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Abstract: The importance of motivation in mathematics education is expressed in the large number
of studies related to the teaching and learning process. Improving students’ motivation in the
mathematics classroom is a fundamental issue for teachers, investigators, and policymakers, due
to its relevance in the students’ behavior and academic success. The Academic Motivation Scale
is a highly applied tool to evaluate students’ motivation based on Self-Determination Theory. In
Portugal, there is a lack in the analysis of the different domains of mathematics motivation defined
by Self-Determination Theory, for students attending basic education. Additionally, there is no
comprehensive instrument that allows that evaluation. Adapting the Academic Motivation Scale,
the purpose of this study is to assess the mathematics motivation of Portuguese students who
attend the third cycle of basic education. In addition, it is intended to analyze the properties of this
new instrument using a sample of 349 Portuguese students aged between 12 and 17. Exploratory
and confirmatory factor analysis indicated a very good validity and reliability of this measuring
instrument of mathematics students’ motivation. The results of this work allow the development of
educational policies that promote strategies to increase students’ motivation in mathematics.

Keywords: mathematics motivation; academic motivation scale; exploratory factor analysis; confir-
matory factor analysis

1. Introduction

Recently, an extensive multidisciplinary empirical literature has assessed the fac-
tors that influence students’ achievement, including studies in Economics of Education
(e.g., [1–4]), as well in other social sciences (e.g., [5–9]).

This research provides evidence that student achievement depends on a whole range
of factors that can be grouped into three categories: family characteristics, school character-
istics, and the student himself. The students’ characteristics and their families are the main
factors influencing student achievement gains, as expected [3]. Furthermore, this research
suggests that among school-related factors, namely the teacher’s characteristics and class
size, appear to matter for student’s performance [4].

Additionally, the literature has demonstrated the predictive importance of numerous
unobservable characteristics, namely at the motivational level (e.g., [8–11]). Pintrich [10]
puts forward that assessing motivation could address fundamental questions, such as why
students distinguish themselves in their capacity to develop cognitive and knowledge
resources that are essential for academic progress. In the same line, Barkoukis et al. [12]
argue that the lack of academic motivation has been pointed to be a key predictor of
negative academic achievements.

In their studies, the Academic Motivation Scale (AMS) has proven to be very effective
in measuring students’ motivation. Thus, it is a potential instrument that could be modified
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to measure motivation in mathematics subject comprehensively and according to Self-
Determination Theory (SDT).

Lack of academic motivation has been reported to be a cause for negative outcomes
in education. Although motivation is correlated with the academic success of students,
according to the literature there is a gap in terms of robust instruments for the construct of
motivation in relation to mathematics education [13]. Additionally, researchers argue that
educational investigation have given insufficient attention to the construct of mathematics
motivation [14].

The failure of the mathematics subject has been seriously discussed in Portugal, since
it is one of the subjects in the school curriculum, in which students have the worst academic
results. Several factors have been pointed out for this failure, namely the students’ lack of
motivation to study the discipline.

This disinvestment in the subject of mathematics can be motivated by the sequential
and interconnected character of the different mathematical themes, which requires greater
motivation and monitoring by students, compared to other subjects in their school curriculum.

This investigation aims to modify an existing theory-based instrument (AMS) tool—
Mathematics Academic Motivation Scale (MATAMS)—as a measure of seven types of
students’ motivation toward mathematics. Thus, the aim of this study is to validate
MATAMS, relative to Portuguese students who attend the third cycle of basic education.
Validation of this scale applied to mathematics will help to produce a new instrument that
can be used to measure students’ motivation in this area of knowledge, evaluating their
current status, and providing guidelines to promote their improvement.

2. Literature Review

Academic motivation is a key concept in the teaching–learning process. Pintrich [10]
states that motivation is the most important factor affecting the academic success or failure
of an individual in the learning process. As such, motivation is a concept that is important
for both teachers and students in perceiving the reason for success or failure in education.

Academic motivation affects students’ performance (e.g., [5,9,11,15–19]), but it is also
related to dropping out of school (e.g., [11,20–22]) and anxiety (e.g., [23,24]). In this context,
the need for valid instruments that measure motivation in different areas of knowledge
arose in the literature.

The AMS has been widely used to measure motivation in student populations and,
based upon results, various methods have been posited to improve motivation in students.
It relies on the Self-Determination Theory of human motivation, which proposes that
motivation is intrinsic, extrinsic, or amotivated, and allows to assign values to these
different types of motivation.

Consequently, the AMS was adapted and validated with various samples in several
cultural contexts, namely, United States (e.g., [25–33]), Canada (e.g., [34–38]), Hungary
e.g., [39], Greece (e.g., [12]); England (e.g., [40]), France (e.g., [39,41]), Spain (e.g., [42,43]),
Turkey (e.g., [44–47]), Italy (e.g., [11,21]), Argentina (e.g., [48]), Singapore (e.g., [13,49]),
China (e.g., [50]), Bulgaria (e.g., [51]), and Poland (e.g., [52]), among others.

