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Abstract

:

According to the latest PISA report, the level of mathematical competence of Spanish students is far behind the rest of the OECD countries. One of the main reasons for this is the animosity that students feel towards this subject. Therefore, this study aims to analyze the processes of overcoming the vicissitudes of mathematical anxiety with respect to motivation, metacognitive strategies and academic performance. This study involved 1742 high school students with an average age of 14.87. To analyze the variables of the study, descriptive statistical analyses and a model of structural equations were carried out. The results revealed a negative correlation between resilience and anxiety. In turn, resilience was positively related to motivation and metacognitive strategies, while anxiety was negatively related to motivation and metacognitive strategies. Motivation was positively related to metacognitive strategies and academic performance; finally, metacognitive strategies were positively related to academic performance.
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1. Introduction


According to the PISA report of 2018, Spanish students occupy the last positions within the OECD countries in the area of mathematics, specifically with 481 points compared to the 489 average of OECD countries [1]. Moreover, 37.8% of Spanish students do not reach level 2 in the use of algorithms, formulas, procedures or elementary conventions [1]. These educational results highlight the problems inherent in the teaching of mathematics in the Spanish educational system, which is incapable of motivating students, and pays more attention to achieving curricular objectives than to the students’ own comprehensive development [2]. In addition, this pressure on results and the deficient approach to teaching and learning in the area of mathematics causes students to perceive this area with a certain hostility, causing them anxiety and holding back the students’ interest in learning and achieving academic objectives [3]. Therefore, the aim of this study is to analyze the processes of overcoming the vicissitudes of mathematical anxiety with respect to motivation, metacognitive strategies and academic performance.



1.1. Academic Resilience


Resilience represents one of the main psychological characteristics associated with psychological and emotional well-being and academic success [4]. The meta-theory of resilience was one of the first theories to attempt to conceptualize this construct [5]. This metatheory understands resilience as a psychological mechanism present in all people that allows them to adapt to and overcome the various stressful situations faced by individuals at any time in their lives [5]. However, this meta-theory has certain limitations, since it understands resilience as a linear activation mechanism without taking into account other paths [6]. In this way, the individual faces a stressful event that, once overcome, returns to equilibrium by raising their level of homeostasis, learning new skills and acquiring tools with which to overcome another future stressful event [7]. In addition, recent studies in the field of education have highlighted that emotions facilitate the process of resilience and exert a protective role [8]. Therefore, resilience is currently understood as a construct linked to protective and vulnerable factors inside and outside the individual that influence the individual’s adaptation to vicissitudes and stressful events that lead to a loss of homeostasis [9].



The importance of resilience in academic contexts is due to the fact that certain students who are exposed to stressful and adverse situations emerge stronger without developing any psychological disorder [10]. In this sense, resilience has been positively related to emotional intelligence [11], internal motivation [12] and academic performance [13]. In contrast, resilience has been negatively related to stress [14], test anxiety [8] and burnout [15].




1.2. Mathematical Anxiety


Anxiety is understood as an exaggerated emotional reaction that is difficult to control, produced by an external stimulus that is considered by the individual as threatening, producing physiological and behavioral changes in the subject [16]. In this sense, when students are in mathematics class, they are faced with prejudice and family, social and personal pressures, focused on achieving good academic performance that allows them to face the future with a better perspective [17]. Mathematical anxiety can cause inhibition, defenselessness, paralysis and mental disorganization in students when they are required to solve a mathematical problem, thus impairing their performance in class [18]. In this way, mathematical anxiety can be understood as a state when students perceive mathematics as a potentially threatening element that disappears once the emotion has passed; or as a trait linked to the personality of the students, which, due to their own personalities, makes them more likely to experience this emotion [19].



Until now, studies on anxiety in education have shown a negative relationship with respect to academic performance [20], content assimilation [21] and metacognitive processes [22]. In contrast, anxiety, in an academic context, has been positively related to stress [23], frustration [24] and emotional distress [25].




1.3. Motivation


Young people’s motivation for learning and interest in a particular subject has an important influence on their school performance in any area, including mathematics [26]. In this sense, motivation is an internal state that activates, directs and maintains a person’s behavior towards specific goals or objectives. In a way, it refers to the impulse that moves a person to perform certain actions and to persist in them for their completion, that is, motivation is what gives energy and direction to behavior—it is the cause of behavior [13].



