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Abstract 

[Objective] This work aims to adapt and validate a scale that measures the level of self-regulation in 
mathematical problem-solving contexts of teachers in initial training in primary education. [Methodology]
For sample selection, non-probabilistic convenience or incidental sampling was used. A total of 269 first-
year primary education undergraduate degree students at the University of the Basque Country (UPV/EHU) 
in the 2020–2021 academic year participated in the validation process of the adapted scale. The type of 
research conducted is descriptive. Data were analyzed using the SPSS statistical software. [Results] The 
Cronbach’s alpha coefficient value of 0.884 revealed a consistent internal reliability. Likewise, to test the 
factor structure of the scale, an exploratory factor analysis was conducted, obtaining a Kaiser-Meyer-Olkin 
(KMO) index of 0.836 > 0.7 and a p= 0.000<0.05 in the Bartlett test of sphericity. It also indicated a 
seven-factor structure: students’ perceptions of their ability and how these perceptions influence self-
regulation of the resolution process; ethics, problem-solving and personal growth; attitude towards the 
statement; negative self-efficacy beliefs; external causal attribution; problem-solving methods; and the 
social environment. [Conclusions] The latent structure provided by the exploratory factor analysis agrees 
with the classification of items established a priori and allows for the orientation of the confirmatory factor 
analysis that provides continuity to the research.
Keywords: mathematical learning, self-regulation, problem solving, elementary education grade, teacher 
training
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Resumen 

[Objetivo] El objetivo del presente trabajo es adaptar y validar una escala que mida el nivel de 
autorregulación en contextos de resolución de problemas matemáticos del profesorado en formación 
inicial de Educación Primaria. [Metodología] Para la selección de la muestra se ha utilizado un muestreo 
no probabilístico de conveniencia o incidental y han participado en el proceso de validación de la escala 
adaptada 269 estudiantes de primer curso del grado de Educación Primaria de la Universidad del País Vasco 
en el año académico 2020/2021. El tipo de investigación es descriptivo y todos los datos se han analizado 
con el programa SPSS. [Resultados] En relación con la fiabilidad interna, el valor del coeficiente alfa de 
Cronbach es de 0.884. Asimismo, de cara a analizar la estructura factorial de la escala se ha realizado un 
análisis factorial exploratorio, obteniendo un índice KMO de 0.836 > 0.7 y un p= 0.000<0.05 en el test de 
esfericidad de Barlett que ha indicado una estructura de siete factores: percepción que tienen el alumnado 
sobre su capacidad y cómo influye en la autorregulación del proceso de resolución, ética, resolución 
de problemas y crecimiento personal, actitud hacia el enunciado, creencias negativas de autoeficacia y 
la atribución causal externa, métodos de resolución de problemas y entorno social. [Conclusiones] La 
estructura latente aportada por el análisis factorial exploratorio concuerda con la clasificación de ítems 
establecida a priori y permite orientar el análisis factorial confirmatorio que da continuidad a la investigación.
Palabras clave: aprendizaje matemático; autorregulación; resolución de problemas; grado de educación 
primaria; formación del profesorado.
Resumo 

[Objetivo] O objetivo deste trabalho é adaptar e validar uma escala que mede o nível de autorregulação 
em contextos de resolução de problemas matemáticos de professores em formação inicial no Ensino 
Básico. [Metodologia] Para a seleção da amostra, foi utilizada uma amostragem não probabilística de 
conveniência ou incidental e participaram no processo de validação da escola adaptada 269 alunos do 
primeiro ano do curso de Educação Primária da Universidade do País Basco no ano letivo 2020/2021. O 
tipo de pesquisa é descritivo e todos os dados foram analisados com o programa SPSS. [Resultados] Em 
relação à confiabilidade interna, o valor do coeficiente alfa de Cronbach é 0,884. Da mesma forma, para 
analisar a estrutura fatorial da escala, foi realizada uma análise fatorial exploratória, obtendo um índice KMO 
de 0,836 > 0,7 e p= 0,000<0,05 no teste de esfericidade de Bartlett, o que indica uma estrutura de sete 
fatores: percepção dos alunos sobre sua capacidade e como ela influencia a autorregulação do processo de 
resolução, ética, resolução de problemas e crescimento pessoal, atitude em relação ao enunciado, crenças 
negativas de autoeficácia e atribuição causal externa; métodos de resolução de problemas e ambiente 
social. [Conclusões] A estrutura latente proporcionada pela análise fatorial exploratória concorda com 
a classificação dos itens estabelecida a priori e permite orientar a análise fatorial confirmatória que dá 
continuidade à pesquisa.
Palavras-chave: aprendizagem matemática; autorregulação; resolução de problemas; ano de ensino 
fundamental; formação de professores.
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Introduction

Mathematical learning plays a funda-
mental role in the integral development of 
students at all ages and educational levels, as 
it provides them with the necessary tools to 
develop critical thinking and creativity and, 
in this way, solve problems in everyday life. 
The United Nations Educational, Scientific 
and Cultural Organization (UNESCO, 2016) 
recognizes the importance of mathematical 
competence, and its promotion is included as 
part of Sustainable Development Goal 4.4, 
whose purpose is to ensure that students ac-
quire knowledge and skills in mathematics, 
which implies ensuring inclusive and quality 
education for everybody.

In this context, initial and continuous 
training for the development of mathemati-
cal competence in teachers is essential, since 
they are responsible for both transmitting 
knowledge and strengthening students’ abil-
ity to raise questions, explore different prob-
lem-solving strategies, analyze errors, and 
justify their ideas (García, 2019; Muñoz-Fer-
nandez et al., 2019; Schoenfeld, 2018; 
Lachapell, 2017; Alguacil et al., 2016).

