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Abstract

This study examines the role of parental attitudes, beliefs, and expectations in students’ math achievement, controlling
for the students’ attitudes as well as the families’ socioeconomic status (SES). The TIMSS 2019 data of Austrian Grade
4 students were investigated using a covariance-based structural equation modelling (CB-SEM) approach. The results
showed partially significant, negative correlations between parental beliefs and achievement, and this correlation was
mediated by students’ attitudes. Furthermore, SES was a moderating factor, with a higher SES positively mediating the
negative correlation between parental beliefs and achievement. However, parental math utility values were not
significantly associated with math achievement. These findings suggest that for teachers, awareness of the association
between parental attitudes, beliefs, and expectations and math achievement is essential to support students. Moreover,
including parents in school life and ensuring good communication between all parties are vital for enhancing student
learning.

Introduction

In a constantly evolving world, science, technology, engineering, and mathematics (STEM) jobs are gaining importance
(European Commission, 2025). Between 2012 and 2022, the Programme for International Student Assessment (PISA)
indicated that the number of students not achieving the minimum level of proficiency in mathematics increased, with
around 25% of Austrian 15-year-olds not reaching the minimum proficiency level (OECD, 2023). This trend is critical, as
numerous skills, one being mathematical competence, must be acquired to participate in society (Geary, 2011). One of
the numerous reasons is the role of parents’; parents play an essential role in their children’s lives and development,
especially at a young age (Kelty & Wakabayashi, 2020). While parental involvement can assume various forms, this
study focuses on parental attitudes, beliefs, and expectations and their correlation with students’ math achievement.
The results should support teachers and the educational sector in understanding possible associations, enabling them
to adopt the necessary measures to support students.

However, the importance of math is often neglected, as can be seen, for example, in a study by the Overdeck Family
Foundation and Simons Foundation, which found that parents viewed reading and writing as more useful to students’
futures than math (Group Gordon, Inc., 2017). Similarly, Uscianowski et al. (2018) concluded that parents place
significantly more emphasis on literary concepts and storybook reading compared to math. This lower value judgment,
however, could be problematic, as a longitudinal study in Great Britain showed that poorer mathematical skills lead to
severe consequences in the labour sector, with a higher chance of unemployment and generally less well-paid jobs and
opportunities for career advancement (Geary, 2011). Furthermore, research has shown that children who struggle to
keep up with math in the beginning of their educational career are prone to being below average in math achievement by
the end of their formal education, leading to lifelong struggles (Geary, 2011). Consequently, supporting students who are
struggling from an early age is essential.

According to the seminal work by Fan and Chen (2001), mathematical achievement is closely connected to attitudes
towards the subject. Attitudes can hereby be understood as personal opinions concerning the subject as well as
affection for or disapproval of mathematics (Philipp, 2007). These attitudes can be related to several factors, among
which are parental beliefs towards the topic as well as parental expectations concerning their children’s achievement
(Mohr-Schroeder et al., 2017). According to @stbg and Zachrisson (2022), the educational achievement of children can
be linked to their parents’ attitudes. The value given to a subject (Eccles & Wigfield, 2002) and gender-based stereotypes
(Gunderson et al., 2011) can be transferred through parental attitudes, beliefs, and expectations, thus influencing the
academic performance of the students. Silver et al. (2021) analysed the correlation between parental math anxiety and
student achievement and found that parents’ beliefs about math were significantly associated with the children’s math
outcome; parents who believed that math was important had children who performed better in school, starting in
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preschool. A child’s attitude towards math and their educational achievement is consequently affected by the parents’
expectations and support (Fan & Chen, 2001).

Although math attitudes have been analysed frequently by researchers, the definitions of “attitudes” vary (Wen & Dubé,
2022). Quaye and Pomeroy (2021) described attitudes as “ambiguous construct[s]” (p. 158) and identified the varying
definitions of the term as the reason for differences in research results. Consequently, a definition for attitudes used in
this study is necessary. Following Weerasinghe (2016), this study focuses on parental attitudes, beliefs, and
expectations — three terms that are often used in connection to each other and sometimes even interchangeably under
the overarching term of “attitudes” regarding parental involvement. However, these three terms must be distinguished.
Attitudes can be defined as a tendency to like something or not, and consequently, math attitudes refer to a positive or
negative mindset concerning the subject (Philipp, 2007). However, attitudes cannot be equated with emotions, as they
are more stable and are not perceived as strongly as emotions (Philipp, 2007). Math attitudes fall along a broader
spectrum than simply liking or disliking the subject and include positions like a general interest in math or fatigue
caused by the topics discussed in math class (Philipp, 2007). In this context, parental math attitudes are closely related
to parents’ expectations for their child (Hascoét et al., 2021). While expectations focus on parents’ specific ideas for
their child's momentary math performance, aspirations are more long-term, concerning, for example, a child’s
qualifications or future career after school. However, this separation between expectations and aspirations is often
neglected (Stamm, 2021). Beliefs are often used to describe attitudes, making beliefs a part of attitudes, but beliefs are
more cognitive than attitudes and are thus differentiated from them (Wen & Dubé, 2022; Hwang & Son, 2021). Beliefs
can also concern the importance of math in society and for children’s future careers (Silver et al., 2021). Consequently,
beliefs strongly correlate with parental behaviour and engagement with students’ math activities (Silver et al., 2021).

Several factors are associated with the correlation between achievement and parental attitudes, beliefs, and
expectations. The two most frequently mentioned ones are students’ attitudes and the SES of the family (e.g. Fan &
Chen, 2001; Usher, 2009). Usher (2009) stated that parental attitudes towards math can directly be associated with
students’ attitudes as parents openly voice their own attitudes, especially negative ones. However, a parent’s positive
mindset towards the subject can also impact children, making them more aware of the importance of math and possibly
even leading them to enter careers in the STEM field (Rowan-Kenyon et al., 2012). A family’s SES also correlates with
parental attitudes towards school, with families with a lower SES generally perceiving math as less important (Kobra et
al., 2024). Furthermore, SES can also compensate for negative parental attitudes, as children from a higher SES have
more access to educational resources (Ding et al., 2022).While several studies have focused on the correlation of
parental attitudes, beliefs, and expectations with students’ math achievement in different countries (e.qg. Kilic & Askin,
2013; @stbg & Zachrisson, 2022; Shapira-Lishchinsky & Zavelevsky, 2019), none have been performed concerning the
Austrian context, which highlights the existing research gap, especially with the availability of TIMSS data. Therefore, the
correlation between achievement and parental attitudes, beliefs, and expectations towards math in Austria, as mediated
by student attitudes and with the moderation of SES, is analysed according to the TIMSS 2019 data in this study.

