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Abstract

The present study investigated the longitudinal direct and indirect relations between moth-

ers’ and fathers’ math ability self-concept, their child-specific math performance expecta-

tions and encouragement of math and science-related activities at home, and girls’ and

boys’ math ability self-concept. Structural equation models were performed with longitudinal

data from three waves of the Childhood and Beyond Study (CAB). The final sample con-

sisted of 517 children and their mothers and fathers. The majority of children attended 2nd

(26.1%), 3rd (25.5%) or 5th (40.4%) grade at first measurement point. Our results suggest

that mothers and fathers with higher math ability self-concepts had higher expectations of

their sons and encouraged their sons more, but not their daughters. Fathers’ math ability

self-concept was indirectly related to the self-concept of their sons and this association was

mediated by performance expectations. Furthermore, both boys and girls profited from their

fathers’ expectations and girls benefitted from their fathers’ encouragement of math and sci-

ence-related activities at home. In contrast, we found no effects from mothers’ beliefs and

behaviors on child’s math ability self-concept. The findings underscore the relevance of

fathers’ educational participation in the development of the math self-concept of ability of

their children.

Introduction

Math self-concept of ability (MSC) has been demonstrated to be one of the most important

constructs to explain gendered career aspirations and choice behaviors [1–3]. Specifically,

studies suggest that boys and girls assess themselves differently in math as early as elementary

school (e.g., [3–6]) and that these gender differences in students’ MSC contribute to gender

differences in individuals’ educational and occupational choices [7–11]. It is widely assumed

that children’s MSC is shaped by information from various sources, such as teachers’ beliefs
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[12] and ability comparisons with peers or across domains [13]. Additionally, parents were

thought to play a crucial role in the development of MSC in girls and boys [14]. However,

research has paid little attention to the potential intergenerational transfer of MSC from moth-

ers and fathers to their children. Furthermore, while studies on academic self-concept often

differentiate children based on their gender, there is less research that differentiates mothers

and fathers. In educational psychology research, studies have primarily focused on mothers or

composite measure combining mothers and fathers. Therefore, little is known about whether

frameworks for parental socialization work similarly for fathers and mothers. To close this

gap, drawing on data of the Childhood and Beyond Study [15], this study investigates the indi-

rect effects between mothers’ and fathers’ MSC and their children’s MSC via parents’ perfor-

mance expectations and math- and science-related encouragement, and the differential

relations for boys and girls.

Mothers’ and fathers’ beliefs and behaviors as predictors of girls’ and boys’

MSC

Because parents are considered to be the most important agents of primary socialization [16],

several theories emphasize the importance of parental beliefs and behaviors for the develop-

ment of school-relevant outcomes in children (e.g., [17, 18]). For example, within the Bioecolo-
gical Model of Human Development [17], the immediate social environment, the so-called

microsystem, provides a crucial context for human development. Especially in the early years,

parents are considered the principal persons within the microsystem; however, over time,

interactions with significant others—such as teachers and peers—also influence a child’s devel-

opment. While acknowledging especially the impact of teacher’s beliefs and behaviors on a

child’s MSC [19, 20] this paper focuses on parents as the primary socializing agents. The

Parental Socialization Model [21] provides a broad theoretical overview of how parents can

affect their children’s beliefs and behaviors. In our study we depict three components of the

model: Within the model, parental MSC is a general parental belief that directly and indirectly

affects children’s learning- and achievement-related motivational beliefs via parental child-spe-
cific beliefs (e.g., parent perceptions of child’s abilities/talents) and parental child-specific behav-
iors (e.g., parent encouragement of children to participate in activities). More specifically, it

can be inferred that mothers and fathers with higher ability self-concepts may have higher per-

formance expectations for their children’s academic performance, and that these expectations

translate into more frequent parental encouragement and provision of educational activities

related to that domain at home, which would–in turn–affect children’s motivational beliefs,

like their own MSC.

General beliefs: Mothers’ and fathers’ MSC

Within the Parental Socialization Model, parents’ general beliefs are assumed to affect chil-

dren’s motivation directly through different mechanisms: First, in line with the social learning

theory [16], parents act as role models. Since children are most likely to act like people who are

similar to them [22], e.g., same-sex parents, it is thought that gender differences in children’s

motivation are a consequence of differential behaviors (i.e. role modeling) of mothers and

fathers [21]. Second, parents may communicate their self-beliefs more directly to their chil-

dren. By incorporating the messages mothers and fathers provide about their own self-percep-

tions, boys and girls may develop differential self-beliefs [21]. Taking into account that both

girls and mothers have lower MSC than boys and fathers, respectively (e.g., [3, 6, 23]), one

could assume that there is a gendered intergenerational transmission of paternal and maternal

beliefs regarding mathematics. By parents passing on their own self-beliefs directly or through
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exemplary behavior, children might learn what behaviors and beliefs are considered appropri-

ate according to their gender roles, making it more likely that girls will adopt their mothers’

beliefs and boys their fathers’ beliefs [23].

However, despite these theoretically assumed mechanisms, the relation between mothers’/

fathers’ and girls’/boys’ MSC has received little attention in research. To our knowledge, only

two studies explored the direct link, with somewhat mixed findings. Eccles- Parsons et al. [23]

found only weak evidence for a relation between mothers’ and fathers’ MSC and girls’ and

boys’ MSC from fifth to eleventh grade. Theurer et al. [24] found that parental MSC at the end

of second grade longitudinally predicted children’s MSC one year later. In a separate gender

analysis, only girls’ MSC were predicted by their parents’ MSC. Because the questionnaires

were largely completed by the mothers (75% mothers, 20% both parents, 7% fathers), the

authors [24] concluded that these relations might be stronger in same-sex dyads.

Child-specific beliefs: Mothers’ and fathers’ performance expectations

In addition to the direct links between parents’ general beliefs and children’s motivation, the

Parental Socialization Model [21] suggests an additional, indirect link through parents’ beliefs

about their child, such as performance expectations. Specifically, the model posits that parents’

general beliefs—such as their own MSC—influence what they expect from their children.

These expectations, in turn, shape their children’s MSC. Regarding the link between parents’

expectations and the MSC of their children, two mechanisms are expected: First, parents may

provide varied learning opportunities based on their beliefs about their child’s abilities, such as

domain-specific encouragement (as discussed in the following section). Second, parents often

communicate these beliefs directly through messages about their child’s abilities, helping the

child interpret their own experiences. As a result, children seem to adopt their parents’ inter-

pretations of reality and integrate them into their own self-related cognitions [21]. In recent

decades, extensive research has shown that there is a positive relation between mothers’ and

fathers’ child-specific math performance expectations and children’s MSC for different sam-

ples with respect to age and nationality [12, 17, 23, 25–28]. For instance, Pesu et al. [26] found

in a Finnish sample that mothers’ and fathers’ beliefs about their child’s abilities in 7th grade

predicted adolescents’ mathematics self-concept (MSC) in 9th grade, even after controlling for

previous MSC and mathematics performance. Similarly, Tiedemann [28] found in a German

sample of 3rd and 4th graders that, independent of prior math grades and teachers’ percep-

tions of ability, parents’ beliefs about their child’s abilities in math predicted the child’s MSC.

In a US sample, Gniewosz et al. [29] found, that the relation between mothers’ beliefs about

their child’s mathematics competence and the child’s MSC increased during the transition to

secondary school, while the effect of grades decreased. Unlike grades, parental performance

expectations remained more stable across time, leading the authors to conclude that students

perceive parental competence beliefs as more reliable, thus placing greater emphasis on them

[29].

Furthermore, a sizeable proportion of studies provide evidence that parental math related

beliefs are gender biased. For example, studies suggest that parents of daughters rate the diffi-

culty of mathematical tasks higher and expect lower performance even when controlling for

actual performance than parents of sons [23, 30]. It is widely assumed that these gender biased

parental beliefs are powerful predictors of the differences in boys’ and girls’ MSC [14, 31].

With respect to parental gender, studies suggest that both mothers’ and fathers’ performance

expectations are related to children’s MSC [5, 23, 26, 28].

Given the empirical evidence suggesting that parental expectations shape children’s MSC, it

is crucial to investigate the factors that might affect parental expectations, like parents’ own
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MSC. For example, it could be assumed that parents may generalize their own beliefs into their

expectations of their child’s performance. Research findings on the relations between parents’

own self-concept of ability and their child-specific performance expectations are scarce. As the

only study we are aware of, Dickens and Cornell [32] found an indirect association between

mothers’ and fathers’ and daughters’ MSC via mothers’ and fathers’ performance expectations

in a sample of high ability adolescent girls. Because of the selective sample of high ability girls,

it is not possible to draw clear conclusions for other subpopulations of children. Thus, it

remains unclear whether the impact of parents’ MSC on children’s MSC is mediated by

parents’ child-specific performance expectations.

