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Editorial on the Research Topic
 Scale Development and Score Validation



Scale development and validation of scores is not a job to be taken on lightly. Development is a rigorous process which is based on item generation and content validation using expert feedback and pre-testing. In fact, it may take numerous iterations for the scale to be economically feasible and yet convey the appropriate construct.

After the scale has been qualitatively developed, it goes through a rigorous quantitative examination to evaluate its score reliability and validation. This validation may include construct, concurrent, predictive, concurrent, and discriminant. For example, there are numerous techniques for evaluating construct validity such as using exploratory factor analysis (EFA) followed by confirmatory factor analysis (CFA) or using a structural equation model (SEM). Of course, determining the number of factors in an EFA can be quite a problem. Many researchers use the classic Scree test or Kaiser's eigenvalue-greater-than-1.0 technique. However, some studies suggest that these may not be the best techniques (e.g., Lloret-Segura et al., 2014). Other procedures have been developed that allegedly have better psychometric properties, such as Velicer's MAP, parallel analysis, Ruscio and Roche's CD technique, and Achim's NEST method.

Another problem with validation is that the participants are often a single sample (usually college students), which can limit the generalizability of the findings even though cross-validation could still be used. However, we are beginning to witness questionnaires or scales translated into a variety of languages so that factor structures and factor scores become comparable. This cross-cultural work may aid in assessing measurement invariance.

This Research Topic welcomed all types of empirical articles focused on the analysis of the psychometric properties of the measurement instruments in any psychological or social science area. A total of 107 authors contributed 22 articles to the Topic. These articles can be organized intro four issues: (1) Scale development with solid psychometric score validation techniques; (2) Cultural adaptation of developed scales (3) Validation of scores on developed scales, and (4) Invariance measurement of developed scales.


SCALE DEVELOPMENT WITH SOLID PSYCHOMETRIC SCORE VALIDATION TECHNIQUES

Gorostiaga et al. developed and examined the psychometric properties of the Entrepreneurial Orientation Scale (EOS) in a sample of undergraduate students. The EOS showed good psychometric properties and its dimensions demonstrated concurrent relationships with self-efficacy and personal initiative. The EOS may be used to measure entrepreneurial orientation in the educational context and to evaluate interventions designed to promote an entrepreneurial spirit in schools, colleges, and universities.

Shek et al. developed and examined the psychometric properties of the Short form Service Leadership Behavior Scale (SLB-SF-38). This scale was based on the Service Leadership Model proposed by Po Chung. Both EFA and CFA were involved in the validation study. The SLB-SF-38 showed excellent internal consistency, concurrent validity, and factorial validity based on multigroup invariance analyses. The SLB-SF-38 may be used to measure service leadership behavior in the education, research, and personnel training contexts.

Wang D. et al. developed and examined the psychometric properties of a new instrument for depression under the framework of Cognitive Diagnosis Models (CDMs), referred to as CDMs-D. The CDMs-D, which showed good reliability and validity, measures all ten symptom criteria for depression defined in ICD-10 (World Health Organization, 2010) and covers five domains of depression defined by Gibbons et al. (2012). It can also provide both overall information on the severity of depressive disorders and assessment information on specific symptoms defined in the ICD-10, which could be useful for diagnostic and interventional purposes.

Wang J. et al. constructed and validated an instrument to measure psychological security in the area of urban residents' lives known as the Urban Residents Psychological Security Scale (URPS), which showed good reliability and validity using EFA and CFA. This scale can be used as an effective measurement tool for urban residents' psychological security and could be useful for better understanding of residents' demands and monitoring the implementation effects of policies.

Wingenbach et al. created and validated the Verbal Emotion Vignettes as stimulus set to elicit emotions (anger, disgust, fear, sadness, happiness, gratitude, guilt, and neutral) in Portuguese, English, and German. Hierarchical cluster analyses showed that the vignettes mapped clearly on their target emotion categories in all three languages. The final stimulus sets each include 4 vignettes per emotion category plus 1 additional vignette per emotion category, which can be used for task familiarization procedures in research. The high agreement rates on the experienced emotion in combination with the medium-to-large intensity ratings in all three languages suggest that the stimulus sets are suitable for application in emotion research (e.g., emotion recognition or emotion elicitation).

Zhang et al. developed and examined the psychometric properties of the Short-Form Inventory of Callous-Unemotional Traits (ICU, Essau et al., 2006, Chinese version of the ICU: Wang et al., 2017), which was designed to evaluate multiple facets of Callous-Unemotional traits in youths. The short form of the ICU with two factors and 11 items had the best model fit ICU in a Chinese male juvenile offender sample. Both the total and two factor scores showed acceptable internal consistence and convergent validity. The ICU-11 is a promising tool for assessing CU traits in the Chinese male detained juvenile sample.



CULTURAL ADAPTATION OF DEVELOPED SCALES

Rizzo et al. developed the Italian version of the Existential Quest Scale (EQ) and examined factorial structure, internal consistency, discriminant validity, and measurement invariance across gender and age groups. CFA showed that the original one-factor structure was replicated, except for one-item that was removed from the subsequent analyses. Both the internal consistency of the eight-item scale as assessed by Cronbach's and discriminant validity were in line with those of the original study. Furthermore, they found evidence of full measurement invariance across gender and partial measurement invariance across age. Overall, the Italian version of the EQ is a promising tool for assessing flexibility on existential issues.

Ronzón-Tirado et al. adapted the Modified Version of the Conflict Tactics Scale [M-CTS (Neidig, 1986); Spanish adaptation: (Muñoz-Rivas et al., 2007)], in Mexican adolescents using an analysis of the linguistic and cultural variables, followed by a CFA, and the evaluation of Construct and Known Groups Validities. They culturally modified six items and verified the four-factorial structure of the questionnaire. The cultural adaptation of the M-CTS offered adequate reliability and validity scores and expanded the possibilities of comparing the prevalence of the problem between nations with a reliable instrument based on the same theoretical and methodological perspectives.

Yan et al. developed and examined the psychometric properties of the Chinese version of the Brief version of the Situational Test of Emotional Understanding (STEU-B) and the Brief version of the Situational Test of Emotional Understanding (STEM-B) (Allen et al., 2014, 2015) using the Item Response Theory method and criterion validity. The Chinese versions of the STEU-B and STEM-B scales showed psychometrically adequate measurements. These scales might be useful to capture employees' emotional understanding and emotional regulation as an alternative to ability tests of Emotional Intelligence.



VALIDATION OF SCORES ON DEVELOPED SCALES

Angel et al. examined the psychometric properties of the Enriched Life Scale (ELS, Team Red White Blue, 2017) developed to systematically capture and quantify the experiences of military veterans transitioning to civilian life. They used CFA to validate the factorial structure of the ELS in veterans and provided evidence of internal consistence, discriminant, and convergent validity. The ELS could be used in conjunction with diagnostic instruments that capture strain-related transition challenges (to include mental health disorders) to capture post-military service well-being.

Fung et al. assessed the dimensionality and psychometric properties of the Brief Self-Control Scale (BSCS, Chinese version Unger et al., 2016) in a sample of undergraduates using EFA and CFA. A shortened version of the 11-item BSCS with a four-factor structure had better psychometric properties and a good model fit in the CFA. This scale provides a comprehensive and handy measure for broader research in the context of mainland China or the Chinese diaspora.

Tindall and Curtis evaluated the factorial structure of the Need Satisfaction and Frustration Scale (NSFS; Longo et al., 2016) and its predictive validity in a sample of undergraduate students and individuals from the wider community using an SEM. They provided support to Longo et al. (2016, 2018), who stated that need frustration and need satisfaction are distinct constructs, and also gave further insight into the relationship between basic Need Frustration and common types of psychological health problems.

Willmer et al. examined psychometric properties of the 9-item Utrecht work engagement scale (UWES-9, Schaufeli et al., 2006) in a multi-occupational female sample using EFA and CFA. The EFA seemed to mainly favor a one-factor solution, which was shown to explain over 70% of the variance, but none of three different (one-, two-, and three-factor) models showed an overall good fit in CFA. Further research is needed to disentangle the possible effects of gender, nationality, and occupation on work engagement.

Xiao et al. examined the association between student-level information and communication technology (ICT) impact factors (the availability, use and attitudes toward ICT) and reading proficiency among early adolescents using a multiple linear regression model. They found that the students' ICT-related attitudinal factors concerning their interest in ICT and perceived autonomy in using it, rather than its availability and use, were closely associated with high reading proficiency.



ANALYZING THE MEASUREMENT INVARIANCE OF DEVELOPED SCALES

Dagnall et al. evaluated the scale's factorial structure of the Belief in Science Scale (BISS), which assesses the degree to which science is valued as a source of superior knowledge using parallel analysis, EFA, CFA, and invariance testing across gender. They found support to invariance of form, factor structure, and item intercepts for a one-factor model. The scale showed good internal consistency and one-factor solution, signifying that this was consistent with the single-factor model advocated by Farias et al. (2013).

Frey-Clark et al. determined that scores on the Statistical Anxiety Scale (SAS, O'Bryant, 2017) manifest in the same way for students in online and traditional statistics courses using a measurement invariance test.

Martí-Vilar et al. examined the invariance of the Prosocial Behavior Scale (PS, Caprara et al., 2005) across gender and country and psychometric properties in three Hispanic countries (Argentina, Spain, and Peru) using SEM methodology. They also evaluated reliability and internal consistency at both score and item level.

Meng et al. evaluated the factorial structure of the 10-item Connor-Davidson Resilience Scale (CD-RISC-10) in the Chinese elders using CFA and the measurement invariance across gender using multigroup CFA. They found that a single-factor model fitted CD-RISC-10 data well, both for the total sample and for each gender group. Factorial invariance across genders was also supported.

Vagos et al. evaluated the factorial structure of the Morningness-Eveningness-Stability-Scale (MESSi) using CFA and measurement invariance across gender and age using multigroup CFA. They found a three-factor structure for the MESSi and full measurement invariance of the three-factor model for gender and age.

Zhao et al. determined the factor structure of the 15-item Geriatric Depression Scale (GDS-15) in a sample of Chinese elders using CFA and the measurement invariance across gender using multigroup CFA. They found that a three-factor model best fits the structure of the GDS-15, and that measurement invariance across gender was supported, fully assuming different degrees of invariance.

On the other hand, recent developments in statistics have provided new analytical tools for assessing the validity of the scales. French et al. conducted a simulation study to examine the performance of the Generalized Mantel-Haenszel (GMH) procedure and a Multilevel GMH (MGMH) procedure for the detection of uniform differential item functioning (DIF) in the presence of multilevel data with polytomous items. They found differences in DIF detection when the analytic strategy matches the data structure. The GMH had an in?ated Type I error rate across conditions and thus an artificially high power rate, and the MGMH had good power rates while maintaining control of the Type I error rate. Finally, Hayduk et al. detailed the relevant procedural steps to conduct a fusion validity and illustrated the procedure using the Leadership scale from the Alberta Context Tool (ACT) with care aides working in Canadian long-term care homes.

This Research Topic includes different examples of scale development and validation protocols, each one with rigor and scientific peculiarity. We had analyzed four different aspects of this wide field of knowledge: scale development with solid psychometric score validation techniques, cultural adaptation of developed scales, validation of scores on developed scales, and invariance measurement of developed scales. It's important to show how variegate these processes could be with the aim of promote the use of different scientific-based techniques.
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Assessing morningness-eveningness preferences (chronotype), an individual characteristic that is mirrored in daily mental and physiological fluctuations, is crucial given their overarching influence in a variety of domains. The current work aimed to investigate the best factor structure of an instrument recently presented to asses this characteristic: the Morningness-Eveningness-Stability-Scale improved (MESSi). For the first time, the originally proposed three-factor structure was pitched against a uni- and a two-factor solution. Another novelty was to establish that the best-fitting model would be invariant in relation to sex and age, two variables that influence chronotype. A Confirmatory Factor Analyses on the data obtained from a sample of 2096 German adults (age: 18–76; M = 25.5, SD = 7.64) revealed that the originally proposed three-factor structure of the MESSi – Morning Affect, Eveningness, and Distinctness – was the only one to achieve acceptable fit indicators. Furthermore, each scale obtained good internal consistency. In order to assess age invariance, following the literature on development and chronotype, our sample was divided into three age groups: 18–21 years, 22–31 years, and 32 years or older. Full measurement invariance of the three-factor model was found for sex and age. Regarding differences between sexes, females did not differ significantly from males in Morning Affect, but scored significantly lower on Eveningness and higher on Distinctness; this last result has been consistent across validation studies of the MESSi. With respect to age differences, the oldest group scored lower on Eveningness and Distinctness in comparison with the other two age-groups; the intermediate group (age: 22–31) scored lower on Morning Affect when compared to both the younger and older age groups. Additionally, both Eveningness and Distinctness were negatively correlated with age. This latter relation has been consistently reported in other validation studies. Our results reinforce the idea that the MESSi assesses three different components of chronotype in a reliable manner and that this instrument can be used to explore sex and age differences.