However, motivation is not something that arises spontaneously, but is rather influenced by the experiences of the individual and the social context [26]. In this sense, the self-determination theory (SDT) states that the influence of the social context is through two opposing forms, autonomy support versus controlling style. Autonomy support refers to the promotion of physical, psychological and social self-development and to the student’s own initiative. On the other hand, a controlling style on the part of the teacher is perceived by the student as the origin of his or her own behavior by diminishing his or her own initiative, personal self-knowledge and active participation in the classroom.



Depending on the predominant role in the social context, and especially the teacher, it may affect the motivation of the student. SDT suggests that motivation can be of three different types, intrinsic motivation, extrinsic motivation (which includes four different types of regulation) and amotivation [27]. Intrinsic motivation refers to when the subject commits to the activity for the simple fact of enjoying and having fun with it, therefore, the activity becomes an end in itself; integrated regulation refers to when behaviors are ordered and equated in a meaningful and hierarchical way according to the values and needs that we have; identified regulation refers to when the individual identifies with the activity he or she performs; introjected regulation refers to the establishment of a series of obligations to carry out the action and which are linked to self-approval, and to the avoidance of negative emotions and feelings; external regulation refers to the carrying out of the action due to the search for desired consequences or to avoid punishment; and, finally, amotivation is understood as the complete absence of motivation or desire to act.



There is a long tradition of research focusing on the role of motivation in academic achievement [28]. In this sense, internal motivation has shown a positive relationship with respect to academic performance [29], resilience [13] and metacognitive processes [30]. In contrast, external motivation for exams has been positively related to emotional distress [31], frustration [32] and even dropping out of school [33]. However, current studies, particularly in the area of mathematics, have hardly ever analyzed the influence of motivation on metacognitive strategies and academic performance, after having been influenced by mathematical resilience and anxiety.




1.4. Metacognitive Strategies


Traditionally and even today, the teaching of mathematics has been carried out using algorithmic procedures that have been taken out of context, without taking into account their applicability in everyday life, and using formulas that have been learned by heart [34]. In this way, students only apply what they have assimilated in fictitious situations created by the teacher, and the content has no real meaning for them. Likewise, results are prioritized without concern for the mental processes that the student develops when solving mathematical exercises or problems. Despite this, for teaching to be meaningful, it is necessary to develop learning in which the student is the protagonist and deals with his or her own knowledge in a conscious and reflexive way [35].



Thus, metacognition constitutes the highest level of mental activity, since it comprises the knowledge we have about what it means to think, how thinking processes work, learning skills or strategies in relation to different types of tasks, as well as knowledge or beliefs about oneself [36]. In this sense, metacognitive strategies are those that allow students to observe their own learning process by using various resources to plan, control and evaluate their own progress [37].



Studies focusing on metacognitive strategies in the field of education have shown a positive relationship with regard to academic performance [34], the achievement of teaching objectives [38], reading comprehension [39] and the learning of a second language [40].




1.5. Objectives and Hypotheses


As shown above, the aim of the present study is to analyze the influence of resilience and mathematical anxiety on the motivation, metacognitive strategies and academic performance of students in compulsory secondary education. In this sense, studies until now have only established dyadic relationships between two variables (e.g., mathematical resilience and anxiety, mathematical anxiety and motivation, etc.), not providing an overview of how strategies to overcome stressful events and their relationship with mathematical anxiety affect students’ motivational and cognitive processes. In this way, and in virtue of the studies previously shown, it is hypothesized that: the correlation between academic resilience and mathematical anxiety will be negative; resilience will be positively related to academic motivation and metacognitive strategies; mathematical anxiety will be negatively related to academic motivation and metacognitive strategies; motivation will be positively related to metacognitive strategies and academic performance; and, finally, metacognitive strategies will be positively related to academic performance.





2. Methods


2.1. Participants


In order to carry out this study, 1742 high school students (958 boys and 784 girls) were required to participate. The age of the students was between 13 and 16 years, with a mean of 14.87 (SD = 1.17).



