck  390.3233 630.3120 BCC  
Bayes information 

criterion 
543.7794

6 
888.6145

0 
BIC  

Consistent AIC 517.7277
6 

833.9568
9 

CAIC  

Expected cross 
validation index 

0.24242 0.39134 ECVI Rangos 
No aplica 
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Table 4.49. Continued 
     ECVI lower 

bound 
0.20742 0.34695 ECVILO  

     ECVI upper 
bound 

0.28205 0.44039 ECVIHI  

MECVI 0.24259 0.39174 MECVI No aplica 
     

Hoelter .05 index 229 316 HFIVE Arriba de 200 
Hoelter .01 index 264 347 HONE Arriba de 200 

 
Table 4.49 shows the comparision of fit measures for the two versions of  

structural model. In both cases, the chi square (CMIN), CMIN/DF and RMR 

reported values out of the limit for establishing a good fit.GFI, AGFI and  Hoelter 

reached values considered good in both models. NFI and RMSEA indicated good 

fit for the latent endogenous but not for the observed endogenous. In global terms 

it can be concluded that the structural model with a latent endogenous variable 

reached a better goodness of fit (six parameters) than the structural model of the 

observed endogenous variable (four parameters).  
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Figure 4.10 Structural model of latent endogenous variable, understandardized 

version 
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Figure 4.11 Structural model of manifiest endogenous variable 
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4.5 Statistical Hypotheses 

The research hypothesis (H1) of this study established that the key 

competences are significant factors in the explanation of the academic 

achievement. The results of this study documented that the structural model of 

human capital with the dependent variable logro académico (academic 

achievement) significantly fits with the data of the sample and consequently it can 

be said that it fails to reject the nil hypothesis. This means that, based on the 

results of the study it can be affrimed that human capital explains, although in a 

little proportion, significantly the academic achievement. It can be also affirmed 

that comparing the two analyzed conceptions, the structural model for logro 

académico (academic achievement) is more consistent than the model of 

promedio (GPA). 

The process to validate the constructs of the measurement model departed 

from the simple to the complex. Demographic variables were analyzed and a 

student profile was established. Further, each one of the three components of the 

measurement model was analyzed through a confirmatory factor analysis. The 

same procedure was done for the measurement model of the endogenous 

variable. 

The validation process was progresive following an specific sequence.It 

evaluated the multivariate normality with Miardia coeficient; normality was adjusted 

deleting the appropiated outliers with Mahalanobis distance criteria; graphic 

models were specified; factor weight were evaluated; goodness of fit measures 
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were done; in the structural model, standardized factor weights were  analyzed to 

establish variance explained and to define the hierarchy of predictors; square 

muiltiple correlation was also done to establish the proportion of variance 

explained for each factor in the model.When corresponded, models were 

respecified.  

The human capital model validated, as its components, the next: 1) factor 

Hv (verbal ability) and its subscales h1 (comprensión de la lectura),h2 

(analogias),h3 (complementación de enunciados) and h4 (antonimos); 2) Factor 

Mt and its subscales Mt1 (comprensión de los enunciados que se leen), Mt2 

(capacidad para establecer inferencias lógicas), Mt3 (capacidad para realizar 

generalizaciones), Mt4 (capacidad de abstracción reflexiva), Mt5 (capacidad para 

establecer relaciones) and Mt8 (capacidad de imaginación). 

Factor Hv and Mt are valid constructs that represents human capital. They 

were also consistent and valid in the measurement of the mathematics abilities 

and verbal abilities, but not in the case of formal reasoning. The scales, once 

depured, were consistent.  

Regarding the study hypotheses, the next can be said: 

• Verbal ability is the key competence that better explain the academic 

achievement. This hypothesis is true if we consider that in the 

measurement model of human capital, its four scales loaded this factor and 

appeared as a better predictor than mathematics ability. 

• Mathematics abilities are the key competences that better explain the 

academic achievement (logro académico). This hypothesis is false 
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considered that the measurement model of human capital only adjusted 

and, although the human capital was saved as a respecified factor 

(excluding mt6 and mt7), in the comparison with verbal ability resulted not 

to be the best predictor of the model. 

• Formal reasoning is the key competence that better explain the academic 

achievment. This hypothesis is false if considered that in the measurement 

model of human capital, none of the eight components loaded the factor 

Formal reasoning (Rf). For this reason, the factor formal resoning was 

excluded from the respecification of the human capital model.   

The respecification of the measurement model considered only factors Hv 

and Mt, once depured the subscales that did not load the factor Mt (mt6 and 

mt7). A measurement model for the academic achievement variable was built, 

which loaded the six subscales and was validated before including in the 

structural model.  