Keywords: MESSi, three-factor structure, sex invariance, age-group invariance, distinctness, morning affect, eveningness, psychometric assessment


INTRODUCTION

People differ in the time of the day in which the peak of mental and physiological functions occurs (chronotype) and can be classified in one of three types: morning-, evening-, or intermediate-types. Specifically, whereas in morning-types the peak of alertness arises in early hours, in evening-types it occurs in the afternoon/evening; the peak of intermediate-types is reached in the middle of the day (Schmidt et al., 2007; Adan et al., 2012). Concerning body temperature, the nadir occurs at 03:50 h in morning-types and at 06:01 h for evening-types (Baehr et al., 2000). This individual difference is relevant in a variety of domains. For example, it has been related to affective conditions (e.g., Randler et al., 2012; Oginska and Oginska-Bruchal, 2014), to health-related behaviors and problems (e.g., Fabbian et al., 2016; Suh et al., 2017), and to satisfaction with life (e.g., Randler, 2008; Jankowski, 2012). Chronotype also relates in different ways to various characteristics of personality (e.g., Lipnevich et al., 2017; Randler et al., 2017b). These examples justify the need to seriously consider this variable in research in an accurate manner (for a review, see also Adan et al., 2012).

Although chronotype can be assessed by different biological and objective methods (e.g., melatonin, body temperature and actimetry measurements), self-report questionnaires continue to be widely used (for a review, see Di Milia et al., 2013). Some examples are the Morningness-Eveningness Questionnaire (full form-MEQ, Horne and Östberg, 1976; reduced form-rMEQ, Adan and Almirall, 1991) or the Composite Scale of Morningness (CSM; Smith et al., 1989). More recently, Randler et al. (2016a) proposed another instrument to assess circadian preferences – the Morningness-Eveningness-Stability-Scale improved (MESSi) – that includes three subscales: Morning Affect, Eveningness, and Distinctness. Alike other instruments, the Morning Affect and Eveningness subscales indicate more morningness and eveningness preference, respectively. The Distinctness subscale measures the subjective amplitude or the range of fluctuations that occur during the day in the mental and physiological state of the individual. Whereas some individuals present a relatively stable state throughout the day (i.e., they do not feel strong differences in their state during the day), others experience larger variations (i.e., they perceive to be doing particularly well at some point in the day and worse in others); the first are considered to have a low amplitude and the later a high amplitude (Oginska, 2011; for related concepts, see also Folkard et al., 1979; Di Milia, 2005; Oginska et al., 2017).

The MESSi provides several improvements in relation to previous questionnaires (Di Milia et al., 2013; Randler et al., 2016a). For example, it includes a similar number of items formulated to assess morning and eveningness preferences, thus avoiding the morning-biased measurement characteristic of other instruments. It also clearly identifies the assessment of multiple dimensions. Even though previous instruments have been proposed to assess multi-dimensions of chronotype (e.g., Putilov, 1993; Roberts, 1998), and factor analysis exist on other morningness-eveningness scales (Neubauer, 1992; Brown, 1993; Caci et al., 2009), the MESSi suggests a novel three-factor structure. The wording of the items of the MESSi is also more updated and the questions are simpler to respond and interpret. Finally, the inclusion of the Distinctness, a dimension with growing recognized relevance in the assessment of circadian rhythm (Di Milia, 2005; Oginska, 2011; Dosseville et al., 2013), makes it a more complete instrument, which of course goes on charge of the length. Nevertheless, in comparison to other popular alternatives, the MESSi (composed of 15 items) adds a new dimension and still provides a shorter solution than the MEQ (composed of 19 items); as compared to the CSM (which contains 13 items) it only adds two items.

The MESSi has been submitted to several validation studies, namely in Germany, Spain, Iran, Portugal, and Slovenia (Randler et al., 2016a; Díaz-Morales and Randler, 2017; Diaz-Morales et al., 2017; Rahafar et al., 2017; Rodrigues et al., 2018; Tomažič and Randler, 2019). In short, all studies have replicated the three-factor internal structure (i.e., Morning Affect, Eveningness, and Distinctness) via exploratory (Randler et al., 2016a) or confirmatory factor analyses (Díaz-Morales and Randler, 2017; Diaz-Morales et al., 2017; Rahafar et al., 2017; Rodrigues et al., 2018). However, the factor structure has not been challenged by comparing a one-, two- or three-factor structure. These validation studies showed at least satisfactory internal consistency values (Cronbach’ alphas varying between 0.73 and 0.87 for Morning Affect, 0.80 and 0.84 for Eveningness, and 0.69 and 0.77 for Distinctness). Rahafar et al. (2017) further found the MESSi to be invariant at the configuration level only across the three countries involved in their study (Germany, Spain. and Iran); in other words, the three-factor model fitted acceptably for each country but the loadings and intercepts of items (particularly for the Eveningness measure) seem to differ across countries. Furthermore, Rodrigues et al. (2018) found evidence for strong invariance of the MESSi across men and women in a Portuguese sample of higher education students. Finally, though not explicitly testing for measurement invariance, Diaz-Morales et al. (2017) showed the three-factor model to acceptably fit different age groups (i.e., 17–30 years old and 31–65 years old). Therefore, testing factorial invariance is an important novel goal of this study.

Concurrent validity of the MESSi has also been confirmed against other typical questionnaires. Specifically, Morning Affect correlated positively and Eveningness correlated negatively with the CSM (Randler et al., 2016a) and with the rMEQ (Díaz-Morales and Randler, 2017; Faßl et al., 2018). Regarding Distinctness, the correlation between its scores and the CSM and the rMEQ was negative but lower than with the other two subscales (Randler et al., 2016a; Díaz-Morales and Randler, 2017). Moreover, in the study by Faßl et al. (2018), no correlations were found between Distinctness and the other subscales. Overall, these results suggest that Distinctness acts separately from Morning Affect and Eveningness. These authors also reported some preliminary evidence for the MESSi chronotype assessment using measures of actigraphy and of the sleep-wake rhythm.

The literature on circadian preferences has also explored how these change throughout the development and if there are differences between sexes. Studies that have assessed chronotype using the MESSi, have revealed inconsistent sex differences on Morning Affect and Eveningness (e.g., Díaz-Morales and Randler, 2017; Diaz-Morales et al., 2017; Rahafar et al., 2017). This inconsistency mimics that obtained when other instruments are used to asses chronotype and may be a result of (low) sample size and high variation in age (Randler, 2007; Adan et al., 2012). Regarding the subscale of Distinctness, the results have been very regular across all of the just mentioned studies, with females reporting higher Distinctness than males (e.g., Rahafar et al., 2017; Rodrigues et al., 2018).

The evaluation of chronotype in different age groups has revealed that children tend to be morning-oriented and then become more evening-oriented during adolescence (e.g., Roenneberg et al., 2004; Randler et al., 2017a). Morningness usually increases again, particularly after the age of 20/21 years, and tends to stabilize until individuals reach around the age of 30 (Roenneberg et al., 2004; Adan et al., 2012; Randler et al., 2016b). Some of the studies that have used the MESSi have reported positive relations between Morning Affect and age and negative relations between Distinctness and age (e.g., Díaz-Morales and Randler, 2017; Rodrigues et al., 2018). Regarding the relation between Eveningness and age, the results have been more irregular, with some reporting negative relations (e.g., Díaz-Morales and Randler, 2017; and some countries from the Rahafar et al., 2017 study) and others non-significant relations (Rodrigues et al., 2018).

Given the existing literature, the main aim of the current work was to test competing models for the factorial structure of the MESSi and the invariance across age classes and sex of the best fitting model. In other words, the current work aimed to test the originally proposed three-factor structure of the MESSi (Morning Affect, Eveningness, and Distinctness) against uni- and two-factor model solutions. The first comparison helps to establish the multidimensionality purpose that underlined the development of this instrument (Randler et al., 2016a). The second evaluation aims to explore the idea that morningness-eveningness corresponds to a single dimension (Di Milia and Randler, 2013; Diaz-Morales et al., 2017) that in turn differs from the dimension of Distinctness. Furthermore, we aimed to establish that the best-fitting model would be invariant in relation to sex and age. This is an important statistical procedure in psychometric research to assure comparability across the groups being considered (Schmitt and Ali, 2015). With the exception of the study by Rodrigues et al. (2018), no other validation study of the MESSi has directly investigated the invariance of its factorial structure concerning sex and no other study has looked at the invariance for age groups. Finally, we also explored the differences between sexes and among age groups in the scores of each subscale of the MESSi (Morning Affect, Eveningness, and Distinctness).



MATERIALS AND METHODS

Sample

Participants were 2096 adults aged between 18 and 76 years (M = 25.5, SD = 7.64); two participants did not provide information on their age (0.1%). The majority of participants was female (n = 1458, 69.6% females; n = 619, 29.5% males); nineteen participants (0.9%) did not provide information on their sex. Men were significantly older than women (M = 26.51, SD = 8.65 and M = 25.03, SD = 7.06, respectively, t(980.79) = 3.76, p < 0.001). For data analysis purposes (see below), participants were divided into three age groups: 21 years old or younger (n = 693, 33%), 22–31 years old (n = 1127, 54%), and 32 years old or older (n = 276, 13%). Such division took into account some of the ages at which stronger changes in chronotype are expected to occur (c.f. Introduction) while also ensuring a reasonable number of participants per age group. Men and women were not evenly distributed by these age groups, χ2(2) = 9.04, p = 0.01, with men being overrepresented in the two younger groups and women being more prevalent in the older group, as compared to what was statistically expected.

Instrument

The MESSi is a self-report instrument that includes 15 items from three other questionnaires. The original items are from the Composite Scale of Morningness (Smith et al., 1989), the Caen Chronotype Questionnaire (CCTQ, Dosseville et al., 2013) and the Circadian Energy Scale (CIRENS; Ottoni et al., 2011). The total of the items is divided in three subscales, each one composed of five items: Morning Affect, Eveningness, and Distinctness. The items related to the Morning Affect subscale measure morningness preferences (early schedules), whereas the items of the Eveningness subscale assess evening preferences (late schedules). The remaining five items constitute the Distinctness subscale, that is, the amplitude dimension of this instrument. Each item is responded using a 5-points Likert scale and scored with 1–5 points, although some of them are reverse coded. The previous validation studies mentioned in the Introduction have revealed good indexes, such as Cronbach’ alpha values for the three subscales ranging between 0.69 to 0.87.

Procedure

Sampling and Data Collection

Data collection was done from 23.10.2017 until 13.11.2017. Students and employees of the Eberhard Karls University of Tübingen were contacted by e-mail and asked to participate in a study about sleep and sexual behavior. In that same e-mail they were informed that it was a short questionnaire study about chronotype and partnership and that it would last about 15 min. They were also told that an anonymized procedure was in place, that their data would be used only for research purposes, and that they could withdraw their participation at any time without any consequences. We also explicitly stated that it was a voluntary and unpaid study. Then, participants were directed to a website from “SoSci Survey” where they had to answer to the questions; the consent of the participants was implied by completing the questionnaire. The questions concerning the MESSi took approximately 5 min to complete. We did not control for double or triple access. Two participants were excluded from the sample due to being under 18 years of age.

Data Analyses

A Confirmatory Factor Analyses (CFA) approach was used to test for competing models that might underlie the internal structure of the MESSi. Three measurement models were tested: (1) a one-factor model including all 15 items; (2) a two-factor model considering a Morning Affect/Eveningness factor with 10 items and a Distinctness factor with 5 items; and (3) a three-factor model referring to a Morning Affect factor, an Eveningness factor, and a Distinctness factor, each with five items. For the two-factor model, the scoring of the items from the Eveningness scale were reversed turning them into items contributing to a Morningness evaluation as if we were dealing with a morning-eveningness continuum (rather than two separate subscales as initially intended). The fit of these models was judged based on the guidelines provided by Hair et al. (2014) for samples larger than 250 participants and instruments using between 12 and 30 items. Therefore, the models were considered to fit the data if showing comparative fit index (CFI) > 0.92 combined with standardized root mean square residual (SRMR) < 0.08 or with root mean square error of approximation (RMSEA) < 0.07. Only one of the tested models acceptably fitted the data (see results section) and so only its measurement invariance by sex and by age-groups was analyzed, based on a forward approach (Dimitrov, 2010). Firstly, configural invariance was established if the model was found to fit well within each group under analyses. Then, metric invariance was investigated, meaning that the model that constraints all loadings to be equal across groups should be as good a fit as the model posing no equality constraints on the groups (i.e., ΔCFI < -0.01; ΔSRMR < 0.03; ΔRMSEA < 0.03). Finally, scalar invariance was also tested, based on finding a non-expressive difference between the loading-constraint model and a model constraining all intercepts to be equal across groups (i.e., ΔCFI < -0.01; ΔSRMR < 0.03; ΔRMSEA < 0.01; Chen, 2007).

Following the establishment of measurement invariance, a latent mean comparison approach was taken for between and among group comparisons (i.e., sex and age-groups, respectively). These analyses were further complemented with effect sizes, descriptive data and a two between-factor ANOVA to control for the uneven distribution of men and women by age-groups. These last analyses, as well as the calculations of the Cronbach’s alpha as a measure for internal consistency, were carried out using the IBM SPSS Statistics 21. In turn, CFA, measurement invariance, latent mean comparisons, between factor correlation analyses and correlation analyses between subscales and age were ran using Mplus v7.4 (Muthén and Muthén, 2012).



