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Abstract

This work faced the construction of an index composed by the factors that influ-
ence the student’s academic performance. To fulfill this objective, the information
from students was collected by means of a questionnaire and later, the exploratory
analysis of data was made, where the relevant characteristics of the sample were
detected. To study the relations between the factors involved, a multiple correspon-
dence analysis was made and the index was constructed by means of a factorial
analysis. The index showed that the student’s high performance is mainly associ-
ated to data related to academic achievement and personal relationships, owed to
their factorial charges of 0.787 y 0.708 respectively. The compound index can be
applied in other institutions, serving as basis for decision making and reforms in
the educative sector, in order to obtain a lower desertion and a higher academic
performance, among other aspects of the educational problems.
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academic performance.

Resumen

El presente trabajo contempld la construccion de un indice compuesto de los fac-
tores que in uyen en el rendimiento académico. Para el cumplimiento del objetivo
se recolectd la informacién de los estudiantes a través de un cuestionario, poste-
riormente, se realizé el anélisis exploratorio de los datos donde se observaron las
caracteristicas relevantes de la muestra. Para estudiar las relaciones entre los fac-
tores se aplicd un analisis de correspondencias multiple, y posteriormente, analisis
factorial para la construccion del indice. El indice mostré que el rendimiento alto
de los estudiantes se encuentra asociado a datos favorables principalmente para
los factores de desempeno académico y relaciones personales debido a sus cargas
factoriales 0.787 y 0.708 respectivamente. El indice compuesto puede ser replicado
en otras instituciones, sirviendo de base para la toma de decisiones y reformas
en el sector educativo a afin de obtener una tasa menor de desercién y un mejor
rendimiento académico, entre otras problematicas.

Palabras claves: Indice; andlisis factorial; anélisis de correspondencia, combina-
ciones lineales, rendimiento académico.

1 Introduction

The study of factors and patterns that allow explaining the influences on
student’s achievement, is of great interest for all academic organizations,
because it enables them to structure plans and strategies focused in improving
the academic performance and in consequence, the education quality that
they offer [1|. The conceptualization of academic performance is complex
and some authors indicate that there are limitations to explain this concept
in a precise way [2,3]. It can be said that the performance in the classroom
is the acquisition of knowledge and its correct application in the resolution
of problematics in a specific area or science [4,5].

Studying the academic performance involves investigating all the possible
factors that affect the individual’s achievement. These factors are varied and
not always act in the same way on a student, that is to say, they have different
effects in different persons [6,7]. The academic performance analysis by
factors is made all over the world because of its relevance in the educational
system. This analysis is made by various techniques or methodologies that
aim to explain the positive and negative effects, on the academic achievement
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8,9].

Data in the majority of these cases, are multidimensional and have effects
on the matrix analysis and in the resultant distributions. The objective of
multivariate techniques is, with no doubt, to particularize significant aspects
of the input data [10,11]. The statistical techniques as the correspondence
analysis (CRA) and the principal components analysis (PCA), are consoli-
dated as efficient methodologies for the information reduction. The frequent
use of the CRA technique has its advantages in the factorial charges planes,
that explain the relations between interdependent variables besides of the
construction of indicators conformed by linear combinations of the dimen-
sions. Some of the relevant examples related to the study of performance
are: the construction of synthetic indicators |12], relation between residence
regions and academic performance 13|, familiar support and performance
[14], among others.

Factorial analysis allows identifying homogeneity groups for the variables
addressed in the study; that is to say, the correlations are analyzed and at the
same time, the independences between groups are observed. The technique’s
relevance is centered in that each variable has the same importance, besides
determining weights that explain some percentage of the original variance.
Several authors have used the technique to explain the influence of factors
on performance [15,16].

The importance of the research on academic performance done through
the years and in different educational centers, was observed from the bibli-
ographic review made. Considering the background exposed, the objective
of this research is to construct a student’s academic index using multivari-
ate techniques as correspondence and factorial analysis, to demonstrate that
there exists a significative influence of a set of factors or variables on the
student’s performance.

