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ABSTRACT KEYWORDS
Our research aimed to identify factors of motivation and affect to best Factor analysis; mathematics;
characterize upper secondary mathematics students and correlations personas; student
between these factors. This work is based on personas, a tool from user characteristics
experience research for representing the needs and characteristics of users of

a system, developed in prior research. In the present study, we conducted an

online questionnaire study with questionnaire scales aligned to the pre-

viously developed personas. To identify latent factors in the characterization

of upper secondary mathematics students, a factor analysis was conducted

and correlations were computed. The findings revealed that the factors

Enjoyment, Concerns & Anxieties, Performance-related confidence,

Engagement, Performance orientation, and Persistence are essential to

describe upper secondary mathematics students and that Enjoyment,

Concerns & Anxieties, Performance-related confidence, and Engagement are

highly correlated. We propose that these interdependencies be observed in

teacher training as well as in professional development and discuss the

implications for the practices of teachers and teacher educators.

Introduction

Mathematical instructional materials and tasks are decisive for what students learn and for their
engagement in learning processes (Watson & Mason, 2007); improper use of materials can create
tension between the intentions of designers, teachers, and students (Johnson et al., 2017). In a recent
review, Gallagher et al. (2022) argues that adapting instructional and learning materials to students’
characteristics provides all students with an equal opportunity to succeed in mathematics. To this end,
teachers need a sound knowledge of their students’ characteristics.

Adolescents have different personalities. The design of learning resources needs to consider student
characteristics such as self-efficacy, implicit theories of ability, interest, and enjoyment to result in
beneficial motivational and learning outcomes (Chao et al., 2016). In fact, knowledge of students and
of student learning in mathematics are two of the three elements of subject knowledge required for
optimal teaching practice, the third being knowledge of mathematics itself (Frid et al., 2009).

Students’ learning outcomes and performance are related to intelligence and self-beliefs.
Regarding self-beliefs, task-specific self-efficacy (e.g., Pajares & Graham, 1999) and subject-
specific self-concept (e.g., Peteros et al., 2019) are predictors of student performance. Student
performance, in turn, is positively related to student well-being (Rodriguez et al., 2020). According
to Ignacio et al. (2006), different mathematics students have different beliefs and attitudes toward
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learning mathematics and experience different emotional responses to learning mathematics.
Following Dweck (1986), the goal orientations of mathematics students can be divided into
mastery goal orientations and performance goal orientations. Anderson (2007) claims that the
identity of mathematics learners can be characterized with the four “faces” engagement, imagina-
tion, alignment, and nature. Engagement refers to the “direct experience of the world and [the]
active involvement with others” (p. 8), in the context of mathematics education, the connection
with learning materials, teachers, and peers. Imagination refers to the “images [learners] have of
[them]selves and how mathematics fits into the broader experience of life” (p. 9). Alignment is
demonstrated when students “align their energies within institutional boundaries and require-
ments” (p. 10). The natural component of identification refers to “who we are from what nature
gave us at birth” (p. 10). Roesken et al. (2011) identified seven dimensions and three core
dimensions of students’ beliefs and emotions about mathematics. These seven dimensions are
ability, effort, teacher quality, family encouragement, enjoyment of mathematics, difficulty of
mathematics, and success. Students’ beliefs and emotions about mathematics are partially inter-
twined with their motivational orientations. In the study of Roesken et al. (2011), the aspects
ability and success are described as students’ beliefs about themselves related to self-confidence
and self-efficacy, and the construct difficulty of mathematics is described as beliefs about mathe-
matics and learning mathematics. Liston and O’Donoghue (2009) take a similar approach in
characterizing essential aspects to describe mathematics learners and use constructs concerning
enjoyment of mathematics, mathematical self-concept, value of mathematics, fragmented concep-
tions of mathematics, as well as surface and deep approaches to learning, respectively. Research
results of Birgin et al. (2010) indicate that the perceived enjoyment of mathematics, but also the
enjoyment of the teaching method had a significant effect on students’ mathematics anxiety.

This brief, inexhaustive survey of characteristics of mathematics learners and their impact on
mathematical achievement and well-being shows that there is a large variety of individual student
characteristics that are relevant for teaching and learning mathematics. Many of the significant studies
on student characteristics are ten years or older (e.g., Anderson, 2007; Nicholls et al., 1990; Roesken et al.,
2011). Since the nature of learning mathematics has changed significantly in the past decade, in particular
due to the increased use of digital technologies in mathematics education, it is reasonable to re-examine
relations between characteristics of mathematics students within these new circumstances. Therefore, we
investigate whether the findings of prior research regarding the motivational and affective beliefs of
learners who are used to traditional learning settings are also found in learners who are frequently
exposed to technology-enhanced learning settings. This leads us to pose the following research question:
Which factors describe mathematics student characteristics, and how are they intercorrelated?

