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Abstract
In the Rafael Nuñez (RNEI) and Juanita García Manjarrez
(JGMEI) Educational Institutions, a study was conducted to
identify, with application of a multivariate analysis technique
(MVA), students’ environment variables influencing their
academic performance in mathematics, by classifying them in
two previously defined groups: "Those who pass math" and
"Those who fail math". A survey was applied to a sample of
274 students in grades 6, 7, 10 and 11 from RNEI; and to 143
students in grades 8, 9 and 10 from MJGEI. According to
results, older students in RNEI have less chance to pass
mathematics; nonetheless, possibility of passing the
mathematics course is the same, whether they face family
problems in their environment or not. On the other hand, in
JGMEI, environmental variables related to academic
performance of students in mathematics are not evident; in such
a way, that these students’ academic performance is
independent of the conditions around.
Keywords:
Academic
Performance,
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Environment Variables, Multivariate Analysis (MVA),
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INTRODUCTION
External and internal tests, applied in Educational Institutions
from Sincelejo City, show the low academic performance that
most students have in Mathematics, as evidenced by the
SABER 11 Test results, where percentage of students
occupying the Low level in the different evaluated
competences, has gradually increased from 19.97% to 49.81%,
between 2010 and 2013 [1]. For this reason, identifying
probable causes that could be causing the found low results is
necessary.

In studies carried out by [2], on variables that might influence
knowledge tests results, such as family, student and school,
carried out in Chile for admission to higher education, it was
found that student’s gender influences academic performance.
Similarly, type of school influences test results since, for those
who study in private schools, the percentage increase in the
results is higher than for those who study in public schools. In
addition, students’ socioeconomic group directly relates to tests
results, i.e., to a higher socioeconomic level, a greater
percentage increase in tests results. Also, the spatial location in
which the school is based, influenced the results, given that
percentage increase in the tests was greater for students from
urban schools than for those from to rural schools.
This corresponds with the study carried out by [3], which
showed that school performance is the result of the context
around the student, made up of his/her socio-family
environment, i.e., family, friends, neighborhood; parents’
sociocultural level; number of siblings; disputes or problems
within the family, and other factors.
Similarly, research carried out by [4] using a multiple linear
regression model, was able to determine which of the
intellectual and household variables have the greatest
predictive capacity over students' performance in the
mathematics and language subjects. These researchers found
highly significant relationships, between intellectual and home
variables, and academic performance from 2nd grade students
in the Santiago de Chile district, in mathematics and Spanish.
On the other hand, research carried out by [5], proposed a
theoretical model that hierarchically collected factors that
significantly influence performance in mathematics and that
allowed obtaining a correct diagnosis of causes of deficient
performance of students. This study concluded that student's
gender does not influence performance in mathematics.
Students with attitudinal and aptitude deficits present negative
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results in mathematics and, in contradiction with other
researches, family conditions and contextual level of student do
not appear at the end in the model.
The results of these studies confirm that other types of factors
must be considered when planning, executing and evaluating
improvement plans to counteract low performance from
students in a certain course.
The objective of this research paper is to identify which
variables from the student's environment, influence their
academic performance in the mathematics courses, in two
secondary education institutions in Sincelejo city, Colombia.

institution, called "Sociodemographic Survey for Secondary
and Middle School Students of the Sincelejo City "where
sociodemographic aspects were investigated, such as social
status, whether they were displaced, maximum academic level
reached by their parents, gender, housing conditions and others.
This survey was applied with an informed consent to the
students’ parents chosen in the sample.
Rural = 0

Urbana = 1

These variables were coded in the following way, e.g. If the
categorical independent variable was "Living area", since it has
two levels, (Urban and Rural), coding was:
Rural = 0 Urban = 1
If the categorical independent variable had more than two
levels, for example; "Tenure of Housing", which has five levels
(Own, Leased, Family, Loan, Invaded), coding was as this:

METHODOLOGY
Population
Students from Juanita García Manjarrez (JGMEI) and Rafael
Nuñez Educational Institutions (RNEI).

Invaded = 0 Own = 1 Leased = 2 Familiar = 3 Loaned = 4

Sample

1.0 – 2.9 = 0 “𝑌 = 0: “Pass Mathematics”
3.0 – 5.0 = 1 “𝑌 = 1: “Fail Mathematics”

143 students from JGMEI and 274 students from RNEI,
estimated with a 5% error margin and selected applying
methods of sampling by Conglomerates, Proportional
Stratification and Simple Random. Students in the sample were
14 years old in average with a 1.9 years standard deviation.
46% were men and 54% women. 78% live Sincelejo’s urban
area, while 22% in the rural area. 28% are displaced, while 28%
are not.