2 Materials and Methods

The necessary methodology for the creation of a compound academic in-
dex by multivariate statistical techniques, is summarized in figure 1. In this
research, the index is defined as the relation between the variables or inde-
pendent factors influencing the academic performance (dependent variable)
of students or individuals of research. The work takes as basis, relevant
information from students of the Technical University of Manabi (UTM),
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Ecuador, that is collected in an anonymous way to generate confidence in
the studied individuals and to preserve their privacy.

Application of an

Research proposal Sampling plan instrument to collect
information
Exploratory analysis Correspondence Factorial Analysis
of data Analysis J
Technique
validation by the

Compound Index

: use of academic
construction

student score
average

Fig. 1: General scheme of this research

2.1 Sampling plan

The sampling plan is centered in the identification of the variables studied
that result from the bibliographic analysis of works that explain the influ-
ence of one or several factors on the academic performance. The analyzed
information was obtained from databases as Scielo, Latindex, Science Direct,
Dialnet, among others. This first analysis together with the instrument devel-
oped by [17], allowed to define five groups of variables that will be described
below.

1. Economical data includes the variables of coexistence, parents’ studies,
economic income, basic services and transport.

2. Employment situation describes the work environment, the schedules
flexibility and the work history of the group of students that has decided
to work and study at the same time.

3. Personal relations address the factors associated to intra and interper-
sonal relations with subjects as the person’s partner, family, teachers,
schoolmates, among others.
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4. The academic achievement was considered from the student’s perspec-
tive, defining himself if subjects as family, person’s partner, school-
mates and others, affect positively or negatively his or her academic
performance.

5. General data allow to identify the essential sample characteristics as
sex, age, study career or major, semester, and associate them to the
research on academic performance.

Some of these variables have been studied previously in relation with their
influence in the students’ academic achievement by several authors [16,18,19].

2.2 Instrument

This study collected personal information of a group of students that are
enrolled in the UTM, including the score average or academic performance,
whose range is from 0 to 100 points. The instrument is a survey that includes
several scenes of factors that can influence in a significant way the student’s
academic performance. The survey was adapted to this research, taking the
variant presented by [17], for the adaptation it was necessary to carry out
small changes in the selection variants such as the currency exchange, the
range of values for the admission to the institution and small modifications in
the formulation of some questions (Annexes). It was asked to each student to
complete the questions with the greatest possible veracity and additionally
they were informed about the research objective. The questionnaire was
validated through experts’ judgment in the areas of education and statistics.

2.3 Sample calculation

The research’s empirical scene took as object of study, students enrolled in
the UTM distributed in 15 careers, different, but related to the subjects of
mathematics and statistics, during the second ordinary academic period of
2019 or (2019-S2). Both subjects are of obligatory character, the semester
level and the number of credits (3 or 4) vary by career.

The careers included in this study are: Mechanic, Industrial, Electric,
Chemical and Civil Engineering, Administration, Social Work, Medicine,
Economy, Agronomy, Veterinary, Informatics, Agriculture and Pedagogy.
The population of students for the period 2019-S2 that take the mentioned
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Tab. 1: Sampling stratus

Faculty Population (N) Weight (w;) Sample (n)

F.CAFE. 890 0.11 o6
F.C.S. 243 0.03 16
F.C.H.S. 728 0.09 42
F.C.I. 405 0.05 24
F.C.M.F.Q. 3481 0.43 206
FC.V. 405 0.05 24
FFLCUE. 567 0.07 32
F.C.AGRI. 486 0.06 29
F.C.AGRO. 891 0.11 23

subjects was of 8096 students. The calculation of the pilot sample is made
using the equation:

_ 22N - §? )
n_52-22—|—(N—1)62

where: N is the population, z is the critical value in function of the confidence
level, 62 is the variance for the studied population, e represents the precision
level and n is the sample.

For the moment in which the sample calculation was done, there was
no evidence of variance difference between each stratum and, based on this
fact, it was decided to take the stratified sample by proportional weight,
considering also that the number of enrolled students per academic career is
not the same in all cases.

The variance of the student’s score average was estimated from a pilot
sampling, as a first step to calculate the sample’s size. There were considered
values for z = 2.58 with respect to a high level of confidence (99%), 6 = 8.509
y e = 1, and it was obtained as result, that the minimum number of students
necessary to be surveyed for this conditions was of 455. During the selection
of students in each Faculty, it was established a slightly higher value of the
calculated sample, of 482 students. The sample distribution is formed by
several strata which correspond to one Faculty of the UTM (Table 1).