Child-specific behaviors: Mothers’ and fathers’ encouragement

Several theoretical frameworks emphasize the importance of the home learning environ-

ment, such as parental encouragement of domain-specific activities, for the development of

children’s beliefs and educational outcomes [18, 21, 33]. Domain-specific parental encour-

agement encompasses a wide range of support for home learning and was found to be asso-

ciated with higher achievement among children [34, 35]. According to the Parental
Socialization Model [21], parents’ domain-specific behaviors, like their encouragement, in

turn, depend on parents’ general and their child-specific beliefs. Specifically, parents who

have higher domain-specific performance expectations for their children are expected to

provide their children with more domain-specific home learning opportunities [21]. In

turn, these learning opportunities are theorized to influence children’s self-concept of abil-

ity because these learning opportunities signal which domains parents consider important

and appropriate, as well as influence children’s skill development in specific domains [36].

This is particularly relevant as research indicates parental behaviors are gender biased with

parents of sons providing more learning opportunities in math than parents of daughters

[30, 36].

Past studies support the relations postulated above [37–40]. For instance, Simpkins et al.

[40] found for the sample of the CAB Study, that mothers’ general (e.g., importance of the

domain) and child-specific beliefs in math (e.g., perception of child’s ability) predicted their

behaviors (e.g., modeling, encouragement, coactivity) in math. In turn, these behaviors pre-

dicted the motivational beliefs of the adolescents one year later (e.g., task value, self-concept of

ability). Furthermore, they found that mothers’ behaviors mediated the relations between

mothers’ and children’s beliefs.

Although this pathway is theorized, the link between mothers’ and fathers’ own MSC and

their math-specific encouragement has not been investigated yet. For the domain of sports,

Harold et al. [41] found that parents (mothers and fathers combined) who perceived them-

selves as having more aptitude in sports, provided more opportunities for their children to par-

ticipate in sports. The relation between parental self-concept and their behaviors in other

domains remains to be determined.

Largely unresolved is the question of the extent to which maternal and paternal encourage-

ment of domain-specific activities differentially impact daughters and sons. For example, four

of the studies cited above did not distinguish between parental gender [37–40]. Since the sam-

ples used were predominantly mothers, previous research largely illustrates how maternal

behaviors influence children’s motivational beliefs. The work by Simpkins et al. [27] took the

differential impact of fathers and mothers into account. Here, they found that paternal behav-

iors had an impact on children’s MSC in elementary school, but maternal behaviors did not.

However, it remains unclear, how paternal and maternal behaviors affect boys’ and girls’ MSC

beyond elementary school.
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The current investigation

To close the research gaps mentioned above, this study investigates the indirect relations

between mothers’ and fathers’ MSC and boys’ and girls’ MSC, mediated by parents’ child-spe-

cific math performance expectations, and parents’ encouragement regarding math and science

activities. Though previous studies have mostly focused on either the relations between

parents’ child-specific beliefs and children’s MSC or on the relations between parents’ behav-

iors and children’s MSC, the present study examines the entire chain of relations between

parents’ MSC and children’s MSC as theorized in situated expectancy-value theory [2]—

thereby accounting for the potential emergence of gender differences at multiple points.

Hence, we tested a mediation model that encompassed parents’ MSC, parents’ child-specific

math performance expectations and their encouragement regarding mathematical activities

and children’s MSC.

Because studies suggest that parental beliefs and behaviors in early and middle childhood

may have long-term effects on children’s academic outcomes (e.g., [39, 40]), the present study

aims to gain insights into both the short- and long-term effects. To accomplish this purpose,

we look at the impacts of parental beliefs and behaviors in elementary school on children’s

self-concepts in both elementary (w2, one year later) and secondary school (w3, five years

later).

Based on the theoretical and empirical research literature, we formulate the following

hypotheses: First, in the cross-sectional part of the model, we hypothesize that the MSC of

mothers and fathers are positively related to their encouragement of math-related activities via

child-specific performance expectations in mathematics.

Second, in the longitudinal part of the model, we examine the relations between mother’s

and father’s MSC and the child’s MSC in w2 and w3. We hypothesize that mother’s and

father’s MSC are indirectly related to their children’s MSC via performance expectations and

encouragement. In addition, we assume an indirect effect of mothers’ and fathers’ MSC on the

child’s MSC via performance expectations via encouragement (serial mediation).

Third, we are interested in the gender-specific relations and whether differential findings

emerge within parent-child dyads differentiated by gender. Here we expect that parental and

child’s MSC is stronger related in the same-sex dyads than in the opposite-sex dyads.

Three control variables were included in the analysis: First, based on previous findings that

parents’ achievement-related beliefs and behaviors are positively related to parental education

[37, 42], the study considers parental education as a potential confounder. Second, as parent-

ing behaviors differ as children mature [43], we additionally controlled for cohort status.

Third, as we are aware of the positive correlation between math grades and children’s MSC

[44], we included math grade as a control variable in the model. Paths of the control variables

were applied to all constructs of the model.

Method

Participants and procedure

We draw on data from 517 children and their mothers and fathers from all three cohorts of the

CAB Study. CAB is a large-scale longitudinal study that included 10 data collection points,

which began in the school year 1986/1987 in four school districts in Southeastern Michigan

with three different age cohorts. Recruitment of participants started on December 1st, 1986

and ended October 30th, 1988. Parents provided written informed consent prior to their chil-

dren’s participation. A letter outlining the study details was sent home with the children,

which included an informed consent form for the parents to sign. The signed consent forms
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were then returned via the children to their teachers. As an incentive for participation, the

researchers informed the schools that the population-level results would be shared with them,

and that each participating teacher/classroom would receive a small financial contribution,

which could be used to purchase educational materials. Data collection was carried out in the

classrooms only for those students whose parents had returned the signed consent form. The

data was collected through interviews and questionnaires, although only the questionnaire

data were used for the present study [15]. All questionnaires, additional information on the

study design and previous publications can be found at https://garp.education.uci.edu/cab.

html. The Ethics Committee of Freie Universität Berlin has confirmed that no ethical approval

is required. To examine the parental influences on the development of their children’s MSC,

we used parent report measures at wave 1 (1988/1989; parents‘ measures were only collected at

wave 1), and child report measures at waves 2 (1989/1990), and 3 (1993/1994). Between wave 2

and 3 the children changed to secondary school. Only children who participated in w1 in the

study and who had at least one parent (mother or father) participating in w1 were included in

our study (n = 517). Of the total sample (N = 1169), 999 children and 517 parents took part in

w1. To identify possible systematic biases in the results, the children in our study were com-

pared with the excluded sample (n = 482) using t-tests for MSC and math grade. The results

indicate that the included sample had significantly higher grades at w1 (wave 1) and reported a

higher MSC at w3 (S2 Table). The effect sizes of the mean differences were small, but when

interpreting the results it must be considered that our study sample is positively selected.

The study sample consisted of 49.9% females and the mean age of the students at w1 (Spring

1989) was 9.94 years (SD = 1.41). At w1, the majority of the students attended 2nd (26.1%),

3rd (25.5%) or 5th (40.4%) grade. The sample was predominantly White (94.6%). Mothers and

fathers reported the most common categories regarding their highest educational attainment

as follows: “grade school” (0.2% mothers, 0.6% fathers), “some high school” (1.4% mothers,

0.8% fathers), “high school graduate” (16.8% mothers, 8.5% fathers), “some college or technical

school” (30.8% mothers, 25.1%), “associate’s degree” (10.3% mothers, 7.2% fathers), “college

graduate” (15.7% mothers, 20.3% fathers), “some graduate work” (11.4% mothers and 8.1%

fathers), “master’s degree” (7.7% mothers, 13.5% fathers), Ph.D. (0.2% mothers, 2.1% fathers)

and “Advanced professional degree” (0.6% mothers, 3.5% fathers). In w1, 0.6% of mothers

stated that they were single, 89.7% were married, 1.7% were separated, 5.0% were divorced,

and 0.6% were widowed.

