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Abstract

:

The purpose of this study was to analyse the efficacy of an emotional and cognitive regulation programme in mathematics problem solving (MPS) in primary education preservice teachers (PEPSTs). The objective was that the PEPSTs learn to solve mathematical problems and become aware of their emotions, self-regulating their learning process. The programme consists of two parts: the first one involves awareness and control of one’s affective responses before the MPS, and the second one involves an integrated model of MPS and emotional control (IMMPS). For the study, we opted for a pre-experimental pretest/posttest design with an experimental group and the complementarity of qualitative and quantitative methods. Some of the results that were obtained were greater emotional control in the PEPSTs, reducing the anxiety and blockages that MPS initially caused them.
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1. Introduction


Mathematics problems solving (MPS) has been considered for decades as the centre of mathematics teaching, as it demonstrates the ability to analyse, understand, reason and apply. At the same time, it is also considered to be specific content when highlighting it as a basic competence that students should acquire.



Thus, as indicated by [1], different school curricula have established developing and evaluating aspects related to:




	(1)

	
The development of the problem: the understanding and analysis of the statement, the design and application of resolution strategies, the verification habits and their coherence within the context presented.




	(2)

	
Communicating problem-solving processes and results: the relationship between language and problem solving is specified at different stages around the world in relation to general problem-solving models.




	(3)

	
The affective domain and emotional education when assessing personal attitudes, such as perseverance in the search for solutions, confidence in one’s ability to achieve them or a positive attitude when it comes to contrasting solutions relative to their peers.









However, these considerations have not been clearly reflected in teaching practice [2]. Thus, students of different educational levels consider MPS as being mechanical and memoristic, they have scarce resources to represent and analyse problems, they do not search for different strategies or methods for their resolution or make use of the different indications made by the teacher [3,4,5,6,7,8,9,10]. Primary education students have internalized that all problems have a single solution that is reached by implementing arithmetic operations using all the data included in the statement. This leads them to develop an automated approach to a known problem format that students follow to reach the solution in a straightforward manner [11]. They also do not perform metacognitive processes, such as generalization and regulation, as well as other processes, such as control and reading [11]. Likewise, in textbooks, the attention to learning heuristic strategies for problem solving [12,13] is conspicuous by its absence.



Regarding communication, students have difficulty verbally explaining the resolution strategy to be developed.



Regarding the affective domain, there have been multiple studies in recent years that have described and analysed the role of affective variables (i.e., beliefs, attitudes, emotions and anxiety) in mathematics and, more specifically, in MPS. It was found that primary education preservice teachers (PEPSTs) usually have a medium level of anxiety towards mathematics [14,15].



According to Hill et al. [16], math anxiety is a negative emotional response of learners to their current or prospective situation involving mathematics. This happens in an educational process when mathematics teachers introduce new topics with insufficient use of suitable models and a low stage of visualization, and when they present new mathematical notions, such as “ready mathematics”, without steps that show how the new notions were created [17].



Despite the considerable number of research articles on the subject [18] and the proven effectiveness of emotional education in the social, emotional and total self-concept [19], as well as in mathematics learning and problem solving [20], there are no concrete proposals in this regard in mathematics education and, more specifically, in MPS.



Preservice teachers (PEPSTs) expect to be “taught to teach” in mathematics teaching subjects and to be shown “resources to teach mathematics classes” [21], with these expectations being related to their future needs as teachers. Therefore, it is obvious that it is necessary to introduce activities in teacher training curricula so that they can not only extend their knowledge of the mathematical content but also include MPS as content and the affective variables involved in it.



Significant relationships were found between some of the variables related to emotional intelligence and mathematical performance [22,23]. Other research showed the influence of teachers’ affections on those of students and their achievements [24,25].



Considering this situation and the lack of work that has been aimed at intervention in this regard, an emotional and cognitive regulation programme regarding MPS was designed.



The general objective of this programme is to provide future teachers with a didactic tool that allows them to learn and to “learn to teach” in order to manage emotions and self-regulate their learning process in MPS.



To do this, the present article aimed to provide PEPSTs with heuristic strategies and techniques for solving mathematical problems; enhancing the search for different “paths” for MPS; and becoming aware of their own conceptions, attitudes and emotions so that they reflect on these variables. By training in techniques for managing behavioural responses towards MPS, they can control and/or modify them.



In this way, the programme intends to develop competences that are related to awareness, regulation and emotional autonomy.



