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Abstract: United Nations’ Sustainable Development Goals 4 Quality Education has highlighted major 
challenges for all nations to ensure inclusive and equitable quality access to education, facilities for 
children, and young adults. The SDG4 is even more important for developing nations as receiving proper 
education or vocational training, especially in science and technology, means a foundational step in 
improving other aspects of their citizens’ lives. However, the extant scientific literature about STEM 
education still lacks focus on developing countries, even more so in the rural area. Using a dataset of 
4967 observations of junior high school students from a rural area in a transition economy, the article 
employs the Bayesian approach to identify the interaction between gender, socioeconomic status, and 
students’ STEM academic achievements. The results report gender has little association with STEM 
academic achievements; however, female students (αa_Sex[2] = 2.83) appear to have achieved better 
results than their male counterparts (αa_Sex[1] = 2.68). Families with better economic status, parents with 
a high level of education (βb(EduMot) = 0.07), or non-manual jobs (αa_SexPJ[4] = 3.25) are found to be 
correlated with better study results. On the contrary, students with zero (βb(OnlyChi) = -0.14) or more than 
two siblings (βb(NumberofChi) = -0.01) are correlated with lower study results compared to those with only 



one sibling. These results imply the importance of providing women with opportunities for better 
education. Policymakers should also consider maintaining family size so the parents can provide their 
resources to each child equally. 

Keywords: STEM education; gender gap; socioeconomic status; social disparities; SDGs; developing 
country; rural area. 
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Introduction 

In modern society, science is acknowledged as playing a vital role in fostering technological 
advancement and sustainable economic development (Pavitt, 1996; Xie, 2014; Xie et al., 2015). 
Moreover, the new age of computational power and entrepreneurship (Vuong, 2019b; Trung Tran et al., 
2019) necessitates the emphasis on science and technology to tackle global challenges of the human 
race (Skorton, 2019). Considering the current pressing issues – namely climate change, health 
disparities, food shortage, and others – one may say that science, technology, engineering, and 
mathematics (STEM) disciplines had become of greater importance than ever.  

From another perspective, the developing world has long lagged regarding research and technological 
innovation (Arauco et al., 2014; Villarroel-Mareño and Ergueta, 2012). According to UNESCO Science 
Report (2015), in 2013, high-income economies account for 69.3% of global expenditure on research 
and development, while this figure is merely 30.4% and 0.3% for middle-income and low-income 
economies respectively (UNESCO, 2015).  Ideally, these latter would be seeking to boost their STEM-
related research so that they could match the senior academic landscape among developed countries 
with a prolonged and prosperous history of research and development (Kremer et al., 2013; Serpa et al., 
2018; Eilks and Hofstein, 2014; Knamiller, 1984). One means to this end – and not exclusive to this end, 
either – would be to develop STEM education, which proved to be both useful and challenging (Ferreira 
et al., 2019). In fact, in a list of the Sustainable Development Goals (SDGs), the United Nations has 
highlighted the importance of high-quality education as foundational to sustainable development 
(United Nations). Developing STEM-related education, especially for developing countries, would be a 
direction that fits a path towards targets 4.4, 4.5, and 4.7 of this goal for Quality Education. As education 
is not only about programs and teachers but also learners, boosting students’ motivation to study STEM 
subjects and disciplines is critical in ensuring quality and inclusive education. To do this, it is argued that 
researchers need to take into account a diverse set of factors that can help clarify the attainment and 
motivation of students in the STEM education domain (Burušić et al., 2019). 

Among developing nations, Vietnam provides an exotic case of the relationship between social factors 
and STEM education with its high economic growth rates and the top position in the Programme for 
International Student Assessment (PISA) ranking of average scores in Math, Science, and Reading. 
Despite low national average income, Vietnam is among the countries with the largest share of 
household contribution to total education spending and the highest level of effectiveness of 
government expenditure spent on education (Takaoka, 2019). Observing this, some might point to the 
Vietnamese culture, namely in aspects such as the historical normalization of lifelong studies, as well as 
the traditions which value knowledge-seeking and the social prestige of being a “man of letters.” As 
such, an examination of demographic factors and students’ performance in STEM domains would shed 
light on the intertwining between socioeconomic status (SES) and academic achievement in similar 
transitioning sociocultural contexts. This research focuses on investigating factors affecting STEM 
education to provide the robust groundwork for policy-making in national education in Vietnam (Vuong 
et al., 2018a; Vuong et al., 2018b), and progress equity in education and science (Vuong, 2019c; a; 
2018). 

Literature review 

Students’ academic performance could be associated with the attributes of their social settings (Xie et 
al., 2015). Various studies have examined socioeconomic factors affecting students’ cognitive 



development and academic aptitudes in numerous subjects, including STEM. A substantial body of 
literature stated the important role of socioeconomic background including family income (Xie et al., 
2015), parental educational level (Noble et al., 2015; Kendler et al., 2015) and occupation together with 
birth order (Hotz and Pantano, 2015) (Moakler Jr and Kim, 2014). Social disparities in academic 
performance also include the gender gap, which suggests that the effects of SES could vary depending 
on the gender of students. 

