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Abstract 
In the study reported on here we explored how the coronavirus disease (COVID-19) pandemic has transformed the dynamics 

of educational support for secondary education mathematics students in Melilla, Spain, focusing on the roles of peer support, 

family involvement, private tutoring, and individual study. These traditional forms of support, pivotal in academic 

development, have undergone substantial changes due to pandemic-related restrictions, impacting both collaborative 

learning and self-management capabilities in mathematics. A non-experimental ex post facto quantitative design was 

employed, collecting data across 2 periods (2019 and 2024) from a representative sample of secondary school students in 

Melilla. The data were gathered through a structured Likert-scale questionnaire and analysed using generalised linear models 

to examine the interaction between temporal and educational variables. The results reveal significant changes: peer support 

and family involvement markedly decreased at higher educational levels after the pandemic, while this support remained 

relatively stable at lower educational levels. Conversely, individual study increased at higher educational levels, reflecting a 

shift towards greater autonomy. Support from private tutors and academies also declined significantly, particularly at 

advanced grades. The changes in educational support dynamics for mathematics highlight an adaptation towards autonomous 

learning at higher educational levels and the continuity of collaborative support at lower educational levels. These findings 

underscore the need to adjust post-pandemic educational strategies, fostering self-management and structured support 

tailored to academic levels. 
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Introduction 

Mathematics learning in secondary education does not develop in isolation but rather relies on a range of 

support dynamics for learning, including peer support, family involvement, external support from private tutors 

or those employed in schools, and individual study. Each of these types of support is strategically directed at 

specific learning needs, making it possible to combine the learning of abstract ideas with motivation and the 

adequate development of mathematical skills (Gortazar, Hupkau & Roldán, 2023; Ní Fhloinn & Fitzmaurice, 

2022). Students achieve their best learning outcomes through peer support because they actively exchange 

learning methods, which help them build their knowledge base together (Pozo, Pérez Echeverría, Cabellos & 

Sánchez, 2021). Family involvement, in turn, provides a reinforcing and supervisory environment that bolsters 

student motivation and engagement, particularly in early educational stages (Harper, Rosenberg, Comperry, 

Howell & Womble, 2021; Yang, Chen, Wang, Li, Zhang & Huang, 2023). 

Similarly, external assistance offered by private tutors and academics provides structured and specialised 

support, which is highly beneficial for learning complex mathematical concepts (Christopoulos & Sprangers, 

2021; Jacques, Ouahabi & Lequeu, 2021). Finally, individual study allows students to learn autonomy and self-

management skills, needed for them to cope with exploring mathematics as they advance in their academic path 

and face growing challenges in this discipline (Clark, Kaw & Gomes, 2022). The literature evidence supports 

the beneficial dynamics of this supports and that their association can reinforce learning and a better 

understanding of mathematical content (Biton & Segal, 2021). 

In this study we examined the impact of the pandemic and digital advancement on support dynamics in 

mathematics learning among secondary school students in Melilla (Spain), who were from varied social and 

cultural origins. Using data from before and after the pandemic, 2019 and 2024 respectively, we studied how 

this situation changed the way we articulate support in schools and how we should analyse the present 

phenomenon to make teaching decisions when adapting to the new normal. Based on this analysis, the following 

hypotheses are proposed: H1 – peer support in mathematics learning has decreased after the pandemic;  

H2 – family support in mathematics learning has decreased, particularly at higher grades; H3 – individual study 

of mathematics has significantly increased following the pandemic; and H4 – support from private tutors or 

academies has significantly decreased after the pandemic. 
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Literature Review 

Secondary education in Spain mainly consists of 

two stages: Compulsory Secondary Education 

(ESO) and, in the subsequent stage, Upper 

Secondary or Vocational Training (FP). ESO 

consists of four grades with adolescents between 

the ages of 12 and 16 years, although students who 

repeat years might be older. ESO is the only 

mandatory phase, aiming to provide a 

comprehensive training model that combines 

academic, personal, and social competencies. Once 

ESO is completed, students can choose to continue 

their studies in Upper Secondary, which prepares 

them for university, or in Vocational Training, 

aimed at the labour market (Martínez-Agut, 2021). 

The educational framework depends on 

mathematics as its essential subject, which students 

study at school and encounter specific learning 

difficulties in this subject area (Blanco, Escanilla & 

Casado, 2023). 