RESULTS

Preliminary analysis showed the data on the 15 items of the MESSi for the 2096 participants were not multivariate normal (Mardia’s multivariate skewness statistic = 6.59, p < 0.001; Mardia’s multivariate kurtosis statistic = 281.42, p < 0.001; Korkmaz et al., 2014). Hence, and because there were no missing values, the Robust Maximum Likelihood estimator was used for confirmatory factor analyses and for measurement analyses. Also, non-parametric tests were used for the correlation analyses.

Evidence Based on the Internal Structure of the MESSi

The three factor measurement model originally proposed for the MESSi (Randler et al., 2016a) was the only one to achieve acceptable fit indicators based on the combination between CFI and SRMR values; the one-factor and the two-factor solutions did not abide by the fit guidelines for any of the indices under consideration (c.f. Table 1). All three measures also achieved mostly good internal consistency values: α = 0.87 for Morning Affect, α = 0.85 for Eveningness, and α = 0.75 for Distinctness. Loading values were always significant and varied between 0.65 (CSM 4) and 0.84 (CCQ 4) for Morning Affect, between 0.44 (CCQ 11) and 0.91 (CCQ 2) for Eveningness, and between 0.46 (CCQ 6) and 0.72 (CCQ 15) for Distinctness (c.f. Supplementary Material). The Morning Affect scale correlated significantly (p < 0.001) and negatively with the Eveningness (r = -0.59) and the Distinctness (r = -0.38) scales; Eveningness and Distinctness were also positive and significantly correlated although at a borderline significance level and with a low correlation value (r = 0.06, p = 0.041).

TABLE 1. Confirmatory factor analyses on the internal structure of the MESSi.
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Full measurement invariance by sex was established for the three-factor model given that it fitted well for female and male participants taken separately (i.e., configural invariance; c.f. Table 1)1, that forcing all item loadings to be equal between groups did not significantly worsened the fit of a non-constraint model (i.e., metric invariance; ΔCFI = 0.000, ΔRMSEA = -0.002 and ΔSRMR = 0.002), and, additionally, that forcing all item intercepts to be equal across groups again did not significantly worsened the fit of the loading constraint model (i.e., scalar invariance; ΔCFI = -0.004, ΔRMSEA = 0.000, and ΔSRMR = 0.003)2.

Evidence for the three levels of measurement invariance by age-groups was also found, namely configural invariance (c.f. Table 1)3, metric invariance (ΔCFI = 0.000, ΔRMSEA = -0.003, and ΔSRMR = 0.003), and scalar invariance (ΔCFI = -0.002, ΔRMSEA = -0.002, and ΔSRMR = 0.001)4.

Between-Groups Comparisons

Latent mean comparisons indicate that women, compared to men, scored significantly lower on the Eveningness (latent mean = -0.029, p < 0.001) and significantly higher on the Distinctness scale (latent mean = 0.563, p < 0.001); scores on the Morning Affect scale did not differ significantly between sexes. The direction of these results reflect those found for the same measures and groups when taking the sum of the responses of the set of items composing each measure (c.f. Table 2, also for the descriptive measures found using the complete sample).

TABLE 2. Descriptive measures for the subscales of the MESSi and effect sizes for between-groups comparisons.
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Concerning age, correlation analyses revealed that age correlated positively with Morning Affect (r = 0.08, p = 0.003) and negatively with Eveningness (r = -0.08, p < 0.001) and Distinctness (r = -0.125, p < 0.001). Furthermore, latent mean comparisons showed that the oldest group had the lowest scores on the Eveningness and Distinctness scales, compared to both the younger group (latent mean = -0.182, p = 0.012 and latent mean = -0.145, p = 0.038, respectively) and the group of participants aged 22–31 years old (latent mean = -0.269, p < 0.001 and latent mean = -0.281, p < 0.001, respectively). In turn, participants aged between 22 and 31 years had significantly lower scores on the Morning Affect when compared to the younger group (latent mean = -0.152, p = 0.002) and to the older group (latent mean = 0.217, p = 0.002). The direction of these results, again, is in line with that found for the same measures and groups when taking the sum of the responses of the set of items composing each scale (c.f. Table 2).

Because men and women were not evenly distributed by age-groups, we conducted an ANOVA including both age-groups and sex as between groups factors. Their interaction effect was non-significant for the Morning Affect [F(2,2076) = 2.308, p = 0.10], for the Eveningness, and for the Distinctness (both Fs < 1). These results suggest that sex- and age-based differences on the MESSi seem to be independent of each other.



DISCUSSION

The MESSi provides new way of assessing circadian preferences while introducing several improvements as compared to other existing instruments. Here, we tested the originally proposed three-factor structure of the MESSi (Morning Affect, Eveningness, and Distinctness), against other possible factorial structures. Also, we assessed the factor invariance across age groups and sex. The current study addressed these novel issues using a large sample of participants. Our results confirmed that the originally proposed three-factor structure of the instrument provides a better fit to the data as compared to the alternatives of a one- and two-factor structure.

Some studies that have tested the concurrent validity of the MESSi against other instruments (e.g., MEQ) have found correlations of about the same size as ours (but of different direction) between both the Morning Affect and Eveningness (Diaz-Morales et al., 2017; Rodrigues et al., 2018); such results could suggest that morningness-eveningness is a unidimensional construct and not separate as proposed in the MESSi (Diaz-Morales et al., 2017). However, our results suggest that each of the three different factors contribute separately to the assessment of chronotype. Empirically, studies have further started to show that each of these dimensions relate in a differential and significant manner with health-related measures as well as with some personality characteristics (Diaz-Morales et al., 2017) which helps to establish the relevance of each of the three factors. Furthermore, each scale obtained good internal consistency (range 0.75–0.87) scores.

The correlations found among the subscales are in line with those reported in other studies. The correlations between Morning Affect and both Eveningness and Distinctness were negative and significant with a larger relation between the first two, as expected (Díaz-Morales and Randler, 2017; Rodrigues et al., 2018). The correlation between Distinctness and Eveningness was also significant but with a low positive correlation coefficient; a similar result was reported by Rodrigues et al. (2018) but others have revealed non-significant correlations (Diaz-Morales et al., 2017).

Establishing that the best-found model would be invariant for the variables of sex and age was also an important and novel goal of this work. Full measurement invariance of the three-factor model was obtained for these variables indicating that the MESSi can accurately reflect sex and age differences related to the constructs. Such results reassure researchers that the MESSi accurately grasps the constructs within sex- and age- diversified samples and is an appropriate instrument to compare the results between sexes and across age groups.

We also explored the differences between sexes and among age groups in the scores of each subscale of the MESSi. Even though our sample was composed of unequal groups per sex or age, the same results were obtained when using balanced-sized groups (see footnotes 2 and 4). The pattern of differences between sexes has been quite inconsistent across studies, particularly with respect to the dimensions of Morning Affect and Eveningness, but we were able to find some communality with our data. Specifically, our females scored lower than males on Eveningness and the difference was not significant for Morning Affect (Diaz-Morales et al., 2017, undergraduate sample; Rodrigues et al., 2018). On the other hand, the finding that females score higher on Distinctness than males has been more consistently reported (e.g., Rahafar et al., 2017).

Regarding age, our correlation results revealed that as participants get older, they tend to score lower on Eveningness and Distinctness and higher on Morning Affect. This last result is in agreement with the idea that after the end of adolescence, people tend to become more morning oriented (Roenneberg et al., 2004), a relation that has also been corroborated in other studies using the MESSi (Díaz-Morales and Randler, 2017; Rahafar et al., 2017; Rodrigues et al., 2018). On the other hand, the negative correlation between Eveningness and age has been replicated in some studies (e.g., Diaz-Morales et al., 2017) but not in others (Rodrigues et al., 2018; the correlation was negative but non-significant). The negative correlation between age and Distinctness obtained in our sample has also been found in most validation studies of the MESSi in which this relation was analyzed (e.g., Rahafar et al., 2017; Rodrigues et al., 2018). Note that the disparate results regarding the correlations between age and Morning Affect and Eveningness are in favor of the idea that the latter two are indeed different constructs. Finally, we found no significant interaction between age and sex, a result that differs from that reported by Diaz-Morales et al. (2017). As for the differences among the age groups, considering the scarceness of studies that have addressed them before, we refrain from discussing these data at this time.

The diversity of results regarding the relation between age and the three subscales of this instrument could be due to a number of factors such as the different age ranges that have been tested across studies and the differential sample sizes. Furthermore, there is a number of factors that seem to affect chronotype such as individual and environmental variables (e.g., age, sex and photoperiod at birth, longitude and altitude; Adan et al., 2012); consequently, one could expect variability across countries as these differ in many of these aspects. It is noteworthy, though, that some results have indeed been consistent such as finding that females score consistently higher on Distinctness than males and the negative correlation between age and Eveningness and Distinctness. Future studies should explore the factors likely underlying these consistencies and also those that might justify the discrepancies.

In sum, this study confirms that the best fitting model for our data include the three factors described in the original presentation of the MESSi: Morning Affect, Eveningness and Distinctness. We further demonstrated that such structure is invariant for the variables of sex and age which ensures researchers that all of the instrument can be reliably used to assess chronotype in males and females as well as in various age groups. We also provide additional information regarding the relation between these two variables and chronotype in our sample with contributes to a more global understanding of this variable across countries.
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FOOTNOTES

1 Loading values for female participants varied between 0.45 (CCQ 6 and CCQ 11) and 0.92 (CCQ 2; c.f. Supplementary Material) and internal consistency values were 0.85 for Morning Affect, 0.86 for Eveningness and 0.75 for Distinctness. Loading values for male participants ranged from 0.39 (CCQ 11) to 0.89 (CCQ 2; c.f. Supplementary Material) and internal consistency values were 0.86 for Morning Affect, 0.81 for Eveningness and 0.73 for Distinctness.

2 The same results were attained when randomly selecting a subsample of 50% of the female sample (n = 702) to contrast with the complete male sample (n = 619). That proportion was chosen so that the male and female groups had a similar size. Further information on the results using this sample may be requested from the corresponding author.

3 Loading values for participants aged 21 years old or younger varied between 0.42 (CCQ 6) and 0.89 (CCQ 2; c.f. Supplementary Material) and internal consistency values were 0.85 for Morning Affect, 0.83 for Eveningness and 0.71 for Distinctness. Loading values for participants aged between 22 and 31 years ranged from 0.44 (CCQ 11) to 0.92 (CCQ 2; c.f. Supplementary Material) and internal consistency values were 0.88 for Morning Affect, 0.85 for Eveningness and 0.75 for Distinctness. As for the participants aged 32 years old or older, loading values were placed between 0.41 (CCQ 11) and 0.94 (CCQ 2; c.f. Supplementary Material) and internal consistency values were 0.89 for Morning Affect, 0.87 for Eveningness and 0.81 for Distinctness.

4 The same results were attained when randomly selecting a subsample of 33% of the participants aged 21 years old or younger (n = 232) and a subsample of 25% of the participants aged 22–31 years old (n = 305) to contrast with the complete sample of participants aged 32 years or older (n = 276). Those proportions were chosen to make group sizes as similar as possible. Further information on the results using this sample may be requested from the corresponding author.
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Several scales are used in Dating Violence studies assuming cross-cultural invariance and equivalence of the measures without making the proper validation in the intended populations. This study focuses on the importance of adapting existing dating violence psychological instruments (as the widely recognized Modified Version of the Conflict Tactics Scale, M-CTS) in diverse adolescent populations adjusting to international validation procedures that ensure the cultural fit of the instrument and the measurement invariance of the construct. We sought to adapt the M-CTS in Mexican adolescents (N = 1861; 57.5% woman) following the ITC Guidelines for Translating and Adapting Test. We made an analysis of the linguistic and cultural variables, followed by a Confirmatory Factor Analysis, and the evaluation of Construct and Known Groups Validities. We culturally modified six items and verified the four-factorial structure of the questionnaire proposed in previous studies (argumentation, psychological aggression, mild physical aggression, and sever physical aggression). We also found significant correlations in between the scores of the M-CTS and the Aggression Questionnaire (AQ) and the Dominating and Jealous Tactics Scale (DJTS), verifying the Construct Validity of the M-CTS to measure aggressive behaviors. Conclusion: the cultural adaptation of the M-CTS offered adequate reliability and validity scores in Mexican population expanding the possibilities of comparing prevalences of the problem between nations with a reliable instrument based on the same theoretical and methodological perspectives.
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INTRODUCTION

Psychometric test are not always adapted properly before they are used within two different cultures (Gjersing et al., 2010; Borsa et al., 2012). Researchers usually change test instructions, response formats, or the number and content of the items without taking into account if the modifications are suitable for the new context or consistent with the original version. Although these are probably well-intention actions based on the strong psychometric properties of the original instruments, they end up compromising the quality of the results (Eremenco et al., 2005; Reichenheim and Moraes, 2007).

