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Abstract
There is a vast literature focusing on students’ learning and academic achievement. 
However, less research has been conducted to explore factors that contribute to stu-
dent well-being. Rooted in the ecological framework, this study aimed to compare 
the relative importance of the individual-, microsystem-, and mesosystem-level fac-
tors in predicting students’ subjective and eudaimonic well-being. Hong Kong data 
from the Programme for International Student Assessment (PISA) 2018 involving 
6,037 students were analyzed. Machine learning (i.e., random forest algorithm) was 
used to identify the most powerful predictors of well-being. This was then followed 
by hierarchical linear modelling to examine the parameter estimates and account for 
the nested structure of the data. Results showed that four variables were the most 
important predictors of subjective well-being: students’ sense of belonging to the 
school, parents’ emotional support, resilience, and general fear of failure. For eudai-
monic well-being, resilience, mastery goal orientation, and work mastery were the 
most important predictors. Theoretical and practical implications are discussed.
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Introduction

Many students around the globe suffer from low levels of well-being. For example, a report 
from the Organisation for Economic Co-operation and Development (OECD) revealed 
that 55% of students were suffering from anxiety when taking a test, and around 66% of 
students reported that they were stressed about their grades (OECD, 2017). Furthermore, 
around 7% of students reported very low levels of life satisfaction, and 13% of students had 
more negative emotions than positive emotions on a typical day (van Zanden et al., 2020).

In the latest round of the Programme for International Student Assessment (PISA) 
2018, the level of Chinese students’ well-being was significantly lower than their interna-
tional peers. Moreover, 41% of Chinese students were not satisfied with their lives (Peña-
López, 2019). In Hong Kong, adolescents are at an increased risk for low levels of well-
being (Lau and Bradshaw, 2018; Legislative Council Secretariat, 2018; Lo, 2021; Qu 
et al., 2021; Shek & Li, 2014; Shek & Lin, 2017; Xiang et al., 2020) as they face fierce 
academic competition and immense pressure to succeed from society and family (Lee 
et al., 2006; Quach et al., 2015). The competitive nature of the Hong Kong educational 
system places high expectations and gives great pressure to students, undermining their 
well-being. Consequently, Hong Kong students have excellent academic performance, 
but poor well-being (Peña-López, 2019). Poor well-being has been proven to be asso-
ciated with maladaptive school outcomes, such as emotional problems, risk behaviors, 
and underachievement (Kaess et al., 2014). Given that well-being is critical to students’ 
school outcomes, such as interpersonal relationships and academic performance (Leung 
et al., 2021; Lyubomirsky et al., 2005), research on student well-being is urgently needed.

Despite the number of studies that explored the factors related to students’ well-being, 
most of them have two key limitations. First, well-being is a complex construct consist-
ing of multiple dimensions, including subjective and eudaimonic well-being (Martela & 
Sheldon, 2019; Wilson Fadiji et al., 2021; Ryan & Deci, 2001). Previous studies, espe-
cially those focusing on students, have mostly focused on the determinants of subjective 
well-being (e.g., Huang, 2021; Lampropoulou, 2018; Liu et al., 2016). Eudaimonic well-
being and its antecedents have received less attention. Given the multi-faceted nature of 
well-being, this study investigated both subjective and eudaimonic well-being. Second, 
past studies on well-being have mostly focused on a limited set of antecedents (e.g., Bailey 
& Phillips, 2016; Lampropoulou, 2018). For example, Lampropoulou (2018) investigated 
the roles that personality, school, and family play in students’ subjective well-being. Given 
that well-being is simultaneously affected by many different factors (Diener et al., 2009), 
a more comprehensive framework (e.g., ecological framework) is needed that considers a 
diversity of variables that are potentially associated with well-being.

Literature review

Subjective Well‑Being and Eudaimonic Well‑being

Well-being can be conceptualized from the perspectives of subjective well-being 
and eudaimonic well-being (Diener et  al., 2009; Ryff & Singer, 2008). Subjective 
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well-being has three major components: positive affect, negative affect, and life satis-
faction (see Busseri & Sadava, 2011 for a review). Positive and negative affect pertain 
to positive and negative emotions, respectively. Life satisfaction refers to the cognitive 
evaluation of one’s life. People with a high level of subjective well-being are more 
likely to experience more positive affect, life satisfaction, and less negative affect.

Eudaimonic well-being refers to the fulfillment of one’s potential and striving 
for excellence (Waterman, 2008). It is typically comprised of specific facets such as 
mastery, acceptance, and autonomy among others (Ryff & Singer, 2008). However, 
among the different facets of eudaimonic well-being, one of the most common ways 
to operationalize it is through meaning in life (e.g., Steger, 2005; Wang et al., 2021; 
Waterman et al., 2010). Meaning in life is defined as the degree to which individu-
als perceive themselves to have a sense of purpose and be part of something bigger 
than themselves (Steger, 2009). It is one of the integral components of eudaimonic 
well-being and has been found to be closely associated with happiness and pleasure 
(Ryan et al., 2008). Furthermore, meaning in life is associated with a focus on intrin-
sic goals, self-reflection, and mindfulness (Ryan & Deci, 2004). Given that the pres-
ence of meaning in life is critical to eudaimonic well-being (Peterson et al., 2005; 
Ryan & Deci, 2001), this study adopted the construct of meaning in life to capture 
students’ eudaimonic well-being.

