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Research has shown that parental pressure is negatively whereas parental support is

positively associated with various scholastic outcomes, such as school engagement,

motivation, and achievement. However, only few studies investigate boys’ and girls’

perception of mother and father pressure/support in detail. This might be particularly

essential when it comes to girls’ and boys’ achievement in STEM subjects, as girls and

boys might profit differently from parental pressure/support regarding their achievement

in STEM and vice versa. This study aims to shed light on this topic and explores

potential within—and over time associations between students’ perception of parental

pressure/support and grades in mathematics and biology. Using self-report data from

1,088 8th grade students at T1 (Mage = 13.70, SD= 0.53, 54% girls) from Brandenburg,

Germany, multigroup cross-lagged models were conceptualized with Mplus. The results

indicate that there are gender differences in the interplay of students’ grades in

mathematics, biology, and their perception of parental pressure and support: Whereas,

mother support plays a central beneficial role for girls’ achievement in STEM subjects as

well as for the other parental variables over time, for boys mother support is negatively

associated with math performance over time. Within-time associations further show that

boys—in contrast to girls—do not benefit from any parental support regarding their

performance in mathematics or biology. Finally, results suggest that the relationship

between adolescents’ STEM achievement and parental pressure/support is rather

mono-directional than bi-directional over time.

Keywords: STEM performance, gender, parental support, parental pressure, secondary school

INTRODUCTION

The need for specialized labor in the field of science, technology, engineering, and mathematics
(STEM) is constantly increasing as technology accompanies daily life. Despite this demand and
efforts to inspire youth to follow a STEM career, girls are significantly under-represented in STEM
subjects. According to the Trends in International Mathematics and Science Study (TIMSS), in
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most countries, boys represent the majority of students enrolling
in advanced STEM courses in secondary education (Mullis et al.,
2016). According to a recent report of the United Nations
Educational Scientific Cultural Organization (2017), the gender
gap becomes more apparent as the educational level increases
and electives are available. In fact, at the age of 10–11 years,
students are almost equally interested in STEM subjects, where
by the age of 18, only 33% of all boys and 19% of all girls
who participated in this UK-based study were engaged in STEM
(Kerney and YourLife Campaign, 2016). However, the gender
gap regarding the attainment of STEM bachelor degrees after 4
years of college has been narrowing since 1977, where only 25
percent of all STEM degrees were awarded to women compared
to the year 2000 in which 40 percent of all STEM degrees were
obtained by women. Particularly in the fields of biology and
agricultural science sex parity has been reached since the 1990s,
whereas the gender gap is still striking in engineering, physical
science, and math (National Science Board, 2014). Despite this
trend of women receiving an equal number of degrees in the field
of biology and agriculture, women prefer non-STEM degrees
(Mann and DiPrete, 2013). As an explanation for the small
number of girls involved in STEM, researcher mention varying
interests of girls and boys (Su and Rounds, 2015), while girls
excel in both language and math subjects compared to their
male counterpart (Ceci et al., 2009), girls are more interested in
tasks that promote symmetrical, quantitative, and verbal abilities
(Su and Rounds, 2015). In this sense, the breadth-based model
(Lubinski et al., 2001; Valla and Ceci, 2014) indicates that girls
have broader career choices and choose careers in which they
can apply people-related skills and verbal abilities, although
having equal abilities to pursue a STEM career. In contrast,
research on gender-specific socialization takes a different view,
stating that girls’ socialization presents the main factor for girls
feeling inferior and less confident in STEM subjects, which are
believed to represent masculine topics (Archer et al., 2013).
Furthermore, stereotypes associated with STEM professions, e.g.,
working in STEM fields means being socially isolated, drive girls
away from perusing a STEM career, as girls are socialized to
interact with others, being social and pleasant (Reinking and
Martin, 2018). In fact, children’s believes about themselves, their
ability and their attitude toward STEM education are strongly
impacted by their parents as primary agent of socialization.
This reasoning has been included in the General Expectancy-
Value Model of Achievement Choices in which Eccles (2014)
states that parents’ specific beliefs and perceptions (e.g., affective
reactions to child’s performance, activity choice, competence
and interest, parents’ expectations for child’s success, parents’
perceptions of importance of activities and skills) as well as
their specific actions and behaviors toward the child (e.g., advice,
providing certain equipment, toys, and experiences for the child),
impact children’s motivation, activity choices, affect, interest, etc.
toward STEM. This model provides a theoretical framework for
a gendered bias emerging in STEM fields, despite the fact that
boys and girls perform equally well in science. In line with this
model, empirical work found that children had higher ability
self-concepts and assigned a higher value to STEM subjects,
when their parents showed positivity, co-activity, and school

focused behaviors (Simpkins et al., 2015). In a qualitative study,
in which Halim et al. (2018) interviewed parents of children who
chose to pursue STEM education, the researchers found parental
support and academic expectation to be common features of
these parents. Hence, the investigated children who enrolled in
STEM education had parents who supported their children in
choosing STEM education, assisted them in science subjects,
joined them in science-related activities and were concerned
about their STEM related academic performance. Furthermore,
parental emotional support and stimulating learning settings
at home were mentioned to be relevant in choosing a career
in STEM and develop an identity as scientist starting early
in childhood (Buschor et al., 2014). In fact, support from
parents varied considerably among students who maintained
their interest in STEM throughout high school compared to those
who lost interest in STEM (Aschbacher et al., 2010).