Over the past decade, educational support in 

mathematics in Spain and Europe has undergone 

significant changes, driven by digital advancement, 

legislative reform, and the impact of the COVID-19 

pandemic (Drijvers, Thurm, Vandervieren, Klinger, 

Moons, Van der Ree, Mol, Barzel & Doorman, 

2021; Engzell, Frey & Verhagen, 2021; Moliner & 

Alegre, 2022; Mtande & Ross, 2024). The number 

of tools available to students to help them learn 

mathematics has been greatly increased and equity 

of access to educational tools has improved 

(Gortazar et al., 2023; Ní Fhloinn & Fitzmaurice, 

2022). Educational reform in Spain has been an 

important driver of these transformations. The 

previous educational law, (Organic Law of the 

Improvement of Educational Quality [LOMCE]), 

which focussed greatly on creating very high 

academic standards, returned to a structured, 

performance-driven approach when it was initiated 

in 2013. The new educational law, the Organic Law 

Amending the LOE (LOMLOE) represents a 

substantial change in the direction of the education 

system with a greater focus on inclusion and 

competency-based learning that aims to achieve 

greater equity for all students and promote the 

holistic development of all students. It promotes 

active and adaptive learning, in which technology 

and multifaceted support take on new significance 

(Faura-Martínez, Lafuente-Lechuga & Cifuentes-

Faura, 2022; Negrín Medina & Marrero Galván, 

2021; Troussas, Krouska, Giannakas, 

Sgouropoulou & Voyiatzis, 2021). 

One of the most visible effects of these 

transformations is the incorporation of active and 

digital methodology that have redefined 

collaborative learning among students. Previously, 

when students worked in teams, their collaborative 

interaction was limited to being in a physical 

classroom where they were able to communicate 

with one another directly, share strategies, and 

collaborate to solve mathematical problems. With 

the introduction of digital tools and remote learning 

due to COVID-19, these relationships have 

fundamentally transformed (Gopalan, Butts-

Wilmsmeyer & Moran, 2021; Jordaan & Havenga, 

2021). Social networking is among many platforms 

available to assist students to work collaboratively 

by helping them create study groups, share helpful 

study information, and communicate about 

problems dealing with mathematics via messaging 

services such as WhatsApp, Instagram, and 

Telegram (Ahmad, 2022; Marbán, Radwan, 

Radwan & Radwan, 2021; Salim, Daud & Hanif, 

2024). Additionally, platforms such as Microsoft 

Teams and Google Classroom facilitate joint 

projects and online interactions, promoting a more 

flexible collaboration aligned with students’ digital 

lifestyles (Panaoura, 2021). This digitalisation of 

collaborative learning has strengthened skills such 

as communication and self-management, creating 

an environment where students can continuously 

and accessibly interact with their peers regardless 

of physical location (Greenhow, Staudt Willet & 

Galvin, 2021; Lara-Lara, Santos-Villalba, Berral-

Ortiz & Martínez-Domingo, 2023). 

The role of families in supporting their 

children’s academic progress has also evolved 

(Mejía Janampa, Gonzales-Sánchez, Bayona 

Trujillo & Valqui Oxolon, 2021; Nyanamba, Liew 

& Li, 2022; Panaoura, 2021). In years past, most 

family involvement was limited to ensuring that 

their children completed homework and tasks. 

However, during the COVID-19 pandemic, when 

children were learning remotely, many families 

became co-educators along with teachers 

(Nyanamba et al., 2022). To facilitate this transition 

from parent as supervisor to parent as co-educator, 

LOMLOE also provides parents with digital 

training programmes to help them become more 

proficient in using educational technology (Blaskó, 

Da Costa & Schnepf, 2021; Goudeau, Sanrey, 

Stanczak, Manstead & Darnon, 2021). Parents have 

also begun using social media to find access to 

support groups and educational communities (such 

as on Facebook) where they are able to exchange 

information, resources, and strategies to help each 

other in their role as parent supporters of their 

children’s mathematics learning (Alvites-Huamaní, 

Arias-Flores, Jadán-Guerrero & Acosta-Vargas, 

2021; Harper et al., 2021). Family involvement is 

continually transforming into a resource for 

families to have access to digital resources and 

networks to assist with their children’s learning, 

even when parents do not have the level of 

mathematical proficiency that would allow them to 

be classroom educators (Torres Martín, Acal, El 

Homrani & Mingorance Estrada, 2021). 

