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Abstract: Several socioeconomic, environmental, ethnic, family, and educational factors influence
an individual’s academic performance and can determine their school performance in mathematics.
Mathematical competence is one of the skills that allow students to build visions of the future from
performance in the present. However, the perception that students have of mathematics, in addition
to the teacher—student relationship, the classroom, gender, teaching-learning, and motivation are
crucial factors for achieving an optimal academic performance and preventing school failure. The
aim of the present study was: (1) to examine which variables of the dimensions “Learning
Mathematics” and “School Environment” significantly contribute to the marks in the second quarter
and quantify their relative importance; (2) to determine the optimal algorithm model for predicting
the maximum gain in students” marks in the second quarter and quantifying it; and (3) to analyze
the maximum gain in terms of gender. A total of 2018 high school students in Melilla were included
in this cross-sectional study. Mathematical learning and the school environment were assessed
using a validated 14-item questionnaire. Gain lift was employed to quantify the improvement in
students’ performance. The role of the classroom and teacher—student relationship had a greater
influence on mathematics scores than affinity indicators, teaching, study time, teaching resources
used, study aids, and motivation.

Keywords: mathematical education; educational innovation; school environment; high school;
academic performance; school failure

1. Introduction

The importance of mathematics transcends mere knowledge and is considered one of the key
competencies for personal and professional development [1]. The learning and development of this
competence in Spain appear in the school curriculum regulated by the Organic Law 8/2013, 9th
December, for the improvement of educational quality (LOMCE), as well as the ECD 65/2015 of 21st
January, which describes the relationships between competences, contents, and criteria for the
evaluation of primary, high school, and post-16 education.

This policy also sets guidelines for improving students’” academic performance. This is generally
affected by socioeconomic, environmental, family, ethnic, and educational factors, among others [2].
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Significant associations between academic performance and interpersonal relationships in the
educational environment have also been noted, with the teacher-student relationship being the most
relevant [3]. On the other hand, the classroom climate, perceptions of learning mathematics, and
personal motivation also play an important role in students” academic success [4-6].

Therefore, this study focuses on the analysis of several academic factors that influence the
academic performance of students, such as learning mathematics, interpersonal relationships within
the classroom, and the perception and motivation of students. In this context, an analysis of students’
academic performance in mathematics is proposed using an innovative methodological approach
that allows the maximum gain in academic performance in mathematics to be quantified through
predictive calculations of the data collected in the study.

1.1. Mathematics and Its Learning

Mathematical competence is one of the skills that allow students to build visions of the future
from performance in the present [7]. This competence also favors entrepreneurship, regardless of
later studies that the students will pursue [8]. Despite the importance of mathematics as a
fundamental competence for personal and professional development, it has been demonstrated that
students in general have a low capacity for understanding and justifying basic concepts in
mathematics [9]. These results are partly explained by a fear of mistakes, due to negative connotations
at a personal and social level [10].

To improve these results, practical activities are recommended, because they facilitate
meaningful learning and encourage interest in Science, Technology, Engineering, and Mathematics
(STEM) [11]. However, students’ perception of science practices decreases with age, affected by the
demands for good grades in higher courses [12]. In addition, it has been shown that interest in STEM
higher education greatly depends on the mathematics skills acquired during high school [13]. This
competence decreases more rapidly among teenage girls, affected in part by gender stereotypes [13].
On the other hand, students’ perception of mathematics affects their academic performance [14,15].
Although their overall assessment is not negative, students avoid higher STEM studies since the other
options appear to be less rigorous and more accessible to them [16].

With regard to gender, there is a tendency to order and manage mathematical knowledge better
in the case of girls, and girls also tend to seek help in the case of difficulty to a greater extent than
boys [17]. Therefore, teachers must have effective feedback tools to enable them to know the interest
and mathematical understanding of their students [18]. The perception of students of their teachers,
classroom, classmates, and learning in the different subjects are factors that affect their motivation
and academic performance [19,20].

From the teacher’s point of view, the most appropriate teaching methodology should be
considered, depending on the available resources, subject matter, and type of students, favoring their
motivation in learning [21]. On the student side, it is essential for them to be involved in the design
of powerful learning environments [22]. In addition, students who abandon school need to create
effective learning environments [23]. The teacher-student relationship [24] and motivational aspects
should also be taken into account, as everything necessarily impacts students and their academic
performance [5,19].

1.2. Interactions in the Educational Environment

Classroom interactions and disruptive behavior among high school students are other important
elements that impact academic achievement [25,26]. These factors may justify absenteeism in school
and early school failure associated with academic failure [26]. Therefore, it is important to evaluate
the classroom as a learning environment, articulate interventions aimed at its improvement [27], and
address pedagogical aspects of mathematics learning in the psychosocial environment [28]. In
addition, it should be noted that the effects of classmates in ethnically mixed classrooms are
important for educational development during adolescence [29].

From a constructivist pedagogical perspective, errors are considered natural elements of
learning processes. In the classroom, however, making mistakes is not only a personal event, but also
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a social event, and is a major disincentive for students of mathematics [10]. This affects interest in
higher STEM studies [13].

For all of the above, it is necessary to create and validate a scale to evaluate the climate that both
teachers and students create in the classroom [30] because of its influence on the academic success of
the students [31]. These tools are required especially among groups at risk of social exclusion, and
exposed to early school failure [32].