Although the role of parental support, expectation, and
pressure have been identified as key factors for students to pursue
a STEM career and to maintain interest in STEM (Dabney et al.,
2013), only few studies take a more detailed view on the role
of parents by examining the impact of mothers and fathers
for girls and boys separately: Research shows that especially
mother’s beliefs about their daughter’s ability in mathematics
and science impact performance and career choices of girls
(Gunderson et al., 2012; Rozek et al., 2015). Past research
has predominantly investigated the role of mothers for the
development of sons and daughters, while excluding the unique
role of fathers. The reason for the lack of research on fathers’
role regarding the upbringing of children may be its negative
connotation and limitation to financial support (Hawkins and
Dollahite, 1997; Marks and Palkovitz, 2004; Saracho and Spodek,
2008). The reason why fathers’ role recedes in the background
is fuelled by research findings indicating that it is the mother-
child relationship which is characterized by low psychological
distress (Mallers et al., 2010) and that mother’s evaluate their
behavior as more supportive toward their children compared
to fathers (Fthenakis and Minsel, 2002). Examining the role of
mothers and fathers for boys’ and girls’ career choices, Paa and
Hawley McWhirter (2011) indicate, that in comparison to boys,
girls perceived more positive feedback and autonomy support
from their mother. In contrast, girls and boys equally perceived
positive feedback and autonomy support from their father (Paa
and Hawley McWhirter, 2011). Additionally, Fthenakis and
Minsel (2002) found that fathers’ of girls spend more time
with their offspring compared to fathers’ of boys, while fathers
feel less disturbed by conflicts with girls compared to boys.
Although research is limited, the few studies that focus on the
role of mothers and fathers separately for boys and girls indicate
that mother’s and father’s school related behavior are perceived
differently by boys and girls. Fthenakis and Minsel (2002) found
that boys compared to girls reported to receive more control
and punishment concerning school issues. Similarly, in their
study, Levpušček and Zupančič (2009) found that boys perceive
significantly more father pressure than girls, while particularly
fathers tend to differentiate between the upbringing of girls
and boys (Lytton and Romney, 1991). Furthermore, past studies
have mainly looked at how parental support/pressures impacts
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STEM performance, but not vice versa. Hence, it is not clear,
how students’ STEM performance impacts their perception of
parental support and pressure (bi-directional).

Based on these gender specific findings, the recent study takes
a detailed view on the role of mother’s and father’s support and
pressure for boys’ and girls’ academic performance in STEM
subjects such as mathematics and biology. Mathematics was
chosen as there is a sex disparity in the fields of engineering,
physical science and math. In contrast, biology was chosen
as bachelor’s degrees are equally attained by male and female
students. By choosing a domain that is over-presented by males
(math) and a domain in which males and females are involved
equally (biology), the study aims at shedding light on the
differential role of mothers and fathers for girls’ and boys’ STEM
performance and vice versa (bi-directional) by using a cross-
lagged-panel design to identify potential factors that contribute
or hinder academic success in the field of STEM and in turn serve
as template for further research and intervention involving both
mothers and fathers.

HYPOTHESIS

In order to test how mother’s and father’s pressure and support
at Time 1 and 2 as well as STEM performance at Time 1 and 2
would relate to each other within and over time for boys and girls,
a multigroup cross-lagged model was designed. In particular, the
following hypotheses were tested:

Hypothesis I: Adolescent girls and boys differ regarding their
perceived parental pressure/support associated with their
grades in two STEM subjects (i.e., mathematics and biology)
at the beginning of 8th grade and 1.5 years later at the end of
9th grade (within-time associations).
Hypothesis II: Adolescent girls and boys differ regarding
the associations between their perceived parental
pressure/support and their grades in two STEM subjects (i.e.,
mathematics and biology) and vice versa during the beginning
of 8th to the end of 9th grade (over time associations).

