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Abstract
In the domain of science, technology, engineering, and mathematics (STEM) educa-
tion, the family still presents an untapped resource for promoting students’ moti-
vation and achievement. Based on the premises of the Eccles’ model of parental 
socialization and the expectancy-value theory, this paper provides a comprehensive 
review of the literature on the socializing influence of parental beliefs in the STEM 
educational domain. More specifically, we discuss the role of parents’ values and 
self-efficacy in STEM, parents’ perception of children’s ability in STEM, and par-
ents’ expectations for children’s STEM achievement. Reviewed studies show that all 
of these beliefs have a potential in explaining variations in students’ achievement 
motivation, performance, and career choices related to STEM. Parents’ child-spe-
cific beliefs and messages have shown to be the crucial socializing factors in this 
area. We further integrate and discuss the research findings on the gender differ-
entiation in parents’ child-specific beliefs in STEM, possible explanations of this 
differentiation, and its importance for students’ gender-role socialization in STEM. 
The review also points out that the behavioral mechanisms through which parents 
may convey their STEM-related beliefs to their children are still unclear, presum-
ably since the quality of parent–child interaction in STEM is often overlooked by 
researchers. Lastly, we present parent-oriented interventions aimed at fostering par-
ents’ self-efficacy and utility value in STEM and at changing stereotypical images 
of STEM careers and STEM professionals. Based on this comprehensive review, 
methodological and conceptual implications for future research are discussed and 
improvements for parental intervention programs are proposed.
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1 � Introduction and theoretical background

A meta-analysis by Hill and Tyson (2009) confirmed that parental involvement 
has a strong positive relationship with a child’s school achievement. However, 
different types of parental involvement showed a different level of effectiveness. 
Academic socialization was found to have the strongest positive relationship with 
the child’s achievement in comparison with more direct types of parental involve-
ment like home and school-based involvement. Academic socialization includes 
parents’ influences such as communication of academic expectations for the 
child, parents’ own educational values, or fostering of a child’s educational and 
occupational aspirations. In another meta-analysis on types of parental involve-
ment by Fan and Chen (2001), similar results were found—parental beliefs such 
as aspirations and expectations for the child’s success had the strongest influence 
in predicting students’ school achievement. These results highlight the impor-
tance of researching the links between various forms of parental beliefs on the 
one side, and students’ academic outcomes, on the other.

This review paper is focused on the role of parents’ beliefs, values, and percep-
tions in the STEM domain (science, technology, engineering, and mathematics) 
and its relation to children’s STEM-related beliefs, behaviors, and achievement. 
The structure of the findings that are presented and discussed in this review is 
based on the two theoretical models developed by Eccles and her colleagues: the 
model of parental socialization (Eccles 1993, 2007) and the expectancy-value 
model of achievement-related choices (Eccles 2005a, 2009; Eccles et  al. 1983). 
The model of parental socialization proposes two general mechanisms of the 
influence of parental beliefs. Firstly, parents’ beliefs affect the messages parents 
communicate to the child in both subtle and overt ways (Jodl et al. 2001). Thus, 
parents act as the "interpreters of reality" for their children through their percep-
tions of the child’s world, experiences, and abilities. Secondly, parents may con-
vey their beliefs and values by providing the child with different opportunities 
and experiences, and by engaging in different practices and behaviors (Jacobs 
and Bleeker 2004). These mechanisms in the STEM school domain will also be 
discussed.

We find it important to point out that in the research of the social contextual 
influences on the children’s academic outcomes, until relatively recently, the 
focus was primarily on the general levels of the child’s achievement as the tar-
geted outcome, while child’s domain-specific competence beliefs and values were 
relatively neglected (Eccles 2007). However, in the framework of the Eccles’ the-
ory, the family has an important influence not just on the achievement but also on 
the formation of children’s academic self and task-beliefs. The expectancy-value 
theory outlines the expectancies of success and subjective task values as the two 
key determinants of performance, persistence, effort, and activity choice (Eccles 
and Wigfield 2002). For the purposes of this review, it is important to hand out 
a brief theoretical background on these constructs. Expectancies may be defined 
as the person’s beliefs about how well he or she will do on the upcoming tasks. 
Eccles et  al. (1983) also defined the self-concept of ability as the individuals’ 
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perception of their current competence in a specific domain. Although the self-
concept of ability refers to domain-specific beliefs, while expectations are more 
narrowly defined and refer to task-specific expectations of success (Marsh et al. 
2017), these two competence beliefs are highly related and empirically indistin-
guishable (Eccles and Wigfield 2002). Subjective task value consists of four com-
ponents: (a) interest—enjoyment a person gets from engaging in the activity; (b) 
attainment value—personal importance of doing well in a task; (c) utility value—
perceived usefulness of the task for future goals; and (d) cost—negative effects of 
performing an activity (Eccles and Wigfield 2002). In this review, we will discuss 
the influences of parents’ beliefs, values, and perceptions in the STEM domain 
not just on the child’s STEM achievement, but also on these forms of the achieve-
ment motivation.