In this context, the AMS has been adapted and validated in different areas of knowledge,
namely, business (e.g., [28,29,33]), psychology (e.g., [26]), physical education (e.g., [40,52]),
dentistry (e.g., [53]), human anatomy and physiology (e.g., [30,31,54]), physics and nutrition
(e.g., [31]), tourism and recreation (e.g., [52]), chemistry (e.g., [32]), biology (e.g., [46]),
mathematics (e.g., [13,51]), among others. This variety of studies provides an indication
that the AMS is a motivarion tool that can be adapted to the different field of knowledge.

Note that in most studies on academic motivation are focused on college students and,
moreover, they do not focus on a specific area of knowledge. In the literature, there are
studies that use samples of students who attend elementary and high school, but in the
same line as the previous ones, they only assess students’ motivation to attend school and
do not assess students’ motivation for a specific academic subject.
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Studies evaluating academic motivation for a specific area of knowledge are scarce.
Table 1 presents the main studies on the application of AMS in elementary and secondary
school by subject area:

Table 1. Main studies on the application of AMS in elementary and secondary school by subject area.

Article Country Sample Cronbach’s Alpha CFA Subject

Ntoumanis [40] England 428 >0.6 GFI: 0.940 Physical
Education

Aydin et al. [46] Turkey 472 >0.7 GFI: 0.88 Biology

Lim and Chapman [13] Singapore 1610 >0.8 GFI: 0.890 Mathematics
Source: Created by the authors.

In Portugal, there have been some studies on the academic students’ motivation [55–61].
In these studies different levels of education are examined. Most of them use samples that
include higher education students [57–59,61], however Lemos and Veríssimo [56] is focused
on students attending elementary school, and Ferreira et al. [55] and Imaginario et al. [57]
are focused on students attending high school.

Note that the focus of these studies is on the assessment of students’ motivation in
different ways. Lemos and Veríssimo [56] evaluate Intrinsic Motivation (IM) and Extrinsic
Motivation (EM), as two independent ways of motivation or, alternatively, as two opposite
extremes of a continuum varying between the poor (extrinsic) and good (intrinsic) forms
of motivation. Other authors analyze the psychometric properties of the AMS, which may
be supported on the hypothesis of the Rating Scale Model (RSM) [59] or based on the Self-
Determination Theory [57,58,61]. Additionally, Ferreira et al. [55] developed a version of
the instrument adapted from the “The Psychological Sense of School Membership (PSSM)
Scale” and Gomes et al. [60] explored the psychometric properties of a Portuguese version
of Academic Self-Regulation Questionnaire (SRQ-A) in the domain of mathematics with
elementary school children.

Thus, in Portuguese literature, in principle, there is only one study in which a subject
is considered. In Silva et al. [58], based on the Self-Determination Theory, on accounting
and marketing college undergraduates, AMS has been adapted and validated.

In summary, in Portugal, preoccupation with academic motivation has been present in
the educational policymakers minds, mainly with regard to basic and secondary education
and, particularly, in the mathematics subject. Because of this lack in Portuguese literature
on the assessment of mathematics motivation of the students who attend the third cycle of
basic education, this study improves the existing literature, since the purpose is to build a
new tool that can be used to measure student’s motivation in mathematics.

2.1. Brief Overview of Self-Determination Theory (SDT)

Self-Determination Theory (SDT) was developed in 1981 by Richard M. Ryan and
Edward L. Deci, and it is described as an empirically based theory of human motiva-
tion, development, and wellness. The authors observed the individual’s motivation and
personality, focusing on innate psychological needs and the impact of social factors on
motivation, affection, behavior, and well-being. SDT has been extensively tested and
implemented in several areas of knowledge, namely education, sports, parenting, health,
and well-being [62].

According to SDT, motivation is the force that moves the person to interact in a certain
environment. Thus, in an educational context, the authors claim that students develop
their skills better when they experience pleasure and personal satisfaction resulting from
their choices [62–65]. It considers that motivation is a multidimensional concept, whereby
different forms of motivation based on distinct reasons and purposes are distinguished
and which give rise to an action. This can be expressed by a continuum of increasing self-
determination with three key positions (see Figure 1). These positions express the degree
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of autonomy on which behaviors are based: Amotivation (AMOT), Extrinsic Motivation
(EMOT), and Intrinsic Motivation (IMOT) [34,62,64–66].

Figure 1. Self-determination continuum (adapted from Deci and Ryan [67] and Vallerand et al. [34]).

Amotivation (AMOT) is positioned on the left end of the self-determination continuum
and it is characterized by the individual’s lack of will or motivation (intrinsic or extrinsic)
to get involved in a certain assignment. It alludes to the condition in which the individual
typically has no desire to pursue an assignment due to their feelings of incompetence
and/or incapability of valuing the assignment or its consequences. It is often associated
with decisions related to the abandonment of the activity [62,68].