METHODS

Participants and Procedure
This two-wave study is based on data from 1,088 8th grade
students at Time 1 (T1) (Mage = 13.70, aged 12–15 years, SD
= 0.53, 54% girls), who were at the end of 9th grade at Time
2 (T2) (N = 845; Mage = 14.86, aged 13–17 years, SD = 0.57,
55% girls). The participants were recruited from 23 randomly
selected public secondary schools out of a pool of 124 public
secondary schools in the federal state of Brandenburg, Germany.
In order to provide a representative sample for the federal state
of Brandenburg, five of the 23 schools were located in the
biggest cities of the state (Potsdam, Cottbus, Frankfurt Oder,
Brandenburg, and Prenzlau), while the other 18 were located
in rural areas. The data collection took place in the autumn
term 2011 (T1) and the spring term 2013 (T2). From T1 to T2
the dropout rate amounts 22.33% of participating students. The
study focuses on this specific age group, as some studies indicate

an achievement drop in school during this time period (Dohn,
1991; Wijsman et al., 2016). Initially, (1) written permission of
the ethical committee of the Hoorn, Youth, and Sport (MBJS)
of Brandenburg, (2) school consensus, and (3) both parents’ and
students’ written and informed consensus was obtained. Before
students filled in the paper-pencil questionnaire, experienced
research instructors informed about voluntary participation and
confidential treatment of responses. As there is only a small
amount of ethnic diversity in Brandenburg (2.6%), data on
ethnicity was not collected. The German law prohibits collecting
data from a third party (i.e., asking students about their parents
income or school graduation), students’ socio-economic status
could not be assessed.

Measures
All self-report measures used in this study are well-established
instruments for German-speaking students. The reported
reliability values are based on the current sample.

STEM grades were addressed by students’ self-reported grades
on their two most recent report cards in Mathematics (αT1girls =
0.87; αT2 girls = 0.87; αT1boys = 0.84; αT2 boys = 0.84) and
Biology (αT1girls = 0.83; αT2 girls = 0.83; αT1boys = 0.84;
αT2 boys = 0.84). Grades range from 1 (“very good”) to 6
(“insufficient”) in the German school system. For the sake of
clarity, all grades were reverse-coded in the present study, such
as a high score represents high achievement.

Parental Pressure was measured with the “Zurich
Questionnaire of Educational Behavior” [Züricher
Kurzfragebogen zum Erziehungsverhalten] (ZKE) developed
by Reitzle et al. (2001) on a 4-point Likert scale from 1 (“not
true at all”) to 4 (“totally true”). The subscales father pressure
(αT1girls = 0.79; αT2 girls = 0.83; αT1boys = 0.80; αT2 boys =

0.80) and mother pressure (αT1girls = 0.77; αT2 girls = 0.80;
αT1boys = 0.78; αT2 boys = 0.79) consist of six items each (e.g.,
“My mother/father pushes me to work harder in school” or “My
mother/father expects that I do well in school”).

Parental Support was also measured with the “Zurich
Questionnaire of Educational Behavior” (ZKE) (Reitzle et al.,
2001). The subscales father support (αT1girls = 0.92; αT2

girls = 0.92; αT1boys = 0.91; αT2 boys = 0.90) and mother
support (αT1girls = 0.90; αT2 girls = 0.91; αT1boys = 0.88;
αT2 boys = 0.88) consist of 10 items each (e.g., “If I do not
understand something, my mother/father explains it to me” or
“My mother/father is studying with me”).

Statistical Analyses
Initially, random parcels for each latent variable were built
due to the large amount of single items per variable, which
is a common procedure in psychological research (Nasser and
Wisenbaker, 2003). Accordingly, each latent variable in the
present study consists of three parcels. Little et al. (2002, 2013)
list various reasons why parceling can be beneficial compared to
using single items regarding psychometrics, model estimation,
and fit characteristics. In contrast to item-level data, parcels
show higher reliability, higher ratio of common-to-unique factor
variance, greater communality, lower likelihood of distributional
violations as well as more, tighter, and more-equal intervals,
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fewer parameter estimates, reduced sources of sampling error,
lower indicator-to-sample size ratio as well as lower likelihood
of correlated residuals and dual factor loadings.

Furthermore, measurement invariance over time as a
precondition of cross-lagged panel design was tested for all
variables used in this study. In the next step, three multigroup
cross-laggedmodels were conceptualized: A less-restrictedmodel
(free parameters across girls and boys), a semi-restricted model
(equal factor loadings, free thresholds, and free regression
coefficients among girls and boys) and a more-restricted model
(equal factor loadings, equal thresholds and equal regression
coefficients across both groups). The less-restricted model was
compared to the semi-restricted model to test for measurement
invariance between the groups (i.e., girls and boys) by using
χ
2-difference test (Yuan and Bentler, 2004). Subsequently, the

semi-restricted model (with gender differences) was compared to
a more-restricted model (considering no gender differences) in
order to test which model would fit the data best.

All analyses were conducted with the “type is complex”
command inMplus to account for the nested structure of the data
(students nested in classes) (Asparouhov, 2005). Four primary
fit indices were used to determine model fit (Hu and Bentler,
1999): Chi-Square Test of Model Fit (χ2), Root Mean Square
Error of Approximation (RMSEA), Comparative Fit Index (CFI)
and Standardized Root Mean Square Residuals (SRMR). Little’s
MCAR test (χ2

= 268.07; df = 233; p > 0.05) revealed that
missing data was completely at random, which allows using
full-information maximum likelihood (FIML) estimation.