However, despite the presence, impor-
tance, and need for mathematics in all areas 
of life, research such as TEDS-M (2012) 
(Teacher Education and Development 
Study in Mathematics) shows, in the case 
of Spain, overall scores below the OECD 
(Organization for Economic Cooperation 
and Development) average in mathematical 
and mathematical pedagogical knowledge 
by teachers in initial training (INEE, 2013). 
More recent studies support this finding and 
provide further evidence that the mathemat-
ical and mathematical pedagogical knowl-
edge of preservice teachers remain an area 
of concern (Segarra and Julià, 2021; Nortes 

and Nortes, 2018). The lack of teacher train-
ing in mathematics is one of the factors that 
would explain, in turn, the low results ob-
tained in international assessments, such 
as PISA (2018) (Program for International 
Student Assessment) and TIMSS (2019) 
(Trends in International Mathematics and 
Science Study), of student performance in 
mathematics; these results are also below 
the international average (Gutiérrez-Guti-
érrez, et al., 2016; Döhrmann, Kaiser and 
Blömeke, 2014). The improvement of teach-
er education in mathematics must integrate 
the positive development of mathematical 
knowledge with aspects of the affective do-
main. Thus, in TEDS-M (2012), an increase 
in mathematical knowledge reduces the be-
lief that this discipline is reduced to a set of 
rules. In this sense, the study by Marbán et 
al. (2021) highlights the fact that a greater 
mastery of mathematical concepts in initial 
teacher training reduces anxiety and strength-
ens the positive self-concept of mathematics.

In this context, several investigations 
in mathematics education point to a set of 
underlying factors (motivational, affective, 
and cognitive) that affect academic perfor-
mance. Thus, there are negative attitudes 
and beliefs toward mathematics—particu-
larly toward problem-solving—as well as 
emotions and feelings that translate into 
anxiety, insecurity, frustration and distress 
(Zamora, 2020; Chen and Lo, 2019; Lutten-
berger, Wimmer and Paechter, 2018; Nortes 
Martínez-Artero and Nortes Checa, 2017; 
Araya and Moreira-Mora, 2016; Caballero, 
Cárdenas and Gordillo, 2016; Boaler, 2016)

These factors that influence mathe-
matics teaching and learning are also trans-
mitted through instruction (Karunakaran, 
2020; Mizala et al., 2015; Sakiz, Pape y 
Hoy, 2012). In this sense, sociocognitive 
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theories point out that a key element for stu-
dents’ academic success is their capacity to 
self-regulate their own learning (White and 
DiBenedetto, 2018; Dignath and Büttner, 
2018; Hadwin, et al., 2018; Bembenutty 
et al., 2015; Panadero and Alonso-Tapia, 
2014; Zimmerman, 2013; Zimmerman and 
Kitsantas, 2014; Zimmerman and Moylan, 
2009). Similarly, motivational variables re-
lated to the self-regulation of learning are 
increasingly highlighted in the literature, 
thus consolidating themselves as crucial 
topics for academic success (Nájera et al., 
2020; Suárez et al., 2018).

At this point, it should be noted that, 
although very consistent work has estab-
lished self-regulation as a potential predic-
tor of academic performance in mathematics 
(Harding et al., 2019; Cleary et al., 2017), 
studies on self-regulation in mathematical 
problem-solving contexts remain scarce.

From this perspective and following 
the literature review carried out in this field, 
the need to construct a scale that measures 
the level of self-regulation in mathematical 
problem-solving contexts has been identi-
fied. The Likert scale, designed by Fernán-
dez-Gago and Marbán (2022) for secondary 
school students, is taken as a starting point. 
After the scale was adapted and validated 
for university students, it was able to fill the 
gap detected.

Theoretical Framework

Self-Regulated Learning

There are several theories on self-reg-
ulation of learning that contribute to the 
understanding of this construct and the 
promotion of its development (Panadero 
and Alonso-Tapia, 2014). However, some 
of these theories (operant, phenomenolog-
ical, information processing, volitional and 

Vygotskian) focus only on the preconditions 
or processes necessary to achieve self-regu-
lation but do not delve into how self-regu-
lation is acquired as an internal process or 
how it manifests itself in the strategies em-
ployed. These theories therefore offer only 
a partial perspective of self-regulation. In a 
complementary manner, the sociocognitive 
theory and the constructivist theory address 
both the cognitive and social aspects of 
self-regulation, providing a more compre-
hensive understanding of the process.

It is important to recognize that no sin-
gle theory can fully explain the acquisition 
of self-regulation. However, by combining 
different theoretical approaches, a compre-
hensive framework can be constructed that 
encompasses both the internal and contex-
tual aspects of self-regulated learning.

In this context, the present study is 
conceptualized from a sociocognitive per-
spective. This approach is fundamental to 
understanding how students regulate their 
own learning and achieve better academic 
results (Schunk and Usher, 2018). From this 
perspective, the self-regulation model pro-
posed by Zimmerman (2002) is one of the 
most widely used models in research and 
guides the development of the present work. 
The work also uses Boekarts’ model for in-
tegrating important aspects related to affec-
tivity and specific domains, both crucial in 
the learning of mathematics and, in particu-
lar, in mathematical problem-solving.

Zimmerman’s model approaches 
self-regulated learning in several phases, 
dimensions and levels. This model has 
three phases: (1) a forethought phase, which 
consists of the activation of motivational 
processes and beliefs and involves task 
analysis, planning, and setting learning ob-
jectives and goals; (2) a performance phase, 
which involves the performance of the task 
through personal control and observation 
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strategies that lead the student to complete 
the planning; and (3) a self-reflection phase, 
which involves the student’s judgment of 
their performance. These phases (Figure 1) 
are reproduced in a cyclical way and affect 
each other (Zimmerman, 2002).

Figure 1 
Phase Model and Associated Processes of 
Self-Regulated Learning
Note. Adapted from Zimmerman and Moylan (2009).

Another relevant aspect of Zimmer-
man’s model is its dimensions (motives, 
methods, time, behavior, the physical en-
vironment, and the social environment). 
These refer to what needs to be regulated in 
learning. Within each dimension, there are 
key processes that allow acting on the prop-
er dimension and changing it, which is es-
sential to achieve successful learning. Thus, 
we have motives directing students toward 
the goals they wish to achieve, with two 
important aspects in this dimension being 
goals and self-efficacy. The method dimen-
sion refers to how self-regulated learning 
occurs. Here, the key processes are the strat-
egies and routines that each student uses to 
learn effectively. In the time dimension, the 
self-regulated learner chooses when and 
for how long to engage in a specific task. 
Time management is a key process in this 

dimension. The behavior dimension refers 
to the outcomes or levels of competence 
that the learner wishes to achieve. The key 
self-regulatory processes in this dimension 
include self-observation, self-judgment, 
and self-reaction.

