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Abstract

Many research indicated that more and more students choose to drop out of mathematics-related subjects during
university study, especially in the western context. Besides the difficulty of mathematics content, first-year
university students also face issues of the transition period. Identifying the impact of first-year university
students' belief factors on their persistence in mathematics study needed further research.

This study served as a pilot study; it structured the framework of first-year university students’
mathematics-related beliefs in relation to students’ persistence on the further mathematics study. A two-stage
approach of using PLS-SEM to assessing the conceptual framework was introduced in detail. The relationships
of dimensions of students’ epistemological beliefs about mathematics, self-efficacy, self-regulated learning
strategies and perceptions about learning environment were assessed. This study provides the feasibility for
future follow-up studies to examine mathematics-related beliefs and intentions to continue learning among
university students on a larger scale.
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1. Introduction

Research related to students’ mathematical related beliefs is receiving increasing attention. Realising learners’
beliefs is important to understand their thought processes, learning approaches, and changes of attitude
(Schommer, 1998). Students, who have just finished secondary-level studies, often encounter many difficulties
as they can adapt to university study. Rach and Heinze (2017) pointed out that the dropout rate of undergraduate
students in mathematics has been increasing, and this phenomenon is prevalent in western countries. With the
general acceptance of this perception, seeking what affects students' persistence in mathematics learning is
significant and how to decrease the dropout rate are needed to be researched.

D’souza and Wood (2003) pointed out that “Tertiary students’ experiences during their first year of study appear
to be crucial to personal adjustment and academic” (p. 1). They suggested that the degree of student adaptation
during the transitional learning process determines whether they will continue, postpone or dropout of
mathematics learning. Therefore, identifying the effect and relationship among different types of beliefs is the
foundation for removing obstacles in learning mathematics and forming effective learning strategies.

Students' conceptions of mathematics and their attitudes towards mathematics influence their higher education
chances and future decision.

Students’ conceptions of mathematics and their attitudes towards mathematics influence their higher education
chances and future decision. Both affective factors and the relationship between affective and cognitive factors
are undoubtedly important to studying mathematical tertiary transition problems (Di Martino & Gregorio, 2019).
It is significant to identify the influence of first-year University students' beliefs on mathematics to persistence
on mathematics. As mentioned above, the significance and value of investigating university students’
mathematics-related beliefs have been demonstrated. Op’t Eynde et al. (2002) noted that belief-related variables
usually are studied individually, and it is necessary to explore a systematic combination of a range of students'
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related beliefs together.
2. Mathematics Learning during Tertiary Transition

Hoyles et al. (2001) argued that many of the changes to make mathematics more widely applicable might have
made the transition more problematic. University students, including some high achievers, are often troubled
because of the difficulties of mathematics learning at tertiary level study (Liston & O’Donoghue, 2007). The
transition difficulties have been considered unavoidable. Tall (2002) mentioned that transition occurred mainly to
encounter with new content in advanced mathematics learning. There is an apparent cognitive discontinuity
between two different levels of study. During the period of transition from one stage to another (e.g.,
secondary-tertiary transition), students’ academic achievement shows an evident decline (Rice, 2001). “New
knowledge often contradicts the old, and effective learning requires strategies to deal with conflicts. Sometimes
the conflicting pieces of knowledge can be reconciled, sometimes one or the other must be abandoned, and
sometimes the two can both be ‘kept around’ if safely maintained in separate compartments.”(Tall, 2002, p. 9).
This problem refers to the situation in which the new knowledge is not well accommodated in one’s process of
cognitive development.

Tall (2002) also addressed other difficulties that arise when studying advanced mathematics. The advanced
mathematics knowledge is too abstract for many students—Ilearning new knowledge by rote results in difficulty
integrating it with previous experience.

Clark and Lovric (2008) suggested a three-stage process (separation, liminal, and incorporation) to describe the
transition from secondary school to university study. They considered the secondary-tertiary transition process
followed the modern-day rite of passage, which is described as one’s perception has been abruptly interrupted,
changed, and distorted.

Gueudet (2008) addressed that even students can sense that the difficulties clearly existed during the transition
period. She suggested that first-year university students usually solve mathematical problems based on their
previous experience, while mathematicians generally display more flexibility in thinking and reasoning. She also
expressed the necessity of figuring out the causes of difficulties during the mathematics learning process. She
believed that identifying those difficulties can help develop more appropriate learning behaviour and concepts.