In order to investigate the characteristics of mathematics learners and the relations between these
characteristics, we conducted an online questionnaire study in two upper secondary schools. To
increase the willingness to participate and decrease the likelihood of a positive selection of conscien-
tious students, students were allowed time to complete the questionnaire on-site. The scale of our
study is comparable to the study of Petronzi et al. (2019) who surveyed 163 mathematics students from
two schools and, based on this sample, provided vital information concerning mathematics anxiety.
The knowledge we aim to gain from our study can help adapt the design of modern learning
environments and learning resources to mathematics students’ needs and characteristics.

Research Background

In order to develop high-quality learning environments and resources for teaching and learning
mathematics, it is important, among other things, to know mathematics students and their motiva-
tional characteristics (e.g., Chao et al,, 2016; Frid et al., 2009). The present study builds upon our
previous research (Weinhandl et al., 2022, 2023) in which we developed representatives of mathe-
matics student groups based on qualitative data. To better situate this research within the literature,
this section introduces constructs from psychology that are predictive of important aspects of
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mathematics learning (e.g., persistence, enjoyment). To lay the foundation for evaluating intercorrela-
tions of the motivational and affective beliefs of mathematics learners, we review established psycho-
logical constructs. The importance of examining motivational and affective beliefs for mathematics
education is supported by previous studies (e.g., Hannula et al., 2016; Reinhold et al., 2021).

Self-competence and self-confidence. Zivkovi¢ et al. (2022) summarize that self-competence is an
indicator of a learner’s effectiveness in different environments. Self-competence is a mediator between
anxiety and performance in different domains (Li et al., 2021; Zivkovi¢ et al., 2022) and is related to
performance (Eccles et al., 1998). Self-competence can also influence personal development and well-
being; students with high confidence in their mathematical abilities engage highly in mathematical
activities (Zivkovi¢ et al., 2022). Similarly, Falco et al. (2008) argue that students’ attitudes toward
mathematics learning consist largely of their mathematical self-confidence. Efficacy beliefs also
regulate motivation; students are more likely to engage in, persevere in, and exert effort on academic
tasks if they are confident that they will master them (Schweinle & Mims, 2009).

Goals. Students’ goals in achievement-related contexts comprise mastery goals, performance goals,
and work avoidance goals. Students with a high mastery goal orientation learn for the sake of
improvement and understanding mathematics (Gilbert et al., 2014; Ng, 2016). Students in the pursuit
of mastery goals seek to be challenged, persist despite difficulties, see mistakes as learning opportu-
nities, and are more intrinsically motivated (Furner & Gonzalez-DeHass, 2011).

Students with high mathematical performance goals want to prove their abilities and outperform
others (performance approach) or avoid negative events and failures (performance avoidance) (Furner
& Gonzalez-DeHass, 2011). In this context, performance approach goals have been found to be
positively related to, for example, exam performance or perseverance in learning. In contrast,
performance avoidance goals are associated with test anxiety, fear of failure, or viewing tasks as
a threat (Furner & Gonzalez-DeHass, 2011). Performance goals are negatively related to performance
avoidance goals and positively related to mastery goals (Ng, 2016). Ng (2016) summarizes that
favorable behavior of mathematics learners who pursue both mastery and performance approach
goals has been well documented.

Work avoidance goals are related to tasks which students consciously avoid to engage in or which
lead them to minimizing the effort to complete academic tasks (Dowson & Mclnerney, 2001).
Emotionally, students’ work avoidance goals are often associated with feelings of laziness, boredom
or anger; cognitively, they are associated with reduced engagement in learning. King and McInerney
(2014) summarize that work avoidance goals have been found to be negatively related to satisfaction
with learning, perceived ability, student academic achievement, depth of processing, and grades.

Interest. Interest is a highly context-specific construct. For this reason, some studies have found
significant connections between mathematics-related interest and, for example, learning achievement,
while other studies have not (Ufer et al., 2017). One consistent finding is that the interest of learners in
mathematics and fields related to mathematics tends to decrease over time; it should be noted that
when interest is measured, the specific context should always be clarified (Ufer et al., 2017).

Anxiety & worry. In addition to hostile teacher behavior, test anxiety is counted among the worst
mathematics experiences of learners (Bekdemir, 2010). In the study of Stacey (2017), more than half of
the learners surveyed reported being “anxious” or “very anxious” about mathematics and exams.
Learners who identify as female are likely to exhibit higher anxiety and test anxiety levels (e.g., Fuller
et al,, 2016).