Extrinsic Motivation (EMOT) lies in the midpoint of the self-determination continuum
and it is characterized by the individual’s desire to engage in an activity for a separable
outcome, therefore, the pursued goal is the main driving force of behavior [63–65,67]. In
this context, Deci et al. [63] and Ryan and Deci [64] exemplify that a student who does
his homework just because he fears his parents’ sanctions is extrinsically motivated, since
he is doing the homework with the aim of achieving the separable outcome of avoiding
sanctions. Similarly, a student who does the activity because he personally believes it is
valuable for his chosen career is also extrinsically motivated, since he too does it for its
instrumental value rather than because he considers it interesting. The authors point out
that both cases have a purpose; however, in the latter case, it involves personal endorsement
and a sense of choice, while the first one involves mere compliance with external control.
Both represent intentional behavior, but the two types of extrinsic motivation vary in their
relative autonomy [63,64].

In this sense, SDT proposes that Extrinsic Motivation can vary considerably in the
degree of autonomy and establishes that extrinsic motivation is divided into four subtypes
of progressive levels of self-determination: External Regulation (EMER), Introjected Regu-
lation (EMIN), Identified Regulation (EMID), and Integrated Regulation (EMIR) [63,64].
External regulation (EMER) refers to behaviors that are imposed by others and are con-
ducted to avoid punishments or to gain rewards. This is the less autonomous type of
motivation and is regulated by external conditionals, namely, encouragements provided
by teachers and/or peers throughout the teaching–learning process. Introjected Regulation
(EMIN) occurs when individuals interiorize the motives for their behaviors and enforce
their own rewards or restrictions. Therefore, individuals act mainly out of obligation or
pressure, rather than of their own free will, to prevent feelings of anxiousness or blame, or
to gain pride or recognition, i.e., this form of behavior is not considered self-determined.
For instance, students may behave because they feel under pressure from others and not
from the fact that they choose or want to do it. Identified Regulation (EMID) constitutes a
form of extrinsic motivation that is more self-determined than the previous ones. In this
case, the individual chooses the activities for extrinsic reasons, because involvement in
the activity is linked not by pleasure but by instrumental values and goals, which can be
valued by the individual. In case, it is possible that there is this kind of regulation, when
students identify with a given school activity and embrace it voluntarily, adjusting their
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conduct appropriately. So, the student does it willingly, for personal reasons, rather than
external pressure. Finally, Integrated Regulation (EMIR) is the most autonomous type of
extrinsic motivation. It is related to behaviors in which the individual performs the activity
due to the importance it assumes in the achievement of personal goals. Although this
form of regulation represents a form of self-determined behavior, it is still an extrinsically
motivated behavior, because it is carried out in order to achieve personal goals and not by
an inherent resource in the activity. In this context, student’s behavior, when performing a
given activity, it is perceived as being personally valuable for achieving the objectives that
have been established by the students themselves, in an almost autonomous way [62–65].

On the far right-hand end of the self-determination continuum is Intrinsic Motivation
(IMOT). Intrinsic Motivation is a prototype of self-determined activity. It is referring to an
innate desire to perform an activity that yields feelings of satisfaction and accomplishment
to the individual. For instance, the child who reads a book for the inherent pleasure of
doing so is intrinsically motivated for that activity. Although Intrinsic Motivation has a
relationship with integrated regulation, as both are forms of autonomous regulation. They
are distinctive, since Intrinsic Motivation is characterized by the interest in the activity
itself, while Integrated Regulation is characterized by the fact that the activity is important,
in personal terms, to achieve a certain goal [63,64]. Ryan and Deci [64] point out that in
schools, high-quality learning and creativity are usually the results of intrinsic motivation,
thus, the facilitation of more self-determined learning requires an enabling environment.

2.2. Academic Motivation Scale (AMS)

The Academic Motivation Scale (AMS) is based on the Self-Determination Theory described
in the previous section. The first version of the scale was developed by Vallerand et al. [69], in
French, called Échelle de Motivation Éducation (EME) and, later on, it was translated into
English giving rise to AMS [34].

AMS is an integrative theoretical approach for the multidimensional measurement
of motivation within SDT [12]. It is an instrument to measure academic motivation and
comprises 28 items distributed in seven subscales that answer to the dimensions estab-
lished in SDT. Note that, Ryan and Deci [64,65] established Intrinsic Motivation (IMOT)
as a global construct, while Vallerand et al. [34] further categorized this dimension into
three unordered subtypes: Intrinsic Motivation To Know (IMTK), Intrinsic Motivation To
Accomplish (IMTA), and Intrinsic Motivation To Stimulate (IMTS) (see Figure 1). Intrinsic
Motivation To Know (IMTK) refers to behaviors in which the activity is carried out for
the pleasure of learning, exploring, or trying to comprehend something new. Intrinsic
Motivation To Accomplish (IMTA) occurs when the individual gets involved in carrying
out the activity because he feels pleasure and satisfaction when one attempts to accomplish
or create something. Lastly, Intrinsic Motivation To Stimulate (IMTS) measures the desire
to be involved in an activity, that is both challenging and stimulating [34].

