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The Influence of Parental Educational Involvement in Early Childhood on 4th Grade 1 

Students’ Mathematics Achievement 2 

Abstract: 3 

Research Findings: This study employed data from the TIMSS 2015 survey to investigate 4 

whether parental educational involvement behaviour in early childhood and parental attitudes 5 

towards mathematics and science can enhance children’s mathematics achievement in the 4th 6 

grade via influencing children’s learning interests. Samples from Singapore (N=6237) and Hong 7 

Kong (N=3316), which share similar cultural backgrounds, and students demonstrating 8 

outstanding mathematical performance in TIMSS were selected to examine whether a 9 

hypothesized model fit the TIMSS data. The overall model fit was found good. As hypothesized, 10 

after controlling for gender, immigration status, and family learning resources variables, both 11 

parental involvement in learning activities and parental attitudes towards mathematics and 12 

science had positive significant effects on children’s mathematics achievement in the 4th grade. 13 

However, a variation was also discovered in terms of the influences of parental attitudes in the 14 

two samples. The significance of the findings is then discussed. 15 

Practice or Policy: The current findings shed light on the importance of parents’ attitudes on 16 

education and their involvement in their children’s mathematics activities during early childhood. 17 

Family education should be given greater attention given that it is necessary for educating family 18 

members so that they can provide full support to children. The importance of family education 19 

should be communicated thoroughly to the public, and the government should provide more 20 

support for parents to involve more in early learning activities at home. 21 

Key Words: Parental education involvement; Early childhood; Parental attitude; Academic 22 

achievement; TIMSS 2015 23 

1. Introduction 24 

Early childhood care and education provides important foundation for children’s life-long 25 
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development, health, and well-being (UNESCO, 2015). Education 2030 proposed that “By 26 

2030, ensure that all girls and boys have access to quality early childhood development, care, 27 

and pre-primary education so that they are ready for primary education” (UNESCO, 2015, p. 28 

38). Early childhood education has also received more and more attention in China in recent 29 

years (Cheng, 2009; Y.W. Li, Y. F. Li, Liu, & Lv, 2013; Li & Lv, 2013). In 2015, Chinese 30 

Ministry of Education published Guidance on Strengthening Family Education. It emphasizes 31 

the significance of improving family education for children aged 0-6 and points out that 32 

parents should enhance the understanding of basic knowledge of parenting and improve the 33 

skills in guiding their children at home (Ministry of Education of the People’s Republic of 34 

China, 2015).  35 

The Ecological and Dynamic Model of Transition Theory also illustrates the impact of 36 

the dynamic relationship network formed by the child, home, peer, and neighbourhood on a 37 

child’s transition to school over time (Rimm-Kaufman & Pianta, 2000). The theory suggests 38 

that the interaction between parents and preschool children exerts continuous influence on 39 

children’s behaviour and academic performance upon attending school later in their lives. 40 

Guided by the theory, the importance of childhood education has been addressed by many 41 

researchers, and the influences of parents’ involvement in early childhood on children’s 42 

development have been examined in numerous studies. It is widely accepted that parental 43 

involvement is a very important source of educational input (Sun, Bradley, & Akers, 2012), as it 44 

plays an important role in influencing students’ development (Englund, Luckner, Whaley, & 45 

Egeland, 2004; Starkey & Klein, 2000). Considerable evidence supports the idea that parental 46 

behavioural input in learning and parents’ attitudes towards learning could facilitate children's 47 

learning and ultimately have positive impacts on their academic achievements (Lee & Shute, 48 

2010; Sha, Schunn, Bathgate, & Beneliyahu, 2016). Previous studies have also shown that 49 

increasing student exposure to diverse learning activities during their childhood has been 50 
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linked to enhanced cognitive and sociability development (Foster, Lambert, Abbottshim, 51 

Mccarty, & Franze, 2005; Zhou et al., 2006, 2007), especially to better prepare young children 52 

for entry into elementary school (Starkey & Klein, 2000).  53 

The mechanism behind the influence of early parental involvement on students has 54 

received much attention (Pomerantz, Moorman, & Litwack, 2007; Sha et al., 2016). In 55 

response to increasing interest in this topic, students’ motivational beliefs such as interest have 56 

been proposed as having important mediating effects on the relationship between parents’ 57 

involvement and children's learning outcomes (Sha et al., 2016; Szechter & Carey, 2009). 58 

Motivational theories are based on cognitive frameworks that focus on thought, feelings, and 59 

beliefs (Hidi & Renninger, 2006; Meyer & Turner, 2002). A person’s intrinsic enjoyment or 60 

interest in doing something is one widely recognized motivational belief (Sha et al., 2016). 61 

Guided by the Motivation Theory (Schunk, Pintrich, & Meece, 2008), learning interest was 62 

examined in this study as a mechanism through which parents’ involvement facilitates 63 

children’s achievement.  64 

Most extant studies focus on influences by employing cross-sectional data (Fan & 65 

Williams, 2010; Fan, Williams, & Wolters, 2011; Lee & Shute, 2010; Sha, Schunn, & 66 

Bathgate, 2015). The present study differs from prior work in its focus on the role of parents’ 67 

early learning involvement during childhood in influencing students’ mathematics 68 

performance in the 4th grade. This is not a longitudinal study, as it uses information collected 69 

based on parents’ recall. However, it may provide insights for understanding parents’ 70 

sustained influences on their children over the long term. 71 

Through examining samples from Hong Kong and Singapore, this study also expands 72 

previous research, which primarily focused on samples from Western cultures. As 73 

multicultural societies, Hong Kong and Singapore might have benefited from the strengths of 74 

both the Eastern and Western cultures, and this may be one of the reasons their students have 75 
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performed well in international studies of mathematics achievements such as the Trends in 76 

International Mathematics and Science Study (TIMSS), ranking amongst the top four for the 77 

past 20 years (1995 to 2015). Both Hong Kong and Singapore are located in East Asia and are 78 

influenced by the culture of Confucianism (Lin, Tan, & Tsai, 2013), which strongly values 79 

education (Wong & Rao, 2015) and family ties, attaching significant importance to the 80 

upbringing of children. Unlike other societies in East and Southeast Asia (such as South Korea 81 

and Malaysia), Hong Kong and Singapore are also influenced by Western culture (Ip et al., 82 

2016; Li & Rao, 2000), but the degree of cultural influence differs. Specifically, Hong Kong's 83 

population is dominated by people of Chinese ethnicity, who still adhere to many traditional 84 

Chinese concepts and are less influenced by Western culture, compared to the population in 85 

Singapore. On the other hand, Western parents give their children less control than Eastern 86 

parents (Ip et al., 2016). Subjected to individualistic values and early expectations of 87 

autonomy, Western children emphasize autonomy and independence more than children who 88 

are influenced by traditional Confucian culture (Ngai et al., 2018). Given their outstanding 89 

mathematical achievements in TIMSS and their unique but non-identical cultural 90 

backgrounds, especially the importance the parent and family attach to the education of the 91 

child (Leung, 1998), we chose Hong Kong and Singapore to investigate how parental 92 

educational involvement in the early childhood influences the mathematics achievement of 93 

children when they reach the 4th grade and whether parents’ involvements in the two places 94 

exerts different influence on children.  95 

In summary, the current study examines the relationships among parental activities, 96 

parental attitudes, students’ learning interests, and students’ mathematics achievement. As our 97 

focus is on parental involvement in early childhood, parental activities refer to parental 98 

involvement in family activities (such as playing numbers games, building blocks, or 99 

construction toys) and extracurricular activities (such as visiting a science and technology 100 
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museum, aquarium, or botanical garden). After controlling for gender, immigration status, and 101 

family learning resources, variables that have been widely found to have an impact on student 102 

academic performance (Englund et al., 2004; Jacobs, Davis-Kean, Bleeker, Eccles, & 103 

Malanchuk, 2005; Lau & Cheng, 2016; Starkey & Klein, 2000), we aim to answer the 104 

following research questions:  105 

(1) Does parental educational involvement in early childhood have a significant positive 106 

effect on students’ mathematics achievement in the 4th grade?  107 

(2) What is the relationship between parents’ activities and their attitudes towards 108 

mathematics and science? 109 

(3) Is students’ interest a significant mediating variable in the above relationships?  110 

(4) Are there any significant differences in pattern, direction, and relative size of the 111 

relationships between Singapore and Hong Kong?  112 

2. Theoretical Background 113 

2.1 Parental Involvement 114 

Parental involvement is considered a very important part of educational input (Sun et al., 115 

2012). It refers to parents' participation in the education of their children in order to improve 116 

their academic and social achievements (Vukovic, Roberts, & Wright, 2013). Parental 117 

involvement has been defined in various ways. Some researchers explained it from the 118 

perspective of behavioural input and identified three different types of behaviours (Fan & 119 

Williams, 2010; Fishel & Ramirez, 2005; Grolnick & Slowiaczek, 1994; Vukovic et al., 2013). 120 

First, parents' participation in and support for school activities have been studied (Grolnick & 121 

Slowiaczek, 1994; Izzo, Weissberg, Kasprow, & Fendrich, 1999; Miedel & Reynolds, 1999; 122 

Rafiq, Fatima, Sohail, Saleem, & Khan, 2013; Schuepbach, 2014; Sha et al., 2016; Siegel, 123 

Esterly, Callanan, Wright, & Navarro, 2007). For example, parents attend school-related 124 

activities or school meetings and help children in arranging learning activities according to 125 
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their performance in school. Second, communication with children about school-related 126 

matters have been studied (Christenson, Rounds, & Gorney, 1992; Keith, Reimers, Fehrmann, 127 

Pottebaum, & Aubey, 1986; Walberg, 1986) and discussion with teachers to understand their 128 

children's situations at school (Deslandes, Royer, Turcotte, & Bertrand, 1997; Epstein, 1991; 129 

Grolnick & Slowiaczek, 1994). Third, parents' supervision and management of family 130 

activities and out-of-school activities are considered (Keith et al., 1993; Keith et al., 1986; 131 