In addition to these dimensions, Zim-
merman also takes into account the physical 
and social environments. The first refers to 
how the physical environment is structured 
to facilitate self-regulated learning, while 
the second focuses on the interactions and 
relationships with others that influence the 
learning process.

Finally, the levels represent a progres-
sion in the development of self-regulation, 
from relying on external models to achiev-
ing the ability to regulate independently and 
adaptively. As the students progress through 
these levels, they become more competent 
and autonomous in their learning. In the first 
level, observation, students observe a mod-
el that shows them how to perform the task 
or activity. In the second level, emulation, 
students try to emulate what the model has 
done in the task, following the steps or strat-
egies of the model in a similar way, and try 
to replicate it. At the third level, self-mon-
itoring, the learners begin to have greater 
control over their own performance; they 
acquire skills and strategies to monitor and 
regulate their own learning process. They 
can evaluate their progress, identify errors, 
and make adjustments in their approach to 
study. At the fourth and final level, self-reg-
ulation, students can act autonomously and 
adapt to different learning contexts (Panade-
ro and Alonso-Tapia, 2014).

Boekaerts’ model (1997), which com-
plements the model described above in our 
study, states that one of the objectives of 
self-regulated learning is to redirect the path 
of well-being toward the path of learning. 
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This idea serves as the basis for the cons-
truction of a new dimension, ethics, propo-
sed by Marbán and Fernández-Gago (2022).

Mathematical Problem-Solving and 
Self-Regulated Learning

Within the field of mathematics, 
studies point to the capacity for self-regu-
lation and certain motivational variables 
that affect it as a key element for student 
success in this subject. The study by Cleary 
and Chen (2009) in particular, examines the 
level of mathematics achievement together 
with differences in self-regulation and mo-
tivation in a sample of 880 students at an 
intermediate level of education. One of the 
most important results of this study is that 
the self-regulation and motivation profile 
was more maladaptive as the educational 
level increased. In addition, interest in the 
task was shown to be the main predictor of 
the use of regulation strategies by students 
during the learning process.

In this line, Throndsen (2011) con-
ducted a study with the aim of examining 
the relationships between mathematical 
skills and the use of metacognitive strat-
egies and motivational beliefs in prima-
ry school students of different levels. The 
analyses showed that good performance in 
mathematics was related not only to the use 
of strategies, but also to metacognitive com-
petence, and attributions of success to effort 
and highly perceived self-efficacy.

Similarly, and in relation to motiva-
tional beliefs, issues such as self-efficacy, 
outcome expectations, interest and goals 
are closely related to achievement in mathe-
matics (Segarra et al., 2021; Zamora, 2020; 
Usher and Pajares, 2008).

Current models of self-regulation also 
stress the importance of both motivational 
and emotional processes (Tzohar-Rozen 

and Kramarski, 2017; Efklides, 2011). In 
addition, the study conducted by Schoen-
feld (1992) plays an important role, as it fo-
cusses on the students’ resources and meta-
cognitive strategies, as well as their beliefs 
and affects towards this type of task.

Zimmerman’s model (2002) also 
takes into consideration the students’ be-
liefs. Likewise, this model handles phases 
that clearly overlap with the classic phases 
of problem-solving proposed by Polya 
(1990). These phases are as follows: (1) Un-
derstanding phase: in this phase, the student 
faces the problem and tries to understand it 
in depth. (2) Designing a plan: in this sec-
ond phase, the student establishes specific 
goals, selects resolution strategies and de-
velops an action plan to address the prob-
lem. (3) Carrying out the plan: in this phase, 
the students implement the previously de-
signed action plan, apply the strategies, and 
perform the necessary calculations or steps 
to solve the problem. (4) Review process: 
once the learner finds a solution, they evalu-
ate its validity and accuracy.

The parallelism identified between 
Zimmerman’s and Polya’s models shows 
the relevance of the phases in the process of 
self-regulated learning and problem-solv-
ing, providing a comprehensive framework 
for the present study (Callan, 2014, p.36).

In summary, a greater capacity for 
self-regulation enables students to solve ma-
thematical problems effectively, thus provi-
ding them with tools for an improved un-
derstanding of problems they have, for the 
selection and use of appropriate strategies, 
and for the choice of high-quality objectives, 
the appropriate management of time and of 
the eventual imponderables that may occur 
during the task. Adequate self-regulation 
contributes to increased emotional control 
during the process of solving mathematical 
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problems (Zimmerman, 2002; Zimmerman 
and Kitsantas, 2014).

Materials and methods

In view of the points discussed so far, 
it is essential to have tools that can ascer-
tain and, in particular, measure the level of 
student self-regulation in mathematical pro-
blem-solving contexts. Taking this need as 
a starting point and referencing the instru-
ment constructed by Fernández-Gago and 
Marbán (2022) (aimed at secondary school 
students), this study aims to adapt and vali-
date this instrument for university students.

Design

The paradigm of this research is pos-
tpositivist, and the type of research conduc-
ted is descriptive. In this phase, the study 
aims to describe the educational situation 
of interest in this work as it presents itself 
in its natural context, without experimen-
tal manipulation, maintaining an objective 
and systematic approach in the collection 

and analysis of the data, but recognizing 
that a complete and definitive understan-
ding of reality cannot be achieved. Thus, 
the approach of the present study, which is 
quantitative in nature, involves the applica-
tion of an instrument, in the form of a Li-
kert-type scale, which makes it possible to 
determine, in terms of different variables, 
the level of self-regulation of primary edu-
cation teachers in initial training.

Sampling

For the selection of the sample, 
non-probabilistic convenience or incidental 
sampling was used since the students who 
participated in the study were selected for 
their accessibility and suitability for the study.

A total of 269 preservice teachers 
from the three campuses of the University 
of the Basque Country (UPV/EHU) enro-
lled in the first year of the Degree in Pri-
mary Education in the 2020–2021 academic 
year participated in the validation process 
of the adapted scale. The characteristics of 
the selected sample are detailed in Table 1.