Therefore, the 28 items of the scale are distributed over the different main dimensions
as follows: 4 for AMOT, 12 for EMOT, and 12 for IMOT. Each item is measured on a seven-
point scale, with answer choices varying from “Does not correspond to all” to “Corresponds
exactly”. A common question to all items is: “Why do you go to college?” [34]. The subtype
dimension—Integrated Regulation (EMIR)—is excluded from the AMS, since, according to
the literature, it appears later in adult life [48].

It is assumed that the answers to the AMS must follow a simplex pattern: stronger
positive correlations are expected between adjacent scales, as compared to subscales that
are farther apart in the self-determination continuum. On the other hand, the strongest
negative correlation is expected between the Amotivation subscales and the three types of
Intrinsic Motivation [25,34,35,45].

As previously mentioned, the psychometric properties of the AMS have been exten-
sively examined in several countries in which this scale was developed
(e.g., [11–13,25,26,29,35,36,48,50]). Empirical investigations of several researchers found
some deviations from the simplex pattern of the AMS assumed by Vallerant et al. [35],
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(e.g., [25,26,28]). These authors claim that the largest negative correlation is between Amo-
tivation and Identified Regulation, and not between Amotivation and the three Intrinsic
Motivation subscales; stronger positive correlations between each of the Intrinsic Motiva-
tion subscales and Introjected Regulation than with Identified Regulation, and a stronger
positive correlation between Intrinsic Motivation to accomplish and Introjected Regulation
than between the latter and Identified Regulation. These results lead these authors to
indicate that the Intrinsic and Extrinsic Motivation measured in AMS may not be as distinct
as defined by the SDT [29].

3. Materials and Methods
3.1. Methodology

The study was conducted in three stages: (1) translation of AMS English version into
Portuguese version and its adaptation to mathematics subject—Mathematics Academic
Motivation Scale (MATAMS); (2) conducting a pilot survey using the adapted MATAMS to
evaluate the quality of the items that had been modified; (3) implementation of MATAMS
to Portuguese students attending mathematics in basic education. After the analysis of
the information obtained through the application of the questionnaires and following
the literature, the internal consistency and reliability of the items and factors of the AMS
scale adapted for mathematics through MATAMS was verified using Cronbach’s alpha,
Average Variance Extracted, Composite Reliability, and the respective Exploratory Factor
Analyses (EFA). Subsequently, in order to confirm the multifactorial nature of the scale and
not underestimate the way in which items spontaneously group together, Confirmatory
Factorial Analysis (CFA) is performed. These procedures are commonly used in the
literature to validate measurement instruments of this type (for instance, [12,13,21,40,58]).
Details of each stage will be presented in the following subsections.

3.1.1. Adaptation of AMS to MATAMS

MATAMS was designed to evaluate the mathematics motivation of Portuguese stu-
dents. In this investigations, an English version of the AMS [35] was used. MATAMS is an
instrument composed of 28 items with seven response options: (1) “Does not correspond
in total”; (2–3) “Corresponds a bit”; (4) “Corresponds moderately”; (5–6) “Corresponds
a lot”; (7) “Corresponds in total”. The items are divided into seven dimensions: Intrinsic
Motivation to Accomplish (IMTA: e.g., “For the pleasure I experience while surpassing
myself in mathematics”, “For the satisfaction I feel when I am in the process of accomplish-
ing difficult academic activities related to mathematics”), Intrinsic Motivation to Stimulate
(IMTS: e.g., “For the intense feelings I experience when I am communicating my own
ideas about mathematics to others”, “For the pleasure that I experience when I learn how
things work due to the agency of mathematics”), Intrinsic Motivation to Know (IMTK:
e.g., “For the intense feelings I experience when I am communicating my own ideas about
mathematics to others”, “For the pleasure that I experience when I learn how things work
due to the agency of mathematics”), Amotivation (AMOT: e.g., “Honestly, I don’t know;
I really feel that I am wasting my time studying mathematics”, “I can’t see why I study
mathematics and frankly, I couldn’t care less”), Extrinsic Motivation External Regulation
(EMER: e.g., “Because only with a good grade in mathematics, will I find a high paying job
later on”, “In order to be able to get a job later on”), Extrinsic Motivation Introjection (EMIN:
e.g., “Because of the fact that when I succeed in everything that is related to mathematics
I feel important”, “To prove the others (teachers, relatives, friends) that I can be good at
mathematics”), and Extrinsic Motivation Identification (EMID: e.g., “Because I think that
mathematics will help me better prepare for the career I have chosen”, “Because studying
mathematics will prove useful for me later on”).

The modified AMS-MATAMS has been used with students studying mathematics is
shown in Table 2.
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Table 2. Original and adapted items of the Academic Motivation Scale.

