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Objectives: Adolescent gambling is a public health concern of increasing importance. The lack of comprehensive evaluations on adolescent gambling disorder (GD) assessment tools hinders the timely detection of Chinese adolescents with gambling problems. This study aimed to evaluate the psychometric properties of South Oaks Gambling Screen-Revised for Adolescents (SOGS-RA) and determine its optimal screening cutoff score among Chinese adolescent gamblers to address this gap.
Methods: We surveyed 1407 Chinese secondary school students aged 11–19 years in Macao, China, among which 258 past-year gamblers’ data was used for assessing SOGS-RA’s performance in detecting risk for adolescent GD.
Results: SOGS-RA displayed satisfactory reliability and validity for assessing probable GD among Chinese adolescent gamblers. Under the DSM-5 GD framework, we proposed ≥4 as SOGS-RA’s optimal cutoff score of screening for probable GD and further identified 5.8% of past-year gamblers prone to probable GD in the present study.
Conclusion: SOGS-RA can provide a reliable and valid assessment of adolescent’ GD risk in the Chinese context, facilitate early identification of probable GD cases, and alleviate the public health concern for Chinese adolescents.
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INTRODUCTION
With a long history and widespread presence, adolescent gambling has been increasingly recognized as a significant public health concern worldwide [1]. Compared to adults, adolescents appeared to be more prone to gambling problems [2, 3], especially those who had an early gambling engagement at approximately the age of 10–11 years [4]. Early identification of probable cases at risk for gambling disorder (GD) is the key to offering timely interventions to those adolescents in need and ameliorating potential adversities associated with adolescent GD, which include but are not limited to delinquency, poor academic performance, impaired family relationship, mental health issues, and psychosocial adjustment problems [5, 6].
From a social-environmental perspective, Chinese communities have embedded risk factors associated with the onset and developmental course of gambling problems for adolescents. For instance, social gambling, in the form of ‘mahjong’ or poker, is considered an everyday activity for daily leisure and celebration of special events, such as weddings and festivals, among the Chinese [7]. It is not uncommon for Chinese adults to introduce gambling activities to minors. For example, 81% of parents who participated in a survey conducted in Macao, China (N = 311) had reported experiences of teaching their underage children to play gambling games [8]. Such positive attitudes towards social gambling may make gambling activities more accessible to Chinese adolescents and thus predispose them to be more vulnerable to gambling-related problems. Furthermore, the development of the Internet and electronic devices has also provided adolescents with new access to gambling, such as Internet gambling, in addition to social gambling with family and friends. According the study of Wong and So [9], young Internet gamblers might be at greater risk for problem/pathological gambling than their land-based counterparts in Hong Kong, China.
As one of the most widely used tools for evaluating adolescent problem gambling, the South Oaks Gambling Screen–Revised for Adolescents (SOGS-RA) has shown a unidimensional structure and good psychometric properties in terms of internal consistency, test-retest reliability, and criterion-related validity in samples of Italian and Canadian secondary school students [10, 11]. Admittedly, there are other alternatives, less popular assessment instruments of adolescent GD, available other than SOGS-RA, such as the Diagnostic and Statistical Manual of Mental Disorders-IV-Multiple Response-Adapted for Juveniles (DSM-IV-MR-J) [12] and the Canadian Adolescent Gambling Inventory (CAGI) [13]; however, only SOGS-RA and DSM-IV-MR-J were consistently endorsed as the best tools for screening adolescent gambling problems in reviews [3, 14]. The present study chose SOGS-RA over DSM-IV-MR-J because not only more studies have tested and supported SOGS-RA’s psychometric soundness (e.g., 66% versus 24% out of 50 studies) [14], but also SOGS-RA has demonstrated potential for high compatibility with the Chinese context [15–17]. Therefore, it is crucial to bridge the gap between the need to mass screening for at-risk cases of GD among Chinese adolescents and the shortfall of assessment tools for Chinese adolescent GD in this regard.