Measurement instruments

Parents’ MSC. Parents’ MSC was measured by a single item at w3. The instruction was as

follows: “We are interested in how you would describe yourself with respect to the qualities

listed below. Please rate each quality in terms of how true it is of you most of the time. The

larger the number, the more you think you possess that quality.” To measure mathematical

self-concept, the item “Good at math” was given in the list. Parents rated their response on a

7-point Likert scale (1 = Not at all true to 7 = Very true of me).
In large-scale studies, such as the CAB study, single-item measurement is particularly useful

due to time constraints [45, 46]. Furthermore, results of Gogol et al. [47] suggested that single-

item measures of MSC meet both reliability and validity criteria.

Parents’ child-specific mathematical performance expectations. Parents’ child-specific

mathematical performance expectations were operationalized using the item “How well do

you think this child will do in each of these areas in the next year? Please use this scale: -Math”.

Responses could be given on a 7-point Likert response format from Not at all well (1) to Very
well (7). With regard to the criterion validity of the item, correlation patterns with grades are
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comparable to those found in Pesu et al. [26] with multi-item scales (Pesu et al. [26]: rmother =

41, rfather = 31; in our study: rmother = 36; rfather = 31, S3 Table).

Parents’ child-specific encouragement of math and science-related activities. Parents’

encouragement of math and science-related activities was measured by one item at w3. After the

instruction “Parents can influence their children’s interests by either encouraging or discourag-

ing various activities or interests. Please indicate below extent to which you encourage the fol-

lowing activities for this child“, they could answer the item “Doing math-related (e.g., math-

oriented games such as mastermind) or science-related (e.g., chemistry sets) activities at

home”on a 7-point Likert response format from strongly discourage (1) to strongly encourage (7).

Child’s MSC. Child’s math self-concept was measured at w3, w4, and w5 by a scale con-

sisting of five items (αw3 = .76; αw4 = .84; αw5 = .90): “How good at math are you?”(response

format: 1 = not very good, 7 = very good); “If you were to list all the students from best to worst

in math where are you?”(1 = one of the worst, 7 = one of the best); “Compared to other subjects

how good are you at math?” (1 = a lot worse, 7 = a lot better); “How well do you expect to do in

math this year?” (1 = not well, 7 = very well); “How good would you be at learning something

new in math?” (1 = not very good, 7 = very good).

Parental education. To measure parental education, mothers and fathers indicated their

highest level of educational attainment on a list of precoded responses from grade school (1) to

Advanced professional degree (10).

Math grade. Math Grade was collected from school records at w3. The grades were coded

from F (1) to A+ (16).

Cohort status. Two dummy variables were created to account for cohort status. As most

of the children were in the oldest cohort, we used this cohort as the reference group. The first

dummy variable coded 1 for a child in the youngest cohort, and the second coded 1 for a child

in the middle cohort.

Statistical analysis

Descriptive statistics and t-tests were conducted using the scale scores of children’s MSC and

the single items of parental variables. Data were analyzed using Mplus 8 [48]. Before conduct-

ing SEM, we performed multiple-group confirmatory factor analyses to examine invariance of

children’s MSC measures across groups (boys and girls) and across time (w3-w5; [49]).

Accordingly, we first tested whether the model is acceptable in each group. Second, we tested

the equal form (configural invariance) to ensure that the same number of factors and indica-

tor-factor assignments were assessed for boys and girls and for all measurement points. Third,

we tested invariance of factor loadings across gender and across time, to establish metric

invariance. Metric invariance is needed to compare the latent variances and covariances. To

evaluate measurement invariance, we examined the change in CFI (ΔCFI). Accordingly, the

change should be smaller or equal to -0.01 [50].

To test our hypotheses, we conducted a serial mediation model. To examine the effects of

the mediators, we used 95% bootstrapping confidence intervals with 1000 iterations.

BCBOOTSTRAP option was used to get bias-corrected confidence intervals [51]. To ensure

that the lower CI is clearly away from zero, two decimal places were taken into account in the

evaluation of significance (e.g. a lower CI with 0.001 and a positive upper CI was considered

insignificant). The model included parental education, cohort status, and math grade as con-

trol variables. Correlations between residuals of identical items over time were allowed. The

model assumed equal factor loadings across all four groups and across time for the manifest

indicators of children’s math self-concept of ability. The structural equation models (SEM)

were conducted, computing multigroup SEM with ML Estimator.
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The percentage of missing values are 0%, 6.57% and 22.63% for children’s MSC at w1, w3

and w3 respectively. The percentage of missing values for mothers varied between 3.2 and

4.26%; for fathers between 32.69 and 35.02%. Model parameters were estimated using the

FIML algorithm [52]. Studies suggest that FIML outperforms many techniques for handling

missing data (e.g. listwise deletion) when the percentage of missing values is relatively high

(e.g. 50%; [52, 53]).

To better substantiate the unique contributions of fathers and mothers on both boys and

girls, our hypotheses were tested in a multi-group model with four groups: fathers/sons, moth-

ers/sons, fathers/daughters, and mothers/daughters. Because we expect that parental and

child’s MSC is stronger related in the same-sex dyads than in the opposite-sex dyads (father-

son vs. mother-son and father-daughter vs. mother-daughter), we constructed a variable mea-

suring the difference in indirect effects between groups and tested this for significance using

bootstrap 95% CIs (for a detailed description see [54]). A significant difference variable (here-

inafter referred to as Bdiff) thus indicates a significant difference between the groups.

According to Kline [55] the model fit was assessed using the following indices: χ2/df, root

mean square error of approximation (RMSEA) and its 90% confidence interval, comparative fit

index (CFI), and standardized root mean square residual (SRMR). Generally, cutoff values close

to .06 for RMSEA, .95 for CFI, and .08 for SRMR are considered indicators of good model fit [56].

Results

Descriptive results

Table 1 provides gender-specific means, standard deviations, and bivariate correlations. Two-

tailed t-tests were conducted to test descriptive differences for significance. The results

revealed that boys reported higher MSC than girls. These differences were significant for w1

(MAge = 9.94 years, SD = 1.41), t(515) = -3.44, p< .001; and w2 (MAge = 10.94 years,

SD = 1.41), t(481) = -3.63, p< .001. The standardized effect size for these differences was d =

-.30, 95% CI for d [-.48, -.13] for w1, and d = -.33, 95% CI for d [-.51, -.15] for w2. In contrast,

the difference at w3 (MAge = 14.94 years, SD = 1.41) was not statistically significant, t(398) =

-1.24, p = .215, d = -.12, 95% CI for d [-.32, .07], indicate that boys’ and girls’ MSC converge

with increasing age. With regard to children’s math grade, we found no significant differences

Table 1. Means, standard deviations, and bivariate correlations for girls (above the diagonal) and boys (below the diagonal).

Variable Girls Boys

M SD M SD 1 2 3 4 5 6 7 8 9

1 MSC Mother 4.67 1.72 4.47 1.74 -.15* .13 .08 .06 .10 .10 .14* .15*
2 MSC Father 5.32 1.42 5.32 1.30 18* -.04 .13 -.04 .03 .00 .04 .00

3 Expectations Mother 5.98 1.07 5.98 1.12 .22** .09 .57*** .01 .12 .31*** .26*** .33***
4 Expectations Father 5.77 1.13 5.95 1.01 .14 .31*** .54*** .09 .16* .34*** .38*** .38***
5 Encouragement Mother 4.04 1.61 4.38 1.57 .12 .18* .24*** .11 .28*** .01 -.05 .02

6 Encouragement Father 4.11 1.48 4.33 1.51 .08 .30*** .21** .32*** .29*** .04 .14 .28***
7 MSC Child w1 5.34 0.99 5.65 1.01 .11 .14 .43*** .29*** .05 .0 .39*** .36***
8 MSC Child w2 5.26 1.07 5.61 1.07 .13* .15 .44*** .44*** .08 .17* .50*** .46***
9 MSC Child w3 4.92 1.05 5.06 1.20 .08 .15 .33*** .34*** -.01 .09 .32*** .32***

The scale scores of child’s math ability self-concept and the single items of parental variables were used. MSC = math self-concept of ability.

*p< .05

**p< .01

***p< .001.

https://doi.org/10.1371/journal.pone.0317837.t001
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between girls (M = 11.37, SD = 2.16) and boys at w1 (M = 11.37, SD = 2.2), t(427) = .007, p =

.994, d = .00, 95% CI for d [-.19, .19].