Research Questions

The aim of this study is to analyse the extent to which parental attitudes, beliefs, and expectations correlate with
students’ academic math achievement. To achieve this objective, the TIMSS 2019 data of Austrian Grade 4 students
were investigated to address the following research question:

To what extent are parental attitudes, beliefs, and expectations towards math associated with overall student math
achievement when controlling for student attitudes and the family’s socioeconomic status?

This research question includes the following sub-questions:
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1. What do Austrian TIMSS 2019 data reveal about parental attitudes, beliefs, and expectations concerning math?

2. To what extent do parental attitudes, beliefs, and expectations correlate with Grade 4 children’s math achievement
as measured by the 2019 TIMSS?

3. How do students’ attitudes mediate the correlation between parental attitudes, beliefs, and expectations and math
achievement?

4. How does the socioeconomic status of families of Grade 4 students in Austria moderate the correlation between
parental attitudes, beliefs, and expectations and math achievement?

5. How can teachers respond to the correlation of parental attitudes, beliefs, and expectations with academic
achievement?

Conceptual Framework

This study relies on several theories that, when arranged into categories and connected to past research, culminates
into a conceptual framework (Ghanad, 2023).

Parental involvement in relation to educational achievement gained importance after years of strict separation between
family and school (Epstein & Sander, 2000; Myrberg & Rosén, 2008, 2009; Shapira-Lishchinsky & Zavelevsky, 2019).
Parental involvement became more multi-layered over time, and different modes of parental interaction and their effects
on students’ academic achievement became a central question of interest (see Alami, 2016; Bah, 2021; Barger et al.,
2022). Multiple authors (see Fan and Chen, 2001; Kilic and Askin, 2013; @stbg & Zachrisson, 2021) critically scrutinized
the term “parental involvement”, questioning what it entails.

Attitudes towards Mathematics includes aspects of math anxiety (see Jansen et al., 2013; Dowker et al., 2019; Silver et
al., 2021; Cvencek et al., 2021). Since 2014, Pinxten et al. (2014) stated that, although research has begun to focus on
positive attitudes, especially in the course of positive psychology, these studies have shown numerous benefits for
motivation and achievement (Hwang & Son, 2021). Math attitudes have been of interest to TIMSS since its first cycle in
1995 (Mullis et al., 2020). The Students Like Learning Mathematics scale had nine questions in the 2019 cycle, using a
Likert scale to gain insights into students’ attitudes towards the subject. Worldwide, the data showed that 45% of grade
4 students enjoyed doing math “very much”, while 20% “do not like” math (Mullis et al., 2020). When comparing the
Austrian data to the international average, the percentage of students who liked to learn math “very much” was slightly
below average, at 40%. The number of students who liked to learn math “somewhat” corresponded to the international
average. Furthermore, the percentage of students who did not like to learn math was slightly higher than the worldwide
average, with one-fourth of Austrian students falling into this category (Mullis et al., 2020). Generally speaking, a
correlation between math attitudes and achievement was evident in TIMSS 2019, as in every other cycle before, with
those students who liked to learn math “very much” achieving higher scores than those who did not like it (Mullis et al.,
2020). This result is reflected in the Austrian data too, with average achievement scores decreasing as the liking of math
decreased (Mullis et al., 2020). However, the gap of the average achievement score between those who did not like to
learn math and those who did very much was 26.8% lower than the international average (Mullis et al., 2020).

Parental Attitudes, Beliefs, and Expectations (as one part of parental involvement) concerning mathematics are of
particular interest for this study. As an indirect form of influencing children in their mathematics learning, (Silver et al.,
2021), as a mediator of achievement (Peixoto et al., 2023), the value assigned to the subject (Eccles & Wigfield, 2002)
and gender-based stereotypes (Gunderson et al., 2011) that can be passed on, parents’ approach to math can have such
a substantial effect on students since, for children, parents are “interpreters of reality” (Simunovi¢ & Babarovié, 2020, p.
702). When parents want to support their children in their math performance, their own attitudes towards the subject
and their self-perception of their math abilities, can lead them to reservations towards math exercises and struggles to
support their children (Mohr-Schroeder et al., 2017), as also illustrated earlier by the Hoover-Dempsey and Sandler
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model (1995), especially Walker et al.’s revised version (2005). Shifting attitudes, when parents gain more support from
the school in engaging with their children at home and supporting their academic achievement (Pefia, 2000; Davadas &
Lay, 2017; Harun, 2021; Peixoto et al., 2023) highlight this role of schools and teachers in efforts to increase student
proficiency.

Students’ Attitudes have consistently shown a positive correlation between liking the subject and scoring higher points
for all testing cycles in TIMSS, in particular, the scale Students Like Learning Mathematics. Students’ attitudes towards
math are especially relevant to the way in which students deal with and learn math. These findings have been mirrored
by other researchers, generally speaking, when enjoying a subject, motivation to engage and learn increases (see Chen
et al., 2022; Hwang and Son, 2021). On the other hand, negative attitudes, feelings of failure, and lack of confidence,
correlate with lower math achievement (Usher, 2009; Rowan-Kenyon et al., 2012). (Hwang & Son, 2021). Like Dowker et
al's (2019) conclusion, the general consensus is that math attitudes in primary school are mostly positive; however,
students can still develop negative attitudes towards a subject at a young age (Markovits & Forgasz, 2017). A slow and
often playful introduction to math can help to foster positive attitudes and better achievement, which can additionally
prevent the development of negative attitudes (Mohr-Schroeder et al., 2017), and according to Evans and Field (2020),
the transition between primary school and secondary education has been found to be particularly significant concerning
math attitudes since the educational transition is an impactful time for students. Cultural values that are closely related
to the country and national identity (Hunter, 2021; Zhang, 2019), as well as gender have been discussed as possibly
being related to students’ attitudes (Gunderson et al., 2011), with boys often showing more positive attitudes towards
math, although academic achievement is higher for girls at the beginning of secondary education (Cvencek et al., 2021).
Interestingly, Casad et al. (2015) stated that girls are prone to get math anxiety through teachers who have math anxiety
themselves.

