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Abstract

25Background.

The mental health and well-being of adolescents are becoming increasingly

26important globally. Understanding the relationship between different aspects of well-being is
27crucial for effective interventions of the well-being of adolescents. The present study aims to
28analyze the network structure of adolescent well-being and identify the central well-being traits.
29Methods. We used a network model to analyze the network structure of a psychometrically
30sound measurement of adolescent well-being ---- the engagement, perseverance, optimism,
31connectedness, and happiness (EPOCH) scale. The dataset comes from a representative sample
32of Chinese adolescents (17, 854 participants from rural and urban areas from Southern, Northern,
33and the middle part of China).
34Results.

The twenty items of EPOCH formed a highly interconnected network. The item H4

35(“I am a cheerful person.”), E2 (“I get completely absorbed in what I am doing”), and O4 (“I
36believe that things will work out, no matter how difficult they seem”) were the most central
37traits.
38Conclusions.

Cheerfulness, engagement in current activity and optimism for the future are

39most central to the psychological well-being of Chinese adolescents. Future studies should
40further test the dynamics between these central traits and other well-being traits to find effective
41interventions of well-being of adolescents.
42Keywords: mental health; well-being; adolescents; network analysis;
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45
461 Introduction
47

Mental health problems of adolescents is a global concern (Lopez, Mathers, Ezzati, &

48Jamison, 2013). As mental health problems and well-being are likely to be two ends of a
49continuum (Caspi et al., 2014; Stochl et al., 2015), improving the well-being of adolescents may
50help to reduce their mental health problems (Patel et al., 2018).
51

The first step of improving adolescents’ well-being is understanding adolescents’ well-

52being itself. A traditional way to address this problem is to describe different aspects of
53adolescents’ well-being, while the relative importance of different aspects of well-being was
54ignored. For example, Kern, Benson, Steinberg, & Steinberg (2016) proposed the EPOCH model
55to characterize the well-being of adolescents. This model comprised by five clusters of positive
56characteristics: (1) engagement, the capacity to become absorbed in and focused on what one is
57doing; (2) perseverance, the ability to work hard and pursue one’s goals to the end even when
58facing obstacles; (3) optimism, i.e., be hopefulness and confidence about the future; (4)
59connectedness, the sense of having a satisfying relationship with others and provide friendships
60support to others; (5) happiness, being generally happy, fun loving and content to one’s life. Even
61though the EPOCH model was well supported by the questionnaire (Kern et al., 2016; Kern,
62Zeng, Hou, & Peng, 2018), the relationship of different aspects of these well-being traits is still
63unknown.
64

The network analysis can address this issue. Network analysis is a novel conceptual

65framework that has gained increasing attention in recent years in psychiatry and clinical
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66psychology (Cramer, Waldorp, van der Maas, & Borsboom, 2010; McNally et al., 2011; Mõttus
67& Allerhand, 2018; Schmittmann et al., 2013) . In a network model, each psychological construct
68(symptom, attitude, behavioral, traits, belief, etc.) was treated as a node in a network, and the
69relationship between each pair of nodes was the edge that links that two nodes. By putting all
70items into a network, the network model analysis can estimate which items are most "central,"
71i.e., have the most robust relationship with other items. Theoretically, the most central items in a
72clinical symptom may serve as the best intervention target (Fried et al., 2017). Recent studies
73also suggested that the central items might be the intervening targets of depression (van Borkulo
74et al., 2015) , PTSD (Fried et al., 2018), and eating disorder (Smith et al., 2018).
75

However, only a few studies applied the network analysis approach to the well-being of

76adolescents. Recently, Stochl et al. (2018) applied this method to data of the Warwick-Edinburgh
77Mental Well-being Scale (WEMWBS) from four-cohort data in the UK, found that the most
78central items in the well-being network were related to positive self-perception and mood. Based
79on these results, the authors suggested that positive self-perception and mood might be the
80optimal target for future intervention.
81

To further investigate the generalizability and cross-cultural variation (e.g. Kramer,