Marjoribanks, 1983). For example, parents participate in their children's practical activities, 132 

taking their children to the library and museum and providing learning materials (such as 133 

books) to help their children to learn. Most of these family activities are designed to 134 

complement the learning activities in school (Rafiq et al., 2013; Schuepbach, 2014; Sha et al., 135 

2016; Shumow & Miller, 2001; Siegel et al., 2007; Singh et al., 1995; Sui-Chu & Willms, 136 

1996). 137 

In addition to the perspective of behavioural input, parents’ attitudes towards children’s 138 

education are also widely recognized as a key component of parental involvement. Attitudes, 139 

as an external expression of emotion, reflect people’s values, expectations, and feelings 140 

towards things (Freedman, 1997; L. Zhang & X. Zhang, 2003). Jeynes (2010) suggests that 141 

parents’ attitudes toward education are very important, since parents will transfer these 142 

feelings to children through interactions with them in school and family activities (Grolnick & 143 

Slowiaczek, 1994; Sha et al., 2015). According to Grolnick and Slowiaczek, parent’s attitudes 144 

about learning consist of two perspectives, including their cognitive judgement about learning, 145 

such as their values and expectations (Grolnick & Slowiaczek, 1994), and their emotional or 146 

affective perceptions about learning (Grolnick & Slowiaczek, 1994; Jeynes, 2010; Sha et al., 147 

2015; Yan & Lin, 2005). For example, Bloom (1980) points out that parents' expectations of 148 

children’s academic achievement should be considered part of parental participation. Vukovic 149 

et al. (2013) also emphasize parental expectations and aspirations for their children and their 150 
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encouragement in learning mathematics.  151 

The construct of parental involvement in the current study is defined by the above 152 

definitions and further narrowed down since we will only examine parents’ involvement in 153 

early childhood. At this stage, children have not yet received any formal mathematics 154 

education from school, as such, in the behaviour dimension, we particularly targeted at 155 

parents’ interaction with children through mathematics related game-playing activities (e.g., 156 

telling mathematics stories, playing with building blocks, etc.). These games have been 157 

discovered to be helpful in improving children’s mathematics competencies (Zhou et al., 158 

2006). Second, we used the construct of parents’ attitudes towards mathematics and science as 159 

a more general and integrated indicator of their perceptions of students’ mathematics and 160 

science learning, including parents' cognitive judgement on the value of mathematics and 161 

science in their children's daily lives and future development. 162 

2.2 Theoretical framework & hypothesized model for the current study 163 

Bandura’s social learning theory emphasizes the interaction among environment, 164 

cognition, and behaviour in the process of social learning (Bandura, 1977). It also focuses on 165 

the important role of “self” in the learning process (Bandura, 1978). Therefore, the influence 166 

of environmental factors on students’ behaviour could be mediated by students’ self-cognition 167 

and self-regulation (Bandura, 1993). Correspondingly, the family environment created by 168 

parents through their language, behaviour, and attitudes will have an impact on students’ 169 

external behaviour directly and indirectly through children’s internal cognition. Therefore, the 170 

initial hypothesized mechanism of parents’ early educational involvement and students’ later 171 

academic achievement is illustrated in Figure 1. 172 
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 173 

Figure 1: Hypothesized model of the influence of early parental educational involvement on 174 

children’s later academic achievement. 175 

Based on the above literature review, parental involvement in activities and parental 176 

attitudes towards mathematics and science were used as two important indicators of parental 177 

educational involvement. Students’ interest in learning mathematics, as a very important 178 

motivational belief (Hidi & Renninger, 2006; Renninger & Hidi, 2011), was used as the 179 

indicator of inner cognition and modelled as a mediating variable. In addition, gender, 180 

immigration, and family socioeconomic status may have different effects on students’ 181 

academic performance (Jacobs et al., 2005; Starkey & Klein, 2000), so these three variables 182 

were used as controlled variables in this study. The hypothesis of the theoretical model for this 183 

study is shown in Figure 2. In this inquiry model, when parents show positive attitudes 184 

towards mathematics and science, they tend to be more involved in their children’s learning in 185 

early childhood, so that the children become more interested in learning mathematics, thereby 186 

enhancing their mathematics achievement.  187 

 188 
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 189 

Figure 2: Hypothesized model of the influence of early parental educational involvement on 190 

children’s later mathematics achievement. 191 

2.3 Influence of parental involvement on students’ academic performance  192 

2.3.1 Rationale of the direct path from parental involvement to students’ 193 

achievement in the hypothesized model 194 

Numerous studies have shown that parental involvement, including their behaviour 195 

participants and attitudes, have a positive impact on student achievement (Johnson, 2016; Lee 196 

& Shute, 2010; Seginer, 2006). For example, Blevins-knabe, Austin, Musun, Eddy and Jones 197 

(2000) and Zhou et al. (2006) find that parental involvement in mathematics-related 198 

extracurricular activities, such as counting, playing with building blocks, and talking about the 199 

sequence of events in their daily lives, show positive influences on students' mathematics 200 

achievements. Holmes (2011) and the National Research Council (2009) point out that 201 

students visiting a science and technology museum, aquarium, botanical garden, or 202 

planetarium with parents, and both parties carrying out related discussions at home, have a 203 

positive effect on students’ science achievements. The findings based on the above studies 204 

supported the path from parental involvement behaviour to students’ achievement in the 205 

hypothesized model presented in Figure 2 (path 𝑏1). 206 
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The importance of parents’ attitudes towards mathematics and science on their children’s 207 

mathematics and science achievements has also been highlighted in some empirical studies 208 

(Gunderson, Ramirez, Levine, & Beilock, 2012; Sun et al., 2012; Szechter & Carey, 2009;  209 

Perera, 2014). Perera (2014) examined 2006 PISA data from 15 countries and discovered that 210 

parents’ attitudes towards science had a significant positive effect on their children’s science 211 

achievement even after controlling for other important student- and school-level variables 212 

such as SES, self-efficacy, and quantity of instruction. These studies provided evidence to 213 

support a direct path between parents’ attitudes towards mathematics and science and students’ 214 

mathematics achievement (Path b2 in Figure 2).  215 

2.3.2 Rationale of the indirect path from parental involvement via interest to 216 

students’ achievement in the hypothesized model 217 

In addition to investigating the direct relationship between parents’ involvement and 218 

students’ academic performance, an important research question concerning the mechanism 219 

behind such a relationship has been raised by many researchers (Pomerantz et al., 2007; Sha et 220 

al., 2015). Many researchers have defined interest as a motivational variable (Hidi & 221 

Renninger, 2006; Renninger & Hidi, 2011; Sha et al., 2016) that plays a mediating role 222 

between parents’ behaviours and attitudes and students’ external academic performance 223 

(Pomerantz et al., 2007; Sha et al., 2016). For instance, Hidi and Renninger (2006) point out 224 

that interest refers to “the psychological state of engaging or the predisposition to reengage 225 

with particular classes of objects, events, or ideas over time”. Many studies have shown that 226 

there is a significant positive correlation between parental behaviour participation and 227 

students’ learning interests (Cannon & Ginsburg, 2008; Crowley, Callanan, Tenenbaum, & 228 

Allen, 2001; Jacobs et al., 2005). Moreover, when students are interested in a subject, they are 229 

more likely to participate in related activities, learn corresponding knowledge, and succeed 230 

(M. Ainley & J. Ainley, 2011; Alexander, Johnson, & Kelley, 2012; Markowitz, 2004; Sha et 231 
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al., 2016; Simpkins, Daviskean, & Eccles, 2006). In addition, some empirical studies have 232 

demonstrated that students' interest in mathematics and science can be a mediator between 233 

parental involvement and mathematic as well as scientific achievements. For example, Zhou et 234 

al. (2006, 2007) investigated the effects of mathematics related activities on children’s 235 

mathematics learning with a sample of 85 four-year-old Shanghai children and their parents. 236 

They revealed that the frequency and quality of parent-child joint activities at home positively 237 

affected their children's development in mathematics, possibly through influencing students’ 238 

interest in mathematics activities. Sha et al. (2015) explored the relationship between family 239 

support and the science achievements of 5th and 6th grade children. They found that children 240 

who perceived family support for learning, such as taking them to places where they could 241 

learn new things, could influence children’s interest, which, in turn, could influence their 242 

preferences and engagement in science learning. These studies illustrated the possible indirect 243 

path by which parental involvement behaviour influences students’ achievement through the 244 

mediation of interest in the hypothesis model presented in Figure 2 (path 𝑐1*d). 245 

In addition, some researchers suggested that there was a significant positive correlation 246 

between parental attitude and students’ achievement through influencing students' learning 247 

attitudes. For example, Soni and Kumari (2015) revealed a positive relationship between 248 

parental attitudes towards mathematics and children’s mathematic achievement and pointed 249 

out a mediating variable in such a relationship, namely, children’s attitudes towards 250 

mathematics. They suggested that when children felt that their parents considered mathematics 251 

important, they were more likely to think that mathematics was important, and this would in 252 

turn generate intrinsic motivations and interests in mathematics (Soni & Kumari, 2015, 2017). 253 

In addition, parental attitudes regarding their child’s education are helpful in promoting 254 

students’ intrinsic motivation, which then could improve academic performance (Fan et al., 255 

2011; Georgiou & Tourva, 2007). Jacobs et al. (2005) pointed out that when parents provide 256 
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positive messages about their values related to science and mathematics, children develop 257 

their own interest in those subjects too, thus enhancing their learning engagement. Based on 258 

these studies, in the hypothesis model of Figure 2, the path of parental attitudes towards 259 

mathematics and science affects students’ academic performance through affecting interest was 260 

added (path 𝑐2*d). 261 

2.3.3 Rationale of the direct path from parental attitudes towards mathematics and 262 

science to their involvement behaviour in the hypothesized model 263 

Summarizing existing research, Sun et al. (2012) proposed another mediating variable 264 

between parents' attitudes towards learning and children's academic performance: parents’ 265 

behavioural involvement. As revealed in previous research, the more positive parents’ 266 

attitudes towards mathematics and science are, the more time they are willing to spend with 267 

their children in mathematics- and science-related learning activities (Cannon & Ginsburg, 268 