Access to online tutoring and academies has 

also undergone significant changes, expanding its 

reach through social media, which facilitates the 
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promotion of and access to online educational 

services. Traditionally, tutoring services were 

available only via in-person meetings at 

academic-based locations; however, advances in 

technology have allowed for the creation of online 

tutoring services and digital tutoring platforms, 

such as Classgap and Khan Academy, providing 

students access to professionally trained tutors from 

virtually any location (Christopoulos & Sprangers, 

2021). This new modality enables students to 

access personalised tutoring in a more flexible and 

tailored manner, democratizing access to academic 

support, especially in non-urban areas (Drijvers et 

al., 2021; Jacques et al., 2021). Furthermore, social 

media platforms such as LinkedIn and Instagram 

allow tutors to promote their services and share free 

educational content, providing students with 

additional resources (Lu, 2023). The digitalisation 

trend in tutoring supports a more personalised and 

accessible learning experience for students who are 

accustomed to living and learning in a highly 

digital society (Babar & Hidayat, 2022). 

Finally, independent study has been 

invigorated by active methodology and adaptive 

digital resources that foster autonomy in learning 

mathematics (Røe, Wojniusz & Bjerke, 2022). 

Before COVID-19, independent study didn’t go 

beyond repeating the usual exercises. Flipped 

methodologies permitted students to learn the 

theory of these exercises from their homes, while 

using their classrooms to deal with more 

sophisticated problem-solving (Gonda, 

Pavlovičová, Tirpáková & Ďuriš, 2021). Further, 

adaptive platforms, such as Prodigy and Mathway, 

adjust the problem ambiguity according to the 

students’ level, creating autonomous and adaptive 

learning fit to the students’ needs (Biton & Segal, 

2021). In this sense, social media also helps, 

allowing pupils to follow educational accounts in 

TikTok & YouTube, where they may find 

explanations and mathematics tips that complement 

their work done independently and provide new 

ways to approach and solve mathematical problems 

(Alonso-Campuzano, Iandolo, Mazzeo, Sosa 

González, Neoh, Carollo & Esposito, 2021; Raaper, 

Brown & Llewellyn, 2022). 

 
Methodology 

In this study we employed a non-experimental, 

quantitative ex post facto design, aimed at 

analysing differences in educational support 

dynamics across educational levels and time points 

without manipulating any study variables. 

 
Participants 

The sample of data represents secondary and high 

schools in the city of Melilla in the school years 

2019 to 2024. The sample included students from 

all secondary schools in the city (n = 7). Of the 

total number of school participants, data were 

collected from 25.3% in 2024 (n = 689), while data 

from 74.7% were collected in 2019 (n = 2,039). 

In total, 2,728 participants were between 11 

and 20 years old with an average age of 14.82 years 

(SD = 1.772; SEM = 0.034). Most participants were 

female (52.8%) 46.6% were male while a small 

percentage identified as other (0.5%). In terms of 

age distribution, 25.9% of participants were 

between 11 and 13 years old, 45% were in the 14 to 

15 age range, and 82.4% were between 11 and 16 

years old. Educationally, 20.1% of participants 

were in their first year of ESO, 23.5% in their 

second year, 17.8% in their third year, 20.8% in 

their fourth year, and 17.9% were enrolled in Upper 

Secondary. 

 
Instrument 

For data collection, a digital questionnaire was 

administered using the online tool, Google Forms. 

This instrument comprises 10 items that evaluate 

the dependent variables using a 4-point Likert 

scale, with response options Never (1), Rarely (2), 

Often (3), and Always (4). The questionnaire was 

developed by the authors based on a previous study 

(Trujillo-Torres, Hossein-Mohand, Gómez-García, 

Hossein-Mohand & Hinojo-Lucena, 2020) and was 

designed to assess educational support dynamics in 

mathematics learning. The 4-point Likert scale was 

chosen after considering the effects of anchoring a 

scale using either four or seven scales. Four scales 

were chosen to prevent overwhelming levels of 

interpolation (Nadler, Weston & Voyles, 2015). 

The questionnaire also includes questions to elicit 

sociodemographic variables including level of 

education, and age. 