Table 1 
Sample Data From the 2020–2021 Academic Year

Academic year
2020/21

Variables n = 269 %

Gender Identity
 Women 200 74%
 Men 63 23%
 Non-binary 4 1%

DK/NO (don´t know/no opinion) 2 1%

High School Modality 
Social Sciences 138 51%
Science and Technology 122 45%

 Arts 4 1%
 Others 5 2%

Note: derived from research.
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According to data provided by the Ed-
ucabase for the 2020–2021 period, 68% of 
enrollments in teacher education programs, 
such as the Bachelor’s Degree in Elemen-
tary Education (GEP), correspond to wom-
en. As shown in Table 1, the disproportion 
in the gender identity variable reflects this 
common trend in education-related pro-
grams in which the presence of women is 
greater than that of men.

In relation to previous studies (see 
Table 1), the trend of a greater number of 
students coming from social sciences mo-
dality than from the science and technolo-
gy modality has been maintained over time 
(Asensio et al., 2022).

Each student voluntarily answered 
the online questionnaire. To this end, a let-
ter of agreement was given to the students 
to inform them about the objective and pro-
cedure of the study, as well as to guarantee 
the privacy and confidentiality of the partic-
ipants’ data. The questionnaire took approx-
imately 15 minutes to complete.

Finally, this present project has been 
authorized by the Ethics Committee for 
research involving human subjects, their 
samples, and data (CEISH-UPV/EHU) with 
code M10_2021_087.

Instrument

The instrument used in this study is 
based on the scale relating to self-regulation 
of learning in mathematical problem-solving 
contexts constructed by Marbán and Fer-
nández-Gago (2022). The original question-
naire consists of 45 items that are answered 
on a 5-point Likert scale, each depending 
on the degree of agreement. The original 
validation process was carried out with high 
school students. However, it is important to 
note that the current scale has been adapted 
specifically for university students.

Procedure

To ensure the relevance and valid-
ity of the scale adapted to the university 
setting, it is important to consider the par-
ticularities and characteristics specific to 
this context. University students face more 
complex academic challenges and cognitive 
demands than high school students do. In 
particular, in the process of solving math-
ematical problems, they are expected to 
employ more sophisticated self-regulation 
strategies than high school students do, to 
have a greater ability to set goals, to plan 
their studies more autonomously, to have 
better control of time management, and to 
self-reflect on their own learning. This re-
quires carrying out an additional validation 
process with samples of university students, 
making adjustments in the classification 
of items, examining the internal structure, 
evaluating internal consistency, and carry-
ing out content and face validity analyses.

The stages followed in the process 
of adaptation and validation of the scale 
are listed below: (1) content validation, (2) 
translation validation, (3) face validity, (4) 
internal reliability, and (5) analysis of the 
factor structure of the scale (exploratory 
factor analysis).

First, on the basis of the initial scale 
constructed by Marbán and Fernández-Ga-
go (2022), which was subjected to expert 
judgment, the classification of the items by 
these two authors is evaluated not only in 
terms of the three components of Zimmer-
man’s model (dimension, phases and levels) 
but also in terms of Polya’s phases. In addi-
tion, in the original validation process, the 
questionnaire was studied in the context of 
secondary school students, whereas the cur-
rent scale is aimed at university students; it 
is clear that this difference should be taken 
into account.
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From this perspective, the content 
validity by experts who know the charac-
teristics of this study sample and its socio-
cultural context implies the modification of 
some items. In some cases, this is due to its 
semantic complexity, of which an example 
is Item 28, “I am not able to play devil’s 
advocate to see if each step I take is cor-
rect,” which was replaced by “I am capable 
of being critical of myself, questioning the 
steps of my solution.” In other cases, it is 
due to their ambiguity, of which an example 
is Item 29, “I am able to write the solution 
with the corrected steps,” which was re-
placed by “I am able to sequence, describe, 
and correct the steps performed to reach the 
solution.” It should be noted that this item, 
for secondary school students, is broken 
down into two items: “I am able to order the 
steps that lead me to the solution of a prob-
lem and describe them” and “I am able to 
see how each step of my solution builds on 
the previous step”. For this reason, the ques-
tionnaire for university students consists of 
one fewer item than the one for secondary 
school students. At the end of this process 
of evaluation and item modification, the 
questionnaire adapted to university students 
consisted of 44 items.

In this study and in relation to the 
sample, i.e., students of the primary edu-
cation undergraduate degree at the Univer-
sity of the Basque Country (UPV/EHU), it 
is important to consider their sociocultural 
context: this is a bilingual population, with 
Basque being the main language of instruc-
tion in their educational environment. Con-
sequently, the validation process for the 
translation of the adapted scale into Basque 
has been carried out. The process of validat-
ing the translation of the questionnaire into 
Basque is essential to ensure that students 
understand the items correctly and can 

respond appropriately, which contributes to 
obtaining valid and reliable data in the spe-
cific context of the study.

To guarantee the quality of the trans-
lation and language equivalence, two stages 
were followed: (1) Forward or direct trans-
lation: in this phase, the items of the orig-
inal scale in Spanish were translated into 
the new language (Basque) by an expert in 
mathematics education, and this translation 
was triangulated by a group of bilingual ex-
perts in the area, who evaluated the equiv-
alence and comprehension of the items in 
Basque and suggested the necessary modifi-
cations in order to adapt them appropriately. 
(2) Reverse translation: in this second stage,
the questionnaire translated into Basque
was sent to another translation group com-
posed of people who are fluent in Basque
and Spanish and whose mother language is
Basque. This group performed reverse trans-
lation, that is, they translated the question-
naire from Basque into Spanish, generating
a new version in the original language. This
new version in Spanish was compared with
the original version of the questionnaire to
evaluate equivalence and detect possible
differences or discrepancies.

These two phases ensured that the 
items of the questionnaire translated into 
Basque maintained their equivalence with 
the original version in Spanish, and that they 
were understandable for the students who 
would answer the questionnaire in Basque.