2008; Szechter & Carey, 2009). Tare, French, Frazier, Diamond, and Evans (2011) observed 269 

the dialogue between 16 children who were approximately 10 years old and their parents when 270 

visiting museums. The results showed that parents’ attitudes towards science could affect the 271 

length of time they spent visiting museums and the number of times they explained relevant 272 

scientific knowledge to their children. Gunderson et al. (2012) found that parents' attitudes 273 

towards mathematics affected children’s mathematics performance by influencing the 274 

arrangement of extracurricular learning activities for children. Szechter and Carey’s research 275 

(2009) also found that parents’ attitudes towards science and scientists were positively related 276 

to the frequency of visits to science museums by parents and children. These studies indicated 277 

a possible path between parents’ attitudes towards mathematics and science and their 278 

involvement in the hypothesis model in Figure 2 (path a).   279 
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2.4 Influence of control variables (gender, immigration, family learning resources) 280 

on students’ academic performance 281 

Family socioeconomic status (SES) has been found to have influential effects on 282 

students’ academic performance (Foster et al., 2005; Perera, 2014), for example, on 283 

mathematics achievement (Starkey & Klein, 2000). Based on Duncan’s Socioeconomic Index, 284 

as one of the most frequently used measure of socioeconomic status, SES is typically assessed 285 

by family income and the level of parental education or occupation (Duncan, 1961; Foster et 286 

al., 2005). Family income usually is indicated by reporting on household finances, such as 287 

housing situation, book holdings, and electronics ownership (Currie, Elton, Todd, & Platt, 288 

1997). Researchers argued that low SES families might provide fewer mathematics-related 289 

activities before students entering school (Hickman, Greenwood, & Miller, 1995), while high 290 

SES families with better educated parents are more willing to spend time in their children’s 291 

learning (Fantuzzo, Tighe, & Childs, 2000). Thus, the influence of SES, which named as 292 

family learning resources in TIMSS reports, was controlled as a confounding variable in this 293 

study. 294 

The second controlled variable was gender. The effects of gender differences on 295 

academic achievement have also been widely acknowledged (Georgiou & Tourva, 2007; 296 

Jacobs et al., 2005; Tenenbaum & Leaper, 2003). It is generally acknowledged that boys’ 297 

mathematics scores are higher than girls’ (Jacobs et al., 2005; Tiedemann, 2000). Moreover, 298 

parents’ gender stereotypes might lead to different levels of educational involvement between 299 

boys and girls, influence their children’s perceptions of their own mathematical ability, and 300 

lead to differences in mathematical performance (Gunderson et al., 2012).  301 

The third variable of concern was immigration. Pong and Tsang (2010) found that 302 

mainland Chinese immigrant students in Hong Kong’s junior secondary schools attained 303 

higher achievement gains than native students in most subjects. Moreover, there might be 304 
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significant differences in academic achievement among local students, first-generation 305 

immigrants, and second-generation immigrants (Kong & Zhu, 2019; Mitchell, 2005). 306 

Therefore, students’ immigration level was considered as a control variable.  307 

3. Methods 308 

3.1 Data Source 309 

TIMSS was first conducted by the International Association for the Evaluation of 310 

Educational Achievement (IEA) in 1995. It is a widely recognized, large-scale assessment that 311 

is valued internationally. Every four years, a round of assessment is carried out to investigate 312 

students’ mastery of mathematics and science in grades 4 and 8. The data from the TIMSS 313 

2015 survey was utilized in the current study. In addition to the student survey, parents were 314 

also asked to fill out a family questionnaire in which they were asked to recall their parenting 315 

behaviours and attitudes during the students’ childhood. 316 

The sample sizes in Singapore and Hong Kong for TIMSS 2015 were 6517 and 3600, 317 

respectively. Prior to the final analysis, data screening was conducted to identify the outliers 318 

and cases with a high percentage of missing values (>10%). After screening, the final sample 319 

sizes in Singapore and Hong Kong were 6237 and 3316, respectively. Students’ demographic 320 

information, including gender, immigration status, family learning resources, and school-level 321 

family learning resources (see explanation in section 3.2.3 below), were included in the model 322 

as control variables, since they are generally accepted as most closely related to achievements 323 

(Ip et al. 2016; C. O. Okpala, A. O. Okpala, & Smith, 2001; Starkey & Klein, 2000). Basic 324 

demographic information about the samples is shown in Table 1. 325 

Table 1: Demographic information for Singapore and Hong Kong in TIMSS 2015. 326 

 
 Gender Immigration Status 

 Category Male Female 
1st generation 

immigrants 

2nd generation 

immigrants 
Indigenous 

Singapore Number 3158 3079 885 565 4787 
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Percentage (%) 50.6 49.4 14.2 9.1 76.8 

Hong Kong 
Number 1806 1510 149 768 2399 

Percentage (%) 54.5 45.5 4.5 23.2 72.3 

 327 

3.2 Measures 328 

3.2.1 Predictive variables  329 

Parental activities: This indicator included mathematics-related games between parents 330 

and their children at home (for example, “Play games involving shapes”; “Play with number 331 

toys”; “Count different things”). The frequency of playing these various mathematical 332 

activities at home during childhood was reported by students’ parents and measured using 333 

seven items. For each activity, three choices were designed to indicate the participation 334 

frequency: “1” was “never or almost never”, “2” was “sometimes”, and “3” was “often” 335 

(Mullis, Martin, Foy, & Arora, 2016). Cronbach’s alpha reliability coefficients of Parental 336 

Activities Scale for Singapore and Hong Kong were 0.85 and 0.83, respectively. According to 337 

the confirmatory factor analysis, the factor loadings of the Singapore samples ranged from 338 

0.510 to 0.769, and those of the Hong Kong samples ranged from 0.429 to 0.738, which 339 

indicated high construct validity. The item parameters and model information were shown in 340 

Appendix 1. 341 

Parental attitudes towards mathematics and science: This construct included parents’ 342 

cognitive judgement about the importance of mathematics and science, including parents' 343 

recognition of their potential influences on children's future development (for example, “My 344 

child needs mathematics to get ahead in the world”) and parents’ recognition of the value of 345 

mathematics and science (for example, “Mathematics is applicable to real life”). It was 346 

measured with eight Likert-scaled items. Parents were asked to indicate their level of 347 

agreement using a four-point Likert scale from “1” (disagree a lot) to “4” (agree a lot) (Mullis 348 

et al., 2016). Cronbach’s alpha reliability coefficients of Singapore and Hong Kong on the 349 
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scale of parents’ attitudes towards mathematics and science were 0.86 and 0.83, respectively. 350 

According to the confirmatory factor analysis, all of the factor loadings of the Singapore 351 

sample ranged from 0.594 to 0.683, and those of the Hong Kong sample ranged from 0.545 to 352 

0.667, which indicated high construct validity. The item parameters and model information 353 

were shown in Appendix 2. 354 

Learning interest in mathematics. The key variable that serves as the mediating 355 

variable in the hypothesized model is students’ learning interests in mathematics, which 356 

measures the level of students’ affective feeling for mathematics. In TIMSS 2015, nine items 357 

(for example, “I enjoy learning mathematics”, “I like any schoolwork that involves numbers”) 358 

with a four-point Likert scale were used (1=disagree a lot, 4=agree a lot) (Mullis et al., 2016). 359 

Cronbach’s alpha reliability coefficients for Singapore and Hong Kong for the scale of 360 

learning interest in mathematics indicated high reliability, with coefficients of 0.93 and 0.94, 361 

respectively. According to the principal component analysis, all of the component loadings of 362 

the Singapore sample ranged from 0.72 to 0.89 and those of the Hong Kong sample ranged 363 

from 0.65 to 0.91, indicating high construct validity (Martin, Mullis, & Hooper, 2016) . 364 

3.2.2 Outcome variable 365 

Mathematics achievement in the 4
th grade. In total, 171 items distributed in 14 366 

booklets were used to assess students’ mathematics proficiency. Each item was designed to 367 

measure students’ proficiency on two different dimensions: content and cognition. The content 368 

dimension referred to the subject knowledge to be assessed, which had three domains: 369 

number, geometric shapes and measures, and data display. The percentages of items for the 370 

three content domains were 50%, 35%, and 15%. The cognition dimension aimed to measure 371 

students’ thinking processes, which also had three domains: knowing, applying, and 372 

reasoning. The percentages of items for the three cognition domains were 40%, 40%, and 20% 373 

(Mullis & Martin, 2013, p.11-27). The Item Response Theory (IRT) model was used to 374 
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calculate the mathematics achievement scores of students, using 500 points as the mean and 375 

100 points as the standard deviation (Martin et al., 2016). 376 

3.2.3 Control variables 377 

Gender. According to the students’ answers, 1 indicates girl and 2 indicates boy. 378 

Immigrant was created based on parents’ responses to their own and their child’s 379 

birthplaces. It can be divided into three categories: 1 indicates indigenous people, indicating 380 

that at least one parent is a native; 2 indicates second-generation immigrants, meaning that 381 

both parents are immigrants, but the child was born in the local area; 3 signals first generation 382 

immigrants, meaning that neither parents nor children were born locally. 383 

Family learning resources reflected the level of material support that parents provided 384 

as learning resources. This variable consists of 5 items: number of books in the home (from 385 

the parent questionnaire), number of books in the home (student questionnaire), amount of 386 

home study support, highest level of education of either parent, and the highest level of 387 

occupation of either parent. Based on students’ responses to the 2nd and 3rd questions and 388 

parents’ responses to the other questions, an index called Home Resources for Learning was 389 

created and reported in the TIMSS report in order to measure the socioeconomic status of 390 

parents (Mullis & Martin, 2013, p.61-83; Mullis et al., 2016). Cronbach’s alpha reliability 391 

coefficients for Singapore and Hong Kong were 0.68 and 0.76, respectively. All of the 392 

component loadings from the principal components analysis for Singapore ranged from 0.33 393 

to 0.78, and those for Hong Kong ranged from 0.29 to 0.82, indicating acceptable reliability 394 

and validity (Martin et al., 2016). 395 

School-level family learning resources. It should be pointed out that TIMSS data were 396 

structured hierarchically with students nested within schools, resulting in a two-level hierarchy 397 

of measurement. Specifically, all the students in one school would be considered to be 398 

influenced by similar family backgrounds. Therefore, the level of family learning resources 399 
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was also aggregated at the school level, which could serve as a school-level control variable. 400 