2.1 Effect of Mathematics-related Beliefs to Mathematics Learning Process

Wood et al. (2012) addressed that students' conceptions about mathematics can profoundly affect their learning.
Di Martino and Gregorio (2019) pointed out that the cognitive aspects of university mathematics have been well
researched in recent years; the research of affective elements is inadequate. This phenomenon is described as "a
critical issue" that many high achievers in secondary school may not adapt well when they enter university.
Many kinds of research have investigated many aspects of students' beliefs about mathematics at different levels
of study; the majority of investigations are focused on the secondary level. Mason (2003) researched to
investigate Italian high school students' belief about mathematics and problem-solving ability with their
academic achievement. Op't Eynde and De Corte (2003) considered that students' epistemological beliefs about
mathematics constituted a system to affect their learning behaviour and attitudes toward mathematics. Research
on students' epistemic beliefs has been concerned with specific subject-matter fields, including mathematics.
Several studies have indicated the relationship between students' epistemological beliefs and their state of
learning advanced mathematics in university (Krupnik et al., 2018). Dawkins and Weber (2017) considered that a
reason for which some students struggle with mathematics learning is that they do not form appropriate
epistemological beliefs to support them to learn advanced mathematics content. According to Schoenfeld (1985),
beliefs in mathematics education can be categorised as beliefs about the nature of mathematics, mathematics
learning, and problem-solving. The student's mathematical beliefs can be concluded as being on a continuum
from invalid to practical. The mathematics beliefs of students refer to the mathematics epistemic belief system
that affects their mathematics learning process and results (Muis, 2004). ifferent types of students' beliefs have
been studied separately. Only a few scholars have researched those beliefs together in an integrative way (Op’t
Eynde et al., 2006).

Callejo and Vila (2009) analysed two mathematics belief systems of high-achieving students. They found that
students' belief systems with good grades had a positive effect on their mathematical problem-solving. Stockton
(2010) conducted in-depth research on the relationship between mathematics beliefs and SRL (self-regulated
learning processes) in college students' advanced mathematics-learning process. Students' epistemic mathematics
beliefs, problem-solving strategies, and self-regulation are closely related.

Liston and O’Donoghue (2007) pointed out that factors associated with self-concept, self-efficacy, and
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confidence significantly influence the process of learning mathematics. They also suggested it is necessary to
pay attention to the development of attitudes during mathematics learning. Davis Kean et al. (2008) found that,
as students grow older, the relationship between their self-efficacy and learning behaviours have become close.
This trend was observed both for male and female students.

The perceived learning environment for students consists typically of students' perspectives of their teachers,
peers, learning activities, and student engagement in the classroom. The teacher's learning assistance has a
guiding role for students to learn mathematics (Khine et al., 2018). Fraser (1991) showed that the classroom
environment affected students' performance and attitudes toward mathematics. The learning environment is one
of the critical constituents of students' learning. According to Khine et al. (2018), the characteristics of the
classroom learning environment are significantly influential on students' attitudes towards specific subjects
learning and cognitive outcomes. The influence of the learning environment is one of the leading causes of
difficulty in mathematics learning (Quilter & Harper, 1988).

2.2 The Use of SEM

We consider using structural equation modelling to assess the relationships among variables. Literature indicated
that Structural Equation Modelling (SEM) has been a popular technique to explore relationships among multiple
variables (Bentler & Yuan, 1999).

Hair et al. (2019) mentioned that covariance-based structural equation modelling (CB-SEM) was viral to explore
the interrelationships among variables. According to previous works of literature, CB-SEM has been the
predominant approach, yet PLS-SEM is increasingly used in various disciplines (Hair et al., 2014).

Hair et al. (2011, p. 144) recommend:

e “If the goal is predicting key target constructs or identifying key 'driver' constructs, select PLS-SEM.
e |fthe goal is theory testing, theory confirmation, or comparison of alternative theories, select CB-SEM.
o If the research is exploratory or an extension of an existing structural theory, select PLS-SEM.”

