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Abstract

:

Digital competence in education includes, amongst other things, the ability to create and manage content and information, mastery of communication tools, and solving technological problems. The access to information and communication technologies (ICT) for educational purposes could have affected the academic performance of mathematics students prior to COVID-19. The objectives were to (1) analyze family and economic factors that could influence the use of ICT for educational purposes, and (2) determine what attributes of Melilla’s mathematics students could explain an additional variation in the use of ICT for academic purposes before COVID-19. A total of 2018 students at secondary schools in Melilla were included in this cross-sectional study. A validated questionnaire with 14 questions regarding ICT and its uses and resources in mathematics learning was administered to students. Statistical analysis revealed that 63.81% of students used ICT to study mathematics and 36.19% did not. Of this percentage, 30.22% failed mathematics and 68.43% reported that ICT does not help them improve their grades. The use of ICT to study mathematics was influenced by students’ perceptions of its usefulness for their academic performance and learning. We also found an association with educational level and time spent on the Internet.
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1. Introduction


The World Health Organization (WHO) declared the health crisis caused by COVID-19 an international pandemic on 11 March 2020. Spain applied the Royal Decree 463/2020 on 14 March to control the spread of the disease and protect the health and safety of citizens. The adopted containment measures affected all socioeconomic sectors in the country.



In the area of education, all on-site training activities were suspended, and teaching was adapted to the online model. All guidelines for the continuity of the academic year are contained in Orden EFP/365/2020, 22 April. Among them, the necessary adaptation of contents and methodologies is established, considering the characteristics of each student, especially those at risk of vulnerability. This exceptional situation demanded an effort from the entire educational community to adapt to the online modality. In addition, teachers are expected to have a broad vision of teaching that includes self-evaluation and co-evaluation to assess student learning through qualitative and quantitative data (Orden EFP/365/2020, 22 April). The lack of experience of regulated education with the online modality posed a challenge for the adaptation of teachers and students to the new educational reality. Technological use and resources have been key to the continued monitoring of the students’ learning.



As a result of these events, this study was proposed to determine the profile of mathematics students according to the use of information and communication technologies (ICT) for educational purposes before the pandemic and to predict the general behavior during the confinement under the state of alarm. We also aimed to analyze the incidence of factors such as age and gender, as well as academic, personal, and social variables, that could affect the use of ICT for educational purposes by students.



1.1. Technology in Education


The evolution of technology in education has different rhythms inside and outside the classroom. In education in formal schools, this evolution is conditioned by traditional approaches and limited uses by mathematics teachers [1,2]. Outside the classroom, advances in technological innovation are produced by a large demand for flexible training, adjusted to the students’ needs [3]. The relationship between technology use in education and academic performance is unclear [4]. Some authors argued that the use of technology for educational purposes is associated with improved academic performance [5,6]. However, its excessive use, even in educational settings, negatively impacts students’ academic performance [4]. Another study revealed that low grades are significantly affected by inappropriate use of ICT [7]. In contrast, other authors argued that higher grades are not affected by different uses of ICT [8].



Technology in education, in general, reduces gender differences [9], favors motivating attitudes in teenagers, and facilitates a positive perception of learning mathematics [10,11]. In addition, technology is associated with resilience, adaptability, and technological problem-solving capacity, and favors increased self-efficacy to meet future challenges and development [12]. In addition, inclusive technology training allows for the reduction in social inequalities [13].



Therefore, some authors argued that with adequate resources and continuous training, the use of ICT by teachers and students would be favorable [14]. In this sense, adequate training for teachers that complements technology with pedagogical tools is necessary [15,16], which promotes inclusive classrooms for students with disabilities [17] and encourages social justice [18,19].




1.2. Students’ Digital Competences


Several authors considered digital competence as a broad concept that covers different areas from personal and professional viewpoints [20]. In education, digital competence includes, among other things, the ability to create and manage content and information, the control of communication tools, and the resolution of technological problems [21,22,23]. Eger et al. [23] identified four groups of ICT users, differentiated according to their levels of technological abilities. The basic level is formed by those who use ICT for online social interactions and are unable to handle academic information. The intermediate level is formed of those with the ability to manage and edit basic documents, tables, and presentations. The advanced level is formed by those students who are also able to handle applications and consider the importance to computer security. The fourth group masters the above tasks and has the ability to program and self-educate despite not participating in specific ICT training programs [23].



However, most students do not have a high level of digital competence, which creates challenges for learning mathematics with educational software [16]. Therefore, training actions that improve these competences in the educational environment must be promoted [24]. The main use of ICT for educational purposes is focused on the creation and editing of documents, tables, and presentations, and the copying of folders and files. In addition, significant differences exist between the time spent and the uses of ICT for educational and social networking purposes (RRSS) [23]. Mastery of online digital resources and their use for educational purposes enables the strengthening of digital skills that will benefit future professional profiles [25].



Regarding the teaching of mathematics, the use of applications has evolved considerably since their introduction, including tools such as MATLAB or DERIVE [26]. Nowadays, a wide variety of tools is available: there are text editors such as LaTeX [27] or AnnoMathTex, which recognize expressions and mathematical formulas, making it easier for students to edit them [28]; there are also a wide variety of applications that allow students to interpret mathematical concepts and facilitate interaction. An example of this is the case of Geogebra, which is used for functions or graphics [29,30], or web applications such as Wolfram Alpha, for the development of algebraic problems [31,32,33].