Itens Original Scale (AMS) Adapted Scale (MATAMS)
Question Why Do You Go to College? Why Do You Spend your Time Studying mathematics?

AMOT1 Honestly, I don’t know; I really feel that I am wasting my time Honestly, I don’t know; I really feel that I am wasting my time
in school. studying mathematics.

AMOT2 I can’t see why I go to college and frankly, I couldn’t care less. I can’t see why I study mathematics and frankly, I couldn’t care less.
AMOT3 I don’t know; I can’t understand what I am doing in school. I don’t know; I can’t understand what I am doing studying mathematics.
AMOT4 I once had good reasons for going to college; however, I’m not sure. I do not see how mathematics could be important to me.

now I wonder whether I should continue.

EMER1 Because with only a high-school degree I would not find a high Because only with a good grade in mathematics, will I find a high
paying job later on. paying job later on.

EMER2 In order to obtain a more prestigious job later on. In order to be able to get a job later on.
EMER3 Because I want to have “the good life” later on. Because I want to have a “good life” later on.
EMER4 In order to have a better salary later on. In order to have a better salary later on.

EMIN1 Because of the fact that when I succeed in college I feel important. Because of the fact that when I succeed in everything that is related to
mathematics I feel important.

EMIN2 To prove to myself that I am capable of completing my To prove the others (teachers, relatives, friends) that I can be good
college degree. at mathematics.

EMIN3 To show myself that I am an intelligent person. To show myself that I am an intelligent person.
EMIN4 Because I want to show myself that I can succeed in my studies. Because I want to show myself that I can succeed in everything that has

to do with mathematics.

EMID1 Because I think that a college education will help me better prepare Because I think that mathematics will help me better prepare for the
for the career I have chosen. career I have chosen.

EMID2 Because eventually it will enable me to enter the job market in a Because studying mathematics will prove useful for me later on.
field that I like.

EMID3 Because I believe that a few additional years of education will Because I believe that mathematics will improve my competence as
improve my competence as a worker. a worker.

EMID4 Because this will help me make a better choice regarding my Because what I learn in mathematics will be very useful throughout
career orientation. my course.

IMTA1 For the pleasure I experience while surpassing myself in my studies. For the pleasure I experience while surpassing myself in mathematics.
IMTA2 For the satisfaction I feel when I am in the process of accomplishing For the satisfaction I feel when I am in the process of accomplishing

difficult academic activities. difficult academic activities related to mathematics.
IMTA3 For the pleasure that I experience while I am surpassing myself in Because I want to know about mathematics.

one of my personal accomplishments.
IMTA4 Because college allows me to experience a personal satisfaction in Because I experience personal satisfaction if I am knowledgeable

my quest for excellence in my studies. about mathematics.

IMTK1 Because I experience pleasure and satisfaction while learning Because I experience pleasure and satisfaction while learning new
new things. things about mathematics.

IMTK2 For the pleasure I experience when I discover new things For the pleasure I experience when I discover new things about
never seen before. mathematics that I had never learned before.

IMTK3 For the pleasure that I experience in broadening my knowledge For the pleasure that I experience in broadening my knowledge
about subjects which appeal to me. about mathematics.

IMTK4 Because my studies allow me to continue to learn about many Because studying mathematics allows me to learn about many things
things that interest me. in this area.

IMTS1 For the intense feelings I experience when I am communicating For the intense feelings I experience when I am communicating my own
my own ideas to others. ideas about mathematics to others.

IMTS2 For the pleasure that I experience when I read interesting authors. For the pleasure that I experience when I learn how things work due to
the agency of mathematics.

IMTS3 For the pleasure that I experience when I feel completely absorbed For the pleasure that I experience when I feel completely absorbed by
by what certain authors have written. what the main researchers on mathematics have written.

IMTS4 For the “high” feeling that I experience while reading about various For the “high” feeling that I experienced when I read several interesting
interesting subjects. studies on mathematics.

Source: Created by the authors. Note: AMOT: Amotivation; EMER: Extrinsic Motivation External Regulation; EMIN: Extrinsic Motivation Introjection;
EMID: Extrinsic Motivation Identification; EMIR: Extrinsic Motivation Integrated Regulation; IMTK: Intrinsic Motivation To Know; IMTA: Intrinsic
Motivation To Accomplish; IMTS: Intrinsic Motivation To Stimulate.

3.1.2. Pilot Study Using ALIPT

The Mathematics Academic Motivation Scale is implemented in a series of question-
naires to examine if AMS items’ original intention had been maintained. The students
understood the statements that had been translated. This pilot study intended to ensure
that the MATAMS did not require any adjustment, improvement, or revision to make
it more feasible. This procedure is fundamental in assessing the validity of the adapted
instrument, ensuring the necessary readability and consistency [70].