Following this recommendation, CB-SEM would be appropriate for this study. However, many researchers
designed consistent PLS estimations of common factor models to imitate CB-SEM (Bentler & Huang, 2014;
Dijkstra, 2014; Dijkstra & Henseler, 2015), which addressed that PLS-SEM can be used to study structure.
Moreover, Goodhue et al. (2012, p. 981) mentioned that:

“There is a pervasive belief in the Management Information Systems (MIS) research community that for
small sizes or data with non-normal distributions, partial least squares (PLS) has advantages that make it
more appropriate than other statistical estimation techniques such as regression or covariance-based
structural equation modelling (CB-SEM) with LISREL, Mplus, etc.”

Several reasons of why researchers should select PLS-SEM between CB-SEM and PLS-SEM were concluded by
Hair et al. (2019, p. 5):

When the analysis is concerned with testing a theoretical framework from a prediction perspective;
When the structural model is complex and includes many constructs, indicators and/or model
relationships;

o When the research objective is to better understand increasing complexity by exploring theoretical
extensions of established theories (exploratory research for theory development);

e  When the path model includes one or more formatively measured constructs;
When the research consists of financial ratios or similar types of data artifacts;
When the research is based on secondary/archival data, which may lack a comprehensive substantiation
on the grounds of measurement theory;

o When a small population restricts the sample size (e.g. business-to-business research); but PLS-SEM
also works very with large sample size;

e When distribution issues are a concern, such as lack of normality; and

e When research requires latent variable scores for follow-up analyses.

Hair et al. (2019) also mentioned that a higher degree of statistical power could be perceived from using the
PLS-SEM approach rather than CB-SEM (Hair et al., 2017; Reinartz et al., 2009). A higher degree of statistical
power means it is more likely to identify significant relationships among variables when the relations have really
existed. Besides, another advantage of using PLS-SEM is that it does not need the data set to follow a normal
distribution. The data distribution reason for choosing PLS-SEM is not sufficient because the non-normal data
could affect the results in some situations (Sarstedt et al., 2017). However, considering the reasons listed above,
the PLS-SEM is considered the suitable approach for this study.
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2.3 The Aim of Study

This is a pilot study; one of the study aims is to examine the reliability of the questionnaire and the data analysis
process for future research. In addition, the findings of this study hope to assist first-year students who choose
mathematics-related subjects to understand the importance of their mathematics-related beliefs to tertiary
mathematics study, to complete transition and reduce difficulties they experience in tertiary mathematics
learning.

2.4 Theoretical Foundation

In this study, the relationships among five types of students' mathematics-related beliefs (epistemological
dimensions, self-efficacy, self-regulated strategies, psychosocial environment about classroom, and persistence
on mathematics) need to be measured. In addition, these variables' influences on the trend of students'
persistence in mathematics learning also need to be verified. Theories supported this study included:

e The reciprocal determinism suggested by Bandura (1986) provide a significant theoretical framework
for this study to explore the hypothetical path relationship among these variables.

e Framework of students’ mathematics-related belief systems developed by Op’t Eynde et al. (2002)
introduced the different relevant belief categories about mathematics and the structure of students’
mathematics-related belief systems.

Behavioural

Cogpnitive strategy use Self-regulation

self-regulate learning

Lﬂrate

persistence on
mathematics

Competence in Personal relevance of
mathematics mathematics

students' beliefs about
themselves
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mathematics as a mathematics as a
domain of excellence social activity

Personal

psychosocial environment

A

/

attitudes toward the
tertiary mathematics
learning

perceptions about
colaborative learning
situation

perceptions about

| their lecturers

Environmental

Figure 1. Conceptual framework

Bandura (1986) stressed that only environmental factors cannot fully determine people’s learning behaviour. In
addition to environmental factors, individuals’ personal opinions about their characteristics and reaction
behaviour are also crucial for making decisive behaviour. According to Op’t Eynde et al. (2002), the framework
of students’ mathematics-related beliefs system is constituted by their beliefs about themselves, mathematics
education, and contexts. Synthesising the content of the structure of beliefs, the function of the specific context
(such as the classroom), to a certain extent, promotes students to put their prior knowledge and beliefs into the
new learning environment so that students’ concepts about the subject can be developed. Students’ beliefs about
mathematics education are influenced by the context and students’ psychological needs, desires, goals etc.
Beliefs about the self-associate with mathematics refer to the affective domains to mathematic study based on
three motivational constructs (Pintrich, 1989): expectancy, value and affect.

The hypotheses suggested for this study were based mainly on Bandura’s theory of reciprocal determinism.