Theoretical Perspective: The Ecological Framework

The ecological framework, developed by Bronfenbrenner (1979), provides a frame-
work that illustrates the interactions between individuals and their surroundings 
(Allen et al., 2021). It acknowledges that human functioning is affected by social-
ecological factors from multiple layers of environmental systems, i.e., individu-
als, microsystem, mesosystem, exosystem, and the macrosystem (Bronfenbrenner, 
1979). In the educational context, the ecological framework highlights the impor-
tance of various school, family, and individual factors within systems in understand-
ing students’ well-being (Garbarino, 2014).

A large body of work on well-being has used the ecological framework to exam-
ine how environmental factors are associated with well-being (e.g., Garbarino, 2014; 
Lawler et al., 2017; Tissington, 2008). As suggested by Grouzet and Lee (2014), the 
ecological system involves the health of the environment that is closely related to 
human quality of life and well-being.

In the educational context, Oberle et al. (2011) found that personal ecological fac-
tors (i.e., neighborhood, school, family, and peer influences) were significantly asso-
ciated with students’ life satisfaction across 25 public elementary schools. In another 
study, Lawler et  al. (2017) used the ecological framework to understand students’ 
subjective well-being across 11 countries. They found that family, school, and peer 
relationships were the strongest predictors of subjective well-being. Although these 
studies contributed to the literature on well-being from the perspective of ecological 
theory, most of these paid attention to subjective but not to eudaimonic well-being.
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We categorized all factors from PISA 2018 into three layers of the system, i.e., 
individual system, microsystem, and mesosystem. The individual level is the center 
of the ecological framework, involving students’ biological and innate characteris-
tics that may affect their well-being (e.g., resilience in Yıldırım & Arslan, 2020). 
The microsystem level refers to interactions in the individuals’ immediate environ-
ment (Tissington, 2008). The mesosystem level, in this study, included school cli-
mate (e.g., the disciplinary climate in Kutsyuruba et al., 2015), teachers’ instruction 
(e.g., teacher support in Suldo et al., 2009), and perceptions of schools (e.g., sense 
of belonging in Awartani et al., 2008). Details of each system are described in the 
following sections.

Individual System

Individual factors include students’ demographic variables (i.e., gender and grade), 
motivation (i.e., competitiveness, work mastery, general fear of failure, mastery goal 
orientation, and expected occupational status), engagement (i.e., effort, joy, and 
learning time), self-efficacy (i.e., resilience), and self-concept (i.e., perception of 
competence and perception of difficulty).

Demographic variables have a significant impact on student well-being. Specifi-
cally, students’ gender was frequently studied as one of the most important factors 
affecting their well-being (e.g., Liu et al., 2016). Many studies found that girls gen-
erally reported a lower level of well-being than boys as they were more likely to 
experience negative emotions and had more fragile interpersonal relationships (Ben-
enson & Christakos, 2003; Flook, 2011; LaFontana & Cillessen, 2010). In addition 
to gender, grade level is also important for students’ well-being (Lin & Shek, 2019). 
Students from lower grade levels reported more life satisfaction and positive affect 
but less negative affect than those in higher grades, because of the increasing aca-
demic pressure as they move into higher grade levels (Liu et al., 2016).

Motivation is broadly defined as the driving force for individuals’ actions (Jansen 
et al., 2022). PISA 2018 included different motivation factors such as competitive-
ness (i.e., the desire to outperform others), work mastery, mastery goal orientation 
(i.e., the desire to work hard to master tasks relative to self-defined standards), fear 
of failure (i.e., the general tendency to avoid potential mistakes and failures), and 
expected occupational status (OECD, 2019). Motivation closely relates to students’ 
psychological health and satisfaction with their school life (Karaman & Watson, 
2017; Ryan & Deci, 2017). Students with high motivation were more likely to expe-
rience greater subjective well-being and meaning in life (Bailey & Phillips, 2016). 
On the contrary, a low level of motivation (e.g., fear of failure and low competitive-
ness) was negatively related to positive emotions and life satisfaction (Lever et al., 
2005). In particular, fear of failure is characterized by an avoidance of evaluative 
settings where individuals experience shame and failure (McGregor & Elliot, 2005). 
For example, it was found that fear of failure might lead to negative behaviors (e.g., 
procrastination and withdrawal) and negative feelings (e.g., helplessness and self-
worthlessness), resulting in a low level of subjective well-being (Huang, 2021; King 
et  al., 2023). Expected occupational status is another crucial motivational factor 
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affecting students’ well-being, as it refers to career and life goals, which are closely 
associated with meaning in life among Hong Kong adolescents (Yuen et al., 2020).