Aware of this lack of rigor in the use of measurement tools, organizations such as the American Educational Research Association, the American Psychological Association, the European Federation of Psychologist Association, and the International Test Commission have generated guidelines in the last two decades for the development, administration, validation, and psychometric tests adaptation. Specifically, since 1976, the ITC has focused its efforts on the validation process (Oakland et al., 2009; Muñiz et al., 2015) and has edited a specific journal on the subject since 1998 (Hambleton and Patsula, 1999). It has also published the ITC Guidelines for Translating and Adapting Tests in International Test Commission [ITC] (2005), and its version 2.4 (2016), which main object has been to stablish a reliable method to cross-culturally adapt, administrate, and interpret tests.

Despite these important advances in the adaptation field, the most widely used scales still those specifically developed for the English-speaking population (Byrne and Van de Vijver, 2010; Muñiz et al., 2013). Testing the scales’ psychometric properties in other cultures or countries is necessary for the progress of research in topics that had been widely recognized as public health concerns (World Health Organization [WHO], 2002) such as teen dating violence.

During the last 5 years, there has been an increase in descriptive dating violence studies in Latino American cultures (Rodríguez, 2014; Celis-Sauce and Rojas-Solís, 2015; Boira et al., 2017; Rey-Anacona et al., 2017; Rojas-Solís et al., 2017). These studies, however, have not focused on using instruments adapted to the intended populations, making comparisons between groups difficult and hindering more concluding results. Specifically in Mexico, a remarkable variability has been found in the prevalence of documented aggressions during dating relationships, ranging from 46 to 86% of cases (Peña-Cárdenas et al., 2013; Carrillo-Flores, 2014; Vega-Valero, 2015; Oliva-Zárate et al., 2018). The available data is not conclusive and differs in terms of the theoretical models and methodologies used, as well as in the selection of the measurement instruments, which are generally created ex professor for each case and which psychometric properties are not usually reported.

In addition, it should be noted that the documented prevalence of teen dating violence in Mexico, as in other countries, has mainly been carried out in a global manner, without analyzing the directionality of the different behavioral expressions of the aggressions (Rubio-Garay et al., 2012). Few studies have discriminated the experiences of victimization/perpetration or have differentiated between verbal aggressions, mild physical aggressions and severe physical aggressions. Therefore, validate internationally recognized measurement instruments of dating violence, is an important contribution to recognize the magnitude of the problem and its characteristics, as well as for the development of prevention programs and intervention of violence in relationships in the Latin American context (Fernández-Fuentes et al., 2011; Fernández-González et al., 2013; Rubio-Garay et al., 2017).

Among the most widely used instruments for measuring teen dating violence in Latino America, the modified version (Cascardi et al., 1999) of the M-CTS (Neidig, 1986), stands out as one of the most appropriate scales to respond to the current demand for cross-cultural and multilingual evaluation of the problem (Ryan, 2013). This, unlike other scales, has shown adequate psychometric properties in previous adaptations in the United States (Straus, 2004), Italy (Nocentini et al., 2011), and Spain (Muñoz-Rivas et al., 2007a).

Although, the M-CTS has already been validated in Spanish-speaking population (Muñoz-Rivas et al., 2007a), there is still a lack of adaptations for Latin American countries. It would be a mistake to assume the permanence of the psychometric guarantees of the Spain validation in the rest of the Spanish-speaking countries. Applying the M-CTS without taking into account cultural variables between nations, could imply that the data obtained do not really reflect the reality of the adolescents, but the discrepancy in the understanding of the teen dating violence mediated by cultural and temporal variables such as religion, lifestyle and values. As well as, discrepancies originated by physical characteristics of the M-CTS like the item format and material of the test (Gjersing et al., 2010; International Test Commission [ITC], 2016).

For example, Latinos are said to hold more traditional attitudes about women, relationships and commitment, and Mexicans may have more rigid expectations about gender roles than North American or European populations. Although this kind of believes are changing and may vary across urban and rural groups, the powerful subjective influence of these believes over dating violence measure most be recognized (Hokoda et al., 2006; Shaffer et al., 2018).

In addition, when performing cross-cultural comparative studies, the variants found may not show the similarities or differences between countries, but the deficiencies of the M-CTS when evaluating each population mediated by the use of the language, such as, family structure of the language or semantic equivalence (Eremenco et al., 2005). Ryan et al. (1999) for example, found a lack of measurement equivalence when they attempted to apply attitudes surveys in a multinational organization where Spanish and Mexican employees worked. To reduce the lack of invariance they needed to make two Spanish versions of the surveys. After the adjustments, the wording of the items of each version clearly differed although the items represented similar content.

The objective of this study was to adapt the M-CTS Spanish version (Muñoz-Rivas et al., 2007a) in Mexican adolescents following internationally accepted guidelines proposed by International Test Commission [ITC] (2016). We hypothesize (a) to confirm the reliability and validity of the adapted M-CTS to measure different types of aggression in Mexican teen dating relationships. (b) that the cultural adaptation of the M-CTS would maintain the four-factor structure proposed in previous validations; (c) that the cultural adaptation of the M-CTS could discriminate different scores based on sex and age of the respondents; and that (d) that the M-CTS would correlate significantly with other scales that measure general aggression such as Aggression Questionnaire (AQ; Buss and Perry, 1992) and psychological violence in adolescents such as the Dominating and Jealous Tactics Scale (DJTS, Kasian and Painter, 1992).



MATERIALS AND METHODS

Participants

The sample comprised 1,861 adolescents from six public schools in Xalapa (Veracruz, México). Inclusion criteria were (a) having had or currently having a dating relationship, (b) being between 12 and 18 years old (c) fluent Spanish reading and understanding (d) not presenting developmental disabilities incompatible with the requirements of the survey administration. 57.5% were women and 42.5% men, with a mean age of 15.5 years (SD = 1.39, range = 12–18), 47.6% of them were early adolescents (ages 12–15) and 52.4% late adolescents (ages 16–18). While 38% of the participants reported having a dating relationship with an average duration of 9.25 months (SD = 10.4), 62% reported not dating anyone currently but having done before (M = 5.82 months, SD = 7). The 91% reported having a heterosexual orientation, 7.1% bisexual, and 1.9% homosexual. Data was collected by convenience sampling method during the 2017–2018 school period.

Instruments

Participants completed a questionnaire composed of sociodemographic and dating relationships data, as well as the instruments listed below:

The Modified Conflict Tactics Scale (M-CTS; Neidig, 1986) Spanish adaptation (Muñoz-Rivas et al., 2007a), is made up of 18 bidirectional items with a 5-point response format, ranging from 1 (never) to 5 (very often), assesses perpetration and victimization of psychological and physical violence. The answer frame of the question refers to the current relationship or last one in the case that the respondent do not have a relationship by the survey moment. It has a four-factor structure (i.e., argumentation; psychological violence; mild physical violence; and severe physical violence); and, in the Spanish adaptation, reliability, measured through Cronbach’s alpha coefficient in the subscales of Aggression, ranged from 0.65 to 0.82 for Perpetration and from 0.63 to 0.82 for Victimization (Muñoz-Rivas et al., 2007a). Scores interpretation: all the items have the same direction, each punctuation of the 8 subscales, indicates whether the respondent has been involved in such conduct, such as the frequency of the aggression in the reference period. The individual items can be examined together with the total scores of the subscales by the different implications that they could have, as an example, give a slap in comparison with punching.

The Dominating and Jealous Tactics Scale (DJTS; Kasian and Painter, 1992), Spanish validation (Muñoz-Rivas et al., 2019) has been used to analyze the convergent validity of M-CTS in measuring perpetration and victimization of psychological violence in courtship. It is made up of 11 bidirectional items with a 5-point response (from 1 “never” to 5 “very frequently”) to measure perpetration and victimization of dominant and jealous tactics. In the Spanish adaptation the reliability of the scale was good for both perpetration and victimization (Cronbach α = 0.76 and α = 0.78, respectively; Muñoz-Rivas et al., 2019). In the present sample, the result of the Exploratory Factor Analysis indicated that the eleven items, for both perpetration and for victimization scales were distributed in two factors (Dominant and Jealous tactics), the total variance explained by the two factors in the perpetration model was 38.1%, and 41.85% for the victimization model. The reliability of the perpetration scale was α = 0.77 and α = 0.82 for victimization scale, whit α-values for the domination and jealous scales between 0.67 and 0.79.

The Aggression Questionnaire (AQ; Buss and Perry, 1992), Spanish version (Andreu et al., 2002) is comprised of 29 Likert-type items with five response options (from 1 “totally agree” to 5 “totally disagree”) grouped into four factors: physical aggression (α = 0.86), verbal aggression (α = 0.86), anger (α = 0.86), and hostility (α = 0.86). It has been used in order to evaluate the convergent validity of the M-CTS to measure levels of general aggressiveness. In the present sample, the AQ scale obtained an Exploratory Analysis of the AQ Scale indicated, as in the Spanish validation, that the 29 items were distributed in 4 factors (physical aggression, verbal aggression, anger and hostility). The total variance explained by the 4 factors were 38,61%. The reliability of the verbal aggression scale was α = 0.68, α = 0.76 for physical aggression scale, α = 0.72 for anger scale, and α = 0.77 hostility.

Although DJTS and AQ have not been adapted yet to Mexican adolescents, they have been used to test convergent validity of the M-CTS in this study due to: (a) the lack of adapted Mexican scales to measure this constructs (López-Cepero et al., 2015) and, (b) their proven strong psychometric properties in English-speaking and Spanish young adults and adolescents samples (Cascardi et al., 1999; Muñoz-Rivas et al., 2007b, 2009; Chaín-Pinzón et al., 2012; Cascardi and Avery-Leaf, 2015).

Procedure

The methodology proposed in the ITC Guidelines for Translating and Adapting Test (International Test Commission [ITC], 2016) was followed to carry out the adaptation. Guidelines and procedural objectives are reflected in Table 1.

TABLE 1. Summary of the ITC guidelines for translating and adapting test (2016).
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The questionnaire was administered during school hours with prior informed consent of the participants, their parents, and the school’s supervisors and principals. Before the administration, the researchers provided participants information about the aims of the research, procedures, confidentiality protections, and participants’ right to withdraw the study. The classrooms were designated as sample units, and the approximate response time of the questionnaire participants was 50 min. The evaluators were trained in the use of the scale by both the authors of the Spanish version and Mexican researchers.

Descriptive statistics and departure from the normality of the variables were made follow by Exploratory Factor Analyses (EFA) using General Least Square (GLS) method of estimation and reliability test for AQ and DJTS scales (both scales have been used to test the convergent validity of the M-CTS). Afterwards, Mann–Whitney U test were performed to asses difference between M-CTS scores by sex and age, effect size was measured with A static. Then Spearman correlations were made between subscales to test convergent validity of the M-CTS. All of these analyses were made using the statistical package, SSPS v20 (IBM, 2011).

Finally, the Structural Equation Models were tested using the Mplus 7.0 software (Muthén and Muthén, 1998–2015) Due to the distribution of the variables MLM estimator was used. To study model-fit, the following indexes and values were considered (Jöreskog, 2001; Hooper et al., 2008): Root Mean Square Error of Approximation (Good fit = 0 ≥ RMSEA ≤ 0.05; Acceptable fit = 0.05 ≥ RMSEA ≤ 0.08); Standardized Root Mean Square Residual (Good fit = 0 ≥ RMSEA ≤ 0.05; Acceptable fit = 0.05 ≥ RSMR ≤ 0.1) and Comparative Fit Index (Acceptable Fit = CFI ≥ 0.9). Reliability of the M-CTS Subscales was measured using Cronbach’s Alpha and Omega coefficients.



RESULTS

The results obtained for each phase indicated in the ITC Guidelines are described in this section (International Test Commission [ITC], 2016; Table 1).

Precondition Guidelines

The license to use the scale was obtained from the authors of the Spanish version of the M-CTS (Muñoz-Rivas et al., 2007a), and researchers obtained the approval of the Research Ethics Committee of the Autonomous University of Madrid to carry out the study (CEI-85-1576). Subsequently, two dating violence experts (i.e., Spanish and Mexican postdoctoral researchers with more than 10 years of experience on the topic and several published studies about dating violence) qualitatively analyzed the instrument to verify the equivalence of the construct and to minimize the influence of cultural variables (e.g., lifestyles and value systems) in both populations. The evaluation was positive, and no modifications were necessary.

Test Development Guidelines

Two independent postdoctoral Mexican researchers, experts in dating violence and skilled in psychometrics, made adaptations to the content of the scale. They focused on grammar, terminology, and the colloquial use of words to ensure that the adaptation process considered the cultural, psychological, and linguistic differences of Mexican adolescents (Borsa et al., 2012). They agreed on the modification of items 6, 8, and 14, (in perpetration and victimization scales). In item 6, “estabais” was replaced by “estaban”; in item 8, “picar” and “picarte” were replaced by “molestar” and “molestarte”; and in item 14, “abofeteado” by “dar una cachetada.” Once the scale was modified, the authors of the Spanish version verified that the proposed modifications did not alter the construct.