Young people are considered digital natives because of their birth in the cyber-age and their natural predisposition to use technologies [34]. However, despite the wide offering of applications and tools available, students do not generally use them during the practice and learning of mathematics [23].




1.3. ICT Uses


If teenagers do not have an adequate level of digital competence in education [7,35], how do they use ICT? Despite the vast majority of young Spanish teenagers having a desktop or laptop computer at home [36], one out of five teenagers experiences difficulties using technology in general due to connectivity problems or data limits and technical problems with their devices [37]. These limitations more often affect peripheral urban areas, deepening social differences and conditioning equal opportunities [38]. The largest differences are found in populations at risk of social exclusion, deepening the digital divide [37]. In this sense, access to technology for educational purposes positively affects the mathematical performance of young immigrants, while unsupervised use of ICT has a negative effect [39].



Although socioeconomic factors also influence the digital competences of teenagers, in general, young people have a basic competence level and their digital literacy is mainly focused on simple Internet searches and communications through chats and social media [40,41]. To this end, young people use mobile phones, usually with Wi-Fi, as their preferred communication and information device, as they are more practical and accessible [42,43]. Likewise, the use of mobile phones by young people is more common than in adults; in relation to gender, there is more use by girls [42]. In addition, the scientific literature posits that girls spend more time on social media and online chats [44,45]. Spending more than two hours per day correlates with increased risk of depressive and sleep disorders [46]. Regarding boys, the highest consumption is of online entertainment, but mobile phone use is not correlated with depression [45].



Having their own laptop influences the normal academic monitoring of students, but it is not necessarily associated with academic performance [47]. Instead, a reliable predictor of students’ academic performance is active participation in online discussions in educational programs [48], although a comprehensive review that analyzed studies from the 1960s to 2018 showed no significant relationships regarding the effect of the frequency use of electronic devices on students’ academic performance [49]. However, other authors reported that the use of mobile phones for more than one hour a day on weekdays and two hours a day on weekends negatively impacts performance in mathematics [50].




1.4. Justification


Education focused on classrooms provides a limited view of the teaching/learning process in developed societies [51]. The distance education models allow for attaining objective 4 (education for sustainable development) of the Rio+20 document of the United Nations Organization (UNO) for 2019, since they are not subject to spatial-temporal restrictions [52]. Likewise, students perceive distance education as a motivating model because of its interactivity and ease of use, in addition to favoring learning and work adapted to the students [53]. Similarly, the advancements in mobile learning have rapidly progressed. The cloud possibilities, scalability, and costs adjusted to demand allow for sustainably training the world population [51].



From the academic point of view, the COVID-19 pandemic has shown that the current regulated educational model must be rethought, contemplating mixed models of on-site and distance learning. The flipped classroom is one of the active methodologies compatible with mixed programs, applicable to primary and secondary cycles, and produces better results than traditional methodologies [54]. With this methodology, higher scores are obtained in the evaluation of attitudinal indicators in mathematics, especially in analysis and graphic representation [55].



In this study, the use of ICT for educational purposes by the mathematics students was studied in depth with the following objectives: (1) to analyze the influencing personal, family, and economic factors; and (2) to specify what attributes of the mathematics students in Melilla, Spain, could explain an additional variation in the use of ICT for academic purposes. To this end, we used some items from the dimensions D. ICT Uses and Resources and E. ICT and Mathematics Learning of the main study.



The research questions constructed to describe the proposed objectives were: RQ1: what is the general behavior of the students in relation to the use of ICT for educational purposes? RQ2: Which considered variables influence the use of ICT for educational purposes? RQ3: Of these variables, which scores have the greatest incidence on the use of ICT for educational purposes? RQ4: Does gender and educational level influence the use of ICT for educational purposes? RQ5: Could the attributes of D.1 ICT Resources and D.6 Student Habits explain additional variation in the use of ICT for educational purposes? RQ6: Is it possible to predict the adequate monitoring of teaching by the students of mathematics during the COVID-19 confinement?





2. Materials and Methods


In the present study, a quasi-experimental method was used without pre-post and without a control group. The study population was obtained by applying the following inclusion criteria: (1) under 18 years old; (2) residing in the Autonomous City of Melilla; and (3) studying secondary and high school during the 2018/2019 academic year. The total number of students included in the population was 5875 (50.84% girls and 49.16% boys). To avoid bias, students from all educational centers in the city and from all stages participated. The total sample of this study was formed by 2018 students, of which 53.40% were girls. The sample differentiated by educational level was as follows: 1st year (417), 2nd year (473), 3rd year (394), and 4th year (417) of secondary school; and 1st year (233) and 2nd year (84) of high school.



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. The procedure followed for its elaboration was: literature review, identification of the dimensions, item writing, content validation by experts, construct validation, and reliability analysis [56,57]. The questionnaire used in the present study was submitted for content validation by expert judgment of both the level of writing and the degree of adequacy of the items used. In addition, a test questionnaire was administered to detect the aspects requiring improvement. Finally, the data matrix was validated through the criteria of Kaiser–Guttman and Tucker–Lewis index, with a score of 1.052.



The reliability of data collection was guaranteed using Google Forms and implementing the questionnaires during school hours. Previously, all subjects were informed about the nature of the study, in which they participated voluntarily. To access the educational centers, we received the authorization of Melilla’s Provincial Directorate of the Ministry of Education and Vocational Training [41].