The scientific literature postulates that the teacher-student relationship is another important
aspect that affects students academically [33,34]. This relationship depends on the students’
perception of the subject taught by the teacher and the difficulty as perceived by the teacher [35].
These perceptions significantly influence interest in the subject matter and condition the student’s
future academic career [36,37]. However, a recent study states that the effects of teachers on student
outcomes are generally not significant for most [38]. In contrast, the influence of the teacher may
reduce opportunities perceived by students at risk of social exclusion [39]. In this sense, good
communication between the teacher and student is advisable, in order to know about and improve
the mathematical competence of the student through attractive didactic strategies [18,40,41].

1.3. Motivation

The role of motivation and effort should not be forgotten, as these factors influence the learning
of mathematics [6]. Beyond capacity, traits related to perseverance, such as determination and self-
discipline, are associated with adaptive educational outcomes [42]. The scientific literature provides
evidence of significant positive correlations between self-motivation and students’ socio-cognitive
perceptions of STEM activities in academic outcomes [43,44].

On the other hand, when analyzing the motivation to study, it has been observed that an external
stimulus, such as a qualification or title, causes superficial cognitive affect that does not last.
Conversely, internal stimuli, such as the desire for personal improvement, the idea of social mobility,
the creative spirit of research, or commitment to a virtual object of learning, cause deep and
permanent cognitive affects [6]. In association with this, the role of the teacher in implementing
effective intervention strategies among an unmotivated student body is noteworthy [45]. Therefore,
motivation can and should be encouraged from an attractive and participatory methodological and
curricular proposal for students [46]. Therefore, it is important to change the perception of students
towards failure. Adequate motivation changes the perception of students towards mathematics and
promotes entrepreneurship [7,8].

1.4. Justification

According to the 2019 National School Board Report, the Autonomous City of Melilla has the
highest early school failure rate in the country, with a value of 29.5% compared to Spain (17.9%) and
the European Union (10.6%). Nationally, the average rate is 17.9%, 14.0% for girls and 21.7% for boys.
In Melilla, gender-based percentages are 26.9% for girls and 31.9% for boys [47]. These values are far
removed from the 2009 European Union forecasts for all member states. In these forecasts, it was
established as an objective that “by 2020, the percentage of 15-year-olds with insufficient competence
in reading, mathematics and science should be less than 15%.”

In addition, the National School Board Report shows that in the Autonomous City of Melilla,
the ratio for secondary school classrooms is 29.6 and is 28.2 in post-16 education, which are both well
above the national averages of 25.3 and 26.1, respectively [47]. These data suggest the need for the
construction of new schools in the city and invite us to analyze the underlying academic problem
from a broad perspective, with the participation of the entire educational community.

In this context, due to the high rate of school failure and the low results in mathematics exhibited
by Melilla high school and post-16 education students, there is a need to evaluate the academic
performance of mathematics students through the analysis of several indicators of the dimensions
“B. Learning Mathematics” and “C. School Environment” that could be related to it.

Considering this, this study aims to achieve the following objectives: (1) To examine which
variables of the dimensions “B. Learning mathematics” and “C. School Environment” significantly
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contribute to the scores of the second quarter and quantify their relative importance; (2) to determine
the optimal algorithm model for predicting the maximum gain in students’ grades in the second
quarter and quantifying it; and (3) to analyze maximum earnings based on gender. The following
research questions are also raised, related to the qualifications obtained in the second trimester in
mathematics: PI1: Could actions be taken to improve results? If yes, PI2: How could this be evaluated?
PI3: How much could be improved? PI4: Are there gender differences?

2. Materials and Methods

To achieve the objectives set out in this study, a quasi-experimental method was used, without
pre-post and without a control group. The selection of the study population considered the following
inclusion criteria: (1) Residing in the Autonomous City of Melilla and (2) studying high school and
post-16 education during the 2018/2019 academic year. With the above criteria, the population of
students in the city amounts to 5875 students, of whom 50.84% are girls. Students from all schools
and all levels participated in the study, avoiding any kind of bias. The total sample consisted of 2018
students (53.40% girls), of which 417 were first secondary school, 473 were second secondary school,
394 were third secondary school, 417 were fourth secondary school, 233 were first post-16 education,
and 84 were second post-16 students.

Questionnaires were completed during school hours using Google Forms. This procedure
ensured the reliability of data collection. In addition, all subjects who voluntarily participated in this
study had been previously informed of the nature of the study. In order to access the classrooms, the
Provincial Directorate of Melilla of the Ministry of Education and Vocational Training was
authorized.

The instrument was designed ad hoc with 135 Likert-scale closed items with four graduated
levels (1, none; 2, a little; 3, enough; and 4, a lot) for most items. For its creation, procedures for
reviewing literature and determining dimensions were followed, which consisted of drafting of the
items, expert content validation, construct validation, and reliability analysis [48]. The questionnaire
was previously validated by expert judgement (content validity), both at the drafting level and at the
level of adequacy of the items. A test questionnaire was also administered to detect aspects of
improvement. Subsequently, with the complete data matrix, the instrument was validated through
the Kaiser-Guttman and Tucker Lewis Index criteria, with a score of 1052.