The backbone of the programme is the integrated model of MPS and emotional control (IMMPS, Figure 1), which was developed by mathematics authors [26,27] based on emotional education models [20,28,29].



In this way, it combines the heuristics that are used in the different phases of MPS with physiological response management techniques (Jacobson’s breathing and muscle relaxation technique) [30] and cognitive techniques (self-instructions) [31].



The IMMPS concludes with a fifth phase that involves personal reflection about (1) the process followed to solve the problem, (2) attitudes and emotions and (3) personal progress, as well as the proposal of small goals for the next mathematical problem to be solved. So far, these aspects have not been considered in other MPS models.




2. Method


2.1. Participants


The sample, which resulted from an incidental non-probabilistic sampling, was composed of 60 PEPSTs in their third year attending the Mathematics Didactics II course. Of these, 14 (23.33%) were men and 46 (76.67%) were women. The vast majority of students, 55 were under 25 years of age, 4 were between 25 and 30, and 1 was over 30.




2.2. Instruments


For the collection of data, the complementarity of quantitative and qualitative methods was chosen, using the following instruments.



2.2.1. State-Trait Anxiety Inventory for Adults (STAI) Adapted to MPS


The subscale STAI A/E of the Spanish version of STAI [32] was chosen. Existing mathematical anxiety scales have not been used with PEPSTs. Other scales consider anxiety as an attitude (not corresponding to the theoretical framework adopted in this research, where we consider anxiety as an emotional state) or measure mathematical anxiety in general, without paying any specific attention to MPS.



The STAI A/E subscale describes how people feel at a particular time. Thus, it can be applied to determine the levels of anxiety by applying experimental procedures involving induced tension or stress (MPS in this case). The A/E score shows the level of transient anxiety of a group that is subjected to behaviour modification. This means that this score can be used to measure the changes that occur in the A/E variable in similar situations, which is a possibility that we exploited in this work in order to evaluate an emotional and cognitive regulation programme in mathematics problem solving. According to the test manual of the instrument, the A/E subscale can be altered to assess the level of intensity “state” in a given situation for a specific time interval of interest to a researcher. Thus, to focus on the reactions of PEPSTs towards MPS, the phrases “when I am solving mathematical problems”, “when I face a mathematical problem”, “when solving a mathematical problem” or “before a mathematical problem” were added to the original sentences, as appropriate.



The scale includes 20 items—10 using a direct qualification and 10 using an inverted one—with a four-point response scale, ranging from nothing (0) to a lot (3). The total score could thus vary between a minimum of 0 and a maximum of 60. The instrument shows a high degree of reliability and validity (with a high Cronbach’s alpha value of 0.92 for the Spanish version).



This scale was administered at the beginning of the programme (pretest), at the end of the programme (posttest) and four months after the last session (retest).




2.2.2. Questionnaire: “What you think, feel and do, before, during and after MPS activities.”


This was a questionnaire that was designed to analyse the behavioural responses towards MPS, together with the impressions evoked by the subjects (PEPSTs) at the different MPS stages: before engaging with the problem, while it was being solved and after having faced it.



It consisted of 3 questions in relation to what the PEPSTs thought (cognitive level), felt (emotional level) and did (motor level) when faced with MPS, which were administered in the three different moments of MPS referred to above. This process was carried out at the beginning of the programme (pretest) and at the end of the program (posttest).



The categories of responses were the cognitive, emotional and motor levels regarding MPS. Each of these categories contained two subcategories, namely, positive and negative.




	(1)

	
Cognitive level—This answered the questions: what do I think, what do I imagine, what do I believe, what ideas do I have and what do I say to myself? This corresponded to aspects related to our beliefs, ideas, mental representations, thoughts, schemes, attributions, expectations, etc. An alteration at the cognitive level interferes with our behavior in general and our performance in particular since it affects basic mental processes, such as perception, attention and concentration. Asking ourselves what we think and what we say to ourselves during MPS activities is a way to identify the manifestation of this level. If our internal dialogue is positive, i.e., if it is aimed at achieving our goal and the objectives that we set ourselves, it facilitates and determines the result and, in addition, it denotes confidence and security. If we tell ourselves that we are going to try to achieve our goals and that we have the resources to do so, success is not guaranteed but it will be easier to attain. If, on the other hand, our “internal dialogue” is negative and is not aimed at solving the situation (“I won’t be able”, “I won’t succeed”, “I have neither the strength nor ability”, etc.), the failure many people experience in MPS will be thus accounted for. Ultimately, self-talk also explains our behaviour and the results we obtain, both successes and failures. Hence, the inclusion of self-instructions in the integrated model is used to incorporate a technique that is widely used to handle internal self-talk, expectations and thoughts.