RESULTS

Bivariate Correlations and Descriptive
Statistics
Table 1 presents the gender-specific bivariate correlations
and descriptive statistics calculated with IBM SPSS software
(see Table 1).

Multigroup Cross-Lagged Panel Design
Initially, measurement invariance for the variables of interest
was tested stepwise over time (see Table 2). As shown in Table 2
strong factorial invariance is held for all latent variables, which is
a precondition for cross-lagged panel design.

To test our hypotheses, three multi-group cross-lagged
models (less-restricted model, semi-restricted model, more-
restricted model) were conceptualized with Mplus (Muthén and
Muthén, 1998-2013). All models included (a) autoregressive
paths between the same variable at T1 and T2, (b) cross-lagged
paths between a variable and each other variables over time,
and (c) within-time covariances between all variables at T1 as
well as within-time covariances between all variables at T2. To
test for measurement invariance between the groups (i.e., girls
and boys) a less-restricted model with all free parameters was
conceptualized in a first step [χ2

(564)
= 1658.82, p < 0.001; CFI

= 0.92; RMSEA = 0.06 (0.06–0.06), SRMR = 0.06]. This model
was compared with the semi-restricted model [χ2

(596)
= 1660.37,

p< 0.001; CFI= 0.92; RMSEA= 0.06 (0.05–0.06), SRMR= 0.07]

with equal factor loadings, free thresholds, and free regression
coefficients among boys and girls by using the χ

2-difference
test [χ2

(32)
= 5.71, p > 0.05] (Satorra and Bentler, 2001). The

test indicated that the semi-restricted model was favored to the
less-restricted model, which confirms measurement invariance
between girls and boys. In a next step, a more restricted model
[χ2

(641)
= 1731.80, p < 0.001; CFI = 0.92; RMSEA = 0.06

(0.05–0.06), SRMR = 0.08] with equal factor loadings, equal
thresholds and equal regression coefficients across both groups
was conceptualized. Again, the χ

2-difference test [χ2
(45)

= 76.59,

p< 0.05] (Satorra and Bentler, 2001) between the semi-restricted
and the more restricted model was conducted, implying that
the semi-restricted model reflects the data better than the more
restricted model. This means that different patterns for girls and
boys are exhibited in the cross-lagged model.

Model Girls
Auto-Regressive Effects Over Time
All auto-regressive paths between each variable at T1 and T2
were found to be significant, which supports the stability of the
constructs over time (see Figure 1).

Cross-Lagged Effects Over Time
Eight cross-lagged effects were found to be significant over
time: Mother pressure at T1 negatively predicts the grades in
mathematics at T2, whereas mother support at T1 negatively
predicts mother pressure at T2 and positively predicts father
support at T2, as well as girls’ grades in mathematics and
biology at T2. Father support at T1 positively predicts mother
pressure at T2. Furthermore, the grades in mathematics at T1
positively predict the girls’ grades in biology at T2 and vice versa
(see Figure 1).

Covariances Within-Time
At T1 all covariances except for the association between mother
support and father pressure were found to be significant: There
was a positive association between mother support and father
support (r = 0.19, p < 0.001), between mother support and
girls’ grades in mathematics (r = 0.06, p < 0.01) and biology
(r = 0.07, p < 0.001). In turn, there was a negative association
between mother pressure and mother support (r = −0.08, p
< 0.001), father support and mother pressure (r = −0.05, p
< 0.05) as well as between mother pressure and girls’ grades
in both mathematics (r = −0.10, p < 0.01) and biology
(r = −0.11, p < 0.001). The association between mother
pressure and father pressure (r = 0.34, p < 0.001) was positive.
Furthermore, there was a positive relation between father support
and both girls’ grades in mathematics (r = 0.07, p < 0.01)
and biology (r = 0.07, p < 0.01), whereas the association
between father pressure and girls’ grades in mathematics (r =

−0.10, p < 0.01) and biology (r = −0.08, p < 0.01) were
negative. Finally, the relation between father support and father
pressure was positive (r = 0.09, p < 0.01) as well as the relation
between girls’ grades in mathematics and biology (r = 0.31,
p < 0.001).

At T2, only eight covariances were found to be significant:
The association between mother pressure and father pressure

Frontiers in Education | www.frontiersin.org 4 March 2019 | Volume 4 | Article 14

https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


Hoferichter and Raufelder STEM Performance and Parental Behavior

TABLE 1 | Gender-specific means, standard deviations, and intercorrelations of the constructs.