Academic performance anxiety is the tendency of students to perceive certain performance-
related challenging situations as threatening and to respond to them mentally, physically, and
behaviorally with states of arousal and affect (Beilock et al., 2017; Schwarzer, 2000). Thus,
performance anxiety is linked to fear and apprehension with the completion of a task (e.g., test)
or engagement with a particular domain (e.g., mathematics). Performance anxiety differs from
general anxiety in that performance anxiety relates to a specific domain and focuses on perfor-
mance. In this case, students experience the loss of control and the ability to act in the face of
critical teaching demands. Thus, performance anxiety can lead to despair, the degradation of the
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emotional state, and the ability to perform (Chow & Mercado, 2020). According to many empirical
studies, performance anxiety can have negative impact on students’ learning behavior, cognitive-
motivational orientations, and psycho-emotional state (e.g., Ahmed et al., 2012; Grover et al., 2007;
Schnabel & Gruehn, 1994) or lead to negative attitudes, avoidance behavior, and reduction of the
resources that individuals need to successfully complete a task (Beilock et al., 2017). It should be
noted in this context that the detrimental effect of performance anxiety on task performance leads
to a negative feedback loop.

Mathematical worries differ from anxiety in that they are “negative effects on learning which
disturb a person’s mind from focusing on relevant issues” (Sengodan & Iksan, 2012, p. 18). According
to Karing and Artelt (2014), worry refers to task-irrelevant considerations before and during students’
engagement with tasks. Various studies (e.g., Karing & Artelt, 2014) reported low to moderate negative
correlations between worry and student performance.

Participation & engagement. Classroom participation is defined as co-constructive classroom
interactions resulting in co-constructive knowledge acquisition (Jansen et al., 2022). Participation in
this context is understood as active behavior in class with the aim to acquire knowledge or demon-
strate academic achievement; raising questions for the clarification of content is not sufficient to meet
this definition (Galyon et al., 2012). Green et al. (2007) and Jansen et al. (2022) summarize that there is
a positive relationship between the students’ cognitive activation, classroom participation, and learn-
ing outcomes. Students’ classroom participation is mainly related to the learning strategies of the
representatives of mathematics student groups in our study.

Cognitive engagement typically refers to the mental effort invested in academic work and empha-
sizes the inner psychological and personal investment and use of the mind in learning, including self-
regulatory strategies and the desire to be challenged (Lin et al., 2018; Watt et al., 2017). Cognitive
engagement is the conscious task-specific thinking that a student undertakes while participating in an
instructional activity; cognitive engagement in mathematics education can be identified by specific
linguistic and behavioral indicators (Helme & Clarke, 2001). Moreover, it can be fostered by certain
aspects of the instructional situation, task, and person. Active cognitive engagement means that the
student acts to maintain or extend contact with the subject matter (Ainley, 2001). According to Corno
and Mandinach (1983), four forms of cognitive engagement can be distinguished: self-directed
learning, task focus, resource management, and reciprocity. Teaching practices play an essential role
in shaping cognitive engagement (Helme & Clarke, 2001).

Emotional engagement refers to students’ affective responses to their learning environment, which
is typically linked to interest; emotional engagement encompasses students’ positive and negative
reactions to peers, teachers, and school and promotes eagerness to learn (Cevikbas & Kaiser, 2022;
Watt et al, 2017). Emotional engagement predicts cognitive engagement (Hong et al., 2020), the
amount of resources students invest in learning mathematics (Singh et al., 2002), and student learning
outcomes (Reinhold et al., 2021).

Self-efficacy. The authoritative work of Bandura (1977) defines self-efficacy as the conviction that
specific actions and problems can be mastered successfully. Consequently, self-efficacy always refers to
a concrete objective (Siefer et al., 2020) and is related to students’ motivation and willingness to exert
effort (Klassen & Usher, 2010). It is considered essential to distinguish between general school self-
efficacy and mathematical self-efficacy (Siefer et al., 2020). For mathematical self-efficacy, we use the
definition of Hackett and Betz (1989) in this study, according to which mathematical self-efficacy
expectancy is “a situational or problem-specific assessment of an individual’s confidence in her or his
ability to successfully perform or accomplish a particular task or problem” (p. 262). Regarding the
connection between mathematical self-efficacy and mathematics learning in school, the studies by
Schiepe-Tiska et al. (2016) and Siefer et al. (2020) show a moderate correlation between student
performance and self-efficacy in mathematics, indicating that at least some high-performing students
show only low self-efficacy. In addition, Schiepe-Tiska et al. (2016) found a positive correlation
between social background and students’ mathematical self-efficacy. Regarding differences between
male and female students, the studies by Palomares-Ruiz and Garcia-Perales (2020) and Siefer et al.
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(2020) show that, in general, male students have higher self-efficacy than female students. For these
reasons, mathematical self-efficacy is an important dimension to consider when representing groups
of mathematics learners.