This study took the results of 14 items of the dimensions “B. Learning Mathematics” and “C. School
Environment” from the general questionnaire. To analyze students’ academic performance, the second
trimester math grade was used as a variable (the questionnaire was approved in the third evaluation).
This is because grades are considered to be one of the most reliable predictors for analyzing academic
performance [49]. The final version of the questionnaire used in this study is shown in Appendix A.

Table 1 lists the different dimensions, their indicators, and the corresponding analyzed items.

Table 1. Relationship between dimensions, indicators, and items.

Dimension Indicators Code Items
B.1 Affinity TGM Do you like mathematics?
Does your mathematics teacher explain things to

B.4 Teaching PME you well in class?
B.5 Study Time LM From Mond.ay to Thursday, how many ho.urs do
you dedicate to the study of mathematics?
ULT Do you use the course book to study mathematics?
B. Learning of B.6 Resources Do you use the notebook or class notes to study
. UAE .
Mathematics mathematics?

Does your academy or tutor help you when

B.7 Study Assistance =~ APM . .
learning mathematics?

Do your friends motivate you to study

MAM
mathematics?

B.8 Motivation: - -
Does your family motivate you to study
MEM .

mathematics?
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MPM Does your teacher motivate you to study

mathematics?
C.1 Educational ILS Do you think your school is a place where you feel
Center protected and safe?
C2 Room CLB Do you think your classroom is a good place to
learn?
C.'School C3 Classmates TCE Do you work with your clas§mates while learning
Environment mathematics?
PAV Do you think your teacher thinks highly of and
C.4 Relationship values you?
with teachers PCA Does your mathematics teacher create a suitably

respectful environment in class?

Note: Likert-scale for study variables: L]M: 1, none; 2, less than 1 h; 3, from 1 to 2 h; and 4, more than
2 h. For all other items, (1, none; 2, a little; 3, enough; and 4, a lot).

2.1. Inferential Statistics

2.1.1. Global Adjustment of the Model

Prior to the adjustment of the multiple linear regression model (Table 2), linearity was calculated,
since, if two independent variables were correlated, this would have affected the model. None of the
variables had a Variance Inflation Factor (VIF) greater than 10, indicating that linearity was not a
problem in the data.

Table 2. Adjustment of the linear regression model.

Residuals:
Min 10 Median 30 Max
-2.720 -1.160 -0.096 1.006 3.340
Coefficients:
Estimate Std. Error T Value Pr(>1tl)
Intercept  0.661314  0.134186 4928 8.97 x 107***
TGM 0.333891  0.023150 14.423 <2 x 10716%**
PME 0.017346  0.029916 0.580 0.562102
LM 0.029923  0.026354 1.135 0.256334
ULT 0.001705  0.026223 0.065 0.948162
UAE 0.036658  0.035496 1.033  0.301860
APM -0.042089  0.026612 -1.582 0.113906
MAM  -0.025956  0.024325 -1.067 0.286073
MFM 0.051622  0.033720 1.531 0.125943
MPM -0.006691  0.026851 -0.249 0.803236
LS 0.024922  0.024280 1.026  0.304806
CLB 0.077882  0.024528 3.175 0.001520 **
TCE -0.031885  0.024563 -1.298 0.194403
PAV 0.094211  0.027647 3.408 0.000668 ***
PCA 0.072070  0.030587 2.356 0.018559 *

Signif. codes: 0 “***’; 0.001 “**’; 0.01 **’; 0.05 “."; 0.1 * "1; Residual standard error: 1.295 on 2024 degrees
of freedom; Multiple R-squared: 0.1288. Adjusted R-squared: 0.1228 F-statistic: 21.38 on 14 and 2024
DF, p-value <2.2 x 107%.

The results of table 2 indicate that the model is significant (F(14,2024) = 21.38, p < 0.05); that is, it
predicts the scores obtained by the students in the second quarter quite well. However, the model
only explains 12.27% of the variability of the response (R2). In other words, 87.72% of the variation
in the scores of the second quarter cannot be explained with the variables used. Therefore, there must
be other variables that also influence the scores. It can also be observed that the variables which have
a significant contribution among the analyzed dependent variables are TGM, CLB, PAV, and PCA.
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The intercept was also significant, which means that, if the score for all the independent variables is
0, the subjects will have a dependent variable score of 0.66.

The relative importance of the predictors (Figure 1) was then determined using the “relaimpo”
package.

Relative importances for NST

Method LMG Method Last
8 - 8- [
2 2
% |-
* 9 2 9
{ 4 e -
P ) S — D_DI:I o B i Be—O=
TGM LM UAE MAM MPM CLB PAV TGM LM UAE MAM MPM CLB PAV
(@ (b)
Method First Method Pratt
8 1 8 1
21 2
w %
* 9 # 8-
& 1 &
o - _D__==._=EDD_DD Pog N ] I — =_=D_|:]D
TGM LM UAE MAM MPM CLB PAV TGM LM UAE MAM MPM CLB PAV

() (d)

R = 12.88%, metrics are normalized to sum 100%

Figure 1. Relative importance of the research predictors: (a) The variance decomposition metric.
Method LMG (Lindeman, Merenda, and Gold); (b) method last; (c) method first; and (d) Pratt method.

According to previous methods (Figure 1), the most important variables of the study were TGM
and PAV.