Gender and STEM academic performance 

There has yet to be consensus in the literature on the “gender gap” among students in STEM-related 
subjects, in terms of academic achievement. Various studies stated that female students match or 
outperform their male counterparts in math and science, based on their grades, in both elementary and 
secondary school (Kenney-Benson et al., 2006; Shettle et al., 2007). With a sample of 518 students (265 
girls, 253 boys) in Illinois, Kenney-Benson (2006) pointed out that girls outperform boys in math in terms 
of their grades (collected from their school records) but not their achievement tests scores (collected 
from results in standardized tests). To explain this, the author argued that girls do not experience an 
edge over boys in self-efficacy, a factor that appears to play a larger role in determining children’s 
performance on achievement tests than in the classroom. In fact, girls’ advantage over boys in terms of 
their grades intensified over time (Kenney-Benson et al., 2006). A study conducted by The National 
Assessment of Educational Progress (NAEP) consisting of 15,400 eighth-graders from 600 schools in the 
United States in 2018 indicated that female students scored higher than their male peers in Technology 
and Engineering Literacy overall (Progress, 2018). Female students also scored higher than their male 
peers in more content areas and practices in 2018 compared to 2014 (Progress, 2018). Breda, T. & Napp, 
C. (2019) used the data from 300,000 students in 64 countries to explain that the gender gap in math-
related areas can be justified mainly by female students’ comparative advantage in reading(Breda and 
Napp, 2019).  

Conversely, several empirical studies showed an advantage of male students over their female peers 
(Penner and Paret, 2008; Robinson and Lubienski, 2011). Penner and Paret (2008) conducted a study 
covering more than 18,000 students in the United States and collected data as these learners 
progressed from kindergarten to fifth grade (Penner and Paret, 2008). Findings from this research 
indicated that boys were significantly more represented in the upper extreme of the math’s 
achievement distribution and when combined with SES factors and that this higher attainment was 
largest in families characterized by a high level of parental education (Penner and Paret, 2008). Data 
from the Early Childhood Longitudinal Study, Kindergarten Class of 1998-1999 also revealed that the 
academic achievement gap was observed among boys and girls starting from first grade and persisted 
until eighth grade (Robinson and Lubienski, 2011). This gender gap is argued to constrain female 
students’ access to advanced math courses and college entry in science disciplines (Anaya et al., 2017). 
In general, being a woman has consistently been found as a robust negative determinant for STEM-
related issues (Betz and Hackett, 1981; Chavez, 2001; Fouad, 1995; 2007; Sax, 1994); subsequently, in 
STEM fields, women are significantly underrepresented, devalued and underpaid (Cech and Blair-Loy, 
2019). 

Socioeconomic status (SES) and STEM academic performance 

In general, family characteristics, especially SES, have strong associations with math and science 
performance, interest in majoring in STEM, and completion of a STEM degree (Xie et al., 2015). The 



STEM achievement gap among students with various SES has been empirically documented in almost 
every nation (Burušić et al., 2019). Throughout schooling, participation and achievement in STEM 
subjects are consistently different between those from low and high socioeconomic backgrounds (Miller 
and Kimmel, 2012; Schneider et al., 1997). For example, using the OECD’s PISA test scores of 94,050 
students from 406 schools in 15 European countries in 2003, Martins and Veiga (2010) found 
socioeconomic related inequality in mathematics scores, with students coming from a household of 
higher SES having clear advantages over their less fortunate peers (Martins and Veiga, 2010). 
Socioeconomic factors represent between 14.9% and 34.6% of the overall inequality in education 
(Martins and Veiga, 2010).  In the case of the United States, vast inequalities exist in education 
achievement due to family SES. College students from lower-income backgrounds usually had lower 
assignment grades, test scores, and attendance than those from higher-income contexts (Caro et al., 
2015; Reardon, 2011b; Sirin, 2005; Ziol-Guest and Lee, 2016). Compared to notable and persistent 
achievement gaps due to racial differences, this gap of SES can be two to three times as large (Reardon, 
2011b).  For example, in a regional US longitudinal sample with 2264 students from 12 school districts in 
Michigan, Caro et al. (2015) indicated that family SES is positively related to academic achievement in 
school with main determinants identified as father’s education, occupation, and mother’s education 
(Caro et al., 2015). In a meta-analysis review, Sirin (2005) examined a sample of 101,157 students from 
6,871 schools located in 128 school districts gathered from 74 independent samples (Sirin, 2005). The 
results showed a medium to strong SES-achievement relation. This relation, however, is moderated by 
the unit, the source, the range of SES variable, and the type of SES-achievement measure. The relation is 
also contingent upon school level, minority status, and school location(Sirin, 2005). The study notably 
explained that family with middle and high SES have better levels of income and education, therefore 
can provide children with parental support and exposure to STEM-related experiences, thus nurturing 
an early interest, and likely contributing to self-confidence and ambitions in STEM (Archer et al., 2012; 
Harackiewicz et al., 2012; Sjaastad, 2012; Turner et al., 2004). Remarkably, family income has been the 
most intensely studied SES factor impacting the educational gap (Pfeffer, 2018). Reardon (2011) 
reported the steadily increasing gaps in educational achievement between students from low-income 
and high-income backgrounds in more than 50 years (Reardon, 2011a). In the United States, the gaps in 
achievement among poor and advantaged students are substantial, with students from low-income 
families consistently scoring well below average, regardless of ethnicity or race (Bergeson, 2006). For 
example, a study conducted by Sum and Fogg (1991) found that poor students are ranked in the 19th 
percentile on assessments while students from a mid-upper income family are ranked in the 66th 
percentile on assessments (Sum and Fogg, 1991). 