Students’ engagement refers to active involvement in effective practices and com-
mitment to learning (Christenson et  al., 2012). Student engagement has also been 
found to be an important predictor of well-being. For example, students’ emotional 
(i.e., the feelings students have toward learning activities, such as enjoyment) and 
cognitive engagement (i.e., mental effort students spend on learning tasks, such as 
effort in learning) were found to be key determinants of well-being (King & Fron-
dozo, 2022; Pietarinen et  al., 2014). In a longitudinal study by Datu and King 
(2018), it was also found that prior engagement had significant effects on predict-
ing subsequent subjective well-being. However, few studies have explored the asso-
ciation between student engagement and eudaimonic well-being. Waterman et  al., 
(2010) found that engagement in meaningful activities could lead to feelings of ful-
fillment and a sense of meaning. It is thus possible that students with higher aca-
demic engagement might also develop higher levels of eudaimonic well-being.

Another important individual factor affecting well-being is self-efficacy, which 
is generally defined as the confidence to carry out behaviors necessary to accom-
plish specific goals (Bandura, 1977). PISA 2018 measured students’ general sense 
of efficacy in the face of adversity, which was operationalized as resilience (Peña-
López, 2019; Wang et al., 2022, 2023a;). Resilience is generally defined as the abil-
ity to recover from adversity or negative experiences (Tugade & Fredrickson, 2004). 
Students who had high levels of resilience reported better overall well-being (Chow 
et al., 2018; Hartson et al., 2021), subjective well-being (e.g., Noor & Alwi, 2013), 
and eudaimonic well-being (e.g., Di Fabio & Palazzeschi, 2015).

Self-concept is defined as students’ perceptions of their academic abilities 
(OECD, 2019). Previous studies have found that higher self-concept was related to 
better life satisfaction and psychological well-being (Matteucci & Soncini, 2021; 
Raggi et  al., 2010). Self-concept includes two components: perception of compe-
tence and perception of difficulty (OECD, 2019).

Perceived competence pertains to students’ efficacy and control over one’s learn-
ing outcomes (OECD, 2019). On the opposite end is perceived difficulty, which 
refers to students’ evaluation of task difficulty (Efklides, 2002; Nuutila et al., 2021). 
The satisfaction of competence, one of the key psychological needs, was found to 
promote students’ optimal well-being (Ryan & Deci, 2017).

Microsystem

Microsystem factors include family background variables (i.e., immigration status, 
socio-economic status (SES), and duration in early childhood education and care) 
and parental support. Family background was documented as a strong factor affect-
ing well-being in the literature (Corak et al., 2011). For example, students from low 
SES families were more likely to experience negative emotions and a low sense of 
purpose in life (Chen, 2004; Ryff & Singer, 2008). Many other family background 
factors were also found to influence students’ well-being, such as immigration status 
(Harker, 2001) and early childhood education (Reynolds et al., 2011).
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In addition, it was found that parental emotional support is associated with 
reduced risks of mental illness and higher self-esteem (Boudreault-Bouchard et al., 
2013). As a result, students who perceived emotional support from parents usually 
experienced more subjective and eudaimonic well-being (Winakur, 2011).

Mesosystem

Mesosystem factors are mainly related to the school climate (e.g., school belonging, 
bullying, and perception at schools) and teachers’ instruction (e.g., support, directed 
instruction, and feedback). Among the factors related to school climate, school 
belonging was consistently identified as an important predictor of well-being (e.g., 
Gillison et al., 2008; Tian et al., 2016; Pittman and Richmond, 2008). Previous stud-
ies have also found that school bullying could lead to negative student outcomes, 
such as depression, avoidance, and fear, resulting in mental illness (Klomek et al., 
2007; Varela et al., 2021; Vidourek et al., 2016).

OECD also measured students’ perceptions of competition and cooperation in the 
school setting (OECD, 2019). Previous studies have found a negative relationship 
between competition and emotional well-being (Hoferichter & Raufelder, 2017). On 
the contrary, cooperativeness was positively correlated with well-being outcomes, such 
as emotional maturity, autonomy, and high self-esteem (Johnson & Johnson, 2009).

Regarding teachers’ instruction, teaching strategies are prominent factors influ-
encing students’ well-being. Prior studies found that high quality of teacher-student 
interaction was strongly associated with students’ well-being (Wang et  al., 2021). 
For example, constructive feedback, stimulation of learning activities, and showing 
interest from teachers fostered different aspects of students’ well-being by enhancing 
the quality of the teacher-student relationship (Brown et al., 2012; Kusurkar et al., 
2011; Schiefele et al., 2013).

Combining Machine Learning Approaches and Classical Statistics

Classical statistics were frequently used to analyze the data in previous well-being 
studies (e.g., Hierarchical Linear Modeling by Wang et al., 2021; Linear Regression by 
Bailey and Phillips, 2016; Structural Equation Modeling by Xiang et al., 2016). Clas-
sical statistics allow us to compute the magnitude of the relationship among the vari-
ables through hypothesis testing. However, classical statistics was originally designed 
to accommodate a few input variables and a moderate sample size (Ij, 2018). As the 
number of variables and the sample size increase, the classical statistical approach 
may lead to an overrepresentation of significant results (Martínez-Abad et al., 2020).