Family socio economic status (SES) is a way of positioning a family within society based on parental education and the
occupation, including the household income (Conger & Donnellan, 2006). Findings from Fan (2001), Pan et al (2018) and
@stbg et al. (2021) found a significant correlation between parental attitudes and the family SES; however, for the
correlation between SES and students’ motivation, they could not identify any significant mediation of parental attitudes.
Children who enter school with different prior knowledge concerning math, caused by SES-related differences that are
likely to manifest and even intensify during the children’s school career (Garon-Carrier et al., 2018). An SES difference
concerning math exposure is not solely based on parents engaging in math activities with their children but also based
on the availability of such resources and materials, such as out-of-school math activities (Kobra et al., 2024) and cultural
capital (Heppt et al., 2022). When investigating how SES is related to student achievement, the various dimensions of
SES and cultural capital must be differentiated, as some factors can be passed down more easily from parents to
children than others (Marsh et al., 2023). Parental education and occupation, for example, are closely linked to the
parents themselves, while the family’s wealth is easily transferrable to all family members and not solely bound to one
person (Héllsten & Thaning, 2021). In their study, Heppt et al. (2022) identified the use of objectified cultural capital as
determining SES, as it is more easily transmitted from parents to children than other forms of cultural capital. An
example of inquiring about objectified cultural capital would be the question concerning the number of books available
in the household, as seen in TIMSS context questionnaires.

The conceptual framework of this study is based on Ding et al. (2022), who investigated the correlation of parental
attitudes towards school and children’s academic achievement. For the analysis, psychological suzhi — which will be
described in the following paragraphs - is used as a mediator, while the SES is the moderating factor (see Fig. 1).

Ding et al. (2022) described parental attitudes towards school (PAS) as an important variable in children’s achievement.
In this context, EVT is mentioned as being essential for the effects of parental attitudes and values that are connected
to a subject. Not only can parental factors change the way students perceive school or a specific subject, but students’

Page 5/30



behaviour and learning can also be linked to these perceptions (Ding et al., 2022). As described in Section 2.1.2, EVT
“postulates that expectancies and values directly influence performance, persistence, and task choices” (Peixoto et al.,
2023, p. 1564). As expectations and beliefs can be affected by the others’ perceptions, expectations, and beliefs
concerning a subject, as well as their reactions to previous achievement, EVT is often used in relation to students’
motivation and achievement and can be linked to correlations with parental expectations and values (Peixoto et al.,
2023). For example, Rodriguez et al. (2017) discovered that parental expectations and interest in their child’s math
education were positively related to students’ valuing the subject and their math achievement. Especially for STEM
subjects, research has shown that the utility value given to a domain by the parents is vital for students’ further math
achievement and guides students’ own utility values (Nalipay et al., 2021). Similar results were also found by Peixoto et
al. (2023), who stated that “parents’ perspectives about math values, goals and learning seem to have a significant role
in children’'s mathematical development, attitudes, values, and even achievement” (p. 1576). Utility values and their
transmission can have severe consequences for students; parents who focus on positive utility values concerning STEM
domains have children who are more prone to work in such a field later on (Nalipay et al., 2021). This transmission of
parents’ utility values concerning STEM subjects is, according to Simunovié et al. (2018), based on children’s perception
of their parents’ interaction with STEM domains and their encouragement of interest for such subjects. This again links
back to EVT and students’ adoption of attitudes, beliefs, and general motivation to learn the subject based upon their
parents’ reaction to math activities, achievement, and so on (Nalipay et al., 2021). Apart from the correlation of utility
values between parents and students, Nalipay et al. (2021) also identified a correlation between parental utility values
and students’ math achievement. This correlation was both direct and indirect, via the students’ utility values.

To explain a possible correlation between PAS and academic performance, other factors that might influence this
correlation must be considered. Therefore, Ding et al. (2022) used both mediating and moderating factors. A mediating
factor describes which factors and processes influence the relationship between the independent and dependent
variable (Fodouop Kouam, 2024). Conversely, the moderating factor acknowledges the fact that other factors can
influence the correlation the researchers are investigating between the dependent and independent variables; therefore,
the moderator is a factor that influences the relationship and might potentially strengthen or weaken the correlation
(MacKinnon, 2011). In this study, the Chinese model of suzhi was analysed for the moderating role to describe the
students’ intrinsic factors that mediate parental attitudes, in this case, the external factors (Ding et al., 2022). The
moderating factor can influence the role of PAS and, in Ding et al.'s (2022) study, was represented by the family’s SES.
According to the family investment model, out-of-school support in the form of parental involvement and available
resources depends upon the family’s SES (Duncan et al., 2015). Lower SES can lead to less time and financial abilities to
invest in the child, which can have negative consequences for the child’'s development (Chen et al., 2022). Furthermore,
the family investment model states that a higher SES can balance negative PASs (Ding et al., 2022).

Furthermore, students’ attitudes concerning math is used as a mediating factor, as these attitudes play an essential role
concerning achievement, with positive/negative attitudes correlating with positive/negative academic performance in
this subject (Hwang & Son, 2021). The family SES, with possible consequences for the correlation of parental attitudes,
beliefs, and expectations with achievement, takes up the moderating role. Including all these factors, the conceptual
framework is shown in Fig. 2.

While the conceptual framework was derived from Ding et al’s (2022) study, certain adaptations were taken to fit this
study’s focus. First, the focus for this study is narrower than in the study of Ding et al. (2022), with the analysis focusing
solely on math, not the school as a whole, and a narrow definition of most of the factors. PAS is replaced by parental
attitudes, beliefs, and expectations concerning math. Academic performance of the students focuses solely on the
subject of math. Last, suzhi was replaced by students’ attitudes, representing the intrinsic factors, due to the fact that
suzhi is not as commonly used in Western research as it is in China (Wang, 2014).
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Method
Design

The quantitative survey design of TIMSS 2019 allows for a secondary analysis to gain clear insights concerning the
parent—child relationship of attitudes in Austria by using the sample of Grade 4 students and the parents of Grade 4
students. Ghanade (2013) summarised the area of application of surveys as follows: “It is especially beneficial when a
researcher wants to describe the characteristics, attitudes, behavio[u]rs, and opinions of a large population” (p. 3797).
secondary analysis (IEA TIMSS & PIRLS, n.d.; Fishbein et al., 2021). For purposes of this study, TIMSS 2019 data are
used, since these data include the contextual background data as obtained from parents of Grade 4 students. In
subsequent cycles, parent questionnaire data were not collected.