The first objective of the present study was to test the psychometric properties of SOGS-RA [18] among Chinese adolescents. Although several studies have applied SOGS-RA to assess problem gambling severity among Chinese adolescents [16, 17], no previous study has empirically examined its overall psychometric properties in any Chinese communities. To address this missing link, the present study aims to assess its construct validity, internal consistency, test-retest reliability, and criterion-related validity in the Chinese context. Construct validity was tested with confirmatory factor analysis (CFA) to examine the goodness of fit between the hypothesized unidimensional structure of SOGS-RA and the data acquired from secondary school students in China. The scale’s internal consistency and 2-month test-retest reliability were assessed with Cronbach’s alpha and intraclass coefficient, respectively. Because functioning impairment [19, 20] and impulsivity [21, 22] are two of the most typical correlates of adolescent GD, the current study utilized three gambling-induced functioning impairment indicators and impulsivity to evaluate the criterion-related validity of SOGS-RA and expected positive associations between these indicators and SOGS-RA.
Our second objective was to identify an optimal cutoff point of SOGS-RA, with reference to the DSM-5 criteria for GD, for screening for probable GD cases among Chinese adolescents. The screening cutoff point of the South Oaks Gambling Screen (SOGS) [23] was proposed based on American Psychiatric Association (APA)’s [24] DSM-III-R criteria for pathological gambling. As its adolescent version, SOGS-RA was modified from SOGS and utilized a cutoff score of ≥4 for detecting problem gambling [25]. Although empirical studies have widely applied this standard to study adolescent gambling [21, 26–28], no one has yet evaluated the optimal screening cutoff point of SOGS-RA according to the nine criteria for GD suggested by APA’s [29] DSM-5. Such an omission would cast doubts on the screening effectiveness of SOGS-RA in facilitating early detection of probable DSM-5 GD among adolescents. To bridge this research gap, this study attempted to compare the screening efficacy of SOGS-RA’s potential cutoff points and locate the optimal one for identifying cases prone to DSM-5 GD.
METHODS
Participants and Procedures
The present study set the following inclusion criteria: both sexes, Chinese secondary school students, and the capability to read traditional Chinese. With a two-stage sampling method, we first drew a random sample of private and public secondary schools in Macao, China, to participate in the study and then requested each school to randomly select a desirable number of classes from different grades according to the school size. Adolescents in Macao may have more exposure to information related to casino gambling, which has been legalized in Macao only, but not any other regions of China, since 1847 [7]. The parental consent was priorly obtained before informed consent from the student participants were sought. In their classrooms, students were briefed about the research aims, anonymity, voluntary nature, and the right to withdrawal at any time by trained research assistants. Only students who gave written consent to research participation took part in the survey, in which they voluntarily completed an anonymous paper-version questionnaire without any compensation in their classrooms and returned it to the trained research assistant.
From late October to early December 2020, we invited 86 classes from 12 secondary schools in Macao, China, to participate in the survey. We eventually received 1407 valid responses (53.1% male; age = 11–19 years, M = 14.50, SD = 1.62), of which 274 were past-year gamblers. Because a complete response to all SOGS-RA items is a prerequisite for conducting psychometric assessments and identifying an optimal cutoff point of this scale, we further screened out 16 cases (5.8%) with missing values on SOGS-RA items and generated a sample of 258 cases (55.8% male; age = 11–19 years, M = 15.15, SD = 1.43) for subsequent data analyses. Additionally, we collected a 2-month follow-up sample of 50 students with past-year gambling experience to evaluate the test-retest reliability of SOGS-RA. After deleting those cases with missing data, we included the data of 31 students (61.3% male; age = 12–18 years, M = 15.42, SD = 1.23) for computing the 2-month test-retest reliability. We had obtained ethical approval for this study from the affiliated university of the corresponding author and implemented the study following the 1964 Declaration of Helsinki and its later amendments.
Measures
When developed, four SOGS-RA items assessing 1) lifetime and past-12-month frequency of various gambling activities, 2) greatest amount of money ever gambled in a year, 3) whether parents gamble, and 4) the respondent’s perception that either parent gambled “too much” were designed to be omitted from the scoring formula [18]. We therefore included in the present study only the 12 scoring items of SOGS-RA. With reference to the Chinese version of SOGS [30], a psychologist completed the English-to-Chinese translation of SOGS-RA. Another clinical psychologist conducted a back-translation for further comparison and confirmed the translation accuracy of this Chinese version. All items were written in traditional Chinese, and participants rated each item (e.g., “Gambled more than planned to”), except the first one, with dichotomous answers (i.e., 1 = yes and 0 = no). The first item has a 4-point response scale (i.e., never, some of the time, most of the time, and every time), and the response was recoded into a binary format (i.e., 0 = never/some of the time and 1 = most of the time/every time) in the scoring phase. A total score was computed, with a higher score representing a severer level of problem gambling among Chinese adolescents.
