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Abstract: Although the value of information and communication technology (ICT) is positive and
its use is widespread, its potential as a teaching tool in mathematics is not optimized and its
methodological integration is rare. In addition, the availability of ICT resources in schools is positively
associated with the academic success of students, and the availability of ICT resources at home is
negatively associated with their success. To determine the relationships among academic performance,
uses, and available ICT resources, a total of 2018 secondary school students participated in the present
study. The uses and available ICT resources, and the learning of mathematics and ICT, were evaluated
using a validated 11-item questionnaire. Statistical analysis reveals that, of the secondary education
levels, the lowest results are observed in the third year. A total of 64% of students affirm that they
use ICT at home to study mathematics. In addition, 33.61% of the students affirm that they use their
mobile phones frequently while studying at home. However, it should be noted that between 23.80%
and 28.44% affirm that they dedicate more than 4 h per day to phone calls. Educational level is a
predictor of academic performance in mathematics associated with students’ uses of ICT. The scores
indicate that the computer is generally used for Internet searches, thus, limiting the use of ICT for
educational purposes. Furthermore, there is a difference regarding gender.
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1. Introduction

Technology has expanded to all levels of our society, as shown by data from the Office for National
Statistics (INE). In their report on Equipment and Use of ICT in Spanish homes in 2019, it was observed
that 90.7% of homes had Internet access, 80.9% had a computer at home, and 99.6% had at least one
mobile phone [1]. Moreover, in terms of gender, daily average Internet use was 78.2% for women
and 77.0% for men. In addition, it was observed that students were the most active on social media,
with 91.1% active; in particular, 90.6% of students were young people between 16 and 24 years of
age. Regarding digital competences, 65.0% focused on copying and pasting folders, 63.2% focused on
installing applications, and 60.1% focused on transferring files between different devices [1].

Moreover, the INE report on information and communication technology (ICT) in non-university
educational centers in the academic year of 2018/2019 showed that the average number of students
per computer was 2.9. In addition, it highlighted that more than 90% of classrooms had cable or
wireless Internet connections. Laptops and tablets represented 50% of available devices and interactive
digital systems (SDI) made up 60.1%. Furthermore, 50.5% of secondary school and public vocational

Mathematics 2020, 8, 1935; doi:10.3390/math8111935 www.mdpi.com/journal/mathematics

http://www.mdpi.com/journal/mathematics
http://www.mdpi.com
https://orcid.org/0000-0003-3453-218X
https://orcid.org/0000-0002-5766-767X
https://orcid.org/0000-0002-2761-3523
https://orcid.org/0000-0002-7230-4711
https://orcid.org/0000-0002-0018-1150
http://www.mdpi.com/2227-7390/8/11/1935?type=check_update&version=1
http://dx.doi.org/10.3390/math8111935
http://www.mdpi.com/journal/mathematics


Mathematics 2020, 8, 1935 2 of 14

training (FP) centers participated in educational technological projects. Finally, mobile phones were
used for educational purposes in 43.0% of compulsory secondary education (ESO) centers and in 51.3%
of centers for post-16 education. Regarding academic years, values increased to 41.7% at the basic
professional training (FP) grade, 53.5% at the medium grade, and 58.6% at the advanced grade. Thus,
the Autonomous City of Melilla, the area of our sample, showed the highest percentages of mobile
phone use, with 80.0% at the medium grade and 100% at the advanced grade [2].

In spite of the accessibility of technology and online connectivity, it is notable that students’
technological skills are distant from the educational framework and more focused on social skills [3].
As a result, young people’s non-controlled use of ICT could directly impact their academic
performance [3]. Thus, this new study analyzes educational performance and examines the correlations
among the associated technological variables. For this purpose, indicators related to ICT resources and
their uses, which may influence performance in the area of mathematics, are identified.

1.1. Information and Communication Technology (ICT) in Education

In 2018, the European Commission adopted a Digital Education Action Plan to promote the use of
ICT and the improvement of digital competences for educational purposes. This plan was structured
into the following three priorities: (1) to improve the use of ICT for teaching and learning, (2) to develop
digital competences and skills, and (3) to modernize education through data analysis [4]. The use of
technology in education assists students with digital content, supports methodological resources, and
facilitates academic management [5].

Although the value of ICT is deemed to be positive and its use is generalized, its potential as an
educational tool is not optimized and its methodological integration is infrequent [6]. In addition, a
digital divide exists that affects vulnerable groups of disadvantaged students, students of a foreign
origin, and those with special educational needs [7]. Similarly, the use of mobile devices is also
promoted among secondary students [8]. However, their application for teaching and research for
educational purposes remains to be limited [9].

Furthermore, the existence of a significant correlation between age and the frequency of connection
via a mobile device, and between the starting age and the positive perceptions of students, is evident
among teenage students [10]. Moreover, another recent study suggested a significant association
among age, gender, ICT education received, and the free time which students dedicate to using
technology [11]. Excessive use of mobile devices can lead to addiction, for which a higher impact is
observed in urban areas than in rural areas [12].