2.1.2. Parameters of the Model

The ANOVA tells us that the model is generally good; however, it does not indicate anything
about the contribution of each variable or term in the model. In the results, the “coefficients” section
can be seen, which contains the parameters of the model (the beta values) and their significance. The
values of the parameters are as follows:

. b0 = 8.97 x 107, implies that, if all the independent variables took the value 0, the participants’
scores would be 8.97 x 10-7.

e Dbl (TGM)=0.33; b2 (PME) = 0.01; b3 (LJM) = 0.02; b4 (ULT) = 0.001; b5 (UAE) = 0.04; b6 (APM) =
-0.04; b7 MAM) = -0.03; b8 (MFM) = 0.05; b9 (MPM) = -0.01; b10 (ILS) = 0.02; b11 (CLB) = 0.07;
b12 (TCE) = -0.03; b13 (PAV) = 0.09; and b14 (PCA) = 0.07.

Beta values (b1-b14) represent the slope of the model and the change in response associated with
each unit of change in the predictor and imply the following: (1) If students’ scores increase in terms
of TGM, PME, L]JM, ULT, UAE, ILS, CLB, PAV, and PCA, they will increase their scores compared to
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their second quarter scores; and (2) participants’ scores in the second quarter increase as their scores

in APM, MAM, MPM, and TCE decrease.
Based on the above and replacing the values of the regression Equation (1), the following model

can be obtained:
NST =0.66 + 0.33 * TGM + 0.07 * CLB + 0.09 * PAV + 0.07 * PCA, 1)

This was optimized through sequential replacements using Python (Figure 2).

-230
-230
-230
-230
-220 .

-220

bic

210

210

TGM
PME |
LM
ULT
UAE
APM
MAM
MFM
MPM
LS
CLB
TCE -
PAY
PCA |

(Intercept)

Figure 2. Optimum regression model using sequential replacements.

According to Figure 2, it can be seen that the best regression model would be the one whose
Bayesian information criterion (BIC), was the best. In this case, only the intercept and the TGM
variable could be selected to predict the scores of the students in the second trimester.

2.1.3. Marginal Averages Predicted by the Model and Estimated with the Data

The marginal means predicted by the linear regression model were as follows: TGM = 1.5; CLB
=1.6; PAV=1.7; and PCA =1.8. In other words, TGM has the lowest performance. Taking into account
that the mean scores in the previous variables were 1.5, 1.6, 1.7, and 1.8, it can be concluded that the
configured linear regression model is good. Next, the diagnosis of the model was analyzed.

Figure 3a corresponds to the residuals vs. adjusted (predicted) values. The residuals are a part
of the dependent variable (VD) not explained by the model, and an estimation of the model error
term. Under the assumptions of the linear regression model, the variability of the residuals should
not change in the range of the VD, and therefore, we should not observe any pattern in the residuals.
Values that are outliers are indicated with a label indicating the observation number. Secondly, the
normal quantile-quantile of the standardized residues figure can be observed. In the linear regression
model, we assume that the errors follow a normal distribution, so we expect the figure of the residuals
to follow a straight line. Deviations from this line may mean that errors do not follow a normal
distribution. Figure 3c is similar to the first figure but uses the square root of the standardized
residues. As in the first case, there should be no pattern in the residues. Figure 3d shows Cook’s
distances, which is a statistic that tries to identify the points that have more influence. Generally,
these are points that are distant from the rest, both in the VD and the independent variable (VI). The
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high values are labeled with the numbers of observations and indicate that it is necessary to study
these.

Residuals vs Fitted Normal Q-Q
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Figure 3. Diagnostics of the linear regression model: (a) Residuals vs. fitted values; (b) Normal
Quantil-Quantil; (c) scale-location; and (d) residuals vs. leverage values.

As a consequence of these annotations, it was necessary to calculate the gain and lift plots by
running an automatic regression model with the H2o package. Gain Lift is an application that selects
the best model among more than 100 algorithms to classify the different subjects and predict the
quantitative increase.

The steps followed were, first, to select the target variable Second Quarter Notes (NST)
representative of academic performance. The NST was binary, since it is not possible to develop a
gain plot and lift plot if the dependent variable does not take only two values; if the subject had
passed, it was assigned the value of 1, and otherwise, the value 0 was assigned. Then, the value matrix
was fragmented into two; 85% of the data were taken for the training matrix and 15% for the testing
matrix.

Before constructing the gain and lift plot, the following steps were followed in cascade; the H20
algorithm in R was used, keeping the same previous matrices, but in this case, the testing matrix was
split into two, one for testing and the other for validation. The main objective was to determine the
accuracy of the algorithm and the area under the curve. In the first case, the accuracy of the algorithm
was 73.3% and the area under the curve was 56%, which means that more than 50% of the cases
would be correctly predicted through the automatic algorithm used. Of all the selected algorithms,
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H2o0 indicated that the model that best fit the study data was the “XGBoost” for the total sample. In
contrast, the predictive model was different in the gender-differentiated analysis, with the automatic
algorithm “Gradient Boosting Machine” being the most optimal among those used for the subsample
formed by the girls, and “Stacked Ensembles” for the subsample formed by the boys.

3. Results

The results show that the items of the study correlated differently with the NST variable (second
quarter grades). There were insignificant positive correlations between academic performance and
PME (Does your math teacher explain well in class?), LJ]M (From Monday to Thursday, how many
hours do you dedicate to the study of mathematics?), ULT (Do you use the textbook to study
mathematics?), UAE (Do you use the notebook or class notes to study math?), and ILS (Do you think
your school is a place where you feel protected and safe?)