Academic achievement, especially in STEM, is necessary to graduate high school, enter college, and 
pursue fast-growing and lucrative STEM careers (Rozek et al., 2019). It is also considered a lever to bring 
opportunities to students coming from financially disadvantaged backgrounds. However, these students 
often perform poorly in the subjects, leading to disadvantages in career opportunities and perpetuating 
the vicious circle of intergenerational poverty(Reardon, 2011b; Carnevale et al., 2013). 

Moreover, different characteristics of family structure have been found to affect educational results 
irrespective of SES, for example, single-parent headship (Astone and McLanahan, 1991; Kim, 2011) or 
the number of siblings (Blake, 1989; Downey, 1995; Steelman et al., 2002). In particular, a substantial 
body of research demonstrates the effects of family size and birth order on education (Hotz and 
Pantano, 2015; Black et al., 2005; Booth and Kee, 2009; Cheng et al., 2013). Various studies had 



provided strong evidence on the association between birth order and academic performance, as well as 
analyzed the different mechanisms that led to this correlation (Behrman and Taubman, 1986; Black et 
al., 2005; Booth and Kee, 2009). Based on the theory about population restrictions on economic 
development, researches have hypothesized about the adverse impacts of family size on child quality 
(Becker and Lewis, 1973; Becker and Tomes, 1976). This may be due to the assumption that quality 
tradeoff happens when the number of children increases (Qian, 2009). However, it appears that the 
opposite is also possible under several circumstances, which means that there exist economies of scale 
in raising children (Qian, 2009). For instance, children may share clothes and textbooks with their sisters 
and brothers. In this case, quantity can complement quality. 

Understanding this trade-off is relevant and of particular importance to policymakers in developing 
nations, since many governments have tried to limit population growth as a means to boost human 
capital investment (Qian, 2009). For instance, the world’s two most populous nations – China and India - 
have been trying various policies to restrict family size. Nevertheless, the empirical evidence regarding 
this tradeoff between quantity and quality is conflicted. Studies have found no effect of even a positive 
effect of family size on child outcomes in Israel (Angrist et al., 2005; Angrist et al., 2010), Korea (Lee, 
2008), the United States (Kessler, 1991), China(Guo and VanWey, 1999) and Africa (Gomes, 1984).On 
the contrary, this impact has been reported to be negative in other countries such as France(Goux and 
Maurin, 2005), the U.S.(Hotz and Pantano, 2015), Taiwan (Cheng et al., 2013) and China (Rosenzweig 
and Zhang, 2009). From a slightly different angle, Hotz & Pantano (2015) argued that there is a 
significant association between early birth order and better academic performance by studying a sample 
of children of 6,283 American female respondents in the National Longitudinal Survey of Youth 1979  
(Hotz and Pantano, 2015). First-borns generally perform better than second-borns; second-borns better 
than third; and the performance decreases as the birth order climbs. This effect is found to be consistent 
in all family size (Hotz and Pantano, 2015). With a sample of 290588 adolescents aged 15 – 16 years old 
in Taiwan, Cheng et al. (2012) also found a decline in student results when birth order advanced, and 
this impact was evident in Mathematics, Science as well as Mandarin (Cheng et al., 2013). This inverse 
relationship between academic outcomes and birth order was also reported to be consistent among all 
levels of parental education, although more evident impacts were found in higher-educated households 
than lower-educated ones (Cheng et al., 2013). However, it is stated that an important gap exists in the 
literature, which is the lack of understanding about the effects of increasing the number of children 
from one to two (Qian, 2009). When parents tend to prefer smaller household size, this margin is of 
increasing importance (Qian, 2009).  

An important SES factor is parental occupation which could influence children’s performance and 
interest in STEM subjects in various ways (Anaya et al., 2017), including more financial investments in 
both classroom and extra-curricular activities, type of educational activities encouraged, or simply the 
example that parents set for their children (Anaya et al., 2017).  For example, parents with occupations 
in STEM fields are already inclined towards such subjects, thus - whether consciously or not  - cultivating 
in the child an interest in STEM subjects; and creating more incentives for the child to pick STEM-related 
aspirations amongst other endeavors by offering mentorship and removing barriers or uncertainty 
related to STEM occupations (Moakler Jr and Kim, 2014). Nollenberger and Rodriguez Planas (2017), 
using data from the PISA study with 11,527 second-generation immigrants coming from 35 different 
countries of ancestry and living in 9 host countries, state that parental opinions on gender social norms 
impact the motivation of their children in learning, and this links with different achievement in math and 



science examination scores (Rodríguez-Planas and Nollenberger, 2018). The work by Anaya et al. (2017) 
also shared the same finding and further confirmed that having at least a parent or guardian having a 
STEM-related job is correlated with a higher likelihood of being on the highest percentiles of the math 
test score distribution (Anaya et al., 2017).  Similarly, various studies have concluded that parents’ belief 
in the importance of math and science in later education and employment leads to higher math 
performance in children as well as more enrolment in these subjects in high school (Giannelli and 
Rapallini, 2017; Harackiewicz et al., 2012). These beliefs and attributes are potentially very different 
between those in managerial or administrative positions versus those who are employed in manual 
labor.  