Related to the aforementioned factors, video games or online game addiction is related to an
increase in attention deficit in young people [13]. This addiction has a direct negative impact on students’
physical and psychological health, and indirectly on their academic performance [14]. Similarly, it is
observed that the profile of the addict in secondary students is that of an obese male online player or
multiplayer [15].

1.2. The Influence of ICT on Educational Performance

Evaluation of the degree of association between the use of ICT and its influence on educational
performance has been investigated in previous studies [16–18]. The results of recent studies have shown
that the availability of ICT resources in schools was positively associated with students’ academic
success, whereas the availability of ICT resources at home was negatively associated [19]. It has also
been observed that inappropriate use of ICT significantly affected students’ learning [20]. However,
specific software created and developed with attractive and dynamic platforms for students was more
effective than general software for teaching and learning [21].

The use of computers at home and in school will decrease in terms of capacity over the medium
grade for the teaching and learning, without appropriate hardware, software, and pedagogical design
improvements by teachers [22]. Some authors have argued that the use of portable devices was more
effective in learning than the use of computers, because it facilitated a mobile, ubiquitous, collaborative,
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and creative form of learning [23]. This difference may also be due to the fact that portable devices
tended to integrate innovative teaching methods [24].

On the one hand, in a meta-analysis, reference [25] suggested that the use of mobile devices
(tablets, smartphones, etc.) in education was significantly more effective than traditional methods,
and it positively influenced student learning [24,25]. In addition, the degree of influence depended on
several factors such as the diversity of the learning stage, the hardware used, the teaching methods
used, and the affective variables [21,23]. The effect on cognitive achievement in primary school was
greater than the effect in secondary school. However, these results were not comparable, as studies
with computers lasted more than a semester, and the studies with portable devices only lasted a few
weeks. This suggests that the results could be due to the “novelty effect” [25,26].

On the other hand, the use of unsupervised mobile phones has a negative impact on the academic
performance of students [27]. The negative effect was higher if mobile possession occurs in early
ages [28]. The main findings have also shown low significant and negative associations between
mobile phones’ radiation and cognitive function [29]. Other studies have shown the negative effects
that online chats have on memory performance and students’ learning [30]. Instead, there there have
been positive effects on teaching, when adopting social medias such as Facebook as an additional
learning management system (LMS) [31].

Nevertheless, another study highlighted that girls obtained better results than boys in associated
ICT literacy evaluations, and that the gender differences were greater in primary than secondary
school [18]. Moreover, on the one hand, the existence of distinctive patterns regarding the function and
purpose of the use of ICT, and academic performance, was evident, both for gender and for age [32].
On the other hand, the use of internet was negative for both, not observing any gender differences [33].
However, it is evident that the association with the use of ICT in mathematics is weaker for girls
than for boys, and that this association was influenced by perceptions towards technology and its use
in education [34]. In addition, there were significant negative effects of ICT skills on mathematical
performance of boys, but, for girls, the effects were positive [35]. Gender differences could be due to
personal preferences during the educational stage [36]. Thus, it has been proposed that adequate use
of digital interactive whiteboards could decrease gender differences [37] and could improve academic
performance [38].

Conversely, the scientific literature has affirmed that the use of social media had an important
impact on students with poor academic performance, whereas higher performing students were
not significantly affected [3]. Similarly, it has been demonstrated that students with good grades
maintained them throughout their academic life. Additionally, active participation on e-learning
platforms promoted the improvement of students’ academic performance [39].

1.3. Justification

In 2018, thirteen countries reduced early school leaving to 10%, as benchmarked by the European
Union (EU) for 2020. Among the countries which have not met this benchmark, Spain (17.9%) registered
the highest rate, ahead of Portugal (11.8%) and Germany (10.3%) [40]. In the group of European
countries, it was observed that the phenomenon of early school leaving had a greater impact on
men (12.2%) than on women (8.9%). Among the 28 European Union countries, Spain registered the
greatest gender gap (7.7 percentage points). The dropout rate in Melilla increased to 31.9% for boys
and 26.9% for girls, with an average increase of 29.5% [40]. Moreover, it was noted that poor academic
performance was a possible cause of this early school leaving [41].

In the present study, school failure is analyzed from an innovative perspective using gender
differentiated case studies. Some variables which may influence student performance are investigated.
For this purpose, we analyze the dimensions related to ICT use and resources associated with
performance in mathematics. In order to “display” the items which have more influence on students’
academic performance in Melilla, the following research objectives are posed: (1) to examine the profile
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of the sample according to the correlations between the variables of the study and (2) to determine the
existing relationship between performance and ICT uses and resources.

2. Materials and Methods

A total of 2018 secondary and post-16 education students from the Autonomous City of Melilla
participated in the present observational study without pre-post study and without a control group.
Of the total sample, girls comprised 53.40%. The registered student population in the city is 5875
students, 50.84% of whom are girls. The questionnaires were sent to all educational centers of the city,
during school hours, with authorization from the Provincial Directorate of the Ministry of Education
and Professional Training of Melilla, to avoid any type of variation.