To empirically support the modifications, a pilot test of the scale was conducted using a sample of 118 adolescents randomly selected from two educational centers in Xalapa. The sample was made up of 50.8% women and 42.2% men with ages between 12 and 17 years (M = 14.81 years; SD = 1.42). The reliability of the scale was analyzed using the Cronbach’s Alpha coefficient and Confidence Intervals 95%, in all cases the coefficient provided statistically acceptable scores similar to those obtained in the Spanish version (i.e., α = 0.46 CI [0.26–0.61] and 0.44 CI [0.24–0.60] for argumentation; 0.68 CI [0.58–0.77] and 0.59 CI [0.45–0.69] for verbal aggression; α = 0.81 CI [0.76–0.86] and 0.75 CI [0.68–0.82] for mild physical aggression; and, 0.76 CI [0.68–0.83] and 0.56 CI [0.40–0.68] for severe physical aggression, perpetration and victimization subscales).

In addition, the convergent validity of the test was analyzed using the AQ and DJTS scales. Positive and significant Spearman correlations were found for: (a) The M-CTS psychological violence subscales and DJTS dominant tactics subscales (rs = 0.44, p < 0.001, for perpetration; and rs = 0.45, p < 0.001, for victimization); (b) The M-CTS Psychological Violence subscales and the DJTS Jealous Tactics subscales (rs = 0.49, p < 0.001, for perpetration; and rs = 0.48, p < 0.001 for victimization); (c) The MCTS Psychological Violence subscales and the AQ Verbal Aggression subscale (rs = 0.20, p < 0.001).

Positive significant Spearman correlations were also found between the subscales of the (a) M-CTS Mild Physical Violence perpetration subscale and the subscale of physical aggression of the AQ (rs = 0.17, p < 0.001). There was no significant correlation in-between M-CTS Severe Physical Violence subscale and the AQ Physical Aggression subscale (rs = 0.04, p = 0.054), this last result is explained by the items content of both subscales, since the level f aggressiveness is much higher u the items used in the M-CTS.

Confirmation Guidelines

Once the pilot had concluded, the M-CTS was administered to a large sample of 1,861 adolescents from Xalapa. Results follow.

Reliability

The reliability of perpetration and victimization M-CTS subscales was estimated through the Cronbach’s Alpha coefficient and the Confidence Intervals 95% (CI 95%) for each case. The CI 95% was estimated to assess the precision of the α measures and determine between what values the α coefficient could oscillate in the population (Domínguez-Lara and Merino-Soto, 2015). The analysis revealed Cronbach’s Alpha scores between α = 0.43 for Argumentation on the victimization scale and α = 0.78 for Mild Physical Violence victimization. The coefficients values of Argumentation and Sever Physical aggression subscales were under 0.5 but still acceptable taking into account the scare number of items of each subscale (Crutzen and Ygram, 2017). Additionally, Omega coefficients were also calculated because it has been shown (Ventura-León and Caycho-Rodríguez, 2017) that unlike the coefficient of alpha, Omega provides more precise reliability measures as it works with factorial loads (Table 2).

TABLE 2. Cronbach’s alpha and omega coefficients of the M-CTS subscales.
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Furthermore, given the importance of this instrument for professional and epidemiological practice, reliability between relevant groups have been calculated. Analysis in early adolescents subgroup reveled acceptable Cronbach’s Alpha scores between α = 0.78 [CI 0.32–0.48] for mild physical victimization and α = 0.58 [CI 0.50–0.65] for severe physical victimization, and values of 0.40 [CI 0.32–0.48] and 0.46 [CI 0.35–0.54] for perpetration and victimization argumentation subscale. Analysis in late adolescents reveled acceptable Cronbach’s Alpha scores between α = 0.65 [CI 0.63–0.68] for verbal aggression perpetration and α = 0.79 [CI 0.77–0.80] for mild physical victimization, and values of 0.46 [CI 0.41–0.51] and 0.42 [CI 0.37–0.47] for perpetration and victimization argumentation subscale. The results for argumentation subscales still acceptable considering the scare number of the items in each one.

Confirmatory Factor Analysis

Due to the distributions of the variables, the confirmatory factor analysis was conducted using the MLM maximum likelihood parameter with standard errors and a mean-adjusted chi-square test statistic that are robust to non-normality. Compared to de ML estimation, a robust MLM approach is less dependent of the assumption of multivariated normal distribution and have the advantage of computing robust versions of CFI and RMESEA. Thus, the use of MLM estimator was the most appropriate approach for the analysis (Byrne, 2012). The structural equation models were configured according to the four factor structure (for both perpetration and victimization scales) that previous studies had supported in North American (Caulfield and Riggs, 1992; Pan et al., 1994; Straus, 2004) and Spanish samples (Muñoz-Rivas et al., 2007a). Additionally two factor structure proposed by Cascardi et al. (1999) was tested, it was discarded do to its unacceptable fit indexes scores (CFI = 0.75, RMSEA = 0.038, and SRMR = 0.074 for perpetration; CFI = 0.91, RMSEA = 0.023, and SRMR = 0.051, for victimization).

Given the correlations within-factor errors and similar content in the items (Hooper et al., 2008), some modifications were made through the correlation of error terms to the four-factor model results (CFI = 0.84, RMSEA = 0.030, and SRMR = 0.047 for perpetration; CFI = 0.88, RMSEA = 0.027, and SRMR = 0.05, for victimization). The error term correlations included for the perpetration model were: item 6 with 7, from the psychological aggression factor; and error term 12 with 14; and 15 with 13, from the mild physical violence. For the victimization model: correlation between error terms 12 and 14, and 13 with 9 from the mild physical aggression factor.

The criteria to include this correlations in the model was the strength of the modification indices (MI) and Expected Parameter Change (EPC) values for the residual covariance, as well as the obvious overlap of the item contents (Byrne, 2012). For example, correlation between error terms 12 and 14, was include in both models (perpetration and victimization) due to it had MI values of 28.97 and 23.92, respectively; and the evident similarity of items content: 12 “You have hit your boyfriend/girlfriend” and item 14 “You have slapped your boyfriend/girlfriend.” Goodness-of-fit results of before (Model 1) and after the correlation of error terms (Model 2) that confirm the fit of the proposed models to the original version are presented in Table 3.

TABLE 3. Goodness-of-fit indexes used to assess confirmatory factor analysis for the M-CTS.
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The final models obtained Good fit values in RMSEA and RSMR, and acceptable-fit values for CFI. It should be mention that the lack of convergence in the indexes values most not be understood as the model is misspecified or had any flaws in the data. It has been documented (Lai and Green, 2016) that this disagree arises because: (a) the two indexes by design, evaluate fit from different perspectives and, (b) the cut values of both are arbitrary and independent from each other.

Tables 4, 5 show the distribution of the items in each of the factors in perpetration and victimization models.

TABLE 4. Standardize model results: STDYX Standardization of the M-CTS.
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TABLE 5. Standardize model results: STDYX standardization of the M-CTS.
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Known Groups Validity

Due to the distribution of the variables Mann–Whitney U test were performed in order to assess the ability of the M-CTS to contrasts of hypotheses of equality between means by sex and age. Along with the estimation of the statistical differences, the effect size was calculated though A static with Hanley y McNeil method, values around 0.010, 0.30, and 0.50, were considered as small, medium, and large, respectively. Table 6 shows, as in previous studies (Fernández-Fuertes and Fuertes, 2010), significant statistical differences in scores between men and women. Higher levels of aggressiveness were self-reported by women in relation to men for the subscales of psychological violence (Z = 7.91; p < 0.001; A = 0.39) and mild physical violence (Z = 4.59; p < 0.001; A = 0.52). In the case of victimization, men self-reported significantly higher levels of victimization through psychological violence (Z = 2.17; p < 0.05; A = 0.52).

TABLE 6. Means, standard deviations (SD), statistical differences and effect size by sex in the M-CTS subscales.
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To analyze the differences by age, the participants were grouped into early adolescence (12–14 years) and late adolescence (15–18 years) according to the criteria on the physical and mental development of the adolescents proposed by the United Nations International Children’s Emergency Fund (UNICEF, 2011). Consistent with previous studies’ findings (Foshee et al., 2009), the violent behaviors were self-reported more frequently by the group of late adolescents. Table 7 shows significant differences in the scales of perpetration in argumentation (Z = 2.92; p < 0.005; A = 0.55) and psychological violence (Z = 3.22; p < 0.001; A = 0.55).

TABLE 7. Means, SD and differences by age in the M-CTS subscales.
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Differences in the victimization self-reported aggressions are also shown in Table 7, there were significant differences for the subscales of argumentation (Z = 2.16; p < 0.05; A = 0.54) which had higher prevalences in late adolescents, and in the psychological violence which had higher prevalences in early adolescents (Z = 3.85; p < 0.001; A = 0.56).

Convergent Validity

Finally, Spearman correlations were calculated between M-CTS subscales, and for the scores of physical aggression and verbal aggression of the AQ scale with the perpetration subscales of the M-CTS, as well as the correlations between the DJTS subscales and the perpetration and victimization subscales of the M-CTS (Table 8). As expected, all correlations were statistically significant, except five; four of them from the perpetration subscales: (a) argumentation and severe physical violence, (b) argumentation and physical aggression of the AQ, (c) severe physical violence and verbal aggression subscale of AQ, and (d) severe physical violence and Jealous Tactics from DJTS. And, one from the victimization subscales (e) argumentation and severe physical violence from the M-CTS.

TABLE 8. Spearman correlations between the M-CTS and DJTS and AQ scales, Means, SD.
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Administration Guidelines

The following specifications are recommended to administrate the test. First, researchers should inform the participants about the objectives and purposes of the study. Second, the researchers must obtain the informed consent of the adolescents, parents or legal guardians, and school’s principals. Also, it is important that the researcher maintain the anonymity of participants’ responses to the test. The researcher should read the test instructions in groups and explain the answer format with an example (first item) and should resolve participants’ doubts before starting the test administration. Next, the results should be scored by two or three evaluators trained by experts per group. Finally, the researcher should allow 50 min for the test administration.

Score Scales and Interpretation Guidelines

Once the reliability and validity of the M-CTS in Mexican adolescents were tested and found acceptable, the Mexican scale’s properties were qualitatively compared with those obtained by the Spanish version to identify the equivalence of the construct and factor structure consistence, in both populations. In both the Mexican and Spanish versions of the scale, the model of equations calculated through the confirmatory factor analysis obtained satisfactory scores in RMSEA, and CFI; this outcome verified the structural and functional statistics qualities of the scale in both populations.



DISCUSSION

The incorporation of the methodology proposed by the ITC to adapt the M-CTS for Mexican adolescents represents a remarkable advance for the dating violence research field in México. It makes possible—by contemplating cultural and linguistic variables of the nation—the consensual, rigorous, and reliable measurement of the problem. The results provide an indispensable base for the development of effective intervention and prevention programs (Borsa et al., 2012).

This adaptation represents, in addition, an improvement to the previous analysis of the M-CTS in the Spanish population; in the present study, in addition to a confirmatory factor analysis, known groups and concurrent validity analyses were conducted. These improvements provide greater evidence of the adequate psychometric guarantees and abilities of the M-CTS to respond to the current measurement demands of dating violence (Straus, 2004).

Nevertheless, it should be noted that as topic of future investigations, it would be interesting to test the measurement invariance of the M-CTS to ensure suitable group comparisons between men and women, or in between group ages. We strongly recommend to implement specific statistical procedures to test Differential Item Functions based on Classical Test Theory as Logistic Regressions or Lord Chi-square calculation based on the Item Response Theory, for example (Çokluk et al., 2016).

It is important to mention that the six modified items in this version proved to have adequate psychometric properties for measuring dating violence in Mexico because they obtained in each case a factorial weight above 0.40. The total scale and subscales obtained acceptable levels of reliability and validity and also demonstrated an equal factor structure to the one proposed in the literature and the previous validation studies (Fernández-González et al., 2013). These results position the M-CTS as one of the best scales for cross-cultural studies of dating violence.

After carrying out the adaptation, the usefulness of the methodology proposed by International Test Commission [ITC] (2016) was confirmed, as was the need for internationally recognized guides for the development and adaptation of scales. Otherwise, by continuing the use of the scales without carrying out the necessary adaptations—through proven and agreed procedures—for the populations of interest, there will be a great risk of reporting data that, instead of reflecting the problem, will report deficiencies in the scales, differences in the factorial structure, or measurement variances (Eremenco et al., 2005; Gjersing et al., 2010).
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The Belief in Science Scale (BISS) is a unidimensional measure that assesses the degree to which science is valued as a source of superior knowledge. Due to increased academic interest in the concept of belief in science, the BISS has emerged as an important measurement instrument. Noting an absence of validation evidence, the present paper, via two studies, evaluated the scale’s factorial structure. Both studies drew on data collected from previous research. Study 1 (N = 686), using parallel analysis and exploratory factor analysis, identified a unidimensional solution accounting for 56.43% of the observed variance. Study 2 (N = 535), using an independent sample, tested the unidimensional solution using confirmatory factor analysis (CFA). Data-model fit was good (marginal for RMSEA): CFI = 0.93, TLI = 0.91, RMSEA = 0.09 (90% CI of 0.08 to 0.10), SRMR = 0.04. Invariance testing across gender supported invariance of form, factor structure, and item intercepts for this one-factor model. BISS at the overall level correlated negatively with the reality testing dimension of the Inventory of Personality Organization (IPO-RT), demonstrating convergent validity. Researchers often use the IPO-RT as an indirect index of preference for experiential processing (intuitive thinking). In this context, only BISS scores above the median (second quartile) produced a reduction in experiential-based thinking. The authors discuss these findings in the context of belief in science as a psychometric construct.
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INTRODUCTION

Beliefs are a fundamental aspect of human cognition that fulfill important individual and social functions. Explicitly, beliefs provide meaning, comfort, and communality (Hogg and Mulling, 1999; Heine et al., 2006). This is particularly true of religious faith, which is associated with a range of positive psychological benefits. These include moderating negative factors related to lack of control (Kay et al., 2009), reducing anxiety (Inzlicht et al., 2011) and decreasing stress (Ano and Vasconcelles, 2005). Farias et al. (2013) contend that secular beliefs, such as Humanism and political ideologies perform comparable functions within non-religious individuals (Gray, 2004).