Sample

In Austria, the TIMSS 2019 data were collected from 259 schools throughout all nine Austrian regions in Spring of 2019.
From each school at least one class, all of them Grade 4, participated in the study, resulting in a sample of 4,464
assessed students (ltzlinger-Bruneforth, 2020). As Austria opted to participate in the new eTIMSS, 1,964 students
participated in the old pen-and-paper format. This allowed for identifying differences in the testing methods and
ensured that the new form of computer-based testing did not influence the results to an extent that would hinder a
comparison with results from past TIMSS testing (Institut des Bundes fiir Qualitdtssicherung im Osterreichischen
Schulwesen, n.d.-a.). These data were also described as bridge data (Fishbein et al., 2021). Furthermore, one parent per
child was asked to complete the home questionnaire, resulting in available data from 4,464 parents of Grade 4 students.

Data and Variable Selection

Parental attitudes, beliefs, and expectations

For the TIMSS 2019 data in Austria, several items were administered in the form of the national-use data files, rendering
them not publicly accessible, and access had to be requested before use. For the latent variable of parental attitudes,
beliefs, and expectations, the items from the parent questionnaire focusing on attitudes, beliefs, or expectations
(ASXH25A-G, L) were used for the explorative factor analysis. These questions stated specifically "My child is good in
Mathematics’, Myxldcaneasily followMathematics € struction”, My child likes Math’, "My child has to work
harder in Mathematics than in other subjects’, "My child needs Math to get ahead in life’, | would be glad if my child
chose a technical career’, "For most careers one needs knowledge of Mathematics, Natural Science or Technology’, and
"Mathematics can be applied in real life”.

Math achievement

For this study, the overall math achievement of Austrian students was analysed using the Plausible Values, as, following
the research aim, there was no need to look into specific content or cognitive domains, as the correlation to general
math achievement was analysed.

Students’ attitudes

For analysing students’ attitudes, the TIMSS scale Students Like Learning Mathematics was used. This scale, which has
been tested for reliability and validity (Yin & Fishbein, 2020), is based on the student context questionnaire, which
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students complete in school within 30 minutes (Martin et al., 2017). The scale for students’ liking mathematics suited
the student context questionnaire for Grade 4 and Grade 8 students. The scale for TIMSS 2019 has nine items, all aimed
at generating insights concerning students’ attitudes towards the subject. All of these items are based on a Likert scale

n ou n o«

with the response options being “agree a lot”, “agree a little”, “disagree a little,” and “disagree a lot”. The scale is divided
into three categories based on the cut score: “Very Much Like Learning Mathematics”, “Somewhat Like Learning
Mathematics”, and “Do Not Like Learning Mathematics”. For the first category, the cut score was defined as students
answering, on average, five of the scale items with “agree a lot” and the four remaining with “agree a little”. Students
who scored at or higher than the cut-off score are defined as very much liking to learn math. The last category of
students’ not liking to learn math was fulfilled if students are at or below the cut-off score for this category, meaning
that on average five statements were answered with “disagree a little” and the others with “agreeing a little”. Students
who are categorized as somewhat liking to learn math are the ones for whom neither of these descriptions apply

(TIMSS & PIRLS International Study Center at Boston College, n.d.-a.).

Socioeconomic status

The Home Resources for Learning scale was designed for Grade 4 students, as it comprises items from the student and
home questionnaires. Items that were included in this study are the number of books available at home and the number
of home study supports from the student questionnaire; and parents answered the questions regarding the number of
children’s books as well as their highest level of education and occupation. In the end, the scale was divided into
students with many resources, some resources, or few resources. These three categories were defined as follows:
Students with many resources had scores that were higher or at the cut-off score, which was defined by 100 books at
home, internet connection and their own room, more than 25 children’s books, and parents of whom at least one had a
university degree and at least one had a professional occupation. The cut-off score for students with few resources was
defined by, on average, having less than 26 books, neither an internet connection nor their own room, less than 11
children’s books, both parents not having education higher than upper-secondary education, and both not being small
business owners or working in a clerical or professional job. Those students for whom neither of these descriptions
applied were defined as having some resources at home (TIMSS & PIRLS International Study Center at Boston College,
n.d.-b).

Analysis

This study utilised Structural Equation Modelling (SEM), with the aim of modelling and analysing correlations between
the main latent variables of parental attitudes, beliefs, and expectations, as well as students’ math achievement.

Figure 3 presents the model. The variable "Students” Attitudes” was included as mediator and family SES as moderator
of this model. The model was based on the conceptual framework, as well as other theories and literature, stating that
positive correlations exist between parental attitudes, beliefs, and expectations and math achievement (e.g. Fan & Chen,
2001). Additionally, students’ attitudes towards a subject correlate with parental attitudes, beliefs and behaviours (e.g.
Usher, 2009; Hwang & Son, 2021).

Stated as hypotheses, Fig. 2 therefore aims to test:

H1: Parental math beliefs have positive and significant effects on students’ math achievement.

H2: Parental math utility values have positive and significant effects on students’ math achievement.
H3: Parental math beliefs have positive and significant effects on students’ math attitudes.

H4: Parental math utility values have positive and significant effects on students’ math attitudes.
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H5: Students’ math attitudes have positive and significant effects on math achievement.

H6: Students’ math attitudes mediate the correlation between parental math beliefs and math achievement.

H7: Students’ math attitudes mediate the correlation between parental math utility values and math achievement.
H8: SES moderates the correlation between parental math beliefs and math achievement.

H9: SES moderates the correlation between parental math utility and math achievement.

Before beginning the SEM, a factor analysis was conducted to ensure that the items fit the latent variable (Orcan, 2018).
This study employed an exploratory- (EFA) as well as a confirmatory factor analysis (CFA). The EFA analysis was
conducted for the latent variable of parental attitudes, beliefs, and expectations using SPSS, with student weights
applied to the data. Therefore, the items described were analysed first by examining the correlation matrix, which shows
correlations between items. High correlations indicate that those items belong to the same latent variable (Harris &
Gleason, 2022). The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was checked to ensure that correlations
between the variables were large enough to justify using EFA (Howard, 2016). Having a KMO of 0.6 or larger is a
prerequisite of EFA (Howard, 2016). Afterwards, the factor rotation occurred with the rotation method of varimax,
resulting in a factor matrix depicting factor loadings, which show the relation of each variable with the potential latent
variable (Harris & Gleason, 2022). The factor loadings can range between - 1 and 1, with loadings close to 0 indicating a
low correlation between the item and the latent variable (Harris & Gleason, 2022). In general, Howard (2016) proposed
loadings above 0.4 or below - 0.4 as indicating a belonging to the latent variable.