In the present study, the results of 14 items were obtained from the dimensions D. ICT Uses and Resources and E. ICT and Mathematics Learning from the general questionnaire. The indicators analyzed in dimension D were: D.1 ICT Resources, D.4 Daily ICT Consumption, D.6 Students Habits, and D.7 ICT Consumption by Parents. Regarding dimension E, the indicators analyzed were E.1 At Home, E.3 Perception, and E.4 Tasks.



Table 1 lists the different dimensions and their indicators related to the items in this study.



Statistical Justification


Before the statistical display, outliers were eliminated. For the development of the naïve Bayes algorithm, the factors of all the independent variables were respected. No problems of linearity, homoscedasticity, or normality were observed in the analyzed variables. To verify the significant/non-significant incidence of the different independent variables on the given dependent variables, through multiple linear regression, with the discriminant linear model (LDA) and multivariate, these factors were maintained at all times.



The statistical procedure used in this study maintains the sequence of the following cascade process:




	
Elimination of missing values



	
Employment of a Bayesian model. This algorithm computes the conditional a posteriori probabilities of a categorical class variable given independent predictor variables using the Bayes rule



	
Binarization of the results of the variable in Figure 1 and the correlations funnel is applied to the dependent variable RTC. This algorithm uses the binarize() function to produce a feature set of binary variables (0 and 1). Numeric data are binned using n_bins parameter into categorical data, then all categorical data are one-hot encoded to produce binary outputs. To prevent low frequency categories from increasing the dimensionality, we use thresh_infreq = 0.005. Next, we used the correlate() function. This algorithm is not used to obtain the usual correlations with the dependent variable RTC. In the present study, we pretend to study in depth in order to find the correlations between the scores of each item with RTC. In this way, the correlation analysis acquires a more complete nuance than an ordinary correlation.



	
Determination of the variables that have a significant impact on the response variability for the given dependent variable. It is important to highlight that the model used was supervised.



	
The analysis of Wilks’ lambda criterion was crucial since it allows us to determine, from a multivariate perspective, the independent variables that have a significant impact on the dependent variable analyzed, RTC. In contrast to the results in Multiple linear regression model, the incidence of all levels or modes of response of the study’s participants is taken into account in a holistic manner.



	
The LDA analysis is used to corroborate the previous results in Table 4 and to reinforce the conclusions of the study.










3. Results


Before addressing our first objective, we first analyze the general profile of Melilla’s mathematics students. We were looking for an answer to the first research question (RQ1): what is the general behavior of the students when they use ICT for educational purposes? The general behavior of the mathematics students toward the uses of ICT is reflected in the Bayesian model (Table 2). In this model, the a priori probabilities of RTC are shown (do you use the technological resources you have at home to study mathematics?) as well as the conditional probabilities of RTC of the rest of the study items.



Table 2 shows that 36.19% of students did not use ICT to study mathematics. Among them, 68.43% reported that ICT helped little or not at all to improve their grades in mathematics, and 64.77% did not spend any time searching on the Internet for academic purposes.



As for academic performance in mathematics, 30.22% of students who said they did not use ICT for this purpose failed, compared to 25.52% who say they did use them. In the rest of the grades, the perception among those who do and do not use ICT to study mathematics was similar.



Regarding technological resources at home, among the students who reported they did not use ICT to study mathematics, 45.39% said they did not own a desktop computer and 24.80% did not own a laptop. Another 45.66% and 62.06%, respectively, reported that they had between one and two desktop computers and laptops at home.



A deeper analysis of these results showed an increase in the number of students who used ICT to study mathematics compared to those who did not at all levels. These increases were 11.14% in the first year of secondary school, 9.90% in the second year of secondary school, 38.12% in the third year of secondary school, 40.05% in the fourth year of secondary school, 46.22% in the first year of high school, and 50.38% in the second year of high school. In terms of gender, 51.49% of students who reported that they did not use ICT to study mathematics were girls, compared to 54.27% of girls who reported that they did do not use it for this purpose.



Other relevant findings regarding the students that claimed not to use ICT to study mathematics show the following:




	
58.40% indicated that teachers do not propose any homework activities;



	
64.77% did not dedicate any time per day to Internet searches for academic purposes;



	
73.04% of fathers and 83.20% of mothers used the computer little or not at all daily for work tasks; and



	
35.09% stated that the family economic level (NEF) was very low or low.








The results regarding to students who affirmed using ICT to study mathematics show that:




	
41.51% of those who used ICT to study mathematics spend between 1 and 2 h a day searching the Internet for academic purposes;



	
63.49% of fathers and 77.40% of mothers uses the computer little or not at all daily for work tasks; and



	
28.49% of the students affirmed that the family economic level was very low or low.








The use of the Bayesian model provided quantitative information of the contribution of each item conditioned to the RTC variable. However, a correlation funnel analysis (Figure 1) allowed us to visualize how the different scores were distributed around the reference variable RTC.
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Figure 1. Correlations funnel for RTC. 






Figure 1. Correlations funnel for RTC.
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Figure 1 shows the correlations between the different levels of the independent variables and the values of RTC. Generally, we observed that when the score of the participants in RTC was one, the correlation between this variable and the levels (one, two, and three) of the independent variables was positive. However, in all cases, it was slightly weak. Figure 1 also shows that the contribution of each item to the dependent variable RTC differed. It is important to consider the impact of the scores of the different study items on RTC—that is, using the multiple linear regression model, we were looking for the answer to RQ3: of these variables, which scores had the highest incidence in the use of ICT for educational purposes (Table 3)?



