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Abstra
t

This work fa
ed the 
onstru
tion of an index 
omposed by the fa
tors that in�u-

en
e the student's a
ademi
 performan
e. To ful�ll this obje
tive, the information

from students was 
olle
ted by means of a questionnaire and later, the exploratory

analysis of data was made, where the relevant 
hara
teristi
s of the sample were

dete
ted. To study the relations between the fa
tors involved, a multiple 
orrespon-

den
e analysis was made and the index was 
onstru
ted by means of a fa
torial

analysis. The index showed that the student's high performan
e is mainly asso
i-

ated to data related to a
ademi
 a
hievement and personal relationships, owed to

their fa
torial 
harges of 0.787 y 0.708 respe
tively. The 
ompound index 
an be

applied in other institutions, serving as basis for de
ision making and reforms in

the edu
ative se
tor, in order to obtain a lower desertion and a higher a
ademi


performan
e, among other aspe
ts of the edu
ational problems.

Keywords: Index; fa
tor analysis; 
orresponden
e analysis; linear 
ombinations;
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a
ademi
 performan
e.

Resumen

El presente trabajo 
ontempló la 
onstru

ión de un índi
e 
ompuesto de los fa
-

tores que in uyen en el rendimiento a
adémi
o. Para el 
umplimiento del objetivo

se re
ole
tó la informa
ión de los estudiantes a través de un 
uestionario, poste-

riormente, se realizó el análisis exploratorio de los datos donde se observaron las


ara
terísti
as relevantes de la muestra. Para estudiar las rela
iones entre los fa
-

tores se apli
ó un análisis de 
orresponden
ias múltiple, y posteriormente, análisis

fa
torial para la 
onstru

ión del índi
e. El índi
e mostró que el rendimiento alto

de los estudiantes se en
uentra aso
iado a datos favorables prin
ipalmente para

los fa
tores de desempeño a
adémi
o y rela
iones personales debido a sus 
argas

fa
toriales 0.787 y 0.708 respe
tivamente. El índi
e 
ompuesto puede ser repli
ado

en otras institu
iones, sirviendo de base para la toma de de
isiones y reformas

en el se
tor edu
ativo a a�n de obtener una tasa menor de deser
ión y un mejor

rendimiento a
adémi
o, entre otras problemáti
as.

Palabras 
laves: Índi
e; análisis fa
torial; análisis de 
orresponden
ia, 
ombina-


iones lineales, rendimiento a
adémi
o.

1 Introdu
tion

The study of fa
tors and patterns that allow explaining the in�uen
es on

student's a
hievement, is of great interest for all a
ademi
 organizations,

be
ause it enables them to stru
ture plans and strategies fo
used in improving

the a
ademi
 performan
e and in 
onsequen
e, the edu
ation quality that

they o�er [1℄. The 
on
eptualization of a
ademi
 performan
e is 
omplex

and some authors indi
ate that there are limitations to explain this 
on
ept

in a pre
ise way [2, 3℄. It 
an be said that the performan
e in the 
lassroom

is the a
quisition of knowledge and its 
orre
t appli
ation in the resolution

of problemati
s in a spe
i�
 area or s
ien
e [4, 5℄.

Studying the a
ademi
 performan
e involves investigating all the possible

fa
tors that a�e
t the individual's a
hievement. These fa
tors are varied and

not always a
t in the same way on a student, that is to say, they have di�erent

e�e
ts in di�erent persons [6, 7℄. The a
ademi
 performan
e analysis by

fa
tors is made all over the world be
ause of its relevan
e in the edu
ational

system. This analysis is made by various te
hniques or methodologies that

aim to explain the positive and negative e�e
ts, on the a
ademi
 a
hievement
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[8, 9℄.

Data in the majority of these 
ases, are multidimensional and have e�e
ts

on the matrix analysis and in the resultant distributions. The obje
tive of

multivariate te
hniques is, with no doubt, to parti
ularize signi�
ant aspe
ts

of the input data [10, 11℄. The statisti
al te
hniques as the 
orresponden
e

analysis (CRA) and the prin
ipal 
omponents analysis (PCA), are 
onsoli-

dated as e�
ient methodologies for the information redu
tion. The frequent

use of the CRA te
hnique has its advantages in the fa
torial 
harges planes,

that explain the relations between interdependent variables besides of the


onstru
tion of indi
ators 
onformed by linear 
ombinations of the dimen-

sions. Some of the relevant examples related to the study of performan
e

are: the 
onstru
tion of syntheti
 indi
ators [12℄, relation between residen
e

regions and a
ademi
 performan
e [13℄, familiar support and performan
e

[14℄, among others.

Fa
torial analysis allows identifying homogeneity groups for the variables

addressed in the study; that is to say, the 
orrelations are analyzed and at the

same time, the independen
es between groups are observed. The te
hnique's

relevan
e is 
entered in that ea
h variable has the same importan
e, besides

determining weights that explain some per
entage of the original varian
e.