The study variables included a combination of 

independent and dependent variables measured 

directly through the questionnaire. The independent 

variables were: 

• FRD (date of data collection) 

• NEC (educational level) 

The dependent variables corresponded to individual 

questionnaire questions assessing different forms of 

educational support in mathematics learning: 

• AAM (peer support in mathematics learning) 

• AFM (family support in mathematics learning) 

• APM (support from private tutors or academies) 

• ESM (individual study in mathematics) 

The interaction between the date of data collection 

(FRD) and educational level (NEC) served as key 

independent variables, as they allowed for the 

examination of how different educational levels 

and temporal contexts (pre- and post-pandemic) 

influenced the dependent variables, encompassing 

the various aspects of interaction during 

mathematics learning (AAM, AFM, APM, and 

ESM). 

The measurement properties of the 

questionnaire were found to be within acceptable 

parameters. The omega coefficient evaluation 



4 Mohamed-Chemlali, Hossein-Mohand, Hossein-Mohand, Osuna-Acedo 

produced a reliability score of ꞷ = 0.720, indicating 

adequate internal consistency. Construct validity 

was assessed with using Kaiser-Meyer-Olkin 

(KMO) measure of sampling adequacy with a value 

of 0.749 indicating that data may be amenable to 

exploratory analysis. Explained variance 

percentage (EVP) was 66.57%, while Bartlett’s test 

of sphericity was significant (ꭓ² = 3676.76, 

p < 0.01), confirming an appropriate fit of the 

underlying model. 

 
Data Collection Procedure 

Prior to data collection, the questionnaire was 

reviewed and approved by the Educational 

Programs Unit Committee of the Provincial 

Directorate of the Ministry of Education and 

Vocational Training in Melilla. The study was 

approved by the Ethics Committee of the National 

University of Distance Education (UNED), Spain, 

on 7 November 2024 (Ref. No. 31-SISH-EDU-

2024). Following approval, parental or guardian 

informed consent was obtained, and each school 

principal was contacted to ensure access during 

school hours. Participation was completely 

voluntary, and students were informed about the 

objectives of the study, the anonymous nature of 

the responses provided, and their right to withdraw 

at any point without consequences. 

A first collection of data was conducted 

between April and June in 2019, and the same 

process was undertaken in May and June of 2024. 

The data were gathered in computer labs and only 

with students whose parents had authorised their 

participation. The responses were recorded in 

Google Forms spreadsheets. One of the researchers 

was present in the lab during the entire process. No 

identifiable information was collected, as the other 

data were processed and analysed in aggregated 

form. Ethical principles were observed throughout 

the data collection, analysis, and reporting 

processes, in compliance with applicable ethical 

standards and data protection regulations. 

 
Data Analyses 

The data analyses were conducted using the 

Statistical Package for the Social Sciences (SPSS), 

version 25. The analysis began with descriptive 

analyses of sociodemographic and study variables 

of interest. Frequencies and percentages were 

assessed for categorical variables (e.g. gender, and 

education level), mean, standard deviation and 

standard error of the mean were calculated for the 

continuous variable of age. Psychometric properties 

of survey were examined through reliability 

estimates (omega) by means of internal consistency 

analysis and construct validity (via KMO measure 

of sampling adequacy and Bartlett’s test of 

sphericity). 

We then used generalised linear models 

(GLMs) with ridged multinomial distribution and 

cumulative logit link to examine interaction 

between independent and dependent variables. 

Several indicators were used to evaluate the 

model, including the Akaike information criterion 

(AIC), deviance, and Pearson’s chi-square statistic, 

to assess how well the model fits the data. Omnibus 

tests were also conducted to evaluate the overall 

significance of the adjusted models and to 

determine whether the included predictors had a 

meaningful effect on the dependent variables. 

Parameter estimation provides the model 

coefficients, which indicate the magnitude and 

direction of these effects. 

 
Results 

The goodness of fit was evaluated for the GLMs 

used in the analysis. 

 

Table 1 Goodness of fit 
Metric AAM AFM APM ESM 

Deviance 374.695 15.510 264.296 18.859 

Pearson ꭓ2  389.032 15.074 269.802 18.830 

Log-likelihood -264.093 -85.662 -208.970 -88.538 

AIC 552.186 195.324 441.941 201.075 

 

As shown in Table 1, AFM (family support in 

mathematics learning) had the best fit, with the 

lowest deviance (15.510) and an AIC of 195.324, 

showed that the model effectively described the 

data for this variable. ESM (individual study in 

mathematics) followed, with a deviance of 18.859 

and an AIC of 201.075, also indicating an adequate 

fit. 