Instrumentality. Instrumentality describes how young people assess the importance, relevance, and
value of mathematics for their personal future (Schiepe-Tiska & Schmidtner, 2013). However, high
assessment of relevance is not necessarily associated with a high level of enjoyment or interest in
mathematics. According to PISA (Schiepe-Tiska & Schmidtner, 2013), the instrumentality of mathe-
matics in the OECD countries can be regarded as relatively high; a significantly higher instrumentality
can be seen in participants who identify as male than those who identify as female.

Control beliefs. Control beliefs are described by many experts (e.g., Bishara & Kaplan, 2018; Villa &
Sebastian, 2021) as the way individuals perceive their ability to control events and an individual’s
beliefs about the causes of good or bad events in their life in general and at school in particular. They
are divided into internal and external control beliefs. Internal locus of control refers to an individual’s
belief that their abilities and efforts are fundamental causes of success or failure. Individuals with
external control beliefs consider external factors such as luck, chance, or teacher influence as
responsible for success or failure. There is empirical evidence for a positive correlation between
internal locus of control beliefs and achievement (e.g., Anakwe, 2018).

Reactions to Errors

Affective-motivational adaptivity and action-adaptivity of reactions to errors have emerged from research
on students’ emotional and actional responses in the face of failure at a task. Affective-motivational
adaptivity of reactions to errors is associated with how emotions and motivation are regulated when
falling short of success (Dresel et al., 2013). Such reactions are related to motivational aspects of learning
(e.g., self-concept) and come along with attributions of errors to one’s self. Action-adaptive reactions to
errors are triggered by motivational beliefs oriented toward the task and are positively related to effort
and developing strategies for rectification of errors (Dresel et al., 2013). Correspondingly, a mastery goal
orientation fosters action-adaptive reactions to errors while a performance goal orientation promotes
affective-motivational adaptive reactions (Dresel et al., 2013). The task orientation of high-achieving
students and their tendency toward action-adaptive reactions to errors (Dresel et al., 2013) is also
supported by an experimental study of Grofie and Renkl (2007), which suggests that the discussion of
both correct and incorrect solutions to mathematical problems in worked examples improves the
learning outcomes compared to when focussing on correct solutions only.

The findings of existing works related to the constructs which we have summarized above show
that students’ attitudes toward learning mathematics are complex and influenced by several factors
such as their self-competence and confidence, self-efficacy, control beliefs, interest and the perceived
value of mathematics, participation and engagement, fears and concerns, as well as reactions to errors.
Some of these beliefs, such as high level of anxiety about mathematics, may negatively affect students’
learning behavior, cognitive-motivational orientations, and psycho-emotional state. By contrast,
students will achieve better learning outcomes of the learning process and learning resources are
compatible with their goals and beliefs. This underlines the importance of students’ beliefs and
attitudes about mathematics, as they significantly affect students’ learning success in mathematics.

Methodological Background

In a previous qualitative study (Weinhandl et al., 2022), we developed profiles of representatives of
academic upper secondary school mathematics students based on data from teachers. These profiles
were then presented to mathematics school students. They were asked to screen the profiles and make
suggestions on how to improve them. Personas, i.e., profiles of prototypical representatives of
mathematics students, emerged from this process. These personas showed different characteristics
concerning the categories of goals, needs, challenges, joys, fears, feelings and emotions, and strategies.
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Step 0

Qualitative development of mathematics student group
representatives, i.e., personas, in a previous study (Weinhandl et
al., 2022, 2023)

Step 1

Relevant psychological constructs are selected in line with the
personas scaffold from Step 0; they are used to create an online
questionnaire and to collect data from two schools. The
questionnaire consists of 30 psychological constructs with a total
of 150 items.

Step 2

An exploratory factor analysis is carried out with the data from
Step 1. Furthermore, personas experts from Step 0 assign the 30
psychological constructs to the personas scaffold. The selection
“no fit” is also possible in this assignment process. Through these
processes, the number of psychological constructs is reduced to
19.

Step 3

An exploratory factor analysis is performed with the 19
psychological constructs from Step 2. The results of this analysis
are reviewed and concretised by persona experts. Through this, six
factors are derived.

Step 4
A correlation analysis is carried out with these six factors.

Figure 1. Research steps of our study.