The variables that correlated significantly with NST were TGM (Do you like mathematics?), CLB
(Do you think your classroom is a good place to learn?), PAV (Do you think your math teacher
appreciates and values you?), and PCA (Does your mathematics teacher create an appropriate climate
of respect in the classroom?). The regression Equation (1) answers the first research question (PI1:
Could actions be taken to improve the results?) and shows that the variable that best explains the
NST scores is TGM (Do you like mathematics?). However, the model only explains 12% of the
variability of the answer.

(“Second quarter grades” = 0.66 + 0.33 * Do you like mathematics? + 0.07 * Do you think your
classroom is a good place to learn? + 0.09 * Do you think your mathematics teacher appreciates and
values you? + 0.07 * Does your mathematics teacher create an appropriate climate of respect in
classroom?)

On the other hand, there is a small negative correlation between academic performance and
APM (Does your academy or tutor help you to learn mathematics?), MAM (Do your friends motivate
you to study mathematics?), MPM (Does your teacher motivate you to study mathematics?), and TCE
(Do you learn math by working with your classmates?). In other words, academic performance in
mathematics correlates negatively with external motivation and support.

To answer the research question PI2 (How could it be evaluated?), a statistical tool called Gain Lift
was implemented, which is also used in business studies, but is innovative in educational research
and appropriate for answering the research questions posed and facilitating the achievement of the
objectives of this study. This instrument predicts, in a quantitative way, the maximum gain of the
grades obtained in the second quarter, taking into account the variables of the study involved. To do
this, it selects the optimal model from more than 100 algorithms to classify the different subjects and
predict the quantitative increase.

The research question PI3 (How much could it be improved?) is answered in the subsequent analysis
of Figures 4-8.

The results of Figure 4 show that if “n” students are randomly selected, the “XGBoost” algorithm
predicts that 25% of the subsample would improve their second quarter grades by 18% at most. The
same result would be obtained if 50% of the students of a subsample “n” were randomly selected. In
contrast, for 75% of the subsample, the model predicts a maximum gain in second quarter grades of
10%. To achieve these gains, appropriate interventions in the school setting are recommended. This
affirmation is based on the fact that the analysis of correlations of the present study shows that the
variables that had a significant impact on the second trimester’s grades corresponded to the
dimension “School Environment” and the predictors with a greater weight were a positive perception
towards the subject TGM and towards the teacher PAV.
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Gain chart
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Figure 4. Gain chart for the mixed student sample.

The lift chart allows this gain to be quantified in a complementary way. More specifically, the
lift chart results show that if “n” students were randomly selected, 50% of the sub-sample would
improve their second quarter scores by 0.4 points if appropriate interventions were carried out in the
school environment.

In Figures 4 and 5, it can be seen that if appropriate interventions are used in the school
environment, contemplated in the study variables, students can improve their performance (their
grades in the second quarter). Metrically, if the scores with respect to the dimensions analyzed (Do
you like mathematics? Do you think your classroom is a good place to learn? Do you think your
mathematics teacher appreciates and values you? Does your math teacher create an appropriate
climate of respect in classroom?) were optimal, the scores measured in the second quarter would
have increased by 0.4 points.

LIft Chart

Lir

oo 03s 5
Cumulative Data Fraction

key ™= hasefine == Wit

Figure 5. Lift chart for the mixed student sample.
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The overall results show a small gain in students’ academic achievement in mathematics, if
appropriate interventions are applied in the school environment. The following questions arise from
the results: Would similar results be expected among girls and boys? Which gender would have the
greatest gain? These are encompassed in the research question IP4: Are there gender differences? To
answer all of these questions, the gender-differentiated results in Figures 6-8 were analyzed.

Gain Chart

10

)
Cumulative Data Fraction

key = basellne == gain boys

Figure 6. Gain chart for the male students’ sub-sample.

Gain Chart
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won 3 a5
Cumuiative Data Fraction

key == basellne == gain glris

Figure 7. Gain chart for the female students” sub-sample.
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Gain Chart
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Figure 8. Gain chart comparison of the mixed student sample and the gender-differentiated
subsamples.

The results of the gain chart for the subsample of boys show similar results to those obtained in
the global mixed figure analyzed above. It can be observed that if a subsample of “n” students is
randomly selected, the “Stacked Ensembles” algorithm predicts that 25% of the subsample would
have a maximum gain of 22% in their scores in the second quarter, if appropriate interventions were
carried out in the school environment. The same result would be obtained if 50% of the students were
randomly selected. For this percentage, the maximum gain would be obtained. On the other hand,
the maximum gain would be 10% for 75% of the selected sub-sample (in this case, the gain is reduced
by 54%, according to the other cases).

The gain chart results for girls indicate that if a subsample of “n” students is randomly selected,
the “Gradient Boosting Machine” algorithm predicts that 25% would have a maximum gain of 36%,
achieving the optimal gain in their second quarter grades if appropriate interventions were carried
out in the school setting. The percentages would decrease if we randomly selected 50% of the students
whose maximum gain would be 33% and 25% if we selected 75% of the sample (in this scenario, the
gain is reduced by 30% from the maximum gain).

