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Abstract
This study aims to investigate gender differences in effective parenting strategies for
adolescent mathematics achievement growth, taking into account socioeconomic status
(SES), based on a bioecological model. Latent growth curve modeling examines longi-
tudinal data (n = 4163) from the Taiwan Education Panel Survey. The analysis reveals
that girls’ performance fits to a quadratic development model; boys’ performance better
fits to a linear model. At early adolescence, mothers’ monitoring is the only common
effective parenting strategy for both genders. At later adolescence, fathers need to monitor
boys but to play a peripheral role (e.g., school participation and rescued discussion)for
girls; mothers play direct roles (e.g., listening and persuasion) for boys, but a rational or
light-minded role (e.g., discussion and letting-conflict-go) for girls. SES matters mostly in
early adolescence. The findings generally support the bioecological model in terms of
differential model fit and effective parenting strategies between genders.

Keywords Bioecological model . Human development . Gender .Mathematics achievement .

Parenting . SES

Theoretical basis

Adolescent mathematics achievement (MAch) or cognitive ability growth may be determined
by diverse psychobiosocial factors (Halpern et al. 2005). According to the bioecological theory
(Bronfenbrenner and Morris 2006), human development is determined by person, process,
context, and time factors. Of these, process factors are the most influential for human
development in both cognitive and affective aspects. Family context and the parent-child-
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interaction process (e.g., parenting strategies) can be viewed as the major or most important
micro-system, which plays an essential role in human cognitive development, as indicated by
the ecological systems theory (Bronfenbrenner 1979, 1989). A representation of the
bioecological theory of human development is shown in Fig. 1. A related study on mathe-
matics interest growth over grades 5–9 also examines the roles of gender, family, and school
though not clearly using the bioecological approach as a theoretical basis (Frenzel et al. 2010).

Parenting strategies may be the basis of, have a long-lasting impact on, and adjust themselves to
adolescent development. Parenting strategies for facilitating adolescent MAch growth need to
consider the interaction between two parents’ strategy use for cognitive and emotional aspects of
learning, along with the rapid changes and severe challenges of adolescent achievement develop-
ment from middle to high school (Crandall et al. 2015; Muthén and Muthén 2013).

This study uses the Taiwan Education Panel Survey (TEPS; Chang, 2001–2007) data to
address the bioecological model of human development (Fig. 1). Most past studies using TEPS
data, however, focus on mothers’ strategies regarding involvement with the cognitive aspect of
learning or on parenting strategies on emotional or mental health aspects (e.g., Yu and Ho
2018). One part that is missing from the literature is to examine the effect of parenting
strategies on the emotional aspect of learning. This is what this study aims to supplement,
by looking at parents’ resolutions for parent-adolescent conflicts. In addition, background
factors, such as gender and socioeconomic status (SES), need to be considered because of their
consistent relationship with adolescent achievement growth (Catsambis 2001).

While SESmay play a continuous contextual role, gender can serve as a contextual moderator
in adolescents’mathematics development (Baron andKenny 1986). Gender is a socially proactive

Fig. 1 A bioecological model for human (mathematics achievement) development
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factor, rather than a biologically static one (“sex”), interacting with adolescents’MAch develop-
ment. Cross-cultural studies indicate that gender differences in MAch diminish in gender-equal
societies (Guiso et al. 2008), which supports the gender similarities hypothesis (Hyde 2005). A
meta-analysis study indicates that sociocultural factors determine gender differences in MAch,
known as the gender stratification hypothesis (Else-Quest et al. 2010).

In summary, this study is based on the bioecological theory on human development (Fig. 1;
Bronfenbrenner 1979, 1989; Bronfenbrenner and Morris 2006). Parenting strategies of in-
volvement and conflict resolution are the major process factors. SES and gender are contextual
factors. The major purpose of this study is to identify effective fathers’ and mothers’ parenting
strategies in predicting the early (start) and later development (growth) of adolescent MAch.
While SES is an essential contextual factor to control for, gender can moderate effective
parenting strategies. That is, parenting strategies may function differently for boys and girls.