The 9-item DSM-5 diagnostic criteria for GD [29] were utilized for receiver operating characteristics (ROC) analysis on SOGS-RA. The participants, who had past-year gambling experience, reported whether they had each GD symptom (e.g., “Preoccupation with gambling”) or not in the past 12 months (using the response scale of 1 = yes and 0 = no). A higher total score represented more significant self-reported GD symptoms. Consistent with the previous study on Chinese people [31, 32], we adopted the cutoff score of ≥4 in this study.
Following Lin et al.’s [33] diagnostic criteria for assessing functioning impairments associated with smartphone addiction, we adapted three functioning impairment indicators for disordered gambling, including 1) consistent or repetitive occurrence of physical or psychological problems (hereinafter physical or psychological problems), 2) impairment to study, work, and/or relationship (hereinafter study, work, and/or relationship impairments), and 3) apparent psychological distress (hereinafter psychological distress). A sample item is “Have you experienced consistent or repetitive physical or psychological problems due to gambling”, with a dichotomous response scale (i.e., 1 = yes and 0 = no) representing the presence or absence of the corresponding functioning impairment induced by gambling.
This study used the 8-item emotion-based rash action subscale from Xue et al.‘s [34] Chinese version of the short UPPS-P Impulsive Behavior Scale (S-UPPS-P) [35] to measure levels of impulsivity when individuals were confronted with positive and negative emotions. The S-UPPS-P has also been validated in Chinese adolescents [36]. Participants rated each item (e.g., “When I feel bad, I will often do things I later regret in order to make myself feel better now”) on a 4-point Likert scale, in which 1 = strongly agree to 4 = strongly disagree. All items were scored in reverse, and a higher total score represented a higher level of impulsive behavior. The Cronbach’s alpha of this scale was 0.77.
Participants were asked to provide information regarding their sex (1 = male; 2 = female), age, and past-year gambling behaviors in terms of frequency (i.e., from 0 = never to 4 = always) and monthly monetary expense (in Macanese pataca). Their self-report expense amount was recoded into a 4-point scale during the scoring process, from 1 = approximately 1.25 USD or below to 4 = approximately 62.5 USD or above.
Statistical Analysis
The unidimensional structure of SOGS-RA was first tested by CFA using the Lavaan package in R using diagonally weighted least squares estimation [37]. According to Schreiber et al.’s [38] guidance of goodness of model fit for categorical data, we adopted the satisfactory criteria as the comparative fit index (CFI) ≥ 0.95, Tucker-Lewis index (TLI) ≥ 0.96, and root mean square error of approximation (RMSEA) < 0.06. The reliability and criterion-related validity were assessed in SPSS 26. The reliability of SOGS-RA was measured by the KR-20 coefficient and the intraclass correlation coefficient (ICC) for internal consistency and test-retest reliability, respectively. Bivariate correlations of SOGS-RA with gambling-induced functioning impairments and impulsivity were used to assess the criterion-related validity of SOGS-RA. The statistical significance level was set to p < 0.05 in all analyses.
The cutoff score of SOGS-RA for screening probable GD cases was also estimated. Firstly, the ROC of the SOGS-RA was analyzed to obtain the DSM-5 GD-referenced area under the curve (AUC), which was taken as a general indicator of SOGS-RA’s screening efficacy for probable GD. Then, with the DSM-5 diagnostic criteria for GD classification (self-report score ≥4), the additional screening efficacy indices were computed with DAG_STAT [39], including sensitivity, specificity, positive predictive rate (PPR), negative predictive rate (NPR), Youden’s index, and diagnostic odds ratio (DOR). All screening efficacy indices were taken into account to evaluate the possible cutoff points (i.e., the sensitivity and specificity rates were higher than 75%) [40] and identify the optimal one to maximize the screening efficacy for detecting probable GD cases. Furthermore, the entire sample was divided into probable GD group and non-GD group for further between-group comparison to investigate the discriminant validity of the proposed SOGS-RA screening cutoff point.