Several authors have used the te
hnique to explain the in�uen
e of fa
tors

on performan
e [15, 16℄.

The importan
e of the resear
h on a
ademi
 performan
e done through

the years and in di�erent edu
ational 
enters, was observed from the bibli-

ographi
 review made. Considering the ba
kground exposed, the obje
tive

of this resear
h is to 
onstru
t a student's a
ademi
 index using multivari-

ate te
hniques as 
orresponden
e and fa
torial analysis, to demonstrate that

there exists a signi�
ative in�uen
e of a set of fa
tors or variables on the

student's performan
e.

2 Materials and Methods

The ne
essary methodology for the 
reation of a 
ompound a
ademi
 in-

dex by multivariate statisti
al te
hniques, is summarized in �gure 1. In this

resear
h, the index is de�ned as the relation between the variables or inde-

pendent fa
tors in�uen
ing the a
ademi
 performan
e (dependent variable)

of students or individuals of resear
h. The work takes as basis, relevant

information from students of the Te
hni
al University of Manabi (UTM),
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E
uador, that is 
olle
ted in an anonymous way to generate 
on�den
e in

the studied individuals and to preserve their priva
y.

Fig. 1: General s
heme of this resear
h

2.1 Sampling plan

The sampling plan is 
entered in the identi�
ation of the variables studied

that result from the bibliographi
 analysis of works that explain the in�u-

en
e of one or several fa
tors on the a
ademi
 performan
e. The analyzed

information was obtained from databases as S
ielo, Latindex, S
ien
e Dire
t,

Dialnet, among others. This �rst analysis together with the instrument devel-

oped by [17℄, allowed to de�ne �ve groups of variables that will be des
ribed

below.

1. E
onomi
al data in
ludes the variables of 
oexisten
e, parents' studies,

e
onomi
 in
ome, basi
 servi
es and transport.

2. Employment situation des
ribes the work environment, the s
hedules

�exibility and the work history of the group of students that has de
ided

to work and study at the same time.

3. Personal relations address the fa
tors asso
iated to intra and interper-

sonal relations with subje
ts as the person's partner, family, tea
hers,

s
hoolmates, among others.
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4. The a
ademi
 a
hievement was 
onsidered from the student's perspe
-

tive, de�ning himself if subje
ts as family, person's partner, s
hool-

mates and others, a�e
t positively or negatively his or her a
ademi


performan
e.

5. General data allow to identify the essential sample 
hara
teristi
s as

sex, age, study 
areer or major, semester, and asso
iate them to the

resear
h on a
ademi
 performan
e.

Some of these variables have been studied previously in relation with their

in�uen
e in the students' a
ademi
 a
hievement by several authors [16,18,19℄.

2.2 Instrument

This study 
olle
ted personal information of a group of students that are

enrolled in the UTM, in
luding the s
ore average or a
ademi
 performan
e,

whose range is from 0 to 100 points. The instrument is a survey that in
ludes

several s
enes of fa
tors that 
an in�uen
e in a signi�
ant way the student's

a
ademi
 performan
e. The survey was adapted to this resear
h, taking the

variant presented by [17℄, for the adaptation it was ne
essary to 
arry out

small 
hanges in the sele
tion variants su
h as the 
urren
y ex
hange, the

range of values for the admission to the institution and small modi�
ations in

the formulation of some questions (Annexes). It was asked to ea
h student to


omplete the questions with the greatest possible vera
ity and additionally

they were informed about the resear
h obje
tive. The questionnaire was

validated through experts' judgment in the areas of edu
ation and statisti
s.

2.3 Sample 
al
ulation

The resear
h's empiri
al s
ene took as obje
t of study, students enrolled in

the UTM distributed in 15 
areers, di�erent, but related to the subje
ts of

mathemati
s and statisti
s, during the se
ond ordinary a
ademi
 period of

2019 or (2019-S2). Both subje
ts are of obligatory 
hara
ter, the semester

level and the number of 
redits (3 or 4) vary by 
areer.

The 
areers in
luded in this study are: Me
hani
, Industrial, Ele
tri
,

Chemi
al and Civil Engineering, Administration, So
ial Work, Medi
ine,

E
onomy, Agronomy, Veterinary, Informati
s, Agri
ulture 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 (wi) Sample (n)
F.C.A.E. 890 0.11 56

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

F.C.V. 405 0.05 24

F.F.L.C.E. 567 0.07 32

F.C.AGRI. 486 0.06 29

F.C.AGRO. 891 0.11 53

subje
ts was of 8096 students. The 
al
ulation of the pilot sample is made

using the equation:

n =
z2 ·N · δ2

δ2 · z2 + (N − 1)e2
(1)

where: N is the population, z is the 
riti
al value in fun
tion of the 
on�den
e
level, δ2 is the varian
e for the studied population, e represents the pre
ision
level and n is the sample.