The analyzed individuals form a group of 482 students, where the 65%
are men and the 35% are women. All of them participated voluntarily and
their data were treated under standards of ethical principles.
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2.4 Exploratory analysis of data

The data analysis by statistic descriptives, is the previous and necessary
step to understand the nature of the collected data |20,21]. Observing the
frequencies of factors, as part of the exploratory data analysis, allows identi-
fying the principal variables that could affect the student’s achievement in the
classroom, besides confirming the variables normal distribution assumptions.

This methodology has the objective of identifying the relevant characteris-
tics of a particular set of data by the use of graphics and numerical tables and
also allows to define theoretical models that make easier the representation
of the selected population. This preliminary exploration of data considers
atypical values, missing values, discontinuities, distributions, concentration
or data frequency, among others. This analysis can be made in a simplified
way to each group or in a joint way.

2.5 Correspondence analysis

The use of this technique has the objective of summarizing a massive data
quantity, by the use of dimensions with a minimal as possible loss of informa-
tion. In contrast to the factorial analysis methodology, the correspondence
analysis has its fundamental application in categorical type variables or or-
dinals, as it is shown in different research works [22-24].

The analog measure for the total variation in the correspondence tech-
nique will be the total inertia, which gives value to the dependence grade for
the categorical variables (x, y). This indicator is calculated from the relation
of the typified residue:

1 SN (i — ) —
LZNZZ%:ZM’% (2)

i=1 j=1 h=1

H H n H n

Doph=)_ > Nivaj =) > N;-bj, 3)
h=1 h=1 i=1 h=1 j=1

where: IV is the population, n;; is the observed frequency, e;; is the expected
frequency, u; represents the singular values product of symmetric normaliza-
tion, V. is the sum of cells in row of the contingency table, V,; is the sum of
cells in columns of the contingency table, a;, represents the row points and
b;n represents the column points of the cartesian coordinate matrices.
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For the determination of the dimensions’ importance, the explained iner-
tia that comes from the general or total inertia is calculated. The observed
dependencies are calculated by means of:

(“7) ) (W

With the accumulated inertia, the minimal quantity of dimensions that
allows explaining the calculated or found dependencies is defined.

‘L2
<§ : &) (5)
I
h=1 i=1,2,....H

Others of the important points in the correspondence analysis methodol-
ogy, are the total and relative contributions. The used factorial axis interpre-
tation is made through the total contributions, always observing the stronger
or greater weight contributions. On the other hand, the partial contributions
allow us to measure the point’s proximity in the i-th file or column of the
factors that have presented a high contribution.

2.6 Factorial analysis

It is of relevance to determine the minimal number of dimensions (factor)
and that, at the same time, that these be the ones that explain great part of
the initial information [15,25|. The difference of this technique with others
as the variance or regression analysis, is that each one of the variables in this
plane has the same importance, it is to say, in a first instance, the variables
are independent one from each other.

The factor results from a linear combination of variables. The answers
of the individuals will not always be the same, therefore we will have a
variety of linear combinations. The total variance will allow us having a
better appreciation of the sample diversity. The factorial analysis technique
is centered in finding weights that allow to explain the original variance of the
variables that were presented in first instance. The technique’s summarized
process is showed below (Figure 2).

The analysis of the correlation matrix is indispensable to evaluate the
factorial analysis effectivity, generally it must be observed that the variables
show high correlations between each other. If this is not the case, the evident
procedure is opting for another multivariate technique. For this technique
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Correlations

’ Factors calculation
analysis

Problematic

Factors Selection Factors Rotation Interpretation

Determination of
representative
variables

Validation of the
model

Fig. 2: Factorial analysis process

two relevant indicators are used, the Barlett Sphericity Test and the Kaiser
Meyer Olkin (KMO) [26]. Also, the Kaiser rule will be used to determine the
number of minimum factors and the rotation of factors by the Quartimax
Method, which maximizes the variance for factorial charges.