The statistical analysis in Table 3 shows that the model is significant (F(43,1995) = 13.18, p < 0.05). This is, it is a good predictor of the scores obtained by the mathematics students. However, the model with the items analyzed only explains 20.45% of the variability in the response (R2). These results suggest that 79.55% of the variation in the use of ICT for educational purposes cannot be explained by the variables used. Therefore, other variables must have also influenced the result. In addition, we observed that the variables that significantly contributed to the dependent variable were TMN, LJB, NEC, and TTM.



Table 3 shows the most significant value for each level in the different items in the dependent variable RTC. Significant values were observed in scores 2 and 3 for TMN (do you think that ICT helps you improve your grades in mathematics?). That is, the positive perceptions, which varied considerably, about the influence of technologies on academic performance had higher weight in explaining the use of ICT resources for educational purposes.



We observed that LJB (from Monday to Thursday, how many hours do you spend each day searching the Internet for information just to study or do class work?) showed high values in scores 1, 2, and 3. This indicated that the use of ICT resources is associated with students who spend more than one hour each day on the Internet for educational purposes. Similar results were observed regarding to scores 2, 3, and 4 for NEC (what level of education are you studying?). In other words, in general, students in grades higher than third-year secondary school used ICT for educational purposes more than the rest of the students.



Regarding the variable TTM (do you think you work more and better with ICT for mathematics?), the most significant scores were “little” and “quite”. No significant results were observed for the scores “a lot” of this item. ATC (Does your teacher propose activities, tasks or projects for you to do using ICT in class?) contributes to a lesser extent. For this variable, the most significant scores were “little” or “quite”. It is noteworthy that some variables obtained significant values for only one of their levels. Such is the case of POT (at home, does your father use the computer daily for work tasks?) and NST (what grade did you obtain in mathematics in this second quarter?) for level 2. That is, the father’s daily use of the computer “quite” and the grade “well” in mathematics in the second quarter were significantly associated with the use of ICT for educational purposes by mathematics students.



The remaining items did not have a significant impact on the RTC for any of their levels. The items COC and CPC, related to hardware resources at home; LJD and VSD, related to hours of sleep; MOT, referring to the use of technology by the mother; ECC; gender; and NEF family economic level did not explain the positive RTC scores.



The above results provide an answer to RQ4: does gender and educational level influence the use of ICT for educational purposes? In terms of gender, no significant effect was observed. The NEC results show an increased use of ICT for educational purposes at levels above third-year secondary school. This implied that the use of ICT by students in the first and second year of secondary school is not very significant. These data showed that age and academic demands may be predictors of ICT use. Similar results were obtained in the Bayesian model described above.



In response to RQ2 (which variables in the study influence the use of ICT for educational purposes?), we used the stepwise procedure with the Wilks’ lambda criterion, which allowed us to analyze the impact of each variable (Table 4).



Based on these results, we found that TMN + LJB + TTM + NEC + ATC + NEF + VSD had a significant impact on RTC. That is, the use of ICT to study mathematics was influenced by the perception of its usefulness to overcome the subject, the time dedicated to the Internet for educational purposes, the perception of its effectiveness, the educational level, the family economic level, and the hours of sleep during the weekend.



However, Table 4 does not show information regarding a quasi-R2, i.e., the lambda did not provide information about what percentage of the response variable is explained in comparison to such regressors. Therefore, a discriminant canonical analysis was performed (Figure 2).



Discriminant analysis implies a theoretical value as a linear combination of two or more independent variables that discriminates between the groups defined a priori. The discrimination is conducted by establishing the weights of the theoretical value of each variable so that they maximize the variance between groups versus intra-groups. The linear combination or discriminant function takes the following form:


Di = a + W1X1,i + W2X2,i + … + WnXn,i,



(1)




where Di is the discriminant score (membership group) of the ith individual, a is a constant, and Wj is the weighting of the jth variable. The result of this function is for a set of variables X1, …, Xn, where a value of D discriminates the individual in one group or another.



According to Figure 2a, levels 0 and 1 of RTC presented outliers, so they were corrected by eliminating those observations as they were few. Figure 2b shows the relative importance of each of the variables contemplated in Table 3. This figure shows that the variables with the greatest impact on RTC were TMN, LJB, and TTM. That is, they had a relevant influence on the use of ICT to study mathematics, the students’ perceptions about the perceived utility/performance of ICT, and the time dedicated to the Internet for educational purposes. We observed a not very significant negative relationship with the influence of VSD, referring to the hours of sleep during the weekends. The items COC and CPC of the indicator D.1, ICT Resources, and the items LJD and VSD of the indicator D.6, Students’ Habits, did not contribute significantly to the variability in the RTC scores: neither the possession of computer equipment at home nor the sleeping habits of the mathematics students contributed significantly to the use of ICT for educational purposes. With these results, we obtained answers to the RQ5: could the attributes of indicators D.1 ICT Resources and D.6 Student’s Habits explain an additional variation in the use of ICT for educational purposes?



To achieve objective 2, the MRPP algorithm was used, considering that the dependent variable is binary. The procedure followed by this algorithm is as follows:




	
Calculate a distance matrix between all observations;



	
Calculate the average distance in each group (d);



	
Calculate the weighted average distance within each group (delta);



	
Calculate the p-value associated with the delta by Monte Carlo permutations;



	
Determine the size of the effect, regardless of the selected sample size, using A, the corrected group agreement index (randomly): 1, delta_observed/delta_expected. It describes the intra-group homogeneity compared to the one expected randomly: A = 1, all observations are identical within groups; A = 0, the intra-group heterogeneity is equal to that expected randomly.