Besides, parental education has been established as having a direct, positive, and long term impact on a 
student’s educational accomplishment (Burušić et al., 2019). Kryst, Kotok, and Bodovski (2015) explored 
the data of five European countries from 1995 to 2011 and found a significant relationship between 
parental education and science achievement across all nations studied (Kryst et al., 2015). In another 
study, Davis-Kean (2005) examined a sample of 868 eight to twelve years old children (436 females, 433 
males) in the United States and found that parental education and income were indirectly related to 
children’s academic achievement through parents’ beliefs and behaviors (Davis-Kean, 2005).  

Interaction between SES and student gender on STEM academic performance  

The link between SES and gender of students in affecting academic performance has been examined in 
several studies. In Anaya et al. (2017)’s research with a sample of 2158 children (about half males and 
half females) with their standardized tests score, girls present statistically significantly lower than 
average performance on the test (Anaya et al., 2017). Observed gender differences in math 
performance decline with parental occupation related to science. This parental occupation type also 
increases the likelihood for both genders to achieve test performance in the top percentiles, but the 
effect is larger for boys than for girls (Anaya et al., 2017). 

Guo et al. (2019) also stated that gender differences in interest for STEM subjects are responsive to 
family influences (Guo et al., 2019). Parent modeling of STEM interests enables girls to envision 
themselves in counter-stereotypical STEM roles. The study used data from the 2015 Programme for 
International Students Assessment (PISA) with 38 countries comprising of 256968 participants. Results 
show that girls with either parent employed in STEM had significantly higher science interest compared 
with those without parents employed in STEM careers (Guo et al., 2019). On the other hand, students’ 
academic success in STEM subjects is usually related to their interest, motivation, and engagement 
when taking those subjects (Eccles and Wigfield, 2002). This parental role-model effect was stronger in 
more socioeconomically developed countries(Guo et al., 2019). 

The review suggests that the current body of literature about STEM education is mostly centered on the 
United States and other developed countries; therefore, researchers think that the developing world 
deserves special attention (Muindi and Tsai, 2017). Furthermore, the rural areas and their distinctive 
characteristics are still understudied in most samples of previous works. Consequently, in this study, we 
focus on investigating factors affecting STEM academic achievements in the rural area of a developing 
country. 

Materials 



The study empirically explored a sample of over 5000 junior high students in a northern of Vietnam. The 
data was collected by conducting surveys at 16 junior high schools in Ninh Binh province, Viet Nam, from 
December 2017 until July 2018. The result is a comprehensive dataset of 4966 junior high students’ and 
personal and household-related attributes such as reading habits, academic achievements, family 
financial condition, etc. The data is available in OSF (Vuong et al., 2019b). The following variables were 
used to explore the factors associated with students’ STEM academic achievements: 

• “EcoStt”: Categorical variable indicating the economic status of students’ families. Categories 
are coded as follows: 1 = poor; 2 = medium; 3 = rich; 

• “EduMot” and “EduFat”: Categorical variables representing parental education. Categories are 
coded as follows: 1 = under high school; 2 = high school; 3 = university; 4 = graduate school; 

• “RankingF”: Numerical variable indicating the birth order of the student; 
• “NumberofChi”: Numerical variable indicating the number of children in the family; 
•  “Sex”: Categorical variable indicating the biological sex of the students, coded as: 1 = male; 2 = 

female; 
• “CarFatGr” and “CarMotGr”: Categorical variables indicating the father’s and mother’s 

profession, respectively. Categories are coded as: 1 = non-manual labor; 2 = manual labor. In 
certain published versions of this dataset or analyses done on this dataset, you may find these 
same categories labeled as intellectual and labor, respectively. This is purely due to linguistic 
disparity and has no bearings on the substantial aspect of the data; 

• “APS45”: Continuous variable calculated as the average score of the student’s most recent 45-
minute tests in STEM subjects: Maths, Physics, Chemistry (and Biology where applicable). Tests 
are graded on a scale of 0 to 10 with 10 being the highest score; 

• “APS45ID”: A recoded variable of APS45, with five categories as follows: 

Level Meaning Conditions 
1 Poor “aps45” under 5 
2 Average “aps45” above or equal to 5 and under 7 
3 Above Average “aps45” above or equal to 7 and under 8 
4 Good “aps45” above or equal to 8 and under 9 
5 Excellent “aps45” above or equal to 9 and under or equal to 10 

 

Using the above variables, we constructed new variables for data analysis: 

• “OnlyChi”: Dichotomous variable indicating whether a student is an only child, coded as: 1 = only 
child and 0 = not an only child. The variable takes on the value 1 if and only if the variable 
“NumberofChi” = 1 and “RankingF” = 1.  