2.7 Index Construction

The combination of variables from which the maximum correlations will be
obtained, is defined by the instrument of collection of information, this fact
takes us to generate the first five simple character indices that result from
the multiple correspondence analysis linear combinations, which, after the
factorial analysis, will result in the compound index.

The simple character indices correspond to: Economical data, Employ-
ment situation, Sentimental relations, Personal relations and Academic per-
formance. To ease the compound index comprehension, the averages of the
proposed index for each one of the students, are categorized by percentiles.
The exploratory data analysis, the correspondence analysis, the factorial
analysis and the index construction were made using the statistical software
SPSS Statistics®.
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3 Results

3.1 Exploratory Analysis

From the exploratory analysis, the fundamental characteristics of the sample
of the students’ population studied. In Table 2, the categories of each one of
the variables groups with the maximum frequency, can be reviewed. This first
analysis allowed us to determine the statistical techniques for the reduction of
data and a deep analysis of the relations between variables and their incidence
in the individual’s achievement in classroom.

With respect to the economical data, it is observed that a 55% of the
students live together with their parents and the most frequent scholar level
for both parents is the Secondary level. A 49.6% of the sample declared
that they economically depend on their parents and a 63.1% of the students
receive in average an income from “0 to 100 USD”. The most frequent services
that the students have are the printer devices (35.1%) and internet connection
(30.5%), also a 74.3% uses the public transport service for their attendance at
the institution. For the students that work, it was observed that the average
daily working hours is “from 1 to 7 hours” (20.41%), while the flexibility and
study affectation is “regular”. A 52.07% of the sample said that they had
a sentimental partner and dedicate an average time for sharing coexistence
“from 0 to 5 hours”, they don’t generally work or study together. Personal
relations between the student and other individuals, are generally qualified
as good or very good. On reference of other influences on the student’s
academic performance, the students say that family, friends in the institution
and tutorials, positively affect their academic achievement

3.2 Correspondence Analysis

The categorization of each dimension for each one of the variables was ob-
tained. Also, the Cronbach alpha coefficient (a¢,) was analyzed which ex-
plains the consistency between data from the average of correlations, the
data inertia and the variance percentage (Table 3). The dimension one was
selected for the respective analysis.

The ag, value for the dimension one, except for the group of econom-
ical data, has superior values than the minimum acceptable (> 0.7), fact
that indicates a high data internal consistency. With respect to data inertia,
there exists a notorious dispersion that is explained by the different sets inte-
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Tab. 2: Characteristics of the analyzed individuals
Groups Variables Categories n(%)

Coexistence Parents 265(55)

Mother’s school level Secondary 221(45.9)

Father’s school level Secondary 237(49.2)

Economical Economic dependence Totally 239(49.6)
data Incomes (0-100)USD 304(63.1)
Services Printer device ~ 169(35.1)

Transport Bus 358(74.3)

Work No 291(60.37)

Time of working (0-11)months 29(15.35)

Employment Hours of work (1-7)hours 39(20.41)
situation® Flexibility Regular 26(13.6)
Affects study Regular 28(14.7)

Partner Yes 251(52.07)

Sentimental Time shared with partner (0-5)hours 54(21.57)
. - Partner studies Yes 95(37.97)

relationships They study together No 101(40.25)
Works with partner No 82(32.6)

With family Very good 318(65.97)

With partner Very good 171(35.44)

Personal With friends Good 228(47.30)

relationships With classmates Good 213(44.19)

With workmates Good 129(26.76)

With teachers Good 259(53.73)

Family Very positively — 225(46.68)

Partner Does not affect  114(23.65)

Academic Work Does not affect  119(24.69)

achieve- Friends out from the university —Does not affect — 223(46.26)
ment Friends in the university Positively 201(41.7)

influence Workmates Does not affect  100(20.74)
of Classmates Does not affect ~ 204(42.3)
Psycho-pedagogical Department Does not affect ~ 240(49.8)

Tutorials Positively 191(39.6)

*For the variable it is used a number of sample that fulfills the group criteria.
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Tab. 3: Summary of the model for the variables of the different groups

