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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.

problem solving emotional development anxiety preservice teacher education

mathematics education

| 1. Introduction

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 &. 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 BIAIBIEIZIBICNL0 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 (111, 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 1213l js 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,
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in MPS. It was found that primary education preservice teachers (PEPSTSs) usually have a medium level of anxiety

towards mathematics 241151,

According to Hill et al. 28 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
un,

Despite the considerable number of research articles on the subject [28 and the proven effectiveness of emotional
education in the social, emotional and total self-concept 12, as well as in mathematics learning and problem

solving [29, 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 22123l Other research showed the influence of teachers’ affections on those of students

and their achievements [24123],

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, herein 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 [28127] hased on emotional education models [291(281[29],
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integrated model of MPS and emotional control (IMMPS).

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) B2 and cognitive techniques

(self-instructions) 311,

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. Efficacy of an Emotional and Cognitive Regulation
Programme for Mathematics Problems Solving

The results found regarding the PEPSTs at the beginning of the programme in relation to anxiety towards MPS
coincided with other studies [241[13][32][33][34][351[36][37] i, 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 28],

Students did not develop metacognitive processes, such as generalisation, regulation and process control

regarding MPS. They simply reread the statement 1. The results obtained corroborate what the PEPSTs showed
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in a previous study 21l 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, 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.

It is concluded 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 21,

The IMMPS had a positive effect on the development of MPS and fostered not only learning, emotional and

cognitive regulation but also life skills 7,

In short, 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.

References

1. Céardenas, J.A.; Blanco, L.J. La Resolucién de Problemas de Matematicas como contenido en el
curriculo de Primaria. In La Resolucidon de Problemas de Matemaéticas en la Formacion Inicial de

https://encyclopedia.pub/entry/15905 4/7



Mathematics Problems Solving | Encyclopedia.pub

10.

11.

12.

13.

14.

Profesores de Primaria; Blanco, L.J., Cardenas, J.A., Caballero, A., Eds.; Universiddad de
Extremadura: Caceres, Spain, 2015; pp. 23-38.

. Arcavi, A.; Friedlander, A. Curriculum developers and problem solving: The case of Israel

elementary school projects. ZDM Math. Educ. 2007, 39, 355-364.

. Caballero, A.; Guerrero, E.; Blanco, L.J. Construccion y administracion de un instrumento para la

evaluacion de los afectos hacia las matematicas. Campo Abierto 2014, 33, 47-71.

. Garofalo, J. Beliefs, responses and mathematics education: Observations from the back of the

classroom. Sch. Sci. Math. 1989, 89, 451-455.

. Blanco, L.J. Concepciones y creencias sobre la resolucion de problemas de estudiantes para

profesores y nuevas propuestas curriculares. Quadrante 1997, 6, 45-65.

. Gil, N. Creencias, Actitudes y Emociones en el Aprendizaje Matematico. Memoria de

Investigacion Para la Obtencidn del DEA; Departamento de Psicologia y Sociologia de la
Educacion, Universidad de Extremadura: Badajoz, Spain, 2003.

. Cércoles, A.C.; Valls, J. Debates virtuales y concepciones de estudiantes para profesores sobre

resolucion de problemas. ZETETIKE 2006, 14, 7-28.

. B4ez, A. El Autoconcepto Matemético y las Creencias del Alumnado: Su Relacién con el Logro de

Aprendizaje, un Estudio Exploratorio, Descriptivo e Interpretativo en la ESO. Ph.D. Thesis,
Universidad de Oviedo, Facultad de Filosofia y Letras, Oviedo, Spain, 2007.

. Harskamp, E.; Suhre, C. Schoenfeld’s problem solving theory in a student controlled learning

environment. Comput. Educ. 2007, 49, 822—-839.

Santos, M. La Resolucion de Problemas Matematicos: Avances y Perspectivas en la construccion
de una agenda de investigacion y practica. Investig. Educ. Matematica 2008, 12, 157-187.

Sanchez-Barbero, B.; Chamoso, J.M.; Vicente, S.; Rosales, J. Analysis of Teacher-Student
Interaction in the Joint Solving of Non-Routine Problems in Primary Education Classrooms.
Sustainability 2020, 12, 428.

Schoenfeld, A.H. Problem solving in the United States, 1970-2008: Research and theory, practice
and politics. ZDM Int. J. Math. Educ. 2007, 39, 537-551.

Pino, J.; Blanco, L.J. Andlisis de los problemas de los libros de texto de Matematicas para
alumnos de 12 a 14 afos de edad de Espafia y de Chile en relacion con los contenidos de
proporcionalidad. Publicaciones 2008, 38, 63—88.

Nortes, R.; Nortes, A. Ansiedad, motivacion y confianza hacia las Matematicas en futuros
maestros de Primaria. NUmeros 2017, 95, 77-92.

https://encyclopedia.pub/entry/15905 5/7



Mathematics Problems Solving | Encyclopedia.pub

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.
28.

29.