For the moment in whi
h the sample 
al
ulation was done, there was

no eviden
e of varian
e di�eren
e between ea
h stratum and, based on this

fa
t, it was de
ided to take the strati�ed sample by proportional weight,


onsidering also that the number of enrolled students per a
ademi
 
areer is

not the same in all 
ases.

The varian
e of the student's s
ore average was estimated from a pilot

sampling, as a �rst step to 
al
ulate the sample's size. There were 
onsidered

values for z = 2.58 with respe
t to a high level of 
on�den
e (99%), δ = 8.509
y e = 1, and it was obtained as result, that the minimum number of students

ne
essary to be surveyed for this 
onditions was of 455. During the sele
tion

of students in ea
h Fa
ulty, it was established a slightly higher value of the


al
ulated sample, of 482 students. The sample distribution is formed by

several strata whi
h 
orrespond to one Fa
ulty 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 parti
ipated voluntarily and

their data were treated under standards of ethi
al prin
iples.



7 López, Use
he, Montes

2.4 Exploratory analysis of data

The data analysis by statisti
 des
riptives, is the previous and ne
essary

step to understand the nature of the 
olle
ted data [20, 21℄. Observing the

frequen
ies of fa
tors, as part of the exploratory data analysis, allows identi-

fying the prin
ipal variables that 
ould a�e
t the student's a
hievement in the


lassroom, besides 
on�rming the variables normal distribution assumptions.

This methodology has the obje
tive of identifying the relevant 
hara
teris-

ti
s of a parti
ular set of data by the use of graphi
s and numeri
al tables and

also allows to de�ne theoreti
al models that make easier the representation

of the sele
ted population. This preliminary exploration of data 
onsiders

atypi
al values, missing values, dis
ontinuities, distributions, 
on
entration

or data frequen
y, among others. This analysis 
an be made in a simpli�ed

way to ea
h group or in a joint way.

2.5 Corresponden
e analysis

The use of this te
hnique has the obje
tive of summarizing a massive data

quantity, by the use of dimensions with a minimal as possible loss of informa-

tion. In 
ontrast to the fa
torial analysis methodology, the 
orresponden
e

analysis has its fundamental appli
ation in 
ategori
al type variables or or-

dinals, as it is shown in di�erent resear
h works [22�24℄.

The analog measure for the total variation in the 
orresponden
e te
h-

nique will be the total inertia, whi
h gives value to the dependen
e grade for

the 
ategori
al variables (x, y). This indi
ator is 
al
ulated from the relation

of the typi�ed residue:

It =
1

N

n∑

i=1

n∑

j=1

(nij − eij)
2

eij
=

H∑

h=1

µ2
h (2)

H∑

h=1

µ2
h =

H∑

h=1

n∑

i=1

Ni · a2ih =
H∑

h=1

n∑

j=1

Nj · b2jh (3)

where: N is the population, nij is the observed frequen
y, eij is the expe
ted
frequen
y, uh represents the singular values produ
t of symmetri
 normaliza-

tion, Ni∗ is the sum of 
ells in row of the 
ontingen
y table, N∗j is the sum of


ells in 
olumns of the 
ontingen
y table, aih represents the row points and

bjh represents the 
olumn points of the 
artesian 
oordinate matri
es.
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For the determination of the dimensions' importan
e, the explained iner-

tia that 
omes from the general or total inertia is 
al
ulated. The observed

dependen
ies are 
al
ulated by means of:

(
µ2
i

It

)

i=1,2,...,H

(4)

With the a

umulated inertia, the minimal quantity of dimensions that

allows explaining the 
al
ulated or found dependen
ies is de�ned.

(
i∑

h=1

µ2
i

It

)

i=1,2,...,H

(5)

Others of the important points in the 
orresponden
e analysis methodol-

ogy, are the total and relative 
ontributions. The used fa
torial axis interpre-

tation is made through the total 
ontributions, always observing the stronger

or greater weight 
ontributions. On the other hand, the partial 
ontributions

allow us to measure the point's proximity in the i-th �le or 
olumn of the

fa
tors that have presented a high 
ontribution.

2.6 Fa
torial analysis

It is of relevan
e to determine the minimal number of dimensions (fa
tor)

and that, at the same time, that these be the ones that explain great part of

the initial information [15, 25℄. The di�eren
e of this te
hnique with others

as the varian
e or regression analysis, is that ea
h one of the variables in this

plane has the same importan
e, it is to say, in a �rst instan
e, the variables

are independent one from ea
h other.

The fa
tor results from a linear 
ombination of variables. The answers

of the individuals will not always be the same, therefore we will have a

variety of linear 
ombinations. The total varian
e will allow us having a

better appre
iation of the sample diversity. The fa
torial analysis te
hnique

is 
entered in �nding weights that allow to explain the original varian
e of the

variables that were presented in �rst instan
e. The te
hnique's summarized

pro
ess is showed below (Figure 2).