Adolescent MAch growth and parenting strategies across cultures

Only slight differences between adolescents from different cultural backgrounds are found in
the effects of different desirable parenting strategies on adolescent academic achievement. For
example, a study that looked at Americans from different ethnic backgrounds found that the
best parenting strategies for 8th graders’ reading, mathematics, and science achievement of
white Americans are parental communication and expectation, showing both start (immediate)
and growth (long-term) effects. The best parenting strategies of Asian Americans are parental
participation with both start and growth effects, parental expectation with only start effects, and
parental communication with only growth effects. For Hispanic Americans, parental commu-
nication has only start effects (Hong and Ho 2005).

Most studies tend to find a positive relationship between desirable parenting strategies and
adolescent academic achievement without cultural differences (Hentges and Wang 2018). For
example, parental expectation positively and physical discipline negatively relate to primary
and high school achievements for students from different ethnic groups in the USA (Bodovski
and Youn 2010; Fan 2001) and to primary school achievements for students from both
Chinese- and English-origin schools in Hong Kong (Phillipson and Phillipson 2007). Com-
pared with low-achieving African-American students, high-achieving African-American stu-
dents have more parental involvement in school activities, specific strategies for supporting
schoolwork, supportive conversations, and engagement in achievement-related activities
(Gutman and McLoyd 2000). It is worth researching a sample from a different culture to
examine whether the relationships remain the same across cultures.

Cognitive and emotional parenting strategies: involvement and conflict
resolution

Past research has indicated that adolescent academic (including mathematics) achievement
growth positively relates to desirable parenting involvement and parenting styles such as
sensitivity, cognitive stimulation, support, monitoring, democratic or authoritative control,
and constructive interaction (Chan and Koo 2011; Chen 2000; Eamon 2005; Jeynes 2012;
Morin et al. 2012). Most of the studies, however, examine academic achievement as a whole,
whereas relatively few studies focus on MAch. This might be because the effects of parenting
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strategies on student achievement in different domains follow similar patterns (Hong and Ho
2005), and general intelligence might be a common higher-order construct of achievement in
all academic subjects, including mathematics and languages (Lu et al. 2011).

Studies indicate that parent-adolescent conflicts relate to low reading achievement and
MAch (Eamon 2005) and few family conflicts and a positive family climate relate to
adolescent emotional development (Castelao and Kröner-Herwig 2014; Herrenkohl et al.
2012). However, to date, there appears to be no research focusing on parenting strategies for
resolving parent-adolescent conflicts in relation to adolescent mathematics or general academic
achievement growth. Resolving parent-adolescent conflicts may mimic resolving higher-order
mathematical problems, which needs thinking, applying, and desirable affective states (e.g.,
confidence) to study relationships and patterns (Burton 1994, 2004).

Taking this further, parent-adolescent conflicts can either be handled as non-creative, routine
mathematics problems with one correct answer and solutions, or as creative, non-routine math-
ematics problems with many correct answers and solutions (Author 2009; Authors 2011).
Including parental strategies for resolving parent-adolescent conflicts may shed light on the
effects of the emotional interaction between parents and adolescents on adolescent MAch growth.

Different father and mother parenting roles in adolescent MAch growth

Fathers and mothers may play different roles in adolescent MAch growth along with early and
later adolescence. However, distinguishing fathers’ and mothers’ parenting strategies has been
relatively rarely researched (Hsu et al. 2011). Adolescence is a critical period from dependence
to independence from parents. Adolescents also face intellectual challenges from secondary
education curricula (Author 2016a). Collaborative and supplementary endeavors from both
parents may help adolescents to face these challenges.

Relatively few studies distinguish the parenting strategies of fathers andmothers and explore the effect of paternal
andmaternalstrategiesonadolescentachievement.Studieshaveindicatedthat inTaiwan,mothers’ involvementplaysa
largerrole inadolescentMAchatgrade7thanfather’s involvementdoes (Hsuetal.2011).However,whencontrolling
formother involvement, father involvement canplaya role in the achievement of childrenaged5–12years (McBride
et al. 2005).Usingeighth-graders’positivebehaviors (lowdelinquency, lowdepression, andhighschool commitment)
ascriteria,desirableparentingstrategies, indescendingorder, are twoauthoritativeparents, anauthoritativemotherpaired
withanindulgentfather,anauthoritativemotherwithanauthoritarianoruninvolvedfather,andtwoun-involvedparents
in a family (Simons andConger 2007).