•  “ParentJob”: Categorical variable calculated from “CatFatGr” and CarMotGr”. The variable takes 
on three values: 1 = both parents are non-manual labor workers; 2 = one of the parents is a 
manual labor worker; 3 = both parents are manual labor workers. 

• “SexPJ”: Categorical variable created by grouping “ParentJob” and “Sex”.  

 SexPJ Sex ParentJob 

1 1_1 Male both parents are non-manual labor workers 



2 1_2 Male one of the parents is a manual labor worker 

3 1_3 Male both parents are manual labor workers 

4 2_1 Female both parents are non-manual labor workers 

5 2_2 Female one of the parents is a manual labor worker 

6 2_3 Female both parents are manual labor workers 

 

Methods 

This research article aims to estimate student academic achievement based on school, grades, and SES 
of the family using Bayesian methods of statistical analysis. The no-pooling multi-level model was 
employed, taking into account the multi-level of the school and grade variables, along with varying 
intercepts with fixed effect covariates. The mathematical foundation that was used for building the 
model is as follows: 

Oi ~ alpha[xvarint] + betaj * xji 

In which Oi is the dependent variable, xvarint is the varying intercept, xj is the jth independent variable.  

Because O is a binomial variable; the distribution O is represented in the following formula: 

O ~ nomial(mu, sigma) 

In which: 

mui = alpha[xvarint] + betaj * xji 

The full dataset of 4966 records was cleaned and resulted in a dataset of 4630 observations valid for 
data analysis. The new dataset was saved in the .csv format: STEM_model.csv for formal analysis in R. 
For certain analyses, the dataset was also subset into two groups: 2299 male and 2331 female students. 
The results from all three datasets will be presented. The analysis was done in R statistical software, 
using a BayesVL package (v0.9). The package is available in (La and Vuong, 2019), and similar 
applications of Bayesian analysis can be found in (Vuong et al., 2019a; Vuong et al., 2018a). 

Based on the mathematical foundation and the data, we have the following formulation for assessing 
the factors associating with students’ STEM academic achievements: 

APS45ID ~ b_EduMot_APS45ID * EduMot + b_EduFat_APS45ID * EduFat + 
b_OnlyChi_APS45ID * OnlyChi + b_NumberofChi_APS45ID * NumberofChi + 
b_EcoStt_APS45ID * EcoStt + a_SexPJ[SexPJ] 

Eq1 

 

Based on the Eq1, we also have the Bayesian regression model as follows: 



 

Figure 1. The Bayesian regression model. 

The R code that was used to construct the model and the corresponding STAN code is available in 
Supplementary Information. 

Results  

The result of the model analysis is as follows: 

> summary(model) 
Model Info: 
  nodes:     9 
  arcs:      9 
  scores:    NA 
  formula:   APS45ID ~ b_EduMot_APS45ID * EduMot + b_EduFat_APS45ID * EduFat + 
b_OnlyChi_APS45ID * (RankingF+NumberofChi == 2 ? 1 : 0) + b_NumberofChi_APS45ID * 
NumberofChi + b_EcoStt_APS45ID * EcoStt + a_SexPJ[SexPJ] 
 



Estimates: 
Inference for Stan model: cdf857b5d01bfa88a0fad60110dbd240. 
4 chains, each with iter=5000; warmup=2000; thin=1;  
post-warmup draws per chain=3000, total post-warmup draws=12000. 
                                                  mean  se_mean   sd     2.5%   25%   50%   75%  97.5% n_eff Rhat 
b_EduMot_APS45ID                0.07    0.00         0.03   0.01   0.05   0.07   0.09   0.13   8768    1 
b_EduFat_APS45ID                 0.05    0.00 0.03 -0.01  0.03  0.05  0.07  0.10  8600    1 
b_OnlyChi_APS45ID              -0.14    0.00 0.09 -0.32 -0.20 -0.14 -0.08  0.04  9922    1 
b_NumberofChi_APS45ID -0.01    0.00 0.02 -0.05 -0.02 -0.01  0.00  0.03  9819    1 
b_EcoStt_APS45ID       0.01    0.00 0.04 -0.06 -0.01  0.01  0.04  0.09 11599    1 
a_Sex[1]               2.68    0.01 0.43  1.86  2.45  2.67  2.90  3.52  2531    1 
a_Sex[2]               2.83    0.01 0.44  2.04  2.60  2.81  3.03  3.76  1608    1 
a0_Sex                 2.62    0.06 2.41 -3.25  2.08  2.72  3.28  7.88  1724    1 
sigma_Sex              2.72    0.07 3.44  0.05  0.43  1.33  3.71 12.57  2489    1 
a_SexPJ[1]            3.08    0.00 0.20  2.70  2.95  3.08  3.22  3.47 14201    1 
a_SexPJ[2]            2.71    0.00 0.14  2.44  2.62  2.71  2.80  2.98 12722    1 
a_SexPJ[3]            2.19    0.00 0.10  1.99  2.12  2.19  2.26  2.39 11845    1 
a_SexPJ[4]            3.25    0.00 0.19  2.87  3.12  3.25  3.38  3.63 13270    1 
a_SexPJ[5]            2.75    0.00 0.14  2.48  2.66  2.75  2.85  3.02 12665    1 
a_SexPJ[6]            2.50    0.00 0.10  2.30  2.43  2.50  2.57  2.70 11827    1 
sigma_SexPJ           0.64    0.01 0.40  0.26  0.40  0.54  0.74  1.66  1883    1 