The results reveal that the delta value was 0.001, and the A value was 11%. Therefore, we concluded that there were significant multivariate differences between the RTC groups. That is, there were two very different profiles regarding the use of ICT for educational purposes, and this difference was very significant.



As shown by the analytical summary of the results, the procedure followed in this study is detailed. Firstly, the dependent variable RTC and the influence of the rest of the items on it were analyzed through the following statistical instruments: the Bayesian model, correlation analysis, and the multiple linear regression model. Secondly, to contrast the results obtained, the following models were used: Wilks’ lambda and LDA. This guaranteed the reliability of the results obtained in this study.




4. Discussion


To evaluate the relationship between students’ use of ICT and their academic performance, two items were analyzed in this study: TMN, which refers to the mathematics students’ perception of ICTl and NST, which is associated with mathematics grades. Regarding the first item, the correlation analysis showed that positive perceptions about the influence of technologies on academic performance were associated with the use of ICT resources for educational purposes. The use of ICT to study mathematics was significantly positively correlated with the academic usefulness perceived by the students, but not with academic performance in mathematics, especially for students with the highest grades. These results are in line, first, with the findings of Abidin et al. [10] on the motivational effects of technology toward learning mathematics, and second, with the findings of Asif et al. [8], who proposed that higher grades are not affected by different uses of ICT. In contrast, the literature suggests that lower grades are affected by inappropriate use of ICT [7], whereas other authors noted positive evidence in the academic performance through the use of technology for academic purposes [5,6].



The correlation and multiple linear regression models showed that the use of ICT resources is associated with students who spend more than one hour a day weekly on the Internet for educational purposes. In addition, a significant positive correlation was observed between the time spent on technology for educational purposes and academic performance. Proposing homework, activities, or projects to reinforce the use of ICT for educational purposes showed weak positive correlations. Regarding grades obtained in mathematics, NST, no clear significant associations were observed with the use of ICT for educational purposes by mathematics students. Along this line, Abe et al. [48] argued that active participation in digital educational communities is a reliable predictor of academic performance. Significant negative correlations have been observed between time spent using technology unsupervised by adults and non-educational uses of ICT [23,58]. However, several authors argued that evidence is lacking about the effect between the frequency of electronic device use and student academic performance [49,59,60].



Around 50% of students who reported not using ICT for educational purposes claimed to own computers at home. Bayesian correlation and multiple linear regression models did not show significant correlations between the possession of desktop computers and/or laptops and the use of ICT for educational purposes, or with the academic performance of mathematics students.



The statements of the mathematics students of the Autonomous City of Melilla on hardware equipment at home are far below the data provided by the statistics National Institute (INE) in its survey on ICT in at Spanish homes [36], which estimated that more than 80% of homes have computers. The literature postulates that the possession of ICT resources necessary for the monitoring of educational programs is not a predictor of performance [47]. However, although a high percentage of students claimed to use ICT for learning mathematics, several authors have argued that their use is restricted by the low level of digital competence of most mathematics students [16,23], who use ICT mainly for Internet searches [40]. According to Eger’s classification of digital competence [23], the majority of Melilla’s mathematics students can be considered to be in the two lower levels. Other causes that could condition the use of ICT for educational purposes are connectivity limitations and technical problems with hardware [37].



In this study, the number of laptops exceeded the number of desktop computers by more than 17%. These data suggested that the mathematics students have a clear preference for laptops. In line with the findings of this study, the preference of young people for mobile devices over fixed ones was postulated [42].



In terms of student behavior, the differences in perceptions between those who use and those who do not use ICT were significant. We observed that the proportion of students who use ICT to study mathematics was near to 40% in the two stages of secondary school, rising to 90% in high school groups. The correlation and multiple linear regression models also showed that the use of ICT by students in the first and second years of secondary school was not very significant and that it increased with educational level. These results may be associated with the maturity of older students and with academic demands. No gender differences were observed between the use or non-use of ICT for studying mathematics. Similar findings were reported in other studies, where no significant gender differences were evident [9,10]. In addition, the literature postulates a significant positive correlation between the different uses of technology and the age of young people [11,45].



Regarding students who did not use ICT to study mathematics, more than 70% of fathers and 80% of mothers hardly used a computer for daily work tasks. Correlation and multiple linear regression models showed that high daily computer use by fathers was significantly associated with their children’s use of ICT for educational purposes. In contrast, the mother’s ICT use did not explain the children’s positive RTC scores. In addition, our findings did not show that the use of ICT to study mathematics was associated with family economic level due to the similar responses of all the students surveyed. However, the literature postulates that socioeconomic factors are predictors of ICT use due to the availability of resources [38]. In addition to socioeconomic factors, associated geographic factors have influence [37]. Access to technology for educational purposes also reduces the digital divide among vulnerable people and has a positive impact on the performance in mathematics of young immigrants, whereas unsupervised use of ICT has a negative effect [39].



In relation to the incidence of sleep habits on working days and holidays, no significant correlations were found with the use of ICT to study mathematics. A significant increase was noted in the sleep of teenagers on holidays, by more than 14% who go to sleep after 12:00 a.m. and by more than 28% after 2:00 a.m. In contrast, the correlation and multiple linear regression models and LDA showed that sleep time on work days and on holidays did not significantly impact the use of ICT for educational purposes. However, the scientific literature suggests that inappropriate ICT use results in sleep disorders [46], generates addiction in teenagers [34,45], and negatively impacts students’ academic performance [59,60].