STEM is in the scope of this review because researching socializing influences in 
this school domain is particularly important if we consider that most European coun-
tries face a low number of students interested in pursuing a career in STEM (Kear-
ney 2016) and students are notably less interested in school science compared to 
other subjects (Jenkins and Nelson 2005). Additional problems in the STEM domain 
are the persistently low numbers of women who are choosing to pursue careers in 
STEM compared to men (National Science Foundation 2017). Furthermore, iden-
tifying important social forces that may influence students’ motivation, choices, 
and performance in the STEM domain may also have possible practical implica-
tions. Therefore, one section of this review is dedicated to recent efforts and future 
implications for developing and testing interventions intended to influence parents’ 
beliefs in STEM and practices through which parents convey these beliefs to their 
children. The goal of these interventions is to positively influence not just parents 
but indirectly also improve students’ outcomes in the STEM domain.

2 � Method

Literature included in this review was retrieved utilizing several electronic databases 
(Web of Science, Educational Research Information Center [ERIC], ScienceDirect, 
and Google Scholar), using combinations of the following keywords: child/ren, 
adolescent/s, student/s, parent/s, mother/s, father/s, STEM, science, mathematics. 
The title and abstract of the identified articles were screened to determine inclusion. 
The reference sections of the selected articles were also screened for other relevant 
articles. For inclusion, articles were required to examine parental general or child-
specific beliefs specifically in STEM fields (i.e. values, attitudes, and stereotypes 
related to STEM, perceptions of child’s competence and interest in STEM school 
subjects, expectations of child’s success in STEM fields). In the reviewed articles, 
parental beliefs were related to STEM school subjects (e.g., math, science), STEM 
fields in general, or STEM careers. We primarily included studies that examined 
the relationship between these parental beliefs and different student outcomes in 
STEM fields, such as school achievement, interest, competence beliefs, and activity 
choices. In the reviewed articles, parental data came from self-reports of both moth-
ers and fathers, solely mothers, or from student assessments of their parents. Finally, 
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we included only articles that examined beliefs of parents of school-age children 
or adolescents (aged 6–18  years), published in the English language. Following 
these criteria, only the most relevant articles were cited. In total, in this review, we 
included 54 articles (50 journal articles, 2 research reports, 2 book chapters) that 
examined parental beliefs, values, and perceptions in STEM fields. We grouped the 
parental constructs in these articles following the conceptualization of parents’ gen-
eral and child-specific beliefs in Eccles’ model of parental socialization.

3 � Parents’ general and child‑specific beliefs in STEM

3.1 � Values

Studies have shown that parents’ attitudes and values attached to the STEM domain 
are positively related to children’s attitudes and values of STEM (Acosta and Hsu 
2014; Breakwell and Beardsell 1992; Chen 2001; DeWitt et al. 2013a, b), children’s 
STEM achievement (Acosta and Hsu 2014; Simpson and Oliver 1990; Sun et  al. 
2012), and the course choice in STEM (Svoboda et al. 2016). Perera (2014) found a 
positive association between parental attitudes towards science and student science 
achievement across the 15 countries, after controlling for other important student- 
and school-level factors. Furthermore, it seems that students from low socioeco-
nomic (SES) backgrounds can benefit from the positive parental attitudes towards 
science as much as the students from high SES backgrounds (Perera 2014). The 
positive relationship between parents’ task-values of STEM and children’s STEM 
achievement was also found in ethnic minority students (Smith and Hausafus 1998).

Here, we should note that there is an evident lack of longitudinal studies that 
would examine the relationship between parental values and changes in students’ 
values in the STEM domain. In one of the rare longitudinal studies, Frenzel et al. 
(2010) showed that family values for mathematics were positively related to stu-
dents’ interest for math during grades 5–9, were unrelated to the change trajectory 
of students’ interest. Possible gender differences in the patterns of the relationship 
between parental values and children’s motivational beliefs in STEM are also under-
studied. Lazarides and Ittel (2013) found that parents’ valuing of STEM was related 
to children’s interest in mathematics, but only for girls. On the other hand, Taski-
nen et al. (2016) found that boys’ STEM self-concept of ability was more strongly 
related to parents’ general STEM value than girls’ STEM self-concept. These con-
flicting results indicate that there is a need for more research on how parents social-
ize STEM values with female and male children. Another important and neglected 
part in the research of parent-to-child transmission of academic values are the under-
lying processes of this transmission. The Eccles’ expectancy-value model assumes 
that parents’ values affect children’s values through their perceptions and interpreta-
tion processes. However, recent studies have suggested that children’s perceptions 
of their parents’ values in the STEM domain are often quite inaccurate to parents’ 
actual values (Dickhäuser and Stiensmeier-Pelster 2003; Gniewosz and Noack 2012; 
Noack 2004; Šimunović et al. 2018). It is possible that when interpreting their par-
ents’ academic values, children project a part of their own values (Gniewosz and 
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Noack 2012). This could explain why children’s perceptions of their parents’ val-
ues are often more strongly related to children’s own values than the actual parents-
reported values (Gniewosz and Noack 2012). Furthermore, Gniewosz and Noack 
(2012) found that students’ perceptions of their parents’ math values mediated 
the relation between parents’ values and students’ own values only in cases of the 
high between-parent agreement on the value of math. However, the concept of the 
between-parent agreement is also understudied in this area, especially since a vast 
number of studies include only reports from one parent or exclusively from mothers.