82Kwong, Lee, & Chung, 2002; Rubin, Marsella, & White, 2006) of the central features of well83being, the current study analyzed a large dataset from China. More specifically, we applied
84network model to the 20-item Chinese version of EPOCH, which measures five clusters of well85being: engagement, perseverance, optimism, connectedness, and happiness (Kern et al., 2016,
862018). We used state-of-the-art network modeling techniques to identify the central items of
87well-being traits, from a representative dataset gathered from 17,854 adolescents in 11 different
88samples in Southern, Northern, and middle part of China. We found that Cheerfulness, absorbing
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89in current activities, and optimism are most central well-being traits. These results, on the one
90hand, confirmed the role of cheerfulness in well-being, as found in the previous study, and, on
91the other hand, revealed the importance of engagement for Chinese adolescents’ well-being.
92
932. Methods
942.1 Participants
95

We re-analyzed the data reported in previous studies, which came from 11 samples of

96adolescents from primary and secondary schools in rural and urban areas of Southern, Northern
97and middle part of China, resulting in a total sample of 17,854 (9,548 males, 8,306 females, aged
98from 6 to 18). Besides, 5,459 students (2,827 males, 2,632 females) completed the EPOCH items
99at a second time, between 3 and 16 months later, providing some indications of cross-time
100stability.
101

The system used to collect data only recorded complete responses, such that it is

102unknown how many students might have started the questionnaire and not completed it, or how
103many students within classes refused to participate.
104

The original data collection was conducted following the guideline of the Declaration of

105Helsinki and reviewed and approved by ethics committees and institutional review boards of
106Tsinghua University. All participants and their parents were informed about the objectives of the
107study and assured that all responses would be kept confidential, only accessible to the research
108group and used for research purposes. All participants and their parents provided written
109informed consent before participation. Further ethical approval was not required for the current
110secondary data analysis.
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Sample 1 included 778 students (382 males, 396 females) in Grades 1 through 12 from

112one primary school and one junior high school in Chengdu City, Sichuan Province (an urban area
113in Southwestern China). Sample 2 included 1,737 students (913 males, 824 females) from one
114primary school and one secondary school in Tianjin City (an urban area in Northern China).
115Sample 3 included 1,664 (891 males, 773 females) primary school students from Yiyang City,
116Hunan Province (a rural area in Southern China). Sample 4 included 2,129 students (1,254
117males, 875 females) from a vocational school in Yuncheng City, Shanxi Province (a rural area in
118central China). Sample 5 included 1,340 students (820 males, 520 females) from a vocational
119school in Hunan Province (a rural area in Southern China). Sample 6 included 1,322 primary and
120secondary students (688 males, 634 females) from the Sichuan province (a rural area in
121Southwestern China). Students ranged from grade 2 in primary school to grade 3 in secondary
122school. Sample 7 included 2,493 students (1,339 males, 1,154 females) from one primary school,
123one technical secondary school, and one secondary school in the Hunan province (a rural area in
124Southern China). Sample 8 included 2,271 students (1,129 males, 1,142 females) from 35
125primary and secondary schools in Chengdu City, Sichuan Province (an urban area in
126Southwestern China). Sample 9 included 2,607 students (1,346 males, 1,261 females) from 35
127primary and secondary schools in Chengdu City in Sichuan Province (an urban area in
128Southwestern China). Sample 10 included 1,279 students (660 males, 619 females) from 10
129primary and secondary schools in Chengdu City in Sichuan Province (an urban area in
130Southwestern China). Sample 11 included 234 students (126 males, 108 females) from one
131primary school in Chengdu City in Sichuan Province (an urban area in Southwestern China).
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All participants finished EPOCH and other questionnaires as well, see (Zeng & Kern,

1332019) for the procedure of data collection. Only the EPOCH data were analyzed and reported
134here.
1352.2 Measures
136

The EPOCH measure of adolescent well-being. The adolescents’ well-being measure of