MP T2 FP T1 FP T2 MS T1 MS T2 FS T1 FS T2 Ma T1 Ma T2 Bio T1 Bio T2 R M SD

GIRLS

MP T1 0.57** 0.51** 0.28** −0.11** −0.10* −0.00 −0.07 −0.12** −0.20** −0.13** −0.19** 1–4 2.50 0.66

MP T2 – 0.30** 0.49** −0.08 −0.06 0.05 0.04 −0.06 −0.21** −0.10* −0.19** 1–4 2.35 0.68

FP T1 – 0.54** 0.06 −0.02 0.22** 0.13** −0.14** −0.18** −0.10* −0.09 1–4 2.18 0.66

FP T2 – −0.05 −0.06 0.10* 0.18** −0.15** −0.28** −0.13** −0.26** 1–4 2.14 0.72

MS T1 – 60** 0.52** 0.42** 0.12** 0.21** 0.17** 0.19** 1–4 2.96 0.64

MS T2 – 0.36** 0.50** 0.12** 0.25** 0.11* 0.16** 1–4 2.85 0.68

FS T1 – 0.64** 0.13** 0.13** 0.16** 0.11* 1–4 2.91 0.73

FS T2 – 0.12** 0.14** 0.13** 0.11* 1–4 2.77 0.75

Ma T1 – 0.66** 0.53** 0.39** 1–6 4.30 0.79

Ma T2 – 0.47** 0.52** 1–6 4.13 0.87

Bio T1 – 0.57** 1–6 4.75 0.74

Bio T2 – 1–6 4.71 0.78

BOYS

MPT1 0.56** 0.51** 0.40** 0.15** 0.13* 0.14** 0.17** −0.14** −0.19** −0.15** −0.14** 1–4 2.67 0.66

MP T2 – 0.33** 0.58** 0.07 0.16** 0.07 0.15** −0.17** −0.23** −0.14** −0.12* 1–4 2.52 0.68

FP T1 – 0.51** 0.15** 0.11* 0.37** 0.19** −0.17** −0.17** −0.13** −0.16** 1–4 2.41 0.69

FP T2 – −0.00 0.14** 0.12* 0.29** −0.25** −0.23** −0.21** −0.17** 1–4 2.34 0.75

MS T1 – 53** 0.53** 0.27** −0.08 −0.13* 0.09 0.11* 1–4 2.97 0.59

MS T2 – 0.29** 0.52** −0.02 −0.03 0.09 0.09 1–4 2.75 0.61

FS T1 – 0.52** 0.01 −0.03 0.14** 0.07 1–4 2.95 0.67

FS T2 – −0.02 0.01 0.09 0.02 1–4 2.76 0.67

Ma T1 – 0.65** 0.49** 0.35** 1–6 4.48 0.81

Ma T2 – 0.38 0.41** 1–6 4.11 0.88

Bio T1 – 0.62** 1–6 4.55 0.85

Bio T2 – 1–6 4.46 0.83

Correlations are standardized coefficients; *p < 0.05, **p < 0.01; MP, Mother Pressure; FP, Father Pressure; MS, Mother Support; FS, Father Support; Ma, math grade; Bio, biology

grade; Grades in German school system range from 1 = “very good” to 6 = “insufficient”—for sake of clarity, all grades were reverse-coded. T1, Time 1 (8th grade); T2, Time 2 (9th

grade); R, Range; M, Mean.

TABLE 2 | Model fit indices for measurement invariance testing over time and results of χ2-difference test with scaling correction using MLR estimator and “type is

complex” in Mplus.

Model χ² df p RMSEA 90%CI CFI SRMR 1χ² p 1df

Model 0 1444.79 391 <0.001 0.05 0.05–0.05 0.93 0.06 – – –

Model 1 1453.98 401 <0.001 0.05 0.05–0.05 0.93 0.06 6.09 >0.05 10

Model 2 1465.14 411 <0.001 0.05 0.05–0.05 0.93 0.06 13.59 >0.05 10

Model 3 1482.93 417 <0.001 0.05 0.05–0.05 0.93 0.06 15.38 <0.05 6

Model 0, no constraints but configural invariance; Model 1, loadings invariant across time (weak invariance); Model 2, loadings and intercepts invariant across time (strong invariance);

Model 3, measurement model including time invariance restriction (strict invariance). Bold values indicate the best model fit.

(r = 0.20, p < 0.001) was positive, whereas the relation
between mother pressure and girls’ grades in mathematics (r
= −0.04, p < 0.05) was negative. The association between
father support and father pressure (r = 0.05, p < 0.05)
and between father support and mother support (r = 0.08,
p < 0.001) were positive. Furthermore, both the relation
between girls’ grades in mathematics and father pressure (r
= −0.09, p < 0.001) were negative as well as the association
between girls’ grades in biology and father pressure (r =

−0.10, p < 0.001). In turn, the association between girls’
grades in mathematics and mother support (r = 0.04, p <

0.01) was positive. Finally, the relation between girls’ grades
in mathematics and biology (r = 0.11, p < 0.001) was
still positive.