RESULTS
Gambling Characteristics of the Sample
Among 258 past-year gamblers, the self-report gambling frequency over the past 12 months was 1.6% always, 5.4% often, 23.6% sometimes, and 69.4% rarely on the 5-point response scale from 0 = never to 5 = always. As for monthly gambling expenses, about three-quarters of the respondents (73.3%) spent less than 12.5 USD on gambling activities per month, whereas 10.1% of the respondents had gambled more than 62.5 USD per month. In addition, no significant differences on gambling frequency (MRank: male = 133.80, female = 122.88, Mann-Whitney U = 7445.00, p = 0.149) and monthly expenses (MRank: male = 133.86, female = 126.63, Mann-Whitney U = 7868.00, p = 0.63) have been found between male adolescents and female adolescents.
Confirmatory Factor Analysis and Item Endorsement Rate
The one-factor model of SOGS-RA was tested using CFA. The results showed a good model fit, χ2 (54) = 86.09, p = 0.004, CFI = 0.98, TLI = 0.97, RMSEA = 0.05, 90% CI [0.03, 0.07], with standardized factor loadings ranged from 0.52 to 0.99 (see Table 1), which supported the hypothesized unidimensionality SOGS-RA’s latent structure. As shown in Table 1, the three most salient GD symptoms among Chinese adolescents in our sample were the inability to control one’s gambling (i.e., 26.4%; Item 4), being criticized because of gambling (i.e., 16.7%; Item 5), and feeling bad about one’s gambling involvement (i.e., 16.3%; Item 6).
TABLE 1 | Standardized factor loadings and endorsement rates of South Oaks Gambling screen revised for adolescents items among Chinese past-year adolescent gamblers (Macao, China, 2020).
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The reliability of SOGS-RA was satisfactorily high in terms of both internal consistency (KR-20 = 0.71) and 2-month test-retest reliability (ICC = 0.77). The criterion-related validity was generally supported as evidenced by the significant correlations of SOGS-RA with physical or psychological problems (rpb = 0.36, p < 0.001), study, work, and/or relationship impairments (rpb = 0.47, p < 0.001), psychological distress (rpb = 0.47, p < 0.001), and impulsivity (r = 0.16, p < 0.05) in the expected direction.
Screening Efficacy and Determining the Screening Cutoff Score of SOGS-RA
The ROC analysis showed good efficacy of SOGS-RA (AUC = 0.98) as referenced to the DSM-5 GD diagnostic criteria ≥ 4. The process of determining the cutoff score of SOGS-RA started with listing all possible cutoff scores with sensitivity and specificity higher than 75% (i.e., points from 2 to 4; see Table 2) as potential candidates. Subsequently, the point of ≥ 4 was chosen as the optimal screening cutoff score of SOGS-RA because of a higher level of sensitivity, specificity, PPR, NPR, Youden’s index, and DOR than the other two possible cutoff points (i.e., 2 and 3). With this cutoff score, the probable GD ratio was 5.8% in our study, higher than the GD proportion estimated by DSM-5 diagnostic criteria for GD (i.e., 0.8%).
TABLE 2 | Cutoff points of South Oaks Gambling screen revised for adolescents based on the fifth edition of the diagnostic and statistical manual of mental disorders diagnostic criteria for gambling disorder among Chinese adolescent past-year gamblers (Macao, China, 2020).
[image: Table 2]According to the cutoff score of SOGS-RA (i.e., ≥ 4), we divided the participants into probable GD group and non-GD group for further between-group comparison to evaluate the discriminant power of this cutoff score. Our results showed that the probable GD group reported significantly higher levels in physical or psychological problems (rϕ = 0.24, p < 0.001), study, work, and/or relationship impairments (rϕ = 0.31, p < 0.001), psychological distress (rϕ = 0.26, p < 0.001), and gambling frequency (MRank: probable GD = 180.60, Non-GD = 126.35, Mann-Whitney U = 1056.00, p < 0.01) than the non-GD group. Consistent with the results shown in the overall past-year gamblers, the three most rated SOGS-RA items remained to be uncontrollability over gambling (93.3%), receiving criticism because of gambling (80.0%), and feeling bad about one’s gambling involvement (86.7%) among the probable GD gamblers, though the rates were significantly higher.