Accounted variance for

Cronbach Total Variance
Group Dimension  alpha  (self-value) Inertia %

Economic 1 .544 1.909 .239 23.860
data 2 437 1.618 202 20.227
Employment 1 1.000 4.000 1.000  100.000
situation 2 .625 1.881 470 47.029
Sentimental 1 1.000 5.986 998 99.771
relationships 2 445 1.588 265 26.474
Personal 1 745 2.636 .439 43.934
relations 2 .590 1.967 .328 32.790
Academic 1 .898 4.951 .550 55.008
performance 2 .831 3.822 425 42.465

grated by persons with the characteristics that resulted from the exploratory
analysis of data. The inertia’s high value for all the the cases in dimension
1, shows us that the profiles row with respect to the column’s vertices, are
nearer, thus, there exists a good relation between inertia and the correlation
between files and columns coefficient.

The most significant discriminant measures for the dimension 1, are those
which form an angle near to zero with respect to the horizontal axis. In this
way, for the group of economical data we have the example of the mother’s
scholar level (Figure 3).

In the graphic of the set of category points (Figure 4), it is observed
that the first factor describes the levels of education of both parents and
relates them with the other variables in the group or dimension of econom-
ical data. In the first quadrant there is a group constituted by individuals
whose parents have university or superior studies and their economic income
is high, and also have a familiar car for transportation to the institution.
In the second quadrant we observe a medium income and partial economic
dependence, in other words, the student works. For the third quadrant, the
secondary level of study of both parents predominates and the student, with
a lower income, uses public transport. Finally, the fourth quadrant shows
total economic dependence, because the student does not work. From the
linear combinations of the group, it was observed that some variables as the
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Fig. 3: Discriminant measures of economical data

coexistence with parents, mother’s other studies, father’s university studies,
total economic dependence, among others, have the higher coefficients or
weights, which become in a positive influence for the academic performance.

The analysis of discriminant measures and set of category points was
made for each one of the variables groups, with the purpose of observing the
most significant factors that influence the academic performance. For the
dimension Employment situation, the variables daily working hours and work
affectation stand out. With respect to the dimension of Sentimental relations,
the variables they study and work together, are the most representative; while
for the dimension of Personal relations, the relations with workmates are the
most significant. The dimension Academic achievement showed that all the
individuals influence in the student’s academic performance, but in different
extent.

The dimension 1 is composed of the sum of all the linear combinations
of the variables generating a subscript (Dy); from the combinations it is
possible to observe which one of the answers has a higher weight for the ex-
planation of the information. For example, in Table 4, the group of variables
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of achievement factors, the influence of the individuals analyzed shows how
they positively influence on performance, at the same time, these subjects
have the major weight or coefficient in the combination. These observations
vary from one variable to another.

Tab. 4: Subscripts (Dy) of the first dimension, centroid coordinates

Variables

Subscript

Coexistence
Mother’s scholar level
Father’s scholar level

Dependency

Income

Services

D,

—0.269(Father) — 0.34(Mother) +

0.170( Parents)—0.918( Partner)+0.209( Alone)
Dy = 0.952(Primary) — 0.139(Secondary) +
0.948(University) + 1.031(Others)
D3 = —0.919(Primary) — 0.017(Secondary) +
1.156(University) + 0.477(Others)

D, = —1.081(Nothing) — 0.268(Partially) +
0.439(Totally)

Ds = —0.150[(0 — 100)USD] — 0.073[(300 —
5000USD] + 0.849[(500 — 800)USD] +

1.262[(800 — 1000)U S D]
Dg

0.095(T'V') + 0.545( Printerdevice)

—0.470(Computer) — 0.427(Internet) —
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Transport

Work

Dy = 0.714(Familiar car) — 0.238(Own car) +
1.752(Taxi) — 0.140(Bus) + 0.067(Others)
Dg = —0.358(Y es) + 0.235(No)

Working time
Working hours

Work flexibility

Affectation of work

Dy = 0.810(Does not apply) — 1.234[(0 —
More than 5 years)]
Dy = 0.810(Does not apply) — 1.234[(1 —
More than 48 hours))
Dy = 0.810(Does not apply) —

1.234[(Very flexible) + (Flexible) + (Regular) +
(Not very flexible) + (Nothing)]