The structural model was designed in two modalities to be compared: 

Human capital in front of an observed dependent variable, and human capital 

in front of a latent dependent variable. The specialized literature impossed this 

division (Jonson, 1992) and it was the base of the methodologic  and 

conceptual design of the study. In this context, the next discussion about the 

hypotheses of the structural model was formulated: 

• The competences are not important factors in the explanation of academic 

achievement (H0). This hypotheses is false in the two model that were 

tested.In the structural model of the dependent variable promedio (GPA), 
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the model adjusted and basically it failed to reject the nil hypothesis. For 

this reason, it was accepted that key competences in this model of human 

capital explained part of the variance for the variable promedio (GPA). In 

the structural model of the dependent variable academic achievement 

(logro academico), the model adjusted and basically it failed to reject the nil 

hypothesis. For this reason, it was accepted that key competences in this 

model of human capital explain a proportion of the variance for the factor 

academic achievement. Although this conclusion is valid for both structural 

models, it must be outlined that, for one of the models- the one of the 

adjusted factor (latent endogenous)-, this conclusion is barely more valid.  

• Key competences are important factors in the explanation of academic 

achievement (H1). This hypothesis is true although, certainly, their specific 

weights as predictor are weak and low in this model. From the components 

of human capital, verbal ability is better predictor than mathematics ability, 

although both factors explained little proportion of variance. From the two 

dependent variables, academic achievement is barely a better predictor 

than promedio (GPA). 
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CHAPTER 5 

CONCLUSIONS 
 

 
In this chapter, the conclusions are established with  an emphasys on its 

main findings.  

The research hypothesis of this study establishes that the key 

competences are important factors in academic achievement. The findings of the 

study sustent this research hypothesis. Therefore, It can be afirmed that the 

results of this study justify the interpretation that human capital, in the cognitive 

version of Salganik, Rychen, Moser & Konstant (1999), explains academic 

achievement under the two alternatives this study considered. A second finding 

determines that although both options are methodologically valid, the factorial 

adjusted version has a wider predictive capacity then the traditional version. 

These conclusions allow us to take position in a methodological (Stevens, 

1996; Kline, 1998; Byrne, 2001) and theoretical (Schultz, 1961; Becker,1964; 

DeSeCo, 2005) debate developed trough the last 70 years between the 

researchers that support a traditional position; defending the convenience of GPA 

(Linn, 1966; Samejima, 1969; Arias y Chávez, 2002) and those who support a 

critic perspective in which compensatory values have to be established trough 

adjusted versions of GPA (Bejar y Blew, 1981; Young, 1990; Young, 1990b; 

Stricker, 1994; Ziomek, 1995; Caulkins, Larkey and Wei, 1996; Greenwald and 
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Gillmore, 1997; Johnson, 1997; Hoover, 1999; Lei, Bassiri and Schulz, 2001), in 

this particular case an adjusted factorial (Jhonson, 1997) . The findings of this 

study allow us to abandon the traditional concept in the extent that they confirm 

the wider predictive capacity of the adjusted factorial.  

As well, the findings of this study allow to stand among traditional 

conceptions of human capital (Schultz, 1961; Becker,1964; Caudill y Gropper, 

1991; Etcheverry, 1996; Fägerlind, 1998; Moore y Keith, 1992; Schultz, 1993) and 

cognitive conceptions of human capital (OCDE, 1992; OCDE, 1993; OCDE, 1997; 

PISA,1999; Salganik, Rychen, Moser y Konstant, 1999; OCDE, 1998; Rychen, 

Salganik, and McLaughlin, 2001; Rychen y Salganik, 2003ª; Rychen y Salganik, 

2003b; PISA, 2005). The finidngs allow us to validate the cognitive conception of 

human capital. 

The results of the study allow us to sustain that, in the methodological 

aspect, the structural equation modeling is a pertinent resource in the validation of 

instruments, measure models with latent variables and structural models; as well 

as, in the theoretical aspect,  human capital in its cognitive version is a concept 

with a wide capacity of explanation, far beyond the traditional conceptions of 

human capital as merely an integration of knowledge and abilities; as in the 

technical aspect, that the concept of GPA has less predictive validity than 

academnic achievement  (adjusted factorial).  