3.2 � Self‑efficacy

According to the expectancy-value model, parents’ sense of self-efficacy in a certain 
activity domain can significantly predict parents’ involvement in activities in this 
domain. Hoover-Dempsey et al. (1992) developed this parental concept in a broader 
context of researching the factors that promote parental involvement in children’s 
education. In this context, parents’ self-efficacy is described as the level of parents’ 
belief that they have the skills and the knowledge needed to help the child to succeed 
in school. Previous studies have found the direct (Bogenschneider et  al. 1997) as 
well as the indirect links between parents’ self-efficacy and child’s school perfor-
mance. Indirect links were found via parents’ school involvement (Hoover-Dempsey 
et al. 2001), parents’ aspirations (Wentzel 1998), and through children’s self-efficacy 
and academic aspirations (Bandura et  al. 2001). However, there is little research 
addressing how parents’ self-competence beliefs in the STEM area influence their 
children’s performance and motivation in STEM.

Following the premise of the expectancy-value model, Simpkins et  al. (2012) 
examined the mediating processes between different mothers’ beliefs, including self-
efficacy, mothers’ behaviors, and children’s beliefs and behaviors in math. It was 
found that mothers’ beliefs, including math self-efficacy, positively predicted moth-
ers’ behaviors 1 year later, such as modeling math-related activities at home, pro-
viding math-related materials for the child, and encouraging the child to participate 
in math-related activities. However, studies have also shown that parents often feel 
incompetent in helping with child’s STEM learning at home (Cardoso and Solomon 
2002) and this negative attitude, in consequence, can decrease parents’ actual STEM 
involvement (Solomon 2003).

An early work of Eccles et al. (1982) indicated differences between mothers and 
fathers in their own experiences and attitudes towards mathematics. In this study, 
fathers in comparison to mothers reported a higher self-competence in math, more 
enjoyment in doing math, and a higher importance and utility value of math. Fathers 
also reported that math is easier for them and that they have to put less effort to 
be successful at math. Future investigations should therefore also address the possi-
ble differences in mothers’ and fathers’ self-concepts in the STEM domain and how 
these differences are related to children’s beliefs. Gunderson et al. (2012) noted that 
parents’ own math anxiety may present an important possible influence on a child’s 
math attitudes. It is further possible that mothers and fathers differ in their levels of 
math anxiety. Given that same-gender adults often serve as salient role models for 
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boys and girls, mothers’ and fathers’ math anxiety may differently influence female 
and male children. We suggest further research in this area.

3.3 � Perception of a child’s abilities in STEM

Previous research has shown that children’s self-appraisals, expectations, and task-
perceptions in the STEM domain are significantly predicted by their parents’ evalu-
ations of their abilities (e.g., Bhanot and Jovanovic 2009; Bleeker and Jacobs 2004; 
Frome and Eccles 1998; Jacobs and Eccles 1992). Research has even shown that stu-
dents’ ability beliefs in math are more directly related to their parents’ beliefs about 
their math ability than with a child’s past achievement in the domain (Eccles et al. 
1982; Frome and Eccles 1998). Supporting the concept of parents as expectancy 
socializers, Frome and Eccles (1998) found that parents’ perceptions of a child’s 
ability in math partially mediated the relation between the child’s math grade and 
child’s math self-appraisals and task-values. This result suggests that parental beliefs 
about the child’s ability indeed may influence the way a child interprets reality. In 
other words, it seems that a child’s self-perceptions are based not just on the infor-
mation of the objective performance, but also on their parents’ interpretations of this 
reality.

In one of the rare longitudinal studies, Bleeker and Jacobs (2004) found the long-
term effects of these parental evaluations. Mothers’ perceptions of their middle 
school children’s abilities in math and science were related to adolescents’ self-per-
ceptions in this domain in tenth grade. Furthermore, these adolescents’ self-percep-
tions of ability mediated the relation between mothers’ initial child evaluations and 
adolescents’ career self-efficacy in the domain of math and science when they were 
aged 24–25. Mothers’ expectations of a child’s success in math-related careers were 
also related to adolescents’ probability of choosing a science career over a non-sci-
ence career. This study also showed that parents’ perceptions of child’s ability may 
have different implications for boys and girls. Namely, in the case of girls, lower 
mothers’ evaluations of girls’ abilities in STEM were related to the lower probability 
for girls to later choose a science career over a non-science career. Interestingly, in 
the case of boys, mothers’ perceptions had a minimal effect on boys’ later career in 
science.