137EPOCH developed by has 20 items, measure five domains: Engagement, Perseverance,
138Optimism, Connectedness, and Happiness. Items are scored on a 1 to 5 scale (not at all like me
139=1; very much like me = 5). Overall well-being is measured as the averaged of the scores of five
140domains. We adopted the Chinese version of EPOCH (Kern et al., 2018), which has been
141demonstrated as an adequate psychometric instrument.
142
1432.3 Network analysis
144

We estimated a Gaussian graphical model (GGM) using the score of 20 items of EPOCH

145(ordinal data, form 1 ~ 5). The Gaussian graphical model (GGM) is a regularized partial
146correlation network to model the interaction between different components or constructs. In this
147graph, each item of EPOCH is depicted as circles, called ‘nodes’ (or ‘vertices’). Nodes are
148connected by lines, called ‘edges’. The edges in GGM can be understood as conditional
149dependence relations among items: if two items are connected in the resulting network, they are
150dependent after adjusting for all other items. If no edge exists between two items, they are
151conditionally independent. The graphical LASSO (least absolute shrinkage and selection
152operator) was applied to estimate GGM (Epskamp & Fried, 2018) to avoid spurious edges,
153therefore, leads to a sparse network that describes data parsimoniously. To visualize the network,
154we used the Fruchterman-Reingold algorithm, which determines the position of the node based
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155on the sum of connections that has with other nodes (Fruchterman & Reingold, 1991). However,
156the spatial closeness in the graph should not be overinterpreted (Jones, Mair, & McNally, 2018).
157

To identify the central items of well-being, we estimated the centrality of the EPOCH

158network. The centrality of a network can be measured in three different ways: betweenness,
159closeness, and node strength (Boccaletti, Latora, Moreno, Chavez, & Hwang, 2006).
160Betweenness can be understood as the relative frequency of a node interest was on the shortest
161paths between the other two nodes. Closeness measures the sum of the shortest paths from the
162node of interest to all other nodes in the whole network (Opsahl, Agneessens, & Skvoretz, 2010).
163Node strength is the sum of the interrelation values (e.g., regularized partial correlation) of the
164node of interest with all nodes directly related to it (Costantini et al., 2019; McNally, 2016). The
165previous simulation suggested that betweenness and closeness may be not reliably estimated
166(Epskamp, Borsboom, & Fried, 2018). Therefore, we focus on the node strength while reporting
167the estimates of betweenness and closeness in the supplementary material.
168

To complement the centrality, we also calculated the node predictability as in (J. M. B.

169Haslbeck & Fried, 2017). Node predictability is the proportion of variance of a node can be
170explained by all nodes linked with it. In this way, node predictability estimates the absolute
171measure of its interconnectedness (Epskamp et al., 2018).
172

Note that network stability was an issue that needs to be addressed in psychological

173network analysis (Epskamp & Fried, 2018; Forbes, Wright, Markon, & Krueger, 2017).
174Followed suggestions of, we estimated the edge-weight accuracy and the centrality stability
175through the bootstrap approach implemented in bootnet (Epskamp, Rhemtulla, & Borsboom,
1762017). We used 2000 bootstraps in the current study. The edge-weight accuracy was estimated by
177calculating the 95% confidence intervals of all edge weights. The stability of centrality was
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178indexed by a centrality-stability coefficient (CS-coefficient), which should not be lower than
1790.25 and preferably above 0.5 (Briganti, Kempenaers, Braun, Fried, & Linkowski, 2018). The
180difference Test function was used to test the edge-weights and centrality.
181

Finally, the test-retest reliability of the network was tested by comparing the network

182estimated from test and retest data, respectively. We formally tested the difference between these
183two networks via the R package Network Comparison Test (NCT) (van Borkulo et al., 2017).
184This method started with an omnibus test for each pair of the network to investigate whether all
185edges were identical, which was followed by post hoc tests to quantify how many of the edges
186differed across each pair of networks.
187

All analyses were carried out in R (version 3.5.2) in Rstudio 1.1.383. The package we