 
 

According to the model summary, the model has a good convergence because the effective sample size 
(n_eff) is above 2,000, and Rhat’s values are one (1). The results give us the median potential scale 
reduction factor and its 97.5% quantile. We also get a multivariate potential scale reduction factor that 
was proposed by Gelman and Brooks. In the following section, the effect of each factor towards the 
STEM achievement of the student will be presented. Visual diagnostics of the MCMC chains are shown 
in Figure 2. There are four component chains in each chain shown in Figure 2, each of which has 5000 
iterations. Overall, all chains are similar with no sight of divergent chains, which indicates the 
autocorrelation phenomenon and reflects the Markov property of the distribution. 



 

Figure 2. The visual representation of the MCMC chains 

Biological sex 



 

Figure 3. Distribution of coefficients of variables that indicate the biological sex of the students. 

Firstly, the distribution of coefficients of variables that indicate the biological sex of the students is 
shown in Figure 3. The coefficient value of male students (αa_Sex[1] = 2.68m) is slightly lower than the 
value of female students, with αa_Sex[2] = 2.83. The coefficient suggests the difference in STEM academic 
achievement, which is associated with sex, is not evident. 

Number of children 



 

Figure 4. Distribution of coefficients of b(NumberofChi) and b(OnlyChi) 

Figure 4 presents the association between the number of children in the family and students’ results. 
Both the coefficients, for the number of children and the case of the only child, are negative, βb(NumberofChi) 
= -0.01 and βb(OnlyChi) = -0.14, respectively. The results suggest that both being the only child and having 
too many siblings negatively affect academic results. 

Parental education and economic status 



 

Figure 5. Distribution of coefficients of variables that indicate the economic status of the family and 
the education level of parents. 

In Figure 5, the economic status, and the education level of both parents are presented. There is no 
coefficient distributed in the negative range, which suggests all three factors positively affect the STEM 
results. Taking a closer look at the educational level of the parents, the result suggests the higher the 
educational level of the parents, the higher the STEM results of the child. Notably, the educational level 
of the mother (βb(EduMot) = 0.07) is slightly higher than the educational level of the father or the economic 
status (βb(EduFat) = 0.05). 



 

Figure 6. Distribution of coefficients of variables that indicate the occupation of parents, in line with 
students’ biological sex. 

When both parents have non-manual professions, the results of either male (αa_SexPJ[1] = 3.08) or female 
(αa_SexPJ[4] = 3.25) are higher than when both parents work in manual labor (αa_SexPJ[3] = 2.19 and αa_SexPJ[6] = 
2.50). Moreover, in each group of parents’ jobs, female students often have better results than their 
male counterparts (see Figure 6). 

Prediction of a student’s academic achievement based on the parent’s occupation 

When designing the variables, we have coded the software to predict the outcome according to the 
values of the SexPJ variable. Thus, when we vary biological sex and parent occupation, the results are 
shown in Figure 6. 



 

Figure 7. Predictions of students’ academic achievements if: a) parents are non-manual labor workers; 
b) one parent does manual labor while other works in non-manual; and c) both parents are manual 
workers. 

When the parents are all non-manual labor workers (Figure 7a), the values of prediction of students’ 
academic results are converged toward category 3, which indicates average results. Meanwhile, when 
one parent does manual labor and the other works in non-manual (Figure 7b), the results are around 
categories 2 to 3. Finally, as shown in Figure 7c, the academic achievement of students is predicted to be 
converged under category 2 when both parents work laborious jobs. The prediction somewhat confirms 
the Bayesian regression results. 

Discussion 

Gender and academic performance in STEM subjects 

Firstly, the analysis shows that gender has little association with school results in STEM subjects (Fig. 
1b). This goes against a common stereotype in a culture that views males as naturally more attracted to 
natural science and more capable at it than females (Leslie et al., 2015; Nosek et al., 2009). Even though 
the majority deliberately refuse the notion (Hyde et al., 1990), various studies verify the popularity of 
the “math = male” stereotype across multiple demographic factors including gender, age, and country 
(Cvencek et al., 2011; Kiefer and Sekaquaptewa, 2007; Nosek et al., 2009; Nosek et al., 2002).  A 
substantial literature argues that these gendered differences are predominantly caused by unconscious 
bias and discrimination (Metcalf, 2018). Tackling individual and systemic bias is not easy, particularly in a 
discipline with a problematic history of marginalization like STEM (Metcalf, 2018). Therefore, the 
metaphor of a “leaky pipeline” is usually used to describe women’s unequal attrition in STEM fields (Xie 
and Shauman, 2003; Correll, 2004; Cech et al., 2011). Although this study adds to the evidence of no 
performance difference in genders (Xie and Shauman, 2003; Hyde and Linn, 2006; Spelke, 2005); extant 
research still shows that common cultural stereotypes and biased practices in classroom and workplace 
devalue women’s competence and creates environments that discourage female’s pursuing and 
continuing STEM careers (Cech et al., 2011; Moss-Racusin et al., 2012; Fox, 2010; Reuben et al., 2014; 
Atir and Ferguson, 2018).  