In the pilot study, MATAMS was applied to 100 students, guaranteeing its validity
and reliability. Before its application, the questionnaire was read aloud, and students were
encouraged to express their doubts, both on the interpretation of the questions and on the
interpretation of the Likert scale, as well its classification. The sentences were explained
and doubts clarified; since the doubts were only related to some linguistic aspects, it
was considered not necessary to make any changes. However, the completion of the
questionnaire was accompanied by a brief conversation with the students in order to try
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to get to the bottom of their doubts. The feedback on this conversation showed that the
doubts had only been momentary and immediately cleared up.

The pilot sample consists of 100 students attending mathematics in the 7th, 8th, or 9th
grade of basic education at the Lixa School Grouping, Felgueiras (Felgueiras is a town in
the district of Porto, north region of Portugal.). Their ages vary between 13 and 17 years,
with an average age of 13.92 years, and about 39% are male and about 61% are female.

3.2. Data

MATAMS was applied through an online questionnaire to students who attended the
third cycle of basic education, in the academic year 2019/2020. Participants in the study
completed the questionnaire during the maths classes, so its application was supervised by
the teacher. They were informed that the goal of the instrument is to identify the reasons
why they study mathematics. Sufficient time was provided for all students to complete
each questionnaire.

Because these students are minors, in order to fill out the questionnaires, firstly, the
parents’ authorization was requested. The questionnaire was filled in anonymously and
students participated voluntarily.

A total of 351 questionnaires were collected, however, 2 of them were excluded because
they were not completed or because they contained more than one answer to a question,
for these reasons 349 questionnaires were validated.

The sample contains 349 students attending Mathematics in the 7th, 8th, or 9th grade
of basic education. Their ages vary between 12 and 17 years, with an average age of
13.42 years, and about 50.4% are male and about 49.6% are female. Note that, the 349
students represent the entire population of students in the third cycle of basic education of
a School Grouping in the municipality of Felgueiras.

4. Results

In line with the literature, in this study Exploratory Factor Analysis (EFA) and Confir-
matory Factor Analysis (CFA) are simultaneously performed, in order to guarantee that
all items of the MATAMS are grouped adequately by double-check analysis. If the EFA
results indicate that each item is appropriately grouped and is corroborated by CFA results,
showing a fit model, then it is safe to conclude that the items in the cluster can precisely
measure the intended construct [71].

In order to ascertain the available sample, using IBM SPSS 27 software, a descriptive
analysis of the data was done. The internal consistency and reliability of the AMS items
and factors [72] adapted for mathematics students (resulting in the MATAMS) were also
verified by means of the Cronbach’s Alpha and its corresponding EFA.

EFA aims to simplify the database obtained by evaluating how much each factor is
associated with each variable, as well analyzing how much the set of factors explains the
variability of the results obtained in that sample, through the sum of the variances of the
original variables [73].

After performing the EFA, the scale’s multifactorial nature should be confirmed
and it should be shown that it does not underestimate the way items are spontaneously
grouped. For this, using the Amos 27 software, CFA was carried out. The CFA includes
a set of techniques that measure the dimensionality of a scale [58,71], and it allows us to
test the hypothesis relatively with a number of factors, evaluating the reliability of the
indicators that represent this scale [74]. A minimum of five questionnaires per item is often
recommended to perform the factor analysis [75]. According to the CFA, if an item has a
high load indicates that the factor and the corresponding item have a lot in common; loads
under 0.32 are considered to be very weak, loads between 0.32 and 0.45 weak and between
0.45 and 0.63 good, and loads over 0.71 very good [76].
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4.1. Exploratory Factor Analysis (EFA)

In Portugal, studies on the AMS structural model applied in mathematics students
are very scarce. As previously mentioned, the original version of the scale—AMS—was
adapted, resulting in the MATAMS, which was applied to Portuguese students who study
mathematics in basic education.

To verify if the factor model of MATAMS is in line with the literature, firstly, an EAF
was performed. Factors and their respective oblique rotation were extracted by means
of the Main Components Method (MCP) and only factors whose values are ≥1 were
considered. Results indicate a KMO = 0.967, meaning that the sample is sufficient to
conduct an analysis and a seven-factor correlation matrix which accounts for 69.19% of the
variance. Other extractions with a higher number of factors were simulated, maintaining
the same extraction criterion: ≥1. Factor distribution and variance percentage values
were in line with other studies. In this way, using seven factors, it was possible to verify
that the exploratory factor model produced a structural model identical to the AMS one.
Table 2 presents the exploratory factor matrix regarding the 28 adapted items of MATAMS
and their respective factor load, showing how variables are distributed into the 7 EFA
ensuing factors.

To estimate the model’s convergent validity and reliability, the Average Variance
Extracted (AVE), the Composite Reliability (CR), and the Cronbach’s Alpha (α) were
analyzed, using only measurement items whose factor loads (AVE > 0.5; CR > 0.7;
α > 0.7) were well within suitable statistical parameters [77]. In this respect, the measures
used in this study are sufficiently valid and reliable (Table 3). The sample obtained meets
the structural equation analysis [78].