A comparative gender analysis (Figure 7) showed similar results for the total sample and for the
subsample formed by the boys. The explanation for this lies in the nature of the gain model. It selects,
from 100 predictive algorithms, the one that best fits the study sample. For the total sample, the
optimal algorithm used was “XGBoost”. For the subsample of girls, the optimal algorithm was
“Gradient Boosting Machine”, and for the subsample of boys, the optimal algorithm was “Stacked
Ensembles”.

It can be seen from Figure 7 that if a subsample “n” was randomly selected, 25% of both boys
and girls would achieve the maximum gain. Figure 7 shows a difference in favor of girls over boys of
14 percentage points.

The percentages would decrease for both genders if a random subsample of 50% was selected.
In that case, girls would achieve a gain of about 33% and boys would maintain the maximum gain of
22%. In this case, the difference between the two genders is 11 percentage points.

In 75% of the subsample, it could be observed that the gain for girls was still high, at around
25%. In contrast, the gain for boys was considerably reduced to 10%. The difference between the two
amounts to 15 percentage points, resulting in the highest percentage difference between girls and
boys. On the other hand, in this assumption, both genders reach the highest percentage decrease with
respect to their own maximum gains. In the case of boys, this is 55% and in the case of girls, it is
approximately 31%.
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4. Discussion

In this study, it was observed that there are specific actions that have a quantifiable impact on
the academic performance of students. Some factors of the dimension “Mathematics Learning” have
been analyzed, such as indicators of affinity, teaching, study time, didactic resources employed, study
aids, and motivation. As for the dimension “School Environment”, we have collected items from the
indicators educational center, classroom, partners, and relationship with teachers.

In the results of the present study, it could be observed that the variables that had a significant
influence on the ratings obtained in the second quarter (NST) were TGM, PAV, CLB, and PCA.
Among these, the ones with less weight were the perceptions of the climate in the classroom (CLB)
and the teacher’s dynamizing role in the classroom (PCA). According to previous methods, the
variables of the study that had a more significant impact on the academic performance were positive
perceptions of the learning of mathematics (TGM) and the mathematics teaching figure (PAV). The
regression Equation (1) allows the weight of each item in the NST variable to be quantified.

This shows that the variable that best explains the scores obtained in NST is TGM and its weight
is four times the average of the other variables in the equation. Therefore, a positive perception of the
subject is the predictor with the greatest impact on the scores of students in mathematics. The rest of
the variables have a similar weight in the equation, of less than 10%.

The scientific literature postulates that the teacher—student relationship significantly influences
interest in the subject [50], conditions the academic trajectory of the students [36,37], and affects the
academic performance of the students [33,34]. This relationship depends on the students’ perception
of the subject taught by the teacher and the difficulty perceived by the teacher [35]. In addition, the
influence of the teacher can reduce the differences in opportunities perceived by students at risk of
social exclusion [39].

The effect of the classroom on academic performance is also reflected in the regression Equation
(1). Additionally, previous findings have established that the climate and interactions in the
classroom between students and teachers condition the teaching—learning process [25,26]. Therefore,
several authors consider the creation and validation of a scale to be necessary for evaluating the
climate in the classroom [30], because of its influence on the academic performance of students [31].
These instruments would help evaluate the climate in classrooms and the influence of disruptive
students, who are exposed to early school failure [32]. This assessment is required to articulate
interventions for improvement [27].

Another remarkable aspect of the regression Equation (1) is the combination of items. It is also
possible to appreciate a direct relationship between a positive perception towards the subject, the
climate in the classroom, and the figure of the teacher. Therefore, the teacher, as a moderating agent
of the climate in the classroom, can significantly influence students and encourage a positive
perception of mathematics that will result in an improvement in academic results.

Several authors have highlighted the ability of teachers to motivate students through effective
intervention strategies [45]. To do this, teachers must promote good bilateral communication with
students to improve their mathematical competence [18,40,41] and stimulate their motivation via a
methodological and curricular proposal that is attractive and participatory for students [46].

On the other hand, there are positive but weak correlations between academic performance and
PME (Does your math teacher explain well in class?), L]M (From Monday to Thursday, how many
hours do you dedicate to the study of mathematics?), ULT (Do you use the textbook to study
mathematics?), UAE (Do you use the notebook or class notes to study mathematics?), and ILS (Do
you think your school is a place where you feel protected and safe?). In other words, performance
correlates positively with students” perceptions of the teacher and the educational environment.

These results can be explained by the erroneous perception that students have of mathematics
as a subject that is practiced, but not studied. In addition, the fear of making mistakes discourages
and limits student participation in class and their learning of mathematics [10]. Limited learning of
mathematics conditions interest in STEM [13].

On the other hand, there are negative correlations between academic performance and APM
(Does your academy or tutor help you to learn mathematics?), MAM (Do your friends motivate you
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to study mathematics?), MPM (Does your teacher motivate you to study mathematics?), and TCE (Do
you learn mathematics by studying with your classmates?). In other words, academic performance
in mathematics correlates negatively with external motivation and support.

In relation to the findings of the present study, it is observed that external motivations not
sustained over time generate initial expectations that are not very effective in terms of academic
performance [51]. In contrast, the role of internal motivation has a significant impact on students [19].
In this sense, several authors maintain that the internal motivation of mathematics students modifies
their perception of the subject and affects their academic performance [6]. To this end, the use of
appropriate teaching strategies is recommended to awaken the students” interest and participation
in STEM [52]. These actions would help to reduce the high rate of early school dropouts in the
Autonomous City of Melilla [47].