These past studies tend to focus on the relative importance of fathers’ and mothers’ roles
and conclude that there are preferable parenting styles for both parents along the whole span of
adolescence. However, no studies focus on parenting strategies for resolving parent-adolescent
conflicts and how these strategies relate to adolescent academic achievement growth. This
study, therefore, looks in detail at the strategies used by fathers and mothers and investigates
the relative importance of these strategies in MAch during early and later adolescence.

Roles of gender and SES in MAch growth

Across countries, gender differences in MAch are small or favor girls by middle school
(Else-Quest et al. 2010; Miller and Halpern 2014; Murayama et al. 2013). However, by
the time children reach high school, MAch turns to favor boys, as revealed by an early
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meta-analysis study analyzing empirical studies published during 1963–1988 (Hyde et al.
1990) and a later one analyzing the results of a national standardized test during 1990–
2011 in the USA (Reilly et al. 2015). Teachers’ marks, in general, tend to favor girls,
although gender differences in mathematics marks are smaller than those in language or
science ones (Voyer and Voyer 2014).

Family SES may include cultural aspects (e.g., parental education and home language
use) and material aspects (e.g., family income and residence). The cultural SES can be
supplemented by educational practices and may be used to reduce the SES-related MAch
gap. The reason for this is that the SES-achievement relationship may be affected by
environmental factors such as academic stimulation neighborhood, wealth, race, and
schooling (Galindo and Sonnenschein 2015) more than by genetics (i.e. IQ; Bowles
and Gintis 2001, 2002). In addition, MAch might be affected more by social factors than
by IQ and verbal achievement, which is a speculation that needs further research
(Engelhardt et al. 2019).

In general, parental education and family income are positively related to academic
outcomes for children (Duncan et al. 2011) and adolescents (Sylva et al. 2014). Similarly,
family poverty is negatively related to testing scores for children aged 4–18 years (McCulloch
and Joshi 2001). Living in a high-quality residence relates to reading achievement, but not to
MAch, for Latino Americans aged 10–14 years old (Eamon 2005). Murayama et al. (2013)
find that parental vocational status relates to the start of MAch in grade 5 but not to the growth
of achievement from grades 5 to 10.

Home language use links to ethnic and immigrant issues. Immigrant students are found to
have lower problem-solving achievement than their non-immigrant counterparts do, as indi-
cated by a study based on international datasets (Martin et al. 2012). Despite the low start,
ethnic minority students may have a higher growth rate in achievement at a later stage of
learning. For example, the growth rate of achievement from the ages of 8–11 years compared
with those of 14–16 years for students with Bangladeshi heritage in the UK is higher than their
non-immigrant counterparts (Sammons et al. 2014). Although this result may be culture-
specific, another explanation is that the gradual adoption of the mainstream or official language
by parents with the immigrant background may facilitate parental involvement in their
offsprings’ learning and thus increase adolescent achievement (Author 2016b; Turney and
Kao 2009).

The present study

In summary, the bioecological model (Fig. 1) highlights diverse processes and contextual
factors in shaping adolescents’ MAch growth. This study focuses on the process factor of
parenting strategies and the contextual factor of SES and gender. In the operational model,
SES can be a control; gender can be a moderator of effective parenting, which means that boys
and girls have different effective parenting strategies. For the time or growth factor, it is
important to first explore the trend of outcome variables (MAch) over time. The TEPS
provides all the variables suitable for this investigation.

A study also using the TEPS data shows that mathematics ability growth from grades 7–12
follows an increased linear trend but with a slight reverse U-shape (Author 2019). An initial
exploration of the trend of MAch development using the TEPS data is presented in Fig. 2 with
descriptive statistics. Figure 2 depicts the MAch development for the three samples (all, female
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and male adolescents) over the four waves, all following an increased linear with a slight
reverse U-shape trend.

As such, a quadratic slope (i.e., the squared values of the linear time score) should be set in
the algorithm besides the intercept and linear slope typically included in the latent growth
curve modeling (to address further in “Method”). Whether the conditioned, contextual vari-
ables predict the linear with quadratic slopes is unknown in the literature.

Given all the above rationales, this study posits an operational model for the present
investigation (Fig. 3). Specifically, this study aims to answer the following two research
questions.