The association between mother support and mother
pressure, between father support and mother pressure, between
girls’ grades in mathematics and father support, between girls’
grades in biology and mother pressure, between girls’ grades in
biology and mother support as well as between girls’ grades in
biology and father support were no longer significant. Finally,
the relation between mother support and father pressure was still
not significant.
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FIGURE 1 | Multigroup cross-lagged model for girls. MP, Mother Pressure; FP, Father Pressure; MS, Mother Support; FS, Father Support; T1, Time 1 (8th grade); T2,

Time 2 (9th grade); Factor loadings are shown as standardized coefficients. For sake of clarity, solely significant autoregressive and cross-lagged paths are shown in

the figure: First position indicates unstandardized coefficients (B), second position standardized coefficients (β). In order to obtain a clearly arranged figure, the

covariances between all variables at T1 and between all variables at T2 are not shown in the figure, but reported in the manuscript.

Model Boys
Auto-Regressive Effects Over Time
All auto-regressive paths between each variable at T1 and T2
were found to be significant, which support the stability of the
constructs over time (Figure 2).

Cross-Lagged Effects Over Time
Three cross-lagged effects were found to be significant over
time: Mother pressure at T1 positively predicts father pressure
at T2, whereas mother support negatively predicts boys’
grades in mathematics. Finally, the grades in biology at T1
positively predict boys’ grades in mathematics at T2, but not
vice versa (Figure 2).

Covariances Within-Time
At T1 all covariances except for four associations (between
mother support and both boys’ grades in mathematics and
biology as well as between father support and both boys’ grades
in mathematics and biology) were found to be significant: There
was a positive association between mother support and father
support (r = 0.16, p < 0.001), between mother support and
father pressure (r = 0.05, p < 0.05)—which was not significant

for girls—and between mother pressure and father support (r =
0.06, p < 0.05) as well as between mother pressure and mother
support (r = 0.04, p < 0.05), whereas the latter association was
negative for girls. Furthermore, the relation between mother
pressure and both boys’ grades in both mathematics (r = −0.15,
p <0.001) and biology (r = −0.11, p < 0.001) were negative.
The association between mother pressure and father pressure (r
= 0.36, p < 0.001) was positively. Furthermore, the association
between father pressure and boys’ grades in mathematics (r =

−0.11, p < 0.001) and biology (r = −0.11, p < 0.001) were
negatively. Finally, the relation between father support and father
pressure was positive (r = 0.17, p < 0.001) as well as the relation
between boys’ grades in mathematics and biology (r = 0.34,
p < 0.001).

At T2, eight covariances were found to be significant: In
contrast to the girls, the association between mother support
and mother pressure (r = 0.04, p < 0.05) as well as between
mother support and father pressure (r= 0.07, p< 0.001) was still
positively significant. Furthermore, the relation between mother
pressure and father pressure (r = 0.22, p < 0.001), as well as the
relation between father support and father pressure (r= 0.12, p<

0.001) and between father support and mother support (r= 0.12,

Frontiers in Education | www.frontiersin.org 6 March 2019 | Volume 4 | Article 14

https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


Hoferichter and Raufelder STEM Performance and Parental Behavior

FIGURE 2 | Multigroup cross-lagged model for boys. MP, Mother Pressure; FP, Father Pressure; MS, Mother Support; FS, Father Support; T1, Time 1 (8th grade); T2,

Time 2 (9th grade); Factor loadings are shown as standardized coefficients. For sake of clarity, solely significant autoregressive and cross-lagged paths are shown in

the figure: First position represents unstandardized coefficients (B), second position standardized coefficients (β). In order to obtain a clearly arranged figure, the

covariances between all variables at T1 and between all variables at T2 are not shown in the figure, but reported in the manuscript.

p< 0.001) was positively significant. In turn, the relation between
boys’ grades in mathematics and mother pressure was negative
(r = −0.06, p < 0.05). Finally, boys’ grades in mathematics and
biology were positively associated (r = 0.10, p < 0.01).

The association between father support and mother pressure,
between boys’ grades in mathematics and father support, boys’
grades in mathematics and pressure, boys’ grades in mathematics
and mother support as well as between boys’ grades in biology
and all parental variables were not significant.

DISCUSSION

This study aimed to shed light on potential gender-specific
differences in the within- and over time associations between
adolescents’ perception of parental pressure/support and their
grades in mathematics and biology.