Based on our findings (MANOVA), the use of technological resources at home to study mathematics was mainly influenced by the students’ perception of ICT, the educational level and the socioeconomic family level of the students, the time spent weekly on the Internet searching for information for academic purposes, and the activities with ICT assigned by the mathematics teachers, with the weekend hours being less affected as the students usually disconnect all the devices and go to sleep. The rest of the study variables had a non-significant effect on RTC.



The LDA findings show that the variables that had the strongest impact on the use of ICT for educational purposes were the students’ perceptions of the perceived usefulness and performance of ICT and the time spent on the Internet for educational purposes. We observed a not very significant negative relationship with the influence of VSD, referring to the hours of sleep on weekends.



Finally, the MRPP algorithm highlighted the existence of well-differentiated profiles regarding the use of ICT for educational purposes. This result leads to the idea that the general profile of students is quite complex and difficult to group around the use of ICT for educational purposes.



The results described above provide an argument supporting adapting teaching and learning to various situations such as the challenge posed by the current COVID-19 pandemic. In addition to a complete change in the pedagogical approach, we determined that the use of ICT by the entire educational community promotes a forced approach to technologies for teaching use, being the main teaching resource, reducing the digital divide and demonstrating the reality of ICT use by students and teachers. Likewise, a recent study concluded that one of the possibilities offered by technologies in this situation is the effectiveness of promoting mathematical thinking and communication outside the classroom [61].



The strengths of the present study include the in-depth analysis of the study variables and its multidisciplinary nature. Some limitations should be also highlighted. Firstly, this was a cross-sectional study conducted within a specific time frame. Second, there is possible bias derived from the sample obtained, which was very localized geographically. In addition, we only focused on the subject of mathematics and only on 14 items of different indicators were analyzed. Future lines of research should evaluate in a longitudinal study the attributes with the strongest impact on the use of ICT for academic purposes by students. A study is recommended after overcoming the pandemic to contrast these results. Replication of the study with a different sample and in other academic subjects would allow generalization of the findings. Further research should address these limitations.




5. Conclusions


The use of technologies by secondary school students for the study of mathematics was found to be influenced by their perceived usefulness for learning and improving their academic performance. We found evidence of a significant association between the use of ICT for educational purposes with the academic level of the students and the time spent on the Internet for educational purposes. No significant gender differences were observed among mathematics students with respect to the use or non-use of ICT, nor was there any significant association between technological resources at home and family socioeconomic level with the use of ICT for educational purposes.



The results of this study provide an answer to RQ6: is it possible to predict an adequate monitoring of teaching by mathematics students during the confinement caused by COVID-19? In general, the answer is no, because students were not previously familiar with the use of ICT for educational purposes. In addition, the impact of another possible confinement derived from the uncontrolled evolution of the pandemic could have greater repercussions on school failure, especially among younger students due to their low digital competence and in countries with exclusively face-to-face educational models.



In relation to our findings, some practical implications are proposed. First, it would be advisable for educational institutions to rethink the current educational model to make it sustainable. Secondly, mathematics teachers should design the classroom program to encourage the use of technologies for the development of activities, tasks, and projects inside and outside the classroom. In addition, specific programs should be established for the training and evaluation of students’ digital competence for learning mathematics. In this new stage, the role of mathematics teachers is fundamental when designing dynamic and attractive pedagogical activities inside and outside the classroom for students, which encourage them to use ICT responsibly and productively. Therefore, teachers must be trained for the challenge faced by education all around the world.
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Figure 2. Discriminant linear model (LDA) for variable RTC: (a) canonical scores; (b) structure. 






Figure 2. Discriminant linear model (LDA) for variable RTC: (a) canonical scores; (b) structure.



[image: Sustainability 13 01630 g002]







[image: Table] 





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




	
A.4 Other data

	
NEF

	
What do you think about your family’s economic level?




	
D. ICT uses and resources

	
D.1 TIC Resources

	
COC

	
How many computers are there in your house?




	
CPC

	
How many laptops are there in your house?




	
D.4 Daily ICT consumption

	
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?




	
D.6 Students’ Habits

	
LJD

	
From Monday to Thursday, what time do you usually disconnect all the devices and go to sleep?




	
VSD

	
On Fridays, Saturdays, and Sundays, what time do you usually disconnect from all the devices and go to sleep?




	
D.7 Parents ICT Consumption

	
POT

	
At home, does your father use the computer for work tasks daily?




	
MOT

	
At home, does your mother use the computer for work tasks daily?




	
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?




	
TMN

	
Do you think ICT makes you improve your marks in mathematics?




	
E.4 Tasks

	
ATC

	
Does your teacher propose homework, exercises, tasks or projects to do by using ICT in the classroom?








Note: Likert-scale for study variables: NST (1, fail; 2, adequate; 3, good; 4, merit; and 5, outstanding); NEC (1, 1° Secondary; 2, 2° Secondary; 3, 3° Secondary; 4, 4° Secondary; 5, 1° High School; and 6, 2° High School); NEF (1, very low; 2, low; 3, high; and 4, very high); COC (1, none; 2, 1 or 2; 3, 3 or 4; and 4 more than 4), LJB, (1, none; 2, from 1 to 2 h; 3, from 3 to 4 h; and 4, more than 4 h), LJD and VSD (1, before 22:00 h; 2, from 22:00 to 00:00 h; 3, from 00:00 to 02:00 h; 4, up to 02:00 h). For all other items: 1, none; 2, a little; 3, enough; and 4, a lot.
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Table 2. Naïve Bayes classifier. A priori probabilities of second trimester marks (RTC) and conditional probabilities/RTC.
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RTC Do you use technological resources that you have at home to study mathematics? (a priori probabilities)

	

	




	
No

	
Yes

	

	

	

	

	

	




	
0.3619421

	
0.6380579

	

	

	

	

	

	




	
Conditional Probability/RTC

	

	




	
ECC Are you a boy or a girl?