D13 = 0.810(Does not apply) — 1.234[(Much) +
(Regular) + (Little) + (Nothing)]

Partner
Time with partner

The partner studies
They study together
Partner Works

Works with partner

Dy3 = —0.954(Yes) + 1.036(No)

D14 = 1.051(Does not apply) — 0.951[(0 — 5)h] —
0.948[(6 — 10)A] — 0.954[(11 — More than 16h)]
Dy5 = 1.051(Does not apply) — 0.952(Yes) —
0.949(No)

Dy = 1.051(Does not apply) — 0.954(Yes) —
0.950(No)

D17 = 1.051(Does not apply) — 0.950(Yes) —
0.952(No)

Dis = 1.051(Does not apply) — 0.928(Yes) —
0.953(No)

Family

Partner

Classmates

Friends

Workmates

Teacher

Dy = -1.641(Very bad) — 1.150(Bad) —
1.072(Regular) - 0.547(Good) +
0.339(Very good)

Doy = 0.018(Does not apply, Very bad) —
1.372(Bad, Regular)+ 0.146(Good, Very good)
Dyy = —0.892(Very bad) — 0.567(Bad) —
0.801(Regular) - 0.189(Good) +
1.377(Very good)

Dy = —0.040(Very bad) — 1.562(Bad)
1.258( Regular) - 0.494(Good) +
0.821(Very good)

Dy3 = 0.024(Does not apply, Very bad) —
1.682(Bad) — 0.536(Regular, Good) +
1.457(Very good)

Doy = —0495(Very bad) — 1.133(Bad)
0.871(Regular) - 0.232(Good) +
1.253(Very good)
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Family

Partner

Work

Friend outside

Friend inside

Workmates

Classmates

Psycho-pedagogical Department

Tutorials

Dos = —1.173(Very negatively) —
0.708( Negatively)—1.079(Doesnotaf fectme)+
0.023(Positively) + 0.638(V ery positively)

Dog = 0.096(Does not apply) —
0.499(Very negatively) -
0.912(Negatively, Does not affect me) +
0.515(Positively, Very positively)

Dy7 = 0.233(Doesnotapply, Verynegatively) —
0.643(Negatively) —
0.458(Does mnot affect me, Positively) +
1.479(V ery positively)

Dog = —0.065(Very negatively) —
0.773(Negatively)—0.719(Doesnotaf fectme)+
0.432(Positively) + 1.478(V ery positively)

Dyg = —0.261(Very negatively) —
1.108(Negatively)—0.843(Doesnotaf fectme)+
0.311(Positively) + 1.446(V ery positively)

D3 = 0.225(Does not apply) —
1.240(Very negatively) —
0.796(Negatively, Does not af fect me) +
0.388( Positively) + 1.609(V ery positively)

D3y = —0.578(Very negatively) —
1.077(Negatively)—0.699(Doesnotaf fectme)+
0.340( Positively) 4+ 1.499(V ery positively)

Dsg = —0.843(Very negatively) —
1.173(Negatively)—0.599(Doesnota f fectme)+
0.485(Positively) + 1.903(V ery positively)

D33 = —1.016(Very negatively) —
1.254(Negatively)—0.761(Doesnotaf fectme)+
0.347(Positively) + 1.068(V ery positively)

3.3 Factorial Analysis

The first step of the procedure was to obtain the original subscripts for the
groups of variables. These subscripts are composed with the factorial charges
of the multiple correspondence technique, that is to say that, the process
consisted in entering the first axis charges of all dimensions, in the analysis.
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Tab. 5: Matrix of rotated components

Component
1 2
Economical data 451 .605

Employment situation .265
Sentimental relations -.157 841

Personal relations .708

Achievement factors  .787

Some data of the original indexes have numerical values higher than 1, that
can be negative or positive. To standardize data or represent them in form
of percentages, each term is divided by the maximum absolute value in the
column. With this procedure, the values for the standard index oscillate
between 0 and 1.

The subscripts obtained explain aspects of each group of variables; in
this way the index 1, can be used to study in depth the economical data of
a sample, the index 2 has relation with the employment situation, index 3 is
related to sentimental relationships, index 4 and 5 are related with personal
relations and factors of academic achievement, respectively.