APM (support from private tutors or 

academies) indicated a rank of third according to 

largest to smallest deviance. This variable had a 

deviance of 264.296 and an AIC of 441.941, 

indicating a less precise fit than the two previously 

described. Finally, AAM (peer support in 

mathematics learning) had the lowest fit and the 

highest deviance at 374.695 and an AIC of 

552.186, indicating that the model was least precise 

in describing this variable. 

The results of the Omnibus tests, which were 

used to evaluate the overall significance of the 

GLMs, are presented below. 
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Table 2 Omnibus tests 
Dependent 

variable 

Likelihood ratio 

chi-square Sig. 

AAM 61.217 0.000 

AFM 211.460 0.000 

APM 80.414 0.000 

ESM 23.022 0.006 

Note. Sig. = statistical significance. 

 

An analysis of the Omnibus tests results in 

Table 2 reveals that all dependent variables showed 

statistically significant effects, as their significance 

values were below 0.05, indicating that the adjusted 

models offered a significant improvement over the 

null model. 

Among the analysed variables, AFM (family 

support) stands out with the highest chi-square 

value (211.460), indicating that this model 

explained a larger proportion of the observed 

variance. APM (support from private tutors or 

academies) followed in relevance, with a 

chi-square value of 80.414, also representing a 

highly significant fit. AAM (peer support) showed 

a significant chi-square value of 61.217, 

highlighting its relevance in the model, although to 

a lesser extent compared to AFM and APM. Lastly, 

ESM (individual study) had the lowest chi-square 

value (23.022), with a significance of 0.006. While 

still showing a significant fit, its impact was the 

smallest among the group of variables, suggesting 

that its model explained less variance compared to 

the others. 

The parameter estimates obtained through the 

GLMs for interactions between the factors FRD 

and NEC are presented in the following section. 

 

Table 3 GLM estimates with the FRD * NEC 

interaction for AAM 
Parameter B Sig. 

[FRD=2019] * [NEC=1] -0.514 0.003 

[FRD=2019] * [NEC=2] -0.404 0.018 

[FRD=2019] * [NEC=3] -0.423 0.016 

[FRD=2019] * [NEC=4] -0.070 0.683 

[FRD=2019] * [NEC=5] 0.344 0.052 

[FRD=2024] * [NEC=1] -0.268 0.230 

[FRD=2024] * [NEC=2] 0.050 0.805 

[FRD=2024] * [NEC=3] 0.034 0.892 

[FRD=2024] * [NEC=4] 0.099 0.640 

[FRD=2024] * [NEC=5] 0a . 

(Scale) 1b  

Note. aSet to zero because this parameter was redundant. 
bFixed at the displayed value. 

 

The results for 2019 in Table 3 show negative 

coefficients, indicating that students received less 

help from friends or peers in mathematics learning. 

For the first year of ESO, the coefficient was  

-0.514 and highly significant, reflecting a low 

tendency to receive this type of support at this 

level. For the second year of ESO, the coefficient 

was also negative (-0.404), and the same was true 

for the third year of ESO, where the coefficient was 

-0.423. These results suggest that for the first 3 

years of ESO, peer support was low and significant 

in 2019. However, for the fourth year of ESO, the 

coefficient was much smaller (-0.070) and not 

significant, indicating that at this level, peer 

support was not as influential. For Upper 

Secondary, a positive coefficient of 0.344 was 

observed, but this value was not significant, 

suggesting that peer support was also not 

particularly relevant at this level. 

In 2024, the results show changes across 

different educational levels. For the first year of 

ESO, the coefficient was -0.268 but no longer 

significant, indicating a less pronounced trend 

towards a lack of peer support. For the second year 

of ESO, the coefficient turned positive (0.050), 

although not significant, suggesting that peer 

support may have increased, albeit not statistically 

significantly. For the third year of ESO, the 

coefficient was 0.034, and for the fourth year of 

ESO, the positive value of 0.099 was also not 

significant, implying that at the higher educational 

levels of ESO, no significant differences were 

found for peer support before and after the 

pandemic. 

 

Table 4 GLM estimates with the FRD * NEC 

interaction for AFM 
Parameter B Sig. 