In line with hypothesis I we found that girls and boys differ
regarding their perceived parental pressure/support associated
with their grades in mathematics and biology at the beginning
of 8th grade and 1.5 years later at the end of 9th grade
(within-time associations). While for girls, mother and father
support in 8th grade were associated with better grades in math

and biology, for boys, neither mother nor father support were
significantly related to their STEM performance. Hence, boys do
not profit from mother/father support regarding their academic
performance in math and biology but may be interested in STEM
independent of parental behavior (Su and Rounds, 2015). Also,
it can be assumed that boys are impacted by their peer group,
rather than their parents. Various studies show that students’
motivation and involvement in school are influenced by their
peers (Raufelder et al., 2013; van Hoorn et al., 2014). Robnett
and Leaper (2013) found that students were more likely to
be interested in pursuing a STEM career if their peer group
valued STEM, even after controlling for individual grades, values,
and expectations.

In contrast to boys, girls’ performance in math and biology
was related to parental support. Hence, the results indicate
that (1) parental behavior is perceived differently by girls and
boys and/or (2) parents act differently toward their male vs.
female offspring. In support of these arguments, Fthenakis and
Minsel (2002) found that fathers’ of daughters spend more time
with their offspring compared to fathers’ of sons, which could
explain why father support is related to better STEMperformance
among girls, but not among boys. Additionally, Paa and Hawley
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McWhirter (2011) found that particularly girls received more
positive feedback and autonomy from their mother.

Compared to the role of mothers, the impact of fathers on
their offspring seems much harder to grasp. In past research the
father figure was described to be limited to financial support,
inadequate, or absent fathering (Hawkins and Dollahite, 1997;
Marks and Palkovitz, 2004). The father figure implies rather
negative connotations, or is insufficiently conceptualized, which
becomes clear in the work “Fathers: the “invisible” parents”
(Saracho and Spodek, 2008). However, while the gender gap
between mothers and fathers is quite persistent over time
regarding housework and child rearing (Kan et al., 2011), more
recent work characterizes the father as the “working caring-dad”
whose role comprises more than a bread-winning function as he
is ready to sacrifice—at least in part and among older fathers—his
career for children (Fthenakis and Minsel, 2002). In the current
study, the father comes into play, when boys and girls perceive
his pressure, which is related to lower STEM performance in
math and biology for girls in 8 and 9th grade and for boys
in grade 8. The challenge of characterizing the role of fathers
is indicated by the finding that both girls and boys report the
more father support they receive also the more pressure they
perceive, which is consistent across time. Hence, father support
cannot be described as solely positive while father pressure
cannot be described as solely negative for boys’ and girls’ STEM
performance. In fact, although parental support and pressure
are separate concepts, children perceive them as overlapping as
part of general parenting behavior. While pressure is described
as behavior indicating expectations that are high, unlikely or
even impossible to attain, this nominal definition depends on
the child’s perception of parental pressure and support (Leff and
Hoyle, 1995). Besides the positive association between father
support and pressure, mother support and pressure was also
positively associated for boys in both grades 8 and 9. Contrary,
girls who receive mother support, receive less mother pressure in
8th grade. Interestingly, boys who receive mother support also
receive less father pressure, while for girls there was no such
significant association. In the case of boys, the mother might
compensate for the father pressure by supporting her son. It was
found that fathers feel more disturbed with respect to conflicts
and trouble by their sons, compared to daughters (Fthenakis and
Minsel, 2002). While, a diary study indicates that the relationship
with mothers is related to lower psychological distress for both
boys and girls (Mallers et al., 2010). In line with this finding,
according to a self-report study, on average, mothers evaluate
themselves as more supportive toward their children compared
to fathers (Fthenakis and Minsel, 2002), while fathers show more
control and punishment regarding schoolwork toward their sons
compared to daughters. In general, the findings show that for
both boys and girls, the association between parental support
/pressure and STEM performance is higher in grade 8 compared
to grade 9. This finding indicates that parental pressure and
support has more impact at the age of about 13 compared to
the age of about 15, as parents become gradually less important
across the development of youth (Erikson, 1993; Eccles, 2007)
while peers and their values, activities, and attitudes become
more important (Leff and Hoyle, 1995; van Hoorn et al., 2014).

Investigating over time associations between mother/father
support/pressure, math and biology performance, all
auto-regressions were significant from grade 8 to grade 9,
indicating the reliability of the constructs. Furthermore,
hypothesis II was partially confirmed, as girls and boys varied
in their perception of mother/father support/pressure related
to their STEM performance in math and biology over time, but
not vice versa. In other words, the relation between parental
support/pressure and student’s STEM performance seems to
be rather mono-directional, such as parental support/pressure
predicts STEM performance, but not vice versa. Future
longitudinal studies with more than two waves are necessary to
test a potential causal ordering of the variables.

For girls, mother support in grade 8 was related to better math
and biology performance in grade 9, while mother pressure in
grade 8 was related to lowermath performance in grade 9, but not
to biology performance. Hence, girls’ biology performance seems
independent of mother pressure, indicating that girls may have
stable interests in biology, which is not per se a masculine STEM
subject, and their peer group may value or engage in biology at
school. In fact, Leaper et al. (2011) found that adolescent girls’
motivation in STEM courses was positively related with peer
support over the school years. These interpretations may give
an explanation why females and males are equally engaged in
biology and agricultural studies.