5.1 Findings of the Measure Model Constructs 

In Rychen & Slaganik’s key competences (2003b), human capital model 

has three components and each one of them has the same importance as the 
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other two. The most important result of this study states that the human capital 

model needs to be re-defined, and the new model is composed of two factors. One 

of them: verbal abilities, is more important than the other one: mathematics 

abilities. The validation of the human capital model included the four components 

of the verbal abilities: reading comprehension, analogies, complementation of 

statements and the use of antonyms; and six of the eight components of 

mathematics abilities: comprehension of the statements, the capacity for logical 

inferences, the capacity for generalizations, the capacity of reflexive abstraction, 

the capacity to establish relations and the capacity for imagination. The same 

procedure used in the validation of this group of constructs allowed the validation 

of the measure instrument also. 

Regarding this study’s hypotheses, it said that: 

The verbal ability is the key competence that better explains the academic 

achievement. Mathematical ability partially explained academic achievement in the 

first model and once adjusted figured as the second relevant component between 

the key competences of the new model. Formal reasoning did not explain 

academic achievement in any of its eight scales. This is the reason that explains 

why the key competences model lost one of its components and why the new 

model composed only for two factors: verbal ability and mathematics ability. The 

measure model specified as La ═ rf + hv + hm +e, was re-defined and considering 

these findings, it must be specified as La ═ hv + hm + e . The new ENLACE test, 

applied in October 2007, is held in this same conceptual model and, different from 
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the COSNET test, currently it only considers the two factors refered here, 

excluding the formal reasoning factor from its structure.  

In the definitions of key competences (DeSeCo, 2005) and in the 

formulation of the theoretical model of human capital (Salganik, Rychen, Moser & 

Konstant, 1999), the three components of human capital had the same hierarchy 

and consequently; language, mathematics abilities and formal reasoning where 

conceived as balanced factors of the same weigh and consistence. The three first 

hypotheses of this study deliberately questioned that balance as they challenged 

the dominance of each one of them against their condition of balanced theoretical 

components. From this perspective, the hypotheses were oriented to discard 

(Popper,1963) the human capital theory instead of demostrating it. 

A first theoretical implication is related to the structure of the human capital 

theory, in its cognitive approach (Rychen, Salganik, and McLaughlin, 2001). In this 

conception, human capital is integrated by three components (formal reasoning, 

mathematics abilities and language abilities) and there are no hierarchy 

differences between them. The results of this study justify a new model of human 

capital of a cognitive orientation, in which only mathematical and verbal abilities 

compose the model, where verbal ability is sensitively more important than 

mathematics skill. There are two components in the new model and one of them 

has more importance than the other one. The new structural equation, sustained in 

the findings of this study is therefore La ═ hv + hm + e. 

A second theoretical implication relates to the problem of  academical 

achievement. In the academic discussion of this matter, traditional approaches 
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prevail and these still consider GPA as the key indicator for the evaluation of 

scholar success (Arias & Chavez, 2002). Our study allows us to sustain a critical 

approach toward that position, as the comparison of the endogenous measure 

models ilustrates on the advantages of the adjusted factorial compared to the 

GPA. In the comparison of the two structural models (observed endogenous and 

latent endogenous), the higher predictive value of the adjusted GPA became 

evident. Although the difference found between La (observed) ═ hv + hm +e and 

La (latent) ═ hv + hm + e is little, it is still a significative difference in two senses. 

First, because it validates important apreciations in the specialized literature 

(Johnson, 1997) and second, because it holds the importance of considering 

biographic and pedagogic factor beyon the isolated evaluation of the academical 

achievement of the students from the teacher.  

The third important implication relates to the process of First Entrance 

Evaluation of the Technological High School Education System, and it’s one of a 

practical nature. The COSNET evaluation has been questioned among the 

teachers of the sub-system trough years, mostly because of its limited predictive 

value. This means that the students that scord high grades in the test were not 

necessarily achieved better in school. The test itself was never standardized for 

the profile of the particular student it has been oriented to, and there was never an 

open analysis process to allow a systematic critical effort to guide its 

developement as an evaluation instrument. Particularly, it was held on 

constructivist conceptions, which were justified as a guarantee of integrity and 

validity as a diagnostic instrument. For that reason, the fact that precisely the 
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formal reasoning factor resulted non-validated in the evaluation of the 

measurement model in any of its sub-scales, isn’t at all secondary. 

The study contributes to the investigation of human capital in three relevant 

aspects. First, in the depuration of the factors that compose the measure model of 

human capital, as it excludes, on a strict methodological basis, the formal 

reasoning as a part of the human capital model. Second, in the introduction of a 

methodology for the analysis of the evaluation instruments such as the COSNET 

test, as well as the theoretical conceptions that sustain them (Rychen y Salganik, 

2004; DeSeCo, 2005) introducing the analysis of structural equation models in the 

hypothesis test (Byrne, 2001). Third, in the depuration of the different approaches 

on academic achievement, by comparing the traditional conception of GPA to the 

concept of adjusted factorial, modestly contributing to the debate that sustains that 

the dependant factorial has a wider predictive validity than the GPA dependant 

(Jhonson, 1997). 