10



http://hes.ccsenet.org Higher Education Studies \Vol. 11, No. 4; 2021

Pajares and Usher (2008) quoted Johnny’s example to explain how personal, behavioural, and environmental
factors mutually interacting forces can influence each other. The example addressed that how the environmental
factors, such as his teacher’s personality and verbal persuasions, and modelling from peers, influenced his
personal factors (his attitude and confidence standard on math study). Such influences resulted in Johnny’s
behavioural changes, as he persevered in mathematics, became more engaged in class, actively worked with
peers, and looked for challenges on his own initiative. It worked in a chain that included Johnny’s new attitudes
and beliefs about mathematics learning, affected subsequent environmental factors (his teacher feels encouraged
and seeks new challenges for him) and personal factors, for example, his new-found success improved his
self-regulated practices, his greater motivation toward mathematics study, which led to his satisfaction in
mathematics rising. Such influences to further behavioural changes, for instance he continued learning
mathematics and even joined the math club. According to the logic of this example, within the constructs
described in each of the three categories of the conceptual framework proposed in Figure 2, the following
relationships are hypothesised:

1) Psychosocial environment effect (Fraser, 2019; Wong et al., 2016; Wu, 2018):

(H1) Psychosocial environment has a positive effect on students’ epistemological dimensions of students ‘beliefs
about mathematics;

(H2) Psychosocial environment has a positive effect on students’ self-regulated learning strategies;
(H3) Psychosocial environment has a positive effect on students’ beliefs about themselves;

(H4) Psychosocial environment directly affects students’ persistence on mathematics;

2) Personal factors effect (Kizilgunes et al., 2009; Phan, 2008; Schunk & Usher, 2011; Wu, 2018):

(H5) Students’ epistemological dimensions of students ‘beliefs has a positive effect on Students’ self-regulated
learning strategies;

(H6) Students’ epistemological dimensions of students ‘beliefs directly affects students’ persistence on
mathematics;

(H7) Students’ beliefs about themselves has a positive effect on self-regulated learning strategies;
(H8) Students’ beliefs about themselves has a positive effect on persistence on mathematics;

3) Behavioural effect (Ros&io et al., 2013; Zimmerman & Schunk, 2011):

(H9) Self-regulated learning strategies has a positive effect on persistence on mathematics.

3. Methodology

The survey conducted for this study is to clarify the relationships among university students’
mathematics-related beliefs, and to explore the influences of students’ mathematics-related beliefs on their
persistence with mathematics learning. A demographic section had been provided to students to ask them to
supply their demographic data before completing the questionnaire. The demographics section included students’
prior mathematics learning and reasons for taking mathematics at first year university level, as their pathways
and motivation for study may well be impacted by, and/or affect their beliefS. The initial survey selected 55
items for the investigation.

Many researchers recommend that the outer loadings should be more than 0.70 (Hair et al., 2019). Given this
study is of an exploratory nature, the indicators with the outer loadings from 0.4 -0.7 may be also retained (Hair
et al., 2016; Hair et al., 2014). In order to increase the convergent validity of the measurement models, the items
with outer loadings less than 0.5 were considered non-significant and deleted, because indicators with outer
loadings below 0.4 should always be eliminated from the construct (Hair et al., 2011). At last, 44 items were left
and used to examine epistemological dimension of students’ beliefs about mathematics education, students’
beliefs about themselves, self-regulated learning strategies, and perceptions of learning environment are selected
from established instruments.

Table 1. Sources of items selected in the survey

Sources Number of selected items
Mathematics-related beliefs questionnaire (Op’t Eynde et al., 2006) 10

Mathematics Self-efficacy Questionnaire (May & Glynn, 2008) 9

The Motivated Strategies for Learning Questionnaire (Pintrich & De Groot, 1990) 10

What Is Happening in This Classroom (Fraser, 1998) 15

11
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3.1 Participants

The participants of this study are Australian university students who need to learn mathematics during their
undergraduate studies, including first, second, and third-year students. The responses from first-year university
students who enrolled in mathematics course/unit study in the middle of semester 1 2019 from two Australian
universities. Students were mainly enrolled in one mathematics course at a time; only a small number of students
took one or two additional math courses in this semester. According to the overviews of these courses, the
contents are all about fundamental mathematics, very similar to what students had learnt in secondary school.