Machine learning approaches might be able to complement classical statis-
tics and help address some of its limitations. Machine-learning approaches have 
received increasing attention in the educational and psychological literature in 
recent years (e.g., Iatrellis et al., 2021; Martínez-Abad et al., 2020; Wang et al., 
2023a, b). The random forest regression algorithm, one of the key machine learn-
ing algorithms, was effective in addressing a wide range of regression issues with 
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high stability and robustness (Rodriguez-Galiano et  al., 2015). A random for-
est consists of many trees that denote the relative importance of a group of fac-
tors (Breiman, 2001). Specifically, the random forest algorithm randomly builds 
regression trees based on random subsets of the observation and creates each 
split of a tree based on a random subset of candidate variables (Grömping, 2009). 
The process is combined with bootstrapping procedures to iteratively minimize 
the predictive error (Yarkoni & Westfall, 2017). Thus, the random forest has been 
considered to have high predictive accuracy, which iteratively selects key vari-
ables and determines the optimal subset size of factors through k-fold cross-vali-
dation (Martínez-Abad et al., 2020).

Random forest is also suitable for dealing with high-dimensional issues involv-
ing interaction terms and highly correlated predictors that may violate the collinear-
ity assumption (i.e., independent variables have low correlations with each other) in 
classical statistics (Lu & Ishwaran, 2018; Strobl & Zeileis, 2008). A key advantage 
of random forest over classical statistics is that it covers both the effects of each pre-
dictor individually and the simultaneous impact of multivariate interactions among 
predictors (Lunetta et  al., 2004). Moreover, the random forest can also be applied 
in  situations when the predictors are highly correlated by randomly selecting vari-
ables in each tree. Given the big sample size, the presence of multiple predictors, 
and the highly correlated nature of the variables in the PISA dataset, random forest 
approach is especially suited to the current study (see Lezhnina & Kismihók, 2022; 
Wang et al., 2022, 2023 for other examples of machine learning approaches in PISA 
studies).

Although machine learning has often been used to explore influential fac-
tors of students’ learning outcomes, such as achievement (Martinez and Lopez, 
2017), learning dropout (Tan & Shao, 2015), and enrollment (Iatrellis et  al., 
2021), its application in students’ well-being research is rather limited (Men-
doza et  al., 2023). Moreover, given the complexity of well-being and the fac-
tors that impinge on it, a large volume of variables and a big dataset may help 
researchers develop a fuller and more nuanced understanding of student well-
being. To achieve this, the current study combined machine learning with clas-
sical statistics to identify the most important factors and interpret their effect on 
students’ well-being.

The Hong Kong Context

This study was conducted based on a Hong Kong dataset. Hong Kong is a spe-
cial administrative region of China. It is an interesting case given that high lev-
els of achievement are accompanied by low levels of well-being among students 
(Peña-López, 2019). It is well known that there is a competitive academic cli-
mate wherein parents and society place high expectations on Hong Kong students 
(Marsh et  al., 2000). Hence, they experience high levels of academic pressure, 
undermining their sense of well-being (Lee et al., 2006; Quach et al., 2015).
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Inevitably, the family climate of students would also be affected. Hong Kong 
parents have high expectations for their children and they prioritize academic 
success over socio-emotional well-being (Shek & Chan, 1999; Ma et al., 2018). 
Some Chinese parents tend to use psychological control by emphasizing their 
children’s failure, which has high emotional costs (Pomerantz et al., 2014). Under 
these sources of academic stress, students have to work hard and put great effort 
into academic activities (Xiang et al., 2019), which might lead to excellent aca-
demic results but low levels of well-being (Peña-López, 2019). Consequently, 
studies have shown a significant decline in the life satisfaction of students when 
their schoolwork increases during their secondary school years (Lee et al., 2006; 
Ma et al., 2018; Shek & Liu, 2014). The poor well-being experienced by Hong 
Kong students has piqued the increasing interest of researchers, who are inter-
ested in gaining a better understanding of Hong Kong students’ well-being (e.g., 
Lo, 2021; Shek & Li, 2014).

The Present Study

The purpose of this study was to identify the most important factors affecting the 
subjective and eudaimonic well-being of Hong Kong students. We drew on Bron-
fenbrenner’s ecological framework to classify the relevant variables from PISA 
2018 dataset into three layers: individual, microsystem, and mesosystem factors. 
The conceptual framework is shown in Fig. 1.

Fig. 1   Conceptual Framework for the Current Study
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Methods

Sample

The Programme for International Student Assessment (PISA) 2018 Hong Kong data 
was used in this study, which was publicly available in the Organisation for Coop-
eration and Development (OECD) website (https://​www.​oecd.​org/​pisa/​data/). The 
sample consisted of 6,037 adolescents from Hong Kong, China. The mean age of the 
students was 15.73 (SD = 0.29). The sample was composed of 51.1% boys and 48.9% 
girls. Among these students, most of them were in grade 10 (68.0%) and grade 9 
(25.0%), others were in grade 7 (0.9%), grade 8 (5.2%), and grade 11 (0.8%).

Measures

Dependent Variables

Subjective well-being was represented by positive affect, negative affect, and life 
satisfaction. Students reported their positive feelings (five adjectives: “joyful”, 
“cheerful”, “happy”, “lively”, and “proud”) and negative feelings (four adjec-
tives: “afraid”, “scared”, “sad”, and “miserable”) using a 4-point Likert scale 
(1 = Never, 4 = Always). Overall life satisfaction was measured by one item (i.e., 
“Overall, how satisfied are you with your life as a whole these days?”) with an 
11-point scale from 0 to 10. Both scales for positive affect (Cronbach’s a = 0.85) 
and negative affect (Cronbach’s a = 0.81) showed adequate internal consistency.