Although science and religion offer competing, often contradictory explanations, at a deeper, conceptual level, research suggests that they perform comparable psychological functions (i.e., structure life, provide reassurance, and facilitate social integration) (Ziman, 1978/1991). In support of this notion, studies report that beliefs related to human advancement offer positive, compensatory psychological functions (Rutjens et al., 2009, 2010). Explicitly, higher levels of belief in science are associated with positive psychological outcomes, such as happiness, lower levels of stress and reduced death anxiety (Aghababaei et al., 2016).

Acknowledging the potentially important role that secular beliefs play in modern society, Farias et al. (2013) developed the Belief in Science Scale (BISS). The BISS is a 10-item research tool, which measures the degree to which individuals endorse the legitimacy of the scientific approach. Particularly, the BISS assesses belief in the value of science as an institution and a source of superior knowledge. Accordingly, the scale recognizes differences in attitudes toward science. These range from rejection of the scientific approach, through acceptance of science as a reliable but fallible source of knowledge, to the conviction that science provides exclusive, veridical insights into reality. The latter doctrinaire perspective depicts science as a unique, central value. Consistent with this, the defining features of belief in science are confidence and trust in the validity of scientific methods and outcomes. Furthermore, higher belief in science is associated with outright dismissal of notions that sit outside of the traditional scientific framework. This manifests typically as rejection of scientifically unsubstantiated beliefs (i.e., paranormal) and religious skepticism.

Farias et al. (2013) tested the notion that belief in science provides secular individuals with psychological meaning and comfort in threatening contexts by conducting two related studies. These necessitated the development of BISS. Prior to the first experiment, Farias et al. (2013) gave items assessing belief in science to a sample of 144 participants. Subsequent psychometric examination, in the form of exploratory factor analysis (varimax rotation), yielded a single dimension accounting for 57% of the variance. All items loaded (≥0.56) and the scale demonstrated high internal consistency (α = 0.86). The overall sample mean (M = 3.23, SD = 1.04) was consistent with moderate belief in science. In study two (N = 60), further consideration of the psychometric properties of BISS, also found good internal consistency (α = 0.88).

Following the initial evaluation, Farias et al. (2013) used the BISS in their experiments. The first, found that rowers in a high-stress condition (pre-completion) vs. low-stress condition (training) reported greater belief in science. This result was congruent with the notion that belief in science helps secular individuals cope with stress. Although, Farias et al. (2013) acknowledged that context manipulation (competition vs. training) might affect also scientific focus (i.e., encourage emphasis on training regimen and equipment).

Within the second experiment, participants were assigned randomly to one of two mortality salience conditions (thoughts and feeling about own death vs. experiencing dental pain; control) and completed self-report measures assessing scientific determinism (Paulhus and Carey, 2010), religiosity and affect (negative and positive) (Watson et al., 1988).

Noting potential construct overlap, a moderate positive correlation between belief in science and scientific determinism (Paulhus and Carey, 2010), Farias et al. (2013) conducted a principal components analysis (PCA) on all science-related items. This used oblimin rotation, an oblique solution that permits factor correlation. The PCA identified three related but distinct factors: belief in science, original 10-items (eigenvalue = 5.74, loadings ≥0.62); scientific determinism (environmental factors), 3-items (eigenvalue = 2.02, loadings ≥0.68); and scientific determinism (biological factors), 4-items (eigenvalue = 1.79, loadings ≥0.66). This outcome supported the supposition that belief in science, although correlated with scientific determinism, was a separate construct. Consistent with study one outcomes, analysis revealed that participants in the mortality salience condition (vs. controls) scored higher on belief in science.

Overall, findings were consistent with Farias et al.’s (2013) conceptualisation of science as a form of “faith” in secular individuals that facilitates coping in stressful and anxiety-provoking situations. Furthermore, Farias et al. (2013) concluded that analytical thinking, rational enquiry and consideration of empirical evidence were key characteristics associated with scientific thinking. In this context, belief in science places an emphasis on fact based, objective (vs. objective experiential) evidence.

The BISS has also demonstrated criterion validity across a range of studies. For instance, Irwin et al. (2016) reported a negative moderate correlation (r = -0.55) between belief in science and the New Age Beliefs subscale of the Survey of Scientifically Unsubstantiated Beliefs (SUBS) (Irwin and Marks, 2013). This was consistent with Irwin et al. (2015), who observed strong negative associations between BISS and SUBS subscales (New Age Beliefs, r = -0.63; Traditional Religious Beliefs, r = -0.71). Moreover, Irwin et al. (2015) reported a moderate negative relationship (r = -0.32) between BISS and The Inventory of Personality Organization (IPO–RT; Lenzenweger et al., 2001). The IPO–RT assesses self-reported proneness to deficits in reality testing and researchers often use the scale as an index of experiential, intuitive thinking style (Drinkwater et al., 2012; Dagnall et al., 2015a, 2018; Denovan et al., 2017b).

Consistent with this notion, Irwin et al. (2016) found that believers in the paranormal tended to discount the values of science, and preferred to endorse ideas based on their emotional (rather than their rational) appeal. Accordingly, believers subject decisions to less critical scrutiny. Irwin et al. (2016) concluded that these characteristics reflect opposing worldviews. The scientific perspective comprises presumptive skepticism and an acceptance of the values of science, whereas a subjective and anti-materialistic outlook on life typifies paranormal belief (Zusne and Jones, 1989). Generally, these findings concur with preceding work that indicates that faith in science, religion and the paranormal represent independent dimensions of belief (Williams et al., 1989; Ståhl et al., 2016).

Despite these encouraging outcomes, the BISS is psychometrically underdeveloped. Even though widely cited, researchers have yet to validate the BISS. Indeed, consideration of the literature reveals that other than the reported EFA, the BISS structure remains unsubstantiated. Furthermore, within studies employing the BISS, authors have either failed to include psychometric details (Valdesolo et al., 2016), or merely confirmed that the BISS possesses high internal consistency (i.e., Irwin et al., 2015, α = 0.93; Ståhl et al., 2016, α = 0.96). This lacks exactitude and rigor because scale analysis has failed to progress beyond EFA. Hence, further research is required to evaluate the measurement properties of the BISS.

Additionally, EFA is problematic when used in isolation because it merely identifies underlying factor structure within observed variables without reference to outcome (i.e., construct coherence). Typically, confirmatory factor analysis (CFA) is generally required to test the appropriateness of the emergent model (Suhr, 2006). This is consistent with psychometric theorists, who contend that scale development should start with exploration (EFA) then progress to CFA. CFA is preferable when measurement models possess a well-developed underlying theory for hypothesized patterns of loadings (Hurley et al., 1997). In the case of BISS, Farias et al. (2013) advocate a single, general factor underpinning belief in science. Hence, a thorough examination of scale structure is required in order to establish the conceptual constraints of the scale and determine its usefulness as a general measure of belief in science.

The present study examined the psychometric properties of the BISS by performing two related studies. Study 1 evaluated the analysis performed by Farias et al. (2013) via utilizing Horn’s parallel analysis in addition to EFA. This was necessary to examine the replicability of Farias et al.’s (2013) results in an EFA context. Study 2 comprised a test of the resultant factor model from study 1 using CFA. Invariance testing followed an analysis of general factor structure, by assessing the degree to which different groups (males and females) performed on the measure. Invariance testing provides a further level of psychometric scrutiny by evaluating the extent to which scores reflect true differences across groups as opposed to artifacts of measurement bias (Brown, 2006; Byrne, 2010; Denovan et al., 2017a). Study 2 extended the preceding study by testing the emergent factor structure within an independent sample, and by assessing the convergent validity of BISS. Convergent validity is useful to assess whether a measure of a specific construct aligns with another measure it should theoretically relate to. The IPO-RT was an appropriate measure because it is a known correlate of belief in science, which indexes intuitive thinking. Specifically, the IPO-RT assesses proneness to reality testing deficits (Dagnall et al., 2014, 2015b, 2018). Explicitly, “the capacity to differentiate self from non-self, intrapsychic from external stimuli, and to maintain empathy with ordinary social criteria of reality” (Kernberg, 1996, p. 120). This delineation is consistent with Langdon and Coltheart’s (2000) information-processing style account of belief generation. Noting these conceptual features, researchers frequently use the IPO-RT as an index of experiential, intuitive thinking style (Drinkwater et al., 2012; Dagnall et al., 2015b; Denovan et al., 2017a).



MATERIALS AND METHODS

Data Collection and Procedure

In order to evaluate the psychometric properties of the BISS two independent samples of respondents were required. To create these, amalgamation of data sets from previously published studies and ongoing research projects was undertaken. The researchers collected all data via online survey. In total, this comprised five merged data sets. Researchers have previously successfully utilized this method to generate large heterogeneous samples. Prominent examples are Revised Paranormal Belief Scale (Drinkwater et al., 2017), and Australian Sheep Goat Scale (Drinkwater et al., 2018).

Integration of BISS data sets was apposite since the research team have previously used the measure in comparable self-report studies. These have addressed a range of diverse research questions. The main advantage of data merging is the generation of sample sizes that permit the use of sophisticated statistical techniques. Explicitly, the combining data increases sample size, enhances statistical power and produces greater within sample variation (Van der Steen et al., 2008). This is particularly important when using procedures such as CFA, which require as many cases as possible (Brown, 2006). Hence, consolidation of BISS data was a convenient method that utilized existing, previously screened data to meet analytical constraints. Moreover, this approach generates a sample that would be difficult to recruit because of cost and time limitations.

Data collection for both studies occurred between September 2012 and September 2016 (see section “Ethics”). Recruitment was by emails to students (undergraduate and postgraduate) enrolled on healthcare programs (Nursing, Physiotherapy, Psychology, Speech, and Language Therapy, etc.), staff across faculties at the Manchester Metropolitan University, and local businesses/community groups. There were two exclusion criteria. Firstly, respondents had to be at least 18 years of age. Secondly, in order to prevent multiple responses instructions stated that respondents must not participate if they had undertaken similar or related research.

In all cases, respondents within the original research completed the BISS alongside several other measures. These assessed cognitive-perceptual personality factors, decision-making and anomalous beliefs (i.e., Irwin et al., 2015, 2016). In study 1, the BISS did not appear alongside the IPO-RT, whereas study 2 data derived from instances where the BISS and IPO-RT appeared within the same set of measures.

All studies employed the same, routine standardized procedures. Before undertaking the measures potential respondents received detailed information from the researchers. This outlined study aims, purpose, content, and ethical procedures. Assenting respondents provided informed consent via a survey option confirming willingness to participate. Subsequently, respondents received the study materials. Together with study measures there was a brief demographic section requesting age, preferred gender, and course of study if student, or occupation. Procedural instructions were consistent across studies. They directed respondents to progress through sections systematically, respond to items in an open and honest manner, work at their own pace, and reassured respondents that there were no right or wrong answers. To prevent potential order effects section order rotated across respondents.

Ethics Statement

The research team gained ethical authorization for a program of studies exploring relationships between anomalous beliefs, decision-making and cognitive-perceptual personality factors as part of the grant bidding process. In total, there were three bi-annual calls (September 2012, 2014, and 2016). Review rated each application as routine and granted ethical approval. The Director of the Research Institute for Health and Social Change (Faculty of Health, Psychology and Social Care) and Ethics Committee within the Manchester Metropolitan University supervised this process. This process demanded that two experienced reviewers scrutinized the documentation. If research, as in this case, is classified as routine this constitutes full ethical approval. This was the required level of institutional approval at that point in time.

Respondents

Study 1

The data set for study 1 contained 686 respondents. The mean (M) sample age was 26.70 years (SD = 11.07, range = 18–69 years). Disaggregation by gender revealed that 279 (40%) respondents were male and 407 (60%) female. Skewness and kurtosis values were within the recommended range of -2.0 to +2.0 (Byrne, 2010; Table 1). However, examination of multivariate normality suggested non-normality, as Mardia’s (1970) skewness (b1p = 9.80, p < 0.001) and kurtosis estimates (b2p = 29.737, p < 0.001) indicated significant deviation from a normal distribution.