188used included qgraph, version 1.4.4 (Epskamp et al., 2012) and glasso (Friedman, Hastie, &
189Tibshirani, 2014) for network estimation and visualization, mgm, version 1.2-2 for node
190predictability (Haslbeck & Waldorp, 2015), igraph, version 1.1.2 (Csárdi & Nepusz, 2014) for
191the spinglass algorithm, Exploratory Graph Analysis (Golino & Epskamp, 2017) for the walktrap
192algorithm and bootnet, version 1.0.1 for stability (Epskamp & Fried, 2018). See the sessionInfo
193in the supplementary materials for detail information about the packages used in the current
194analysis (see, https://osf.io/9ts76/).
195
1963. Results
1973.1 The well-being network
198

Overall, most items within the network are positively associated (see Figure 1). Item 3

199(E3: “I get so involved in activities that I forget about everything else”) is strongly correlated
200with item 1 (E1: “When I do an activity, I enjoy it so much that I lose track of time”) and item 4
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201(E4: “I finish whatever I begin”). Item 17 (C4: “I have friends that I really care about”) has a
202wide edge to item 18 (H1: “I feel happy”) and item 20 (H4: “I am a cheerful person”). Other
203strong edges include item 15 (C3: “There are people in my life who really care about me”) and
204item 16 (C4: “I have friends whom I really care about”), item 2 (E2: “I get completely absorbed
205in what I am doing”) and item 5 (P1: “I finish whatever I begin”).
206

As for the node predictability, the mean node predictability is 48.7%, which means that

207on average, 48.7% of the variance of each node is explained by its neighbors. We can know how
208well the given node can be predicted by the other nodes surrounding it assuming that all edges go
209to the node under investigation from its neighbors.
210
211

< Insert Figure 1 here>

212
2133.2 Centrality of items
214

Our centrality analysis revealed that item 20 (H4: “I am a cheerful person”) has the

215highest standardized strength centrality in the network as well as the highest node predictability
216(0.654, see Figure 2). Other central items include item 2 (E2: “I get completely absorbed in what
217I am doing”), and item 12 (O4: “I believe that things will work out, no matter how difficult they
218seem”). The item 13 (C1: “When something good happens to me, I have people whom I like to
219share the good news with”) and item 10 (O2: “In uncertain times, I expect the best”) represent
220the lowest strength centrality values.
221
222< Insert Figure 2 here>
223
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2243.3 Network accuracy and stability
225

The bootstrap for edge-weight accuracy reveals relatively small CIs, which showed a

226more precise estimation (See Figure S3). The edge weight difference test shows that the well227being network is accurately estimated and that the most robust edges are significantly stronger
228than other edges (see Figure S4).
229

As for the stability of centrality, our results reveal that CS coefficient values obtained are

2300.67 for node betweenness, 0.67 for node closeness and 0.75 for node strength (See Figure S5).
231These results are above 0.5, suggesting that the centrality is stable (Epskamp & Fried, 2018). The
232centrality difference test shows that highest centrality estimates are statistically different from the
233lowest centrality estimates, even though a statistical difference is not shown among nodes with
234the highest strength centrality estimates (see Figure S6).
235

Finally, we used Network Comparison Test (NCT) to compare the test-retest networks.

236The p-value resulting from the permutation test of the maximum difference in edge weights is
2370.0526, suggesting these two networks are not significantly different. We further compared all
238individual edges, and only one edge showed significant differences among 190 edges. These
239results indicate these two networks are almost identical, suggesting that the test-retest reliability
240of the well-being network is high (see Figure S1).
241
2424. Discussion
243

This study aimed to identify the central aspects of the psychological well-being of

244adolescents in a representative Chinese sample. We applied psychological network analysis to
245the well-being survey of a representative Chinese adolescent sample, in which the well-being
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246was measured by a well-established psychological well-being measure developed for adolescents
247(EPOCH).
248

In general, our results revealed a closely related network between the items of EPOCH.