In another longitudinal study, Gniewosz et al. (2011) found that during a transi-
tion from elementary to secondary school, the impact of math grades on students’ 
academic self-concepts decreased, while the effects of mother’s evaluation of child’s 
ability increased. Interestingly, after the school transition was over, the effect of the 
child’s grades increased and the effect of mother’s evaluation decreased. It is dis-
cussed that during the school transition children lose their usual reference frame-
work and thus rely more on mothers’ appraisals. The issue of educational transition 
should be more often taken into account in this area of research, especially since, for 
a majority of the children, this is a normative life event in the period of adolescence 
which has an important influence on their emotional and social development (Rosen-
blum and Lewis 2003). Furthermore, schools and STEM teachers should more often 
inform parents on the particular importance of their child-specific appraisals for the 
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construction of a child’s competence beliefs during sensitive periods of educational 
transitions.

3.4 � Expectations for a child’s STEM achievement

Parents’ expectations for their child’s achievement in the STEM fields are related to 
children’s expectations for their own success in STEM, and these children’s expec-
tations, in turn, predict objective achievement in the STEM domain (Bleeker and 
Jacobs 2004; Jodl et  al. 2001; Simpkins et  al. 2006). Thomas and Strunk (2017) 
found that parental expectations had an even stronger effect in explaining students’ 
science achievement than students’ self-efficacy beliefs in science.

Furthermore, it has been shown that parental academic expectations for their 
child serve as mediators in explaining the persisting link between family SES and a 
child’s achievement outcomes (Alexander et al. 1994; Halle et al. 1997; Davis-Kean 
et al. 2002). More educated parents tend to have higher expectations for their child’s 
academic success and these expectations are related to children’s achievement.

In the research that included students from the German PISA sample, Taski-
nen et al. (2016) compared the relative strength of influence of parental values and 
parental expectations in predicting students’ learning motivation, achievement, and 
career aspirations in the STEM field. As expected, parental expectations were more 
strongly related to all students’ variables than parental values. Although parents 
had higher expectations for daughters than for sons, these expectations were more 
strongly related to boys’ interests, self-concept of ability, and achievement in the 
STEM domain.

More general forms of parental beliefs, such as values and efficacy beliefs in 
STEM, which were previously described in this article, can surely play an impor-
tant role in socializing students’ outcomes in STEM. However, from a theoretical 
point of view, as well from the research reviewed in this paper, parents’ child-spe-
cific beliefs, such as ability perceptions and expectations for success have a stronger 
and more consistent effect. These specific beliefs are powerful predictors of chil-
dren’s academic motivation and achievement, even when independent estimates of 
children’s actual ability, such as teachers’ ratings and standardized test scores, as 
well as demographic characteristics are taken into account (Simpkins et al. 2015a). 
These child-specific parental beliefs are particularly important in socializing stu-
dents’ achievement beliefs in the STEM domain. Given the crucial role a child’s 
achievement beliefs have in a child’s objective school performance and formation of 
vocational interests, parents should be aware of the tong-term influence their evalu-
ations may have on the socialization of these motivational beliefs. This type of par-
ent-oriented work in STEM education is even more needed if we consider that par-
ents’ perceptions of their children are not always based solely on the child’s actual 
performance. These perceptions are often also based on general beliefs the parent 
holds, child’s characteristics, and wider social context. In line with this, we will fur-
ther discuss gender-related issues in parents’ formation of specific beliefs about their 
children in STEM.
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4 � Parents’ gender‑differentiated beliefs in STEM

Previous studies have systematically showed that girls still have lower self-com-
petence beliefs in STEM and report less liking for STEM subjects than boys 
(Bleeker and Jacobs 2004; Fredricks and Eccles 2002; Watt 2004). This gap con-
tinues although by the end of high school girls have higher grades in math and 
science (Hill et al. 2010) and achieve similar results as boys on standardized math 
tests (Hyde et  al. 2008). Furthermore, even in elementary school, children hold 
gender stereotypes, like believing that math is a “boys’ domain” (Cvencek et al. 
2011). It is argued that the part of the reasoning for this persistent gender differ-
ence in the STEM domain may lay in the gender-role socialization in the family 
(Eccles et al. 1993).