Google Forms was used to administer the questionnaires; therefore, the reliability of the data
collection was guaranteed. Prior to the implementation of the questionnaires, all voluntarily
participating subjects were informed of the nature and objectives of the study. The validation
was conducted by expert judges (content validity), at both the composition level and at the level of
adequacy of the items. A trial questionnaire was also conducted to detect final aspects that could be
improved. Subsequently, with the data matrix completed, the instrument was validated using the
Kaiser–Guttmand and Tucker–Lewis index criteria, with a score of 1.052. The variable used to analyze
the students’ academic performance was the second trimester mathematics mark (the questionnaire
was conducted during the third assessment) because it was the most reliable predictor [42,43].

Table 1 provides the different dimensions and their indicators with the corresponding
analyzed items.

Table 1. Relationships among dimensions, indicators, and items.

Dimension Indicator Code Items

A. General
students’ data

A.1
Students’ data

NST What mark did you get in the second trimester?

ECC Are you a boy or a girl?

NEC Educational level

D. ICT uses
and resources

D.2 ICT uses
UMC Do you use a mobile phone while studying at home?

UOE Do you use a computer while studying at home?

D.4 Daily ICT
consumption

LJC From Monday to Thursday, how many hours do you dedicate each
day to cyber chats (Whatsapp, Telegram ...)?

LJR From Monday to Thursday, how many hours do you dedicate to
social media, (Instagram, Facebook . . . )

LJV From Monday to Thursday, how many hours do you dedicate to
playing video games?

LJB
From Monday to Thursday, how many hours do you dedicate each
day to searching for material on the Internet for the sole purpose of

studying or doing class work?

E. ICT and
mathematics learning

E.1 At home RTC Do you use the technological resources that you have at home to
study mathematics?

E.3 Perception TTM Do you think you work on mathematics more and better using ICT?

Statistical Procedure

To analyze the variables of the study, several statistical models were used. One model was the
Bayesian model, which allowed us to calculate the posterior conditional probabilities of a categorical
class variable, given the independent predictor variables, via the Bayes rule. For that purpose,
the R Studio e1071 package (https://cran.r-project.org/web/packages/e1071/index.html) was used.
Subsequently, the variables of the study were correlated, without requiring that each of the research
factors was transformed into numerical variables.

In addition, other regression models were used that allowed us to also predict an answer variable,
on the basis of one or several predictors. To analyze possible linear relationships among variables,

https://cran.r-project.org/web/packages/e1071/index.html
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the general linear model (GLM) was used, and random forest (RF) and the gradient boosting machine
(GMB) were used to analyze nonlinear relationships among the predictors.

To determine the variables with a greater relevance to the study, the algorithm h2o was used.
The procedure used was as follows:

• Transformation of dataset into a h2o class object;
• Partition of the dataset into three segments, i.e., training, validation, and testing;
• Application of the DALEX algorithm, and creation of a customized function, followed by the

implementation of a general linear model, random forest, and gradient boosting machine, initially,
each model using h2o was calculated and, subsequently, that model was incorporated into the
DALEX algorithm;

• Calculation of the predictions and the residual values (see Figure 1).

Figure 1. Residual values and determination of the best predictive model.

3. Results

The Bayesian model was obtained by calculating the values of NST (second trimester marks) and
the conditional probabilities of the items NEC (economic level), ECC (educational level), RTC (ICT
resources for educational purposes), TTM (perceived usefulness of ICT), UOE (computer use), LJB
(daily dedication to the Internet for educational purposes), UMC (non-academic uses of smartphones),
LJC (daily dedication to online chats), LJR (daily dedication to social media), and LJV (daily dedication
to video games) with respect to NST. The results are shown in Table 2.

Table 2. A priori probabilities of second trimester marks (NST) and conditional probabilities/NST.

NST Second Trimester Marks (a priori probabilities)

Fail Adequate Good Merit Outstanding Graph

0.2721923 0.2069642 0.1760667 0.2265817 0.1181952

Conditional Probability/NST

TTM Do you think you work on mathematics more and better with ICT?

None A Little Enough A Lot Graphs

Fail 0.2000000 0.3045045 0.3603604 0.1351351
Adequate 0.1729858 0.3293839 0.3270142 0.1706161

Good 0.1727019 0.3175487 0.3147632 0.1949861
Merit 0.2077922 0.2943723 0.3636364 0.1341991

Outstanding 0.2406639 0.2738589 0.3568465 0.1286307
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Table 2. Cont.

UOE Do you use a computer while studying at home?

None A Little Enough A Lot Graphs

Fail 0.39099099 0.34234234 0.19099099 0.07567568
Adequate 0.36966825 0.34834123 0.19431280 0.08767773

Good 0.32033426 0.33983287 0.23398329 0.10584958
Merit 0.31168831 0.31818182 0.26406926 0.10606061

Outstanding 0.32365145 0.28215768 0.25311203 0.14107884

LJB From Monday to Thursday, how many hours do you dedicate each day to
searching for material on the Internet for the sole purpose of studying or doing

class work?