	

	




	

	
Boy

	
Girl

	

	

	

	

	




	
No

	
0.4850949

	
0.5149051

	

	

	

	

	




	
Yes

	
0.4573405

	
0.5426595

	

	

	

	

	




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

	

	




	

	
None

	
A Little

	
Enough

	
A Lot

	
Graphs

	

	




	
No

	
0.3414634

	
0.2967480

	
0.2520325

	
0.1097561
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Yes

	
0.1137586

	
0.3112990

	
0.3989239

	
0.1760184
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TMN Do you think ICT make you improve your marks in mathematics?

	

	




	

	
None

	
A Little

	
Enough

	
A Lot

	
Graphs

	

	




	
No

	
0.38482385

	
0.29945799

	
0.21680217

	
0.09891599
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Yes

	
0.13220600

	
0.30438125

	
0.36202921

	
0.20138355

	
 [image: Sustainability 13 01630 i004]

	

	




	
COC How many computers are there in your house?

	

	




	

	
None

	
1–2

	
3–4

	
>4

	
Graphs

	

	




	
No

	
0.45392954

	
0.45663957

	
0.06368564

	
0.02574526
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Yes

	
0.36049193

	
0.52651806

	
0.07455803

	
0.03843198
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CPC How many laptops are there in your house?

	

	




	

	
None

	
1–2

	
3–4

	
>4

	
Graphs

	

	




	
No

	
0.24796748

	
0.62059621

	
0.10569106

	
0.02574526
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Yes

	
0.17755573

	
0.63412759

	
0.14681015

	
0.04150653
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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

	

	




	
No

	
0.64769648

	
0.22357724

	
0.08265583

	
0.04607046
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Yes

	
0.29976941

	
0.41506533

	
0.19139124

	
0.09377402
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LJD From Monday to Thursday, what time do you usually disconnect all the devices and go to sleep?

	

	




	

	
None

	
1–2 h

	
3–4 h

	
>4 h

	
Graphs

	

	




	
No

	
0.3130081

	
0.4024390

	
0.2140921

	
0.0704607
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Yes

	
0.3020753

	
0.4127594

	
0.2190623

	
0.0661030
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VSD Fridays, Saturdays, and Sundays, what time do you usually disconnect all the devices and go to sleep?

	

	




	

	
22:00 h

	
22:00–00:00 h

	
00:00–02:00 h

	
>02:00 h

	
Graphs

	

	




	
No

	
0.09214092

	
0.19918699

	
0.35636856

	
0.35230352
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Yes

	
0.07686395

	
0.22982321

	
0.37048424

	
0.32282859
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POT At home, does your father daily use the computer for work tasks?

	

	




	

	
None

	
A Little

	
Enough

	
A Lot

	
Graphs

	

	




	
No

	
0.4823848

	
0.2479675

	
0.1368564

	
0.1327913
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Yes

	
0.3574174

	
0.2774789

	
0.1967717

	
0.1683321

	
 [image: Sustainability 13 01630 i016]

	

	




	
MOT At home, does your mother daily use the computer for work tasks?

	

	




	

	
None

	
A Little

	
Enough

	
A Lot

	
Graphs

	

	




	
No

	
0.63821138

	
0.19376694

	
0.09214092

	
0.07588076
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Yes

	
0.53881630

	
0.23520369

	
0.12605688

	
0.09992314
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ATC Does your teacher propose homework, exercises, tasks, or projects to do by using ICT in the classroom?

	

	




	

	
None

	
A Little

	
Enough

	
A Lot

	
Graphs

	

	




	
No

	
0.58401084

	
0.23035230

	
0.09485095

	
0.09078591
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Yes

	
0.44350500

	
0.27286703

	
0.16602613

	
0.11760184
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NEF What do you think about your family’s economic level?

	

	




	

	
Very low

	
Low

	
High

	
Very high

	
Graphs

	

	




	
No

	
0.03658537

	
0.31436314

	
0.58401084

	
0.06504065
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Yes

	
0.02459646

	
0.26133743

	
0.63182168

	
0.08224443
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NST Second trimester marks

	

	




	

	
Fail

	
Adequate

	
Good

	
Merit

	
Outstanding

	
Graphs

	




	
No

	
0.3021680

	
0.1937669

	
0.1476965

	
0.2289973

	
0.1273713

	
 [image: Sustainability 13 01630 i023]

	




	
Yes

	
0.2551883

	
0.2144504

	
0.1921599

	
0.2252114

	
0.1129900
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1st Secondary School

	
2nd Secondary School

	
3rd Secondary School

	
4th Secondary School

	
1st High School

	
2nd High School

	
Graphs




	
No

	
0.25474255

	
0.29403794

	
0.16666667

	
0.17073171

	
0.08536585

	
0.02845528
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Yes

	
0.17986164

	
0.20061491

	
0.21137586

	
0.22674865

	
0.13220600

	
0.04919293
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Table 3. Multiple linear regression model.