According to these categories and characteristics of the personas, suitable psychological constructs
were identified to underpin the dimensions of these personas. For example, in our previous research
(Weinhandl et al., 2022), we discovered that in the goal category of one persona, “making best possible
progress in mathematics” is a major aspect. To cover this aspect, we use the construct of mastery
approach goals (Harackiewicz et al., 1997). Overall, we identified 30 psychological constructs to cover
all major aspects of our personas.

The individual research steps (see Figure 1) are described in further detail in the following paragraphs.

To develop the personas, we used a digital open-ended questionnaire to obtain detailed information
from in-service and pre-service mathematics teachers on the characteristics of - in their view - typical
upper secondary school mathematics students (step 0). The data obtained from these teachers were
used to create the personas. They were then subjected to a validation and improvement process
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involving mathematics school students, mathematics teachers, and university staff. Furthermore, the
personas were used in school contexts to test their practicability and to improve the quality of the
personas (Weinhandl et al., 2022, 2023).

Measures

To cover all categories and their manifesations in our mathematics student personas, we identified
established psychological constructs and scales to measure them in our study (see Supplementary
Material). The items of the scales were translated into German where necessary and adapted to fit the
mathematics context. We developed an online questionnaire using 30 scales with a total of 150 items,
each measured on a 5-point Likert scale (1 = “do not agree,” 5 = “strongly agree”) (step 1).

Sample

This questionnaire was employed in two academic upper secondary schools, each of them comprising
grades 9 to 12 and students between 14 to 18 years of age. An academic upper secondary school is
a school that aims to prepare students for tertiary education. Of the two academic upper secondary
schools in our study, one is a public school in an urban area (n = 121) and the other one a private
school in a rural area (n = 23). Students from grades 9 to 11 participated in our online questionnaire
study in May and June 2022. Students in grade 12, the final grade, had already finished the school year,
which is why this age group was not included in our sample. In total, 144 students participated in our
study. The questionnaire was distributed to the students via QR code during class time. At the time of
answering the questions, a teacher and a researcher were always present in the classroom. Before the
data collection started, the aim of our study was explained to each class, and the students were made
aware of the voluntary nature of their participation. The internal consistency of the individual
constructs was high for all constructs (Cronbach’s a =.74 to .96; see Supplementary Material).

An exploratory factor analysis was performed to examine the factorial structure of the items
describing mathematics learners and to reduce the number of constructs needed to cover the persona
scaffold (step 2). In line with Roesken et al. (2011), we used the maximum likelihood estimator with
oblique rotation.

Furthermore, three experts, each with more than five years of research experience, from our
qualitative study used the constructs and items related to the representatives of mathematics students
to improve and refine the personas. Additional experts in the use of personas supported the improve-
ment process. These experts (Nfemale = 7> Nmate = 4; age range: 23-42; experienced teachers with more
than ten years of classroom experience as well as early-career teachers with less than five years of
classroom experience) matched the psychological constructs and items with the categories of the
personas developed in the first phase of our study (intercoder reliability: Cohen’s k = .664; substantial
agreement according to Greve and Wentura, 1997). The matching also revealed several redundancies
of scales or items. For example, the original questionnaire included several scales related to interest,
self-concept, and work avoidance; out of these, we selected one scale for each construct. Moreover, we
excluded scales that did not fit the focus of our analysis, e.g., perceived competence or social
engagement. This resulted in 19 scales with a total of 82 items (see Table 1).

We carried out a second exploratory factor analysis with this reduced set of psychological
constructs, following the same process as described above (step 3). To determine the number of
factors, we followed a recommendation of Hu and Bentler (1999) to accept a model when RMSEA
<.06 as well as a recommendation of Finch (2020) to choose the model with fewer factors when
comparing two models with adjacent numbers of factors whose RMSEAs differ by less than 0.015. The
fit indices of the models resulting from our analysis (see Table 2) show that the six-factor model and
the seven-factor model are good fits.

Considering also the conceptual coherence of the included factors, we opted to use the seven-factor
model.
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Table 1. Constructs selected for our study.