Intra Class Coefficient (ICC) measures the percentage of between-school variation among the 401 

total variation. As shown in Table 2, all the ICCs were above 20%, which justified the need to 402 

consider the school-level control variable (Muñoz & Chang, 2007). 403 

Table 2: The ICC of students’ mathematics achievement 404 

 Singapore Hong Kong 

Residual (student) 5622.928*** 2947.131*** 

Residual (school) 1658.431*** 1314.828*** 

ICC (school) 22.78% 30.85% 

*** means p<0.001.
 405 

3.3 Data Analyses 406 

Structure equation modelling (SEM) was selected as an analysis tool for its ability to deal 407 

with complex relationships among different variables and control for the measurement error. 408 

Given the nested data structure, a two-level SEM was used to examine whether the 409 

hypothesized model fits the data, with the student variables at the first level and school 410 

attributes at the second level. First, separate SEM for Singapore and Hong Kong were 411 

established to explore the relationships among the variables. In each model, direct paths 412 

shown as a, 𝑏1, 𝑏2, 𝑐1, 𝑐2, and d, as well as two chained mediating paths, 𝑐1*d and 𝑐2*d, were 413 

tested (see Figure 2). Second, to identify the effect size of the mediating effects, the Sobel 414 

method in Mplus was used, and the coverage of the indirect effects over the total effects was 415 

calculated. Third, the corresponding paths for each of the two samples were also compared to 416 

investigate the variations across Hong Kong and Singapore. To compare whether the impact of 417 

this path is significant between Hong Kong and Singapore, we compared the two models by 418 

adding restrictions between paths one by one while holding the two measurement models 419 

identical.  420 

The overall model fit was evaluated based on the following indices: the root mean square 421 
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error of approximation (RMSEA) should be below 0.08; the tucker-lewis index (TLI) and 422 

comparative fit index (CFI) were suggested to be greater than 0.90 (Schermelleh-Engel, 423 

Moosbrugger, & Müller, 2003); all the loading values of the items on the latent factors should 424 

be over 0.4. As for the outcome variables, IEA reported 5 plausible values. To explain the 425 

measurement errors for these plausible values, we put the five plausible values into the model 426 

as result variables separately and analyzed the mean values of the results obtained five times.  427 

4. Results and analysis 428 

Descriptive statistics for the variables and correlations among the variables in Singapore 429 

and Hong Kong were shown in Table 3 and Table 4. All variables were found to have positive 430 

and significant relationships with each other for both samples, which allowed for further 431 

analysis.  432 

Table 3: Descriptive statistics and correlation analysis of variables in Singapore (n=6237). 433 

 M SD 1 2 3 

1. Parental_attitude 10.73 1.89 1   

2. Parental_activities 9.93 2.11 0.159*** 1  

3. Children’s interest  9.63 1.76 0.086*** 0.064*** 1 

4. Family learning resources 10.72 1.59 0.106*** 0.270*** 0.058*** 

 Table 4: Descriptive statistics and correlation analysis of variables in Hong Kong (n=3316). 434 

 M SD 1 2 3 

1. Parental_attitude 9.65 1.88 1   

2. Parental_activities 9.38 1.83 0.129*** 1  

3. Children’s interest  9.52 1.87 0.048*** 0.082*** 1 

4. Family learning resources 10.26 1.85 0.096*** 0.261*** 0.011*** 

 435 

4.1 The mediating model 436 

Since two dimensions of parental involvement were examined, this study further explored 437 

the relationship between parental attitudes and parental learning activities involvement, as well 438 
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as the direct impact of these two dimensions on students' mathematics achievement. In each 439 

model, five paths were tested:  440 

1. The direct path connecting parental_activities and their children’s mathematics 441 

achievement (b1 in Figure 2); 442 

2. The direct path connecting parental_attitude and their children’s mathematics 443 

achievement (b2 in Figure 2); 444 

3. The direct path connecting parental_attitude and parental_activities (a in Figure 2); 445 

4. The chained mediating path from parental_activities to children’s interest and then to 446 

children’s mathematics achievement (c1*d in Figure 2); 447 

5. The chained mediating path from parental_attitude to children’s interest and then to 448 

children’s mathematics achievement (c2*d in Figure 2). 449 

The multi mediating model fit indices for Singapore were 2/df=10.398, RMSEA=0.039, 450 

CFI=0.953, TLI=0.947. The multi mediating model fit indices for Hong Kong were 451 

2/df=6.262, RMSEA=0.040, CFI=0.949, TLI=0.943. All factor loadings were above 0.4. 452 

Since the chi-squared statistic is very often significant in large samples (Wheaton, Muthen, 453 

Alwin, & Summers, 1977), some researchers have proposed that the chi-squared statistic is not 454 

a good fitting index when the sample size is large, and other statistics should be considered to 455 

examine the goodness of fit (Wen, Hau, & Herbert, 2004). In the present study, although the 456 

values of χ2/df in both the Hong Kong and Singapore samples exceeded 5, other model fitting 457 

indices such as CFI, TLI, RMSEA, and factor loadings showed good fit (Hooper, Coughlan, & 458 

Mullen, 2008).  459 

Since the path between parental attitudes towards mathematics and science and students’ 460 

learning interests was found to be different in the two samples, we tested the structure 461 

equivalence of two models. By holding the measurement model consistent, the model with all 462 

six paths constrained to be equal was compared to one with all paths set free (Null model). 463 



 

21 
 

These two models were significantly different from each other (χ2=13.052, df=6, p<0.05). 464 

So we freed the path between parental attitudes towards mathematics and science and students’ 465 

learning interests among two models and discovered that the new model and the null were not 466 

significantly different (χ2=10.828, df=5, p>0.05). Therefore, this is the only path found to 467 

be different between the two samples. 468 

Table 5: Result of Model equivalence tests 469 

 Delta χ2 Delta df CFI TLI RMSEA 

Model with 5 paths restricted Vs. Null model 10.828 5 0.924 0.921 0.046 

Model with 6 paths restricted Vs. Null model 13.052 6 0.924 0.921 0.046 

Note: Delta χ2=10.828，Delta df=5，cutoff score: 11.07 470 

          Delta χ2=13.052，Delta df=6，cutoff score: 12.59 471 

 472 

 473 

Figure 3: The model of the relationships among parental_activities, parental_attitude, students’ 474 

interests, and students’ mathematics achievement in Singapore. 2/df=9.622, RMSEA= 0.037, 475 

CFI=0.953, TLI= 0.947. 476 
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477 

Figure 4: The model of the relationships among parental_activities, parental_ attitude, 478 

students’ interests, and students’ mathematics achievement in Hong Kong. 2/df=6.213, 479 

RMSEA= 0.040, CFI=0.949, TLI= 0.943. 480 

4.1.1 The direct influence of parental involvement on students’ 4th grade 481 

mathematics achievement (the paths 1&2&3) 482 

As shown in Figures 3 and 4, similar patterns of inter-relationships among the variables 483 

could be observed in both Hong Kong and Singapore. As hypothesized, when controlling for 484 

gender, immigrant status, and family learning resources, the path directly connecting parents’ 485 

involvement in early mathematics learning activities and students’ mathematics achievement 486 

was significantly positive, indicating that the mathematics games in childhood contribute to 487 

students’ later mathematics achievements in the 4th grade. Additionally, as predicted, the direct 488 

path between parents’ attitudes and student achievement was found to be positive and 489 

significant in both samples. It can be inferred that if parents value mathematics highly, then 490 

their children tend to show better performance in mathematics. In addition, the results also 491 
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show that parents’ attitudes were significantly and positively related to their involvement in 492 

mathematics-related learning activities, indicating that if parents regard mathematics as an 493 

important subject for their children, then the parents tend to spend more time on mathematics 494 

learning activities with their children.  495 

4.1.2 The mediating roles of learning interest (the paths 4&5) 496 

In addition to the above direct associations, the mediating role of learning interest was 497 

explored for both samples in the SEM models. Consistent findings were also revealed for both 498 

samples, except for the relationship between parental attitude and students’ learning interests. 499 

In the model for Singapore, both parents’ involvement in early mathematics learning activities 500 

(β=0.049, p<0.001) and parents’ attitudes (β=0.082, p<0.001) had significant positive 501 

predictive effects on children’s interests in mathematics. However, for Hong Kong, only 502 

parents’ involvement in early mathematics learning activities showed significant positive 503 

influences on students’ learning interests (β=0.082, p<0.001). Although the path connecting 504 

parental attitudes and interest for Hong Kong was also positive, it was not statistically 505 

significant (β=0.028, p=0.147). It could be concluded that, if parents from the Singapore 506 

sample recognized the importance of learning mathematics, they could successfully 507 

communicate this to their children. Thus, their children are more likely to show greater interest 508 

in learning mathematics. However, such a relationship was not observed for the Hong Kong 509 

parents. 510 

As a result, the chained mediating effect between both dimensions of parental education 511 

involvement and student achievement in the 4th grade via connections through interest was 512 

found to be significant for the Singapore sample. On the contrary , only one chained effect 513 

(from parental involvement in learning activities to student achievement) was observed to be 514 

significant in the Hong Kong sample (effect size=0.009, p<0.05) given that the path 515 

connecting parents’ attitudes and students’ learning interests was not significant (effect 516 
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size=0.007, p=0.143). In addition, the indirect effect of parental attitudes towards mathematics 517 

and science on children’s mathematics performance by influencing parental involvement in 518 

early mathematics learning activities and then improving students’ interests was significant in 519 

both Singapore (β=0.002, p<0.01) and Hong Kong (β=0.003, p<0.001). The models for 520 