The analysis of the 
orrelation matrix is indispensable to evaluate the

fa
torial analysis e�e
tivity, generally it must be observed that the variables

show high 
orrelations between ea
h other. If this is not the 
ase, the evident

pro
edure is opting for another multivariate te
hnique. For this te
hnique
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Fig. 2: Fa
torial analysis pro
ess

two relevant indi
ators are used, the Barlett Spheri
ity Test and the Kaiser

Meyer Olkin (KMO) [26℄. Also, the Kaiser rule will be used to determine the

number of minimum fa
tors and the rotation of fa
tors by the Quartimax

Method, whi
h maximizes the varian
e for fa
torial 
harges.

2.7 Index Constru
tion

The 
ombination of variables from whi
h the maximum 
orrelations will be

obtained, is de�ned by the instrument of 
olle
tion of information, this fa
t

takes us to generate the �rst �ve simple 
hara
ter indi
es that result from

the multiple 
orresponden
e analysis linear 
ombinations, whi
h, after the

fa
torial analysis, will result in the 
ompound index.

The simple 
hara
ter indi
es 
orrespond to: E
onomi
al data, Employ-

ment situation, Sentimental relations, Personal relations and A
ademi
 per-

forman
e. To ease the 
ompound index 
omprehension, the averages of the

proposed index for ea
h one of the students, are 
ategorized by per
entiles.

The exploratory data analysis, the 
orresponden
e analysis, the fa
torial

analysis and the index 
onstru
tion were made using the statisti
al software

SPSS Statisti
s

R©.
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3 Results

3.1 Exploratory Analysis

From the exploratory analysis, the fundamental 
hara
teristi
s of the sample

of the students' population studied. In Table 2, the 
ategories of ea
h one of

the variables groups with the maximum frequen
y, 
an be reviewed. This �rst

analysis allowed us to determine the statisti
al te
hniques for the redu
tion of

data and a deep analysis of the relations between variables and their in
iden
e

in the individual's a
hievement in 
lassroom.

With respe
t to the e
onomi
al data, it is observed that a 55% of the

students live together with their parents and the most frequent s
holar level

for both parents is the Se
ondary level. A 49.6% of the sample de
lared

that they e
onomi
ally depend on their parents and a 63.1% of the students

re
eive in average an in
ome from �0 to 100 USD�. The most frequent servi
es

that the students have are the printer devi
es (35.1%) and internet 
onne
tion

(30.5%), also a 74.3% uses the publi
 transport servi
e for their attendan
e 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 �exibility and

study a�e
tation is �regular�. A 52.07% of the sample said that they had

a sentimental partner and dedi
ate an average time for sharing 
oexisten
e

�from 0 to 5 hours�, they don't generally work or study together. Personal

relations between the student and other individuals, are generally quali�ed

as good or very good. On referen
e of other in�uen
es on the student's

a
ademi
 performan
e, the students say that family, friends in the institution

and tutorials, positively a�e
t their a
ademi
 a
hievement

3.2 Corresponden
e Analysis

The 
ategorization of ea
h dimension for ea
h one of the variables was ob-

tained. Also, the Cronba
h alpha 
oe�
ient (αCr) was analyzed whi
h ex-

plains the 
onsisten
y between data from the average of 
orrelations, the

data inertia and the varian
e per
entage (Table 3). The dimension one was

sele
ted for the respe
tive analysis.

The αCr value for the dimension one, ex
ept for the group of e
onom-

i
al data, has superior values than the minimum a

eptable (≥ 0.7), fa
t
that indi
ates a high data internal 
onsisten
y. With respe
t to data inertia,

there exists a notorious dispersion that is explained by the di�erent sets inte-
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Tab. 2: Chara
teristi
s of the analyzed individuals

Groups V ariables Categories n(%)

E
onomi
al

data

Coexisten
e Parents 265(55)

Mother's s
hool level Se
ondary 221(45.9)

Father's s
hool level Se
ondary 237(49.2)

E
onomi
 dependen
e Totally 239(49.6)

In
omes (0-100)USD 304(63.1)

Servi
es Printer devi
e 169(35.1)

Transport Bus 358(74.3)

Work No 291(60.37)

Employment

situation*

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

Hours of work (1-7)hours 39(20.41)

Flexibility Regular 26(13.6)

A�e
ts study Regular 28(14.7)

Sentimental

relationships*

Partner Yes 251(52.07)

Time shared with partner (0-5)hours 54(21.57)

Partner studies Yes 95(37.97)

They study together No 101(40.25)

Works with partner No 82(32.6)

Personal

relationships

With family Very good 318(65.97)

With partner Very good 171(35.44)

With friends Good 228(47.30)

With 
lassmates Good 213(44.19)

With workmates Good 129(26.76)

With tea
hers Good 259(53.73)

A
ademi


a
hieve-

ment

in�uen
e

of

Family Very positively 225(46.68)

Partner Does not a�e
t 114(23.65)

Work Does not a�e
t 119(24.69)

Friends out from the university Does not a�e
t 223(46.26)

Friends in the university Positively 201(41.7)

Workmates Does not a�e
t 100(20.74)

Classmates Does not a�e
t 204(42.3)

Psy
ho-pedagogi
al Department Does not a�e
t 240(49.8)

Tutorials Positively 191(39.6)

*For the variable it is used a number of sample that ful�lls the group 
riteria.