TABLE 1. Summary statistics for all Study 1 and Study 2 variables.
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Study 2

The Study 2 sample comprised 534 (262, 49% male; 272, 51% female) respondents who had completed both the BISS and the IPO-RT. Mean (M) sample age was 37 (SD = 14.74, range = 18–71 years). All items, with the exception of IPO-RT items 4 and 16, demonstrated acceptable univariate skewness and kurtosis (i.e., between -2.0 and +2.0) (Table 1). Although, multivariate non-normality existed (skewness: b1p = 130.27, p < 0.001; kurtosis: b2p = 52.28, p < 0.001).

Measures

Study 1

The only measure examined in Study 1 was the BISS. The BISS is a 10-item, self-report tool that assesses level of epistemic beliefs related to science. Specifically, items reference notions of scientific pre-eminence (i.e., the idea that science possesses unique and central value that provide a superior, exclusive guide to reality) (Farias et al., 2013; Valdesolo et al., 2016). Items take the form of statements (e.g., “We can only rationally believe in what is scientifically provable”), and respondents indicate level of agreement via a 6-point Likert scale (ranging from 1 “strongly disagree” to 6 “strongly agree”). Thus, raw scores range from 10 to 60, with higher scores indicating stronger belief in science. Previous work reports that the BISS is unidimensional and possesses high internal consistency (Farias et al., 2013; Irwin et al., 2015).

Study 2

In study 2, alongside the BISS, respondents completed the IPO-RT subscale of The Inventory of Personality Organization (IPO–RT; Lenzenweger et al., 2001). Within the IPO-RT, there are 20-items presented as statements (e.g., “When everything around me is unsettled and confused, I feel that way inside”). Respondents indicate the degree to which they endorse each statement using a five-point Likert scale (1 = never true to 5 = always true). Accordingly, total scores range from 20 to 100, with higher scores reflecting subjective evaluation of perceived likelihood of reality testing errors. Researchers often use IPO-RT scores as an index of intuitive thinking style (Denovan et al., 2017b). This derives from the supposition that the IPO-RT references suspension of reality testing, external critical evaluation (Irwin, 2004). Studies have established the psychometric properties of the IPO-RT. Particularly the measure possesses construct validity and demonstrates excellent internal consistency (α = 0.90; ω = 0.93) and test–retest reliability (Lenzenweger et al., 2001; Dagnall et al., 2018).

Data Analysis

Psychometric examination of the BISS progressed through a series of increasingly sophisticated analytical techniques. These included Horn’s parallel analysis, exploratory factor analysis [EFA via maximum likelihood (MLR)], and CFA. The initial use of parallel analysis alongside scree plot assessment was necessary to judge the number of underlying factors. In addition, parallel analysis represents the most accurate approach to determine the quantity of factors to keep (Pallant, 2007). Accordingly, this included random resampling of the raw data (O’connor, 2000). EFA (SPSS 25) using the suggested number of factors then provided information on item loadings (Çokluk and Koçak, 2016).

Following parallel analysis and EFA, CFA conducted via Mplus 7.4 (Muthén and Muthén, 2015) assessed the appropriateness of data-model fit. Testing used the robust MLR method. This produces MLR parameter estimates and standard errors that are robust to instances of non-normality (Marsh et al., 2013).

The chi-square statistic (χ2), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI) and absolute fit indices (Root-Mean-Square Error of Approximation, RMSEA; Standardized Root-Mean-Square Residual, SRMR) gaged model fit. The 90% confidence interval (CI) was included for RMSEA. CFI and TLI values >0.90 indicates good fit (Hopwood and Donnellan, 2010). According to Browne and Cudeck (1993), absolute values of 0.05, 0.06–0.08, and 0.08–1.0 reflect good, satisfactory, and marginal fit for RMSEA and SRMR.

Omega coefficient (estimated using JASP; Jeffreys’s Amazing Statistics Program) determined internal consistency before invariance testing. This is a more effective reliability estimate than popular approaches such as coefficient alpha, which typically over- or underestimates the true reliability of a measure (Deng and Chan, 2017). Multi-group CFA examined invariance of factor structure (configural), factor loadings (metric), and item intercepts (scalar) in relation to gender for the superior factor solution. Chen’s (2007) criteria of a CFI difference ≤ 0.01 and RMSEA ≤ 0.015 determined satisfactory fit for each invariance test.

In order to determine the replicability of the factor model from Study 1 in an independent sample, Study 2 analysis examined this model using CFA and measurement invariance. Also within Study 2, a test of convergent validity occurred. This involved comparing BISS with the criterion measure IPO-RT.



RESULTS

Study 1

For parallel analysis, eigenvalues from the raw data with values higher than those from the random data represent the resultant factors. A parallel analysis (with 1000 resamples) revealed that one factor (eigenvalue = 5.64) possessed an eigenvalue higher than random data (eigenvalue = 1.19). Therefore, one factor existed. Scree plot assessment further confirmed this. EFA examined the BISS with the restricted number of factors (Çokluk and Koçak, 2016). Results revealed satisfactory sampling adequacy; Kaiser-Meyer-Olkin measure (KMO) = 0.92 and a reasonable item correlation matrix, Bartlett’s Test of Sphericity (p < 0.001). The single factor explained 56.43% of variance, and all factor loadings bar one (item 2) exceeded 0.4 (Norman and Streiner, 1994) with the majority of items (8 of 10) exceeding the strict factor loading requirements of 0.6 by Hair et al. (1998). Although item 2 loaded below 0.4, it exceeded the minimum cut-off of 0.32 suggested by Tabachnick and Fidell (2014). Lastly, examination of internal consistency revealed omega reliability was high for BISS, ω = 0.91.

Study 2

A replication of the resultant one-factor model in study 1 with a separate dataset revealed (using CFA) good fit and marginal fit for RMSEA, χ2 (35, N = 534) = 202.26, p < 0.001, CFI = 0.93, TLI = 0.91, RMSEA = 0.09 (90% CI of 0.08 to 0.10), SRMR = 0.04. Inspection of standardized parameter estimates (Table 2) reported a similar distribution of item loadings to study 1. Omega reliability was consistent with Study 1 (i.e., high for BISS, ω = 0.93). In addition, for IPO-RT omega reliability was good, ω = 0.88.

TABLE 2. Standardized parameter estimates for CFA in Study 2.
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Multi-group analysis comparing gender revealed good model fit at the configural level across indices (excluding RMSEA), χ2 (70, N = 534) = 239.73, p < 0.001, CFI = 0.93, TLI = 0.91, RMSEA = 0.09 (90% CI of 0.08 to 0.10), SRMR = 0.04. For metric invariance, an acceptable CFI difference of 0.005 existed alongside a minimal RMSEA difference of 0.002. Scalar invariance testing indicated a satisfactory difference for CFI (0.009) and RMSEA (0.001).

A test of convergent validity examined Pearson correlations between total BISS with Reality Testing (IPO-RT). Total BISS possessed a significant negative correlation with IPO-RT, r(532) = -0.28, p < 0.001 (95% CI of -0.36 to -0.19). Post hoc analyses split BISS at the quartile level to assess further its relationship with IPO-RT. A one-way ANOVA (using bootstrapping with 1000 resamples) indicated a differential relationship existed between BISS quartiles and IPO-RT, F(3,530) = 17.62, p < 0.001. Given the identification of non-normality in the data, bootstrapping enables a more accurate estimation of p-values and standard errors (Byrne, 2010). Indeed, bootstrapping performs well even in datasets of extreme non-normality (Nevitt and Hancock, 2001), and is a suitable alternative to MLR estimation considering an ANOVA command is not present in Mplus. The bootstrapping procedure generated estimations of standard errors alongside bias-corrected and accelerated CIs (at the 95% confidence level). Further scrutiny via mean comparisons tested the possibility that the relationship between BIS and IPO-RT was not linear. Using Bonferroni correction revealed, that whilst no differences were present between the first and second quartile, scores above the median differed significantly from those below the median. This indicates that a moderate level of BISS is required before a decline in intuitive thinking becomes evident (Table 3).

TABLE 3. Reality testing scores as a function of belief in science quartiles.
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DISCUSSION

The present paper found that, consistent with Farias et al. (2013), a one-factor solution best explained BISS scores. Further psychometric consideration revealed that the measure demonstrated good/excellent internal consistency across the two studies (study 1, ω = 0.91, study 2, ω = 0.93). Examination of scale items indicated that respondents esteemed both the principles of science (i.e., providing meaning) and the application of science to specific applications (i.e., problem solving).

Studies 1 and 2 validated the one-factor solution, signifying that this was congruent with the single factor model advocated by Farias et al. (2013). Support for the one-factor solution was compelling because study 2 using an independent sample replicated the model tested in study 1. In terms of convergent validity, the BISS negatively correlated with reality testing (r = -0.28). The size of this relationship was similar to the correlation observed by Irwin et al. (2015) (r = -0.32). Overall, findings suggest that belief in science is moderately associated with the tendency to engage in experiential, intuitive thought. Within the present study, the BISS correlated negatively with the IPO-RT.

Collectively study findings indicated that higher levels of belief in science were associated with a lower propensity to reality testing deficits. A caveat to this statement was the observation that a decline in RT scores was evident only within participants scoring above the median on BISS, r = -0.12, n = 269, p = 0.03 (95% CI of -0.02 to -0.24). Below the median, there was no relationship between BISS and IPO-RT, r = -0.01, n = 265, p = 0.449 (95% CI of -0.14 to 0.13). This implies that moderate levels of BISS were required to facilitate a reduction in subjective, experiential-based thinking.

This view is consistent with the conceptual nature of scientific thinking. Explicitly, that analytical thinking is a key tenet of the scientific approach. This includes critical evaluation in the form of rational enquiry and objective consideration of evidence. These features are inherently contrary to intuitive thinking, which draws upon experiential, subjective appraisal of information. In this context, the findings are congruent with Farias et al.’s (2013) notion that higher levels of belief in science reflect a preference for analytical thinking. This typically manifests as a predilection for objective, external fact based (vs. subjective experiential) evidence.

Although these conclusions are congruent with previous research, there are limitations to consider. A particular concern is the size of the correlation between BISS and RT, which was only in the medium range. Indeed, the variables shared only approximately 7% variance. This is indicative of the fact that a range of factors in addition to belief in science influence thinking style. These include, but are not restricted to, motivation or ability to expend cognitive effort (Shiloh et al., 2002), and ability, in the form of task-relevant background knowledge or expertise (Novak and Hoffman, 2008). Accordingly, future studies should examine the degree to which these factors interact with belief in science. It seems likely that high (vs. low cognitive) load and level of proficiency will influence the degree to which individuals appraise information, make decisions and draw on faith in science. With hindsight, the observation of a small correlation concurs with the view that the IPO-RT assesses a peculiar definition of thinking style. Specifically, one that indexes reality distortions and psychotic like phenomena (Lenzenweger et al., 2001).

A further concern is that both the BISS and IPO-RT are only “proxy” indirect measures of preferential thinking style. Accordingly, the scales do not directly assess thought. Instead, they index qualities reflective of the respective thinking style (Denovan et al., 2017b). In this context, it is important to note that BISS assesses “belief in the veracity of the scientific principles and methods,” and IPO-RT taps the inclination to draw upon internal (rather than external) cognitions. Moreover, the present study failed to consider demographic factors such as level of education and occupational statues, which may indirectly influence critical thinking and belief in science. Thus, subsequent research could consider also the degree to which these factors affect belief in science.

Regarding BISS, there is an important distinction between confidence in the concept of science and the application of science based rationality. Many scientific informed discussions, such as those around climate change and the extinction of the dinosaurs, require systematic evaluation of information collected via methodical means. However, this process is often truncated, or terminated prematurely. This is often the case when individuals hold strong views about a topic and select (either consciously or unconsciously) evidence that supports their perspective. This assimilation bias leads to the dismissal of disconfirming evidence (Lord et al., 1979; Whitmarsh, 2011). Hence, it is possible to have a high belief in science, but base decision making on experiential (intuitive) rather than rational (analytical) appraisal of evidence.

In the case of the IPO-RT, reality testing is an abstract, spontaneous cognitive-perceptual process. Subsequently, individuals may lack either conscious awareness, or veridical insight into the nature of reality testing (Denovan et al., 2017b). This is especially true because metacognition encompasses two principle mechanisms, knowledge of and control of cognition (Larkin, 2009; Schneider and Artelt, 2010). Measuring cognitive processes is difficult for these reasons. This is true of metacognitive measures generally. Consequently, the relationship between subjective performance and actual performance is often weak (Rabbitt and Abson, 1990; Reid and MacLullich, 2006; Buelow et al., 2014). Hence, future studies should examine the extent to which belief in science predicts performance on objective critical thinking skills tests. This will reveal the degree to which belief in the scientific approach corresponds to an analytical thinking style.

It would also be worthwhile examining interactions between other factors related to cognitive style, such as dogmatism, and belief in science. Dogmatism is particularly pertinent because it denotes close-mindedness (Rokeach, 1960; Shearman and Levine, 2006). Specifically, the propensity to select and process information in a manner that reinforces prior opinions/expectations (Ottati et al., 2018). Accordingly, inflexible adherence to belief is likely to affect appraisal of evidence independent of thinking style. Open-minded cognition in contrast is unbiased and involves selection and processing of information in a manner unaffected by prior opinions/expectations (Church and Samuelson, 2016; Ottati et al., 2018). In the case of belief in science, this could produce overreliance on the concept of science and a dismissal of the limitations of the scientific approach. This is certainly the case when science acts as a form of faith that assists individuals to cope with stressful and anxiety-provoking situations (Farias et al., 2013). This represents an affective rather than a rational approach, which is the antithesis of analytical, objective thought. Hence, scientific extremism is a form of radical secular faith characterized by a subjective worldview.