Singapore and Hong Kong are shown in Figures 3 and 4, respectively, and the coverage of the 521 

indirect effects over the total effects is presented in Tables 6 and 7, respectively.  522 

Table 6: The mediating chain analysis of the relationship between parental attitudes and 523 

students’ mathematics achievement in Singapore. 524 

 
Effect size P Coverage 

Indirect effect 0.024 <0.001 31.17% 

c2*d  0.017 <0.001 22.08% 

a*b1 0.005 0.054 6.49% 

a*c1*d 0.002 0.001 2.60% 

Direct effect 0.053 <0.001 68.83% 

Total effect 0.077  100% 

 525 
Table 7: The mediating chain analysis of the relationship between parental attitudes and 526 

students’ mathematics achievement in Hong Kong. 527 

 
Effect size p Coverage 

Indirect effect 0.019 0.001 18.45% 

c2*d 0.007 0.143 6.80% 

a*b1 0.009 0.006 8.74% 

a*c1*d 0.003 <0.001 2.91% 

Direct effect 0.084 <0.001 81.55% 

Total effect 0.103  100% 

4.2 Gender differences of parental involvement between Singapore and Hong Kong 528 

The gender differences in terms of parental involvement in learning activities and their 529 

attitudes for Hong Kong and Singapore were also examined. The TIMSS & PIRLS 530 
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International Study Center used IRT partial credit scaling to place the questionnaire data from 531 

student responses on a scale with a mean of 10 and a standard deviation of 2 across all TIMSS 532 

countries (Martin et al., 2016). We compared the IRT synthetic scores of the variables 533 

officially reported by IEA (the International Association for the Evaluation of Educational 534 

Achievement). As shown in Table 8, in Hong Kong, the parents of boys were involved in their 535 

children's early mathematical activities significantly more frequently than the parents of girls 536 

(parents of girls M=9.22, parents of boys M=9.51, t=-4.63, p<0.001). Parents of boys also 537 

showed more positive attitudes than parents of girls (parents of girls M=9.57, parents of boys 538 

M=9.71, t=-2.26, p<0.05). However, in Singapore, neither of these differences was found. 539 

    Table 8: Independent sample t-test for Parental_activities and Parental_attitude in 540 

Singapore and Hong Kong. 541 

 

Female 

students 

Male 

students 

Independent sample 

test 

95% 

Confidence 

Interval 

M SD M SD T p Cohen’s lower Upper 

Parental _ 

activities 
SGP 10.72 1.86 10.74 1.92 -.490 0.624 -0.011 -0.117 0.070 

HK 9.22 1.86 9.51 1.79 -4.63 <0.001 -0.159 -0.411 -0.182 

Parental_ 

attitude 
SGP 9.92 2.12 9.95 2.10 -.527 0.598 -0.014 -0.133 0.077 

HK 9.57 1.89 9.71 1.85 -2.26 0.024 -0.075 -0.285 -0.011 

 542 

5. Discussion  543 

This study examined the associations between parents’ education involvement in 544 

children’s early childhood and students’ mathematics achievement in the 4th grade as well as 545 

the psychological mechanism behind this relationship using TIMSS 2015 data from Hong 546 

Kong and Singapore. As hypothesized, the current research reveals that parents’ involvement 547 

in early childhood could positively influence children’s achievement in the 4th grade by 548 

impacting on their learning interests. Several important highlights of the findings are discussed 549 
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below. 550 

5.1 The effect of early parental education involvement on children's later 551 

mathematics achievement 552 

The most important and interesting finding worthy of addressing is the sustained 553 

influence of parents’ education involvement in early childhood, both emotionally and 554 

behaviourally, on students’ mathematics achievement when they progressed to the 4th grade. 555 

Mathematics-related learning activities, such as singing digital songs, playing graphic games, 556 

and playing with building blocks, could help children develop their mathematical thinking 557 

capabilities. In addition, these simple activities may successfully arouse children’s interests in 558 

learning mathematics, thus positively predicting mathematics performance in the 4th grade. 559 

Such a conclusion about the effects of mathematics activities is aligned with findings from 560 

some cross-sectional studies (Starkey & Klein, 2000; Zhou et al., 2006). The results in terms 561 

of the relationship between parents’ attitudes towards mathematics and their children’s 562 

mathematics achievement are also consistent with the findings in previous studies (Der-563 

Karabetian, 2004; Soni & Kumari, 2015). In addition, the mediating role of interest (Cannon 564 

& Ginsburg, 2008; Jacobs et al., 2005) revealed in previous cross-sectional studies was 565 

verified in this study from a quasi-longitudinal perspective. Similar conclusions have also 566 

been found in past research. Sha et al. (2016) found that 5th and 6th grade students' perceived 567 

parental support affected their scientific engagement and achievements six months later 568 

through influencing their interests and self-efficacy in science. 569 

As advocated by the National Association for the Education of Young Children and 570 

National Council of Teachers of Mathematics (2002), “high-quality, challenging, and 571 

accessible mathematics education for 3-6-year-old children is a vital foundation for future 572 

mathematics learning”. According to the learning theory of constructivism (Fosnot, 1996), 573 

learners construct their own understanding about the world and acquire learning by making 574 



27 

 

 

connections between prior experiences and new surroundings (Driscoll, 2000; Vrasidas, 575 

2000). Following this philosophy, it is not difficult to understand that in playing mathematics-576 

related games with parents, children are able to experience mathematics in real life, connect 577 

mathematics knowledge with their previous experiences, and construct meaning through their 578 

own learning. As a result, these interactive activities provide a solid foundation for children’s 579 

formal mathematics learning in school as well as their logical and conceptual growth. 580 

Additionally, constructivism emphasizes learners’ initiative in the learning process (Shuell, 581 

1988; Stage & Muller, 1998). Therefore, by providing interesting mathematics activities and 582 

expressing positive attitudes towards mathematics and science, parents can stimulate their 583 

children’s interest, which is also beneficial to their active construction of mathematics 584 

learning. 585 

5.2 The effect of parental attitudes towards mathematics and science on children's 586 

later mathematics achievement 587 

This study also highlights the importance of parental attitudes towards mathematics and 588 

science. According to existing studies, parental attitudes towards mathematics can affect their 589 

children’s mathematics achievement in two ways (Sun et al., 2012). One is through influencing 590 

parental involvement behaviour, and the other is by influencing children’s attitudes. The first 591 

path is observed for both the Singapore and Hong Kong samples in this study. Specifically, 592 

parents’ attitudes towards mathematics were found to significantly and positively affect their 593 

behaviour in participation in mathematics-related activities with their children. This finding is 594 

consistent with the theory of self-worth orientation, meaning that an individual’s value of 595 

something has a directional effect on behaviour (Jacobs et al., 2005; Tare et al., 2011). Parents’ 596 

attitudes towards mathematics and science can reflect their judgement about the value of 597 

mathematics, which may then affect their behaviour in providing mathematics activities for 598 

their children in daily life. If parents have a positive attitude towards mathematics and science, 599 
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then they are naturally willing to carry out more mathematics-related activities with their 600 

children.  601 

The second path is confirmed in this study, as well. As explained by Bandura’s 602 

observational learning theory (Bandura, 1978), parents are the closest relatives of their 603 

children, and the majority of children’s early accepted views about the world come from their 604 

parents. The children observe their parents’ attitudes, imitate their parents’ words and 605 

behaviours, and subconsciously receive parental influences. In terms of the findings in our 606 

study, if parents show more positive attitudes towards learning mathematics and recognize its 607 

importance, then their children would be better guided by their parents and are more likely to 608 

value mathematics highly. As a result, they tend to develop greater interest in learning 609 

mathematics and perform better in that subject. However, although this path was found to be 610 

positive for both samples, the relation was significant only for the Singapore sample. One 611 

possible explanation is that Singapore put forward “family values” in 1993, which is a unique 612 

social culture of Singapore (Huo, 2008). It attaches importance to the communication between 613 

parents and children and emphasizes that the family passes on values to the next generation in 614 

an imperceptible way (Tan, 2017). When parents have high values on mathematics and 615 

science, they will focus on cultivating their children’s inner perception, such as high 616 

motivation and interest. Consequentially, Singaporean parents’ positive attitudes towards 617 

mathematics and science are conducive to promoting students’ interest in learning and thus 618 

learning as a whole. Parents in Hong Kong value mathematics and science because it can help 619 

their children gain access to higher education (Teng & Cheng, 2017), and they focus more on 620 

the instrumental value of mathematics in solving practical problems in life. 621 

In addition, through comparing the IRT scores of parents’ attitudes towards mathematics 622 

and science in Singapore and Hong Kong, it is found that Singapore scored significantly 623 

higher than Hong Kong (Singapore’s score M=10.73, Hong Kong’s score M=9.65, t=26.85, 624 
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p<0.001). One possible explanation for this difference may be the different socioeconomic 625 

structures in Singapore and Hong Kong. Since the 1970s, Hong Kong's manufacturing sector 626 

has declined, and its tertiary sector has increased. In 2015, the tertiary sector became the most 627 

important contributing industry to Hong Kong’s economy, accounting for more than 92% of 628 

Hong Kong’s GDP (To & Lee, 2017). However, as an independent country, Singapore relies 629 

on the development of different types of industries (Kong, 2007). After entering the 21st 630 

century and in order to enhance its overall competitiveness, Singapore attaches great 631 

importance to innovation and technological development (Koh, 2006). As a result, it is not 632 

difficult to understand the importance that Singapore parents attach to mathematics, science, 633 

and technology.  634 

5.3 Gender differences in parental education involvement between Hong Kong and 635 

Singapore 636 

Analysis of gender differences shows that in Hong Kong, parents of male students paid 637 

more attention to mathematics than parents of female students, and male students were 638 

involved more in early mathematics learning activities. However, in Singapore, no gender 639 

differences were identified. As Gunderson et al. (2012) pointed out, parental gender 640 

stereotypes can make girls’ self-concept and mathematics achievement lower than those of 641 

boys. Stereotypes in parental expectations for boys and girls may hinder the realization of 642 

children’s potential in mathematics and thus negatively influence their achievements. Through 643 

analysis of mathematics achievements in Hong Kong and Singapore, it was found that the 644 

mathematics achievements of boys in Hong Kong were significantly higher than those of girls 645 