The students were schooled in several secondary schools in the province of Almeria (Spain).




2.2. Measurements


Academic resilience. The Cassidy Academic Resilience Scale [41] was used, specifically the Spanish version [42]. The scale is made up of 30 items distributed among three factors, with 9 items for reflection and adaptation to seeking help (e.g., I would use my past successes to help motivate myself), 14 items for perseverance (e.g., I would just give up) and 7 items for negative affect and emotional response (e.g., I would probably get annoyed). The score of the items with a positive connotation was inverted so that a high score indicates greater academic resistance. Students responded by using a Likert scale ranging from 1 (probable) to 5 (unlikely).



Mathematical anxiety. The Fennema–Sherman Scale was used [43]. This scale is made up of 12 items measuring a single factor (e.g., When I do maths problems my mind goes blank and I am not able to think clearly). Students responded by using a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).



Academic motivation towards learning. The Academic Self-Regulation Scale by Vansteenkiste, Sierens, Soenens, Luyckx and Lens [44] was used, specifically the Spanish version [45]. This scale is made up of 24 items distributed among six factors, being: intrinsic motivation (e.g., Because I like it), extrinsic motivation (integrated regulation (e.g., Because learning is a fundamental part of me), identified regulation (e.g., Because it’s important for me), introjected regulation (e.g., Because I would be ashamed if I failed), external regulation (e.g., Because it is obligatory)) and amotivation (e.g., But I really feel like I’m wasting my time). Students responded using a Likert scale ranging from 1 (not true) to 7 (completely true).



The Self-Determination Index (SDI) was calculated to assess academic motivation. The calculation of this index is made by means of the following formula: (3 × intrinsic motivation, 2 × integrated regulation and 1 × identified regulation) − (1 × introjected regulation, 2 × external regulation and 3 × de-motivation). This index has been used in numerous studies [46] and is valid and reliable.



Metacognitive strategies. The Motivated Strategies for Learning Questionnaire [47] was used, specifically the Spanish version [48]. This single factor is composed of 12 items (e.g., I ask myself questions to make sure I understand the material I have been studying in this class). Students responded using a Likert scale ranging from 1 (not true) to 5 (completely true).



Academic performance. To analyze the performance of secondary school students in the subject of mathematics, their grades at the end of the academic year were taken into consideration. In this sense, the grades were distributed as follows: 5 (outstanding), 4 (notable), 3 (good), 2 (passed) and 1 (failed).




2.3. Procedure


Initially, the approval of the bioethics committee of the University of Almeria was obtained in order to start this study (Ref. UALBIO 2019/213). Once obtained, the management teams of several secondary schools were contacted, explaining in detail the objective of the present study and requesting their support. Subsequently, those educational centers that accepted to participate in the study were contacted, explaining to them the objective of the study and requesting their participation. Before they could participate in the study, they had to provide an informed consent signed by their parents or legal guardians.



The questionnaires were filled out at the beginning of the mathematics class, indicating that the answers would be anonymous and confidential. In addition, a member of the research group was present to answer any questions that might arise. The completion of the questionnaires took 25 minutes.




2.4. Data Analysis


The statistical analyses performed in this study were descriptive statistics: mean, standard deviation and bivariate correlations, in addition to reliability analysis, using the SPSS v25 statistical package. Subsequently, a structural equation model (SEM) was performed to analyze the predictive relationships established in the hypothesized model, using the AMOS v20 statistical package.



A bootstrapping of 5000 interactions was used to perform the SEM, together with the maximum likelihood method. To analyze the goodness of the hypothesized model (Figure 1), the following indices were taken into account [49]: χ2/df, with values between 2 and 3; Comparative Fit Index (CFI), Incremental Fit Index (IFI) and Tucker Lewis Index (TLI), with values above 0.95; Root Mean Square Error of Approximation (RMSEA) plus its 90% confidence interval, with values below 0.06; and Standardized Root Mean Square Residual (SRMR), with values below 0.08. Nevertheless, these indices should be interpreted with caution as they can be restrictive when the model is very complex [50].