The Bartlett’s sphericity indicator is calculated on the simple character
indices developed, giving as result a value of 77.23, indicating that the cor-
relations matrix is the identity matrix of our variables. Owed to the fact
that we have high values for X2, it can be confirmed that there exist sig-
nificant correlations between variables for the stablished reliability margin.
For the KMO indicator of partial correlation between a pair of variables, it
was obtained a value of 0.528, which is slightly superior to the minimum
recommended (K MO > 0.5), proving that the technique is appropriated.

The extraction of factors was made by the principal components method,
where the factorial punctuations were estimated. With respect to the mini-
mum number of factors, in accordance with the Keiser Rule, the self-values
higher than unity, are the firsts two components that explain an accumu-
lated variance percentage of 50.19%. The rotation of factors by the Quarti-
max method, allowed us to maximize the factorial charges variances and to
achieve the required pertinence concentration (Table 5).

The values of the first component express the linear combinations of each
one of the subscripts for the final index. The linear combination for the
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compound index is:

Dindger = 0.451( Economical data) + 0.265( Employment situation)
— 0.157(Sentimental relations) + 0.708( Personal relations)
+ 0.787(Achievement factors)

The personal relations and achievement factors coefficients, indicate that
both subscripts have a high importance for the general index. Economical
data and employment situation are complementary, while sentimental rela-
tions indicate a negative value that can be justified because the set of these
data is divided in two groups, considering the fact of the sentimental partner
existence or its absence. As can be appreciated for both components in a
rotated space, the subscripts are located mainly in the first and fourth quad-
rant, that is, the majority of subscripts are represented by the component 1,
in the right side of the graphic (Figure 5).

10 Sentimental relations

L ]
Economical data

L]
05

Employment situation

°
00

Personal * o
relations  Achievement

factors

Component 2

05

-10 05 00 05 10

Component 1

Fig. 5: Components in the rotated space

Later we proceeded to categorize the compound index by means of per-
centiles, were the respective categories will be: “low” for the individuals with
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Tab. 6: Categorization of the compound index

N Valid 482
Lost 0
25 -.2091
Percentiles 50  -.0158
75 .1882

less or equal percentile of 25; “regular” for the individuals between the per-
centiles 25 to 50; “good” for individuals between the percentiles 50 to 75
and “excellent” for the individuals with percentiles higher than 75 (Table 6).
The compound index was re-categorized in function of the label values and
percentiles.

The validation of the technique was made by means of a factorial plane
that allowed the comparison between the indexes of Table 5 and the scores’
averages. If we move to the right, in the last extreme is the higher average
qualification, while that, by the left side with respect to the origin, we have
the lowest values between 70 and 80 and finally, in the center we observe
medium values of the scores’ average between 75 and 90 points (Figure 6).

This coincides with what the index describes, that is, that all subscripts
that point to the right side are related with high scores’ averages: favorable
economical data, favorable employment situation, positive personal relations
and achievement factor. Personal relations have a significant influence in the
index.

4 Discussion

The index developed in this work shows that the factors of academic achieve-
ment (subjects) and personal relations, have a higher factorial charge for the
general index; that is, the subjects and good personal relations, positively
influence in the academic performance. This result is in accordance with sim-
ilar studies about the influence of the environment with which the student
is interacting on the academic performance [27-29]. On the other hand, it
was observed that the performance is moderately conditioned by economi-
cal data, that is, some students can have a high achievement, without their
parents having made superior or university studies [14,18,30].

To have an academic index compounded by various dimensions or groups
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of variables, allows a wider analysis and the identification of the factor or
factors that influence negatively on academic performance and from this
knowledge, it is possible for the competent organisms, to define educative
strategies in benefit of students and the superior education institutions, as
for example, the use of technology, changes in the teaching-learning process

8].