Construct Source Items
Mastery approach goals Harackiewicz et al. (1997) 4
Performance approach goals Harackiewicz et al. (1997) 5
Work avoidance goals Spinath et al. (2002) 5
Fear of exams Jonberg et al. (2021) 4
Concerns Hodapp et al. (1982) 5
Fear of performance Bos and Pietsch (2006) 4
Affective-motivational adaptivity of reactions to errors Dresel et al. (2013) 4
Interest Harackiewicz et al. (1997) 4
Emotional engagement Rimm-Kaufman et al. (2015) 5
Subject-specific self-concept Bos et al. (2012) 5
Instrumentality Rakoczy et al. (2013) 4
Self-efficacy Jerusalem and Satow (1999) 4
Locus of control Levenson and Krampen (1981) 6
Helplessness Jerusalem and Schwarzer (1993) 5
Proactive participation in class Kuhl (1984, 1998); Trautwein (2003) 4
Cognitive engagement Rimm-Kaufman et al. (2015) 4
Social reference norm Schone et al. (2004) 3
Individual reference norm Schone et al. (2004) 3
Action-adaptivity of reactions to errors Dresel et al. (2013) 4
Table 2. Fit indices for alternative models.
Factors RMSEA (90% Cl) TLI BIC
5 0.076 [0.058; 0.095] 0.918 —268.979
6 0.057 [0.032; 0.080] 0.953 —251.401
7 0.046 [0.000; 0.073] 0.969 -215.601
8 0.030 [0.000; 0.065] 0.987 -180.311
9 0.000 [0.000; 0.056] 1.004 —144.347
Table 3. Factor loadings based on an exploratory factor analysis.
Construct F1 F2 F3 F4 F5 F6 F7
Fear of exams 0.980
Concerns 0.801
Fear ofperformance 0.792
Affective-motivational adaptivity of reactions to errors 0.588
Interest 1.032
Emotional engagement 0.871
Subject-specific self-concept 0.667
Work avoidance goals -0.612
Instrumentality 0.566
Self-efficacy -0.317 0.537 0.610
Mastery approach goals 0.519
Locus of control 0.851
Helplessness -0.708
Proactive participation in class 0.787
Cognitive engagement 0.802
Performance approach goals 0.867
Social reference norm 0.830
Individual reference norm 0.331
Action-adaptivity of reactions to errors 1.029

Note. Factor loadings with absolute values greater than .3 are displayed. The bold factor loadings indicate the allocation of the
construct to the respective factor (F1-F7) in the final model.

The factors were determined based on factor loadings greater than .5. Since the construct Individual
reference norm had its highest factor loading on factor 6 (= F6 in Table 3) and is conceptually related to
Action-adaptivity of reactions to errors, we merged these two constructs into one factor. Self-efficacy
had high factor loadings both on factor 2 and on factor 7; for conceptual reasons, it was included in
factor 2. Therefore, our factor analysis finally resulted in six distinct factors (see Table 4).
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Table 4. Factors of the final model.

Factor Items Cronbach’s a
Concerns & Anxieties (F1) 8 .893
Enjoyment (F2) 14 831
Performance-related confidence (F3) 4 .890
Engagement (F4) 4 739
Performance orientation (F5) 4 834
Persistence (F6) 4 627

Furthermore, the individual items of the factors were examined concerning redundancies. This
further investigation should make the individual factors more concise. Conceptually equivalent items
were removed from the factors. We checked the resulting factors for reliability. This resulted in factors
with 4 to 14 items, each with sufficient to good reliability (see Table 4).

We calculated the Pearson correlation coefficient for pairwise correlations between the six factors
(step 4). Although the sample size in our study is relatively small (n = 144) and Likert-scaled data were
collected, according to Norman (2010), this analysis can be carried out without concern. Furthermore,
Bujang and Baharum (2016) explain that 78 is the minimum sample size to detect a difference of .1 in
a correlation analysis (power: .90, a = .05).

Results

The goal of this study was to identify factors suitable to describe mathematics learners and to examine
correlations between these factors. The analysis of the factorial structure of the items considered
relevant for describing mathematics learners has resulted in 19 factors (see Section “Methodological
background”). Using exploratory factor analysis, these have been condensed into six factors. In this
section, we describe the resulting factors qualitatively and report bivariate correlations.

Factor Analysis

A factor analysis based on the persona scaffold of upper secondary mathematics students and
subsequent qualitative improvement and reduction of the factorial structure led to six central factors
to capture the needs and characteristics of this group of learners. We labeled these six factors
Enjoyment, Concerns & Anxieties, Performance-related confidence, Engagement, Performance orienta-
tion, and Persistence. In this section, we describe these factors in detail.

Enjoyment captures the degree to which students like mathematics for itself and enjoy related
activities such as problem-solving. This factor also includes whether students value the utility of
mathematics and consider it essential for their future. It is characteristic for students who enjoy
mathematical problem solving that they pick up new content quickly and are able to solve demanding
problems through effort.