We found no significant differences between fathers’, t(494) = -1.61, p = .109, d = -.18, 95%

CI for d [-.39, .04] and mothers’, t(334) =< .000, p = .999, d = .00, 95% CI for d [-.18, .18], per-

formance expectations of their sons compared to their daughters. Both parents reported

encouraging their sons more to engage in mathematical and science activities than their

daughters. The difference was significant for mothers, t(493) = -2.4, p = .017, d = -.22, 95% CI

for d [-.39, -.04]; but not for fathers, t(333) = -1.38, p = .168, d = -.15, 95% CI for d [-.37, .06].

In addition, we applied paired sample t-tests to compare mothers’ and fathers’ MSC, their per-

formance expectations and encouragement. Fathers reported higher MSC at w1 (M = 5.30,

SD = 1.36) than mothers (M = 4.63, SD = 1.78). This difference was statistically significant, t
(331) = -5.10, p< .001, with a small to medium effect size, d = -.28, 95% CI for d [-.39, -.17].

Additionally, compared to fathers, mothers reported having higher expectations for their

daughters’ math performance, t(155) = 2.51, p = .013, with a small effect size, d = .20, 95% CI

for d [.04, .36]. In contrast, no difference was found between mothers and fathers in how

much they encouraged their daughters, t(156) = 1.24, p = .218. For sons, there were no signifi-

cant differences between mothers and fathers regarding either their performance expectations,

t(162) = 0.69, p = .493, or their encouragement, t(158) = 0.81, p = .421.

Parent-child models

Prior to conducting the parent-child models, we performed multiple-group confirmatory fac-

tor analyses with child’s MSC measures to examine invariance across groups and across time

(S1 Table). The results of models estimated on each group separately suggest the models fit the

data well. Model 2 assumed invariant factor loadings across groups, and Model 3 also included

invariant factor loadings across time. Both models were compared with Model 1 (equal form).

As we found no decline in the CFI value between the models, we can assume metric invariance

across groups and across time.

Our final SEM showed acceptable model fit [χ2(704) = 1064.88, p< .001; CFI = .95;

RMSEA = .05, 90% CI (0.04, 0.05); SRMR = .06]. Note that parental effects on the child’s MSC

at w2 and w3 were each estimated while controlling for the child’s previous MSC. Thus, all

parental effects can be interpreted as effects on the child’s MSC, independently of the child’s

prior MSC. Model results are illustrated in Tables 2 and 3.

Model results for math grade and parental education can be found in the S3 Table.

Father-son and mother-son model. The unstandardized model results for sons are pre-

sented in Fig 1.

Unstandardized and standardized coefficents were also reported in Table 2, indirect effects

can be found in Table 3. In the cross-sectional part of the model (all measures at w1)—holding

sons’ MSC and the covariates constant—fathers’ and mothers’ MSC was positively associated

with their performance expectations. This indicates, that parents who had a higher MSC, also

had higher expectations of their sons’ math performance. Fathers’, but not mothers’ MSC pre-

dicted their encouragement. Performance expectations of fathers and mothers in turn showed

a positive effect on their encouragement. As expected, the indirect effect of mothers’ and

fathers’ MSC on encouragement via performance expectations proved to be significant

(Table 3). Furthermore, we found no significant cross-sectional relation between mothers’ and

fathers’ MSC and sons’ MSC at w1. Fathers’ and mothers’ performance expectations, but not

their encouragement was related to the MSC of their sons’ at w1.

In the longitudinal part of the model, we found no direct relations between fathers’ and

mothers’ MSC and their sons’ MSC at w2 and w3. Performance expectations of fathers, but
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not mothers, showed a positive effect on the sons’ MSC in w2, whereas we found no effects on

the sons’ MSC in w3. For encouragement, we found no effects on sons’ MSC in w2 or w3

(Table 3). We found a significant indirect effect of fathers’, but not mothers’ MSC on sons’

MSC via performance expectations at w2. No evidence for other indirect effects was found.

Our hypothesis was that parent and child MSC would be stronger related in the same-sex

dyads than in the opposite-sex dyads. Thus, with respect to sons, fathers’ MSC should be more

strongly related to sons’ MSC than mothers’ MSC. To compare the effect of maternal and

paternal MSC inferentially, we tested the difference between indirect effects for significance as

described in theMethods section. At this point, however, we only report on those indirect path

coefficients for differences between mothers and fathers that showed significant relations in at

least one of the dyads. In the cross-sectional part of the model, the indirect path coefficent

from parent MSC to encouragement via performance expecations was not significantly differ-

ent in the father-son and mother-son dyads, Bdiff = -0.05, SE(Bdiff) = 0.04, 95% CI for Bdiff
(-0.14, 0.02). In the longitudinal part of the model, the indirect path coefficent from parental

to sons’ MSC via performance expecations was not significantly different for mothers and

fathers, in w2 Bdiff = -0.05, SE(Bdiff) = 0.04, 95% CI for Bdiff (-0.13, 0.02). In short, no statistical

significant differences between mothers and fathers were found.

Father-daughter and mother-daughter model. The unstandardized model results of

father-daughter and mother-daughter models can be found in Fig 2.

Table 2. Unstandardized and standardized path coefficients on children’s mathematical self-concepts.

Father-son Mother-son Father-daughter Mother-daughter

UNSTD SE STD UNSTD SE STD UNSTD SE STD UNSTD SE STD

Stability Coefficients

MSC Child w1 = > MSC Child w2 0.47*** 0.10 .44*** 0.46*** 0.09 .43*** 0.29** 0.10 .26** 0.34** 0.10 .31**
MSC Child w1 = > MSC Child w3 0.30* 0.13 .25* 0.25* 0.12 .21* 0.14 0.10 .12 0.16 0.11 .13

MSC Child w2 = > MSC Child w3 0.08 0.15 .07 0.11 0.14 .10 0.25** 0.09 .24** 0.34*** 0.09 .32***
Parental MSC

MSC F/M = > MSC Child w1 0.20 0.11 .14 0.19 0.13 .10 0.07 0.11 .01 0.22 0.12 .12

MSC F/M = > MSC Child w2 -0.04 0.07 -.04 0.01 0.05 .01 0.02 0.07 .03 0.02 0.04 .03

MSC F/M = > MSC Child w3 0.00 0.08 .00 0.01 0.05 .01 -0.02 0.07 -.03 0.04 0.06 .05

MSC F/M = > Expectations F/M 0.25*** 0.06 .32*** 0.13** 0.04 .20** 0.10 0.06 .12 0.08 0.05 .12

MSC F/M = > Encouragement F/M 0.28** 0.09 .24** 0.07 0.06 .08 -0.02 0.09 -.01 0.04 0.06 .04

Performance Expectations

Expectations F/M = > MSC Child w1 0.34*** 0.09 .33*** 0.52*** 0.10 .44*** 0.52*** 0.10 .44*** 0.37** 0.11 .33***
Expectations F/M = > MSC Child w2 0.28* 0.12 .25* 0.17 0.09 .17 0.30** 0.10 .30** 0.17 0.09 .16

Expectations F/M = > MSC Child w3 0.16 0.15 .12 0.19 0.12 .16 0.22 0.11 .21 0.16 0.01 .14

Expectations F/M = > Encouragement F/M 0.36** 0.11 .24** 0.32*** 0.09 .23** 0.25* 0.10 .20* -0.01 0.09 .00

Encouragement

Encouragement F/M = > MSC Child w1 -0.19 0.12 -.13 -0.09 0.10 -.05 -0.04 0.12 -.02 -0.02 0.12 -.01

Encouragement F/M = > MSC Child w2 0.07 0.06 .09 -0.02 0.04 -.02 0.07 0.06 .09 -0.04 0.04 -.06

Encouragement F/M = > MSC Child w3 0.09 0.07 .11 -0.05 0.06 -.06 0.18* 0.07 .22** 0.03 0.05 .03

UNSTD = unstandardized model results, SE = standard error, STD = standardized model results, MSC = math self-concept of ability, F/M = father/mother.
aArrow indicates direction of causation.

*p< .05

**p< .01

***p< .001.

https://doi.org/10.1371/journal.pone.0317837.t002
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Unstandardized and standardized coefficents were also reported in Table 2, indirect effects

can be found in Table 3. In the cross-sectional part–holding the daughters’ MSC and the

covariates constant–in contrast to the models of the sons, neither fathers’ MSC, nor mothers’

was related to their performance expectations. We also found no relation between fathers’ and

mothers’ MSC and their encouragement. However, in line with the sons’ models, fathers’, but

not mothers’ performance expectations showed a positive effect on encouragement. This sug-

gests that fathers, but not mothers, who had higher expectations of their daughters’ perfor-

mance in math also encouraged their daughters more to engage in math and science activities.