For boys, only mother support in grade 8 was related to
low math performance in grade 9. Hence, while girls perceive
mother support as helpful for better STEM performance, boys
perceive mother support as debilitating their performance in
math. This finding indicates that boys may receive mother
support as pressure related to high expectations, which in turn
hinder boys’ STEM performance.

Contrary to the impact of mothers, father support or pressure
was not related to girls’ and boys’ STEM performance over time.
These findings underline the impact of mothers for students’
performance in STEM, which have been investigated in various
studies (Paa and Hawley McWhirter, 2011; Gunderson et al.,
2012; Rozek et al., 2015). In fact, compared to fathers, it is mostly
the mother who is involved in and concerned with school and
family issues (Winquist Nord and West, 2001), which might be
the reason why mothers’ school related behavior impacts both
boys’ and girls’ STEM performance.

As boys’ STEM performance is barely impacted by parental
behavior, their academic performance might be related to other
factors outside the family, such as interest (Su and Rounds, 2015),
or boys might just live up to the stereotype that STEM subjects
are masculine, confirming their interest even more (Archer et al.,
2013). In fact, compared to boys, it is much harder to involve
and maintain the interest of girls in STEM. In this sense, the
current study indicates that girls profit from mother support and
in contrast suffer from mother pressure regarding their STEM
performance. Hence, mothers should be aware of their school-
related behavior, particularly exerting pressure as it inhibits girl’s
STEM performance as well as giving support to their male
offspring, which in fact is perceived as pressure. Furthermore, the
results of the study show that boys’ and girls’ STEM performance
in grade 8 does not impact the school related behavior of mothers
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and fathers 1.5 years later. Hence, it is the differentiated parental
behavior that impacts STEM performance and not vice versa,
i.e., STEM performance in grade 8 does not impact mothers’ and
fathers’ support/pressure in 9th grade.

Overall, the results adhere to the General Expectancy-
Value Model of Achievement Choices (Eccles, 2014), as results
indicate that father and mother behavior impact boys’ and
girls’ performance in STEM. However, this model does not take
into account the specific and different role of mothers and
fathers regarding the STEM performance of boys and girls. To
further analyze the impact of maternal and paternal behavior,
future studies should include information on parental time
spent with children, gender attitudes or distribution of domestic
tasks and child care. In sum, this study indicates that mother
support plays an essential but different role for boys’ and girls’
STEM performance. While mother support should further be
encouraged for girls, the support directed toward boys should
be reconsidered as mother support seems to be accompanied by
expectations or pressure. Furthermore, mother’s pressure inhibits
STEM performance among girls and should therefore be reduced
or eliminated in the school-related behavior of mothers. The
results also show that the father does not have a long lasting
effect (from grade 8 to grade 9) on neither boys’ nor girls’
STEM performance. However, cross-sectionally father’s pressure
is related to low STEM performance for both boys and girls.
Therefore, similarly to mother’s pressure, the father should also
be urged to eliminate his pressure toward his offspring regarding
school performance. Additionally, fathers should be encouraged
to support their sons and daughters in school related issues
and engage in school work, conversations about science, and in
whatever concerns their offspring in order to build confidence
in the father-child relationship and support boys’ and girls’
development positively. Parent-child interventions may help
parents to reflect and find their role regarding their scholastic
behavior as well as give parents the opportunity to communicate
with their children about the child’s needs, fears, and hopes
regarding their academic performance in STEM. Furthermore,
gender-specific parent-child activities in school could be added
to existing models, such as the American model of family–school
partnerships (Epstein, 1995), which helps parents to recognize
the value of their contributions to schooling practices and foster
students’ academic involvement (Nawrotzki, 2012).

Strength, Limitations, and Future
Directions
Strength: Girls and boys perception of pressure and support
from both mothers and fathers was considered separately.
Furthermore, results are based on data from a large sample with
two waves (beginning of 8th grade and end of 9th grade) grasping
a longer period during adolescence.

Limitations: Self-reported grades are rather a weak indicator
of students’ achievement in STEM. However, we used self-
report measures as we were particularly interested in students’
perception of their parents’ support and pressure. Future
studies are warranted, which use more detailed instruments
of girls’ and boys’ STEM achievement and additionally
consider associated concepts, such as subject-related interest
and motivation.

Future Directions: Results suggest that the relationship
between adolescents’ STEM achievement and parental
pressure/support is rather mono-directional than bi-
directional over time. Future longitudinal studies with several
measurement points might identify a potential causal order
of the variables. In addition, variables such as parental time
spent with children, gender attitudes or distribution of domestic
tasks and child care should be included as moderators in
future studies.
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