A student's a
ademi
 index 12

Tab. 3: Summary of the model for the variables of the di�erent groups

A

ounted varian
e for

Cronba
h Total Varian
e

Group Dimension alpha (self-value) Inertia %

E
onomi
 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

A
ademi
 1 .898 4.951 .550 55.008

performan
e 2 .831 3.822 .425 42.465

grated by persons with the 
hara
teristi
s that resulted from the exploratory

analysis of data. The inertia's high value for all the the 
ases in dimension

1, shows us that the pro�les row with respe
t to the 
olumn's verti
es, are

nearer, thus, there exists a good relation between inertia and the 
orrelation

between �les and 
olumns 
oe�
ient.

The most signi�
ant dis
riminant measures for the dimension 1, are those

whi
h form an angle near to zero with respe
t to the horizontal axis. In this

way, for the group of e
onomi
al data we have the example of the mother's

s
holar level (Figure 3).

In the graphi
 of the set of 
ategory points (Figure 4), it is observed

that the �rst fa
tor des
ribes the levels of edu
ation of both parents and

relates them with the other variables in the group or dimension of e
onom-

i
al data. In the �rst quadrant there is a group 
onstituted by individuals

whose parents have university or superior studies and their e
onomi
 in
ome

is high, and also have a familiar 
ar for transportation to the institution.

In the se
ond quadrant we observe a medium in
ome and partial e
onomi


dependen
e, in other words, the student works. For the third quadrant, the

se
ondary level of study of both parents predominates and the student, with

a lower in
ome, uses publi
 transport. Finally, the fourth quadrant shows

total e
onomi
 dependen
e, be
ause the student does not work. From the

linear 
ombinations of the group, it was observed that some variables as the
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Fig. 3: Dis
riminant measures of e
onomi
al data


oexisten
e with parents, mother's other studies, father's university studies,

total e
onomi
 dependen
e, among others, have the higher 
oe�
ients or

weights, whi
h be
ome in a positive in�uen
e for the a
ademi
 performan
e.

The analysis of dis
riminant measures and set of 
ategory points was

made for ea
h one of the variables groups, with the purpose of observing the

most signi�
ant fa
tors that in�uen
e the a
ademi
 performan
e. For the

dimension Employment situation, the variables daily working hours and work

a�e
tation stand out. With respe
t 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 signi�
ant. The dimension A
ademi
 a
hievement showed that all the

individuals in�uen
e in the student's a
ademi
 performan
e, but in di�erent

extent.

The dimension 1 is 
omposed of the sum of all the linear 
ombinations

of the variables generating a subs
ript (Dk); from the 
ombinations it is

possible to observe whi
h 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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Fig. 4: Set of 
ategory points for e
onomi
al data

of a
hievement fa
tors, the in�uen
e of the individuals analyzed shows how

they positively in�uen
e on performan
e, at the same time, these subje
ts

have the major weight or 
oe�
ient in the 
ombination. These observations

vary from one variable to another.

Tab. 4: Subs
ripts (Dk) of the �rst dimension, 
entroid 
oordinates

Variables Subs
ript

Coexisten
e D1 = −0.269(Father) − 0.34(Mother) +
0.170(Parents)−0.918(Partner)+0.209(Alone)

Mother's s
holar level D2 = 0.952(Primary) − 0.139(Secondary) +
0.948(University) + 1.031(Others)

Father's s
holar level D3 = −0.919(Primary) − 0.017(Secondary) +
1.156(University) + 0.477(Others)

Dependen
y D4 = −1.081(Nothing) − 0.268(Partially) +
0.439(Totally)

In
ome D5 = −0.150[(0 − 100)USD] − 0.073[(300 −
500)USD] + 0.849[(500 − 800)USD] +
1.262[(800 − 1000)USD]

Servi
es D6 = −0.470(Computer) − 0.427(Internet) −
0.095(TV ) + 0.545(Printerdevice)
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Transport D7 = 0.714(Familiar car) − 0.238(Own car) +
1.752(Taxi) − 0.140(Bus) + 0.067(Others)

Work D8 = −0.358(Y es) + 0.235(No)

Working time D9 = 0.810(Does not apply) − 1.234[(0 −
More than 5 years)]

Working hours D10 = 0.810(Does not apply) − 1.234[(1 −
More than 48 hours)]

Work �exibility D11 = 0.810(Does not apply) −
1.234[(V eryflexible)+(Flexible)+(Regular)+
(Not very flexible) + (Nothing)]