	(2)

	
Emotional level—This answered the question: how do I feel? This level included the emotional responses that were triggered when evaluating MPS activities. These responses could be positive or negative, for example, insecurity, frustration, hope, optimism, fear, joy, anger and sadness. The program under study aimed to positively modulate these responses with exercises, relaxation and by consciously modifying the meaning given to MPS, positively reevaluating thoughts and beliefs linked to this task through self-instruction.




	(3)

	
Motor level—This answered the question: what do I do? This behavioral level referred to the way we act in MPS, what we do, the relationships we establish with others, etc. It is the most visible sphere of behavior and it manifests itself externally; giving up on the activity, trying to solve the problem, extracting data, rereading the problem, waiting for a colleague to solve the problem, etc., would be indicators of this level. Habits are beneficial for managing this level. In the program under study, it was proposed to use the integrated model of MPS as a habit to train for MPS.











2.3. Procedure


This was an evaluative investigation with a quasi-experimental methodological design with a pretest and posttest, which involved assessing the levels of anxiety of the students and their cognitive, emotional and motor responses after the application of the emotional and cognitive regulation programme in MPS.



The complete investigation was carried out in three cyclic phases in two consecutive years: reality analysis, programme development and evaluation of results. In this way, the evaluation of the first year (pilot experience) served to redesign the programme and develop this cyclical process with the final programme presented here. The three cyclical phases are described below.




	(1)

	
Analysis of reality and planning:




	
Study of the reality under study.



	
Definition of the purpose and objectives of the programme.



	
Planning and sequencing actions.



	
Identification of the intervening subjects.



	
Programme evaluability study.









	(2)

	
Programme and research plan development:




	
Operational definition of the variables.



	
Selection of techniques and instruments for collecting information and data.



	
Collection of information and data.



	
Data analysis.









	(3)

	
Evaluation of results and decision making:




	
Analysis of the results regarding the objectives.



	
Judgment formulation.



	
Report writing.



	
Decision making.















2.4. Emotional and Cognitive Regulation Programme in MPS


The general objective of the programme was to provide future teachers with a didactic tool that would allow them to learn and to “learn to teach” to solve math problems, taking into account cognitive aspects and emotional education aspects.



The specific objectives that were aimed at were the following:




	
To reflect on the attitudes, beliefs and emotions of the participants in relation to MPS.



	
To show and train an integrated model of MPS that integrates cognitive skills related to MPS.



	
To train the use of tools for emotional regulation, specifically anxiety, that originate in MPS processes.



	
To raise awareness about wrong and unfavourable beliefs about MPS and about themselves as learners and problem solvers.



	
To develop positive attitudes towards MPS.



	
To promote and optimise emotional control towards MPS and reduce the level of anxiety that PEPSTs may experience in this mathematical activity.








In the programme (developed in 13 sessions of two hours each), two distinct parts can be distinguished.



The first part was focused on raising awareness and reflecting on one’s conceptions, attitudes, emotions, levels of anxiety, beliefs and generalised expectations of control by the PEPSTs themselves, and on how these aspects influence students’ performance.



Likewise, in this first part, students were instructed in the different techniques for their control and/or modification, as explained above.



In the second part of the programme, the IMMPS is instructed and experienced from the students’ reflections, which integrated both heuristics for the MPS and emotional control techniques. For this, the following activities were carried out:




	1st Session:

	
Presentation of the programme.









Presentation and justification of the programme, evaluation of self-perception as problem solvers, evaluation of knowledge and conceptions about MPS and evaluation of affection towards MPS.




	2nd Session:

	
Conceptions and affections on MPS.









Presentation and discussion of the results of the previous session so that the PEPSTs become aware of their own and common conceptions, beliefs, attitudes and emotions towards MPS. This was about promoting the need to modify different conceptions and affects. In addition, two fora were opened in the Moodle virtual platform: “The affective domain and the MPS” and “The traditional conception about MPS”. We used the fora (asynchronous communication) to make it possible to discuss certain contents and the common questions regarding their doubts and difficulties. This facilitated students’ reflection on their own process of learning by gaining awareness from their own difficulties and those of others. This would mainly consist of multidirectional interactions in which ideas and arguments with respect to a proposed subject were interchanged. The PEPSTs, when they see their difficulties reflected in others, do not feel alone in the learning process, which enhances their motivation and arouses their interest in their progress. People who share a problem will be more willing to talk to each other about the same problem.