The indirect effect of fathers’ and mothers’ MSC on encouragement via performance expecta-

tions was not statistically significant. In line with the sons’ models, fathers’ and mothers’ per-

formance expectations, but not their encouragement was related to the MSC of their daughters

at w1.

In the longitudinal part, fathers’ performance expectations showed a positive effect on the

in daughters’ MSC at w2. Analogous to the models of the sons, we found no other effects of

performance expectations on the daughters’ MSC at w2 or w3. Furthermore, we found no

effects of fathers’ and mothers’ encouragement on the MSC of their daughters at w2. However,

we found a significant positive effect of fathers’ encouragement on the daughters’ MSC at w3.

Table 3. Unstandardized indirect effects and bootstrapping 95%-confidence intervals on children’s mathematical self-concepts.

Patha Father-son Mother-son Father-daughter Mother-daughter

UNSTD CI95 UNSTD CI95 UNSTD CI95 UNSTD CI95

LCI UCI LCI UCI LCI UCI LCI UCI

Effects on Encouragement

Total MSC F/M = > Encouragement 0.37 0.20 0.54 0.12 -0.01 0.23 0.01 -0.16 0.19 -0.04 -0.08 0.15

via Expectations 0.09 0.03 0.18 0.04 0.02 0.08 0.03 0.00 0.08 0.00 -0.02 0.01

Effects on MSC Child w2

Total MSC F/M = > MSC Child 0.06 -0.07 0.21 0.03 -0.06 0.10 0.05 -0.08 0.18 0.03 -0.06 0.12

Total indirect MSC F/M = > MSC Child 0.10 0.04 0.18 0.02 0.00 0.05 0.03 -0.02 0.09 0.01 0.00 0.05

Specific indirect effects

via Expectations F/M 0.07 0.01 0.16 0.02 0.00 0.06 0.03 0.00 0.09 0.01 0.00 0.05

via Encouragement F/M 0.02 -0.01 0.06 0.00 -0.02 0.00 0.00 -0.02 0.01 0.00 -0.02 0.00

via Expectations F/M via Encouragement 0.01 0.00 0.02 0.00 -0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00

Effects on MSC Child w3

Total MSC F/M = > MSC Child 0.08 -0.08 0.20 0.03 -0.07 0.13 0.01 -0.14 0.19 0.06 -0.05 0.18

Total indirect MSC F/M = > MSC Child 0.08 0.00 0.17 0.02 -0.01 0.08 0.04 -0.03 0.12 0.02 -0.01 0.07

Specific Indirect effects

via Expectations 0.04 -0.03 0.12 0.03 0.00 0.08 0.02 0.00 0.08 0.01 0.00 0.05

via Encouragement 0.03 -0.01 0.08 0.00 -0.03 0.00 0.00 -0.05 0.03 0.00 0.00 0.01

via Expectations via Encouragement 0.01 0.00 0.03 0.01 -0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.00

via MSC Child w2 0.00 -0.05 0.01 0.00 -0.01 0.02 0.01 -0.03 0.04 -0.01 -0.02 0.05

via Expectations via MSC Child w2 0.01 -0.01 0.04 0.00 0.00 0.02 0.01 0.00 0.03 0.00 0.00 0.02

via Encouragement via MSC Child w2 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00

via Expectations via Encouragement via MSC Child w2 0.00 0.00 0.01 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00

UNSTD = unstandardized model results, MSC = math self-concept of ability, F/M = mother/father. The total effect is the sum of the direct and indirect effect. The total
indirect effect is the sum of the listed specific indirect effects. Values in bold types indicate significant effects. Please note that the bootstrapping confidence intervals do

not have to be symmetrical around the parameters [57]. To ensure that the lower CI is clearly away from zero, two decimal places were taken into account in the

evaluation of significance.
aArrow indicates direction of causation

https://doi.org/10.1371/journal.pone.0317837.t003
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This suggests, that when fathers encouraged their daughters to math and science activites at

w1, the daughters reported a higher MSC five years later. As the lower CI of the indirect effect

of mothers’ MSC on daughters’ MSC was 0.00, this indirect effect was considered non-signifi-

cant. All other indirect effects were also not significant.

Considering that we found no significant indirect effects between mothers’ and fathers’

beliefs and behaviors and daughters’ MSC, we did not compare mothers and fathers

inferentially.

Fig 1. Mediation model predicting sons’ mathematical self-concept of ability. Mediation model with parental math ability self-concept as

predictor, performance expectations and encouragement to math- and science-related activities as mediators, and sons’ math ability self-

concepts at w2 and w3 as criterion, controlled for sons’ self-concept at w1; unstandardized model results for fathers/mothers; paths of the

control variables (cohort status, parental education, math grade) were applied to all constructs of the model; MSC: math self-concept of

ability, w1: first measurement time point, w2: second measurement time point, w3: third measurement time point. *p< .05. **p< .01. ***p
< .001.

https://doi.org/10.1371/journal.pone.0317837.g001

Fig 2. Mediation model predicting daughters’ mathematical self-concept of ability. Mediation model with parental math ability self-

concept as predictor, performance expectations and encouragement to math- and science-related activities as mediators, and daughters’ math

ability self-concepts at w2 and w3 as criterion, controlled for daughters’ self-concept at w1; unstandardized model results for fathers/mothers;

paths of the control variables (cohort status, parental education, math grade) were applied to all constructs of the model; MSC: math self-

concept of ability, w1: first measurement time point, w2: second measurement time point, w3: third measurement time point. *p< .05. **p<
.01. ***p< .001.

https://doi.org/10.1371/journal.pone.0317837.g002
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Discussion

The contribution of this article was to pursue the question of whether mothers’ and fathers’

math self-concepts of ability (MSC) predicts their children’s MSC and whether this relation is

mediated through parents’ child-related performance expectations and encouragement of

math and science activities. In short, we found that fathers’ and mothers’ MSC were related to

the performance expectations and encouragement of math and science activities of their sons,

but not their daughters. Fathers’ MSC was related to their sons’ MSC one year later via perfor-

mance expectations, no relations were found in the other dyads. Contrary to our hypothesis,

we found no stronger effects in the same-sex dyads. Only fathers’ performance expectations

were predictive for boys’ and girls’ MSC. Furthermore, fathers’ encouragement was predictive

for girls’ MSC five years later.

Mothers’ and fathers’ MSC and their performance expectations and

encouragement

In line with the Parental Socialization Model [21], we hypothesized that the MSC of mothers

and fathers are positively related to their encouragement of math-related activities via child-

specific performance expectations in mathematics. As we found significant indirect effects

only in the father-son and mother-son models, we may conclude that this is especially true for

sons. Parents with higher MSC had higher expectations of their sons‘ math performance and

thus—in turn—provided more encouragement of math and science activities at home. Regard-

ing the results for daughters, we found no direct or indirect effects of parents’ own MSC on

their performance expectations or encouragement. These findings contribute to the of research

literature as they suggest that parents’ beliefs about what they themselves are capable of in

mathematics may affect parents’ mathematical beliefs and behaviors’ regarding their sons, but

not their daughters. However, we found a positive relation between fathers’ performance

expectations and their encouragement regarding their daughters. Though neither parent

seemed to translate their own MSC into their expectations of their daughters’ math perfor-

mance, fathers encouraged their daughters more to engage in math and science activities when

they had higher expectations of their daughters. In line with other study results [6], parental

expectations regarding their daughters’ performance might be more related to other factors

like perceived diligence or effort than parents’ own ability beliefs. This highlights the impor-

tance of differentiating by parental and child gender when examining socialization theories.

Relations between mothers’ and fathers’ MSC, their performance

expectations and encouragement, and children’s MSC

Following the assumptions of the Parental Socialization Model [21], we expected that parental

MSC would be indirectly related to children’s MSC one year (w2) and five years later (w3) via

parental performance expectations and encouragement. Furthermore, based on former

research [22, 24], we expected to find stronger effects within same-sex dyads compared to

opposite-sex dyads. Our results suggest that fathers’ MSC was indirectly related to their sons’

MSC one year later (w1). This relation was mediated by fathers’ performance expectations for

their sons. We found no other significant relations between parents’ and child’s MSC. We can

therefore only confirm our initial hypothesis that parents’ MSC are related to those of their

children for fathers and sons. As the effect in the father-son model was found to be positive,

we conclude that fathers, who believe that they are themselves good at mathematics, also

expect their sons to do well in mathematics, which in turn positively predicts their sons’ MSC.