5.2 Findings of the Structural Model 

The structural model composed from the exogenous and endogenous 

models and the findings of our study suppose a structural relation between them.  

The exogenous variable, key competences, now integrated by two 

components (verbal abilities and mathematical abilities), explains in a modest but 

significant way the endogenous variable, academical achievement, in its GPA 

version as in its adjusted factorial version. In the case of the GPA version, the 

predictive validity of the model is barely a bit weaker. The version of adjusted 

factorial is, in the other hand, barely a bit more consistent. 
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5.3 Implications for Educational Policies 
 

Which are the implications of this findings for the educational policies in 

Nuevo Leon?. There are two kinds of implications: regional and national. In the 

level of Nuevo Leon state, the findings of this study are significant as they ease 

the understanding of theorietical frameworks that hold academical achievement 

evaluations, such as the PISA test (PISA, 2006). The state of Nuevo Leon has 

showed significantly poor results in this test. In the current integral reform (2006), 

SEMS is still pending to establish the academical achievement criteria. The 

findings of this study hold reccomendations to focus the educational evaluation 

critera to conceptions with a wider predictive value in the explanation of 

academical achievement. From the approach of the curricular reform, it is 

important to highlight language and mathematical skills in the composition of the 

curriculum for the efficient promotion of significative academical achievements in 

the context of the conceptions of  OCED. The comparative studies of that 

institution have represented an important critic to the current educational model in 

Mexican High School (the mechanization and memorization of knowledge) and the 

findings of this study offer the opportunity to validate in our own institution , with 

our own students, one of the human capital model that support such evaluations.  

In the other hand, the main implication coming out of this study’s results in 

the national level, assumes that the decisions on educational policies concerning 

academical achievement in high school have to be based in the concrete research 

of the factors that are significant to it. The case of the COSNET evaluation treated 

here illustrates the opposite process in which an evaluation is designed and used 
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trough the years without opening it to the analysis of the involved academics. 

Finally, a second national evaluation, called ENLACE, is being announced and the 

new theoretical model that supports it is redefined. Given the recent appear of the 

ENLACE test for basic education (2 years) and the pilot phase in high school, it 

doesn’t yet exist a systemathic study to analize its results. 

 How can this findings impact the standards of the employers?. The 

improvements in the academical achievement of the students will be significant in 

the context of an educational reform that considers the key competences as the 

basis for the definition of the professional profiles of their graduates. They as well 

promote a graduate profile based in key competences. This means that the goals 

of the curriculum aim to the systematic development of this kind of competences. 

About the employers, it is important to visualize that theese competences are an 

important part of the international standards, such as OCED. Locally, the 

international employers hold high competitive standards. From that perspective, to 

focus the educational reform of high scholl in a competence oriented model has 

the purpose of impacting the international standards that define the quality of the 

laboral skills and knowledge. The requirement of an international technical 

certification for the students of technological high school is oriented in that 

direction. 

5.4 Summary of Findings 
 

The folowing sentences summarize the most important findings in this 

research study. 
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 Human capital in its cognitive version explains academical 

achievement. 

 The latent or factorial version of academical achievement has 

a more wide predictive capacity than the traditional version. 

 The new measure model of human capital required to be re-

specified and it is now composed only of two factors, plus the 

error: La ═ v + hm +e. Verbal ability is the key competence 

that best explain academical achievement, while the second 

important component is mathematical skill.  

 Although the difference found between La (observed) ═ Hv + 

hm +e and La (latent) ═ Hv + hm + e is little, it is still a 

significative difference in two senses. First, because it 

validates important apreciations in the specialized literature 

(Johnson, 1997) and second, because it holds the importance 

of considering biographic and pedagogic factor beyon the 

isolated evaluation of the academical achievement of the 

students from the teacher.  

 
 The evaluation of the formal reasoning component was not 

factorialy held in any of its sub-scales.  

 The exogenous variable (key competences), now integrated 

by two components: verbal abilities and mathematical skills, 

explains in a little but significant way the endogenous variable 
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(academical achievemnet), in its GPA version and in its 

adjusted factorial version. 