	3rd Session:

	
Problem and exercise.









Through examples of diverse mathematical activities, the distinctions between exercise and problem, and therefore between productive and reproductive thinking, and between techniques, strategy learning and learning strategies were reinforced. A Moodle forum, entitled “Exercise and Problem” was thus proposed.




	4th Session:

	
Personal involvement in MPS (I).









Evaluation of anxiety towards MPS and of affection and reactions at the different times during MPS.



In this session the pretest of the questionnaire: “What you think, feel and do, before, during and after MPS” and the State-Trait Anxiety Inventory for Adults (STAI) pretest adapted to MPS were applied.



The PEPSTs were expected to appreciate the impressions and emotions (cognitive and emotional level) that arose before the MPS and how these affects influenced how they acted (motor level).




	5th Session:

	
Personal involvement in MPS (II).









Behaviour and behavioural levels (cognitive, physiological, emotional and motor), levels of stress and anxiety and their manifestations and their relation to performance were explained.




	6th Session:

	
Emotional development strategies.









A presentation and discussion of the results of the previous questionnaire were carried out, together with an analysis of the interventions in the forum. This made PEPSTs aware of the physiological, cognitive, emotional and motor responses that arose before MPS. Next, we implemented training modification techniques and behavioural training: breathing and muscle relaxation [30] for a correct management of physiological responses to MPS and elaboration of personalised self-instructions [31] to manage cognitive and emotional responses to MPS.



Self-instruction consisted of modifying and replacing negative self-dialogues with positive ones. In the first phase of the IMMPS, the self-instructions focused on using emotions as a signal to implement the emotional control techniques and guiding the problem solver through positive comments by preparing them to face the problem (examples: “I already solved this successfully on another occasion”, “there is no reason to worry”). In the second and third phases, strategies to search for solutions and the execution of strategies were presented, respectively, and the self-instructions focused on facing the situation and guiding the process (examples: “I can do it, in fact I am doing it”, “If I make mistakes, it’s normal, I can correct them”).



In the fourth phase, which involved review/control of the solution process, self-instructions were addressed to the solver, where they praised themself for having faced the situation (“I understood or at least I tried”, “I have given myself the opportunity to learn and that’s what matters”).



In the fifth phase, the PEPSTs engaged in appreciating the attitudes, emotions and efforts that were developed during the resolution of the problem. They reflected on the personal progress achieved. The PEPSTs determined whether their attitudes had improved, whether they had handled cognitive–emotional responses, whether they had increased their expectations of success and self-efficacy, etc. Based on this analysis, they set a goal for the following problem.




	7th Session:

	
IMMPS heuristics.









In what follows, we propose some heuristics that can be used in each of the different phases to be implemented in this session.



In the first phase of the IMMPS, which involved the analysis, understanding and familiarisation with the statement (of the problem), some heuristics to be used are reread the statement and mentally imagine the situation; express the statement in other terms or formulate it in other words; produce notation; use graphs and diagrams; select the appropriate material or have a manipulative model; determine the available data (explicit and implicit) and problem conditions; break down the problem into smaller segments; and, if possible, analyse the context and explicit and implicit concepts and processes, exemplify special cases and define the objective of the problem.



In the second phase of the IMMPS, search for resolution strategies. Here, some heuristics are remember and explore similar problems in form, data or conclusions or with fewer variables; find the relationship between the data and the unknown and with the conditions of the problem; simplify (discarding cases, eliminating conditions by imposing conditions on variables); estimate and guess; decompose the problem and state subproblems; starting from particular cases; argue for a contradiction; assume the result and work from it; and relate it to the initial conditions.



In the third phase of the IMMPS, i.e., strategy(ies) execution, some heuristics are record and explain all the steps; highlight intermediate achievements; act with rigour, order and precision; and control the status of execution.



In the fourth phase of the IMMPS, i.e., process solution review/control, some heuristics are review the statement and the objective of the problem, review the process, review the concepts involved and review the solution obtained and its coherence.



In the fifth phase, the suggestions are to assess the attitude towards the problem, meditate on the effort made, determine the progress made in solving this problem relative to others, and indicate a small goal to achieve for the next problem.