However, the indirect path coefficients did not appear to differ significantly between fathers

PLOS ONE Parental impact on child’s math self-concept of ability

PLOS ONE | https://doi.org/10.1371/journal.pone.0317837 February 12, 2025 13 / 20

https://doi.org/10.1371/journal.pone.0317837


and mothers, suggesting that the differences between fathers and mothers in their impact on

their sons’ MSC are negligible. Thus, we must reject the hypothesis that these effects are stron-

ger in same-sex dyads.

Mothers’ and fathers’ performance expectations and children’s MSC. Previous work

[21, 23, 25, 28] found that parental performance expectations were strongly related to chil-

dren’s MSC. Most previous studies did not differentiate between fathers and mothers [21, 23,

25]. As an exception, Tiedemann [28] differentiated by parents’ gender and found that moth-

ers’ and fathers’ performance expectations were both predictive for children’s ability percep-

tions. Here, however, no differentiation was made according to child’s gender. In our study,

we found that only fathers’ performance expectations were predictive for sons’ and daughters’

MSC in w2. While maternal expectations were only cross-sectionally linked to the children’s

MSC in our study, it seemed to be particularly relevant for sons’ and daughters’ self-related

cognitions in long-term, how fathers evaluate their performance. Conversely, it can also be

assumed that fathers’ knowledge of child’s previous math’s performance influences their per-

formance expectations. However, since we controlled for prior math performance, it can be

concluded that early fathers’ performance expectations were predictive for children’s MSC one

year later beyond their own math grade. This assumption is also supported by study results

suggesting that early parental math beliefs and behaviors predict children’s motivational beliefs

independent from their actual performance [21]. In short, our study findings imply that chil-

dren construct their own MSC partly based on their fathers’ beliefs; whereby, conversely, it can

also be assumed that these beliefs about their children are well attuned to the abilities of their

children.

Mothers’ and fathers’ encouragement and children’s MSC. Based on the Parental

Socialization Model, we assumed that home learning opportunities may influence children’s

MSC because these opportunities signal which domains parents consider important and

appropriate and influence children’s skill development in those specific areas [36]. In our

study we investigated the relations between encouragement of math and science activities, as

one component of the home learning environment, and the MSC of boys and girls. Our results

suggest that only girls benefitted from their fathers’, but not their mothers’ math encourage-

ment. For girls, encouragement from their father was even more strongly associated with their

MSC five years later than their own prior MSC. This finding seems remarkable in view of the

time interval between fathers’ encouragement (Mage of the children at w1 = 9.94) and the effect

on girls’ MSC (Mage at w3 = 14.94) and emphasizes the importance of early involvement of the

fathers. Simpkins et al. [27], found that multiple paternal behaviors were related to children’s

MSC, but no links for maternal behaviors. Here, one can consider that mothers’ encourage-

ment is more normative, and fathers who support their children in school-related matters are

therefore more influential [27]. Moreover, research suggests that fathers use a wider range of

cognitively challenging strategies, which may result in a more positive outcome for the chil-

dren [58].

Furthermore, parental variables are only included in the model at w1, which limits the anal-

yses to the effect of parental beliefs and behaviors at that point. As parental behaviors in partic-

ular change over time depending on their children’s developmental stage [43], encouraging

children to engage in math and science activities at a later stage might be more relevant to

their MSC. However, there is evidence that early parental academic involvement is particularly

important and that it declines during adolescence, when the peer group becomes more impor-

tant [43, 59]. To test this assumption, follow-up studies should examine the influence of multi-

ple parental behaviors at multiple times.
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Limitations and future directions

First, although we draw on a longitudinal dataset, the results cannot be interpreted in a causal

manner.

Second, the sample was not randomly selected. For instance, as can be seen in the S2 Table,

children in our sample were found to have better math grades compared to the excluded sam-

ple. In order to minimize the influence of these potential biases, we controlled for math grade

in our analyses. In addition, we controlled for the child’s previous MSC so that all parental

effects can be interpreted as effects of the children’s MSC, independently of their prior MSC.

This approach leads to more conservative estimates, i.e., associations in our model may be

underestimated. As a consequence, we argue that the longitudinal associations found in the

present study can be considered meaningful even if some of the effect sizes were small.

Third, considering the study’s low statistical power might possibly explain why we found

significant no differences between mothers and fathers. Hence, further studies are needed with

bigger sample sizes.

Fourth, it should be noted that the CAB study used data from 1988–1995, which means that

the results of this study may not be fully transferable to children the present day. However, the

participants in our study are now in their forties, so knowledge of their motivational beliefs

during their childhood is still relevant. Furthermore, current studies still reveal gender differ-

ences in mathematical ability perceptions of boys and girls [12] and mothers and fathers [60]

and parental gender stereotypic beliefs and expectations in math [3, 4, 45]. For example, Starr

et al. [45] compared datasets from 1984 to 2009 and found that parents had gender stereotyped

beliefs in math across data sets. Furthermore, the importance of parental performance expecta-

tions for children’s MSC were also found in a current study [26]. Thus, it is still highly relevant

to gain a better understanding of the early mechanism that eventually contribute to these gen-

der difference in math-related beliefs.

Fifth, parental MSC, their performance expectations and their encouragement were mea-

sured with single items. Therefore the reliability of the constructs could not be tested. As stated

in the methods section, results of Gogol et al. [47] suggested that single items measures of aca-

demic self-concepts meet both validity and reliability criteria. Furthermore, there is evidence

that most single-item measures are as valid and reliable as multi-item scales [61]. With regard

to performance expectations, we provided additional evidence for criterion validity in the

methods section. Moreover, the significant associations of these single items with children’s

MSC suggest that these measure meaningful aspects of parental beliefs and practices.

Sixth, other mediators need to be captured in follow-up studies. So far, little is known about

the specific situations in which general and child-specific beliefs become accessible to children.

For example, one might assume that parental MSC becomes salient to children primarily in

domain-specific situations, such as homework assistance or domain-specific coactivity. Fur-

ther empirical work is needed to identify these specific transmission mechanisms.

Seventh, when studying effects within families, genetic factors must also be considered.

Since our study assumed environmental factors within families as mediating processes

between parents and child’s MSC, one can also assume that there might be a genetic influence.

Twin studies have shown that individual differences in self-perceived abilities can be explained

by both genetic factors and non-shared environments [62, 63]. Although the data in this study

did not allow us to account for a genetic component, it is important to consider the heritability

of academic self-concept when interpreting our findings.

Eighth, as initially mentioned, there are a variety of processes that are involved in the devel-

opment of ability self-concepts [12, 13]. In order to explore the relative importance of different

processes (e.g. interactions with teachers, comparisons with peers and across domains) in the
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formation of the academic self-concept, follow-up studies should focus on different mecha-

nisms simultaneously.

Ninth, it can be assumed that maternal and paternal socialization do not operate indepen-

dently, as our model implies. Thus, coordinated parental behavior may have a greater influence

on children’s motivational beliefs. Because this study focused on the differential effects of mater-

nal and paternal beliefs and behaviors, it seemed reasonable to consider both parents separately.

However, subsequent studies could examine the interaction of both parents, for example, by

examining the effects of opposing or coordinated parental beliefs and behaviors [64].

Conclusion

Studies suggest that girls hold a lower math self-concept of ability (MSC) compared to boys

[3–6]. These gender differences were thought to contribute to disparities in students’ educa-

tional and career choices [7–11]. This suggests a need to examine the mechanisms that con-

tribute to children’s MSC. Based on the Parental Socialization Model, our study expands the

prior literature by testing the links between mothers’ and fathers’ own MSC, their child-spe-

cific performance expectations, and their encouragement regarding math and science activities

in elementary school on boys’ and girls’ MSC in both elementary and secondary school. While

we found no gender differences in parental expectations and encouragement of girls and boys,

we found different mechanisms that contribute to their MSCs.

Overall, the results of this study suggest that mothers and fathers tended to translate their

own MSC into their mathematical performance expectations and encouragement of their

sons, but not their daughters. This mechanism could contribute to the maintenance of gender

differences, as parental expectations, especially father’s performance expectations, have been

shown to have an important effect on children’s MSC. These findings suggest that frameworks

for parental socialization do not apply in the same way for boys and girls and that a differentia-

tion according to child’s gender is highly relevant and should therefore be considered in fol-

low-up studies.