None 1–2 h 3–4 h >4 h Graphs

Fail 0.42522523 0.34054054 0.14234234 0.09189189
Adequate 0.41232227 0.35545024 0.16113744 0.07109005

Good 0.37883008 0.37604457 0.16155989 0.08356546
Merit 0.43506494 0.33549784 0.16233766 0.06709957

Outstanding 0.50207469 0.31535270 0.12448133 0.05809129

UMC Do you use a mobile phone while studying at home?

None A Little Enough A Lot Graphs

Fail 0.2036036 0.3099099 0.2540541 0.2324324
Adequate 0.2014218 0.3222749 0.2274882 0.2488152

Good 0.2172702 0.2813370 0.2813370 0.2200557
Merit 0.2034632 0.2900433 0.2770563 0.2294372

Outstanding 0.2323651 0.2074689 0.3360996 0.2240664

LJC From Monday to Thursday, how many hours do you dedicate
each day to cyber-chat (Whatsapp, Telegram, etc.)?

None 1–2 h 3–4 h >4 h Graphs

Fail 0.1459459 0.4072072 0.1765766 0.2702703
Adequate 0.1279621 0.3886256 0.1990521 0.2843602

Good 0.1671309 0.4261838 0.1559889 0.2506964
Merit 0.1212121 0.4610390 0.1796537 0.2380952

Outstanding 0.1410788 0.4315353 0.1867220 0.2406639

LJR From Monday to Thursday, how many hours do you dedicate
to social media, (Instagram, Facebook, etc.)?

None 1–2 h 3–4 h >4 h Graphs

Fail 0.1171171 0.3513514 0.2216216 0.3099099
Adequate 0.1374408 0.3222749 0.2298578 0.3104265

Good 0.1309192 0.3509749 0.2618384 0.2562674
Merit 0.1406926 0.3593074 0.2554113 0.2445887

Outstanding 0.2157676 0.3236515 0.2157676 0.2448133

LJV From Monday to Thursday, how many hours do you dedicate to playing
video games?

None 1–2 h 3–4 h >4 h Graphs

Fail 0.5135135 0.2558559 0.1081081 0.1225225
Adequate 0.4786730 0.2867299 0.1066351 0.1279621

Good 0.4679666 0.2646240 0.1392758 0.1281337
Merit 0.5043290 0.2554113 0.1341991 0.1060606

Outstanding 0.5435685 0.2365145 0.1120332 0.1078838

RTC Do you use technological resources that you have at home to study mathematics?

Fail Adequate Good Merit Outstanding

NO 0.4018018 0.3388626 0.3036212 0.3658009 0.3900415
YES 0.5981982 0.6611374 0.6963788 0.6341991 0.6099585



Mathematics 2020, 8, 1935 7 of 14

Table 2. Cont.

NEC Educational Level.

1

Mathematics 2020, 8, x FOR PEER REVIEW 6 of 14 

 

Good 0.32033426 0.33983287 0.23398329 0.10584958    
Merit 0.31168831 0.31818182 0.26406926 0.10606061    

Outstanding 0.32365145 0.28215768 0.25311203 0.14107884    
LJB From Monday to Thursday, how many hours do you dedicate each day to searching  

for material on the Internet for the sole purpose of studying or doing class work? 
  

 None 1–2 h 3–4 h >4 h Graphs   
Fail 0.42522523 0.34054054 0.14234234 0.09189189    

Adequate 0.41232227 0.35545024 0.16113744 0.07109005    

Good 0.37883008 0.37604457 0.16155989 0.08356546    
Merit 0.43506494 0.33549784 0.16233766 0.06709957    

Outstanding 0.50207469 0.31535270 0.12448133 0.05809129    
UMC Do you use a mobile phone while studying at home?   

 None A Little Enough A Lot Graphs   
Fail 0.2036036 0.3099099 0.2540541 0.2324324    

Adequate 0.2014218 0.3222749 0.2274882 0.2488152    

Good 0.2172702 0.2813370 0.2813370 0.2200557    

Merit 0.2034632 0.2900433 0.2770563 0.2294372    
Outstanding 0.2323651 0.2074689 0.3360996 0.2240664    

LJC From Monday to Thursday, how many hours do you dedicate  
each day to cyber-chat (Whatsapp, Telegram, etc.)? 

  

 None 1–2 h 3–4 h >4 h Graphs   
Fail 0.1459459 0.4072072 0.1765766 0.2702703    

Adequate 0.1279621 0.3886256 0.1990521 0.2843602    
Good 0.1671309 0.4261838 0.1559889 0.2506964    
Merit 0.1212121 0.4610390 0.1796537 0.2380952    

Outstanding 0.1410788 0.4315353 0.1867220 0.2406639    
LJR From Monday to Thursday, how many hours do you dedicate  

to social media, (Instagram, Facebook, etc.)? 
  