DISCUSSION
In the light of two objectives, the present study is the first empirical study that provides a comprehensive psychometric evaluation of SOGS-RA regarding its dimensionality, reliability, validity, and screening efficacy among Chinese adolescents and proposes an optimal screening cutoff point for problem adolescent gamblers in China. Regarding the first study objective, our results substantiated the hypothesized, satisfactory psychometric properties of SOGS-RA in the Chinese context. Consistent with the previous validation studies of SOGS-RA among adolescents in other countries (e.g., Italy and Canada) [10, 11], our data fitted the conceptualized unidimensional structure of the SOGS-RA well. We also found that SOGS-RA provides a reliable assessment of Chinese adolescents’ gambling severity, as evidenced by its acceptable internal consistency and 2-month test-retest reliability in the present study. Furthermore, in line with our expectations and previous findings [19, 21], the good criterion-related validity of SOGS-RA was substantiated by its significantly positive correlation with gambling-induced functioning impairments and impulsivity.
As for the second study objective, we first confirmed that SOGS-RA presented good screening efficacy for identifying cases that fit the diagnostic criteria of DSM-5 GD (AUC = 0.98). We further identified an optimal cutoff score of SOGS-RA as ≥ 4, with high sensitivity and specificity (i.e., 100.0% and 94.9%, respectively), to screen our Chinese adolescent past-year gamblers with high risk for probable DSM-5 GD satisfactorily. The exact cutoff score of ≥ 4 was widely adopted worldwide (e.g., Italy, Spain, and South Korea) [26–28] since Winters et al. [25] first proposed it in their original SOGS-RA studies based on teenager data from the United States; however, seldom did researchers examine the screening efficacy of this cutoff point in other regions ever since. Our present study has lent extra empirical data to a cross-regional analysis of the cutoff points of SOGS-RA in addition to its handful of precedent studies. Although Boudeau and Poulin’s [11] study has also proposed a cutoff point of ≥ 4 for Canadian adolescent gamblers, they have reported significantly lower sensitivity rates of 58.9–62.0% than ours (i.e., 100.0%) and comparable specificity rates of 95.8–96.4% as ours (i.e., 94.9%). These apparent differences in how the exact cutoff score performed among adolescent gamblers across regions not only underscored a good screening efficacy of SOGS-RA with the currently identified cutoff score in our present sample, but also highlighted the necessity and importance of determining an optimal cutoff score regionally to ensure a cost-effective screening of probable GD cases.
When applying this cutoff score of ≥ 4 in the present sample, probable GD gamblers reported significantly more functioning impairments (i.e., physical or psychological problems, study, work, and/or relationship impairments, and psychological distress) and gambling engagement than their non-GD counterparts, implying an adequate screening efficacy of this optimal cutoff score for Chinese adolescent gamblers. Admittedly, the PPR associated with this cutoff score is relatively low (i.e., 13.3%) in the present sample. The PPR reflects the extent to which the positive test cases are confirmed positive by the gold standard [41]. It is expected and not uncommon to see a relatively low PPR among screening tools that aim to increase the capacity to identify as many probable problematic cases as possible. Similar to our present finding, another SOGS validation study among Chinese also reported a relatively low PPR of 27.0% [42], which may indicate a shared feature between SOGS and its related version (i.e., SOGS-RA in our case) for Chinese communities. Nevertheless, the cutoff score of ≥4 displayed excellent hits of positive and negative cases (i.e., 100% sensitivity and 94.9% specificity) that were identified by the DSM-5 diagnostic criteria for GD in the present sample; therefore, taking into account all the screening efficacy indices, we considered SOGS-RA, pairing with this optimal cutoff score, to be an effective screening tool for detecting probably GD cases among Chinese adolescents.