[FRD=2019] * [NEC=1] 1.392 0.000 

[FRD=2019] * [NEC=2] 0.938 0.000 

[FRD=2019] * [NEC=3] 0.571 0.001 

[FRD=2019] * [NEC=4] 0.230 0.192 

[FRD=2019] * [NEC=5] -0.259 0.167 

[FRD=2024] * [NEC=1] 1.232 0.000 

[FRD=2024] * [NEC=2] 0.820 0.000 

[FRD=2024] * [NEC=3] 0.110 0.666 

[FRD=2024] * [NEC=4] 0.192 0.380 

[FRD=2024] * [NEC=5] 0a . 

(Scale) 1b  

Note. aSet to zero because this parameter was redundant. 
bFixed at the displayed value. 

 

The data in Table 4 indicate that in 2019, 

family support was more pronounced at the lower 

educational levels of secondary education. For the 

first year of ESO, the coefficient was 1.392 and 

highly significant, reflecting a strong tendency for 

family involvement at this level. For the second 

year of ESO, the coefficient was slightly lower 

(0.938) but remained significant. The coefficient 

for the third year of ESO decreased to 0.571, 

although it was still significant. By the fourth year 

of ESO, family support appeared to diminish 

significantly, with a coefficient of 0.230 that is not 

statistically significant. For Upper Secondary, the 

coefficient was negative (-0.259) and not 

significant, suggesting that family support at this 

level was lower and not relevant in statistical terms. 

In 2024, some alterations were noticed. For 

the first year of ESO, the coefficient was 1.232 and 
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still significant (indicating that family support was 

still relevant although less than in 2019). For the 

second year of ESO, the coefficient was 0.820 and 

significant, indicating decreased but still relevant 

levels of support compared to those in 2019. For 

the third year of ESO, the coefficient dropped 

significantly to 0.110 and was no longer 

significant, indicating a substantial reduction in 

family support at this level. For the fourth year of 

ESO, the coefficient was 0.192 but remained non-

significant, similar to the results in 2019. 

 

Table 5 GLM estimates with the FRD * NEC 

interaction for APM 
Parameter B Sig. 

[FRD=2019] * [NEC=1] -0.231 0.176 

[FRD=2019] * [NEC=2] 0.038 0.820 

[FRD=2019] * [NEC=3] 0.151 0.378 

[FRD=2019] * [NEC=4] 0.247 0.146 

[FRD=2019] * [NEC=5] 0.545 0.002 

[FRD=2024] * [NEC=1] -0.353 0.112 

[FRD=2024] * [NEC=2] -0.613 0.004 

[FRD=2024] * [NEC=3] -0.211 0.397 

[FRD=2024] * [NEC=4] -0.610 0.005 

[FRD=2024] * [NEC=5] 0a . 

(Scale) 1b  

Note. aSet to zero because this parameter was redundant. 
bFixed at the displayed value. 

 

As shown in Table 5, support from private 

tutors or academies was low for the first year of 

ESO in 2019, with a coefficient of -0.231, which is 

not significant. For the second year of ESO, the 

coefficient was positive (0.038) but also not 

significant, suggesting no substantial difference in 

the received level of support. For the third year of 

ESO, the coefficient increased slightly to 0.151, 

although it remained non-significant. For the fourth 

year of ESO, external support was somewhat 

higher, with a coefficient of 0.247, but still not 

statistically significant. In contrast, for Upper 

Secondary, the coefficient was significantly higher 

(0.545) and statistically significant, indicating that 

students at this educational level received more 

external support compared to those at lower 

educational levels. 

In 2024, results were found to be different. 

The coefficient for the first year of ESO was 

negative but lower than in 2019 (-0.353) although it 

was still not significant. For the second year of 

ESO, however, the coefficient was now -0.613 and 

significant indicating that the support received at 

this level had decreased considerably. For the third 

year of ESO, which also had a negative coefficient 

(-0.211) and was not significant, the situation was 

the same as in 2019 where there was no meaningful 

level of external support. In the fourth year of ESO 

the value is -0.610 and significant indicating a 

notable reduction of external support at this level. 

The results for Upper Secondary were deemed 

useless. 

 

Table 6 GLM estimates with FRD * NEC 

interaction for ESM 
Parameter B Sig. 

[FRD=2019] * [NEC=1] -0.631 0.000 

[FRD=2019] * [NEC=2] -0.325 0.056 

[FRD=2019] * [NEC=3] -0.250 0.152 

[FRD=2019] * [NEC=4] -0.409 0.018 

[FRD=2019] * [NEC=5] -0.368 0.041 

[FRD=2024] * [NEC=1] -0.383 0.082 

[FRD=2024] * [NEC=2] -0.126 0.543 

[FRD=2024] * [NEC=3] -0.117 0.639 

[FRD=2024] * [NEC=4] -0.136 0.527 

[FRD=2024] * [NEC=5] 0a . 