 None 1–2 h 3–4 h >4 h Graphs   
Fail 0.1171171 0.3513514 0.2216216 0.3099099    

Adequate 0.1374408 0.3222749 0.2298578 0.3104265    

Good 0.1309192 0.3509749 0.2618384 0.2562674    
Merit 0.1406926 0.3593074 0.2554113 0.2445887    

Outstanding 0.2157676 0.3236515 0.2157676 0.2448133    
LJV From Monday to Thursday, how many hours do you dedicate to playing video games?   

 None 1–2 h 3–4 h >4 h Graphs   
Fail 0.5135135 0.2558559 0.1081081 0.1225225    

Adequate 0.4786730 0.2867299 0.1066351 0.1279621    
Good 0.4679666 0.2646240 0.1392758 0.1281337    
Merit 0.5043290 0.2554113 0.1341991 0.1060606    

Outstanding 0.5435685 0.2365145 0.1120332 0.1078838    
RTC Do you use technological resources that you have at home to study mathematics?   

 Fail Adequate Good Merit Outstanding   
NO 0.4018018 0.3388626 0.3036212 0.3658009 0.3900415   
YES 0.5981982 0.6611374 0.6963788 0.6341991 0.6099585   
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 1 º ESO 2ºESO 3ºESO 4ºESO 1ºBach 2ºBach Graphs 
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Merit 0.20562771 0.23593074 0.18181818 0.18831169 0.13203463 0.05627706  

Outstanding 0.22821577 0.24481328 0.15767635 0.15767635 0.15352697 0.05809129  
Note: ESO, compulsory secondary school; Bach, post-16 education. 

Table 2 shows the students’ grades. It shows that one out of three students achieved a grade of 
good or merit. The highest percentage of merits is among 2ºESO secondary school students (24.48%), 
whereas only 5.81% of the 2ºBach post-16 students reach that score. Conversely, the highest 
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4. Discussion 

The findings summarized in Table 2 show that approximately one of every three students fails 
mathematics. Similar results are noted in the State School Council report regarding the rate of early 
school leavers in Melilla. However, the dropout rate is significantly different from the EU predictions 
for 2020, which foresaw a 10% reduction [44]. In the present study, the highest percentage of failures, 
around 26%, appears at 4 º ESO, which could be explained by the change of school stage. Similarly, 
the lowest rate, below 4%, is produced in the second stage of post-16 education. This result could be 
due to the fact that the sample of these groups comprised only 4.2% of participants, and the students 
that reached this level had clear intentions to continue to higher studies. Consistent with this result, 
reference [41] maintained that poor academic performance was a predictor of early school leaving. 

Regarding students who pass, the highest percentage of outstanding marks is in 2ºESO, which 
is due, in part, to the contents of this level being a slight extension of the contents taught at 1ºESO. 
However, these results are not observed in 1ºESO because it is considered to be an adaptation period, 
due to the change of school stage from primary and, in the remaining levels, mathematics content is 
more challenging. However, the lowest percentage of outstanding marks corresponds to the second 
stage of post-16 education, which may be due to the requirements of the level and the sample taken. 
Reference [27] maintained that there was a trend that students with good academic results remained 
in this profile during their whole academic life, as also happened with poor performing students. 

Regarding the analysis differentiated by gender, girls consistently obtain higher marks than 
boys, although this difference decreases with age, and as the marks of the students increase. In fact, 
no differences were found among students with a mark of outstanding. In contrast, a significant 
percentage difference of more than 10 points was found in girls over boys among the students who 
failed. However, these results seem to differ from the State School Council’s results, which, for the 
Autonomous City of Melilla, show a difference of 5 percentage points of boys over girls in early 
school leaving [40]. Similarly, it is observed in the group of European countries that there is a greater 
incidence in boys regarding the early school-leaving phenomenon, with a difference of less than 4 
percentage points [40]. These apparent differences between the results could be attributed to the fact 
that the data correspond to different periods. 

Concerning technological resources at home, the INE´s report on Equipment and Use of ICT in 
Spanish homes in 2019, highlighted that more than 80% of homes had a computer, and more than 
90% had a mobile phone and Internet. These high data regarding ICT resources predicted their use 
by students. Similarly, in the present study, it is observed that, on average, 64% of students affirm 
that they use ICT to study mathematics. The higher values of RTC are among the students with marks 
of adequate and good, with an average percentage higher than 66%. However, it is estimated that the 
use of computers at home for educational purposes will decrease over the medium grade, if 
educational hardware and software is not innovated to make it attractive to students [22]. 