(girls’ achievement M=610.60, boys’ achievement M=619.90, t=-4.48, p<0.001), while there 646 

was no significant difference between boys and girls in Singapore (girls’ achievement 647 

M=616.06, boys’ achievement M=613.16, t=1.39, p=0.164). Our results suggest that, 648 

especially for the Hong Kong sample, the parents of girls should increase early participation in 649 
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their daughters’ mathematics activities and strengthen their understanding of the importance of 650 

mathematics in order to minimize negative influences and enhance positive influences on their 651 

children’s mathematics development.  652 

6. Conclusion 653 

For a number of reasons, we believe that the present study expands the perspectives of 654 

previous research and could offer significant empirical evidence for understanding the role of 655 

parents in early childhood education. The findings also provide practical suggestions for 656 

educators and parents. First, in previous studies, both parents’ educational involvement and 657 

students’ academic performance were collected at the same time. The key strength of this 658 

study lies in shedding light on the sustained influence of parents’ earlier learning involvement 659 

on their children’s future development. Although the information was based on parents’ recall, 660 

it might provide useful implications for further exploration of longitudinal trends. Second, this 661 

study adds to a handful of studies examining the mechanism underlying the effects of parents’ 662 

involvement on learning interests, based on motivation theory (Schunk et al., 2008). The 663 

substantial positive influences of this mediating variable suggest that parents’ involvement and 664 

attitudes will contribute to children’s mathematics performance both directly and indirectly. 665 

Third, this study explored two important dimensions of parental education involvement: 666 

involvement in learning activities and attitudes. In previous studies, these two dimensions 667 

were usually combined as a synthesized concept (e.g., Fan, 2001; Vukovic et al., 2013). In our 668 

study, they served as separate predictors. Moreover, based on self-worth orientation theory 669 

(Jin, 2005), according to which an individual’s self-worth has a directional effect on 670 

behaviour, parents’ attitude was modelled to influence their behaviours. The findings were 671 

consistent with those of Georgiou and Tourva (2007), who discovered that parents’ 672 

understanding of their orientation role affects their participation in children’s learning 673 

activities. Specifically, when parents believed they had an impact on their children’s 674 
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educational development, they would be more likely to participate in their children’s 675 

education activities.  676 

Despite the strengths of the study discussed above, there are limitations in this study 677 

which warrant cautions. Given the data are based on “recall”, they could not be regarded as 678 

“longitudinal” evidence. It is also important to note that findings based on such data might not 679 

provide implications inferring causality. Second, this study is only focused on mathematics. 680 

As parental involvement in their children’s childhood could cover a variety of subjects, such 681 

as reading, second language learning, arts, etc., to arrive at a comprehensive picture of the 682 

influence of parental educational involvement in early childhood on children’s achievement, a 683 

study involving more subjects is needed. In follow-up studies, we hope to explore the 684 

applicability of this model to other subjects. The third limitation is related with the usage of 685 

secondary dataset TIMSS. Although the secondary dataset has been considered one of the 686 

most important data sources for providing new and valuable evidence in education (Gorard, 687 

2012), some variables were not generated based on the constructs’ comprehensive definitions. 688 

Finally, since the focus of this study is on the impact of parental educational involvement in 689 

early childhood, the potential influence of school education on students’ mathematical 690 

capacity over the years was not taken into consideration. In order to arrive at a more 691 

comprehensive picture on factors that affect children’s achievement, it is suggested that 692 

subsequent research could examine the influences from both the school and the family past 693 

and present, on children’s academic performance. 694 

  695 
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Appendixes 696 

Appendix 1 The item parameters and model information for the TIMSS 2015 Parental behavior and 697 

Parental attitude towards mathematics and science 698 

Items Delta Tau_1 Tau_2 Infit 

Item Loadings Model Fit 

Hong Kong Singapore Hong Kong Singapore 

Item 1 0.48348 -1.02734 1.02734 1.01 0.633 0.644 χ2: 471.631 

df:14 

χ2/df: 33.69 

TLI:0.902 

CFI:0.935 

RMSEA: 

0.099 

χ2: 779.024 

df:14 

χ2/df: 55.64 

TLI:0.929 

CFI:0.952 

RMSEA: 

0.094 

Item 2 0.39214 -1.07179 1.07179 0.89 0.738 0.756 

Item 3 -0.60000 -1.25574 1.25574 0.90 0.693 0.742 

Item 4 -0.28391 -1.03163 1.03163 0.95 0.728 0.769 

Item 5 -0.32170 -0.85306 0.85306 1.02 0.666 0.678 

Item 6 0.30628 -1.16501 1.16501 1.08 0.429 0.510 

Item 7 -0.08545 -1.21120 1.21120 1.02 0.543 0.619 

Note: the loadings might be different from those reported in TIMSS technical report due to the 699 
modeling differences. 700 
 701 
Appendix 2 The item parameters and model information for the TIMSS 2015 Parental attitude towards 702 

mathematics and science 703 

Items Delta Tau_1 Tau_2 Infit 

Item Loadings Model Fit 

Hong Kong Singapore Hong Kong Singapore 

Item 1 -0.13348 -1.30430 1.30430 1.06 0.578 0.633 χ2: 370.384 

df:18 

χ2/df: 20.58 

TLI:0.929 

CFI:0.954 

RMSEA: 

0.077 

χ2: 998.716 

df:20 

χ2/df: 49.94 

TLI:0.919 

CFI:0.942 

RMSEA: 

0.089 

Item 2 0.46466 -1.45183 1.45183 1.02 0.596 0.683 

Item 3 -0.14365 -1.51755 1.51755 0.98 0.608 0.670 

Item 4 0.26093 -1.15860 1.15860 0.98 0.545 0.670 

Item 5 0.49246 -1.14023 1.14023 1.07 0.578 0.666 

Item 6 -0.23279 -1.41401 1.41401 1.07 0.626 0.594 

Item 7 -0.42471 -1.32106 1.32106 0.97 0.614 0.673 

Item 8 -0.28342 -1.41733 1.41733 1.02 0.667 0.655 

Note: the loadings might be different from those reported in TIMSS technical report due to the 704 
modeling differences. 705 

  706 



33 

 

 

References 707 

Ainley, M., & Ainley, J. (2011). Student engagement with science in early adolescence: the 708 

contribution of enjoyment to students' continuing interest in learning about science. 709 

Contemporary Educational Psychology, 36(1), 4-12. 710 

Alexander, J. M., Johnson, K. E., & Kelley, K. (2012). Longitudinal analysis of the relations 711 

between opportunities to learn about science and the development of interests related to 712 

science. Science Education, 96(5), 763-786. 713 

Bandura, A. (1977). Social Learning Theory. New York, General Learning Press.  714 

Bandura, A. (1978). Social learning theory of aggression. Journal of Communication, 28(3), 715 

12-29. 716 

Bandura, A. (1993). Perceived self-efficacy in cognitive development and functioning. 717 

Educational Psychologist, 28(2), 117-148. 718 

Blevins-knabe, B., Austin, A. B., Musun, L., Eddy, A. K., & Jones, R. M. (2000). Family 719 

home care providers’ and parents’ beliefs and practices concerning mathematics with 720 

young children. Early Child Development and Care, 165(1), 41-58. 721 

Bloom, B. S. (1980). The new direction in educational research: Alterable variables. The 722 

Journal of Negro Education, 49(3), 337-349. 723 

Cannon, J., & Ginsburg, H. P. (2008). “Doing the math”: maternal beliefs about early 724 

mathematics versus language learning. Early Education and Development, 19(2), 238-725 

260. 726 

Cheng, Q. (2009). A study of the family cultural capital and young children’s mathematics 727 

learning (Master’s thesis in Chinese). East China Normal University, Shanghai, China. 728 

Christenson, S. L., Rounds, T., & Gorney, D. (1992). Family factors and student achievement: 729 

An avenue to increase students’ success. School Psychology Quarterly, 7(3), 178-206. 730 

Crowley, K., Callanan, M. A., Tenenbaum, H. R., & Allen, E. (2001). Parents explain more 731 

often to boys than to girls during shared scientific thinking. Psychological Science, 12(3), 732 

258-261. 733 

Currie, C. E., Elton, R. A., Todd, J., & Platt, S. (1997). Indicators of socioeconomic status for 734 

adolescents: the WHO Health Behaviour in School-aged Children Survey. Health 735 

education research, 12(3), 385-397. 736 

Der-Karabetian, A. (2004). Perceived family process factors and mathematics performance 737 

among Latino, African, and European American middle school students. Educational 738 

Research Quarterly, 28(1), 38-47. 739 

Deslandes, R., Royer, E., Turcotte, D., & Bertrand, R. (1997). School achievement at the 740 

secondary level: Influence of parenting style and parent involvement in schooling. McGill 741 

Journal of Education, 32(3),191-207. 742 

Driscoll, M. P. (2000). Psychology of learning for instruction, 2nd ed. Needham Heights, MA: 743 

Allyn and Bacon. 744 

Duncan, O. D. (1961). “A Socioeconomic Index for All Occupations.” In AJ Reiss, et 745 

al.(eds.). Occupations and Social Status. New York, Free Press of Glencoe. 746 

Englund, M. M., Luckner, A. E., Whaley, G. J., & Egeland, B. (2004). Children's 747 

Achievement in Early Elementary School: Longitudinal Effects of Parental Involvement, 748 

Expectations, and Quality of Assistance. Journal of Educational Psychology, 96(4), 723-749 



34 

 

 

730. 750 

Epstein, J. L. (1991). Effects on student achievement of teachers' practices of parent 751 

involvement. In Annual Meeting of the American Educational Research Association, 752 

1984. Elsevier Science/JAI Press. 753 

Fan, X. (2001). Parental involvement and students' academic achievement: A growth modeling 754 

analysis. The Journal of Experimental Education, 70(1), 27-61. 755 

Fan, W., & Williams, C. M. (2010). The effects of parental involvement on students’ 756 

academic self-efficacy, engagement and intrinsic motivation. Educational Psychology, 757 