3.2 Data Analysis

In order to analysis the quantitative data collected by the survey. We applied Partial Least Squares Structural
Equation Modelling (PLS-SEM) to deal with the data collected. The Structural Equation Modelling (SEM) has
been a popular technique to explore relationships among multiple variables (Bentler & Yuan, 1999). Hair et al.
(2011) described SEM as “a ‘quasi-standard’ in marketing and management research when they need to identify
the cause-effect relations among latent constructs. PLS-SEM is commonly used in exploratory research.
According to Hair et al. (2016), PLS-SEM is a non-parametric method, no identification issues while dealing
with small sample size, and suitable to handle models with complex structure. Considering those advantage
characteristics, we implement PLS Algorithm calculation in SmartPLS 3 software.

4, Results

The proposed framework has double layer of constructs. The first-order constructs is reflective and the
second-order model is formative. According to Hair et al. (2016),when assessing reflective measurement model,
Outer loadings, Composite Reliability, Cronbach’s Alpha, Average Variance Extracted (AVE), and Discriminant
Validity.

After run PLS-Algorithm, all outer loadings of the indicators can be found in Final Results report. All outer
loadings of the first-order constructs are above 0.5. The outer loadings indicated the relationships between the
reflective latent variables and their indicators. The Composite Reliability and Validity is under Quality Criteria in
the results report.

Table 2. First-order variables’ construct reliability and validity

Cronbach's Alpha Composite Reliability AVE

Self-regulated Self-regulation 0.7 0.80 0.45
learning Cognitive strategy use 0.68 0.80 0.51
strategies
Psychosocial Perceptions about their lecturers 0.89 0.92 0.69
learning Perceptions about collaborative 0.80 0.87 0.63
environment learning situation
Attitudes toward tertiary 0.77 0.84 0.48
mathematics learning
Students’ beliefs Personal relevance of mathematics 0.83 0.88 0.55
about themselves ~ Competence in mathematics 0.78 0.87 0.70
Epistemological Mathematics as a social activity 0.74 0.83 0.50
dimensions Mathematics as a domain of excellence 0.73 0.82 0.48

As can be seen, the Cronbach’s alpha values for the first-order constructs are above the 0.70 thresholds, except
Cognitive Strategy part (0.68), which did not reach 0.70 but was very close to. According to Hair Jr et al. (2016),
Composite Reliability is a more conservative measure of internal consistency reliability as Cronbach’s alpha. It
varies between 0 and 1, the higher values indicating higher reliability. All values of CR showed in table 2 are
above 0.8 (the highest is perceptions about their lecturers 0.92, the lowest is 0.80), which can be regarded as
satisfactory. AVE is calculated to assess convergent validity. The values of AVE typically suggest being higher
than 0.5, which means the construct explains more than half of the variance of their indicators. In table 2, the
value of AVE in Mathematics as a domain of excellence, Attitudes toward tertiary mathematics learning, and
Self-regulation did not meet the value of 0.5. However, this still can be accepted, as Fornell and Larcker (1981)
suggested the convergent validity would still be enough if the composite reliability is higher than 0.6. The AVE
is lower than 0.5.
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Table 3. Discriminant Validity (Heterotrait-Monotrait Ratio)

Attitudes toward Cognitive Competence Mathematics as a Mathematics Personal Perceptions about Perceptions
tertiary strategy in domain of as relevance colaborative about
mathematics use mathematics excellence a social of mathematics learning their lecturers
learning activity situation

Cognitive 0.6

strategy use

Competence 0.80 0.88

in mathematics

Mathematics as a 0.39 0.63 0.43

domain of

excellence

Mathematics as a 0.35 0.59 0.28 0.9

social activity

Personal relevance 0.62 0.61 0.84 0.66 0.62

of mathematics

Perceptions 0.26 0.31 0.15 0.25 031 0.20

about collaborative

learning situation

Perceptions about 0.20 0.2 0.34 0.28 0.25 0.29 0.30

their

lecturers

Self-regulation 0.41 0.61 0.47 0.68 0.56 0.50 0.18 0.26

The Heterotrait-Monotrait Ratio (HTMT) has been considered as a frequently used criterion to assess
Discriminant Validity. Hair et al. (2016) suggested using 0.85 as a conservative threshold. Table 3 shows the
HTMT values for all the pairs of constructs. The value of HTMT for two dimensions of epistemological beliefs
about mathematics is 0.9, which is considered very similar, as well as the values for self-regulated learning
strategies (0.88). The rest HTMT values are all lower than the threshold value of 0.85.