However, analysis of the perceptions held by students of technology shows that an average of 
20% do not work more and better on mathematics using ICT. The highest percentage, 36.36%, 
corresponds to students with a mark of merit who respond “enough” in TTM. In contrast, the lower 
percentage of 12.86% appears for students with a mark of outstanding who respond “a lot” in TTM. 
Similarly, it is postulated that the existence of adequate technological resources and connections 
promotes students´ positive perceptions towards the use of ICT [22]. Moreover, technological 
advances, duly evaluated and oriented towards students, would, as a consequence, see more active 
participation by them [45]. The rise of the use of mobile devices for teaching could be a good example, 
because it facilitates a mobile, ubiquitous, collaborative, and creative form of learning [23]. 

By comparison, reference [34] maintained that the perception of ICT and its educational use was 
higher in boys, due to gender roles assumed by girls. These results contrasted with those of [18] who 
found that girls achieved higher marks in ICT literacy and that differences were more significant in 
primary education than in secondary education. In addition, there were significant negative effects 
of ICT skills on the mathematical performance of boys, but positive effects in girls [35]. Gender 
differences could be due to personal preferences during the educational stage [36]. These differences 
could be reduced with adequate training programs [18]. 
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could be reduced with adequate training programs [18]. 
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Bach
post-16 students (3.06%).

In terms of gender, it is observed that female students acquire a percentage increase in all grades.
The smallest difference in gender is 0.4 percentage points and appears in the highest level, and the
largest percentage difference is among fails with more than 10.64 percentage points, with 44.68% of
boys and 55.32% of girls.

In terms of technological resources at home (RTC), on average, 64% of students affirm that they use
these to study mathematics. The higher values of RTC are among the students with a mark of adequate
and good, with 2 and 5 percentage points increases, respectively. Conversely, analysis of student
perceptions (TTM) shows that an average of 20% respond that they do not work on mathematics more
and are better using ICT. The highest percentage corresponds to the students with a merit, who respond
“enough” in TTM (36.36%). However, the lowest percentage appears in the students with a mark of
outstanding, who respond “a lot” in TTM (12.86%).

On average, two out of three students state that they use the computer “a little” or “none” while
studying at home (UOE). This percentage increases in the students who fail (73.33%), whereas it
decreases in the case of the students with a mark of outstanding (60.58%). The highest percentage for
UOE is reported by the students who fail and respond “none” in this item (39.10%). In contrast, the
lowest value is found among the students with a mark of inadequate who respond “a lot” for UOE,
with 7.57%. In addition, in “the time used to search for material on the Internet for the sole purpose of
studying” (LJB), 42.52% are students who fail and do not dedicate any time. On average, 43.07% of
students respond “none” in LJB as compared with 7.44% of students who dedicate “more than 4 h.
The percentage patterns repeat regardless of the academic results.

In terms of the use of technological resources for non-educational purposes (UMC), the average
percentage of students who affirm that they do not use their mobile phone “at all” while studying,
regardless of the mark obtained, is 21.16%. A 12.5 percentage points increase is observed between the
students with a mark of outstanding, who declare that they use their mobile phone “enough” while
studying at home. It is relevant that, of students with a mark of outstanding, 56.02% affirm that they
use their mobile phone “enough” or “a lot”.

However, the proportion of students who declare that they dedicate “none” of the day to cyber
chats (Whatsapp, Messenger, Telegram) during the week (LJC), is 14.07%. It should be noted that one
out of four students spend “more than 4 h” per day on cyber chats. The highest average percentage
(42.29%) of time dedicated to cyber chats was of those students who consumed between 1 and 2 h
daily during the week. In terms of social media, the highest percentage ranged between students
with a mark of merit, who dedicate between “1 and 2 h” daily to social media (35.93%), and the
lowest in the case of students who fail, who do not dedicate “any” time to social media (11.71%). A 19
percentage point increase is observed between the failed students who score “nothing” and those who
spend “more than 4 h” each day on social media. The largest increase in social media consumption
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(24 percentage points) is between the failed students who consume “nothing” and those who spend
“1–2 h.” On average, more than a half of students dedicate more than 3 h to social media.

Regarding the time dedicated to video games, a change in trend in relation to cyber chats and
social media is observed. It is remarkable that, on average, more than a half of all responses affirm that
do not dedicate “any” time daily to video games. Of those that do, 25.98% dedicate “1–2 h”, 12.01%
dedicate “between 3 and 4 h”, and 11.85% dedicate “more than 4 h” daily to video games.

In Figure 2, positive, strong correlations between LJR and LJC are observed. There are also positive
but weak correlations among UMC, LJC, and LJR. A negative and weak correlation between LJV and
ECC should be highlighted. The remainder of the variables show very weak correlations.

To specify variables of the study with less importance, the following variables were analyzed:
NST, ECC, NEC, RTC, TTM, UOE, UMC, LJC, LJR, and LJV.

Figure 3 indicates that the most influential variables in NST were, for the GBM model, TTM, NEC,
UMC, RTC, LJC, LJR, UOE, and LJV. According to the GLM model, the most relevant variables were
TTM, NEC, UMC, RTC, LJR, UOE, LJB, and ECC. Regarding the RF model, the variables which had the
greatest impact were TTM, NEC, UMC, RTC, and LJC.