Finally, face validity was checked 
to refine the wording and comprehension 
of the items. For this purpose, the adapted 
and translated questionnaire was piloted 
with a sample of 52 students (48 women, 
4 men) in the third year of the degree in 
early childhood education at the Universi-
ty of the Basque Country. This sample had 
characteristics similar to those of the target 
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population, i.e., students of the Faculty of 
Education of Bilbao whose knowledge of 
problem-solving was at the preuniversity 
level. The students’ regarding potential-
ly problematic items were collected, and 
modifications were made to gradually out-
line the final questionnaire. For example, 
Item 40, “I don’t feel bad if I don’t solve 
the problem”—which generated certain 
comprehension problems—was replaced by 
“When I do not manage to solve a problem, 
I feel bad,” thus avoiding a double negative. 
In relation to this question, it was consid-
ered important to maintain negative items to 
detect and avoid acquiescence, among other 
things.

Finally, the self-regulation question-
naire (translated and adapted) consisted of 
44 items (see Annex 1), organized in a Li-
kert scale format of 7 response levels where 
1 = never or almost never; 2 = approxima-
tely one in ten times; 3 = approximately one 
in three or four times; 4 = approximately 
50% of the time; 5 = approximately two in 
three times; 6 = between eight and nine ti-
mes in ten and 7 = always or almost always. 
The 7-point Likert scale is an update of 
the 5-point scale used by Marbán and Fer-
nández-Gago (2022). The inclusion of two 
additional items in the 7-point Likert scale 
provided students with a greater range to 
express subtleties in their responses, avoi-
ding the tendency to choose intermediate 
or neutral answers. With broader options, 
more precise and differentiated levels of 
agreement or disagreement could be captu-
red, providing greater richness in the infor-
mation collected (Formplus, 2021).

Results

Internal Reliability

The data analysis was conducted with 
the statistical program SPSS, version 28.0 
for Windows. With respect to the reliabil-
ity of the instrument, in terms of internal 
consistency, a value of 0.778 was obtained 
for the Cronbach’s alpha coefficient of the 
total scale, a value commonly considered 
good by the scientific community in similar 
contexts. On the other hand, to analyze the 
factorial structure of the scale, an explor-
atory factor analysis (EFA) was performed 
This analysis is supported by a KMO index 
of 0.836 > 0.7 and a p-value of 0.000<0.05 
in the Bartlett sphericity test, which is sta-
tistically significant (Landa, Berciano and 
Marbán, 2021).

As shown in Table 2, 3 items presen-
ted values lower than 0.1 in the corrected 
discrimination index, i.e., they were items 
that do not contribute significantly to the 
mediation of the construct of interest. These 
items were therefore progressively elimina-
ted to improve the quality and accuracy of 
the questionnaire.

Item deletion is a common practice in 
scale validation, but it must be performed 
with great care and take other aspects into 
account, such as internal consistency and 
representativeness of the construct being 
measured. The process consists of deleting 
one item at a time and recalculating for each 
deletion the corrected discrimination value 
for the remaining items.

One of the criteria for considering the 
elimination of these items to be appropriate 
is that, after the process (see Annex 2), se-
veral of the remaining items either impro-
ve their correlation values, including those 
formulated negatively, or maintain values 
within the established criteria, which are all 
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Table 2 
Total Element Statistics

Total Item-total 
correlation

Cronbach’s alpha 
if Item removed

Item1  .275  .869
Item2  .393  .868
Item3  .009  .876
Item4  .468  .866
Item5  .637  .863
Item6  .273  .869
Item7  .068  .873
Item8  .414  .867
Item9  .508  .865
Item10  .355  .868
Item11  .370  .868
Item12  .392  .867
Item13  .341  .868
Item14  .543  .865
Item15  .203  .870
Item16  .174  .871
Item17  .530  .865
Item18  .182  .871
Item19  .486  .866
Item20  .430  .867
Item21  .349  .868
Item22  .571  .864
Item23  .601  .864
Item24  .335  .868
Item25  .542  .865
Item26  .336  .868
Item27  .267  .870
Item28  .304  .869
Item29  .440  .867
Item30  .619  .864
Item31  .358  .868
Item32  .605  .864
Item33  .446  .866
Item34  .162  .872
Item35  .483  .866
Item36  .197  .870
Item37  .115  .873
Item38  .108  .872
Item39  .237  .871
Item40 - .021  .876
Item41 .460  .866
Item42 .394  .867
Item43 .502  .865
Item44 .234  .870

Note: derived from research.

greater than 0.1. Another condition is that, 
although 4 items still do not meet the correc-
ted item-total correlation criterion (<0.2), 
all 4 show improvement after the elimina-
tion process. In addition, the reliability re-
sults are consistent, with a Cronbach’s alpha 
value (α = 0.884) that hardly varies with the 
elimination of one item or another, thus su-
ggesting keeping them as they are. The last 
piece of evidence is that they also improve 
the Cronbach’s α = 0.884, previously α = 
0.778 and the Kaiser-Meyer-Olkin (KMO) 
value from 0.836 to 0.846. For all these re-
asons, the elimination of items (3, 7, 40) is 
justified and the total number of items of the 
adapted questionnaire stands at 41.

Exploratory Factor Analysis

To assess construct validity, an explor-
atory factor analysis (EFA) was performed 
on the initial sample of 269 students using 
the 41 final items of the scale. The analysis 
employed the principal axis factor extraction 
method and subsequent varimax rotation.