The relations between variables observed by means of the correspondence
analysis were verified by the alpha Cronbach, which for the majority of groups
exceeded the minimum acceptable as mentioned by various authors [31,32].
The construction of the compound index from the factorial analysis tech-
nique was adequate because the minimum value of the KMO indicator was
exceedeed [33,34], also it was possible to define significant relations between
the student’s score average and the developed index, by the discriminant
measures and the rotated space method.
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5 Conclusions

The use of multivariate techniques as correspondence analysis and factorial
analysis, simplified the work of the student’s academic performance index
construction; each technique played a fundamental role in the analysis of the
collected information by means of the measuring instrument.

The analysis of multiple correspondences is an adequate technique as a
previous step for the application of the factorial analysis, with the objective
to reduce variables for achieving a better comprehension of factors that were
used to construct the compound index. The use of the factorial analysis
technique, allowed to construct efficiently the compound index and also the
re-categorization of the academic performance in 4 levels.

The relation between the re-categorized index and general data (sex, age,
semester, career, score’s average) indicate that the index shows a significant
relation with the score’s average. Therefore, the index validation is demon-
strated by the students’ scores and this fact is proved in a descriptive way
through the factorial plane and discriminant measures.

By means of the compound index developed, it can be evidenced that the
student’s performance is conditioned not only by the score, but by several
factors that are related with the students economic situation and their per-
sonal relations, that is to say that, there are sceneries that must be treated
with strategies to potentiate the academic performance results.
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Appendix - Questionnaire for collection data

The following survey has the purely investigative objective of the construction
of an academic index, by multivariant statistics in the Universidad Técnica
de Manabi. We thank you in advance, your cooperation in answering the
following questions related to the academic performance and the factors that
influence it.

1. Sexx M  F Age:

Instructions: You should mark your answer with an “X”.

GENERAL DATA

2. Career:



Lopez, Useche, Montes

=

. Semester:
Current average during the career: __
. Turn: Morning Evening

ECONOMICAL DATA

. You live with:

) Father

) Mother

) Both parents

) With your partner
(e) Alone

. Which is the mother’s scholar level ?

(a) Primary
(b) Secondary
(c) University
(d) Other

. Which is the father’s scholar level ?

(a) Primary
(b) Secondary
(c) University
(d) Other

. Which is your monthly income?

From $0 to $100

(a)

(b) From $300 to $500
)

d

(c) From $500 to $300 _
(d) From $800 to $1000

. Which of the following services and apparatus have you at home?

(a) Computer

(b) Internet

(c) Television (Cable, Platforms)
(d) Printing machine

. What type of transportation do you use to attend to the University?
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10.

11.

(a) Family’s car
(b) Own car
(c) Taxi _
(d) Bus
(e) Other (Specify)

Do you work?

(a) Yes
(b) No ___

EMPLOYMENT SITUATION

How much time have you been working? (complete years)

(a) From zero to 11 month
(b) From 1 to 2 years
(c) From 3 to 4 years
(d) More than 5 years

How many hours per week do you work?

(a) From 1 to 7 hours
(b) From 8 to 16 hours
(c) From 17 to 23 hours
(d) From 24 to 47 hours
(e) More than 48 hours

How flexible is your work considering your student condition?

(a) Very flexible
(b) Flexible _
(c) Regular _
(d) Not very flexible
(e) Not flexible at all

How much do you think that your work affects your academic perfor-
mance?

(a) Very much
(b) Regular
(c) Little

d) Nothing

(
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SENTIMENTAL RELATIONSHIPS

12. Have you a sentimental partner?

éag Yes

b) No

13. How much time do you coexist with your partner weekly?

a) From 0 to 5 hours

b) From 6 to 10 hours

(c) From 11 to 15 hours
(d) More than 15 hours

14. Does your partner study?

-

No
15. Do you and your partner study together?

-

No

16. Do you and partner work together?
a) Yes
b

No
PERSONAL RELATIONSHIPS

17. How do you consider the relation you have with ...7

Subjects Very good | Good | Regular | Bad | Very bad
Family
Partner
Friends
Classmates
Workmates
Teachers

ACADEMIC ACHIEVEMENT

18. How do you consider the following factors affect your academic perfor-
mance?
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Positevely | It does not | Negatively Very

Subjects Very
affect me negatively

positevely

Family
Partner
Work
Friends
(outside
university)
Friends
(inside
university)
Workmates
Classmates
Psico-
pedagogical
Department
Tutorials