Table 3. Multiple linear regression model.





	
What Variables Had a Strong Impact on RTC?




	

	
Estimate

	
Std. Error

	
T Value

	
Pr (>|t|)

	

	
Estimate

	
Std. Error

	
T Value

	
Pr (>|t|)






	
Intercept

	
1.036796

	
0.070006

	
14.810

	
<2 × 10−16 ***

	
MOT1

	
0.032430

	
0.026056

	
1.245

	
0.21343




	
TMN1

	
0.106527

	
0.037869

	
2.813

	
0.00496 **

	
MOT2

	
0.024559

	
0.033176

	
0.740

	
0.45923




	
TMN2

	
0.185763

	
0.040509

	
4.586

	
4.81 × 10−6 ***

	
MOT3

	
0.047496

	
0.037268

	
1.274

	
0.20265




	
TMN3

	
0.254750

	
0.048138

	
5.292

	
1.34 × 10−16 ***

	
TTM1

	
0.112042

	
0.038892

	
2.881

	
0.00401 **




	
COC1

	
0.021608

	
0.021574

	
1.002

	
0.31666

	
TTM2

	
0.118677

	
0.041471

	
2.862

	
0.00426 **




	
COC2

	
−0.028438

	
0.041709

	
−0.682

	
0.49544

	
TTM3

	
0.055521

	
0.050304

	
1.104

	
0.26985




	
COC3

	
−0.031786

	
0.064764

	
−0.491

	
0.62363

	
ATC1

	
0.048926

	
0.023638

	
2.070

	
0.03860 *




	
CPC1

	
0.028890

	
0.025805

	
1.120

	
0.26304

	
ATC2

	
0.083763

	
0.029661

	
2.824

	
0.00479 **




	
CPC2

	
0.022045

	
0.037150

	
0.593

	
0.55297

	
ATC3

	
0.063525

	
0.033344

	
1.905

	
0.05690




	
CPC3

	
0.047348

	
0.064597

	
0.733

	
0.46366

	
ECC1

	
0.030918

	
0.019297

	
1.602

	
0.10927




	
LJB1

	
0.249637

	
0.022684

	
11.005

	
<2 × 10−16 ***

	
NEC1

	
0.012682

	
0.029447

	
0.431

	
0.66677




	
LJB2

	
0.267414

	
0.029424

	
9.088

	
<2 × 10−16 ***

	
NEC2

	
0.163544

	
0.031200

	
5.242

	
1.76 × 10−7 ***




	
LJB3

	
0.268782

	
0.039185

	
6.859

	
9.19 × 10−12 ***

	
NEC3

	
0.162317

	
0.031315

	
5.183

	
2.40 × 10−7 ***




	
LJD1

	
−0.008881

	
0.027876

	
−0.319

	
0.75008

	
NEC4

	
0.175684

	
0.037285

	
4.712

	
2.62 × 10−7 ***




	
LJD2

	
0.002142

	
0.035699

	
0.060

	
0.95216

	
NEC5

	
0.164120

	
0.052775

	
3.110

	
0.00190 **




	
LJD3

	
−0.002717

	
0.049103

	
−0.055

	
0.95587

	
NST1

	
0.044969

	
0.028078

	
1.602

	
0.10940




	
VSD1

	
−0.027103

	
0.040198

	
−0.674

	
0.50024

	
NST2

	
0.063610

	
0.029707

	
2.141

	
0.03237 *




	
VSD2

	
−0.045215

	
0.042100

	
−1.074

	
0.28295

	
NST3

	
0.027354

	
0.027640

	
0.990

	
0.32246




	
VSD3

	
−0.055960

	
0.045026

	
−1.243

	
0.21407

	
NST4

	
0.035937

	
0.034146

	
1.052

	
0.29271




	
POT1

	
0.022089

	
0.026165

	
0.844

	
0.39865

	
NEF1

	
0.023957

	
0.059737

	
0.401

	
0.68844




	
POT2

	
0.072219

	
0.030494

	
2.368

	
0.01797 *

	
NEF2

	
0.044862

	
0.059294

	
0.757

	
0.44938




	
POT3

	
0.026950

	
0.032366

	
0.833

	
0.40513

	
NEF3

	
0.090987

	
0.067916

	
1.340

	
0.18049








Significance codes: ***, 0; **, 0.001; *, 0.01; 0.05; 0.1‘ ’1; Residual standard error: 0.4287 on 1995 degrees of freedom; multiple R2: 0.2213. Adjusted R2: 0.2045. F-statistic: 13.18 on 43 and 1995 DF, p-value < 2.2 × 10−16.
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Table 4. Wilks’ lambda criterion.






Table 4. Wilks’ lambda criterion.





	Vars
	Wilks Lambda
	F Statistics Overall
	p-Value Overall
	F. Statistics Diff
	p Value Diff





	1 TMN
	0.9176173
	182.87971
	5.727415 × 10−40
	182.879712
	5.72741 × 10−40



	2 LJB
	0.8626270
	162.11614
	4.654175 × 10−66
	129.789942
	0.000000 × 1000



	3 NEC
	0.8414408
	127.82361
	7.397385 × 10−76
	51.238140
	1.13731 × 10−12



	4 ATC
	0.8374875
	98.67326
	7.758576 × 10−77
	9.601376
	1.970897 × 10−3



	5 NEF
	0.8348469
	80.43541
	3.398091 × 10−77
	6.430300
	1.129325 × 10−2
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