Because both institutions grade their students from 1.0 to 5.0
points, coding of the dependent variable Y, according to the
final grade in the mathematics course for those students who
answered the survey, was:
Grades between:
- 2.9 = 0 "Y = 0: Fail Mathematics"
- 5.0 = 1 "Y = 1: Pass Mathematics".

Information Processing
Logistic regression model as a multivariate discriminant
technique for the students classification in previously defined
groups was applied: "Those who pass the subject" and “Those
who fail the subject” [6]; which has as objective, to determine
presence or absence of a relationship between one or more
independent variables (Xi) and a dichotomous dependent
variable (Y), i.e., one that only admits two categories or
possible outcomes [7]. The independent variables (Xi) can be:
Binary categorical, such as "Gender" (Male or Female);
Categorical Psychotomics, such as "Civil Status" (Married,
Single, Divorced, Widowed or Consensual Union); and
Quantitative, such as "Number of Brothers". Likewise, they
help to estimate or predict the probability that the event of
interest defined as "Y = 1" will occur as a function of the values
adopted by the independent variables.
For this study purposes, the dichotomous dependent variable Y,
described above, is "Performance in Mathematics", and is
dichotomous, because assumes only two categories "Y = 1:
Pass Mathematics" and "Y = 0: Fail Mathematics”. The
category "Y = 1: Pass Mathematics" is the event of interest of
the study. On the other hand, the independent variables (Xi)
mentioned above, are those of socioeconomic type, among
which, some are quantitative and others categorical or
qualitative, such as: Parents Economic Activity, Living Area,
Family Type, Number of siblings, and others.
To compile the sociodemographic information defined in the
independent qualitative variables Xi, a survey was applied to the
students that were part of the sample of each educational

As the logistic regression model, it allows to classify
observations according to the probability that they belong to
one or another group. This probability is defined as [8]:
𝑒 𝑔(𝑥)

𝑝 = 𝑃(𝑌 = 1/𝑋) =
1+𝑒 𝑔(𝑥)
Equation 1
Which is read as, "Probability of occurrence of the event of
interest Y = 1, given the independent variables X".
The term g (X) in Equation 1, is the so-called Logit (p), equal
to:
𝑘𝑗 −1

Logit(𝑝) = 𝑔(𝑋) = 𝛿 + β1𝑋1 +…+ ∑𝑚=1 𝛽𝑗𝑚 𝐷𝑗𝑚 + βk𝑋𝑘
Equation 2
Where:
δ is the value of the constant in the model.
βj are the coefficients values of each variable making up the
model.
Xi are the values that the quantitative variables present in the
model.
Djm are the values that take the levels of the categorical
variables present in the model.
Data resulting from the survey were processed with the
Software Statgraphics Centurion XVII to find the probability
for a student to pass mathematics.

13941

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 18 (2018) pp. 13940-13944
© Research India Publications. http://www.ripublication.com
can be generated. The foregoing, because a student may be in
one of the following two situations: 1. "Do not face family
problems" or 2. "Face family problems". The equations are
shown below:

RESULTS AND DISCUSSION
Rafael Núñez Educational Institution
Tables 1, 2 and 3 show the study results carried out for RNEI
Table 1. Estimated model
Parameter
Constant

Estimated Value
𝛿 = 4.85656

Standard Error
1.17606

𝛽1 = -0.18062

0.07258

Family Problems =0

𝛽21 = -1.05936

0.50175

Family Problems =1

𝛽22 = 1.05936

0.50175

Age

𝑔(𝑥) = 4.85656 − 0.180615 ∗ 𝑋1 − 1.05936
face Family Problems) Equation 3

(Does not

𝑔(𝑥) = 4.85656 − 0.180615 ∗ 𝑋1 + 1.05936
Family Problems)

(Face

Equation 4
At each variable X1 of equations 3 and 4, arbitrary age values
were assigned, for example, 14 and 18 years. Table 4 show the
results.

Variables "Age" and "Family Problems" are part of the
regressor model. Because the value of coefficient βj,
corresponding to the quantitative variable X1: "Age", is
negative (-0.18062). This indicates that, the relationship
between this variable and the student's final grade in
mathematics, is inverse, i.e., the possibility of a student passing
math decreases as their age increases.