A�e
tation of work D12 = 0.810(Does not apply)− 1.234[(Much) +
(Regular) + (Little) + (Nothing)]

Partner D13 = −0.954(Y es) + 1.036(No)
Time with partner D14 = 1.051(Does not apply)− 0.951[(0− 5)h]−

0.948[(6 − 10)h] − 0.954[(11 −More than 16h)]
The partner studies D15 = 1.051(Does not apply) − 0.952(Y es) −

0.949(No)
They study together D16 = 1.051(Does not apply) − 0.954(Y es) −

0.950(No)
Partner Works D17 = 1.051(Does not apply) − 0.950(Y es) −

0.952(No)
Works with partner D18 = 1.051(Does not apply) − 0.928(Y es) −

0.953(No)

Family D19 = −1.641(V ery bad) − 1.150(Bad) −
1.072(Regular) − 0.547(Good) +
0.339(V ery good)

Partner D20 = 0.018(Does not apply, V ery bad) −
1.372(Bad, Regular) + 0.146(Good, V ery good)

Classmates D21 = −0.892(V ery bad) − 0.567(Bad) −
0.801(Regular) − 0.189(Good) +
1.377(V ery good)

Friends D22 = −0.040(V ery bad) − 1.562(Bad) −
1.258(Regular) − 0.494(Good) +
0.821(V ery good)

Workmates D23 = 0.024(Does not apply, V ery bad) −
1.682(Bad) − 0.536(Regular, Good) +
1.457(V ery good)

Tea
her D24 = −0.495(V ery bad) − 1.133(Bad) −
0.871(Regular) − 0.232(Good) +
1.253(V ery good)
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Family D25 = −1.173(V ery negatively) −
0.708(Negatively)−1.079(Doesnotaffectme)+
0.023(Positively) + 0.638(V ery positively)

Partner D26 = 0.096(Does not apply) −
0.499(V ery negatively) −
0.912(Negatively, Does not affect me) +
0.515(Positively, V ery positively)

Work D27 = 0.233(Doesnotapply, V erynegatively)−
0.643(Negatively) −
0.458(Does not affect me, Positively) +
1.479(V ery positively)

Friend outside D28 = −0.065(V ery negatively) −
0.773(Negatively)−0.719(Doesnotaffectme)+
0.432(Positively) + 1.478(V ery positively)

Friend inside D29 = −0.261(V ery negatively) −
1.108(Negatively)−0.843(Doesnotaffectme)+
0.311(Positively) + 1.446(V ery positively)

Workmates D30 = 0.225(Does not apply) −
1.240(V ery negatively) −
0.796(Negatively, Does not affect me) +
0.388(Positively) + 1.609(V ery positively)

Classmates D31 = −0.578(V ery negatively) −
1.077(Negatively)−0.699(Doesnotaffectme)+
0.340(Positively) + 1.499(V ery positively)

Psy
ho-pedagogi
al Department D32 = −0.843(V ery negatively) −
1.173(Negatively)−0.599(Doesnotaffectme)+
0.485(Positively) + 1.903(V ery positively)

Tutorials D33 = −1.016(V ery negatively) −
1.254(Negatively)−0.761(Doesnotaffectme)+
0.347(Positively) + 1.068(V ery positively)

3.3 Fa
torial Analysis

The �rst step of the pro
edure was to obtain the original subs
ripts for the

groups of variables. These subs
ripts are 
omposed with the fa
torial 
harges

of the multiple 
orresponden
e te
hnique, that is to say that, the pro
ess


onsisted in entering the �rst axis 
harges of all dimensions, in the analysis.
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Tab. 5: Matrix of rotated 
omponents

Component

1 2

E
onomi
al data .451 .605

Employment situation .265

Sentimental relations -.157 .841

Personal relations .708

A
hievement fa
tors .787

Some data of the original indexes have numeri
al values higher than 1, that


an be negative or positive. To standardize data or represent them in form

of per
entages, ea
h term is divided by the maximum absolute value in the


olumn. With this pro
edure, the values for the standard index os
illate

between 0 and 1.

The subs
ripts obtained explain aspe
ts of ea
h group of variables; in

this way the index 1, 
an be used to study in depth the e
onomi
al 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 fa
tors of a
ademi
 a
hievement, respe
tively.

The Bartlett's spheri
ity indi
ator is 
al
ulated on the simple 
hara
ter

indi
es developed, giving as result a value of 77.23, indi
ating that the 
or-

relations matrix is the identity matrix of our variables. Owed to the fa
t

that we have high values for X2
, it 
an be 
on�rmed that there exist sig-

ni�
ant 
orrelations between variables for the stablished reliability margin.

For the KMO indi
ator of partial 
orrelation between a pair of variables, it

was obtained a value of 0.528, whi
h is slightly superior to the minimum

re
ommended (KMO ≥ 0.5), proving that the te
hnique is appropriated.