1. How do fathers’ and mothers’ involvement and conflict resolution predict the start and
(linear or quadratic) growth of their offsprings’ MAch, controlling for SES during their
offsprings’ early and later adolescence? (for all students)

2. Are there gender differences in the patterns of the prediction? (gender as a moderator)

Method

Data source and sample

The data used by this study was obtained from the TEPS (Chang, 2001–2007) compiled
by the Survey Research Data Archive (SRDA), Taiwan. The TEPS collected data of
student test results and reports, parent reports, and teacher reports for secondary

All Girls Boys

N Mean SD N Mean SD N Mean SD

grade 7 4156 0.433 0.901 2105 0.370 0.497 2051 0.497 0.914

grade 9 4138 1.214 1.172 2094 1.152 0.497 2044 1.278 1.202

grade 11 4092 2.010 1.269 2074 1.873 0.497 2018 2.151 1.326

grade 12 4041 1.843 1.657 2039 1.747 0.497 2002 1.940 1.734
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Fig. 2 Trends of mathematics achievement development and descriptive statistics over four grades for the
samples of all, female, and male adolescents. SD = standard deviation
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students. Student and parent data from grades 7, 9, 11, and 12 (from 2001 to 2007)

Fig. 3 The operational model of adolescent mathematics achievement growth predicted by father and mother
parenting strategies. The intercept, slope, and slope squared are set correlated in the algorithm but not presented

Gender differences in effects of father/mother parenting on mathematics...



were combined and formed the total sample of 4163 students (2108 girls and 2055
boys) used in this study.

Measures

MAch development data were collected over four-time points in secondary education as
indicated in Fig. 2 (with descriptive statistics for all, female, and male students). Parental
measures were collected at both grades 7 and 11. Demographics were collected or derived
based on data collected in grade 7.

MAch development Student MAch was derived scores provided by the database that com-
bined the scores of student responses to curriculum-based MAch and curriculum-free math-
ematics analytical tests. All the test item content should be in the curricula experienced by all
students from diverse school types. The test items aimed to assess student general analytical
ability: thinking, applying, and problem-solving (not memorizing). The test items were
developed by mathematics experts and teachers and with reference to existing large-scale tests
(Yang et al. 2003). All the items were initially reviewed, piloted, analyzed using classical test
theory and item response theory (IRT) models, and further reviewed for final inclusion in the
test. The final tests were administered when students were at their grades 7, 9, 11, and 12. The
TEPS dataset provided four waves of MAch scores estimated using a three-parameter IRT
model (3PL) because 3PL scores had high reliability (compared with 1PL scores) and IRT
scores were comparable among waves.

Parental involvement Students rated their fathers’ and mothers’ involvement in four activ-
ities relating to the students’ development on a 4-point scale ranging from 1 = never to 4 =
often. The four activities were

(a) discussing my career development with me,
(b) listening to my thoughts,
(c) (monitoring) checking my homework or test results and understanding my learning, and
(d) participating in school activities or becoming parent meeting members or

volunteers.

Conflict with parents Students indicated whether they had a conflict with their fathers and
mothers separately (1 = have conflict; 0 = no conflict).

Parental conflict resolution Students were asked about their fathers and mothers separately
using the item stem of ‘how does your mother (father) resolve conflicts between you and your
mother (father)?’ and chose one answer from six choices:

(a) mostly follow my opinions,
(b) persuades me to accept her (his) opinion,
(c) force me to accept her (his) opinions,
(d) discuss and accept reasonable opinions
(e) let go of the conflicts without a clear resolution, and
(f) none of the above.
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The six choices were dummy coded with ‘(f) others’ as the control (i.e., 1 = (a) vs. 0 = (f);
1 = (b) vs. 0 = (f); 1 = (c) vs. 0 = (f); 1 = (d) vs. 0 = (f); 1 = (e) vs. 0 = (f)).

Gender Gender was provided by the database. Girls were coded as 2 and boys as 1.

SES SES included four indicators. Parent education was obtained by averaging father’s and
mother’s education levels self-reported on a scale ranging from 1 = until grade 9 to 5 =
postgraduate. Family income was obtained by parent self-reports on a 6-point scale ranging
from 1 ≤NT$20,000 to 6 ≥NT$200,000. Home official language use was reported by stu-
dents, who rated an item asking whether Mandarin (the official language of Taiwan) was used
at home (1 = yes; 0 = no). Urban residence was provided by the database with 1 = rural, 2 =
town, and 3 = urban.