Table 4. Probabilities of Passing Mathematics in RNEI.
Age: 𝑿𝟏 =14 “Face family
problems”
𝒈(𝒙)= 3.38731

Table 2. Model Reliability Analysis
Source of
Variation
Model

Deviation

Residue

263.475

271

Total (correlation)

274.774

273

11.2987

Degrees of
P-Value
Freedom (DF)
2
0.0035
0.6170

With Table 2 results, the goodness-of-fit test of the found
model is performed, with a 95% confidence.
Now, because the P-value (0.0035) associated with the model
is smaller than the significance level α = 0.05, the null
hypothesis Ho is rejected: "The model does not explain the
data", i.e., there is a statistically significant relationship
between the independent variables "Age" and "Family
Problems" and the dependent variable "Performance in
Mathematics", with a 95% confidence level.
Table 3. Significance Test of the Variables
Factor
Age
Family Problems

Chi-Square
6.29402

DF
1

P-Value
0.0121

5.46827

1

0.0194

Age: 𝑿𝟏 =14 “Do not face
family problems”
𝑔(𝑥)=1.26859

P(Y=1/ 𝑿)= 0.97

P(Y=1/ 𝑋)=0.78

Age: 𝑿𝟏 =18 “Face
family problems”
𝒈(𝒙)= 2.66485

Age: 𝑿𝟏 =18 “Do not face
family problems”
𝑔(𝑥)=0.54613

P(Y=1/ 𝑿)= 0.94

P(Y=1/ 𝑋)=0.63

According to Table 4, for a 14-year-old student with family
problems, the probability of passing math is 97%; whereas if
he/she is, e.g., 18 years-old and faces the same family situation,
the probability of passing math is 94%. Although both
probabilities are high, there is a slight increase when the student
is younger. On the other hand, for a 14-year-old student without
family problems, the probability of passing mathematics is
78%; whereas if he/she is 18 years old facing the same family
situation, the probability of passing math is 63%. These
probabilities are higher than 50%, which places these students
in the group of those who "Pass Mathematics" [9]. However, it
is surprising that the probabilities of a student to pass math
when he/she faces family problems, are a little higher than
when he/she does not face family problems.

Juanita García Manjarrez Educational Institution
Tables 5 and 6 show the study results for JGMEI.
Table 5. Estimated Model

Because the P-value (0.0121), associated with the variable
"Age" and the P-value (0.0194) associated with the variable
"Family Problems", are lower than the level of significance α =
0.05, the null hypothesis Ho is rejected: "The variable does not
contribute to the model", in both cases, which indicates that
both the variable "Age" and the variable "Family Problems"
explain the dependent variable "Performance in Mathematics",
with a 95% confidence.
Considering the Logit (p) equation described in Equation 2 and
taking the values from Table 1, two equations Logit (p) = g(X)

Parameter

Estimated Value

Standard Error

Constant

𝛿 =2.0716

0.26523

The only result appearing in Table 5 is the regression model
constant, δ = 2.0716, i.e., none of the independent
sociodemographic variables studied explains the dependent
variable "Performance in Mathematics". Thus, this only
constant can be included in the model.
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Table 6. Model Reliability Analysis
Source of Variation

Deviation

with socioeconomic status "medium-high", it is where family
problems are less frequent.

Degrees of
P-Value
Freedom (DF)
0

Modelo

0.0

Residuo

100.227

142

Total (correlation)

100.227

142

CONCLUSIONS

0.9969

With the Table 6 results, the goodness-of-fit test of the model
found is performed, with a 95% confidence.
Because there are no independent variables explaining the
dependent variable "Performance in Mathematics", the P-value
associated with the model does not appear, which indicates that
no sociodemographic variable is related to the dependent
variable in question. Thus, any inference made regarding the
probability of its occurrence, is due only to the constant value,
δ = 2.0716. In this case, the model validity test does not make
sense, because there are no independent variables involved.
When the data is executed in the software, the table of the
variables significance test is not calculated, because none of the
studied independent sociodemographic variables, appear in the
model explaining the dependent variable "Performance in
Mathematics".
By replacing the constant δ = 2.0716 from Table 5 in Equation
2, this is turned in:

It was observed in the RNEI that the probability of a student
passing a mathematics course depends on their age and whether
they have family problems at home or not. This indicates that
the directors and teachers from RNEI should redesign their
improvement plans around mathematics teaching, by
considering factors such as age and whether in the student’s
family, there are problems or not. With this action, it is possible
to achieve that external examinations results correspond with
the school performances and, thus, improve the percentages of
internal approval at the institutional level.
Regarding JGMEI, since there are no sociodemographic
variables related to the students’ academic performance in the
mathematics course, improvement plans should continue to
focus on the teacher pedagogical work in the classroom,
without neglecting, of course, intervention of external factors.
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𝑔(𝑥) = 2.0716
Since in this case assigning values to the variables of the g (x)
model is impossible, because there are no independent
variables included in it, g (x) = 2.0716 is replaced in Equation
1 and the probability of a student passing the Mathematics
course is obtained, regardless of the sociodemographic
condition in which the student lives. Table 7 show the results.
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