	8th Session:

	
IMMPS development with example problems.









Two activities that were not really a problem for the solver were conducted. IMMPS was not essential for their resolution, but a third one, which was a real problem, was solved by applying IMMPS. The difference in the procedures for the resolution of the first two activities and the third one became evident: the resolution of the first two involved a mere application of algorithms and formulae, but to solve the third one, heuristics were necessary. It comprised the implementation of some training in the different techniques that were used for managing emotional, physiological and cognitive responses, as well as heuristics to internalise the IMMPS.




	9th Session:

	
IMMPS development with a specific problem.









Application of the IMMPS in a problem for its internalisation and automation: manage physiological, cognitive and emotional responses that may arise towards the MPS; learn how to define a mathematical problem by capturing its objectives, by developing the ability to describe it and identifying the most relevant information; design, describe and select the possible strategies that lead to the solution of the different mathematical problems that might arise; execute the selected strategy for solving the mathematical problem, while ensuring that the process is orderly and rigorous and controlled at all times; and reflect on the adequacy of the answer given to the given mathematical problem and on the process followed throughout its resolution.




	10th Session:

	
IMMPS development with a concrete problem.









Application of the IMMPS to a problem to achieve its internalisation and automation. Learning is possible only through practice and experience; thus, to improve problem-solving skills, many problems need to be solved [17].




	11th Session:

	
IMMPS activities with elementary students.









In this phase, we worked on specific activities on IMMPS that were to be developed with primary school students; PEPSTs practiced the different stages of IMMPS, working mainly on the understanding and analysis of the problem and the design of strategies. For this, we posed problems in which data were missing, which led to errors, where the answer was given in the statement and whose objective was to elaborate a statement based on data, an algorithm or a specific situation. These were problems that highlighted the need to understand and analyse the statements.




	12th Session:

	
IMMPS autonomous application.









Autonomous resolution of a problem by applying the IMMPS to achieve its internalisation.




	13th Session:

	
Evaluation of anxiety, affection and reactions at the different times of MPS.









In this session, the posttest of the questionnaire “What you think, feel and do, before, during and after the MPS activity” was applied, as well as the adapted posttest of the State-Trait Anxiety Inventory for Adults (STAI).



Four months later, a retest session was conducted using this latest inventory.



Throughout the development of the programme, the Moodle virtual platform (Modular Object-Oriented Dynamic Learning Environment) was used. Through Moodle, the PEPSTs participated in forums and wrote a diary after each session, which enhanced their reflection and made it possible to follow their evolution and feedback regarding both cognitive and affective aspects. This participation facilitated the collection of information for its subsequent analysis.



The mathematical problems that were worked on were varied and presented a certain degree of difficulty for them; they should not be too difficult to encourage them to persevere, but that they should be complex enough to encourage reflection on the resolution process they have experienced. Thus, assuming the indications made by Santos [10], regarding the problems posed in his research, the mathematical problems that were used were designed to be accessible to students, given their previous knowledge. They could be solved in different ways or following new paths. They illustrated important mathematical ideas, did not involve tricks or solutions without explanation and allowed for extension or generalisation to other contexts. Teachers need to select problems with different difficulty levels and gradually propose them to the PEPSTs until their problem-solving skills are sharpened [17].



At all times, we considered the need to experiment and reflect on the experience as the basis for acquiring new knowledge.





3. Results


The results on the effectiveness of the programme are described below.



Regarding the variable anxiety towards MPS, the pretest results revealed that the PEPSTs did not feel calm, comfortable, happy or relaxed before the MPS. Instead, they felt somewhat altered, distressed, restless and tired and, to a lesser extent, oppressed, stunned and overexcited. Before the MPS activity(ies), they also showed concern to an even greater degree. Something similar happened with the possibility of failure, which was found along with other feelings, such as insecurity, tension, contrariety and a lack of satisfaction and self-confidence before the RPM.



On the other hand, in the posttest, i.e., after the programme was applied, the results showed that PEPSTs were calmer, more comfortable, more rested and more relaxed than before the MPS activity and did not experience oppression, attention and overexcitement. In addition, they presented more security and satisfaction and, to a greater degree, self-confidence than before the MPS activity. At the same time, they did not experience, or did so to a small extent, the following feelings: concern about the MPS activity and possible failure in the task, nerves, tension, alteration, restlessness, anguish and disappointment; meanwhile, they did experience joy. Thus, as shown in Table 1, where the pretest and posttest scores are compared, we noticed a decrease in the means of the values referring to these feelings.