On the other hand, the Gain Lift algorithm has been used to determine the maximum gain in
mathematical performance. To quantify this, the joint effect of the variables set out in Table 1 was
analyzed. The results indicate that if appropriate interventions are employed in the school setting, a
greater gain can be obtained. The figures show that the gain decreases from 50% of the chosen random
subsample. It was also observed that the performance gain among girls is significantly greater than
that among boys for any subsample taken. Similar findings postulate that girls possess a greater
capacity to manage and order mathematical knowledge [17]. In contrast, several authors argue that
this competition decreases significantly during adolescence, affected in part by gender stereotypes
[13]. As a result, the number of female students pursuing higher education in STEM is significantly
lower than that of males [13,53].

Although the linear regression model used is significant, the results indicate that 87.72% of the
variation in the second quarter grades cannot be explained by the variables used in this study. In this
sense, the mean scores of the gain in the mathematics grades amount to 0.4 points. This is consistent
with the results of Timmermans (2018), which state that, although some teachers have substantial
effects on students, the overall effects for most students are insignificant. Therefore, there must be
other variables that have a significant influence, such as the socioeconomic status, family [2,54,55], or
the possible negative [56,57] and positive [58] effects of technologies, on the academic performance
of mathematics students.

The main strength of this study, on the other hand, is the use of Gain Lift to predict the maximum
gain in mathematics scores if effective interventions are employed in the school environment.
Moreover, the regression Equation (1) used for the analysis of the variables allowed us to determine
the effect that each has on the grades of mathematics students. Another strength is that the model can
be extended to other subjects and educational levels with similar approaches.

On the other hand, some limitations of the present study should be recognized. First, due to its
cross-sectional design, no causal conclusions can be drawn. Secondly, the inaccurate nature of the
Gain Lift model only predicts the maximum level of the possible gain in the grades of mathematics
students.

5. Conclusions

This paper has achieved all the initial objectives proposed and all the research questions raised
have been answered.

It is concluded that the grades obtained by students can be optimized if adequate intervention
strategies are applied in the classroom. The results empirically confirm that certain pedagogical
actions have a positive effect on students and, accordingly, on their academic performance. The
innovative character of this study lies in the ability to quantify the maximum level of grade gain with
the Gain Lift algorithm. With this instrument, it is observed that the gain in mathematics grades for
girls is significantly greater than the gain obtained for boys, regardless of the subsample chosen.

The items focused on the “School Environment” dimension, such as the role of the classroom,
and the teacher—student relationship, have had a greater influence on the mathematics grades than
the items of the “Mathematics Learning” dimension based on the indicators affinity, teaching, study
time, didactic resources used, study aids, and motivation. However, the low rates of gain indicate
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that there are other important factors affecting the performance of students in mathematics which are
not covered in this study. Therefore, other variables, such as socioeconomic, family, or technological
status, which may affect mathematics students, should be analyzed. Considering this, a wide range
of lines of research should be pursued in order to delve deeper into strategies that can be applied to
analyze school failure, especially linked to the area of mathematics, which is of great concern to the
educational community worldwide.
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UNIVERSIDAD Departamento de Diddctica y
DEGRANADA Organizacion Escolar

Percepciones del alumnado en el proceso de
Aprendizaje de las matemaiticas con implementacion
delas TIC

Cuestionario de investigacion

Estimado/a alumno/a:

Quisiera pedir tu colaboracion cumplimentando el siguiente cuestionario para conocer
tu uso y dominio de las Tecnologias y tu percepcion de las matematicas. Con tus
respuestas evaluaremos también otros aspectos relacionados con el profesorado, los
recursos tecnoloégicos que te rodean, tu acceso a ellos y tus habitos cotidianos.

Los resultados obtenidos seran de gran valor para analizar la influencia de las TIC en el
proceso de enseiianza-aprendizaje de las matematicas, la relacion que tiene el alumnado
con ¢l entorno educativo y los cambios producidos en sus habitos cotidianos.
Pretendemos tener una vision amplia de todos los factores que afectan al alumnado.

En consecuencia te sugerimos que respondas a todas las cuestiones de forma reflexiva
y sincera. No existen contestaciones correctas o incorrectas, ya que lo tnico que nos
interesa es conocer tu punto de vista.

INSTRUCCIONES
- El cuestionario es totalmente anénimo. No debes poner el nombre.

- Marca la respuesta que mejor se adecua a tu realidad personal.
- No olvides contestar todas las preguntas.

{GRACIAS POR TU COLABORACION!

Percepciones del alumnado en el proceso de Aprendizaje 1
de las matematicas con implementacion de las TIC

Figure Al. Questionnaire instructions.
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UNIVERSIDAD
DE GRANADA

Departamento de D

iddctica y

Organizacion Escolar

A. Datos personales y académicos del alumnado

(Marque con una (X) la casilla que corresponda en cada caso)
Nivel Estudios

A.1. Centro Educativo

A.2. Género Chico [J

Chica

Edad___ N° hermanos

A.3. i Qué nota obtuviste en matematicas...?:

Posicion

Enla1°Ev. Enla 2°Ev.

El curso pasado

1. Insuficiente

2. Suficiente

3. Bien

4. Notable

5. Sobresaliente

A.3. jHas repetido algin curso?:

¢, Cual o Cuales?

A.4. ;Qué edad aproximada tiene tu..?