Eudaimonic well-being was operationalized as students’ meaning in life by the 
OECD (OECD, 2019), which is consistent with previous studies (e.g., Ryan & 
Deci, 2001; Wang et al., 2021). Meaning in life consists of three statements rated 
on a 4-point Likert scale ranging from 1 (Strongly disagree) to 4 (Strongly agree). 
A sample item is: “My life has clear meaning or purpose.” This scale had good 
internal consistency in this study (Cronbach’s a = 0.91).

Independent Variables

It should be noted that the PISA 2018 dataset includes several different variables 
(e.g., background information, psychological variables, school, and family variables).

Twenty-nine variables were selected from the student questionnaire in PISA 
2018. These variables have been found to be important for students’ well-being in 
the existing literature. All these factors were background variables and composite 
scores based on item response modelling were calculated by OECD (2019). PISA 
offers the economic, social, and cultural status (ESCS) as a composite measure 
of socioeconomic status. It was computed based on three variables — parents’ 
education, home possessions, and family wealth. To avoid multicollinearity prob-
lems, we only retained ESCS in our data analysis.

https://www.oecd.org/pisa/data/
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We categorized selected variables into three types according to the ecological frame-
work (See Table 1): individual system (e.g., work mastery, competitiveness, and gen-
eral fear of failure), microsystem (e.g., teacher support, teacher-directed instruction, and 
adaptation of instruction), and mesosystem (e.g., sense of school belonging, disciplinary 
climate, and experience of being bullied). PISA has validated scales for all constructs 
across countries (OECD, 2020). In addition, all the scales have good content and con-
struct validity according to Borsboom et al.’s (2004) validity theory. All scales had good 
internal consistency with the high values of Cronbach’s a ranging from 0.74 to 0.95.

Analytic Strategy

Preliminary analysis

We imputed the missing data using Markov Chain Monte Carlo (MCMC), given its 
higher rate of estimation accuracy than other methods (Brooks et al., 2011). MCMC 
was frequently used in PISA studies (e.g., Chiu & Chow, 2010), and it allowed us 
to include all variables of interest during the data analysis. The descriptive statistics 
and bivariate correlations among variables were calculated. Before the primary anal-
ysis, we standardized all variables with a mean of 0 and a standard deviation of 1.

Primary analysis

There were two steps in the primary analysis. We first identified the most important 
factors and reduced the number of input variables using the random forest algorithm 
(Step 1). In the next step, given the nature of nested data, we calculated the effect 
size to interpret the results with Hierarchical Linear Model (HLM) (Step 2).

In step 1, given the high stability and robustness of the random forest, this study per-
formed a random forest regression algorithm for each well-being dimension using the 
randomForest package in the R statistical software (Liaw & Wiener, 2018). The tenfold 
cross-validation procedure with five repeats was conducted to select optimal models 
with almost unbiased prediction error (Simon, 2007). The coefficients of the Root Mean 
Squared Error (RMSE) were used to estimate the predictive accuracy. The lower the value 
of RMSE, the higher the accuracy of regression models. The percentage increase of MSE 
(%IncMSE) was used to indicate the importance of each variable. The higher values of 
%IncMSE mean that predictive error will be increased more when the variable is removed 
from the model. In other words, the higher value denotes the greater importance of this 
variable. The coefficient of determination (R2) was used to report the proportion of the 
variation in each well-being outcome that can be explained by the predictors.

In Step 2, given the nested nature of PISA data, we controlled the potential effects 
of clustering and focused on the effects of student-level variables. The hierarchical 
structure of PISA may lead to Type I error inflation, and HLM is recommended and 
the most frequently used in large-scale educational surveys (Areepattamannil, 2014; 
Lezhnina & Kismihók, 2022). Therefore, we accounted for the nesting of students 
within schools, by using HLM. We only included the predictor variables selected in 
the previous step through the random forest algorithm.
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Supplementary analysis

Stepwise regression was used to further explore non-linear relationships among the 
top factors. The process of the random forest algorithm integrates non-linear rela-
tionships (e.g., quadratic and interactions), and excludes less relevant factors from 
the model (Hastie et al., 2009). However, this procedure is a “black box”, and the 
exact nature of the associations among the factors is unknown. Methodologically, 
after the number of predictor variables are winnowed down into a more manage-
able number, stepwise regression can help to “unpack” the effects of quadratic and 
interaction terms. As this is beyond the scope of this paper, results of the stepwise 
regression are only presented in the supplementary material.

Results

Preliminary analyses

Table  2 showed the ranks and descriptive statistics of all variables of interest, as 
well as the coefficients of correlation between each well-being dimension and all 
independent variables (Bivariate correlation was shown in Table S1 in the supple-
mentary file). Results showed that most selected factors were significantly correlated 
with at least one aspect of students’ well-being.