Studies have shown that parents of boys in comparison with parents of girls 
often believe that their children have more ability in STEM courses (Andre et al. 
1999; Bhanot and Jovanovic 2009; Frome and Eccles 1998), that this domain is 
easier for them (Tenenbaum and Leaper 2003), and that they are more interested 
in STEM (Bhanot and Jovanovic 2009; Eccles and Jacobs 1986; Tenenbaum and 
Leaper 2003). In contrast, parents tend to perceive daughters as more competent 
than sons in domains such as reading and language (Eccles et al. 1993). Eccles 
et al. (1993) also found that parents differed in their views on the amount of effort 
girls and boys have to invest to do well in English and math. Parents of girls esti-
mated that their daughters have to work harder to gain good grades in math than 
the parents of boys, while parents of boys reported that their sons have to work 
harder in English than parents of girls. Furthermore, parents’ comparative assess-
ments of their child’s effort in math and English did not differ for male children, 
while in the case of daughters, parents believed that their daughters have to work 
harder in math than in English.

Parental gender-differentiated beliefs seem to increase with a child’s age 
(Frome and Eccles 1998). Eccels et al. (1990) found that parental ability percep-
tions of their children did not differ by gender for younger children, but started to 
differ when children were in sixth grade. Unfortunately, these parental gendered 
beliefs are often unrelated to the child’s real achievement. For example, parents 
of girls had lower perceptions of the math ability of their children than parents of 
boys, even when girls received better math grades (Frome and Eccles 1998).

Interestingly, some research has suggested that mothers, in comparison to 
fathers, tend to endorse more gender-stereotypical beliefs about their children’s 
abilities. Frome and Eccles (1998) found that only mothers overestimated their 
sons’ and underestimated their daughters’ math abilities, while fathers’ evalua-
tions were more realistic and based on the child’s actual achievement. Similar 
findings were obtained in other studies (Jayaratne 1983; Yee and Eccles 1988). 
These results suggest that mothers may hold a critical role in children’s develop-
ment of gender-stereotypical views of their abilities in the STEM domain.

Eccles (2005a) proposed possible explanations as to why parental gendered 
beliefs about their children’s ability in math persist despite the lack of real differ-
ence in the achievement and the effort of boys and girls. One explanation refers to 
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causal attributions parents endorse when explaining boys’ and girls’ achievement 
and failure. In his work on attributions, Weiner (1974) found that people explain 
personal and other’s success or failure by attributing it to the ability, effort, task 
difficulty, or luck. Our perception of other person’s competence relies on these 
attributions. This means that parents of boys and girls should develop different 
perceptions of their children’s abilities if they attribute their children’s achieve-
ment to different factors (Eccles et al. 2000). Yee and Eccles (1988) empirically 
confirmed this hypothesis by examining the relationship between parents’ causal 
attributions of their child’s math achievement and their perception of their child’s 
talent in math 1  year later. The more a parent attributed their child’s achieve-
ment to the effort (and this type of attribution was higher for daughters than for 
sons), the lower were their perceptions of their child’s math ability 1 year later. 
Conversely, parents of boys attributed their child’s math achievement to the tal-
ent more than the parents of girls. As expected, the more parents attributed their 
child’s achievement to natural ability, the more they rated their child as talented 
in math. Furthermore, parental attributions were confirmed as a mediating vari-
able. Namely, attributing the child’s success in math to the talent or the effort 
statistically explained the correlation between the child’s gender and the mothers’ 
perceptions of the child in math (Eccles et al. 1990).

The second explanation for parental gender-differentiated beliefs in STEM may 
lay in general gender stereotypes that parents endorse (Eccles 2005a). The major-
ity of cultures have different views of the roles and tasks that are appropriate for 
males and females and members of a culture tend to internalize these cultural views. 
The STEM domain is culturally often viewed as a more appropriate task for men 
(Goodnow 1990). Following the hypothesis that general gender stereotypes play a 
role in shaping parental child-specific beliefs, Jacobs and Eccles (1992) confirmed 
the significant interaction between parents’ general gender stereotypes and their 
child’s gender in predicting parents’ perception of the child’s ability. Parents who 
endorsed gender-stereotypical beliefs overestimated their child’s math ability when 
the child was a boy and underestimated it when the child was a girl. These biased 
parents’ perceptions of the child’s ability in math, in turn, predicted children’s own 
perceptions of their math ability. The same effect in math was confirmed in a Ger-
man study which included elementary school children and their parents (Tiedemann 
2000). Parental gender stereotypes, in the same way, moderated the correlation 
between a child’s gender and parents’ future expectations for their child’s attainment 
in math, regardless of the child’s actual abilities (Jacobs 1991). It seems that even 
parents of very young children endorse gender stereotypes about children’s abilities. 
In a cross-cultural study that included parents from Japan, Taiwan, and the USA, 
parents of kindergarten children in all three cultures believed that boys are in general 
better at math and girls at reading (Lummis and Stevenson 1990).