3. Results


3.1. Preliminary Analysis


The mean, standard deviation and bivariate correlations can be seen in Table 1. The correlations reflected a positive relationship between resilience, motivation, metacognitive strategies and academic performance. In contrast, the correlation was negative between mathematical anxiety and the rest of the variables. In addition, reliability analyses are shown in Table 1, with all scores above 80 [51].




3.2. Structural Equation Model


In testing the hypothesized predictive relationship model on math students (Figure 1), it has revealed the following adjustment rates: χ2 (371. N = 1742) = 894.63, p < 0.001; χ2/df = 2.41; CFI = 0.96; IFI = 0.96; TLI = 0.96 RMSEA = 0.053 (CI 90% = 0.049 − 0.058); SRMR = 0.041.



The direct relationships obtained between the different factors comprising the model are described as follows:




	(a)

	
The correlation between academic resilience and mathematical anxiety was negative (β = −0.54, p < 0.001).




	(b)

	
Academic resilience was positively related to SDI (β = 0.43, p < 0.001) and metacognitive strategies (β = 0.57, p < 0.001).




	(c)

	
Mathematical anxiety was negatively related to SDI (β = −0.47, p < 0.001) and metacognitive strategies (β = −0.31, p < 0.01).




	(d)

	
SDI was positively related to metacognitive strategies (β = 0.43, p < 0.001) and academic performance (β = 0.48, p < 0.001).




	(e)

	
Metacognitive strategies were positively related to academic performance (β = 0.55, p < 0.001).









As for the indirect relations, these were as follows:




	(a)

	
Academic resilience was positively related to academic performance (β = 0.11, p < 0.053).




	(b)

	
Mathematical anxiety was negatively related to academic performance (β = −0.14, p < 0.061).











4. Discussion


The aim of this study was to analyze the influence of resilience and mathematical anxiety on motivation, metacognitive strategies and academic performance of students in compulsory secondary education. To this end, this study has taken a holistic view of students’ motivational processes and their effect on academic performance in the area of mathematics, taking into account that this subject tends to generate a certain animosity in students because they perceive it as a source of stress and anxiety [52]. In this regard, several studies have suggested the need to develop strategies within the classroom to enable students to manage and overcome stress and anxiety when faced with the academic challenge of mathematics, so that they can generate adaptive behaviors that manifest themselves in greater mastery and academic performance [53].



The results of the present study have shown evidence that academic resilience and mathematical anxiety were negatively correlated. These results can be compared with various studies both nationally and internationally, where the protective nature of resilience to stressful situations has been shown. A study by Johnston-Wilder, Brindley and Dent [54] of primary and secondary school students showed evidence that students with high levels of resilience could handle stressful situations efficiently and were less likely to experience mathematical anxiety. Similarly, a study conducted by Trigueros, Padilla, Aguilar-Parra, Rocamora, Morales-Gázquez and López-Liria [55] with university students showed that students with high levels of resilience felt less anxiety when faced with an exam. Therefore, the results of the present study are consistent with previous studies in the academic field. In this sense, students’ successive experiences in academic contexts and the challenges they have faced are key to building resilience [8,13]. Thus, the more resilient students are, the better they will be able to manage their anxiety in the face of a new academic challenge.



The results of this study have shown that academic resilience positively predicted academic motivation and metacognitive strategies. However, mathematical anxiety negatively predicted academic motivation and metacognitive strategies. However, we are not aware of any studies that have analyzed these relationships or existing studies that have analyzed these relationships in isolation. In this regard, a study by Jowkar, KojurI, Kohoulat and Hayat [12] with medical students found that those students with high levels of academic resilience showed a greater predisposition towards intrinsic motivation. Similarly, a study carried out by De La Fuente, Fernández-Cabezas, Cambil, Vera, González-Torres and Artuch-Garde [56] with university students showed that those students who had high levels of resilience had a greater facility for using coping strategies that applied to different tasks and activities facilitating learning through the use of metacognitive strategies. On the other hand, a study conducted by Field, Evans, Bloniewski and Kovas [57] with elementary and high school students found that students who were more anxious about mathematics showed greater anxiety, which negatively affected classroom experiences and, consequently, their motivation towards mathematics. Similarly, several studies in the academic field [58,59] have shown that mathematical anxiety has a negative influence on the adoption of metacognitive strategies in academic tasks and exercises. Therefore, the results achieved in this study are in line with the various previous studies in the academic field. In this way, resilience plays a protective role against anxiety-generating stressful events. Thus, encouraging coping strategies through challenges appropriate to the level of the students will promote motivation and the learning and effective use of metacognitive strategies that will favor the assimilation of mathematical contents and concepts.