Furthermore, we investigated the role of parents own MSC. Our results suggest that only

fathers’ MSC was indirectly related to sons’ MSC via performance expectations. This suggests

that fathers who view themselves as capable in mathematics are more likely to expect similar

abilities in their sons, thereby fostering their sons’ confidence in math. Contrary to our

hypothesis, however, we found that the effects of fathers’ MSC, compared to the effects of

mothers MSC, on sons’ MSC were not significantly different. This means that although we

find an indirect effect of the fathers’ MSC on the sons’ MSC, this effect is not significantly

greater than in the mother-son dyad. Considering the small sample sizes in the dyads, this

could be due to the low power of the study, which is why this hypothesis should be tested in

follow-up studies with larger samples. Furthermore, both boys’ and girls’ MSC were predicted

by their fathers’ performance expectations and girls’ MSC by their fathers’ math-specific

encouragement.

Our findings highlight the relevance of fathers’ early educational encouragement of math

and science activities and may lead to effective interventions to improve boys’ and girls’ mathe-

matical competence beliefs. The mere knowledge of what role fathers play in the development

of their children’ MSC, could result in a change in their beliefs and behaviors. As studies show,

that fathers’ school- and home-based involvement is lower than mothers’ (for an overview see

[65]), interventions should raise awareness among fathers and seek to increase their educa-

tional participation. Future studies should build on our findings and investigate gendered par-

ent-child mechanisms in other subjects and domains. Furthermore, to place our findings in a

larger picture, different parental behaviors should be taken into account.
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[Effects of parental mathematical self-concept on the development of boys’ and girls’ mathematical self-

concept in elementary school age]. Zeitschrift für Bildungsforschung. 2017; 7:41–57. https://doi.org/10.

1007/s35834-016-0169-9

25. Bleeker MM. Relations between parents attitudes, parent activities, and children’s self-perceptions of

abilities Poster session presented at: The Meeting of Society of Research in Child Development

(SRCD);2001; Minneapolis, MN. Available from: http://education-webfiles.s3-website-us-west-2.

amazonaws.com/arp/garp/articles/bleeker01a.pdf

PLOS ONE Parental impact on child’s math self-concept of ability

PLOS ONE | https://doi.org/10.1371/journal.pone.0317837 February 12, 2025 18 / 20

https://doi.org/10.1007/s11199-011-9996-2
https://doi.org/10.1007/s11199-011-9996-2
https://doi.org/10.1016/j.cedpsych.2019.02.005
https://doi.org/10.1016/j.cedpsych.2019.02.005
https://doi.org/10.1016/j.cedpsych.2014.11.005
https://doi.org/10.1016/j.cedpsych.2020.101927
https://doi.org/10.1037/a0027838
http://www.ncbi.nlm.nih.gov/pubmed/22468566
https://doi.org/10.3389/feduc.2019.00034
https://doi.org/10.3389/feduc.2019.00034
https://doi.org/10.2307/1163048
https://www.researchgate.net/publication/233896765
https://garp.education.uci.edu/cab.html
https://doi.org/10.1080/1350293X.2013.814356
https://doi.org/10.1080/01443410.2014.915927
http://www.jstor.org/stable/23874243
http://www.jstor.org/stable/23874243
https://doi.org/10.1080/016502500750037946
https://doi.org/10.2307/1128973
https://doi.org/10.1007/s35834-016-0169-9
https://doi.org/10.1007/s35834-016-0169-9
http://education-webfiles.s3-website-us-west-2.amazonaws.com/arp/garp/articles/bleeker01a.pdf
http://education-webfiles.s3-website-us-west-2.amazonaws.com/arp/garp/articles/bleeker01a.pdf
https://doi.org/10.1371/journal.pone.0317837


26. Pesu L, Aunola K, Viljaranta J, Nurmi J-E. The development of adolescents’ self-concept of ability

through grades 7–9 and the role of parental beliefs. Frontline Learning Research. 2016; 4(3):92–109.

https://doi.org/10.14786/flr.v4i3.249

27. Simpkins SD, Fredricks JA, Eccles JS. The role of parents in the ontogeny of achievement-related moti-

vation and behavioral choices. Monographs of the Society for Research in Child Development. 2015

Jun; 80(2):1–169. https://doi.org/10.1111/mono.12156 PMID: 25943024

28. Tiedemann J. Parents’ gender stereotypes and teachers’ beliefs as predictors of children’s concept of

their mathematical ability in elementary school. Journal of Educational Psychology. 2000 Mar; 92

(1):144–151. https://doi.org/10.1037/0022-0663.92.1.144

29. Gniewosz B, Eccles JS, Noack P. Secondary school transition and the use of different sources of infor-

mation for the construction of the academic self-concept. Social Development. 2012; 21:537–57.

https://doi.org/10.1111/j.1467-9507.2011.00635.x

30. Jacobs JE, Davis-Kean P, Bleeker M, Eccles JS, Malanchuk O. "I can, but I don’t want to": The impact

of parents, interests, and activities on gender differences in math. In: Gallagher AM, Kaufman JC, edi-

tors. Gender differences in mathematics: An integrative psychological approach. Cambridge University

Press; 2005. p. 246–263. https://doi.org/10.1017/CBO9780511614446

31. Eccles JS, Jacobs JE, Harold RD. Gender role stereotypes, expectancy effects, and parents’ socializa-

tion of gender differences. Journal of Social Issues. 1990; 46(2):183–201. https://doi.org/10.1111/j.

1540-4560.1990.tb01929.x

32. Dickens MN, Cornell DG. Parent influences on the mathematics self-concept of high ability adolescent

girls. Journal for the Education of the Gifted. 1993; 17(1):53–73. https://doi.org/10.1177/

016235329301700106

33. Jacobs JE, Eccles JS. Parents, task values, and real-life achievement-related choices. In: Sansone C,

Harackiewicz JM, editors. Intrinsic and extrinsic motivation: The search for optimal motivation and per-

formance. Academic Press; 2000. p. 405–439. https://doi.org/10.1016/B978-012619070-0/50036-2

34. Boonk L, Gijselaers HJM, Ritzen H, Brand-Gruwel S. A review of the relationship between parental

involvement indicators and academic achievement. Educational Research Review. 2018; 24:10–30.

https://doi.org/10.1016/j.edurev.2018.02.001

35. Huntsinger CS, Jose PE, Luo Z. Parental facilitation of early mathematics and reading skills and knowl-

edge through encouragement of home-based activities. Early Childhood Research Quarterly. 2016;

37:1–15. https://doi.org/10.1016/j.ecresq.2016.02.005

36. Blakemore JEO, Berenbaum SA, Liben LS. Gender development. Psychology Press; 2013. https://doi.

org/10.4324/9780203889756

37. Davis-Kean PE. The influence of parent education and family income on child achievement: The indirect

role of parental expectations and the home environment. Journal of Family Psychology. 2005; 19

(2):294–304. https://doi.org/10.1037/0893-3200.19.2.294 PMID: 15982107

38. Halle T, Kurtz-Costes B, Mahoney J. Family influences on school achievement in low-income, African

American children. Journal of Educational Psychology. 1997; 89(3):527–537. https://doi.org/10.1037/

0022-0663.89.3.527

39. Lehrl S, Ebert S, Blaurock S, Rossbach H-G, Weinert S. Long-term and domain-specific relations

between the early years home learning environment and students’ academic outcomes in secondary

school. School Effectiveness and School Improvement. 2020; 31(1):102–124. https://doi.org/10.1080/

09243453.2019.1618346

40. Simpkins SD, Fredricks JA, Eccles JS. Charting the Eccles’ expectancy-value model from mothers’

beliefs in childhood to youths’ activities in adolescence. Developmental Psychology. 2012 Jul; 48

(4):1019–1032. https://doi.org/10.1037/a0027468 PMID: 22390665

41. Harold R, Eccles JS, Yoon K, Aberach AJ, Freedman-Doan C. Parents hold a key to "the land of oppor-

tunity" Paper presented at: Biennial Meeting of the Society for Research in Child Development; 1991

Apr; Seattle, WA. Available from: https://www.researchgate.net/publication/233896538

42. Eccles JS. Influences of parents’ education on their children’s educational attainments: The role of par-

ent and child perceptions. London Review of Education. 2005; 3(3):191–204. https://doi.org/10.1080/

14748460500372309

43. Wigfield A, Eccles JS, Fredricks J, Simpkins S, Roeser RW, Schiefele U. Development of achievement

motivation and engagement. In: Lerner RM, Lamb ME, editors. Handbook of child psychology and

developmental science. Vol. 3: Socioemotional processes. Wiley; 2015. p. 657–700.