(Scale) 1b  

Note. aSet to zero because this parameter was redundant. 
bFixed at the displayed value. 

 

The results in Table 6 indicate that in 2019, 

individual study for mathematics in the first year of 

ESO significantly decreased, with a coefficient of 

-0.631, which is statistically significant. For the 

second year of ESO, the coefficient was negative 

(-0.325) but did not reach statistical significance, 

suggesting a non-significant reduction at this level. 

For the third year of ESO, the coefficient was  

-0.250, also negative and non-significant, 

indicating a similar trend. For the fourth year of 

ESO, the coefficient was -0.409 and significant, 

suggesting a notable decrease in individual study at 

this level. For Upper Secondary, the coefficient 

was -0.368, also significant, indicating an 

important reduction in individual study at this 

educational level. 

In 2024, the situation shifted for some levels. 

For the first year of ESO, the coefficient was 

-0.383, negative but not significant, indicating a 

smaller decrease in individual study compared to 

that in 2019. For the second year of ESO, the 

coefficient was -0.126, non-significant, indicating 

no substantial changes at this level. For the third 

year of ESO, the coefficient was -0.117 and not 

significant, reflecting little variation. For the fourth 

year of ESO, the coefficient was -0.136 and, again, 

not significant, suggesting an improvement 

compared to that in 2019. 

 
Discussion 
Increase in Digital, Social and Educational 
Interaction 

The results reveal significant changes in the 

support dynamics for mathematics learning 

following the pandemic, particularly in peer 

support, family involvement, individual study, and 

the use of external tutoring. These changes appear 

to reflect a shift towards more autonomous 

learning, especially at higher educational levels of 

secondary education, highlighting a post-pandemic 

educational adaptation that warrants deeper 

investigations. The changes associated with this 

transition might stem from increasing expectations 

for student self-regulation, academic requirements, 

and levels of autonomy in higher education, all of 
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which were magnified during COVID-19 and have 

continued into the post-COVID-19 world. 

The decrease in peer support at higher 

educational levels, coupled with the maintenance of 

or increase in such support at lower educational 

levels, suggests that the pandemic had accelerated a 

trend towards autonomy among older students. 

Similarly, the literature on distance learning and 

digital platforms indicates that the lockdown 

fostered the development of self-management skills 

in advanced secondary students, who had to adapt 

to less collaborative and more independent 

environments (Bond, 2020; Dhawan, 2020). In this 

context, the use of digital tools promoted 

self-management and responsibility, essential skills 

in higher educational levels, enabling students to 

progress without relying on their peers (Engzell et 

al., 2021; Greenhow et al., 2021; Ní Fhloinn & 

Fitzmaurice, 2022). 

On the other hand, peer support at lower 

educational levels appears to have remained steady 

due to the need for social interaction and guidance 

among younger students, who still require 

assistance in adapting to digital methods (Ahmad, 

2022). Social media platforms, such as WhatsApp, 

and Instagram, have enabled virtual teamwork at 

these levels, which helps to reduce the negative 

effects of disappearing face-to-face communication 

(Raaper et al., 2022). The educational levels 

display different patterns. These reveal that digital 

tools and autonomous student learning methods 

dominated advanced education, but first-year 

students still benefited from their peer group 

assistance (Gortazar et al., 2023). 

 
Changes in Family Support 

The findings of this study also reflect a decrease in 

family support across all levels, with a more 

pronounced decline at higher grades. This trend 

appeared to indicate a return to pre-pandemic 

dynamics. The decline in the level of parental 

involvement as students get older can also be 

viewed as a result of these two factors converging. 