Subsequently, the CFA was conducted using AMOS for all four latent variables in the form of an individual CFA and then
for all latent variables as a pooled CFA (Baharum et al., 2023). In this step, the model fit indices were analysed.
Following Goretzko et al. (2024), this study relied on the comparative fit index (CFl) and Tucker-Lewis fit index (TLI), the
root mean square error of approximation (RMSEA), and the standardized root mean square residual (SRMR).
Furthermore, x? was examined in combination with the degrees of freedom. While not all possible indices should be
used, there is no common consensus regarding which indices to use; however, several are used more frequently in
combination, as they represent different goodness-of-fit criteria groupings (Schermelleh-Engel & Moosbrugger, 2003).

The exact numbers for when a model fits well vary depending on the literature analysed. However, the numbers listed
above have been mentioned frequently as a general standard; thus, based upon several studies (e.g. Goretzko et al.,

2024; Schermelleh-Engel and Moosbrugger, 2003), the cutoff scores above were used for this study. 2 is highly
sensitive, especially with large sample sizes, as is the case with large-scale assessments like TIMSS, where %2 is not
considered a suitable modification index since small changes have a significant impact, rendering x2 high (Alavi et al.,
2020). Consequently, Alavi et al. (2020) recommended relying on other modification indices. Therefore, following other
researchers in the field of parental involvement and achievement, a model was appropriate for this study, even if the x?-
test was deficient, as long as the other indices indicated good model fit (e.g. Myrberg & Rosén, 2008).

In addition to confirming model fit indices and construct validity, convergent and composite reliability (CR) were
analysed. Convergent validity was tested using average variance extracted (AVE) for every latent variable. AVE tests the
degree to which the variance in the items can be explained by the latent variable (Santos & Cirillo, 2021). AVE must be
greater than 0.5 for convergent validity (Cheung et al., 2023). CR shows that the items for a latent variable are in fact
constantly measuring their latent variable. CR is reached when CR = 0.6 (Baharum et al., 2023). For the TIMSS scales
used in the analysis, Cronbach Alpha values for the scales as reported in the TIMSS 2019 technical report for Austria
were considered to be used to indicate reliability. However, literature points out the limitations of Cronbach Alpha, such
as problems with inversed items (Simcox, 2018) or the assumption that factor loadings are equal (tau-equivalence;
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Zakariya, 2022), which is why CR was given the primary focus in this SEM analysis. Furthermore, CR allows to measure
reliability not only for TIMSS scales but any set of items representing a latent variable. This is necessary, as not all latent
variables of this study were derived from TIMSS scales.

Finally, factor loadings were considered for CFA. The factor loadings represent the correlation between an item and its
latent variable, and their values lie between - 1 and + 1 (Harris & Gleason, 2022). Negative factor loadings in this context
indicate a negative correlation, while positive values represent a positive correlation (Harris & Gleason, 2022). As with
the model fit indices, various cut-off scores have been given in the literature; however, having all standardized factor
loadings be greater than 0.5 is seen as a general standard (Cheung et al., 2023).

As a first step, the goodness-of-fit was analysed to provide insights into whether the data were represented well by the
SEM (Kang & Ahn, 2021). As described in the conceptual framework, a mediator was included in the model. While most
commonly adopted in regression analysis, mediation can also be conducted in SEM (Sathyanarayana &
Mohanasundaram, 2025). For the analysis, indirect effects were used, which occur exactly when mediation is present.
These indirect effects also must be tested for statistical significance, which is done with the help of bias-corrected
confidence intervals provided by bootstrapping (Sathyanarayana & Mohanasundaram, 2025). For bootstrapping, the
data set was resampled several times. One major advantage is that bootstrapping does not rely on a normal distribution
of the indirect effects, making it robust (Sathyanarayana & Mohanasundaram, 2025).

Moderation in SEM is similar to moderation in regression analysis (Sardeshmukh & Vandenberg, 2017). To test the
moderating effect of SES, interaction terms were used. If the interaction term was significant, the correlation between
the independent and dependent variable was affected by the moderator (Sardeshmukh & Vandenberg, 2017). In other
words, the correlation changes as the moderator assumes different values (Sardeshmukh & Vandenberg, 2017).
Moderation is mostly depicted using graphical illustrations that represent how the variables differ when the moderator is
high/low.

The IDB Analyzer was used for the preliminary analysis and descriptive statistics. SPSS was used for data preparation
and the EFA, while SPSS” AMOS was used for the CFA and SEM analysis.

Results
EFA and CFA

The EFA was conducted using the national Austrian data concerning parental attitudes, beliefs, and expectations,
described in Section 3.2.1. First, the KMO was tested, and at 0.808, it fulfilled the criterion = 0.6. Looking at the rotated
component matrix (see Table 1), two latent variables became evident.

The first latent variable was labelled as “Parent Math Beliefs, and the first four items were seen as relevant, all with
loadings above 0.4. The item “Child has to work harder in math” had a negative loading because it was a reversed item.
Consequently, for CFA and SEM, the reversed version of the item was used. The last four items could be assigned to the
second latent variable, as all loadings were again greater than 0.4. Due to the topics of the items, the two latent
variables were labelled as “Parent Math Beliefs” and “Parent Math Utility”. These variables were used in the SEM after a
CFA was conducted.