Concerns & Anxieties related to mathematics can arise both interpersonally and intrapersonally. On
the interpersonal level, they are often related to embarrassment in front of others, e.g., in front of the
teacher during a test or in front of classmates while solving a problem on the blackboard. Test anxiety
is another important component of interpersonal concerns and anxieties. On the intrapersonal level,
concerns and anxieties are often related to making mistakes or giving wrong answers, which may
lower the self-image or self-esteem and can cause students to worry about their future.

Performance-related confidence captures whether students are convinced of their ability to solve
mathematical problems and to fulfil requirements set by their teachers or the national school-leaving
exam by effort.

Engagement captures whether students are attentive and actively participate in class to learn as
much as possible.
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Table 5. Bivariate correlations (Pearson correlation coefficient r).

Factor M SD 1 2 3 4 5 6
1 Enjoyment 3.13 0.83 - —.448%* AT72%* 493%* .393*%* .300%*
2 Concerns & Anxieties 3.14 1.09 - —.494%* —.224** —-.039 —.094
3 Performance-related confidence 3.45 0.63 - .206* 222%% 262%*
4 Engagement 3.06 0.98 - .256%* A17**
5 Performance orientation 3.21 1.08 - .335%*
6 Persistence 3.55 0.85 -

Note. n = 144. * The correlation is significant at the .05 level (2-sided). ** = The correlation is significant at the .01 level (2-sided).

Performance orientation captures whether students aspire to improve their performance (intraper-
sonal) or to outperform their peers (interpersonal). Possible performance indicators are grades or the
ability to solve certain problems.

Persistence is about how consistently students pursue their goals and how they manage setbacks.
Students with high persistence tend to view mistakes as learning opportunities that they take on.

Factor Correlations

The Pearson correlation coefficients of bivariate correlations between the factors were computed.
Following Cohen et al. (2007), we interpret the effect size of the correlations as small for |r| = .1, as
medium for |r| = .3, and as large for |r| = .5.

The correlations between the factors can be found in Table 5. We highlight that Enjoyment
correlates with large effect size with Concerns & Anxieties, Performance-related confidence, and
Engagement and of Concerns & Anxieties with Performance-related confidence. Interestingly, there
are statistically not significant correlations of Concerns & Anxieties with Performance orientation and
Persistence.

Discussion

The goal of our study was to identify suitable factors that capture the characteristics and needs of
mathematics students and investigate their correlations. The factors Enjoyment, Concerns & Anxieties,
Performance-related confidence, Engagement, Performance orientation, and Persistence resulted as
a suitable set of factors from our analysis of data from upper secondary school mathematics students.
We highlight the strong positive correlation between Enjoyment and Performance-related confidence as
well as the negative correlation between Concerns & Anxieties and these two factors.

Factor Analysis

We now compare the seven dimensions of student beliefs and emotions about mathematics that have
been identified by Roesken et al. (2011), i.e., Ability, Effort, Teacher quality, Family encouragement,
Enjoyment of mathematics, Difficulty of mathematics, and Success, with the factors found in our study.
Enjoyment plays a central role both in Roesken et al. (2011) and in our study. Furthermore, there are
clear overlaps in the dimensions Ability, Effort, and Success in Roesken et al. (2011) and the factors
Performance-related confidence, Engagement, Performance orientation, and Persistence in our study.
We could not identify the dimensions Teacher quality and Family encouragement of Roesken et al.
(2011). In fact, these two dimensions did not arise in the qualitative data collected in our previous
research. We also note that the factor Concerns &> Anxieties figured prominently in our data, while it is
not emphasized by Roesken et al. (2011).

Comparing the results of our study with the four faces of the identity of mathematics learners of
Anderson (2007), i.e., Engagement, Imagination, Alignment, and Nature, there is a significant overlap
with Engagement. Both Anderson (2007) and our study focus on how students engage in mathematics
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learning in the classroom. This overlap is particularly interesting given Anderson’s (2007) conclusion
that students who actively participate in mathematics classes develop their identities through
engagement.

According to Ignacio et al. (2006), confidence, “liking or disliking mathematics,” the desire to
master the subject, and expectations of success are central when describing mathematics students.
Confidence is implicitly included in different factors of our study. There is a clear connection
between “liking or disliking mathematics” (Ignacio et al., 2006) and the factor Enjoyment in our
study. There is also an overlap between the desire to master the subject and expectations of success
(Ignacio et al., 2006) and Performance-related confidence, Performance orientation, and Persistence
in our study.

Task-specific self-efficacy (Pajares & Graham, 1999) and mathematical self-concept (Peteros et al.,
2019) are suitable predictors of student performance in mathematics. Self-efficacy and self-concept are
also central in our study and included in Enjoyment and Performance-related confidence.