The extra
tion of fa
tors was made by the prin
ipal 
omponents method,

where the fa
torial pun
tuations were estimated. With respe
t to the mini-

mum number of fa
tors, in a

ordan
e with the Keiser Rule, the self-values

higher than unity, are the �rsts two 
omponents that explain an a

umu-

lated varian
e per
entage of 50.19%. The rotation of fa
tors by the Quarti-

max method, allowed us to maximize the fa
torial 
harges varian
es and to

a
hieve the required pertinen
e 
on
entration (Table 5).

The values of the �rst 
omponent express the linear 
ombinations of ea
h

one of the subs
ripts for the �nal index. The linear 
ombination for the
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ompound index is:

Dindex = 0.451(Economical data) + 0.265(Employment situation)

− 0.157(Sentimental relations) + 0.708(Personal relations)

+ 0.787(Achievement factors)

The personal relations and a
hievement fa
tors 
oe�
ients, indi
ate that

both subs
ripts have a high importan
e for the general index. E
onomi
al

data and employment situation are 
omplementary, while sentimental rela-

tions indi
ate a negative value that 
an be justi�ed be
ause the set of these

data is divided in two groups, 
onsidering the fa
t of the sentimental partner

existen
e or its absen
e. As 
an be appre
iated for both 
omponents in a

rotated spa
e, the subs
ripts are lo
ated mainly in the �rst and fourth quad-

rant, that is, the majority of subs
ripts are represented by the 
omponent 1,

in the right side of the graphi
 (Figure 5).

Fig. 5: Components in the rotated spa
e

Later we pro
eeded to 
ategorize the 
ompound index by means of per-


entiles, were the respe
tive 
ategories will be: �low� for the individuals with
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Tab. 6: Categorization of the 
ompound index

N Valid 482

Lost 0

25 -.2091

Per
entiles 50 -.0158

75 .1882

less or equal per
entile of 25; �regular� for the individuals between the per-


entiles 25 to 50; �good� for individuals between the per
entiles 50 to 75

and �ex
ellent� for the individuals with per
entiles higher than 75 (Table 6).

The 
ompound index was re-
ategorized in fun
tion of the label values and

per
entiles.

The validation of the te
hnique was made by means of a fa
torial plane

that allowed the 
omparison between the indexes of Table 5 and the s
ores'

averages. If we move to the right, in the last extreme is the higher average

quali�
ation, while that, by the left side with respe
t to the origin, we have

the lowest values between 70 and 80 and �nally, in the 
enter we observe

medium values of the s
ores' average between 75 and 90 points (Figure 6).

This 
oin
ides with what the index des
ribes, that is, that all subs
ripts

that point to the right side are related with high s
ores' averages: favorable

e
onomi
al data, favorable employment situation, positive personal relations

and a
hievement fa
tor. Personal relations have a signi�
ant in�uen
e in the

index.

4 Dis
ussion

The index developed in this work shows that the fa
tors of a
ademi
 a
hieve-

ment (subje
ts) and personal relations, have a higher fa
torial 
harge for the

general index; that is, the subje
ts and good personal relations, positively

in�uen
e in the a
ademi
 performan
e. This result is in a

ordan
e with sim-

ilar studies about the in�uen
e of the environment with whi
h the student

is intera
ting on the a
ademi
 performan
e [27�29℄. On the other hand, it

was observed that the performan
e is moderately 
onditioned by e
onomi-


al data, that is, some students 
an have a high a
hievement, without their

parents having made superior or university studies [14, 18, 30℄.

To have an a
ademi
 index 
ompounded by various dimensions or groups
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Fig. 6: Fa
torial plane a

ording to s
ores' averages

of variables, allows a wider analysis and the identi�
ation of the fa
tor or

fa
tors that in�uen
e negatively on a
ademi
 performan
e and from this

knowledge, it is possible for the 
ompetent organisms, to de�ne edu
ative

strategies in bene�t of students and the superior edu
ation institutions, as

for example, the use of te
hnology, 
hanges in the tea
hing-learning pro
ess

[8℄.

The relations between variables observed by means of the 
orresponden
e

analysis were veri�ed by the alpha Cronba
h, whi
h for the majority of groups

ex
eeded the minimum a

eptable as mentioned by various authors [31, 32℄.

The 
onstru
tion of the 
ompound index from the fa
torial analysis te
h-

nique was adequate be
ause the minimum value of the KMO indi
ator was

ex
eedeed [33,34℄, also it was possible to de�ne signi�
ant relations between

the student's s
ore average and the developed index, by the dis
riminant

measures and the rotated spa
e method.
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5 Con
lusions

The use of multivariate te
hniques as 
orresponden
e analysis and fa
torial

analysis, simpli�ed the work of the student's a
ademi
 performan
e index


onstru
tion; ea
h te
hnique played a fundamental role in the analysis of the


olle
ted information by means of the measuring instrument.