 The analysis of structural moments is a resource pertinent to 

the evaluation of the hypothesis test, to the validation of the 

measure instrument, to the validetion of measure model with 

latent variables and to the validation of structural models.  
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Figure A1. Histogram with GPA and Standard Deviation. 
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Figure A2. Histogram of algebra with GPA and stamdard deviation. 
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Figure A3. Histogram of english with GPA and standard deviation. 
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Figure A4. Histogram of chemistry with GPA and standard deviation. 
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Figure A5. Histogram of reading and written and verbal expression with GPA and 

standard deviation. 
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Figure A6. Histogram of science, technology, society and values with GPA and 

standard deviation. 
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Figure A7. Histogram of TIC with GPA and standard deviation. 
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Figure A8.  Normal Q-Q plot of algebra 
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Detrended Normal Q-Q Plot of ALBAMA
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Figure A9. Detrended of algebra 

Normal Q-Q Plot of INBACO
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Figure A10.  Normal Q-Q plot of English 
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Detrended Normal Q-Q Plot of INBACO
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Figure A11. Detrended of English 

Normal Q-Q Plot of QUBACN

Observed Value

1110987654

E
xp

ec
te

d 
N

or
m

al

2.0

1.5

1.0

.5

0.0

-.5

-1.0

-1.5

 
Figure A12. Normal Q-Q plot of chemistry 
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Detrended Normal Q-Q Plot of QUBACN
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Figure A13. Detrended of chemistry 

Normal Q-Q Plot of LEBACO
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Figure A14. Normal Q-Q plot of reading and verbal and written expression. 
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Detrended Normal Q-Q Plot of LEBACO

Observed Value

1110987654

D
ev

 fr
om

 N
or

m
al

.2

.1

-.0

-.1

-.2

-.3

 
Figura A15.  Detrended of reading and verbal and written expression. 
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Figura A16. Normal Q-Q plot of science, technologies, society and values. 
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Detrended Normal Q-Q Plot of CTBAHS

Observed Value

1110987654

D
ev

 fr
om

 N
or

m
al

.2

.1

-.0

-.1

-.2

-.3

 
Figure A17. Detrended of science, technologies, society and values. 

Normal Q-Q Plot of TIBACO
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Figure A18. Normal Q-Q plot of TIC 
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Figura A19. Histograma de variable dependiente. Promedio. 
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Figure A20. Normal Q-Q plot of GPA 
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Detrended Normal Q-Q Plot of PROMEDIO
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Figure A21. Detrended of GPA 



 131

 
 
 
 
 

 

 
 
 
 
 

 

 
APPENDIX B. 

INDEPENDENT VARIABLE 



 132

RF1

4.03.02.01.00.0

RF1

Fr
eq

ue
nc

y

1000

800

600

400

200

0

Std. Dev = .83  
Mean = .7

N = 1663.00

 
Figure B1.  Histogram for compensaciones multiplicativas. 
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Figure B2. Histogram for pensamiento correlacional 
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Figure B3. Histogram for pensamiento probabilistico. 
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Figure B4. Histogram for pensamiento combinacional 
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Figure B5  Histogram for pensamiento proporcional 
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Figure B6. Histogram for formas de conservación sin verificación directa 
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Figure B7. Histograma para equilibrio mecanico. 
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Figure B8. Histograma for coordinacion de dos o mas sistemas de referencia 
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Figure B9. Histogram for compensaciones multiplicativas 
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Figure B10. Histogram for capacidad para establecer inferencias lógicas 
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Figure B11. Histogram for capacidad para realizar generalizaciones. 
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Figure B12. Histogram for capacidad de abstraccion reflexiva 
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Figure B13. Histogram for capacidad para establecer relaciones 
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Figure B14. Histogram for capacidad para comparar relaciones 
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Figure B15. Hitogram for capacidad de simbolizacion 
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Figure B16. Histogram for capacidad de imaginacion 
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Figure B17. Histogram for comprension de la lectura 
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Figure B18. Histogram for analogias 
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Figure B19. Histogram for complementación de enunciados. 
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Figure B20. Histogram for antonimos 
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Figure B21. Histogram for total 
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Figure B22. Histogram for sub-total of formal reasoning. 
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Figure B23. Histogram for sub-total of mathematic abilities 
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Figure B24. Histogram for sub-total of verbal abilities. 
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APPENDIX C. 

FIGURES C1, C2. AND C3. 
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Figure C1. Measurement model to evaluate a tree factor structure  
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Figure C2. Structure model with depend exogenous manifested variable 
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Figure C3. Measurement model of the exogenous latent dependend 
variable 
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APPENDIX D. 

COSNET TEST. 
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