Among the 12 items from SOGS-RA, three items (i.e., Item 4 [uncontrollability over gambling], Item 5 [receiving criticism because of gambling], and Item 6 [feeling bad about one’s gambling involvement]) consistently showed the highest endorsement rates in both the overall past-year gambler sample (i.e., 16.3%–26.4%) and the probable GD subsample (i.e., 80.0–93.3%). The wide prevalence of these three symptoms, especially the significantly heightened rates among the probable GD gamers than the gamblers in general, indicated the value of applying these three indicators to facilitate early detection of gamblers who might be at a greater risk for developing GD and the potential of designing tailored intervention strategies based on these indicators. It is also worth noting the apparent difference between those who received criticism because of gambling (i.e., 16.7%) and those who had money arguments about gambling with family and friends (i.e., 3.5%) among the past-year gamblers in our data; this noticeable difference may imply that the “criticism” period can be a good window for preventing further development of adolescent gambling problems before those criticisms transformed into money arguments. Considering the generally high social acceptance of gambling for leisure in China [7, 43], educational campaigns shall be developed for the general public to enhance the awareness of indicators of disordered gambling among adolescents and enable more parents, teachers, and even adolescent peers to grasp the window of criticism for effective GD prevention.
The present study is limited in several aspects. First, our pioneering findings on SOGA-RA among Chinese secondary school adolescents may not be generalized to those not in the schooling system (e.g., the drop-outs). Future studies may consider replicating the current evaluation procedures for SOGS-RA with a more general, community-dwelling adolescent sample, including those adolescent minorities who cannot be reached at school, across regions in China. Second, we did not include a clinical diagnostic procedure to identify a diagnostic cutoff score in the present study. SOGS-RA can be applied to a two-stage epidemiological study in the future, in which probable GD cases are screened out with the current screening cutoff score (i.e., ≥4) at the first stage, while a diagnostic cutoff score can be determined based on the clinical diagnostic results. Third, the current data is inevitably subject to self-report bias due to the survey’s self-report nature. We call for subsequent studies to collect additional, preferably multi-module (e.g., behavioral observation and experiment), data from multiple sources (e.g., parents) for supplementary purposes.
To conclude, the current empirical study made the first step to comprehensively evaluate the psychometric properties of SOGS-RA and identify its optimal cutoff scores to screen for probable DSM-5 GD among Chinese adolescent gamblers. Our findings supported that SOGS-RA is a valid and reliable assessment tool for evaluating Chinese adolescents’ gambling problems. The proposed optimal screening cutoff score of ≥ 4 displayed satisfactory screening efficacy in detecting probable adolescent GD cases. We recommend using the SOGS-RA to facilitate the mass screening of GD risk among Chinese adolescents in school and community settings as an effective approach to ameliorate public health concerns for adolescent gambling. Subsequent studies may also consider applying it at the first screening stage in a two-stage epidemiological study and further identifying a diagnostic cutoff score at the second stage.
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South oaks gambling screen revised for adolescents items Standardized factor Endorsement rate

(Yes%)
1. Inthe past 12 months, how often have you gone back another day to try to win back the money you lost? a 0.75 5.8
2. In the past 12 months when you were betting, have you ever told others you were winning money when you 059 7.4
really were not winning?

3. Has your betting money, in the past 12 months, ever caused any problems for you such as arguments with 083 35
family and friends, or problems at school or work?

4. In the past 12 months, have you ever gambled more than you had planned to? 052 26.4
5. In the last 12 months, has anyone criticized your betting or told you that you had a gambling problem, 065 16.7
regardiess of whether you thought it was true or not?

6. In the past 12 months, have you ever felt bad about the amount you bet, or about what happens when you 067 163
bet money?

7. Have you ever felt, in the past 12 months, that you would ke to stop betting money but did not think you 075 6.2
could?

8. In the last 12 months, have you ever hidden from family or friends any betting siips, 1.0.U.s, lottery tickets, 067 27
money that you've won, or other signs of gambling?

9. In the past 12 months, have you had money arguments with family or friendss that centered on gambling? 086 35
10. In the past 12 months, have you borrowed money to bet and not paid it back? 092 27
11. 1 the past 12 months, have you skipped or been absent from school or work due to betting activities? 065 04
12. Have you borrowed money or stolen something in order to bet or to cover gambiing debts in the last 099 16
12 months?

"Note: The original 4-point response scale (from never to every time) of this item was recoded into No [0] = never/some of the time and Yes [1] = most of the time/every time accordling to the
scoring rule for SOGA-RA.
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Note: PPR, positive predictive rate; NPR, negative predictive rate: DOR, diagnostic odds ratio. The boldfaced line denotes the proposed cutoff score.
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