Moreover, parental resources tend to favor boys over girls in many Asian cultures (Lee, 2009; Hou and 
Leung, 2011), especially in a deeply Confucian culture such as Vietnam(Vuong et al., 2018a; Vuong and 
Tran, 2009; Napier and Vuong, 2013) in which men had more opportunities and privileges than women. 



Nevertheless, the findings reveal a “reverse gender gap” where girls are as academically capable as (or 
even more than) boys in terms of test scores and transition to higher education (Rolleston and Iyer, 
2019; Thanos et al., 2018). One explanation specific to rural areas might be the fact that boys face 
higher pressure of joining the labor market during adolescence as they are expected to shoulder the 
responsibility of earning for the family, therefore, have less interest in continuing their education. 
Gender norms also suggest that boys have the upper hand in the labor market to find better-paid jobs 
than girls. This could explain the higher motivation for learning and pursuing higher levels of education 
of female students, reflected by their outscoring in test results reported by some nationwide education 
investigations (Azubuike and Little, 2019). In other words, the reverse gender gap in Vietnam education 
might result from the reality that women have to work harder for the same outcomes compared to 
men. 

Regarding the impact of gender in relation with SES on students’ academic achievement, both genders 
yield positive values as illustrated, however, when examining the effect of gender in line with the 
parental occupation, female students are likely to outperform their male peers in STEM subjects, even 
more so when their parents are labors. The finding from this study is different from another one by 
Cheng et al. (2013). The latter indicated that gender effects are more evident in higher-educated 
families, which means that results of male students are better in Mathematics and Science than their 
female counterparts, and when considering education level of parents, boys tend to perform better in 
higher parental education families than lower ones (Cook et al., 1996; Entwisle et al., 2007; Zambrana et 
al., 2012). However, in this research, data analysis shows that female students are likely to have better 
academic achievements than their male peers in STEM subjects, even more so in disadvantaged SES 
situations. 

Socioeconomic status (SES) and STEM academic performance 

Secondly, the effect of family size was found discernible. Students having one sibling only seem to be of 
advantage compared to those with more than two siblings. This is in line with previous literature, 
according to which family size is detrimental to the intellectual development of children since parental 
resources are finite and become diluted with the expansion of sibship size (Blake, 1981). It further 
confirms the inverse relationship between sibship size and students’ academic achievement (Powell and 
Werum, 2004; Downey, 2001). The negative effect of having an additional sibling on academic 
performance has been reported consistently across various operational definition of educational 
outcomes and in multiple settings including the United States (Blake, 1989; Downey, 1995; Kuo and 
Hauser, 1997), Europe (Wolter and Coradi Vellacott, 2002), Asia (Knodel and Wongsith, 1991; Anh et al., 
1998; Post and Pong, 1998), and Africa (Lloyd and Brandon, 1992; Desai, 1995).  However, larger sibship 
size is not necessarily correlated to lesser academic results in the context of some in some developing 
nations (Buchmann, 2000; Desai, 1995). The degree that additional siblings adversely influence learning 
scores may vary even among groups within one society because of their distinct characteristics, for 
instance, due to the support provided by the extended family for the nuclear family (Park, 2008). From 
policy perspectives, using international data on educational achievement among 15-year-olds in 20 
OECD countries, the study by Park (2008) demonstrates that nations characterized by better public 
support for childcare, universal child benefits, more public spending on education and family, show a far 
less adverse consequence of growing up in large families (Park, 2008).  



It is worth noting that current results also suggest that students having one sibling are of academic 
advantage compared to those without any sibling. Several studies have shown similar results; for 
example, Iacavou (2001) reported that children with no siblings do worse than children in two-child 
families (Iacovou, 2001). In a developing country context, Quian’s (2009) study also found out that in the 
rural area of China, the only child has a disadvantage in school enrollment, and the benefit for bigger 
family size is larger for households where the children are of the same sex (Qian, 2009). Nevertheless, 
this is inconsistent with findings of various studies, for example, Cherian (1990) investigated the 
association between birth order and educational results of young people in Transkei, South Africa, and 
induced that first-borns and “onlies” benefit from a unique and favorable position in the South African 
families (Cherian, 1990). In this study, the reasons for this disadvantage of being the only child may 
result from various phenomena. First, the only child has neither an older brother/sister who serves as an 
intellectual source to stimulate cognitive development nor a younger sibling who gives the opportunities 
to take on the role of a “teacher” (Zajonc and Markus, 1975). As tutoring involves the reorganization and 
deep level processing of knowledge, having one (and not too many) younger sibling is considered 
favorable to a child’s cognitive ability. 