A preliminary analysis revealed a re-
sulting dimensional structure composed of 
twelve factors (see Annex 3) that together 
explained 61.76% of the variance. Among 
these factors, five were unidimensional, 
that is, they consisted of a single item each. 
Analysis of these items showed that they 
had loadings on other factors. Consequent-
ly, and in accordance with the six factors of 
the original questionnaire, the number of 
factors was reduced to seven (see Table 3). 
A seventh factor, composed of items formu-
lated in the negative, was not present in the 
secondary school questionnaire.

https://dx.doi.org/10.15359/ru.38-1.34
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=


Josune Landa, Ainhoa Berciano, José M. Marbán

DOI: https://dx.doi.org/10.15359/ru.38-1.34
E-ISSN: 2215-3470

CC: BY-NC-ND

U
N

IC
IEN

C
IA

 Vol. 38, N
°. 1, pp. 1-26. January-D

ecem
ber, 2024 • 

 w
w

w.revistas.una.ac.cr/uniciencia • 
 revistauniciencia@

una.cr

630

Table 3 
Factor Weights for the Exploratory Factor Analysis 
With Varimax Rotation of the Self-Regulation Scale 
in Mathematical Problem-Solving Contexts With 7 

Factors
Scale F1 F2 F3 F4 F5 F6 F7
Factor 1
 Item30 .631
 Item31 .573
 Item33 .567
 Item22 .491
 Item32 .468
 Item26 .459
 Item23 .432
Factor 2
 Item2 .683
 Item4 .573
 Item5 .432
 Item14 .402
 Item1 .315
 Item24 .285
Factor 3
 Item41 .589
 Item42 .566
 Item43 .483
 Item39 .471
 Item35 .259
Factor 4
 Item13 .619
 Item10 .567
 Item11 .552
 Item12 .482
 Item8 .286
 Item17 .261
 Item9 .259
 Item6 .211
Factor 5
 Item18 .533
 Item44 .528
 Item27 .484
 Item34 .459
 Item38 .396
 Item16 .375
 Item37 .274
Factor 6
 Item21 .588
 Item20 .551
 Item19 .513
 Item29 .299
 Item25 .309
Factor 7
 Item28 .697
 Item15 .584
 Item36 .422

Note: derived from research.

The factors were then inter-
preted and described in terms of 
factor loadings, explained varianc-
es, and the content of the items in-
cluded in each factor.

Factor 1: Students’ Per-
ceptions of Their Ability and 
How This Influences Self-Regu-
lation of the Resolution Process. 
The 7 items comprising this factor 
were located in the phases of prob-
lem-solving: carry out the plan 
and review the process. Most of 
them had to do with the behavioral 
dimension, although the motive di-
mension also played a role. In rela-
tion to the phases, both the during 
and the after phases predominat-
ed, while the level tended to be 
self-control or self-regulation.

The presence of the expres-
sion “I am able to” in several items 
indicates that self-efficacy is being 
assessed, that is, the students’ be-
lief in their ability to successful-
ly carry out the problem-solving 
process.

On the other hand, items 
related to the behavioral dimen-
sion, such as Item 22, “At all 
times I know what I am doing in 
a problem, what I am doing it for, 
and how what I am doing serves 
me in the solution,” focused on 
self-judgment, which is one of the 
key processes of Zimmerman’s 
(2002) self-reflection phase. These 
items explore how students per-
ceive themselves during the prob-
lem-solving process, how they en-
gage in challenges, and how they 
evaluate their own performance 
and progress.
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For all of the above, a characterization 
of this factor can be the students’ perception 
of their ability and how this influences the 
self-regulation of the mathematical prob-
lem-solving process. This factor explains 
22% of the variance, i.e., it has a notable 
influence on the self-regulation of the par-
ticipants’ learning.

Factor 2: Ethics. This factor was 
composed of 6 items, 4 of which belonged to 
the comprehension problem-solving phase 
and 2 to carry out the plan. Regarding the 
dimensions, most of the items corresponded 
not only to behavior, but also to time. The 
phases were before and during. The levels 
were emulation or self-control.

Analyzing this factor, a common ex-
pression in Items 2, 4 and 5 was found: 
“Try … although” (I try to do something, 
even if it is difficult to understand; I try to 
solve, even if it causes me insecurity; I try 
to understand, even if I have doubts...); this 
refers to the personal quest to overcome 
difficulties.

The items corresponding to the time 
dimension refer to the idea of perseverance 
and patience. Item 14 states, “I dedicate 
time,” while Item 24 says, “I persist in car-
rying out my plan or idea, even if I am not 
sure if it is right,” both explicitly refer to the 
concept of persistence. In the same way, al-
though in the opposite direction, Item 1 was 
also found in this factor: “I give up reading 
a problem as soon as its statement is longer 
than 5 lines”.

Therefore, this factor can be associat-
ed with ethics, understood as the responsi-
bility with which each student consciously 
and fully accepts the task of solving the 
problem, pursuing objectives with persever-
ance, patience, and using their own resourc-
es (Marbán and Fernández-Gago, 2022).

Factor 3: Problem-Solving and Per-
sonal Growth. The 5 items comprising this 
factor did not belong to any problem-solving 
phase, i.e., their content was not directly re-
lated to specific stages of problem-solving. 
This finding suggests that this factor might 
be more associated with broader dimensions 
or aspects of self-regulated learning, such as 
motivation, perseverance, positive attitudes 
toward challenges, and commitment to per-
sonal growth. All the items belonged to the 
motives dimension. The phases were before 
and during. The level, in turn, was self-con-
trol or self-regulation.

A clear example of this factor is Item 
43, “I think it is important that a problem is 
difficult to improve my training and to grow 
as a person”, which relates to the dimension 
of motivation and the perception of chal-
lenge. The item indicates that students value 
difficult problems as opportunities for learn-
ing and personal growth, showing a positive 
attitude toward challenges. Therefore, this 
factor can be characterized as problem-solv-
ing and personal growth.

Factor 4: Attitude Toward the 
Statement. Factor 4 comprised 8 items, of 
which 7 belonged to the problem-solving 
phase of comprehension. Regarding the di-
mension, most of them pertained to behav-
ior, although some were classified under 
method or motive. The predominant phase 
was during, but also after, and one item was 
even classified under the before phase. The 
most repeated level was self-regulation, al-
though self-control was also very present.

This factor can be characterized or la-
beled as attitude toward the statement. This 
characterization is exemplified by the fact 
that the term “statement” was common in 
all the items. Thus, Item 11, “If I have not 
managed to understand a statement, I try to 
look for the causes so that the same thing 

https://dx.doi.org/10.15359/ru.38-1.34
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=


Josune Landa, Ainhoa Berciano, José M. Marbán

DOI: https://dx.doi.org/10.15359/ru.38-1.34
E-ISSN: 2215-3470

CC: BY-NC-ND

U
N

IC
IEN

C
IA

 Vol. 38, N
°. 1, pp. 1-26. January-D

ecem
ber, 2024 • 

 w
w

w.revistas.una.ac.cr/uniciencia • 
 revistauniciencia@

una.cr

632

does not happen to me the next time,” deals 
with the students’ management of their own 
behavior, derived from their attitude toward 
the statement: a positive attitude toward the 
statement entails proactive behavior in the 
problem-solving process.