Data analysis

A latent growth curve modeling analysis was employed to examine the posited model for
all, female, and male students (the research questions, Fig. 2; Murayama et al. 2013). The
model proposes that grade 7 parenting strategies predict the average initial start (intercept)
of MAch at grade 7, and grade 11 parenting strategies predict the average growth (slope)
of MAch (from grades 7–12), controlling for the effects of adolescent SES on both the
intercept and slope. The latent growth curve modeling analysis was performed by using
Mplus Version 7.11 (Muthén and Muthén 2013) with missing data to be handled with the
procedure of full information maximum likelihood (Wu and Jia 2013). The rates of
missing data were 0.2–2.9% for the four waves of MAch scores (cf. Fig. 2), 0–0.9% for
SES, and 1.3–9.7% for parenting strategies except for the strategy of ‘listening to my
thoughts’ for father (39.2%) and mother (20.3%).

Three criteria were used to assess model fit to the data: a smaller than .08 root mean square
error of approximation (RMSEA), a larger than .900 comparative fit index (CFI), and a larger
than .900 Tucker–Lewis index (TLI; Hair Jr. et al. 2006). Although a non-significant Chi-
square (χ2) is a traditional criterion and needs to be presented, χ2 becomes significant where
there are large sample sizes (Bollen and Long 1993). RMSEA, CFI, and TLI are all derived
from χ2 values. RMSEA is adjusted for sample sizes and viewed as the major criterion in
determining the power of an SEM model (Thoemmes et al. 2010). Standardized root mean
square residual (SRMR) represents the average standardized residual; similar to RMSEA, a
smaller SRMR value represents a better model fit and can be used to compare competing
models. CFI and TLI are adjusted for degrees of freedom. CFI and TLI generally have similar
results but TLI has a higher penalty for model complexity than CFI does.

An exploratory analysis performed to explore gender differences in MAch using the
operational models (models A–B in Fig. 3). As presented in the Appendix, the two models
with gender as the only predictor (models 1.A–B) failed to fit the empirical data properly
(Table 4). The path coefficients, therefore, were not trustworthy (Table 5). This result partially
supported the gender stratification hypothesis (Else-Quest et al. 2010), which suggests that
gender is not a fixed factor determining MAch difference but a sociocultural factor interacting
with other sociocultural (e.g., process and contextual) factors in the society.

Further, the two models with gender as part of the (contextual) predictors (models 2.A–B)
fitted data properly (Table 4 in Appendix). Gender differences in MAch start and growth were
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not significant except that girls had a lower growth rate than boys in MAch in model 2.A
(Table 5). These results generally support the gender similarity hypothesis (Hyde 2005), which
suggests that boys and girls have similar MAch.

Results

Model fit and selection

The best models for different samples are selected using the indices of RMSEA, SRMR CFI,
and TLI (Table 1). Based on the criteria addressed in “Data analysis”, both model A and model
B fit to the empirical data of all, female, and male students. The only exception is TLI (0.886 <
0.900) for boys’ model B. This may indicate that model B is more complex than needed for
boys (Thoemmes et al. 2010). This undesirable fit index value (i.e., TLI) suggests that boys’
data fails to fit model B. As such, only model A will be used for boys in later analysis and
discussion.

For girls, both model A and model B are desirable. However, model B is slightly better than
model A. As such, only model B will be used for girls in later analysis and discussion.

For the total student sample, model A is better if using RMSEA and TLI as the criteria.
However, model B is better if using SRMR and CFI. Consequently, the next discussion should
include results from both model A and model B, also for answering research question 1.

Results for all students

Table 2 presents standardized solutions of the coefficients obtained by latent growth curve
modeling. Both results based on model A and model B indicate that the start (grade 7) of
adolescent MAch was positively predicted by all the SES indicators. However, SES’s impacts
on the growth (slope and slope squared) are unstable.

For parenting, stable results from model A and model B are that letting conflict go ending
with no clear resolution with fathers (i.e., fathers’ letting-conflict-go) and conflict with mothers
negatively predict the start of MAch development at grade 7. For later development, mothers’
persuasion, discussion, and letting-conflict-go play a positive role.