The CFA analysed all latent variables individually. First, math achievement was examined looking at the model fit ( x% =

2.582) and 5 degrees of freedom resulting in x?/df = 0.5167. For the indices investigated for the model fit, all results
indicated a good fit (CFI = 1.000, TLI = 1.000, RMSEA = 0.000, SRMR = 0.007). CR (0.974) and AVE (0.882) also fulfilled
the criteria. Furthermore, standardized factor loadings were all close to 1 (all 0.94), indicating a good correlation

Page 10/30



between the items and the latent variable. For all other variables, x?/df did not fulfil the criterion of being below 5, which
was acceptable due to the other indices indicating good model fit and the sensitivity of x? as described in earlier
sections

Second, the model fit of students’ attitudes was analysed for the CFA, with the following results: x?/df = 42.302, CFI =
0.965, TLI = 0.954, RMSEA = 0.096, SRMR = 0.0324. This model did not seem ideal, especially because RMSEA was
above the cut-off score and x?/df was very high. Therefore, modification indices were analysed, leading to the
conclusion that a covariance between the two reversed items (“I wish | would not have to study math” and “math is
boring”) would be useful. Furthermore, covariances were drawn between Iltems 1 and 2, Items 4 and 9, ltems 5 and 8,
and Items 6 and 7. These items each had a similar focus and formulation. With the newly implemented covariances, the
model fit indices improved (x?/df = 10.603, CFI = 0.993, TLI = 0.989, RMSEA = 0.046, SRMR = 0.0148), rendering this
measurement model a good fit. CR and AVE also were above the cut-off score. Concerning the factor loadings, a good
correlation was found, with all standardized factor loadings being greater than 0.5.

For the family SES, the model fit led to a re-evaluation of the items, as the fit indices indicated no good model fit (x?/df =
86.669, CFl =0.773, TLI = 0.682, RMSEA = 0.139, SRMR = 0.0696). Furthermore, three items showed factor loadings
below the cut-off score. Therefore, an EFA was performed to obtain deeper insight into the relevant items. Subsequently,
two items were eliminated (possession at home: own room and internet) due to low loadings. Afterwards, the CFA was
carried out again, and one correlation was added between the number of books at home and the number of children’s
books indicated by the modification indices and justified due to the similarity of the items. Then the measurement
model showed good model fit, with the exception of AVE being slightly below 0.5 (x%/df = 3.601, CFI = 1.000, TLI = 0.997,
RMSEA = 0.024, SRMR = 0.0036, CR = 0.788, AVE = 0.486). Furthermore, all factor loadings were higher than 0.5.

Next, the CFA for the latent variable of parental math beliefs led to the following results: x?/df = 10.826, CFI = 0.998, TLI
=0.993, RMSEA =0.047, SRMR = 0.0087, CR = 0.868, AVE = 0.623. The factor loadings were all between 0.69 and 0.85
and consequently greater than 0.5.

For the original parental math utility values, the goodness-of-fit indices were suitable; however, one item had a factor
loading below the cut-off score of 0.5 (0.44). This item focused on parental happiness if the child were to work in a
technical job later in life, an item not solely focusing on math but the broader term of a technical occupation, while all
the other items included a specific mention of math. Furthermore, this item already showed loadings lower than the rest
for this latent variable during the EFA. Consequently, this item was excluded from the measurement model. The new CFA
was based on three items, the minimum number of items needed for the CFA to work. Due to the low number of items,
the degrees of freedom were 0, leading to x?/df not being definable, and the same was true for TLI. The remaining
model fit indices were suitable, except for RMSEA (CFl = 1, RMSEA = 0.413, SRMR = 0.000). CR also indicated a good fit;
however, AVE was slightly below the cut-off score, at 0.434. The factor loadings were all above the cut-off score. Such a
model is not ideal; however, due to the EFA, this model was accepted for the sake of this study.

Lastly, the overall model fit of all latent variables was determined through a pooled CFA. The model fit indices indicated
a good model fit (x%/df = 8.159, CFI = 0.978, TLI = 0.975, RMSEA = 0.040, SRMR = 0.0426), which justified accepting
minor deviations from the cut-off scores of individual CFAs. Furthermore, the varying cut-off scores presented in the
literature were often higher/lower than those used in this study, allowing for values close to the proposed cut-off scores
to be accepted. After the factor analysis was completed, the SEM could be carried out.

Parental Attitudes, Beliefs, and Expectations in Austria

The first research question asks the distribution of attitudes, beliefs, and expectations of parents of Grade 4 students in
Austria.
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The TIMSS 2019 data for Austria distinguished between general attitudes/beliefs of parents concerning the importance
of math (in the SEM referred to as Parent Math Utility) and their expectations and beliefs about their children and their
relationship to math (in the SEM referred to as Parent Math Beliefs). Concerning general attitudes and beliefs focusing
on the importance of math, the following results were found:

Figure 3

Parent Math Utility Attitudes

Most parents of Grade 4 students agreed with the importance of math. For each statement, less than one-fifth of the
parents disagreed. The highest agreement rate could be seen for the last item, namely that math is applicable to real
life, as almost 89% agreed with the statement (agree a lot: 46.56%, SE = 1.10 and agree a little: 42.41%, SE =1.17). The
lowest agreement was seen for “occupations need skills in math/science/technology” with 18.55% of the parents not
seeing the need for math in a job setting (disagree a lot: 2.86%, SE = 0.29 and disagree a little: 15.69%, SE = 0.64).

Regarding parental beliefs and expectations concerning their child and math, the following results were found:

Figure 4

Parental Math Beliefs Concerning Their Child’s Relationship to Math

Most parents of Grade 4 students were of the opinion that their child liked math, with almost 80% agreeing with the
statement (agree a lot: 47.24%, SE = 1.05 and agree a little: 32.42%, SE = 1.09). Even more parents expected their child to
follow the math class easily (86.94%; agree a lot: 47.02%, SE = 0.90 and agree a little: 39.92%, SE = 0.87). This pattern
was also reflected in the reversed item of children having to work harder in math than their colleagues.

Connected to parental expectations for their children was the item asking parents of Grade 4 students what they expect
the highest educational qualification of their child to be. In contrast to the items mentioned before, this item is more
focused on the future, with parents predicting their children’s future — even though the children are only attending
elementary school. These expectations were analysed to determine whether parents of Grade 4 students had high or
exceeding expectations for their children, as those are closely connected to parental beliefs about students’ math
competences. Parental expectations for students’ future educational careers can be seen in Fig. 5.

Figure 5

Parental Expectations Concerning Their Children’s Highest
Educational Qualification

Three categories were dominant: the child completing upper secondary education (33.03%, SE = 0.98), short-cycle
tertiary education (27.85%, SE = 0.89), or a postgraduate degree (28.55%, SE = 1.27). The least number of parents of
Grade 4 students (0.84%, SE = 0.20) expected their child to finish the lowest category, namely the lower secondary
education. Consequently, the remaining 10% (SE = 0.56) of parents of Grade 4 students anticipated their child would
earn a bachelor’s degree or an equivalent educational qualification.