Factor 5: Negative Self-Efficacy 
Beliefs and External Causal Attribu-
tion. Self-Efficacy Beliefs and Negative 
Self-Judgment. This factor was composed 
of 7 negatively formulated items. The most 
repeated problem-solving phase was make 
a plan, while it should be noted that 4 items 
did not belong to any problem-solving. In 
relation to the dimensions, items within the 
problem-solving phases related to behav-
ior, while those outside the problem-solv-
ing phases were associated with ethics. 
The most repeated phases were before and 
during. In reference to the level, most of 
them belonged to observation, the lowest 
level of self-regulation.

On the one hand, some items were 
characterized by the common expression 
“I am not capable”. An example of this 
is Item 16: “If I have a fixed idea of how 
to solve the problem I am not capable of 
changing it.”; Believing oneself incapable 
of changing ideas or approaching challeng-
es in a flexible way may lead to a lack of 
confidence and avoidance of seeking new 
strategies or approaches.

On the other hand, there were items 
referring to the non-assumption of respon-
sibility in the problem-solving task, at-
tributing the cause of success or failure to 
external agents, which is evident in Item 
38: “The main person responsible for the 
success of the problem is the teacher.” In 
this statement, success or failure in prob-
lem-solving is attributed to factors such 
as luck or the teacher’s help, which may 

diminish the feeling of control over learning 
and decrease intrinsic motivation.

Factor 6: Problem-Solving Meth-
od. This was composed of 5 items, most 
of which belonged to the problem-solving 
phase of make a plan, although one item 
was placed in carry out the plan and another 
in review the process. The predominant di-
mension was method. All items belonged to 
the during phase and the predominant level 
was emulation or self-control.

Analyzing the classification of the 
items, this factor alludes to the method used 
by the student to solve the problem, i.e., it 
refers to how the student acts and what type 
of strategies and processes they use to car-
ry out the task. From this perspective, this 
factor includes Item 25, “I check my pro-
visional conclusions (conjectures) or results 
to see if they are coherent or if the condi-
tions of the statement are met.” This factor 
is therefore characterized as Problem-solv-
ing method.

Factor 7: Social Environment. This 
factor was composed of 3 items. One item 
belongs to the problem-solving phase of un-
derstanding, another to carry out the plan 
and the third did not belong to any prob-
lem-solving phase. The dimension was the 
social environment, the predominant phase 
was after, and the level of all the items ws 
self-regulation.

An example of this is Item 15 “If I do 
not understand a statement, I am able to ask 
for help to understand it”, in which it is ob-
served how students ask for help to avoid 
blockages or overcome difficulties during 
the activity.

Seeking or asking for help is an ex-
cellent indicator of self-regulation; precise-
ly, underachieving students are reluctant to 
ask for help because they do not know what, 

https://dx.doi.org/10.15359/ru.38-1.34
https://creativecommons.org/licenses/by-nc-nd/3.0/deed.en
mailto:https://www.revistas.una.ac.cr/index.php/uniciencia?subject=
mailto:revistauniciencia%40una.cr?subject=


Josune Landa, Ainhoa Berciano, José M. Marbán

DOI: https://dx.doi.org/10.15359/ru.38-1.34
E-ISSN: 2215-3470

CC: BY-NC-ND

U
N

IC
IEN

C
IA

 Vol. 38, N
°. 1, pp. 1-26. January-D

ecem
ber, 2024 • 

 w
w

w.revistas.una.ac.cr/uniciencia • 
 revistauniciencia@

una.cr

633

when, and how to ask, or whom to ask, and 
they are afraid of appearing incompetent.

In summary, these factors point to 
fundamental aspects of self-regulation and 
the problem-solving process, such as be-
liefs and attitudes, methods used, and the 
social environment.

Self-regulation levels. In relation to 
the levels of Zimmerman’s model, factor 
analysis also facilitated a comparison with 
certain aspects of the problem-solving pha-
ses. Thus, the items defined at the highest 
level of self-regulation were grouped into 
factors 1, 3, 4 and 7, i.e., students who rea-
ched this level were characterized by a posi-
tive attitude toward the statement, personal 
growth, positive self-judgment and the abi-
lity to ask for help from the environment. At 
the next level of self-regulation, self-con-
trol, students began to have some control 
over their own learning process, acquiring 
skills for evaluating their progress and de-
tecting errors, among others. These aspects 
were reflected in factors 1, 2 and 4, althou-
gh less predominantly. Factor 2, ethics, 
showed the highest concentration of items 
related to the self-regulation level. In this 
factor, the students assumed responsibility 
for the task consciously and fully. The level 
of emulation related mainly to factor 6, me-
thod, which refers to the strategies that stu-
dents use in problem-solving, such as loo-
king for examples or previous models that 
can serve as a reference to solve a problem. 
At the emulation level, students sought to 
imitate previous successful approaches to 
problem-solving. From this perspective, 
the emulation level is part of this factor 6. 
Finally, the lowest level of self-regulation, 
observation, related to factor 5, since all 
the items defined at this level fell into this 
factor, which refers to negative self-efficacy 
beliefs and external causal attribution, i.e., 

students at this level are characterized by 
a lack of responsibility and self-regulation 
skills to solve problems (see Annex 4).

Discussion

The results obtained in the validation 
process of the adapted instrument show that 
it meets the established criteria in terms of 
internal consistency and factorial structure. 
In fact, the existence of the factors, which 
are theorized and constructed from the lit-
erature, is supported by exploratory factor 
analysis.