In the retest (four months after the end of the intervention programme), the PEPSTs felt somewhat calmer, more rested, more self-confident, happier and better disposed when confronted with MPS activities, and did not experience distress. In addition, they presented some comfort, safety, relaxation and satisfaction. Along with this, they experienced tension, some nerves, restlessness and disappointment. As for the possible failure before the MPS activity, half of the PEPSTs said that they were either “not worried” or “somewhat worried”, in contrast with the other half, who chose “enough” or “much”. At the same time, the following factors did not show, or did so to a small extent: concern about the MPS activity, alteration, oppression, stunned and overexcitement. Hence, there was a slight increase in anxiety relative to the posttest, while still maintaining a considerable decrease in the above-mentioned state of anxiety before the MPS in relation to the pretest (see also Table 1).



Once the assumptions of normality, homogeneity of variance and randomisation were satisfied, a parametric test, namely, Student’s t-test, for related samples was carried out to analyse the mean differences between the pre-test and the posttest, between the pretest and the retest and, finally, between the posttest and the retest.



This analysis showed statistically significant differences in the averages between the pretest and the posttest (t = 3.486, sig. = 0.002, p < 0.01) and between the pretest and the retest (t = 2.190, sig. = 0.038, p < 0.05), while the comparison between posttest and restest did not show statistically significant differences (t = −1.224, sig. = 0.232, p > 0.05). Table 1 below shows the complete data.



It was therefore evident that the PEPSTs showed a lower level of anxiety towards MPS activities after the intervention, a situation that persisted four months afterwards since the average obtained at this time, despite being slightly higher than the corresponding one at the end of the programme, did not show significant differences with it but with the one found prior to the intervention.



This slight decline months after the programme, although not significant, was understood as a normal consequence of the passage of time. However, in this last phase, greater confidence, calm, well-being and joy towards MPS were perceived; while a practical disappearance of anguish was perceived and levels of comfort, safety, restlessness and alteration were maintained relative to the posttest. In contrast, although to a small extent, there was an increase in insecurity, nerves, tension, contrariety, concern about possible failure, concern about MPS, oppression, being dazed and overexcitement, as well as a decrease in the feeling of comfort, rest and relaxation.



Table 2 shows the results obtained at different times for the questionnaire “What you think, feel and do, before, during and after the MPS”.



Observation of the data showed us that the number of positive responses was lower in the pretest in all cases compared to a greater number of this type of response in the posttest. This occurred both in each phase of MPS (before, during, after), and in the final summary of the data, which is presented below.



To compare the statistical significance of the data, we proceeded to calculate Pearson’s chi-square, which allowed us to evaluate the association between the pretest/posttest situation and the number of positive/negative responses. The obtained results are shown in Table 3, Table 4 and Table 5, indicating both the expected and the observed values (count).



The corresponding corrected typified residues are also included. These values, when they were greater than 1.96, indicated higher values than those that should appear in the condition of independence and similarly lower if their value was lower than −1.96.



Regarding the cognitive aspects, the following results were obtained.



As for the number of positive self-dialogues (“I have to read it several times to understand it better” and “I think I should have more patience next time” in the pretest; “I trust that if I follow the steps I will be able to solve it” and “Even if I have it wrong, at least I tried” in the posttest), we observed that their number (57) was lower than expected in the pretest (corrected typified residues = −8.2), while they were higher (118) in the posttest (corrected typified residues = 8.2). The results were just the opposite (96 and 22) in the case of negative self-dialogues (“I will not be able to solve it” and “I have done the problem wrong, I have failed” in the pretest; “I feel a little uneasy because I don’t know if I’m going to know how to do the problem” in the posttest).



An increase in confidence and an attitudinal improvement, which reduced dropouts and effects derived from learned helplessness, was seen in the positive self-dialogues.



Regarding the emotional level, the results were as follows.



As for the number of positive emotions (“I think it’s an easy problem, so I feel relaxed” and “[I feel] well, satisfied, having reached the solution” in the pretest; “I feel calm and relaxed” and “I feel happy to have tried and satisfied” in the posttest) that were expressed by the students, there were 42 in the pretest, which was a lower value than expected (corrected typified residues = −5.8), while there were 87, a higher value than expected in the posttest (corrected typified residues = 5.8). The results were the opposite (114 and 58 in pretest and posttest, respectively) in the case of negative emotions (“[I feel] distressed and nervous” and “I feel overwhelmed, I leave the problem” in the pretest; “I feel insecure but I will try to solve the problem” and “I feel indecisive because I don’t know if I have solved the problem well” in the posttest).