A.5. Qué estudios tiene tu...

?

Padre

Madre

Padre | Madre

._No tengo padre

No tiene estudios

. Entre 30 vy 40 afios

Tiene estudios primarios

. Entre 40 y 50 afios

Tiene la secundaria

el <o BA] (o)

. Entre 50 y 60 arfios

Tiene estudios universitario

10.Mas de 80 afios

A.6. ;Cudl es el estado civil de tu...?

A.7. ;Cudl es la situacion 1
tu...?

aboral de

Padre | Madre Padre | Madre
11. Esta soltera Trabaja
12. Esta casada No trabaja
13. Esta divorciada
14. Esta viuda

A.8. ;Qué opinas sobre el nivel econdmico de tu familia?

15.

Es muy bajo

16.

Es bajo

17.

Es alto

18.

Es muy alto

Percepciones del alumnado en el proceso de Aprendizaje
de las matematicas con implementacion de las TIC

Figure A2. Items of dimension A “Student’s Personal and Academic Data”.

17 of 23
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UNIVERSIDAD Departamento de Diddctica y
DE GRANADA Organizacion Escolar

B. Conocer los recursos y estrategias del alumnado para el

aprendizaje de las matematicas

. (Seiiale con una X, eligiendo una de las cuatro opciones propuestas en la siguiente escala)
Blogues B1- B2 AFINIDAD Y CONTENIDOS

Seiiale con una X: 1 (Nada), 2 (Algo), 3 (Bastante), 4 (Mucho)
1. ;Te gustan las matematicas?

ooooooo*-
oooooogw»
OOoO0OooOoo «
OOO00000 -

EH
O
O «
O«

ooga-
ooag-»
oon e«
aong -

Blogues B4 DOCENCIA

Seiiale con una X: 1 (Nada), 2 (Algo), 3 (Bastante), 4 (Mucho)
12. ;Tu profesor/a de matematicas crea un clima adecuado para aprender?
13. ¢Tu profesor/a de matematicas explica bien en clase?

oooooo -
Oooooog -
OOOO000 «
OOO0000O -

Blogues B5- B7 DEDICACION Y RECURSOS

Ei—i
O
O«
O-

Senale con una X: 1 (Nada), 2 (Menos de 1 hora), 3 (De 1 a 2 horas),
4 (Mas de 2 horas)
19. De lunes a jueves, ;Cuantas horas dedicas cada dia a estudiar matematicas?

oo*-
og»
Oog«
OO -

=
[ ]
9]
.

Seiiale con una X: 1 (Nada), 2 (Algo), 3 (Bastante), 4 (Mucho)

Percepciones del alumnado en el proceso de Aprendizaje 3
de las matematicas con implementacion de las TIC

Figure A3. Items of dimension B “Learning Mathematics”.
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UNIVERSIDAD Departamento de Diddctica y
DE GRANADA Organizacion Escolar

26. ;Te ayuda tu familia (padres, hermanos, tios,...) a aprender matematicas?
27. ;Te ayuda tus amigos o companeros de clase a la hora de aprender matematicas?
28. ;Te ayuda tu academia o profesor/a particular a la hora de aprender matematicas?

oOoOoooooO
ooOooooog
OooOooooo
OOoOoOoOoOoooO

Blogue B8 MOTIVACION
Seiiale con una X: 1 (Nada), 2 (Algo), 3 (Bastante), 4 (Mucho)

29. ;A la hora de estudiar matematicas, te motiva sacar buenas notas?
30. ;A la hora de estudiar matematicas, te motivan los regalos de tus padres, abuelos,...?
31. ;Te motiva estudiar las matematicas porque te gusta la asignatura?
32. ;Te motiva estudiar las matematicas para tener éxito en el futuro?
33. ;Te motivan tu familia para estudiar matematicas?
34. ;Te motivan tus amigos/as para estudiar matematicas?
35. ;Te motiva tu profesor/a para estudiar matematicas?

ooooooo-
oooooooe
OO0OoOOoog «
OO0OOO0O0 -

C. Evaluar las percepciones del alumnado sobre el entorno escolar d
los IES de Melilla.

Blogue C1-C2 CENTRO EDUCATIVO Y AULA
Senale con una X: 1 (Nada), 2 (Algo), 3 (Bastante), 4 (Mucho)

o

38. ;Piensas que tu instituto es un lugar bueno para estudiar y aprender?
39. ;Piensas que tu aula es un lugar bueno para aprender?

ooooo-
ooooog-e
OO0000 «
OO0dog -

Blogues C3- C4 COMPANEROS Y PROFESORADO
Senale con una X: 1 (Nada), 2 (Algo), 3 (Bastante), 4 (Mucho)

41.
42. ;Aprendes matematicas trabajando con tus comparieros de clase?

44, ;Piensas que tu profesor/a de matematicas te aprecia y te valora?
45. ;Aprecias, respetas y valoras a tu profesor/a de matematicas?

Ooooooo -
ooooooe
OO0 OOO0O0O0 «
00 OOOO0O00 -

oo
oo

48. ;Tu profesor/a de matematicas crea un clima adecuado de respeto en clase?

MUCHAS GRACIAS POR TU COLABORACION

Percepciones del alumnado en el proceso de Aprendizaje 4
de las matematicas con implementacion de las TIC

Figure A4. Items of dimension C “School Environment”.
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