Thus, in factor 1, self-efficacy and 
self-judgment appear together, two core 
aspects of self-regulation of learning (Zim-
merman, 2002). Both constructs influence 
how students face mathematical problems, 
how they become involved in solving them 
and how they evaluate their own perfor-
mance (Usher and Pajares, 2008). This fac-
tor shows that the two constructs, self-effi-
cacy, and self-judgment, are closely related 
and complement each other in the process 
of solving mathematical problems. Factor 
2, characterized as ethics, is a new dimen-
sion of self-regulation of learning in prob-
lem-solving contexts defined by Marbán 
and Fernandez-Gago (2022). The inclusion 
of this dimension, described and justified 
in the theoretical framework, seems to be 
relevant, as it provides a new perspective 
on student responsibility and engagement 
in mathematical problem-solving. Factor 
3, personal growth, is related to the motive 
dimension, in relation to goal orientation, 
a dimension that appears in Zimermman’s 
(2002) model. Factor 4, attitude toward the 
statement, relates to behavior, a character-
istic dimension of self-regulated learning. 
The theoretical framework already points to 
attitude as a factor influencing mathematics 
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performance (Luttenberger, Wimmer and 
Paechter, 2018). It should be noted that 
factor 5, self-efficacy beliefs and nega-
tive self-judgment, is related to factor 1 in 
terms of self-efficacy and self-judgment but 
differs in the negative formulation of the 
items. Both factors 6 and 7, characterized 
as method and social environment, respec-
tively, are dimensions of self-regulation in 
Zimmerman’s (2002) model (see Annex 5).

In short, the latent structure identified 
by the EFA accords with the item classifica-
tion established from the theoretical frame-
work used. Each identified factor has a clear 
relationship with key aspects of self-reg-
ulated learning, such as attitudes toward 
statements, self-efficacy beliefs, methods 
used and the social environment. These fac-
tors provide valuable information on how 
students self-regulate in mathematical prob-
lem-solving and can help to understand bet-
ter the processes involved in this task.

However, the items also classified by 
phases (before, during and after) are not al-
ways grouped explicitly in the scale. This 
may be because students, when answering 
the questionnaire, do not clearly distinguish 
between the different phases or moments in 
the problem-solving process according to 
Polya’s approach. Pintrich (2004) and oth-
er studies, such as those by Núñez, Amie-
iro, Álvarez, García, and Dobarro (2015), 
have highlighted the difficulty of separating 
some of the phases and the lack of hierarchy 
or linearity in their structure.

In this context, it is worthwhile to stop 
and examine, even in a cursory manner, 
how the phases of the classical models of 
mathematical problem-solving intertwine 
with the processes of self-regulation. These 
phases of problem-solving according to Po-
lya overlap with the phases of Zimmerman’s 
model, which include the self-reflection 

phase (understanding the task and evalu-
ating beliefs and motivation), the planning 
phase (setting goals and strategies), the exe-
cution phase (implementing strategies) and 
the subsequent self-reflection phase (evalu-
ating performance and making adjustments) 
(see Annex 6).

Originally, the instrument by Marbán 
and Fernández-Gago was aimed at second-
ary school students; the adaptation described 
in this article was aimed at university stu-
dents. Some factors in the two versions of 
the instrument are very similar. In terms of 
differences, the most noteworthy one is that 
Marbán and Fernández-Gago’s instrument 
required the elimination of negatively word-
ed items. One explanation given by these au-
thors in this respect involves the possibility 
that these items may provoke a defensive 
attitude in adolescent students, i.e., that they 
may feel judged and avoid becoming too 
involved in their responses. However, this 
elimination of items was not necessary for 
university students, as these items constitut-
ed factor 5: negative self-efficacy beliefs and 
external causal attribution. Hypothesizing 
that the reason for this difference between 
the target populations could have to do with 
a higher level of self-regulation of university 
students with respect to high school students 
would contradict some of the evidence col-
lected, such as the findings of the study by 
Cleary and Chen (2009), which point in the 
opposite direction.

In summary, and as noted in the 
theoretical framework, the construct of 
self-regulation of learning is complex and 
multidimensional (Zimmerman and Kit-
santas, 2014). In the instrument adapted 
and validated for university students in ma-
thematical problem-solving contexts, 7 di-
mensions have been identified and characte-
rized. These dimensions are intertwined and 
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interrelated, with the boundaries between 
them sometimes being quite blurred. Thus, 
a negative self-efficacy belief can influence 
the attitude toward the statement (Araya and 
Moreira-Mora, 2016) and, in turn, affect the 
way in which the action plan is proposed, 
and the resolution is carried out.

Conclusions

The results of the exploratory factor 
analysis address the gap detected in the the-
oretical framework, especially in its more 
operational version, and suggest that the 
adapted and validated scale is a useful tool 
for measuring the level of self-regulation 
among university students in problem-solv-
ing contexts. This will enable more precise 
and relevant information on the self-regula-
tion skills and strategies of students at this 
educational level. Likewise, the results pro-
vide guidance for the confirmatory factor 
analysis (CFA) that allow for the continua-
tion of the research.

Although this scale has satisfactory 
psychometric properties, it should be not-
ed that, in its current state, it is not with-
out limitations. Thus, considering the rela-
tive novelty of the instrument and the fact 
that self-regulation is a complex and mul-
tidimensional construct, there may be lim-
itations related to conceptual issues con-
cerning the validity of the item bank and 
its initial selection. On the other hand, the 
variables in this study should not be consid-
ered the only conceivable possibilities; new 
variables can be contemplated and taken 
into consideration, without detriment to the 
validity of the present study, which contrib-
utes to broadening the perspectives for ex-
plaining the complex world of self-regula-
tion in future mathematics teachers.

This study indicates that self-regu-
lation is a construct that differentiates stu-
dents, i.e., it suggests the existence of differ-
ent self-regulation profiles in relation to the 
resolution of mathematical problems that 
characterize students at the primary educa-
tion undergraduate degree. Therefore, for 
future research, identifying these profiles 
and designing specific interventions aimed 
at improving them would be interesting.

In short, this research opens new 
opportunities for understanding and promo-
ting self-regulation in mathematical lear-
ning and, in particular, in mathematical pro-
blem-solving contexts. This is fundamental 
for the achievement of sustainable develo-
pment goals and the promotion of quality 
education.
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