Results in this area of research have clearly demonstrated that besides a child’s 
actual achievement in STEM school subjects, parental perceptions of a child’s abil-
ity and expectations for a child’s success can be significantly shaped by a child’s 
gender and the gender stereotypes parents may endorse. Consequently, girls, who 
are generally not favored by these stereotypes, may often be affected by less favora-
ble parental messages about their abilities in STEM. As Jacobs (1991) suggested, 
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since these parental messages have an indirect effect on the child’s performance and 
choices via the child’s personal beliefs, they can be often overlooked by parents. 
Thus, it seems important for parents to become aware of their possible stereotype 
endorsement and the ways it can affect their child-specific beliefs and ultimately 
their child’s outcomes in STEM. From the research point of view, it is clear that 
there is a need for newer studies on the role of parental gendered socialization in 
explaining gender differences in STEM-related aspirations, competence-beliefs, and 
educational and career choices. There is also a need for new comparative research 
across STEM disciplines, besides mathematics which is largely overrepresented in 
the literature. If we take into account the whole STEM domain, it is known that the 
gender segregation is the largest in engineering, where the proportion of degrees 
awarded to women has never reached 25% (Mann and DiPrete 2013). Therefore, it 
is particularly important to identify the family factors which can positively influence 
girls’ and women’s persistence in engineering. Since cultural views may play an 
important role in the gendered socialization, future studies should also explore the 
described mechanisms in different societies which may significantly vary in domi-
nating cultural beliefs about appropriate gender roles.

5 � The relationship between parents’ beliefs and behaviors in STEM

The Eccles’ model of parental socialization states that parents influence their 
children not just as the “interpreters of reality”, but also by having the role of the 
“providers of experiences”. Specifically, parents’ values and beliefs may influence 
opportunities parents provide to their children, such as the provision of different toys 
or learning materials, parents’ modeling behaviors, the encouragement of child’s 
interests and participation in different activities, and parents’ coactivity with the 
child in a certain domain (Eccles 1993).

These parental behaviors can serve as expressions of parents’ general and child-
specific beliefs and affect children’s values and activity-choices (Jacobs and Eccles 
2000). In other words, there is a hypothesized mediating role of these behaviors 
in explaining the relationship between parents’ and students’ beliefs and values 
in STEM. For example, parental attitudes towards STEM are shown to influence 
positive parents’ involvement behaviors in this domain, like museum visits (Szech-
ter and Carey 2009) and homework involvement (Cardoso and Solomon 2002). In 
turn, parental educational involvement positively affects children’s learning motiva-
tion and school achievement (Fan and Williams 2010), and STEM career aspira-
tions (Turner et  al. 2004). Simpkins et  al. (2012) confirmed the hypothesis of the 
mediating role of parental behaviors by showing that mothers’ valuing of math was 
indirectly related to children’s valuing via parents’ support behaviors. However, this 
mechanism was not confirmed in other studies. For example, Bhanot and Jovanovic 
(2009) found that mothers’ encouragement in STEM was not a significant mediating 
mechanism between mothers’ perceptions of the child’s STEM ability and children’s 
self-perceptions. Furthermore, in the same study, mothers’ discussions about the 
utility of STEM with their child did not mediate the relationship between mothers’ 
and children’s task-value beliefs. Taking into account these mixed results, it seems 
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necessary for the future studies to capture various other types of parental behaviors 
that could play a role in the process of parents conveying their beliefs and values of 
STEM to their children. Also, further research should examine the ways parents con-
vey their gender-stereotyped beliefs in the STEM domain through specific practices 
with the child. For example, Bhanot and Jovanovic (2005) found that parents of girls 
communicated their math stereotype beliefs through the uninvited intrusions with 
the child’s math homework. Other types of parental behaviors that can communicate 
parents’ stereotypic beliefs about STEM should be identified.

Considering that there is still a lack of insight on how children learn to internalize 
their parents’ beliefs, values, and perceptions in STEM, there is a need for a more 
holistic approach in this area of research. Namely, the quality of the parent–child 
relationship can also play an important role in the transmission of parents’ achieve-
ment-related beliefs and values (Jodl et al. 2001). It is more likely that a child will 
internalize parents’ academic values if parents provide a positive emotional environ-
ment in the family (Eccles 2007). By supporting a child’s autonomy, parents help 
their children in developing a sense of capability and interest, which leads them to 
be more engaged with their environment (Fei-Yin Ng et al. 2004). Parents’ auton-
omy support and positive affect should be particularly important for the socializa-
tion potential of those parental behaviors which include direct parent–child inter-
action. Parental involvement in a child’s educational and leisure activities related 
to STEM and parental encouragement of a child’s activities in STEM represent 
these types of behaviors. In line with this, it is important to examine not only the 
mere frequency of specific parental behaviors but also to capture quality aspects of 
child–parent relationships. These aspects may include parenting style, parents’ sup-
port for a child’s autonomy, and communication patterns between child and parent 
during coactivity in the STEM domain. These research questions call for a shift in 
the prevailing methodological approach in this area. While most of the studies rely 
on children’s and parents’ self-reports, in order to capture the quality of parental 
socializing behaviors in STEM, qualitative methods, such as observations of par-
ent–child interactions during STEM coactivity should be used more often.