Figure 2. Correlations among the variables of the study.
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Figure 3. Importance of the research predictors based on the general linear model (GLM), random
forest (RF), and gradient boosting machine (GBM).

4. Discussion

The findings summarized in Table 2 show that approximately one of every three students fails
mathematics. Similar results are noted in the State School Council report regarding the rate of early
school leavers in Melilla. However, the dropout rate is significantly different from the EU predictions
for 2020, which foresaw a 10% reduction [44]. In the present study, the highest percentage of failures,
around 26%, appears at 4
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promotes students´ positive perceptions towards the use of ICT [22]. Moreover, technological 
advances, duly evaluated and oriented towards students, would, as a consequence, see more active 
participation by them [45]. The rise of the use of mobile devices for teaching could be a good example, 
because it facilitates a mobile, ubiquitous, collaborative, and creative form of learning [23]. 

By comparison, reference [34] maintained that the perception of ICT and its educational use was 
higher in boys, due to gender roles assumed by girls. These results contrasted with those of [18] who 
found that girls achieved higher marks in ICT literacy and that differences were more significant in 
primary education than in secondary education. In addition, there were significant negative effects 
of ICT skills on the mathematical performance of boys, but positive effects in girls [35]. Gender 
differences could be due to personal preferences during the educational stage [36]. These differences 
could be reduced with adequate training programs [18]. 

ESO because it is considered to be an adaptation period,
due to the change of school stage from primary and, in the remaining levels, mathematics content is
more challenging. However, the lowest percentage of outstanding marks corresponds to the second
stage of post-16 education, which may be due to the requirements of the level and the sample taken.
Reference [27] maintained that there was a trend that students with good academic results remained in
this profile during their whole academic life, as also happened with poor performing students.

Regarding the analysis differentiated by gender, girls consistently obtain higher marks than
boys, although this difference decreases with age, and as the marks of the students increase. In fact,
no differences were found among students with a mark of outstanding. In contrast, a significant
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percentage difference of more than 10 points was found in girls over boys among the students who
failed. However, these results seem to differ from the State School Council’s results, which, for the
Autonomous City of Melilla, show a difference of 5 percentage points of boys over girls in early school
leaving [40]. Similarly, it is observed in the group of European countries that there is a greater incidence
in boys regarding the early school-leaving phenomenon, with a difference of less than 4 percentage
points [40]. These apparent differences between the results could be attributed to the fact that the data
correspond to different periods.

Concerning technological resources at home, the INE’s report on Equipment and Use of ICT in
Spanish homes in 2019, highlighted that more than 80% of homes had a computer, and more than 90%
had a mobile phone and Internet. These high data regarding ICT resources predicted their use by
students. Similarly, in the present study, it is observed that, on average, 64% of students affirm that
they use ICT to study mathematics. The higher values of RTC are among the students with marks of
adequate and good, with an average percentage higher than 66%. However, it is estimated that the use
of computers at home for educational purposes will decrease over the medium grade, if educational
hardware and software is not innovated to make it attractive to students [22].

However, analysis of the perceptions held by students of technology shows that an average of 20%
do not work more and better on mathematics using ICT. The highest percentage, 36.36%, corresponds
to students with a mark of merit who respond “enough” in TTM. In contrast, the lower percentage of
12.86% appears for students with a mark of outstanding who respond “a lot” in TTM. Similarly, it is
postulated that the existence of adequate technological resources and connections promotes students’
positive perceptions towards the use of ICT [22]. Moreover, technological advances, duly evaluated
and oriented towards students, would, as a consequence, see more active participation by them [45].
The rise of the use of mobile devices for teaching could be a good example, because it facilitates a
mobile, ubiquitous, collaborative, and creative form of learning [23].

By comparison, reference [34] maintained that the perception of ICT and its educational use was
higher in boys, due to gender roles assumed by girls. These results contrasted with those of [18] who
found that girls achieved higher marks in ICT literacy and that differences were more significant in
primary education than in secondary education. In addition, there were significant negative effects of
ICT skills on the mathematical performance of boys, but positive effects in girls [35]. Gender differences
could be due to personal preferences during the educational stage [36]. These differences could be
reduced with adequate training programs [18].

The previous data on TTM could predict a similar response in UOE. However, an analysis of the
associated graphs shows a clearly differentiated pattern. These results are strengthened due to the
fact that, on average, more than 66% of the students declare that they use the computer “a little” or
“none” while studying at home. In terms of the use of the Internet for academic use, it is observed
that the responses of LJB are similar to those of UOE, and their graphs show the same decreasing
trend with respect to use. Consistent with this, reference [3] maintained that accessibility to online
technology and online connectivity was used by some students, in a limited way, for educational
purposes. Similar findings have shown that students had a basic digital competence for academic
purposes, the main use of which was copying and pasting files or folders, installing software or apps,
and transferring files between a computer and other devices [1]. Moreover, in terms of gender, the
average daily use of the Internet was slightly higher for girls [1].