From these assessments, most of the evaluation of model criteria has been met, and the first-order measurement
model showed good reliability and validity.

Then, we extracted the standardised first-order latent variable scores to construct the second-order model (see
figure 2).
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environment
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Figure 2. The 2nd-order constructs

Table 4. Second-order variables’ construct reliability and validity

Cronbach's Alpha  Composite Reliability AVE
Beliefs about the self 0.818 0.916 0.846
Epistemological beliefs about mathematics 0.841 0.926 0.862
Persistence on mathematics 1 1 1
Psychosocial environment 0.228 0.542 0.361
Self-regulation learning strategies 0.617 0.838 0.721

13
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The construct reliability and validity of the psychosocial environment may not be good because the contribution
of the perceptions about collaborative learning situations is too low, with a factor loading of only 0.112. The
Cronbach’s alpha value of SRLS is 0.617, it is lower than the threshold value of 0.7. Except for that, the
second-order structure indicates acceptable consistency reliability and convergent validity. The persistence on
mathematics has only one item, so this constructs’ Cronbach’s alpha, CR, and AVE are not meaningful.

Shmueli and Koppius (2011) illustrated that the R? refers to a measure of the model’s explanatory power. The
range of R? is between 0-1, the higher the R?value, the higher levels of predictive accuracy. The adjusted R?
refers to as the criterion to avoid bias toward complex models. The R?values of beliefs about the self (0.495),
persistence on mathematics (0.462), self-regulated learning strategies (0.591) can be considered moderate,
whereas the R? values of Epistemological beliefs about mathematics (0.115) is rather weak (shown in Table 5).

Table 5. R? value

R Square R Square Adjusted

Beliefs about the self 0.495 0.473
Epistemological beliefs about mathematics 0.115 0.096
Persistence on mathematics 0.462 0.413
Self-regulation learning strategies 0.591 0.564

Within the context of PLS-SEM, the Cohen’s f ? is given to demonstrate the effect size of the independent
variable to the dependent variable. As shown in Table 6, the highlighted f ? values indicated that Epistemological
beliefs about mathematics has no effect on Persistence on mathematics; Psychosocial environment has no effect
on Self-regulation either. The effect of Beliefs about the self (0.08) and Self-regulation (0.058) have on
Persistence on mathematics are rather weak.

Table 6. f* effect sizes

Beliefs about  Persistence on  Epistemological beliefs ~ Self-regulation  Psychosocial

the self mathematics about mathematics learning environment
Beliefs about the self 0.08 0.258 0.194
Epistemological beliefs about mathematics 0.003 0.159
Psychosocial environment 0.729 0.126 0.004
Persistence on mathematics
Self-regulation learning 0.058

As shown in Table 7, the total effect for the hypothesised relationships range from 0.287 to 0.670 (The impact of
psychosocial environment on self-regulated learning strategies was -0.002, which although significant, should be
ignored) are all significant at a 5% significant level except three hypothetical paths, the effect of Psychosocial
environment on Epistemological beliefs about mathematics (t=1.953, p>0.05), Epistemological beliefs about
mathematics on Persistence on mathematics (t=0.441, p>0.05), and Self-regulated learning strategies on
Persistence on mathematics (t=1.611, p>0.05).

Table 7. Evaluation of path coefficients and their significance levels

hypothesises Path coefficients ~ Standard Deviation T Statistics P Values  confidence intervals

2.5% 97.5%
Beliefs about the self -> Persistence on mathematics 0.287 0.168 2.452 0.015 0.107 0.779
Beliefs about the self -> Self-regulation learning strategies 0.535 0.181 2.950 0.003 0.153 0.850
Epistemological beliefs about mathematics -> Self-regulation learning strategies 0.324 0.146 2.222 0.027 0.038 0.609
Psychosocial environment -> Beliefs about the self 0.670 0.060 11.093 0.000 0.522 0.769
Psychosocial environment -> Epistemological beliefs about mathematics 0.277 0.142 1.953 0.051 -0.108 0.490
Psychosocial environment -> Persistence on mathematics 0.324 0.091 6.775 0.000 0.374 0.761
Epistemological beliefs about mathematics -> Persistence on mathematics -0.024 0.118 0.441 0.659 -0.210 0.268
Psychosocial environment-> Self-regulation learning strategies -0.002 0.113 3.934 0.000 0.117 0.625
Self-regulation learning strategies-> Persistence on mathematics 0.235 0.146 1.611 0.108 -0.024 0.534