44. Niepel C, Brunner M, Preckel F. Achievement goals, academic self-concept, and school grades in math-

ematics: Longitudinal reciprocal relations in above average ability secondary school students. Contem-

porary Educational Psychology. 2014; 39(4):301–313. https://doi.org/10.1016/j.cedpsych.2014.07.002

PLOS ONE Parental impact on child’s math self-concept of ability

PLOS ONE | https://doi.org/10.1371/journal.pone.0317837 February 12, 2025 19 / 20

https://doi.org/10.14786/flr.v4i3.249
https://doi.org/10.1111/mono.12156
http://www.ncbi.nlm.nih.gov/pubmed/25943024
https://doi.org/10.1037/0022-0663.92.1.144
https://doi.org/10.1111/j.1467-9507.2011.00635.x
https://doi.org/10.1017/CBO9780511614446
https://doi.org/10.1111/j.1540-4560.1990.tb01929.x
https://doi.org/10.1111/j.1540-4560.1990.tb01929.x
https://doi.org/10.1177/016235329301700106
https://doi.org/10.1177/016235329301700106
https://doi.org/10.1016/B978-012619070-0/50036-2
https://doi.org/10.1016/j.edurev.2018.02.001
https://doi.org/10.1016/j.ecresq.2016.02.005
https://doi.org/10.4324/9780203889756
https://doi.org/10.4324/9780203889756
https://doi.org/10.1037/0893-3200.19.2.294
http://www.ncbi.nlm.nih.gov/pubmed/15982107
https://doi.org/10.1037/0022-0663.89.3.527
https://doi.org/10.1037/0022-0663.89.3.527
https://doi.org/10.1080/09243453.2019.1618346
https://doi.org/10.1080/09243453.2019.1618346
https://doi.org/10.1037/a0027468
http://www.ncbi.nlm.nih.gov/pubmed/22390665
https://www.researchgate.net/publication/233896538
https://doi.org/10.1080/14748460500372309
https://doi.org/10.1080/14748460500372309
https://doi.org/10.1016/j.cedpsych.2014.07.002
https://doi.org/10.1371/journal.pone.0317837


45. Starr CR, Gao Y, Lee G, Safavian N, Rubach C, Dicke A, et al. Parents’ Math Gender Stereotypes and

Their Correlates: An Examination of the Similarities and Differences Over the Past 25 Years. Sex

Roles. 2022 Apr; 87:603–619. https://doi.org/10.1007/s11199-022-01337-7

46. Fisher GG, Matthews RA, Gibbons AM. Developing and investigating the use of single-item measures

in organizational research. Journal of Occupational Health Psychology. 2016; 21(1):3–23. https://doi.

org/10.1037/a0039139 PMID: 25894198

47. Gogol K, Brunner M, Goetz T, Martin R, Ugen S, Keller U, et al. "My Questionnaire is Too Long!" the

assessments of motivational-affective constructs with three-item and single-item measures. Contempo-

rary Educational Psychology. 2014; 39(3):188–205. https://doi.org/10.1016/j.cedpsych.2014.04.002

48. Muthén LK, Muthén BO. Mplus User’s Guide. 8th ed. Muthén & Muthén; 1998–2021.

49. Brown TA. Confirmatory factor analysis for applied research. The Guilford Press, 2015.

50. Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for testing measurement invariance.

Structural Equation Modeling. 2002; 9:233–255. https://doi.org/10.1207/S15328007SEM0902_5

51. MacKinnon DP. Introduction to statistical mediation analysis. Erlbaum; 2008. https://doi.org/10.4324/

9780203809556

52. Enders CK, Bandalos DL. The relative performance of full information maximum likelihood estimation

for missing data in structural equation models. Structural Equation Modeling. 2001; 8(3):430–457.

53. Graham JW, Olchowski AE, Gilreath TD. How many imputations are really needed? Some practical

clarifications of multiple imputation theory. Prevention Science. 2007; 8(3):206–13. https://doi.org/10.

1007/s11121-007-0070-9 PMID: 17549635

54. Ryu E. Multi-group analysis approach to testing group different in indirect effects. Behavioral Research

Methods. 2015 Sep; 47:484–493. https://doi.org/10.3758/s13428-014-0485-8 PMID: 24907002

55. Kline RB. Principles and practice of structural equation modeling. 4th ed. Guilford Press; 2016.

56. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria

versus new alternatives. Structural Equation Modeling: A Multidisciplinary Journal. 1999; 6(1):1–55.

https://doi.org/10.1080/10705519909540118

57. Bollen KA, Stine R. Direct and indirect effects: Classical and bootstrap estimates of variability. Sociolog-

ical Methodology. 1990; 20:115–140.

58. Kim SW, Hill NE. Including fathers in the picture: A meta-analysis of parental involvement and student’s

academic achievement. Journal of Educational Psychology. 2015; 107(4):919–934. https://doi.org/10.

1037/edu0000023

59. Jodl KM, Michael A, Malanchuk O, Eccles JS, Sameroff A. Parents’ roles in shaping early adolescents’

occupational aspirations. Child Development. 2001; 72(4):1247–1265. https://doi.org/10.1111/1467-

8624.00345 PMID: 11480945

60. Mues A, Wirth A, Birtwistle E, Niklas F. Associations between children’s numeracy competencies, moth-

ers’ and fathers’ mathematical beliefs, and numeracy activities at home. Frontiers in Psychology. 2022;

13:835433. https://doi.org/10.3389/fpsyg.2022.835433 PMID: 35496151

61. Allen M, Iliescu D, Greiff S. Single item measures in psychological science. European Journal of Psy-

chological Assessment. 2022; 38:1–5. https://doi.org/10.1027/1015-5759/a000699

62. Hur YM, McGue M, Iacono WG. The structure of self-concept in female preadolescent twins: a behav-

ioral genetic approach. J Pers Soc Psychol. 1998 Apr; 74(4):1069–77. https://doi.org/10.1037//0022-

3514.74.4.1069 PMID: 9569660.

63. Starr A, Riemann R. Common genetic and environmental effects on cognitive ability, conscientious-

ness, self-perceived abilities, and school performance. Intelligence. 2022; 93:101664. https://doi.org/

10.1016/j.intell.2022.101664

64. Simpkins SD, Davis-Kean PE, Eccles JS. Parents’ socializing behavior and children’s participation in

math, science, and computer out-of-school activities. Applied Developmental Science. 2005; 9(1):14–

30. https://doi.org/10.1207/s1532480xads0901_3

65. Kim S. How and why fathers are involved in their children’s education: gendered model of parent

involvement. Educational Review. 2018; 70(3):280–299. https://doi.org/10.1080/00131911.2017.

1311304

PLOS ONE Parental impact on child’s math self-concept of ability

PLOS ONE | https://doi.org/10.1371/journal.pone.0317837 February 12, 2025 20 / 20

https://doi.org/10.1007/s11199-022-01337-7
https://doi.org/10.1037/a0039139
https://doi.org/10.1037/a0039139
http://www.ncbi.nlm.nih.gov/pubmed/25894198
https://doi.org/10.1016/j.cedpsych.2014.04.002
https://doi.org/10.1207/S15328007SEM0902%5F5
https://doi.org/10.4324/9780203809556
https://doi.org/10.4324/9780203809556
https://doi.org/10.1007/s11121-007-0070-9
https://doi.org/10.1007/s11121-007-0070-9
http://www.ncbi.nlm.nih.gov/pubmed/17549635
https://doi.org/10.3758/s13428-014-0485-8
http://www.ncbi.nlm.nih.gov/pubmed/24907002
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1037/edu0000023
https://doi.org/10.1037/edu0000023
https://doi.org/10.1111/1467-8624.00345
https://doi.org/10.1111/1467-8624.00345
http://www.ncbi.nlm.nih.gov/pubmed/11480945
https://doi.org/10.3389/fpsyg.2022.835433
http://www.ncbi.nlm.nih.gov/pubmed/35496151
https://doi.org/10.1027/1015-5759/a000699
https://doi.org/10.1037//0022-3514.74.4.1069
https://doi.org/10.1037//0022-3514.74.4.1069
http://www.ncbi.nlm.nih.gov/pubmed/9569660
https://doi.org/10.1016/j.intell.2022.101664
https://doi.org/10.1016/j.intell.2022.101664
https://doi.org/10.1207/s1532480xads0901%5F3
https://doi.org/10.1080/00131911.2017.1311304
https://doi.org/10.1080/00131911.2017.1311304
https://doi.org/10.1371/journal.pone.0317837