Step 1 – Identify the most important predictors

We used the random forest regression algorithm to initially generate four predic-
tive models for each well-being element (positive affect, negative affect, life satisfac-
tion, and eudaimonic well-being) with twenty-nine predictors. All factors explained 
22.35% of positive affect (MSE = 0.78), 17.64% of negative affect (MSE = 0.82), 
22.96% of life satisfaction (MSE = 0.77), and 27.05% of eudaimonic well-being 
(MSE = 0.73). The coefficients of decrease in accuracy (%IncMSE) showed the vari-
able importance when predicting the different aspects of well-being.

For subjective well-being, several salient factors were found (%IncMSE > 30): 
school belonging (ranked 1st) and resilience (2nd) for positive affect; General fear of 
failure for negative affect; Parental support (1st), school belonging (2nd), and resil-
ience (3rd) for life satisfaction. Two dominant factors relating to eudaimonic well-
being were resilience (1st) and work mastery (2nd).

Prediction Performance of the Key Factors

We further conducted the tenfold cross-validation with 5 repeats for four well-
being outcomes to streamline the prediction model (see Fig. 2). Results showed that 
the decrease rate of MSE was very slow after the model selected seven factors for 
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positive affect (R2 = 19.15%, RMSE = 0.81). Compared to the model with twenty-
nine factors, the other nineteen factors only explained the 3.2% variance of positive 
affect. Therefore, we selected these top seven variables as the key predictors of posi-
tive affect. The final model included two individual factors, one in the microsystem, 
and four in the mesosystem (See the first quadrant in Fig. 3). Among these factors, 
school belonging was the most salient predictor contributing 84.97% mean decrease 
in the model accuracy (%IncMSE). Resilience was the second top influential factor 
contributing to 48.74%IncMSE. Other factors were also important but contributed to 
less %IncMSE ranging from 14.13% to 23.33%.

We also selected seven dominant factors for negative affect (R2 = 14.47%, 
RMSE = 0.86) according to the result of cross-validation. The final model included 
three individual factors and four factors in the mesosystem (see the second quadrant 
in Fig. 3). General fear of failure was the top predictor for negative affect, contribut-
ing 57.13%IncMSE. School belonging was the second important factor that contrib-
uted to the model misfit with 31.38%IncMSE. The values of %IncMSE for other top 
variables were in the range of 5.42% to 21.33%.

Similarly, seven important factors were obtained for life satisfaction 
(R2 = 19.83%, RMSE = 0.80), and eudaimonic well-being (R2 = 25.12%, 
RMSE = 0.75). We found that school belonging, parental support, resilience, 
teachers’ support, and interest were five salient predictors of life satisfaction 
with the range of %IncMSE from 34.19 to 54.35. For eudaimonic well-being, 
the top influential factors included resilience, mastery goal, work mastery, and 
school belonging, contributing to the misfit of the model with %IncMSE ranging 
from 36.30 to 92.42. The selected factors and their ranks within the ecological 
framework were shown in Fig. 3 (Values of %IncMSE could be found in Fig. 4).

Fig. 2   Prediction Performance of Models with Different Numbers of Predictors
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Fig. 3   Key Factors Predicting Well-being Using the Ecological Framework

Fig. 4   Top Variables Predicting Different Subjective and Eudaimonic Well-being. Note: Positive affect, 
negative affect, and life satisfaction are components of subjective well-being
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Step 2 – Hierarchical Linear Models

The HLM results were shown in Table 3. The within-school variances of well-
being outcomes ranged from 0.006 to 0.014, and between-students variances 
ranged from 0.191 to 0.273. The values of ICC ranged from 0.012 to 0.025. 
After accounting for the school-level effects, the estimates of factors broadly 
reflected the importance identified in the random forest algorithm.

Supplementary analyses

The stepwise regression results can be found in the Supplement (See Table S2-S9 in 
the supplementary file).

Discussion

This study aims to examine the predictors of well-being in Hong Kong. Using the 
ecological model as the overarching theoretical framework, we identified the top 
influential factors and their relative importance for Hong Kong students’ well-being. 
The key findings are discussed below.

Individual Factors

For Hong Kong students’ positive affect and eudaimonic well-being, resilience, and 
motivational factors (i.e., work mastery or mastery goals) were key predictors. Both 
negative affect and life satisfaction were best predicted by fear of failure and resil-
ience. This study revealed that gender was a strong predictor of negative affect. Girls 
reported more negative emotions than boys. One possible reason might be that the 
girls were more sensitive to negative events and more likely to catastrophize prob-
lems than boys (Garnefski et al., 2004). For example, compared to boys, girls tend to 
spend more time maintaining friendships as girls’ friendships are more fragile and 
shorter than boys’ (Benenson & Christakos, 2003; LaFontana & Cillessen, 2010). 
Moreover, girls’ moods are more likely affected by interpersonal events than boys’ 
(Flook, 2011). In the Hong Kong context, adolescent girls usually experienced more 
daily hassles and perceived hassles as more stressful than boys during activities such 
as time management for study and examinations (Hochwälder & Saied, 2018; Lai 
et al., 1996; Wu & Lam, 1993).