The analysis of multiple 
orresponden
es is an adequate te
hnique as a

previous step for the appli
ation of the fa
torial analysis, with the obje
tive

to redu
e variables for a
hieving a better 
omprehension of fa
tors that were

used to 
onstru
t the 
ompound index. The use of the fa
torial analysis

te
hnique, allowed to 
onstru
t e�
iently the 
ompound index and also the

re-
ategorization of the a
ademi
 performan
e in 4 levels.

The relation between the re-
ategorized index and general data (sex, age,

semester, 
areer, s
ore's average) indi
ate that the index shows a signi�
ant

relation with the s
ore's average. Therefore, the index validation is demon-

strated by the students' s
ores and this fa
t is proved in a des
riptive way

through the fa
torial plane and dis
riminant measures.

By means of the 
ompound index developed, it 
an be eviden
ed that the

student's performan
e is 
onditioned not only by the s
ore, but by several

fa
tors that are related with the students e
onomi
 situation and their per-

sonal relations, that is to say that, there are s
eneries that must be treated

with strategies to potentiate the a
ademi
 performan
e results.
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Appendix - Questionnaire for 
olle
tion data

The following survey has the purely investigative obje
tive of the 
onstru
tion

of an a
ademi
 index, by multivariant statisti
s in the Universidad Té
ni
a

de Manabí. We thank you in advan
e, your 
ooperation in answering the

following questions related to the a
ademi
 performan
e and the fa
tors that

in�uen
e it.

Instru
tions: You should mark your answer with an �X�.

GENERAL DATA

1. Sex: M ___ F ___ Age: ___

2. Career: ___________________________
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3. Semester: ____________

4. Current average during the 
areer: _____________

5. Turn: Morning ___ Evening ___

ECONOMICAL DATA

1. You live with:

(a) Father ___

(b) Mother ___

(
) Both parents ___

(d) With your partner ___

(e) Alone ___

2. Whi
h is the mother's s
holar level ?

(a) Primary ___

(b) Se
ondary ___

(
) University ___

(d) Other ___

3. Whi
h is the father's s
holar level ?

(a) Primary ___

(b) Se
ondary ___

(
) University ___

(d) Other ___

4. Whi
h is your monthly in
ome?

(a) From $0 to $100 ___

(b) From $300 to $500 ___

(
) From $500 to $800 ___

(d) From $800 to $1000 ___

5. Whi
h of the following servi
es and apparatus have you at home?

(a) Computer ___

(b) Internet ___

(
) Television (Cable, Platforms) ___

(d) Printing ma
hine ___

6. What type of transportation do you use to attend to the University?
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(a) Family's 
ar ___

(b) Own 
ar ___

(
) Taxi ___

(d) Bus ___

(e) Other (Spe
ify) ___

7. Do you work?

(a) Yes ___

(b) No ___

EMPLOYMENT SITUATION

8. How mu
h time have you been working? (
omplete years)

(a) From zero to 11 month ___

(b) From 1 to 2 years ___

(
) From 3 to 4 years ___

(d) More than 5 years ___

9. How many hours per week do you work?

(a) From 1 to 7 hours ___

(b) From 8 to 16 hours ___

(
) From 17 to 23 hours ___

(d) From 24 to 47 hours ___

(e) More than 48 hours ___

10. How �exible is your work 
onsidering your student 
ondition?

(a) Very �exible ___

(b) Flexible ___

(
) Regular ___

(d) Not very �exible ___

(e) Not �exible at all ___

11. How mu
h do you think that your work a�e
ts your a
ademi
 perfor-

man
e?

(a) Very mu
h ___

(b) Regular ___

(
) Little ___

(d) Nothing ___
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SENTIMENTAL RELATIONSHIPS

12. Have you a sentimental partner?

(a) Yes ___

(b) No ___

13. How mu
h time do you 
oexist with your partner weekly?

(a) From 0 to 5 hours ___

(b) From 6 to 10 hours ___

(
) From 11 to 15 hours ___

(d) More than 15 hours ___

14. Does your partner study?

(a) Yes ___

(b) No ___

15. Do you and your partner study together?

(a) Yes ___

(b) No ___

16. Do you and partner work together?

(a) Yes ___

(b) No ___

PERSONAL RELATIONSHIPS

17. How do you 
onsider the relation you have with ...?

Subje
ts Very good Good Regular Bad Very bad

Family

Partner

Friends

Classmates

Workmates

Tea
hers

ACADEMIC ACHIEVEMENT

18. How do you 
onsider the following fa
tors a�e
t your a
ademi
 perfor-

man
e?
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Subje
ts Very Positevely It does not Negatively Very

positevely a�e
t me negatively

Family

Partner

Work

Friends

(outside

university)

Friends

(inside

university)

Workmates

Classmates

Psi
o-

pedagogi
al

Department

Tutorials