6 � STEM interventions aimed at parents’ beliefs

6.1 � Fostering parents’ self‑efficacy in STEM

A specific problem in the STEM domain is that many parents tend to feel incompe-
tent in helping their children with science-related school content (Solomon 2003). It 
may be that this low self-efficacy is related to dominating parents’ reports of nega-
tive personal experiences with STEM at school (Kaya and Lundeen 2010; Solomon 
2003). Thus, it seems important for schools and teachers to collaborate with parents 
in a way that can foster parents’ sense of efficacy in STEM and promote positive 
attitudes towards STEM subjects. ‘Hands-on’ science programs that promote part-
nerships between families and schools, have shown to increase parents’ interest in 
involvement in their child’s school science courses and these programs are perceived 
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as effective methods of science education among parents (Kaya and Lundeen 2010; 
Shymansky et al. 2000).

6.2 � Utility‑value interventions

The utility value of particular school courses can be a salient motivational influence 
on student educational and career choices (Eccles 2005b). Thus, in order to pro-
mote student motivation for STEM education and careers, parents need to help their 
children in understanding the importance of STEM school subjects. However, Hyde 
et al. (2006) found that in their helping with child’s math homework in 5th grade, 
mothers rarely had a goal of conveying the importance of math for their child’s 
future and the utility value of math in everyday life.

Recently, some STEM intervention programs have aimed at teaching parents 
how to successfully communicate their STEM academic values to children, which 
can, in turn, affect children’s own values in STEM fields. Harackiewicz et al. (2012) 
conducted an intervention program in which parents were thought how to success-
fully convey the importance and the utility of the STEM domain to their second-
ary school children. The intervention led to the increased number of elective STEM 
courses students chose during their last 2 years of high school. The effects of the 
intervention on student STEM course-taking were mediated by the changes in par-
ents’ and students’ STEM utility value (Rozek et al. 2015). Intervention further led 
to the improved student STEM achievement. Five years after the intervention, the 
higher STEM achievement and the increased STEM course-taking were related to 
the increased STEM career pursuit (Rozek et al. 2017).

It is argued that conducting the utility-based interventions is beneficial because 
the perception of the utility of a certain domain can be more easily manipulated than 
the perception of the attainment value and interest which are by nature more intrin-
sic and therefore more difficult to change (Rozek et al. 2015). Furthermore, some 
findings have suggested that parents more easily convey to their children beliefs 
about the utility than the attainment value of STEM school subjects (Šimunović 
et al. 2018).

Parental interventions that have the potential to increase students’ perception 
of the relevance of the STEM domain are quite simple to conduct. In the interven-
tion conducted by Harackiewicz et  al. (2012), parents were mailed two brochures 
and presented with the Web site designed to promote communication between par-
ents and their children about the value of STEM. Thus, this type of parent-centered 
work presents an untapped and attainable form of family-school collaboration in the 
STEM domain.

6.3 � Changing stereotypical images of the STEM domain and scientists

In addition to previously discussed gender stereotypes in STEM, a recent study has 
shown that parents (and children) often have stereotypical constructions about other 
characteristics of scientists (DeWitt et  al. 2013a, b). During the in-depth interviews 
parents often referred to scientists as being ‘geeky’ and over half of the parents held 
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constructions about scientists as individuals who are ‘special’ or ‘unique’. The dis-
course that portrays scientists as ‘normal’ was less frequent. Authors note that the ste-
reotypical and the ‘scientist as specialist’ discourse can reinforce parents’ and children’s 
vision of people who are highly science-engaged as being ‘other’, which negatively 
influences students’ willingness to take up a science identity. Moreover, research indi-
cates that many parents (and students) have quite narrow views of career pathways in 
science and they relate studying science dominantly with the careers of a scientist, sci-
ence teacher or doctor (Archer et al. 2013). In line with this, it seems advisable to aim 
future parents-oriented interventions at changing the stereotypical beliefs about scien-
tists and STEM and promote constructions of scientists as ‘normal’ and STEM careers 
as accessible. This can be encouraged by providing information on a broad range 
of possible careers in STEM and illustrating examples of scientists who greatly dif-
fer from traditional, widely accepted constructions (DeWitt et al. 2013a, b). However, 
although there is a large number of interventions aimed at providing participants with 
a wider knowledge about STEM qualifications and jobs, these interventions are mostly 
targeted towards students, while parents are largely left out. In addition, the interven-
tions in this area are often not scientifically evaluated or the evaluation is poorly con-
ducted (Archer et al. 2014). Different programs and initiatives which aim at improv-
ing parents’ and students’ awareness about STEM careers, such as science festivals or 
math nights, miss to evaluate possible changes in parents’ (and children’s) stereotypi-
cal beliefs in STEM. Although targeted at students, a recent intervention that included 
extensive evaluation highlights the possible challenges in changing this type of belief 
among students and potentially also among their parents. Namely, results showed that 
activities such as providing contact with real scientists and providing the information 
on the variety of careers in science had little effect on changing adolescent students’ 
stereotypical images of scientists (Archer et al. 2014). In order to be effective, it seems 
that interventions in this domain have to provide more than just the positive images of 
scientists which will oppose the traditional, stereotypical concepts (Archer et al. 2014). 
Research suggests that longer-term programs that are embedded in the mainstream 
school curriculum have greater potential in elevating science career awareness among 
students (Archer et al. 2012b). Furthermore, evidence shows that in most cases chil-
dren’s images of STEM and their STEM aspirations are formed by age 14 and there-
fore these programs should begin during elementary school (Archer et al. 2012a). In 
line with this, future interventions should involve systematic and early collaboration 
between schools and parents in order to enforce parents’ positive images about STEM 
and views of STEM careers as desirable and accessible for their children. This work 
should particularly focus on socially disadvantaged families that often have less access 
to knowledge and resources in the STEM domain (Archer et al. 2012a).