In terms of motivational factors, our results suggested that mastery orientation 
was particularly crucial in influencing positive affect and eudaimonic well-being, 
while fear of failure was a predictor of life satisfaction and negative affect. Specifi-
cally, students with a high level of intrinsic motivation would experience more posi-
tive emotions and higher meaning in life. Moreover, lower fear of failure was asso-
ciated with more life satisfaction and fewer experiences of negative affect. These 
findings were not surprising given that the association between motivation and 
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students’ well-being has been documented in a large body of studies (e.g., Bailey & 
Phillips, 2016; Huang, 2021; Karaman & Watson, 2017). Intrinsically motivated stu-
dents may achieve better academic outcomes, which in turn promoted their optimal 
psychological functioning (Ryan & Deci, 2017). On the other hand, fear of failure 
interfered with the process of goal pursuit, and lack of goal progress might result in 
a higher negative affect (Berger & Freund, 2012).

Resilience was another vital factor affecting overall well-being. This finding was 
consistent with previous studies (Chow et al., 2018; Hartson et al., 2021), suggest-
ing that resilience was a protective factor that could promote students’ well-being 
in adverse situations. It might be because students who had high resilience were 
equipped with more confidence and effective coping skills to recover from adversity 
and negative emotions (Tugade & Fredrickson, 2004). Therefore, resilience could 
promote students’ well-being and buffer the negative effects of a stressful environ-
ment. Moreover, resilience is particularly important for the mental health of students 
in Hong Kong, who may suffer from depression and suicidal intentions under inten-
sive academic stress (Ang & Huan, 2006).

Microsystem Factors

Parental emotional support was found to be a strong predictor of positive well-being 
(i.e., positive affect, life satisfaction, and eudaimonic well-being). This echoes sev-
eral past studies on the strong effect of parent support on students’ well-being (e.g., 
Boudreault-Bouchard et  al., 2013; Winakur, 2011). Parental emotional support 
enhances relatedness between parents and their children, which may be especially 
helpful when students deal with stressful situations.

An interesting finding was that parental emotional support was not the top factor 
in affecting negative affect although it was a top predictor of the positive aspects of 
well-being. This finding corroborates past studies showing that negative and posi-
tive aspects of well-being are somewhat orthogonal and are associated with distinct 
nomological networks (Isen, 2004).

Previous studies suggested that parental support was a protective factor that 
can reduce the risk of illness (e.g., Boudreault-Bouchard et  al., 2013). However, 
the effects of parental emotional support on students’ negative emotions were less 
than other key factors, suggesting that Hong Kong students’ negative emotions are 
mainly affected by individual- and mesosystem-level factors. Positive and nega-
tive affect may be different from life satisfaction. Affect (i.e., feelings during the 
past three months) is likely to vary across situations, while life satisfaction (i.e., the 
global judgment of one’s life) is more stable (Lucas & Donnellan, 2007). Moreover, 
according to attachment theory, the parent–child relationship is also relatively sta-
ble over time (Bowlby, 1969). Therefore, parental support may have a more power-
ful effect on life satisfaction given that it are both more stable over time. Positive 
and negative affect may be more likely to be affected by situational factors. Another 
potential reason might be the fierce academic competition among Hong Kong stu-
dents (Marsh et  al., 2000), which forces students to strive for higher grades and 
exacerbates negative feelings (Lee et al., 2006; Quach et al., 2015). Hence, stressors 
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from the individual- and mesosystem may have a stronger impact on students’ nega-
tive affect than parental support.

In the Chinese context, familial pressure is one of the main resources of aca-
demic stress for students (Gu, 1999). Chinese parents often push their children to 
strive for academic success, which is considered as family pride, thus they invest 
much time and effort in their children’s education (Chao, 1996). Some Chinese par-
ents use psychological control to urge their children to work diligently (Pomerantz 
et al., 2014), which leads to poor well-being. In line with past research (Boudreault-
Bouchard et al., 2013), this study highlighted the importance of parents’ emotional 
support for enhancing children’s well-being outcomes under such a highly pressured 
environment.

Mesosystem Factors

Five mesosystem factors which related to school climate including school belong-
ing, cooperation, competition, bullying, and attitude toward school were identified 
as top predictors of students’ well-being. A sense of belonging to school was associ-
ated with overall well-being. This finding was consistent with previous research on 
subjective and psychological well-being (Gillison et al., 2008; Tian et al., 2016; Pitt-
man and Richmond, 2008), indicating a strong association between school belong-
ing and well-being. The results also implied that a sense of belonging might be more 
important than other school climate factors and highlighted the importance of school 
belonging interventions to promote students’ overall sense of well-being (e.g., King 
et al., 2022; Murphy et al., 2020; Walton & Cohen, 2011).

Cooperation and competition were two key predictors for positive and negative 
affect, respectively. Working with others was a complex situation. Although some 
studies suggested that a combination of these two factors would lead to a high level 
of intrinsic motivation and performance (e.g., Tauer & Harackiewicz, 2004), a nega-
tive association between competition and emotional well-being was also shown. 
The results were consistent with Hoferichter and Raufelder’s (2017) study, which 
found that competition was positively associated with worry and emotionality. In the 
highly competitive context of Hong Kong, a high-achievement orientation possibly 
increases students’ experiences of such negative emotions (Rappleye et al., 2020).

Bullying was detected as the top predictor of negative affect in this study, which 
was consistent with previous studies (e.g., Huang, 2021). Bullying is closely accom-
panied by social rejection and has negative impacts on students’ psychological func-
tioning and adjustment in the school context (Olweus & Breivik, 2014).