Table 1 Fit index values for the examined models

Fit indexes/models χ2 df p RMSEA SRMR CFI TLI

All students
Model A 397.157 131 < 0.0005 0.033 0.012 0.947 0.927
Model B 339.470 105 < 0.0005 0.035 0.010 0.954 0.920

Girls
Model A 257.359 131 < 0.0005 0.033 0.012 0.951 0.932
Model B 201.893 105 < 0.0005 0.032 0.011 0.963 0.935

Boys
Model A 301.636 131 < 0.0005 0.037 0.014 0.933 0.906
Model B 277.336 105 < 0.0005 0.042 0.013 0.932 0.886

χ2 Chi-square (or minimum function test) statistic, CFA confirmatory factor analysis, SEM structural equation
modeling, df degrees of freedom, RMSEA root mean square error of approximation, SRMR standardized root
mean square residual, CFI comparative fit index, TLI Tucker–Lewis index
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A note to make is that mothers’ no clear resolution plays a negative role in slope squared.
This is consistent with its positive role in slope (no squared). It is because the MAch growth
follows a linear but reverse U-shaped trend (Fig. 2). The negative role in the slightly decreased
trend of MAch from grade 11 to grade 12 (as represented as slope squared) indicates that
mothers’ letting-conflict-go has an effect to reverse the trend of decrease in achievement.
Simply speaking, negative effects on slope squared indicate extra positive effects on achieve-
ment near the end of the development and vice versa.

There is one unstable result between model A and model B. Fathers’ persuasion to
accept his opinions plays a negative role in mathematics development for model B,
but not model A.

Results for girls

In SES, parental education and urban residence play positive roles at the start. Family income
can reverse or stop the decreased trend of MAch from grade 11 to grade 12.

Table 2 The latent growth curve modeling results for all students

All (model A) All (model B)

Outcomes Intercept Slope Intercept Slope Slope2

Predictors

Socioeconomic status
1. Parental education 0.204 0.038 0.202 0.026 0.003
2. Family income 0.062 − 0.011 0.050 0.023 − 0.008
3. Home official language 0.142 0.049 0.151 − 0.003 0.012
4. Urban residence 0.173 0.004 0.177 − 0.005 0.002

Parenting in Grade 7 Grade 11 Grade 7 Grade 11 Grade 11
Father involvement
1. Career discussion 0.032 − 0.004 0.031 0.018 − 0.005
2. Listening 0.038 − 0.004 0.037 − 0.019 0.003
3. Monitoring − 0.008 0.018 − 0.007 0.002 0.004
4. School participation − 0.003 − 0.001 − 0.002 0.039 − 0.009

Mother involvement
5. Career discussion − 0.013 0.005 − 0.011 0.017 − 0.003
6. Listening − 0.032 0.016 − 0.032 0.020 − 0.001
7. Monitoring 0.112 − 0.001 0.106 0.000 0.000
8. School participation 0.004 − 0.010 0.003 − 0.029 0.004

Conflicts with factor 0.006 0.004 0.014 − 0.035 0.009
Father conflict resolution
9. Follow me 0.019 − 0.011 0.025 − − 0.076 0.014
10. Persuade 0.099 − 0.014 0.103 − 0.156 0.032
11. Force 0.108 − 0.025 0.117 − 0.085 0.014
12. Discuss 0.097 0.001 0.093 − 0.095 0.022
13. Let go 0.211 − 0.004 0.197 − − 0.048 0.010

Conflicts with mother − 0.132 0.027 − 0.132 − 0.005 0.007
Mother conflict resolution
14. Follow me − 0.094 − 0.037 − 0.083 − 0.010 − 0.006
15. Persuade − 0.090 0.072 − 0.083 0.156 − 0.019
16. Force − 0.047 0.053 − 0.045 0.109 − 0.013
17. Discuss − 0.024 0.048 − 0.014 0.133 − 0.019
18. Let go − 0.051 0.049 − 0.036 0.168 − 0.027

Note: The coefficients are standardized solutions and the italics are significant at p < .05
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For parenting, positive parenting includes fathers’ participation in school activities,
mothers’ discussion, or letting-conflict-go if a conflict occurs. Fathers’ school participation
and mothers’ discussion over conflict has extra effects on reversing the decreased trend of
achievement.