We observed how negative emotions already brought about abandonment and blockages towards MPS and the positive ones lead to greater tranquility, relaxation, security and self-confidence and higher expectations of self-efficacy.



Finally, regarding the motor level, the results were as follows.



As for the number of positive performances (“I start to read carefully and organize the data” and “I reread the data and try to reflect it in formulas” in the pretest; “I will apply the steps of the MPS model” and “I designed some strategies and I will check if they are fine” in the posttest) that were shown by the students, there were 87, which was a lower value than expected in the pretest (corrected typified residues = −6.8), while there were 105, a higher value than expected, in the posttest (corrected typified residues = 6.8). The results (51 and 1, in pretest and posttest) were the opposite in the case of negative expressions (“If I don’t find the solution or the way to solve [the problem] quickly, I think I don’t know how to do it and I leave it unsolved” and “I try to copy and memorize to solve some similar problem” in the pretest).



Regarding the greater number of positive actions before the MPS in the pretest, it should be noted that these actions were limited to the rereading of the problem and the extraction of explicit data; during MPS, they tried to solve the problem but without looking for different resolution paths, focusing only on the application of formulas and algorithms, as well as rereading the problem statement. When they did not find a solution quickly, they immediately gave up. Those EPMs who acknowledged not persevering corresponded mostly to those that, both before and during the RPM, were blocked, left and/or expected the help of their peers, or they copied their solution. Thus, the few who reached the end of the problem due to the high percentage of premature abandonment either reviewed and re-reviewed the mathematical problem and proposed small improvement goals or copied and memorized the resolution of the problems once it was explained by the teacher. There were still cases at this point in the resolution that kept rereading. This showed the lack of applying the heuristics for the first phase of understanding/familiarisation with the problem statement.



However, in the posttest, they did not show negative attitudes of avoidance or abandonment, such as copying or waiting for the explanation, but the vast majority of PEPSTs tried to solve the problem through IMMPS, applying both relaxation and breathing techniques, self-instructions and different heuristics. The participants persisted in solving the problem, acting with greater rigour and attention during the process. After that, they continued to look for different resolution paths or checked or reviewed the resolution process and the result.




4. Discussion and Conclusions


The results found regarding the PEPSTs at the beginning of the programme in relation to anxiety towards MPS coincided with other studies [14,15,33,34,35,36,37,38] in terms of mathematical anxiety in general. It should be noted that the percentage of PEPSTs who presented high levels of anxiety was much higher in the present study. However, these results do not correspond to those carried out with university students, who presented an anxiety level that was lower than the intermediate value of the scale [39].



Students did not develop metacognitive processes, such as generalisation, regulation and process control regarding MPS. They simply reread the statement [11]. The results obtained corroborate what the PEPSTs showed in a previous study [21] in which learning heuristics was beneficial to be successful in MPS, as was the insistence towards mechanising the MPS process and in teaching methods. The emotional regulation and heuristic techniques presented demonstrated that by including them in the learning process and practising certain mathematical problem-solving methods, the students could learn ways of thinking about approaching and solving problems successfully [17].



Through the implementation of the programme, the PEPSTs achieved reflection, awareness, regulation and emotional autonomy. This resulted in an increase in emotional control, reduced negative emotions and levels of anxiety and improved security and self-confidence as problem solvers and expectations of success.



Similarly, blockages regarding MPS decreased and even disappeared, leading to the PEPSTs developing attitudes that were favourable to MPS such that they persevered in the search for different resolution strategies, including manipulative ones, among other positive attitudes.



On the other hand, the subjects under study dissociated themselves from the traditional conception of a mechanical MPS and the use of formulae, which resulted in the modification of their beliefs about MPS, together with the way it is taught and learnt.



Ultimately, we must indicate that there was a positive evolution relative to the initial self-perception of the PEPSTs as mathematical problems solvers and they showed a greater willingness to initiate changes in MPS.



We conclude that the relaxation and breathing techniques, self-instructions and a conscious reflection and modification of beliefs about MPS, originating from negative emotions, were facilitators of emotional regulation in this mathematical task. In addition, the IMMPS itself contributed to emotional regulation since it was not the resolution of problems in itself that led to the development of negative emotions but rather not knowing how to act when faced with this task. It showed that teaching a method for teaching problem solving in mathematics and teaching problem-solving strategies through mathematics can develop complex problem-solving skills [17].