Regarding the use of technological resources with non-academic purposes, it is observed that, on
average, 21.16% of students affirm that they do not use their mobile phone “at all” while studying
at home. The highest percentage, 33.61%, corresponds to students with a mark of outstanding who
affirm that they use their mobile phone “enough” while studying at home. In contrast, the lowest
value appears among the students with a mark of adequate who respond “none” in UMC, with 20.14%.
It should be noted that more than 50% of students with a mark of outstanding use their mobile phone
“enough” or “a lot”. In this sense, a previous study suggested negative associations between the
availability of ICT resources at home and academic performance. Moreover, it maintained the existence
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of a positive relationship between the ICT resources in the classroom with the students’ academic
success [19]. Similarly, reference [20] affirmed that inadequate use of technological devices had negative
repercussions on learning and on students’ academic performance.

However, roughly 59% of educational centers have integrated the use of mobile phones for
educational purposes into secondary school and for educational cycles [2], and their use could influence
academic performance positively, regardless of the methodology used [8]. Thus, better results are
observed than when using computers, due in part to ubiquity [23], and the pedagogical innovations
developed [24]. In the same line, positive effects on education are observed, by adopting social media
as an additional learning management system (LMS) [31]. However, other studies have shown negative
effects of online chats on students’ memory and learning [30]. Reference [9] highlighted the scarce
research on the didactic effect of mobile devices and their application to student learning.

Furthermore, only 14.07% of students affirm that they do not dedicate “any” of the day to cyber
chats (Whatsapp, Messenger, Telegram,) during the week. It must be noted that, on average, more than
25% of students spend “more than 4 h” daily on cyber chats. Regarding social media, a higher increase
of more than 23 percentage points is observed among the students with a mark of inadequate, who do
not consume “at all” and “1–2 h”. On average, more than 50% spend more than 3 h on social media.

The results observed in this study are in line with those found in the report on the ICT resources
in Spanish homes. In this report, it is shown that students with 91.1% are the more participatory
population on social media. Of these, the age range of between 16 and 24 years makes up 90.6% [1].
Moreover, reference [11] highlighted a significant relationship among age, gender, the ICT education
received, and the free time which students dedicated to technology. However, other authors have
argued that unsupervised internet use was negative for both genres, without significant differences [33].
Reference [12] stressed that excessive use of mobile devices encouraged addictive behaviors, mainly in
young people from urban areas. In contrast, reference [3] highlighted the negative impact of social
media on students with poor academic performance, whereas for students with good marks, significant
effects were not noted. Similarly, other findings have shown a significant correlation, among teenagers,
between age and mobile phone connection frequency, and between the number of years of mobile
phone use and the positive perception of them [10].

A deeper analysis of Table 2 shows clearly differentiated patterns between the time dedicated to
cyber chats and social media and the time dedicated to video games. The time dedicated to video
games is similar among the different responses, however the graphs show a decreasing trend. Although
roughly 50% respond “none” in LJV, it should be highlighted that more than 23% dedicate more than 3
h daily to video games. In contrast with previous results, a significant correlation between the time
dedicated to video games and academic performance was not detected. However, the findings of [13]
concluded that addiction to video games or online games impacted negatively on the attention deficit
of young people and on their academic performance [14]. Nevertheless, other studies have highlighted
that students with good academic results and students with poor marks both tended to remain in this
profile [46,47].

Figure 1 shows significant positive correlations between LJR and LJC. Positive, but weak
correlations are also found between UMC, and LJC and LJR. These results could be explained
by the addictive effect of cyber chats and social media, and the fact that the mobile phone is used as the
main tool of connection [48]. In contrast, a negative and weak correlation between LJV and ECC, found
in this study, should be noted. Similarly, reference [15] maintained that video game addiction had a
greater effect on young people whose profile among secondary students tended to be multiplayers,
obese, and male.

The analysis of RF, GLM, and GBM models, shown in Figure 3, summarizes the findings obtained
with the Bayesian and correlations models. The implications are discussed in the previous paragraphs.
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5. Conclusions

In the present study, the possible impacts on the performance of technological variables associated
with education, ICT resources, and their uses for recreational purposes or social interaction are shown.
Among the notable findings, it is worth highlighting that educational level was an influential predictor,
however, a difference of little significance regarding gender was observed.

Regarding ICT resources, in addition to influencing performance in a significant way, they also
influence the students’ perceptions. However, the use of ICT for educational purposes is limited.
The similar responses of UOE and LJB could indicate that computers are generally used for internet
searches. Other notable points are the significant correlations between the LJC and LJR variables,
which indicate that the time spent on cyber chats and social media by the students follows a general
and highly similar pattern. However, a different behavior in LJV is observed and the results show an
influence of little significance on the performance of this predictor.

The limitations of the study are related to its design and in the number of variables analyzed.
The main strength of the present research was the statistical analysis used, which combined different
models to analyze the influence of the predictors on students’ academic performance. Future lines
of research should contemplate other predictors and quantify the effect of technology on student
performance throughout their academic lives.
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