30(1), 53-74. 758 

Fan, W., Williams, C. M., & Wolters, C. A. (2011). Parental involvement in predicting school 759 

motivation: similar and differential effects across ethnic groups. Journal of Educational 760 

Research, 105(1), 21-35. 761 

Fantuzzo, J. W., Tighe, E., & Childs, S. (2000). Family Involvement Questionnaire: A 762 

Multivariate Assessment of Family Participation in Early Childhood Education. Journal 763 

of Educational Psychology, 92(2), 367-376. 764 

Fishel, M., & Ramirez, L. (2005). Evidence-based parent involvement interventions with 765 

school-aged children. School Psychology Quarterly, 20(4), 371-402. 766 

Fosnot, C. T. (1996). Constructivism: Theory, perspectives, and practice. New York, 767 

Teacher’s College Press. 768 

Foster, M. A., Lambert, R. G., Abbottshim, M., Mccarty, F., & Franze, S. (2005). A model of 769 

home learning environment and social risk factors in relation to children's emergent 770 

literacy and social outcomes. Early Childhood Research Quarterly, 20(1), 13-36. 771 

Freedman, M. P. (1997). Relationship among laboratory instruction, attitude toward science, 772 

and achievement in science knowledge. Journal of Research in Science Teaching, 34(4), 773 

343-357. 774 

Georgiou, S. N., & Tourva, A. (2007). Parental attributions and parental involvement. Social 775 

Psychology of Education, 10(4), 473-482. 776 

Gorard, S. (2012). The increasing availability of official datasets: Methods, limitations and 777 

opportunities for studies of education. British Journal of Educational Studies, 60(1), 77-778 

92. 779 

Grolnick, W. S., & Slowiaczek, M. (1994). Parents' involvement in children's schooling: a 780 

multidimensional conceptualization and motivational model. Child Development, 65(1), 781 

237-252. 782 

Gunderson, E. A., Ramirez, G., Levine, S. C., & Beilock, S. L. (2012). The role of parents and 783 

teachers in the development of gender-related math attitudes. Sex Roles, 66(3), 153-166. 784 

Hickman, C. W., Greenwood, G., & Miller, M. D. (1995). High school parent involvement: 785 

Relationships with achievement, grade level, SES, and gender. Journal of Research & 786 

Development in Education, 28(3), 125-134 787 

Hidi, S., & Renninger, K. A. (2006). The four-phase model of interest development. 788 

Educational psychologist, 41(2), 111-127. 789 

Holmes, J. A. (2011). Informal learning: Student achievement and motivation in science 790 

through museum-based learning. Learning Environments Research, 14(3), 263-277. 791 

Hooper, D., Coughlan, J., & Mullen, M. R. (2008). Structural Equation Modelling: Guidelines 792 

for Determining Model Fit. Electronic Journal of Business Research Methods, 6(1), 53-793 



35 

 

 

60.   794 

Huo, L. (2008). Xin Jia Po Xue Xiao Jia Ting Jiao Yu Ji Hua (Pinyin). Primary & Secondary 795 

Schooling Abroad (Chinese Journal), 7, 57-70. 796 

Ip, P., Rao, N., Bacon-Shone, J., Li, S. L., Ho, F. K. W., Chow, C. B., & Jiang, F. (2016). 797 

Socioeconomic gradients in school readiness of Chinese preschool children: The 798 

mediating role of family processes and kindergarten quality. Early Childhood Research 799 

Quarterly, 35, 111-123. 800 

Izzo, C. V., Weissberg, R. P., Kasprow, W. J., & Fendrich, M. (1999). A longitudinal 801 

assessment of teacher perceptions and parent involvement in children’s education and 802 

school performance. American Journal of Community Psychology, 27(6), 817-839. 803 

Jacobs, J. E., Davis-Kean, P., Bleeker, M., Eccles, J. S., & Malanchuk, O. (2005). I can, but I 804 

don’t want to. The impact of parents, interests, and activities on gender differences in 805 

math. In A. Gallagher & J. Kaufman (Eds.), Gender difference in mathematics, 246-263. 806 

Jeynes, W. H. (2010). The salience of the subtle aspects of parental involvement and 807 

encouraging that involvement: Implications for school-based programs. Teachers College 808 

Record, 112(3), 747-774. 809 

Jin, S. (2005). Social Psychology (Chinese book). Beijing, Higher Education Press. 810 

Johnson, P. (2016). Types of parental involvement and their effect on student mathematics in 811 

secondary education: attitudes, self-efficacy, and achievement (Master’s thesis). St. 812 

Cloud State University, U.S.. 813 

Keith, T. Z., Keith, P. B., Troutman, G. C., BicWey, P. C., Trivette, P. S., & Singh, K. (1993). 814 

Does parental involvement affect eighth-grade student achievement? Structural analysis 815 

of national data. School Psychology Review, 22(3), 474-496. 816 

Keith, T. Z., Reimers, T. M., Fehrmann, P. G., Pottebaum, S. M., & Aubey, L. W. (1986). 817 

Parental involvement, homework, and TV time: Direct and indirect effects on high school 818 

achievement. Journal of Educational Psychology, 78(5), 373-380. 819 

Koh, W. T. (2006). Singapore's transition to innovation-based economic growth: 820 

infrastructure, institutions and government's role. R&D Management, 36(2), 143-160. 821 

Kong, L. (2007). Cultural icons and urban development in Asia: Economic imperative, 822 

national identity, and global city status. Political Geography, 26(4), 383-404. 823 

Kong, J., Zhu, P. (2019). Comparison of PISA Scores between German Immigrant Students 824 

and Native German Students. Education Modernization (Chinese journal), 6(18), 196-825 

202. 826 

Lau, E. Y. H., & Cheng, D. P. W. (2016). An exploration of the participation of kindergarten-827 

aged Hong Kong children in extra curricular activities. Journal of Early Childhood 828 

Research, 14(3), 294-309. 829 

Lee, J., & Shute, V. J. (2010). Personal and social-contextual factors in k-12 academic 830 

performance: An integrative perspective on student learning. Educational Psychologist, 831 

45(3), 185-202. 832 

Leung, F. K. S. (1998). The implications of Confucianism for education today. Journal of 833 

Thought, 33(2), 25-36. 834 

Li, Y.W., Li, Y.F., Liu, L.S., & Lv, Y. (2013). The effects of home learning environment on 835 

children’s early academic and social skills. Psychological Development and Education 836 

(Chinese Journal), 29(03), 268-276. 837 



36 

 

 

Li, Y.F., & Lv, Y. (2013). The effect of investment in family education on preschoolers’ early 838 

academic skills: the intermediary role of early approaches to learning. Chinese Journal of 839 

Special Education (Chinese Journal), 09, 63-70. 840 

Li, H., & Rao, N. (2000). Parental influences on Chinese literacy development: A comparison 841 

of preschoolers in Beijing, Hong Kong, and Singapore. International Journal of 842 

Behavioral Development, 24(1), 82-90. 843 

Lin, T., Tan, A. L., & Tsai, C. (2013). A cross-cultural comparison of Singaporean and 844 

Taiwanese eighth graders' science learning self-efficacy from a multi-dimensional 845 

perspective. International Journal of Science Education, 35(7), 1083-1109. 846 

Marjoribanks, K. (1983). The evaluation of a family learning model. Studies in Educational 847 

Evaluation, 9(3), 343-351. 848 

Markowitz, D. G. (2004). Evaluation of the long-term impact of a university high school 849 

summer science program on students' interest and perceived abilities in science. Journal 850 

of Science Education and Technology, 13(3), 395-407. 851 

Martin, M. O., Mullis, I. V. S., & Hooper, M. (Eds.). (2016). Methods and Procedures in 852 

TIMSS 2015. Retrieved from Boston College, TIMSS & PIRLS International Study 853 

Center website: http://timssandpirls.bc.edu/publications/timss/2015-methods.html. 854 

Meyer, D. K., & Turner, J. C. (2002). Discovering emotion in classroom motivation research. 855 

Educational Psychologist, 37(2), 107-114. 856 

Miedel, W. T., & Reynolds, A. J. (1999). Parent involvement in early intervention for 857 

disadvantaged children: Does it matter? Journal of School Psychology, 37(4), 379-402. 858 

Ministry of Education of the People’s Republic of China. (2015, October 16). Guidance on 859 

strengthening family education. Retrieved from 860 

http://www.moe.gov.cn/srcsite/A06/s7053/201510/t20151020_214366.html. 861 

Mitchell, N. (2005). Academic achievement among Caribbean immigrant adolescents: The 862 

impact of generational status on academic self-concept. Professional School Counseling, 863 

8(3), 209-218. 864 

Mullis, I.V.S., & Martin, M.O. (Eds.) (2013). TIMSS 2015 Assessment Frameworks. Retrieved 865 

from Boston College, TIMSS & PIRLS International Study Center website: 866 

http://timssandpirls.bc.edu/timss2015/frameworks.html. 867 

Mullis, I. V. S., Martin, M. O., Foy, P., & Hooper, M. (2016). TIMSS 2015 International 868 

Results in Mathematics. Retrieved from Boston College, TIMSS & PIRLS International 869 

Study Center website: http://timssandpirls.bc.edu/timss2015/international-results/.  870 

Muñoz, M. A., & Chang, F. C. (2007). The elusive relationship between teacher 871 

characteristics and student academic growth: A longitudinal multilevel model for change. 872 

Journal of personnel evaluation in education, 20(3-4), 147-164. 873 

National Association for the Education of Young Children and National Council of Teachers 874 

of Mathematics. (2002). Early childhood mathematics: Promoting good beginnings. 875 

Washington, DC: National Association for the Education of Young Children; and Reston, 876 

VA: National Council of Teachers of Mathematics. 877 

National Research Council. (2009). Learning science in informal environments: People, 878 

places, and pursuits. Committee on Learning Science in Informal Environments. 879 