Attitude toward school learning activities was a key factor for eudaimonic well-
being. It suggested that positive attitudes toward school indicated students’ strong 
beliefs in achieving their life goals through school activities.

Several teacher-related instructional factors were also identified as top factors for dif-
ferent aspects of well-being. Teachers’ interests greatly impacted the positive facets of 
well-being (i.e., positive affect, life satisfaction, and eudaimonic well-being). Teachers’ 
stimulation was associated with students’ positive affect and life satisfaction. Moreover, 
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teacher support was an important predictor of life satisfaction. Last, teachers’ feedback 
was found to be a salient factor affecting students’ negative affect. These instructional 
factors were related to the quality of teacher-student interaction. The findings were con-
sistent with previous studies, suggesting that close interactions between teachers and 
students may enhance student adjustment and emotional functioning by fulfilling their 
basic needs for autonomy, competence, and relatedness (e.g., Mainhard et  al., 2018; 
Ryan & Deci, 2017; Wang et al., 2021).

Last, we found that some factors investigated in prior studies were less powerful pre-
dictors. For example, gender was only found to be important for negative affect, and 
gender was not that important in predicting the positive aspects of well-being. Further-
more, grade level was not found to be an important predictor which seemed to contra-
dict past studies (Lin & Shek, 2019; Liu et al., 2016). The results did not suggest that 
gender and grade are not important to aspects of well-being, but relative to other fac-
tors, they seemed to be less salient predictors.

Implications

This study contributed to the literature in several ways. Methodologically, this study 
used the machine learning approach to analyze large-scale assessments that included 
multiple correlated factors to better understand the top factors influencing well-being. 
Compared with prior studies that were confined to a limited number of factors, includ-
ing multiple factors provided an integrative picture of the relative importance of dif-
ferent sets of factors. Moreover, the importance of these factors for various aspects of 
well-being was different, which has not been sufficiently explored by past studies.

Practically, most of the identified factors are malleable, and they could be improved 
through educational interventions (e.g., Jessor et al., 2003; Lee et al., 2015; van Agteren 
et al., 2021). Therefore, the findings of key influential factors of Hong Kong students’ 
well-being offered insights for practitioners and policymakers in decision-making to 
target critical factors during the design of educational interventions. For example, prac-
titioners could primarily focus on building up students’ confidence in facing failure, 
enhancing school belonging, and preventing school bullying to alleviate students’ nega-
tive feelings.

Resilience is malleable and several intervention studies suggested that strengthening 
students’ resilience can help to foster positive coping styles which would further benefit 
students’ well-being (e.g., Tam et al., 2020; Wang et al., 2023b; Wu et al., 2020). This 
study found that resilience was critical to students’ well-being. Hence, given the criti-
cal role of resilience for both subjective and eudaimonic well-being, educators could 
help students improve how they respond to stress and adversity. Furthermore, parental 
support was found to be positively associated with students’ positive well-being in this 
study, indicating that high-quality parental involvement may help improve students’ 
well-being. For example, Wang and Sheikh‐Khalil (2014) compared different types of 
parental involvement in schooling and found that parental involvement could improve 
students’ mental health through fostering students’ behavioral and emotional engage-
ment. Hence, parent education programs that would help parents be more supportive 
might also be important (e.g., Gilmer et al., 2016).
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Limitations and Directions for Future Research

There are several limitations of this study. First, given the cross-sectional nature 
of PISA data, we could not draw any causal relationships between key factors and 
well-being. Future studies are suggested to validate the effectiveness of the factors 
identified in this study by tracking how they influence well-being over time with 
longitudinal or experimental data. Second, limited by the research purpose and the 
analytical approach, the current study failed to identify how these key factors inter-
acted with each other in contributing to well-being development. The mediation, 
moderation, and non-linear associations between factors and well-being should be 
further examined. Third, the type of variables and how they were measured were 
constrained because we used secondary data from PISA. For example, fear of failure 
was only measured in a negative manner. In certain cultural contexts, fear of failure 
might be associated with positive outcomes. For example, research has shown that 
in collectivist cultural contexts, avoiding failure might not be as harmful as those in 
individualist contexts (King, 2016). It is possible that fear of failure might also be 
associated with performance motivation (Elliot & McGregor, 2001). There are some 
studies though that fear of failure might also have some positive dimensions such as 
those found among adaptive perfectionists and defensive pessimists who are able to 
deploy their fear of failure in effective ways (Taylor et al., 2021). Hence, we recom-
mend future studies to measure other variables not included in the PISA dataset.

Conclusion

Rooted in the ecological framework, this study explored the core predictors of Hong 
Kong students’ subjective and eudaimonic well-being using a machine learning 
approach. We selected individual, microsystem, and mesosystem factors from the 
PISA dataset and ranked their relative importance. Positive affect was best predicted 
by school belonging and resilience. Negative affect was best predicted by fear of fail-
ure and school belonging. For life satisfaction, school belonging, and parental support 
were the top predictors. Regarding eudaimonic well-being, resilience, and mastery 
goals were the most important predictors. These findings are expected to help educators 
to develop a more holistic understanding of student well-being and provide evidence-
based information for practitioners and policymakers to optimize students’ well-being.
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