Lastly, parental gender beliefs concerning math were analysed. In this item for the home questionnaire, parents were
asked who was more talented in math from five options, ranging from girls being more talented in math to none of the
genders being more prone to succeed in math to boys being more skilled in this subject.

Figure 6
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Parental Gender Beliefs

Correlation of Parental Attitudes, Beliefs, and Expectations with
Math Attitudes

The goodness-of-fit indices are listed in Table 2.

All indices except x?/df had good fit. As discussed previously, the 2 test can be unreliable for large samples, which is
why this model was used, despite the one deficient model fit index. After checking the model for goodness of fit, the
regression estimates were generated (Table 3).

Testing Hypotheses 1 to 5 generated the following results: The path analysis showed a statistical significance between
math achievement and parental beliefs. However, the correlation was negative, which meant that the first hypothesis
could not be supported (3= -42.705, SE =1.561, p < 0.001). Parents utility values were positively but insignificantly
associated with math achievement (3 = 2.136, SE = 1.893, p > 0.05), leading to a rejection of Hypothesis 2. Hypothesis 3
was supported, as there was a positive and significant association between parental beliefs and students’ attitudes (8=
0.618, SE=0.21,p < 0.001). Between parental utility values and students’ attitudes, however, no significance was found (
B=-0.019, SE=0.030, p > 0.05). For the association between students’ attitudes and math achievement, there was a
significant positive correlation (3= 5.823, SE = 1.054, p < 0.001), so Hypothesis 5 was accepted. SES was significantly
positively associated with math attitudes (3= -28.634, SE = 0.938, p < 0.001). This correlation is discussed further in the
course of the moderation analysis. Furthermore, the standardized regression weights were examined, as shown in Table
4.

Analysis of the standardized regression estimates (see Table 4 and Fig. 8) revealed the strongest correlations between
parental math beliefs and students’ attitudes, as well as parental math beliefs and math achievement, with standardized
estimates close to 0.5/-0.5. For the statistically significant correlation between math achievement and students’
attitudes, only a small effect could be seen. SES and math achievement, however, showed a moderate effect with a
standardized regression estimate of -0.466.

Figure 7

SEM with Path Coefficients

Mediation of Students’ Attitudes

A majority of Grade 4 Austrian students reported to very much like learning math, with smaller percentages reporting
liking it only somewhat or not at all. (see Fig. 8).

Figure 8

Students’ Attitudes Towards Math

The average achievement revealed the same pattern (see Table 5), with those students who very much liked to learn
math can be expected to achieve the highest average score, with a mean of 552 (SE = 2.54), followed by the mean of
538 (SE =2.72) for students who somewhat liked it and an average score of 522 (SE = 2.90) for those students who did
not like to learn math. Consequently, a relationship could be seen between students liking to learn math and their
average test score, with scores declining the less students enjoyed learning mathematics.
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The Students Like Learning Mathematics scale was also analysed based on the students’ gender. The percentage of
boys liking math very much was 12% higher than for the girls (boys: 46.6%, SE = 1.52; girls: 34.01%, SE = 1.36).

Although not included in the SEM, the item in the student questionnaire concerning the students’ beliefs about gender
and math talent was examined to compare the students’ gender beliefs with parental attitudes. In contrast to the item in
the home questionnaire, students were not asked who was more talented in math but who had to work harder in math.

Figure 10
Students’ Gender Expectations

As for the parental beliefs, most students (67.66%, SE = 1.16) also believed girls and boys as having to work equally hard
for math. However, while the less extreme form, one gender having to work a little harder, was almost the same for boys
and girls, around 12% (SE = 0.87) of the students believed that girls had to work much harder than boys.

The mediation analysis was conducted using parental math beliefs and parental math utility as the independent
variables and math achievement as the dependent variable. Students’ attitudes assumed the mediating role, as
described in the conceptual framework. The mediation analysis was performed by using indirect effects based on
bootstrapping (2,000 iterations) and bias-corrected bootstrap confidence intervals (95%). The results are provided in
Table 5.

The results showed that students’ attitudes partially mediated the correlation between parental math beliefs and
students’ math achievement, as the indirect effects were statistically significant (8= 3.596, p < 0.01). However, students’
attitudes did not mediate the correlation between parental math utility and math achievement (8 =-0.111, p > 0.05). This
result was expected, as no mediation can occur since parental math utility was insignificantly associated with math
achievement as well as students’ attitudes. Based on these results, H7 was accepted, while H6 was rejected.

Moderation of Family’s SES
The TIMSS scale Home Resources for Learning was used for its possible moderation effect in this study.

Figure 10
Home Resources for Learning

Descriptive examination of the scale showed that a majority of three-quarters of the students had some resources at
home (SE = 1.01), and in turn, the number of resources was positively correlated with the average math score. Students
who had many resources at their disposal had an average score of 584 points (SE = 2.70), followed by an average of 531
points (SE = 2.03) for those students who had some resources, and students with only a few home resources reached
an average of 485 points (SE = 8.34). Consequently, students with few resources had a math score of almost 100 points,
or 17% less, than those students who had many resources at home.

For the moderation analysis of SES, two analyses were conducted. First, parental math beliefs were utilised as the
independent variable with math achievement as the dependent variable and SES as moderator. For the analysis,
interaction terms with the standardized scores of the variables were used (see Table 8). SES had a statistically
significant, positive association (8= 0.026, SE = 0.010, p < 0.05) with the negative correlation between parental math
beliefs and the students’ math achievement. Thus, the SES dampened the correlation between the independent and
dependent variable. As shown in Fig. 13, the graph is slightly steeper for low SES, which indicates that the association of
parental math beliefs on students’ math achievement was higher for students with a lower family SES than for those
from a family of higher SES.
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Figure 11
SES as Moderator Between Parental Math Beliefs and Math Achievement

Furthermore, the moderating effect of SES on the correlation of parental math utility and math achievement was
analysed. Parental math utility was adopted as the independent variable and, as with parental beliefs, the dependent
variable was fixed as math attitudes. In this case, a negative but not statistically significant correlation was seen, as
shown in Table 6.

Consequently, H8 was supported (8= 0.026, SE = 0.010, p < 0.05), while H9 was rejected (8=-0.010, SE =0.010, p > 0.05).
Again, the rejection of H9 was expected due to the statistically insignificant association between parental math utility
values and math achievement.