7 � Future directions

Studies presented in this review clearly indicate the importance of various parental 
beliefs in the formation of students’ motivational beliefs, achievement, and choices 
in the STEM domain. However, several research points need to be further inves-
tigated in order to obtain a more comprehensive understanding of the complex 
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mechanisms underlying these associations. Firstly, most of the research in this area 
is focused exclusively on mathematics as one of the STEM school subjects. At the 
same time, it has been suggested that students’ motivational beliefs differ in different 
STEM school subjects (e. g., Simpkins et al. 2015b) and that students clearly dif-
ferentiate their interests in different STEM areas (Babarović et al. 2019). Hence, it is 
plausible that patterns of association between parental beliefs and students’ educa-
tional outcomes are not the same across the entire STEM academic domain.

Further, most studies have explored the role of mothers’ beliefs, while the influ-
ence of fathers’ beliefs has been relatively neglected. Moreover, some studies pre-
sented in this paper found differences in mothers’ and fathers’ beliefs and values in 
the STEM domain (Eccles et al. 1982; Frome and Eccles 1998) and differences in 
patterns of the relations between maternal and paternal beliefs and students’ out-
comes in STEM (Tenenbaum and Leaper 2003). These results indicate that there is 
a need for more research to explore specific roles mothers and fathers play in stu-
dents’ STEM educational outcomes. There is also a need to more often include both 
parents’ and child’s reports on parental beliefs. This is important since the child’s 
interpretive processes play a crucial role in the parent-to-child value transmission.

Another research gap is related to studies’ design, taking into account that most of 
the studies are cross-sectional. Since it is known that students’ motivational beliefs 
and STEM achievement change throughout students’ schooling (Wigfield and 
Eccles 1992; Frenzel et al 2010), future research should address how parental beliefs 
impact children across time and during challenging periods of school transition. 
Longitudinal studies are also required when examining the causal effect of parents’ 
beliefs on students’ beliefs and behaviors in the STEM school domain. The Eccles’ 
expectancy-value model, in fact, assumes that influences between parents and chil-
dren are mostly reciprocal. Parents’ beliefs may be significantly shaped by children’s 
beliefs, behaviors, and achievements and it is also expected that this reciprocal influ-
ences change as the child grows older (Simpkins et  al. 2012). Thus, longitudinal 
research could provide more understanding of these developmental trajectories.

All of the discussed parent–child relations have not been explored sufficiently in 
different cultures and different SES backgrounds. It is likely that a number of under-
lying processes in a relationship between parental beliefs and students’ outcomes 
in STEM differ across countries and ethnic groups due to different cultural views, 
gender roles, accessible cultural and economic resources, and socially dominating 
implicit theories about achievement in the STEM domain.

Finally, since the importance of parental beliefs in the STEM domain has been 
widely recognized, future research directions should be based on more frequent 
examination of the efficacy of various intervention programs aiming at the different 
types of parental beliefs and behaviors. Here it is important to take into account the 
child’s characteristics such as age, gender, and previous STEM achievement when 
examining the efficacy of these parental programs. We should remember that family 
socialization takes place over different developmental phases in a child’s life and in 
a complex network of child-related factors and socialization contexts. Considering 
this complexity, we hope that this review offered a more holistic perspective on the 
role that parents’ beliefs, values, and perceptions have in children’s outcomes in a 
challenging and important educational and vocational area such as STEM.
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