Negative parenting includes fathers persuade to accept his opinions and discuss
when conflict occurs. Both these fathers’ parenting strategies have a direct effect (on
the linear slope from grade 7 to grade 12) and an extra effect (on the squared slope
mainly from grade 11 to grade 12, the turning point that the reverse U-shaped trend
occurs) in decreasing MAch.

Results for boys

All SES indicators positively predict boys’ achievement growth at different stages. At the start
of adolescence, parental education, family income, and urban residence play a positive role.
For later development, positive predictors include parental education and home official
language use.

For boys, all the significant parenting strategies are positive. Mothers’ monitoring works at
the start. Fathers’ monitoring, mother’s listening, and mothers’ persuasion when conflict
occurs work at later development.

Discussion

Gender differences matter in parenting for MAch growth

The patterns of model fit across the samples of all students, girls, and boys appear to
be quite different (Table 1). Especially, girls’ performance better fit to the full model
(model B; Fig. 2), with contextual factors predicting all of the latent construct
(intercept, linear slope, and slope squared); boys better fit to the partial model (model
A; without predicting slope squared). This raises a concern whether a one-size-fit-all
model is proper for different genders for the present investigation: effective parenting
for MAch growth.

The patterns of the significant predictors over the two models (model A and model B; Fig.
3) and the all-student samples may further support the claim that gender differences matter. For
the all student sample, model A and model B obtain unstable results in the identified effective
predictors. Undistinguished effective predictors between several different mothers’ conflict
resolution strategies also raise a doubt in the effectiveness of the model use (Fig. 2) even
though the fit index results are desirable. Model B suites better the analysis of boys’
performance, which may be one of the best reasons for explaining the seemingly meaningful
but hard-to-explain results.

This study supports the bioecological model for human development (Bronfenbrenner
1979, 1989; Bronfenbrenner and Morris 2006; Fig. 1). The effect of gender is a contextual
factor that interacts over time with MAch development.

As such, it is reasonable to ignore the results obtained from the all student sample.
Instead, it is necessary to look at different effective parenting strategies on MAch
growth between genders.
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Effective parenting for boys and girls

Commonality: mothers’ monitoring at early adolescence

The findings suggest that mothers’ monitoring at early adolescence is the only common
effective parenting strategy for both boys and girls (Table 3). Monitoring is part of desirable
parenting strategies that relate to adolescent achievement growth across different cultural
groups (e.g., Chan and Koo 2011; Fan 2001; Morin et al. 2012).

Gender differences at later adolescence

More diversity of effective parenting strategies occur in later adolescence between genders.
For boys, effective parenting is fathers’ monitoring, mother’s listening, and mothers’

persuasion when conflict occurs. The picture appears to show a traditional role of gender

Table 3 The latent growth curve modeling results for boys and girls

Boys (model A) Girls (model B)

Outcomes Intercept Slope Intercept Slope Slope2

Predictors

Socioeconomic status
1. Parental education 0.201 0.032 0.202 0.017 0.005
2. Family income 0.075 − 0.008 0.028 0.028 − 0.010
3. Home official language 0.092 0.078 0.223 − 0.036 0.011
4. Urban residence 0.127 0.009 0.223 − 0.009 0.002

Parenting in Grade 7 Grade 11 Grade 7 Grade 11 Grade 11
Father involvement
5. Career discussion 0.031 − 0.013 0.026 0.008 − 0.002
6. Listening 0.063 − 0.015 0.007 − 0.019 0.006
7. Monitoring 0.002 0.032 − 0.019 − 0.017 0.004
8. School participation − 0.033 − 0.004 0.037 0.063 − 0.013

Mother involvement
9. Career discussion − 0.025 0.003 − 0.003 0.009 0.000
10. Listening − 0.026 0.036 − 0.017 0.014 − 0.002
11. Monitoring 0.089 − 0.005 0.121 − 0.006 0.001
12. School participation − 0.024 − 0.009 0.034 − 0.039 0.006