5. Discussion

Based on the results, our study primarily established the constructs of first-year students” mathematics-related
beliefs; the consistent reliability of each construct was considered satisfactory. The composite scale measuring
students' mathematics-related beliefs has good reliability; the items in the scale were all extracted from
established scales, which means the survey have good validity.

14
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Students’ views about the learning environment directly influence their self-efficacy, epistemological beliefs
about mathematics and persistence in mathematics. Their self-efficacy and their epistemological dimensions of
beliefs affected students’ self-regulated learning strategies. Students’ epistemological dimensions of mathematics
beliefs had a positive effect on their self-efficacy, and their self-efficacy directly related to their persistence in
further mathematics learning. Because of that, this group of students had been at the starting point of their
tertiary levels of study; many of the contents of the mathematics courses they enrolled in were similar to what
they had learnt in secondary levels of study. That could explain the level of self-efficacy is relatively high for
most students. However, as the study goes on, we assume a decline in their self-efficacy because the difficulty
level of mathematics content will rise, which will also directly affect students’ willingness to continue study
mathematics. Only a few students expressed negative emotion because the pace of study was more intensive,
more homework, and more dependent on their own. Thus, the support of tutorials and collaboration in
mathematics learning needs to be improved.

Given the nature of this study as a pilot, the research focused on the design of a research process suitable for
investigating the relationships among students’ mathematics-related beliefs. The relationship between these
belief variables can be explicitly systematised employing PLS-SEM.

The presentation of the results is not generalisable. With the purpose of conducting generalised results with more
specific details, the sample size should be to be expanded. However, this study has already contributed to
subsequent studies that can produce generalisable results.

6. Conclusion

The results showed that first-year students’ mathematics-related beliefs are interrelated, which fit the theoretical
foundation indicated. For those first-year students who just started tertiary mathematics learning, their
psychosocial environment had a moderately weaker impact on their epistemological beliefs about mathematics.
In comparison, the psychosocial environment had a more substantial influence on students’ beliefs about
themselves; their beliefs about the ‘self” mainly refers to their self-efficacy. However, the psychosocial
environment showed no effects on their persistence of learning mathematics in their future studies and
self-regulated learning strategies. Students’ epistemological beliefs about mathematics showed no direct relation
to the persistence of mathematics learning. However, their epistemological beliefs positively affected their
beliefs about the self and their self-regulation learning strategies. Students’ beliefs about the self positively affect
their self-regulated learning strategies and their persistence in mathematics learning. However, their
self-regulation learning strategies did not affect their persistence in mathematics.

The study also has limitations. Firstly, the sample size is a bit too small, despite that PLS-SEM is suitable for
analysing a small sample size because the structural framework is complex. The results may be different when
the sample size gets larger. Secondly, deep reasons why students would continue to learn the subjects have not
been investigated. Whether they would give up or continue study could be different while simply asking their
satisfaction with the current learning situation or whether they wish to continue, which may not reflect students’
intention to continue mathematics learning accurately. We only conducted a single item to evaluate students’
intention to persist in further mathematics learning; in future research, it would be appropriate to change this to a
multi-item measure to obtain more reliable conclusions.

Moreover, this study does not include students’ academic achievement into consideration. Hence, future studies
are suggested to enlarge the sample size and add up interviews to seek deeper reasons for students’ persistence in
mathematics. In addition, whether students’ beliefs would change when students moved to study, still awaiting
further investigation. Moreover, the results only indicated a direct effect among those five dimensions of beliefs;
the mediation effect needs further exploration in the future.

In the end, some of the evaluation criteria did not show satisfactory results. The main reason should be that the
sample size is too small, and the framework structure is a bit complex. We did not consider the sample size at
this stage, since the purpose of this study is mainly to provide feasibility for subsequent studies. The results
derived from this study are not generalisable. Hence, we did not analyse all the hypothetical relationships in the
framework in a fine-grained way. We assume better results coming when we get more responses.
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