Table 3. Exploratory Factor Analysis of the MATAMS sample regarding Portuguese students.

Rotated Component Matrix

Constructs Variables Factors Model Validity

1 2 3 4 5 6 7 AVE CR α

IMTA1 0.760
Intrinsic Motivation IMTA2 0.788 0.633 0.873 0.880

to Accomplish IMTA3 0.828
IMTA4 0.805

IMTS1 0.759
Intrinsic Motivation IMTS2 0.866 0.668 0.889 0.893

to Stimulate IMTS3 0.804
IMTS4 0.838

IMTK1 0.773
Intrinsic Motivation IMTK2 0.862 0.704 0.904 0.911

to Know IMTK3 0.876
IMTK4 0.843

Amotivation

AMOT1 0.800
AMOT2 0.927 0.618 0.864 0.857
AMOT3 0.747
AMOT4 0.647

EMER1 0.634
Extrinsic Motivation EMER2 0.800 0.615 0.863 0.880
External Regulation EMER3 0.831

EMER4 0.855

EMIN1 0.704
Extrinsic Motivation EMIN2 0.682 0.823 0.867 0.863

Introjection EMIN3 0.870
EMIN4 0.880

EMID1 0.845
Extrinsic Motivation EMID2 0.845 0.743 0.920 0.920

Identification EMID3 0.896
EMID4 0.911

Source: Computations of the authors.
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4.2. Confirmatory Factor Analysis (CFA)

In order to confirm the structure of the EFA, a Confirmatory Factor Analysis was
performed. CFA allows checking how well the data fits into a particular theoretical model.

Therefore, in CFA the choice of the best factor model is essential. The factorial loads
obtained and errors that were observed, statistically validate and prove his suitability for
the study in question [75–77].

In order to do the CFA, a final model was tested including all items of the scale.
Concerning factor loading, we obtain all factors with loading upper than 0.5. Because of
that, we cannot remove any scale variable to have a very good model adjustment with
statistical robustness.

The χ2/d f ratio was included as an absolute fitness index with reasonable chi-square
score corrected for degrees of freedom defined as less than five. The Comparative Index of
Fitness (CFI) was also included in the analysis and values greater than 0.90 are considered
to be a good fit. Finally, the approximate square error of approximation (RMSEA) was
examined. Values below 0.05 indicate a good fit, and values that are above 0.08 indicate
reasonable approximation errors.

As such, the final model has good statistical results (χ2 = 838.183, p = 0.001,
d f = 315, χ2/d f = 2.661, RMSEA = 0.069, SRMR = 0.0525, NFI = 0.910, GFI = 0.908,
AGFI = 0.982, and CFI = 0.941).

As far as item and factor reliability is concerned, a good total internal consistency
was found (α = 0.947) for the sample constituted by 349 students attending mathematics.
Considering that the 7-factor structural model that was adopted, the internal consistency
of the items was as follows: IMTA (α = 0.880); IMTS (α = 0.893); IMTK (α = 0.911); AMOT
(α = 0.857), EMER (α = 0.880); EMIN (α = 0.863), and EMID (α = 0.920).

In terms of the final measurement model (Model 2), Figure 2 presents the standard
path coefficients, showing that they were all significant (p < 0.001).

Four variables of each dimension of the motivation indicated strong correlation and
prediction to the respective latent variable. The four items have their correlations with the
respective latent variable ranging from 0.63 and 0.93.

Furthermore, the relationship between the sub-dimensions of Intrinsic Motivation and
Amotivation showed a negatively correlation and, in the same way, the sub-dimensions
of Extrinsic Motivation and Amotivation showed a negative relationship between them.
There was positive relationship between the sub-dimensions of Intrinsic Motivation and
the sub-dimensions of Extrinsic Motivation. The correlations between subscales indicate a
pattern that corresponds to the SDT, since the adjacent subscales have stronger positive
correlations, and the more distant ones either do not establish a significant correlation or
the correlation is negative.
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Figure 2. MATAMS final measurement model. Source: Created by the authors.

4.3. Explanation of the Validated Scale

The validated scale allows future researchers to use it again in another context of
mathematics teaching and learning. It can be applied to any level of education as the
statistically tested factors were relevant and statistically valid. Each dimension of the scale
consisted of four questions that were assessed and answered by the respondents. After
obtaining a sample of responses given by our study participants (students) capable of being
assumed robust in statistical tests, we used SPSS 27 and AMOS 27 software to analyze
the robustness of the items. To this end, we analyzed each question and its respective
factorial weight (Exploratory Factorial Analysis). The literature tells us that a question
with a factorial weight above 0.5 (corresponding to an explanation of more than 50% of the
reality studied) is considered relevant to explain the reality inherent to what the question
intends to understand. Therefore, after all the tests, we kept in the scale, the questions that
assumed robustness above 0.5. Afterward, we performed other statistical tests (AVE and
CR) that confirmed the scale’s quality and the possibility of using it to measure students’
motivation to study mathematics. If the scale items did not show the necessary robustness,
they would have to be removed, leaving only the relevant ones in the scale. Our analysis
showed that the scale works fully when we are assessing students’ motivation to study
mathematics. This will allow it to be used again in the future.
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5. Discussion of Results

The current study is based on the SDT construct of motivation and the purpose is to
provide and examine the validity of the Portuguese version of the 7-factor model of the
AMS applied to the subject of mathematics.