Conflicts with factor 0.004 0.014 0.003 − 0.096 0.020
Father conflict resolution
13. Follow me − 0.009 − 0.051 0.050 − 0.045 0.014
14. Persuade 0.056 − 0.046 0.076 − 0.215 0.053
15. Force 0.070 − 0.024 0.051 − 0.167 0.027
16. Discuss 0.036 0.017 0.106 − 0.154 0.031
17. Let go 0.202 0.002 0.174 − 0.120 0.024

Conflicts with mother − 0.135 0.014 − 0.136 − 0.061 0.018
Mother conflict resolution
18. Follow me − 0.021 − 0.060 − 0.151 0.035 − 0.010
19. Persuade − 0.127 0.092 − 0.003 0.150 − 0.026
20. Force 0.039 0.065 − 0.132 0.108 − 0.016
21. Discuss − 0.015 0.030 0.020 0.198 − 0.032
22. Let go 0.036 0.053 − 0.047 0.175 − 0.030

Note: The coefficients are standardized solutions and the italics are significant at p < .05
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stereotype that mothers are more considerate, gentle, and warm, while fathers are more
demanding, authoritative, and controlling.

For girls at later development, positive parenting is fathers’ school participation and
mothers’ discussion about conflict or letting-conflict-go. Negative parenting includes fathers’
persuasion to accept their opinions and discuss when conflict occurs. The picture of parenting
for girls appears to be complex especially for fathers’ parenting. Fathers’ parenting can be
desirable if their parenting is peripheral participation rather than direct with girls even with oral
communication in a rational way. Mothers appear to be the right persons to talk to especially
when conflict occurs.

This finding is consistent with past research indicating that Asian parents have a
range of effective parenting strategies for promoting their offsprings’ achievements
(Hong and Ho 2005). Fathers need to monitor boys but play peripheral roles (e.g.,
school participation and rescued discussion) for girls. For boys, mothers play direct
roles (e.g., listening and persuasion); for girls, mothers need to play a rational or light-
minded role (e.g., discussion and letting-conflict-go). Since the findings of this study
may be partially explained by cultural factors, future research could use a whole
structure approach to the whole system of the family and considering differential effects
of fathers’ and mothers’ parenting strategies on adolescents’ development as a global
issue (Cabrera et al. 2000).

SES matters mostly at the start

A shred of partial evidence supporting the posited bioecological model (Fig. 1) is the
role of SES mostly at the start. There are minor positive roles of SES for boys but
one minor role of SES for girls. The results are generally consistent with past findings
that desirable SES positively relates to achievement (Eamon 2005; Martin et al. 2012;
Sylva et al. 2014).

An interesting result for boys is that culture-related SES indicators (home official
language use and parental education) predict their growth rate of MAch. The result
implies that the quality of parents’ cultural capital matters and suggests that educa-
tional practice should focus on enhancing parental cultural capital for their offsprings’
cognitive development.

Unfortunately, girls only have a slight impact from family income to stop the decreased
MAch at later adolescence. This may be due to parents’ less emphasis on girls’ mathematics
(Author 2018); only affluent families will invest in girls’ MAch growth. This speculation,
however, needs to be validated by future research.
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Appendix

Model 1.A Model 1.B

Model 2.A Model 2.B

Fig. 4 The exploratory operational models

Table 4 Fit index values for the examined models for all students

Fit indexes χ2 df p RMSEA SRMR CFI TLI
Models

Model 1.A 559.732 5 < 0.0005 0.163 0.060 0.947 0.895
Model 1.B 474.567 2 < 0.0005 0.238 0.044 0.955 0.776
Model 2.A 411.789 133 < 0.0005 0.034 0.011 0.945 0.923
Model 2.B 351.145 106 < 0.0005 0.036 0.010 0.942 0.915

χ2 Chi-square (or minimum function test) statistic, CFA confirmatory factor analysis, SEM structural equation
modeling, df degrees of freedom, RMSEA root mean square error of approximation, SRMR standardized root
mean square residual, CFI comparative fit index, TLI Tucker–Lewis index

Table 5 Path coefficients of gender on the four models in Fig. 4 (and Table 4)

Outcomes Intercept Slope Slope2

Predictors

Model 1.A − 0.143 − 0.127
Model 1.B − 0.137 − 0.014 − 0.003
Model 2.A − 0.072 − 0.188
Model 2.B − 0.075 − 0.009 − 0.006

Note: The coefficients are standardized solutions and the italics are significant at p < .05
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