Finally, the results of this study have shown that motivation predicted the use of metacognitive strategies and academic performance, and metacognitive strategies positively predicted academic performance. These results are similar to previous research in the field of mathematics [60], although as mentioned above, the psychological coping factors and the effect of possible psychological effects of the stressful events were not taken into consideration. In this sense, a study carried out by Berger and Karabenick [61] with high school students showed that the internal motivation of the student favors the use of learning strategies that help the assimilation and consolidation of knowledge. Similarly, a study by Rodríguez, Piñeiro, Gómez-Taibo, Regueiro, Estévez and Valle [62] revealed that students with high homework motivation showed higher academic performance, greater conceptual depth and better grades compared to students with higher external motivation. These results can be explained by the fact that students make use of metacognitive strategies to facilitate information processing by selecting, organizing and regulating cognitive processes [63]. However, it is essential that students show an interest in the subject, i.e., an intrinsic motivation, since it requires a great effort to plan and consciously use strategies to facilitate academic performance [64].



Despite the results achieved in this study, it is necessary to detail a number of limitations. Firstly, this is a cross-sectional study, since there is no manipulation of any variable in the study. For this reason, causal relationships cannot be established, and the reader is left with the choice of possible explanations for the relationships between the study variables. Thus, we suggest that future studies provide longitudinal data that allow an estimation of the causal effects of academic resilience and mathematical anxiety on students’ psychological and motivational variables.




5. Conclusions


This study contributes to the area of teaching and promoting mathematics among students, since it has taken into account the emotions, motivation and attribution of secondary school students in this area. In this way, through this study, valuable pedagogical implications can be deduced so that teachers integrate into their teaching situations that encourage the reflection of students. In this sense, there are currently different methodologies that can be implemented in the classroom (e.g., gamification, flipped classroom) that pose a "fun challenge" for students, and that help them maintain their interest in the classroom [65,66], promoting the consolidation of knowledge and the assimilation of content. Furthermore, teachers need to be aware of the following: (a) the importance and impact of the classroom atmosphere, as it affects students’ interest, enthusiasm, commitment and motivation during instruction or class time. In this way, teachers should create a classroom atmosphere that fosters comfort, confidence and good relationships among peers and with the teacher. To this end, it is essential that the teacher be accessible and not distant or intimidating, should understand the mistakes and doubts of the students and, finally, should try to connect and interact with their students; (b) teachers should provide learning environments that promote autonomy over external control. When learning is achieved through procedures that support adolescent participation, a sense of self-determination and the overcoming of difficulties towards learning is enhanced; (c) teachers should develop tests that can better reflect the content that has been taught during classes, rather than presenting challenges and extra tests that put stress on the students; and (d) education policies, as far as mathematics is concerned, should aim at using and doing mathematics in a wide variety of situations and contexts as it is an important element contributing to literacy and the development of mathematical competence.
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Figure 1. Structural equation model showing the relationships between variables. ** p < 0.01; *** p < 0.001. 
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Table 1. Mean, standard deviation, analysis of internal consistency and bivariate correlations.
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	Factors
	M
	SD
	α
	1
	2
	3
	4
	5





	1. Academic Resilience
	1.82
	1.06
	0.81
	
	−0.42 ***
	0.39 ***
	0.48 ***
	0.55 ***



	2. Mathematics Anxiety
	2.12
	1.47
	0.82
	
	
	−0.27 **
	−0.63 ***
	−0.54 ***



	3. Academic Motivation
	2.14
	1.32
	-
	
	
	
	0.64 ***
	0.75 ***



	4. Metacognition Strategies
	1.96
	1.33
	0.84
	
	
	
	
	0.64 ***



	5. Academic Performance
	1.88
	1.34
	-
	
	
	
	
	







** p < 0.01; *** p < 0.001. Note: α = Cronbach’s Alpha.
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