Correlation Analysis

Prior research has shown that the dimensions of Ability, Difficulty of mathematics, and Success
correlate strongly (Roesken et al., 2011). The results of our study indicate that the factors
Enjoyment, Engagement, Concerns & Anxieties, and Performance-related confidence correlate strongly.
This suggests that, to the extent that mathematical instructional materials and tasks are designed to
allow for active participation, students will enjoy engaging in mathematics. This is consistent with
Swan’s (2006) findings, which indicate that the more actively students participate in mathematics
instruction, the more they enjoy learning and achieve better learning outcomes.

Similarly, the construct Grit consisting of the two dimensions Persistence of effort and Consistency of
interests accentuates the relevance of non-cognitive characteristics for academic learning outcomes;
for a recent overview and discussion, see for example Weinhandl et al. (2023). Specifically, the
dimensions of student characteristics proposed in this study indicate strong correlations between
the factors Enjoyment, Engagement, and Persistence, which in turn all show a large overlap with the
dimensions of Grit. As Grit has repeatedly shown to be highly predictive of learning outcomes (e.g.,
Muenks et al., 2017), it can be assumed that the factors Enjoyment, Engagement, and Persistence
identified in our study are crucial for beneficial learning outcomes.

Liston and O’Donoghue (2009) were able to demonstrate in their study that there are particularly
strong correlations between enjoyment of mathematics and mathematical self-concept (r = .73),
between enjoyment of mathematics and value of mathematics (r = .57), between enjoyment of
mathematics and cohesive conception of mathematics (r = .42) and between cohesive conception of
mathematics and value of mathematics (r = .62) among mathematics learners. These results are very
much in line with the results of our study, which indicated that Enjoyment, Engagement, Concerns &
Anxieties and Performance-related confidence are strongly correlated.

The negative correlation between the factors Concerns & Anxieties with Enjoyment and
Performance-related confidence observed in our study is noteworthy, since it indicates that students
who are confident about solving mathematical problems and who enjoy the process of solving
mathematical tasks are less worried and anxious about mathematics. This is in line with the findings
of Birgin et al. (2010), who found a negative correlation between mathematics students’ enjoyment
and their anxiety.

Conclusion

Analyzing data collected from upper secondary school students, we have identified Enjoyment,
Concerns & Anxieties, Performance-related confidence, Engagement, Performance orientation, and
Persistence as key factors for characterizing mathematics learners. On the one hand, we have found
strong positive correlations between Enjoyment, Engagement, and Performance-related confidence. On
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the other hand, the factor Concerns & Anxieties is strongly negatively correlated with all other factors.
This supports the assumption that the more a student is involved in the educational process and the
more they enjoy the class, the more confident and perseverant and the less anxious they will be with
regard to learning mathematics.

Our work contributes a six-factor model to the literature that is suitable to characterize mathe-
matics learners and which may be used to identify subgroups of mathematics learners in data sets of
future studies. As an immediate application, the results of our study may be integrated into the
training and professional development of mathematics teachers. Indeed, knowledge of how specific
attributes of mathematics learners are independent or related to one another helps teachers under-
stand how fostering a specific attribute such as confidence may affect the development of other
attributes.

Limitations and Further Research

The results of our study may lead to a better understanding of mathematics learners but must be
viewed under certain limiting conditions. They are based on a qualitative investigation and
a subsequent quantitative study with a non-representative sample (n = 144). The sample includes
students from two schools, one in an urban area and one in a rural area. The size of the sample is too
small for further inspection of disparities between students from urban and rural areas. However, this
work can guide further, more extensive data collection.

We highlight that we used the same sample to cluster items from 30 different scales that are
considered relevant for describing mathematics learners and to cluster the resulting factors. We have
used quantitative model fit indices and consideration of conceptual coherence to decide on the
number of factors of the final model. We point out the large cross loading of self-efficacy on factor
E7 (see Table 3) which lacks noteworthy factor loadings of other constructs. Since self-efficacy is
conceptually coherent with constructs such as self-concept or interest, we included self-efficacy in
factor F2 (see Table 3) rather than considering it as a factor of its own. For further validation of the
resulting factorial structure, structural equation modeling with data from a new sample should be
used.

Since our study was conducted in a country with a high socio-economic standard, the
validity of our results is limited to this context. Indeed, self-efficacy and related aspects are
positively correlated with learners’ socio-economic background (e.g., Merritt & Buboltz, 2015).
Our study may provide the basis for conducting similar research in other socio-economic or
socio-cultural settings.

Our study provides a snapshot of the dimensions central to mathematics students and how these
dimensions relate to each other. Collecting data across several measurement points would enable
tracking the development of mathematics learners.
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