Furthermore, from a cultural perspective, parents and caregivers in Vietnam, like other Confucian 
societies, tend to be more concerned about physical needs and less disciplinary to their only child 
(Davin, 2017; Vuong et al., 2018a). To add on, the social aspect is the fact that parents with only one 
child in the countryside of Vietnam are more likely to leave home for job opportunities in urban areas, 
having their child taken care of by other relatives (GSO, 2016). Thus, lack of parental care and support 
due to domestic migration might negatively affect the only children’s levels of academic achievement. 

Parent’s occupation and STEM academic performance 

Thirdly, parent’s education level and occupation type could also account for academic achievement. 
Data analysis shows that the education level of the parents is positively associated with the student’s 
results. This is consistent with findings from numerous previous studies (Burušić et al., 2019; Kryst et al., 
2015; Davis-Kean, 2005). In terms of parents’ occupation, students have the propensity to achieve 
higher results if their parents worked in administrative or managerial positions. In other words, students 
whose one or both parents hold jobs that are considered ‘skilled labor’ tend to have better results than 
those born into households of manual labor workers. Studies have argued that discrepancies in 
socioeconomic contexts have long been identified as causes of individual disparities in cognitive ability 
(Noble et al., 2015). Factors such as educational backgrounds of parents and family income account for 
differences in brain regions crucial for the development of language, executive functions, and memory 
(Noble et al., 2015). Considerable IQ benefits are found both in the born and adopted children of more 
advantaged parents (Kendler et al., 2015). Accordingly, these findings have hinted and predicted the 
effect that home environment and parenting styles might have on children’s cognitive development in 
less developed economic regions. In Confucian culture, those who did not have to do manual labor work 
were usually government officials, and as such, considered to be part of the intelligentsia. Such lettered 
people would be better resourced to provide their children with a scholarly culture as well as impose 
strict disciplines, manners, and etiquettes. All these would foster children’s cognitive skills and cultural 
capital for academic success (Sikora et al., 2019; Evans et al., 2014). 

Conclusion 



An extensive literature has, for long, documented various determinants for students’ academic 
achievement, particularly in STEM-related domains. We contribute to this literature by showing the 
associations between students’ STEM education results against gender and socioeconomic factors. 
Bayesian statistical analyses of 4967 observations indicate that gender, family size as well as parental 
education and occupation all contribute to students’ performance in STEM subjects to a varied extent. 
While gender has little association with the STEM results, female students are reportedly less vulnerable 
to SES effects than males. Results about family size demonstrate that having one sibling is favorable for 
a student compared to those with more than two siblings or without any, and being the only child in a 
rural family of a developing country is rather a disadvantage. The analyses show that parental 
educational level is positively associated with school results, and students tend to perform better if their 
parents are intellectuals. These results provide cultural insights into the role of SES and policy 
implications to bridge the social gap in education.  

Given the apparent effects of SES factors despite the government’s efforts to ensure equitable 
education, deeper levels of intervention are critical, such as enhancing school culture to narrow the SES 
gap in lower middle-income economies and promote the education of scientific knowledge to the 
general public (Vuong, 2018). Also, given the low enrollment rates of female students in STEM majors at 
universities despite their equal capability demonstrated in secondary school, measures need to be taken 
to encourage female participation in the tertiary level of STEM education to scale down the waste of 
labor resources. 

In the context of transition economies, who are aiming to achieve the United Nation’s Sustainable 
Development Goal by 2030, SDG4 – which focuses on inclusive, equitable and quality education – is 
among the top priorities (United Nations). To achieve this goal, STEM education is considered as a viable 
and holistic education approach (Linh, 2018; Thanh, 2018; Siemens Stiftung, 2019). This research offers 
robust empirical evidence of students’ STEM education for scientists, policymakers, and other 
stakeholders in the developing countries and suggests lessons for future actions.  

Limitations of the study 

Despite the contribution to education policy in Vietnam, this study still has some limitations. Firstly, 
parent occupation types are much more varied, and the simplification of all these occupations into just 
two groups necessitated a lot of concessions. SES is based on self-reported measures by a child; it might 
not accurately reflect the situation since not all children are aware of their families’ exact financial 
situation. The sample was chosen from a city in Northern Vietnam; therefore, the generalization to a 
wider population needs careful consideration. 

Figure legends 

Figure 1. The Bayesian regression model 

Figure 2. The visual representation of the MCMC chains 

Figure 3. Distribution of coefficients of variables that indicate the biological sex of the students. 

Figure 4. Distribution of coefficients of b(NumberofChi) and b(OnlyChi) 

Figure 5. Distribution of coefficients of variables that indicate the economic status of the family and the 
education level of parents. 



Figure 6. Distribution of coefficients of variables that indicate the occupation of parents, in line with 
students’ biological sex. 

Figure 7. Predictions of students’ academic achievements if: a) parents are non-manual labor workers; b) 
one parent does manual labor while other works in non-manual; and c) both parents are manual 
workers. 
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