The IMMPS had a positive effect on the development of MPS and fostered not only learning, emotional and cognitive regulation but also life skills [17].



In short, we believe that the programme achieved positive results, corroborating the importance and need to incorporate emotional skills in the profile of competencies to be developed in the training of future teachers.
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Figure 1. Scheme of the integrated model of MPS and emotional control (IMMPS). 
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Table 1. Intragroup comparisons of the anxiety-state variable in MPS in the pretest, posttest and retest phases.
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M

	
DT

	
t

	
Sig. (Bilateral)






	
Pretest–Posttest

	
Pretest

	
32.41

	
10.66

	
3.486

	
0.002 **




	
Posttest

	
24.70

	
12.78




	
Pretest–Retest

	
Pretest

	
32.41

	
10.66

	
2.190

	
0.038 *




	
Retest

	
27.93

	
11.86




	
Posttest–Retest

	
Posttest

	
24.70

	
12.78

	
−1.224

	
0.232




	
Retest

	
27.93

	
11.86








* p < 0.05; ** p < 0.01.
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Table 2. Results of the questionnaire “What you think, what you feel and do…” at different times.
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Before MPS

	
During MPS

	
After MPS

	
Total




	

	
Pretest

	
Posttest

	
Pretest

	
Posttest

	
Pretest

	
Posttest

	
Pretest

	
Posttest






	
Cognitive level

	
Positive self-dialogues

	
24

	
43

	
17

	
36

	
16

	
39

	
57

	
118




	
Negative self-dialogues

	
31

	
5

	
32

	
8

	
33

	
9

	
96

	
22




	
Emotional level

	
Positive emotions

	
12

	
23

	
9

	
28

	
21

	
36

	
42

	
87




	
Negative emotions

	
41

	
25

	
43

	
19

	
30

	
14

	
114

	
58




	
Motor level

	
Positive performances

	
36

	
44

	
35

	
42

	
16

	
19

	
87

	
105




	
Negative performances

	
19

	
0

	
20

	
0

	
12

	
1

	
51

	
1











[image: Table] 





Table 3. Contingency table for cognitive level * pretest/posttest.
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Pretest

	
Posttest

	
Total






	
Cognitive level

	
Positive Self-dialogues

	
Count

	
57

	
118

	
175




	
Expected frequency

	
91.4

	
83.6

	
175.0




	
Corrected residues

	
−8.2

	
8.2

	




	
Negative self-dialogues

	
Count

	
96

	
22

	
118




	
Expected frequency

	
61.6

	
56.4

	
118.0




	
Corrected residues

	
8.2

	
−8.2

	




	
Total

	
Count

	
153

	
140

	
293




	
Expected frequency

	
153.0

	
140.0

	
293.0








* The chi-square value was 67.225 with a sig value of 0.000.
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Table 4. Contingency table for emotional level * pretest/posttest.
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Pretest

	
Posttest

	
Total






	
Emotional level

	
Positive emotions

	
Count

	
42

	
87

	
129




	
Expected frequency

	
66.9

	
62.1

	
129.0




	
Corrected residues

	
−5.8

	
5.8

	




	
Negative emotions

	
Count

	
114

	
58

	
172




	
Expected frequency

	
89.1

	
82.9

	
172.0




	
Corrected residues

	
5.8

	
−5.8

	




	
Total

	
Count

	
156

	
145

	
301




	
Expected frequency

	
156.0

	
145.0

	
301.0








* The Chi-square value is 35.573 with a Sig value: 0.000.
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Table 5. Table of contingency for motor level * pretest/posttest.
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Pretest

	
Posttest

	
Total






	
Motor level

	
Positive performances

	
Count

	
87

	
105

	
192




	
Expected frequency

	
108.6

	
83.4

	
192.0




	
Corrected residues

	
−6.8

	
6.8

	




	
Negative performances

	
Count

	
51

	
1

	
52




	
Expected frequency

	
29.4

	
22.6

	
52.0




	
Corrected residues

	
6.8

	
−6.8

	




	
Total

	
Count

	
138

	
106

	
244




	
Expected frequency

	
138.0

	
106.0

	
244.0








* The chi-square value was 46.365 with a sig value of 0.000.
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