249Using a bootstrap approach, we found that the centrality of this well-being network is stable.
250Moreover, test-retest network comparison provided evidence that the well-being network has
251relative high stability and generalizability. Therefore, the network inference was warranted.
252

Importantly, we identified the items that showed the highest centrality, which might be

253the target that can maximize the effectiveness of future interventions. We used the node strength
254as the primary centrality index because of its stability. Our results revealed that the items with
255the highest centrality are item 20 (H4: “I am a cheerful person”), item 2 (E2: “I get completely
256absorbed in what I am doing”), and item 12 (O4: “I believe that things will work out, no matter
257how difficult they seem”). These results confirmed and extended previous studies. First, these
258results are consistent with the previous study, demonstrating that cheerfulness plays a central role
259in influencing other well-being traits in a large sample in the UK (Stochl et al., 2018). It suggests
260that cheerfulness’s central role in well-being is cross-culture and cross-measurement stable.
261Second, these results revealed some important cultural differences as well. The relative high
262centrality of item 2 (“completely absorbed in what I am doing”) and item 12 (“believe things will
263work out”) in our results suggest the importance of engagement and optimism in Chinese
264adolescents' well-being.
265

The relative high centrality of item 2 (“completely absorbed in what I am doing”) might

266be explained by the vital role of academic performance for students in China (Zhang, Gan, &
267Cham, 2007). It might be that engaging in current is essential for academic performance and
268therefore has a strong influence on other aspects of adolescent’s well-being. The relative high
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269centrality of item 12 is consistent with the previous study on the importance of optimism in
270resilience to stress (Kalisch et al., 2017; Kalisch, Müller, & Tüscher, 2015). Note that the
271centrality indices also have high stability: all centrality stability coefficients are above the
272recommended criteria of 0.5 (Epskamp & Fried, 2018).
273Strengths and Limitations
274

An important strength of the current study is that it utilized a large representative sample

275from both rural and urban area from Northern, Southern and middle part of China, supporting the
276generalizability of findings in Chinese culture (and East Asian more broadly). Furthermore, the
277sample collected from different time points, which enable us to validate the reliability to address
278the considerable concern about the replicability in the network literature (Forbes et al., 2017).
279

The current study also has some limitations. First, as we mentioned in previous reports

280(Kern et al., 2018; Zeng & Kern, 2019), the data collection process has some limitations. For
281example, the computer software used to collect data in the current study only recorded complete
282responses. It is unknown how many respondents began the questionnaire but did not finish. Thus,
283the analyses essentially use a case-wise deletion approach, despite the many known drawbacks,
284with no way of estimating the extent to which missingness affected the results. Second, the
285network model analysis were based on a group level analysis. This means that network properties
286such as structure or centrality may not replicate in the same way in a single individual. Third,
287network analysis presents edge as a putative causal connection, assuming that nodes differ from
288each other meaningfully. If two nodes represent the same aspect of a psychological construct, an
289edge is not a putative causal connection but represents shared variance (Fried & Cramer, 2017).
290EPOCH measure in some cases has this problem. For example, item 3 (E3: “I get so involved in
291activities that I forget about everything else”) and item 2 (E2: “I get completely absorbed in what
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292I am doing”) seem to measure the same construct. Therefore, future work might consider
293combining the latent variable model and network analysis (Epskamp et al., 2017).
294Conclusions
295

In conclusion, the current study reveals that being cheerful, engaged in current activities

296and being optimism are the central well-being traits. These traits may serve as the targets of
297interventions to improve the psychological well-being of adolescents.
298
299Source of Support: Grant #0020344, from Chinese Positive Psychology Research Foundation.
300
301
302
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Figure Captions

442
443Fig. 1. The network composed of the 20-item of EPOCH measure. Each item is represented by a node (1
444to 20), and it belongs to a different community of well-being, indicated by a code in the column on the
445right: Engagement, Perseverance, Optimism, Connectedness and Happiness subscales. Blue lines are
446positive connections, and red lines are negative connections. The thickness of the line represents the
447connection strength. Colored areas in the rings surrounding the nodes represent the node predictability
448(percentage of variance of a given node explained by surrounding nodes).
449
450Fig. 2. Strength centrality estimates for the 20-items EPOCH measure. The Y-axis represents the
451centrality indices as standardized z-scores (the greater the estimate, the more central the item is), and the
452X-axis represents the 20 EPOCH items.
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