(1) The reduction of parental involvement due to 

students progressing to higher academic levels, and 

(2) the impact of families adjusting to a new 

routine after the pandemic year. During the 

lockdown, families took on a co-educator role, but 

with the restoration of in-person learning, this 

responsibility had been largely delegated back to 

educational institutions, particularly at higher 

educational levels (Harper et al., 2021; Pokhrel & 

Chhetri, 2021). In this regard, the reduction in 

family support is linked to an adjustment in family 

roles, where fostering student autonomy becomes a 

desirable goal as students progress academically 

(Blaskó et al., 2021). The literature also highlights 

that, although family support was critical during the 

transition to online learning, parental burnout and 

the return to work routines had reduced active 

family involvement in the academic process 

(Aristovnik, Keržič, Ravšelj, Tomaževič & Umek, 

2020). Similarly, the decline in support at higher 

educational levels may be regarded as an indicator 

of the independence gained by older students, who 

developed self-management skills during the 

pandemic and were tackling their academic 

challenges more autonomously (Torres Martín et 

al., 2021). 

 
Increase in Individual Study 

The pandemic also fostered an increase in 

individual study at higher educational levels, a 

phenomenon potentially linked to the development 

of self-directed and adaptive learning skills. This 

increase could also be interpreted as a result of 

developing learning habits during the pandemic 

that were subsequently carried over to after the 

return to traditional learning. Distance learning 

necessitated that students learnt how to study 

outside of the classroom and at their own pace 

(Clark et al., 2022). More independent, more 

self-directed study was the main mode of learning 

at the highest levels of education, where students 

were empowered to study according to their own 

needs (Gonda et al., 2021). 

Also, the emergence of adaptive platforms 

such as Prodigy and Mathway has created a 

personalised setting that encourages students by 

adapting the difficulty of problems to the level at 

which they were progressing (Biton & Segal, 

2021). This adaptive approach promoted 

personalised education tailored to the needs and 

abilities of each student, especially needed in the 

post-pandemic transition towards independent 

learning at the higher levels (Clark et al., 2022). 

Under the LOMLOE, approaches such as self-

management and active learning, which allow 

students a more central role in their own 

educational process, were being increasingly 

established (Negrín Medina & Marrero Galván, 

2021). 

 
Decrease in Support from Private Tutors or 
Academies 

This study highlights a decrease in the use of 

private tutoring and academies at higher 

educational levels of education, while at lower 

educational levels, such support appears to have 

been maintained or have even increased. The rise in 

the potential for students to take charge of their 

own educational experience is likely a factor as the 

use of different digital resources will probably lead 

to less external help being sought than previously. 

Research shows that academic self-reliance has 

become the main reason for this transformation 

because students now study independently through 

online resources and educational platforms instead 

of using traditional academic institutions 

(Christopoulos & Sprangers, 2021). Students 
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obtained free access to digital platforms during the 

pandemic. This allowed them to access excellent 

content without depending on their physical school 

building while gaining equal access to content 

resources and achieving complete independence 

(Lu, 2023). Students currently obtain their 

educational materials through social media 

platforms and YouTube, which has revolutionised 

their method of seeking academic help. Nowadays, 

students choose to view educational content 

through independent creators who develop in-depth 

material with interactive exercises. This enables 

them to control their educational journey according 

to their personal learning requirements (Lu, 2023). 

Students on lower education levels still receive 

assistance through organised tutoring sessions, 

which private tutors and academies provide to help 

them grasp essential mathematical concepts 

(Jacques et al., 2021; Torres Martín et al., 2021). 

 
Conclusions 

With this research study we investigated the impact 

of the COVID-19 pandemic on educational support 

systems of secondary school mathematics students. 

The research shows that students at higher 

education levels received less peer support after the 

pandemic, but students at lower education levels 

experienced constant or rising peer support, which 

shows the need to develop educational stage-based 

collaboration methods. The research shows that 

family backing decreased most at advanced 

educational stages because students gained more 

independence when they reached their academic 

peak. The research shows that families need to 

learn about suitable support techniques. They 

should use these to help their children during their 

initial school years. Students who attended higher 

education levels showed a significant increase in 

their ability to study mathematics independently, 

which indicates that they mastered pandemic 

self-management abilities. The decreasing need for 

private tutoring support at advanced educational 

stages, together with a steady demand at lower 

education levels, shows that students develop 

independent learning abilities when they reach their 

teenage years. 

Multiple restrictions exist which prevent these 

contributions from being applied at full potential. 

The research sample originated from one 

geographic location. This restricted the 

generalisation of the study results to different 

economic and cultural backgrounds. The research 

depended on students completing self-report 

questionnaires, which introduced potential biases 

because students might have answered based on 

social expectations and their own mistaken 

perceptions. Future research should include 

samples from different geographical locations 

while using mixed-method research techniques to 

validate and expand the current study results. 
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