Segarra, Y.R.; Pérez-Tyteca, P. Nivel de ansiedad hacia las Matematicas de futuros maestros de
Educacién Primaria. In Investigacion en Docencia Universitaria. Disefiando el Futuro a Partir de
la Innovacion Educative; Roig-Vila, R., Ed.; Octaedro: Barcelona, Spain, 2017; pp. 442-451.

Hill, F.; Mammarella, I.C.; Devine, A.; Caviola, S.; Passolunghi, M.C.; Szucs, D. Maths anxiety in
primary and secondary school students: Gender differences, developmental changes and anxiety
specificity. Learn. Individ. Differ. 2016, 48, 45-53.

Szabo, Z.K.; Kértesi, P.; Guncaga, J.; Szabo, D.; Neag, R. Examples of Problem-Solving
Strategies in Mathematics Education Supporting the Sustainability of 21st-Century Skills.
Sustainability 2020, 12, 10113.

Palacios, A.; Arias, V.; Arias, B. Las actitudes hacia las mateméaticas: Construccion y validacion
de un instrumento para su medida. Rev. Psicodidactica 2014, 19, 67-91.

Coelho, V.; Sousa, V.; Figueira, A.P. The impact of a school-based social and emotional learning
program on the self-concept of middle school students. Rev. Psicodidact. 2014, 19, 347-365.

Bisquerra, R.; Pérez, N. Las competencias emocionales. Educ. XXI 2007, 10, 61-82.

Giné, C.; Deulofeu, J. Conocimientos y Creencias en torno a la Resolucion de Problemas de
Profesores y Estudiantes de Profesor de Matematicas. Bolem Bol. Educ. Matemat. 2014, 28,
191-208.

Hoffman, B.; Spatariu, A. The influence of self-efficacy and metacognitive prompting on math
problem-solving efficiency. Contemp. Educ. Psychol. 2008, 33, 875-893.

Martinez, M.; Valiente, C. Affective and motivational self-regulation, resolution of problems and
performance in the area of mathematics in Primary Education. Educ. Siglo XXI 2019, 37, 33-54.

Carpenter, T.; Fennema, E. Cognitively guided instruction: Building on the knowledge of students
and teachers. Int. J. Res. Educ. 1992, 17, 457-470.

Palomera, R.; Fernandez-Berrocal, P.; Brackett, M. La inteligencia emocional como una
competencia necesaria en la formacion inicial del profesorado: Algunas evidencias. In Psicologia
y Educacion: Un Lugar de Encuentro, Proceedings of the V Congreso Internacional de Psicologia
y Educacion: Los Retos del Future, Oviedo, Espafia, 23—-25 April 2008; Gonzalez-Pienda, J.A.,
Nufiez, J.C., Eds.; Ediciones de la Universidad de Oviedo: Oviedo, Spain, 2008; p. 135.

Polya, G. Como Plantear y Resolver Problemas; Trillas: México, Mexico, 1985.
Schoenfeld, A.H. Mathematical Problem Solving; Academic Press: New York, NY, USA, 1985.

Mayer, J.D.; Salovey, P. Emotional Development and Emotional Intelligence: Implications for
Educators; Basic Books: New York, NY, USA, 1997.

Gross, J.J. The future’s so bright, | gotta wear shades. Emot. Rev. 2010, 2, 212-216.

https://encyclopedia.pub/entry/15905 6/7



Mathematics Problems Solving | Encyclopedia.pub

30.

31.

32.

33.

34.

35.

36.
37.

38.

Jacobson, E. Relajacion Progresiva; Prensa de la Universidad de Chicago: Chicago, CA, USA,
1938.

Meichenbaum, D. Manual de Inoculacion de Estrés; Martinez Roca: Barcelona, Spain, 1987.

Sanchez, J.; Segovia, I.; Mifian, A. Exploracion de la ansiedad hacia las matematicas en los
futuros maestros de Educacion Primaria. Profesorado. Rev. Curriculum Form. Profr. 2011, 15,
297-312.

Bekdemir, M. The pre-service teachers’ mathematics anxiety relate to deth of negative
experiences in mathematics classroom whil they were students. Educ. Stud. Math. 2010, 75,
311-328.

Bursal, M.; Paznokas, L. Mathematics anxiety and pre-service elementary teachers’ confidence to
teach mathematics and science. Sch. Sci. Math. 2006, 106, 173-179.

Hembree, R. The nature, effects, and relief of mathematics anxiety. J. Res. Math. Educ. 1990, 21,
33-46.

Jackson, E. Mathematics anxiety in student teachers. Pract. Res. High. Educ. 2008, 2, 36-42.

Rayner, V.; Pitsolantis, N.; Osana, H. Mathematics anxiety in preservice teachers: Its relationship
to their conceptual and procedural knowledge of fractions. Math. Educ. Res. J. 2009, 21, 60-85.

Pérez-Tyteca, P.; Castro, E.; Rico, L.; Castro, E. Ansiedad matematica, género y ramas de
conocimiento en alumnos universitarios. Ensefi. Cienc. 2011, 29, 237-250.

Retrieved from https://encyclopedia.pub/entry/history/show/37785

https://encyclopedia.pub/entry/15905 717