The assessment was performed by comparing the grouping of the 28-item MATAMS
using CFA and EFA. Additionally, the findings were supported by the internal consistency
result. Compared to existing studies in the literature on the original AMS, the results of
this study, based on MATAMS, are in accordance with the proposed simplex pattern. For
instance, between the Intrinsic Motivation scales, the correlation is very strong, with a
minimum value of the correlation coefficient of 0.97 and with correlations higher than
those between Intrinsic Motivation types and Extrinsic Motivation types. The three types
of intrinsic motivation subscales have negative correlations with Amotivation and range
between −0.44 and −0.33, and the same is true between Extrinsic Motivation subscales
and Amotivation. These results are in line with the original version of [21,36,38,69].

Thus, CFA supported the 7-factor and 28-item structure of the Portuguese version of
the AMS, adapted to mathematics subject. The 7-factor correlated yielded good fit values
and all factor loadings were statistically significant, as in [12,26,34,41,69]. Cronbach’s α
was used to estimate reliability and the findings from this study revealed that their values
were high for the AMS, as well as for all the subscales, as in [13,25,26,34,44].

Summarizing, a 7-factor structure representing the correlations among the AMS items
was supported and adequate internal consistency estimates of the scores for each of the
seven subscales were found. Thus, based on the results presented, this study on MATAMS,
proposes a tool to be considered for measuring mathematical motivation as a multifaceted
construct, which is based on the theory of self-determination, at the third cycle of basic
education level.

6. Conclusions

The literature of the different areas of knowledge has assessed the factors that influence
students’ achievement and provided evidence that student achievement depends on a
whole range of factors that can be grouped into three categories: family characteristics,
school characteristics, and the student himself. The students’ characteristics and their
families are the main factors influencing student achievement gains, as expected.

Additionally, the literature has demonstrated the predictive importance of numer-
ous students’ unobservable characteristics, namely, motivational. The literature claims
that lack of academic motivation has been highlighted as a key determinant of negative
academic performance.

Exploring the impact of motivation on students’ achievement in mathematics is a key
issue since it is a predictor of the level of efficiency and success in the discipline of maths.

This study aimed to use and adapt the AMS, widely used in various areas of knowl-
edge, into the Mathematics Academic Motivation Scale (MATAMS). To this goal, we
conducted a study that aimed to assess students’ motivation in the third cycle of basic edu-
cation. The application of the scale to 349 students who agreed to participate, allowing us to
verify that the AMS can be used in mathematics. It allows, according to Self-Determination
Theory, analyzing the different states of motivation, such as Amotivation (AMOT), Entrin-
sic Motivation (EMOT), and Intrinsic Motivation (IMOT) of students studying this specific
and important area of knowledge.

The scale used is composed of three dimensions that are subdivided into seven
constructs that allow the assessment of motivation along the Self-Determination Continuum
belonging to the Self-Determination Theory (SDT). In order to analyze the scale’s capacity,
two more robust statistical tests were performed. An Exploratory Factorial Analysis to
check the behavior of the scale and the respective organization of the constructs in general
and the respective variables, in particular, was performed. In this analysis, the scale
behaved according to the original, subdividing its factors (all with loadings above 0.5) into
seven constructs.
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The CFA carried out by estimating a structural model allowed us to assess a good
model fit, with statistical results of validity and reliability that clarify the measurement
strength that this scale presents when applied to mathematics. It should also be noted
that no variable of the scale proved to be statistically insignificant or outside its original
measurement dimension. In this sense, the scale adapted to mathematics worked perfectly,
keeping its 28 items divided into three main constructs, which are Amotivation (AMOT)
with only one dimension, Extrinsic Motivation, which is divided into three subdimensions
(EMER, EMIN, and EMID), and finally Intrinsic Motivation which is also divided into three
subdimensions (IMTA, IMTS, and IMTK).

These results present an interesting contribution to the literature, as a valid and reli-
able scale will be published to be applied again to mathematics in future research. This
will allow other researchers to use the scale in other national and international sociocul-
tural contexts that allow studies capable of measuring students’ motivation to study the
mathematics subject.

The analysis of the motivation in different educational grades will also allow important
comparisons to be made related to the motivational state of students.

Motivation may explain why some students perform better than their peers in school
despite being exposed to similar instruction. If the student motivation mechanism is
understood, it will reduce the number of academic failures and the rate of dropping out of
school. If students’ motivational directions are understood, it would help to inform the
methods of teaching to be employed. It could help educators and policymakers to provide
driving measures to increase academic success among students.
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