Discussion

The current study revealed that parental attitudes, beliefs, and expectations were mostly positive. Austrian parents had
the impression that their children were talented in math, followed the lessons well, and enjoyed math. Furthermore, the
parents saw math as important for their children’s lives, specifically their future careers. However, while parental beliefs
showed a negative correlation to their children’s math achievement, parental utility value showed no significant
correlation at all. For the mediation of students’ attitudes, the hypothesis of a positive correlation with parental beliefs
and achievement could be supported with the present results. Again, no significant correlation was seen between
parental utility and students’ attitudes. The moderation of SES showed a dampening effect on the existing negative
parental beliefs-to-math attitudes correlation.

During the course of this study, several important observations were made, and although only some hypotheses could
be confirmed, this research must be considered critically.

First, a closer insight into other forms of parental involvement, such as, support in homework or parental participation in
school life, would have been useful to determine other possible mediating factors that could be related to the existing
correlations. Moreover, an evaluation of older students would have provided additional insights. However, this evaluation
was not possible due to the fact that home questionnaires were only administered to Grade 4 students, not Grade 8
students.

Secondly, the nature of this study — a secondary analysis — did not allow for additional questions and data that would
have distinguished attitudes, beliefs, and expectations more visibly. This distinction would have been useful, as various
definitions of parental attitudes exist in the literature of this field, which is a reason for diverging results. Despite this
limitation, this study provides meaningful insights into the parent—child transmission of attitudes and possible
consequences of parental attitudes, beliefs, and expectations for the students’ math achievement, when taking
mediating factors into consideration.

The results of the SEM raise questions about the implications for teachers and the Austrian education system. Parental
attitudes, beliefs, and expectations are a topic that, at first glance, cannot be changed directly by the education sector.
However, being aware of the role of attitudes towards math and their correlation to achievement is essential to support
students and their learning in the best way possible (Dagdag & Bandera, 2021). Being informed about the correlation,
teachers can begin interventions that help to reduce factors likely to negatively affect children's math achievement.
While teachers have some possibilities to get parents more involved and increase their awareness of the importance of
math and how to support their children concerning this subject, the more common interventions focus on the students,
with whom teachers spend a lot of time.
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As students’ attitudes were positively correlated with math achievement, interventions fostering positive attitudes in
children are of particular importance. While not directly working with students content-wise, Pinxten et al. (2014) stated
that investing time and effort into making math lessons more attractive to students such that they enjoy learning math
more is an indirect way of positively affecting math achievement. Hwang and Son (2021) mentioned five types of
interventions teachers can take to foster positive attitudes towards math in students. First, engaging and motivating
tasks can be implemented during math lessons. Second, diverse and innovative learning resources can foster positive
attitudes. Third, feedback must be implemented correctly to boost confidence. Fourth, adequate difficulty levels should
be identified by the teachers for students to succeed and not become overwhelmed. Finally, the value of math and its
importance for the students’ lives should be made evident. Which intervention(s) teachers implement depends on the
class and even the individual student, which makes awareness of students’ attitudes particularly important for teachers
(Hwang & Son, 2021).

Berkowitz et al. (2015) identified positive effects in giving parents explicit instructions on how they should act with their
children during math story problems. Their study included parents with particularly negative math attitudes — namely
math anxiety —and an increase in math achievement of their elementary school children could be seen that was the
same for children of parents without math anxiety. Consequently, giving parents guidance for the time they work with
their child at home can help to block the transmission of negative attitudes and achievement-hindering behaviour. This
support of parents is particularly important, as according to Simunovié and Babarovi¢ (2020), the parent’s insecurities
concerning STEM subjects can lead to a transmission of those feelings or not feeling competent to support their child
with math work. Generally, parents should be educated about their role when it comes to children’s math achievement by
the educational sector — education also referred to as utility-value interventions (Simunovi¢ & Babarovi¢, 2020).
Moreover, involving the parents in school projects linked to math is important, as was mentioned in the theory of
overlapping spheres (Epstein & Sander, 2000). This involvement will not only help in parental education about the value
of math but also help them become more involved (Simunovi¢ et al., 2018).

One further method focuses on students as well as their parents, as it is aimed at working against stereotypical
thoughts on STEM domains. Although Austrian parents and students showed positive attitudes towards math, these
must be supported, and existing stereotypes must be worked against. Many parents and students do not have sufficient
knowledge concerning possible future careers in STEM domains, which fosters stereotypical images of the people
working in such jobs (Archer et al., 2014). Archer et al. (2014) - although acknowledging the fact that science and math
events and meetings with people working in different STEM domains can have positive effects — stated that it is not
enough to positively portray career paths in math; rather, a long-term intervention must be taken. They suggested
fostering positive math attitudes in schools from an early age on, even starting in elementary school. Furthermore,
parents should be educated and included in such interventions, with a focus on families with lower SES, as those have
fewer available resources and moderation indicates a positive effect of more available at-home resources (Archer et al.,
2014).

Furthermore, as SES was found to be a dampening moderator for the negative correlation between parental beliefs and
math achievement, providing students from lower SES families with at-home learning resources could be beneficial.
Following Bourdieu’s theory of cultural capital (1986), giving students objectified cultural capital — which, according to
several studies, also shows a direct positive correlation to achievement — can be an option to support children from
lower SES (Tan, 2017). As objectified cultural capital is the only form of cultural capital the educational sector can
directly influence, this should be given special attention (Xie & Hutagalung, 2025).

Lastly, a study of Asia-Pacific students in TIMSS 2023 (AlMamari, 2026) found that gender, migration status and family
background did not operate uniformly, but are shaped by regional opportunity, structures and educational environments.
The findings from the current study, while limited to Austrian TIMSS 2019 data, ultimately argues that the theory of
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overlapping spheres by Epstein (1992) should be considered when formulating ways to support students in their math
achievement in light of parental attitudes, beliefs, and expectations. Based on this theory, including all three parties —
family, school, and community — will reduce the sole responsibility and pressure from parents, and creating joined and
transparent goals will make supporting students in their math achievement easier across opportunities, structures and
educational environments (Epstein & Sander, 2000).
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1. For the sake of this study, students main care givers are referred to as “parents” in this study. This is based on the
Austrian TIMSS 2019 home questionnaire, which is labelled Elternfragebogen, and literature referring to parental
involvement regarding correlations between care givers and students’ achievement.
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Tables 1 to 6 are available in the Supplementary Files section.
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Figure 11

SES as Moderator Between Parental Math Beliefs and Math Achievement
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