Washington, DC: The National Academies Press. 880 

http://timssandpirls.bc.edu/publications/timss/2015-methods.html
http://timssandpirls.bc.edu/timss2015/frameworks.html


37 

 

 

Ngai, S. S. Y., Cheung, C. K., Xie, L., Ng, Y. H., Ngai, H. L., Liu, Y., & Ho, J. C. M. (2018). 881 

Psychometric properties of the parental bonding instrument: Data from a Chinese 882 

adolescent sample in Hong Kong. Journal of Child and Family Studies, 27(7), 2112-883 

2124. 884 

Okpala, C. O., Okpala, A. O., & Smith, F. E. (2001). Parental involvement, instructional 885 

expenditures, family socioeconomic attributes, and student achievement. Journal of 886 

Educational Research, 95(2), 110-115. 887 

Perera, L. D. (2014). Parents' attitudes towards science and their children's science 888 

achievement. International Journal of Science Education, 36(18), 3021-3041. 889 

Pomerantz, E. M., Moorman, E. A., & Litwack, S. D. (2007). The how, whom, and why of 890 

parents’ involvement in children’s academic lives: More is not always better. Review of 891 

Educational Research, 77(3), 373-410. 892 

Pong, S. L., & Tsang, W. K. (2010). The educational progress of mainland Chinese immigrant 893 

students in Hong Kong. In Hannum, E., Park, H. and Goto Butler, Y. (Ed.) Globalization, 894 

Changing Demographics, and Educational Challenges in East Asia (Research in the 895 

Sociology of Education, Vol. 17, pp. 201-230). Bingley, Emerald Group Publishing 896 

Limited. 897 

Rafiq, H. M. W., Fatima, T., Sohail, M. M., Saleem, M., & Khan, M. A. (2013). Parental 898 

involvement and academic achievement: A study on secondary school students of 899 

Lahore, Pakistan. International Journal of Humanities and Social Science, 3(8), 209-223. 900 

Renninger, K. A., & Hidi, S. (2011). Revisiting the conceptualization, measurement, and 901 

generation of interest. Educational Psychologist, 46(3), 168-184. 902 

Rimm-Kaufman, S. E., & Pianta, R. C. (2000). An ecological perspective on the transition to 903 

kindergarten: A theoretical framework to guide empirical research. Journal of Applied 904 

developmental psychology, 21(5), 491-511. 905 

Schermelleh-Engel, K., Moosbrugger, H., & Müller, H. (2003). Evaluating the fit of structural 906 

equation models: Tests of significance and descriptive goodness-of-fit measures. Methods 907 

of Psychological Research Online, 8(2), 23-74. 908 

Schuepbach, M. (2014). Effects of extracurricular activities and their quality on primary 909 

school-age students' achievement in mathematics in Switzerland. School Effectiveness 910 

and School Improvement, 26(2), 279-295. 911 

Schunk, D. H., Pintrich, P. R., & Meece, J. L. (2008). Motivation in education: Theory, 912 

research, and applications. Pearson Education Inc. 913 

Seginer, R. (2006). Parents' educational involvement: A developmental ecology perspective. 914 

Parenting: Science and practice, 6(1), 1-48. 915 

Sha, L., Schunn, C. D., & Bathgate, M. (2015). Measuring choice to participate in optional 916 

science learning experiences during early adolescence. Journal of Research in Science 917 

Teaching, 52(5), 686-709. 918 

Sha, L., Schunn, C. D., Bathgate, M., & Beneliyahu, A. (2016). Families support their 919 

children's success in science learning by influencing interest and self-efficacy. Journal of 920 

Research in Science Teaching, 53(3), 450-472. 921 

Shuell, T. J. (1988). The role of the student in learning from instruction. Contemporary 922 

Educational Psychology, 13(3), 276-295. 923 

Shumow, L., & Miller, J. D. (2001). Parents’ at-home and at-school academic involvement 924 

https://www.emerald.com/insight/search?q=Emily%20Hannum
https://www.emerald.com/insight/search?q=Hyunjoon%20Park
https://www.emerald.com/insight/search?q=Yuko%20Goto%20Butler


38 

 

 

with young adolescents. Journal of Early Adolescence, 21(1), 68-91. 925 

Siegel, D. R., Esterly, J. B., Callanan, M. A., Wright, R., & Navarro, R. V. (2007). 926 

Conversations about science across activities in Mexican-descent families. International 927 

Journal of Science Education, 29(12), 1447-1466. 928 

Simpkins, S. D., Daviskean, P. E., & Eccles, J. S. (2006). Math and science motivation: a 929 

longitudinal examination of the links between choices and beliefs. Developmental 930 

Psychology, 42(1), 70-83. 931 

Singh, K., Bickley, P. G., Trivette, P., Keith, T. Z., Keith, P. B., & Anderson, E. (1995). The 932 

effects of four components of parental involvement on eighth-grade student achievement: 933 

Structural analysis of NELS-88 Data. School Psychology Review, 24(2), 299-317. 934 

Soni, A., & Kumari, S. (2015). The role of parental math attitude in their children math 935 

achievement. International Journal of Applied Sociology, 5(4), 159-163. 936 

Soni, A., & Kumari, S. (2017). The role of parental math anxiety and math attitude in their 937 

children’s math achievement. International Journal of Science and Mathematics 938 

Education, 15(2), 331-347. 939 

Stage, F. K., & Muller, P. (1998). Creating learning centered classrooms: What does learning 940 

theory have to say?. ASHE-ERIC Higher Education Report, 26(4). Washington, DC: The 941 

George Washington University, Graduate School of Education and Human Development. 942 

Starkey, P., & Klein, A. (2000). Fostering parental support for children's mathematical 943 

development: An intervention with Head Start families. Early Education and 944 

Development, 11(5), 659-680. 945 

Sui-Chu, E. H., & Willms, J. D. (1996). Effects of parental involvement on eighth-grade 946 

achievement. Sociology of Education, 69(2), 126-141. 947 

Sun, L., Bradley, K. D., & Akers, K. (2012). A multilevel modelling approach to investigating 948 

factors impacting science achievement for secondary school students: PISA Hong Kong 949 

sample. International Journal of Science Education, 34(14), 2107-2125. 950 

Szechter, L. E., & Carey, E. J. (2009). Gravitating toward science: Parent–child interactions at 951 

a gravitational-wave observatory. Science Education, 93(5), 846-858. 952 

Tan, J. (2017). The Comparative Study on Education of Chinese Traditional Culture in the 953 

new period between China and Singapore (Master's thesis). Guangdong University of 954 

Foreign Studies, Guangdong, China.  955 

Tare, M., French, J. M., Frazier, B. N., Diamond, J., & Evans, E. M. (2011). Explanatory 956 

parent–child conversation predominates at an evolution exhibit. Science Education, 957 

95(4), 720-744. 958 

Tenenbaum, H. R., & Leaper, C. (2003). Parent-Child Conversations About Science: The 959 

Socialization of Gender Inequities?. Developmental Psychology, 39(1), 34-47. 960 

Teng, Y., & Cheng, F. (2017). A Cross-Culture Comparison Study on the Impact of Parents' 961 

Attitudes toward Mathematics on Adolescents' Mathematics Learning——Based on the 962 

Data of PISA 2012 of Korea, Germany and Hong-Kong China. Educational Research 963 

(Chinese Journal), 38(05), 113-122. 964 

Tiedemann, J. (2000). Parents' gender stereotypes and teachers' beliefs as predictors of 965 

children's concept of their mathematical ability in elementary school. Journal of 966 

Educational Psychology, 92(1), 144-151 967 

To, W. M., & Lee, P. K. (2017). Energy consumption and economic development in Hong 968 



39 

 

 

Kong, China. Energies, 10(11), 1883. doi:10.3390/en10111883. 969 

UNESCO. (2015). Education 2030: Incheon Declaration and Framework for Action. 970 

Retrieved from https://unesdoc.unesco.org/ark:/48223/pf0000245656. 971 

Vrasidas, C. (2000). Constructivism versus objectivism: Implications for interaction, course 972 

design, and evaluation in distance education. International Journal of Educational 973 

Telecommunications, 6(4), 339-362. 974 

Vukovic, R. K., Roberts, S. O., & Wright, L. G. (2013). From parental involvement to 975 

children's mathematical performance: the role of mathematics anxiety. Early Education 976 

and Development, 24(4), 446-467. 977 

Walberg, H. J. (1986). Synthesis of research on teaching. Handbook of Research on Teaching, 978 

3, 214-229. 979 

Wen, Z., Hau, K.T., & Herbert, W. M. (2004). Structural education model testing: cutoff 980 

criteria for goodness of fit indices and chi-souare test. Acta Psychologica Sinica (chinese 981 

journal), 2, 186-194. 982 

Wheaton, B., Muthen, B., Alwin, D. F., & Summers, G. F. (1977). Assessing reliability and 983 

stability in panel models. Sociological methodology, 8, 84-136. 984 

Wong, J. M. S., & Rao, N. (2015). The evolution of early childhood education policy in Hong 985 

Kong. International Journal of Child Care and Education Policy, 9(3), doi: 986 

10.1007/s40723-015-0006-y. 987 

Yan, W., & Lin, Q. (2005). Parent involvement and mathematics achievement: Contrast across 988 

racial and ethnic groups. Journal of Educational Research, 99(2), 116-127. 989 

Zhang, L., & Zhang, X. (2003). Recent Progress of Research on Attitudes: A Model of Dual 990 

Attitudes. Advances in Psychological Science (Chinese journal), 11(2), 171-176. 991 

Zhou, X., Huang, J., Wang, Z. K., Wang, B., Zhao, Z. G., Yang, L., & Yang, Z. Z. (2006). 992 

Parent—child interaction and children’s number learning. Early Child Development and 993 

Care, 176(7), 763-775. 994 

Zhou, X., Huang, J., Wang, Z. K., Wang, B., Zhao, Z. G., Yang, L., & Yang, Z. Z. (2007). 995 

Parent child interaction and children's number learning. Journal of Psychological Science 996 

(Chinese Journal), 3, 579-583. 997 