This paper indicates that the BISS is satisfactory at a psychometric level. However, further research is necessary because belief in science is a relatively new construct. Explicitly, consideration of this alongside other belief related measures would further understanding of the belief in science construct. This is important because secular beliefs, such as Humanism and belief in progress have demonstrated the same compensatory mechanisms as belief in science (Rutjens et al., 2010). Examining relationships between these factors will provide a better understanding of their commonalities and differences. For instance, belief in science provides a framework for comprehending the world. Within this science, people may regard science as intellectually and socially progressive. However, science in the strictest sense is neutral and amoral.

Indeed, as Sarewitz (2015) notes, the social, moral, and ethical implications of deploying advances, such as new technology are contentious rather than the science findings. Thus, scientific advancements may not produce beneficial outcomes. In this context, it may prove worthwhile to investigate whether increased understanding of the scientific method reduces its positive effects relative to Humanism and belief in progress. If no differences are evident, then this suggests that any belief system that provides explanations of the world will afford comfort and assurance (see Preston and Epley, 2005). Thus, it may be that positive beliefs by their nature have beneficial psychological effects. These arise largely from subjective rather than evidential means.
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Having emerged as an important concept in the organizational field, entrepreneurial orientation has also become a key idea in the context of education. Indeed, entrepreneurial education is now one of the common objectives for education and training systems in the European Union. Despite its importance, however, there is a scarcity of valid and reliable measures for assessing entrepreneurial orientation in students. The present study aimed to address this by developing and examining the psychometric properties of the Entrepreneurial Orientation Scale (EOS). A second objective is to study the relationships between entrepreneurial orientation and gender, self-efficacy, and personal initiative. The sample comprised 411 vocational training students (50.36% male, 49.64% female). The final version of the instrument comprised 32 items assessing six dimensions: innovativeness, risk-taking, proactiveness, competitiveness, achievement orientation, and learning orientation. The EOS showed good psychometric properties and its dimensions demonstrated concurrent relationships with self-efficacy and personal initiative. The EOS may be used to measure entrepreneurial orientation in the educational context and to evaluate interventions designed to promote an entrepreneurial spirit in schools, colleges, and universities.
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INTRODUCTION

Since the 1980s, increasing importance has been attached to the concept of entrepreneurial orientation (EO) (Miller, 1983; Covin and Slevin, 1989), especially in the literature on entrepreneurship and organizational performance. Various studies have sought to define this concept in terms of certain psychological, sociodemographic, and entrepreneurial profiles (Shapero and Sokol, 1982; Lumpkin and Dess, 1996; Veciana, 1999; Krauss et al., 2005; Rauch et al., 2009; Vij and Bedi, 2012). For example, Lumpkin and Dess (1996) define EO as the processes through which organizations seek to develop a strategic basis for decisions and entrepreneurial actions. Krauss et al. (2005) emphasize the psychological nature of EO and point out that orientations, in contrast to traits, are culturally determined and influenced by context.

The first dimensions of EO to be consistently identified by organizational research were innovativeness, risk-taking, and proactiveness (Covin and Slevin, 1991). In the organizational context, innovativeness refers to the propensity toward creativity and experimentation through the introduction of new products and services, as well as to technological leadership in new processes. Risk-taking is the degree to which firms or managers are willing to consider investing in and committing resources to projects that may well fail, and to assume the risks associated with such initiatives. Finally, proactiveness is about seeking opportunities and refers to how an organization goes about anticipating future market needs. Lumpkin and Dess (1996) subsequently proposed another two dimensions of EO: competitive aggressiveness and autonomy. Competitive aggressiveness refers to the intensity of approach and head-to-head posturing that a company may need in order to compete with its rivals. The autonomy dimension reflects the independent and autonomous actions that are implemented by leaders and teams with the aim of launching a new venture. Krauss et al. (2005) later added two more elements to this framework, namely achievement orientation and learning orientation. Firms or individuals with a strong achievement orientation perform better on non-routine tasks and take responsibility for their performance. Learning orientation refers to the ability to learn from both positive and negative experiences and to the willingness to question assumptions or mental models in the pursuit of success.

Several studies have suggested that the different dimensions of EO are intercorrelated (Bhuian et al., 2005; Tan and Tan, 2005), or even that they may be subsumed under a single factor (Covin et al., 1994; Wiklund and Shepherd, 2003). However, other authors consider them to be independent aspects of a multidimensional construct (Lumpkin and Dess, 1996; George, 2011). In the meta-analysis carried out by Rauch et al. (2009), 37 of the 51 studies reviewed considered the EO construct to be unidimensional, while the remainder viewed it as multidimensional. The debate over the dimensionality of the construct therefore remains open.

Although the notion of EO emerged in the organizational context, it is now a key concept in the field of education, especially in the sphere of vocational training. This is illustrated by the fact that a “sense of initiative and entrepreneurship” is regarded by the European Commission as one of the key competences for lifelong learning (European Commission, 2007). Likewise, entrepreneurial education is one of the three key areas targeted by the Entrepreneurship 2020 Action Plan (“Promoting the spirit of entrepreneurship in schools and universities”), which the European Commission adopted in January 2013.

When the aim is to study entrepreneurial orientation in contexts other than the organizational one (e.g., the educational context), the focus needs to be on teaching and learning activities, as well as on other everyday activities. This has been done, for example, by Bolton and Lane (2011) with university students, and Kurniawan et al. (2019) with high school students.

Thus, in the present study, and drawing on existing models, we define entrepreneurial orientation as the psychological propensity of individuals to propose innovative and creative solutions to problems and to show proactiveness, autonomy, and competitiveness in the various spheres of their life, assuming the risks associated with their decisions and showing a marked orientation toward achievement and learning. Consequently, we take as our reference the seven dimensions of entrepreneurial orientation considered by Krauss et al. (2005) and apply them to a context other than the organizational one.

Research on gender differences in EO and its dimensions has yielded inconsistent results. Some authors have reported a higher level of EO among men (Bilić et al., 2011; Goktan and Gupta, 2015), although a study involving undergraduates found no such difference (Hunt, 2016). As regards the dimensions of EO, some studies have found that men score higher on innovativeness (Ayub et al., 2013; Reyes et al., 2014). However, Pérez-Quintana (2013) found no difference between men and women in this respect, and in the multi-country study by Lim and Envick (2013) a gender difference was observed in Fiji but not in the United States, Korea, or Malaysia. With regard to risk-taking, most studies have found higher scores among men (Ayub et al., 2013; Lim and Envick, 2013, in three of the four countries studied; Taatila and Down, 2012; Pérez-Quintana, 2013). However, Reyes et al. (2014) found no gender differences on the dimension which they labeled “risk propensity.” For the proactiveness dimension, some studies report higher scores in women (Ayub et al., 2013; Marques et al., 2018), while others associate higher scores with men (Callaghan and Venter, 2011; Taatila and Down, 2012; Pérez-Quintana, 2013). Finally, men are generally reported to score higher on competitive aggressiveness and autonomy (Ayub et al., 2013; Lim and Envick, 2013). Given these inconsistent results regarding the relationship between gender and EO, investigating possible differences in the educational field could make a useful contribution.

Several studies have analyzed the relationship between EO and a series of variables in the literature on entrepreneurship, including self-efficacy and personal initiative. The study of these two variables is particularly relevant because there is evidence that individuals choose to become entrepreneurs most directly because they are high in self-efficacy (Zhao et al., 2005), while recent research has underlined the positive and significant association between personal initiative and social entrepreneurial behavior (Nsereko et al., 2018).

Self-efficacy is a concept that describes an individual’s belief in his/her ability to succeed in a given task, and it could explain human behavior, since it plays an influential role in determining an individual’s choice, level of effort, and perseverance in meeting certain objectives (Bandura, 1977; Chen et al., 2004; Sesen, 2013). In the scientific literature on entrepreneurship, researchers have tended to study the construct of entrepreneurial self-efficacy (ESE) as a key antecedent of new venture intentions (Boyd and Vozikis, 1994). However, as McGee et al. (2009) point out, disagreement exists as to whether the ESE construct is more appropriate than general self-efficacy (GSE) for that purpose. In this respect, some studies have found that self-efficacy is positively related to EO (Hashemi et al., 2012; Arrighetti et al., 2013; Malebana and Swanepoel, 2014; Mohd et al., 2014) and that entrepreneurs score higher on self-efficacy than do non-entrepreneurs (Markman et al., 2005).

Personal initiative is defined as a set of behaviors related to proactiveness, persistence, and self-starting, which are necessary when people encounter difficulties in achieving goals (Frese and Fay, 2001). Some studies have concluded that entrepreneurs show higher levels of personal initiative than do non-entrepreneurs (Frese et al., 1997; Frese and Fay, 2001; Lisbona and Frese, 2012). Furthermore, personal initiative shows positive correlations with entrepreneurial success (Crant, 1995; Koop et al., 2000; Korunka et al., 2003; Krauss et al., 2005) and with entrepreneurial orientation (Koop et al., 2000; Krauss et al., 2005). However, these relationships have not been widely studied outside the organizational field, and more research is therefore needed.

Although instruments for assessing EO are available (Rauch et al., 2009) most of them have been developed for use in the organizational context. As regards the instruments used in the educational context, they have generally been validated with university students and have been based either on the three dimensions defined by Covin and Slevin in 1991 (e.g., Taatila and Down, 2012; Mutlutürk and Mardikyan, 2018) or on the five dimensions defined by Lumpkin and Dess, 1996 (e.g., Bolton and Lane, 2011; Vogelsang, 2015; Kurniawan et al., 2019). To date, no instrument based on the seven dimensions defined by Krauss et al. (2005) has been used in the educational field. Therefore, we consider it necessary to develop a new instrument that is based on this theoretical model and which includes the dimensions of achievement orientation and learning orientation. Furthermore, given the controversy surrounding the dimensionality of the construct, a number of authors have pointed out that the development of new instruments could make a considerable contribution to our understanding of EO (Rauch et al., 2009).

The first objective of the present study was therefore to develop a reliable and valid instrument for measuring EO, the Entrepreneurial Orientation Scale (EOS), and to examine its psychometric properties. More specifically, we aimed to provide evidence of its internal structure, of measurement invariance across gender groups, and of reliability of scores in terms of both internal consistency and temporal stability. Finally, we also sought to provide evidence of convergent validity.

With the aim of helping to clarify the relationships between EO and other relevant variables, the second objective was to explore latent and observed mean differences across gender and to examine the concurrent relationships of EO with self-efficacy and personal initiative. Given that the study was conducted in the educational field of vocational training, we considered that it would be more appropriate to work with the construct of GSE, rather than ESE, because vocational students do not usually have the immediate intention to start a new business.



MATERIALS AND METHODS

Participants

The sample comprised 411 students (204 female, 207 male) aged between 16 and 57 years (M = 22.91; SD = 6.26). They were recruited from across 13 vocational training colleges in the Basque Country (Spain), and were enrolled in courses at either the intermediate (17.8% of participants) or advanced (82.2% of participants) level of training. Overall, 53% of the sample had previous work experience, 34.1% had taken part in courses or activities related to entrepreneurship, and 54.3% attended publicly-funded colleges. Sampling was incidental, but in order to ensure that the sample size was sufficient for carrying out the multi-group confirmatory factor analysis (CFA) by gender, we recruited a minimum of 200 participants per group (González-Romá et al., 2006; Pendergast et al., 2017).

Instruments

Entrepreneurial Orientation Scale (EOS)

In a preliminary stage of the present study, we drew up 85 items covering the seven dimensions featured in the aforementioned theoretical model of EO. Sixty-five of these items were positively worded (i.e., stronger agreement with the statement indicated a higher level of EO), while the remainder were negatively worded. This initial battery of items was then submitted to a panel of experts who were asked to rate the relevance of the statements to the construct of EO and to indicate the dimension to which they believed each one corresponded. The panel of experts comprised four university lecturers and three enterprise project coordinators from different institutions. Based on their feedback, we selected items that fulfilled the following two criteria: mean score for relevance above 2.5 (on a scale of 1–4) and matched to the corresponding theoretical dimension by a majority of the experts. This process produced a list of 58 items.

We then piloted this preliminary measure in a sample comprising 82 vocational training students (48% male, 52% female) from three different colleges and four stages of training. Of these students, 34.1% had previous work experience. Analysis of the data obtained – both quantitative (descriptive analysis and corrected item-total correlations) and qualitative (analysis of items that students found difficult to understand) – led us to eliminate 14 items and reformulate a further five. The version of the EOS used in the present study therefore comprised 44 items, each rated on a five-point Likert-like scale (1 = Totally agree to 5 = Totally disagree). The final version of the instrument contained 32 items. Additional information about the process of developing the instrument can be found in the Supplementary Material (Tables 1, 2).

TABLE 1. Fit indices for the CFA testing the unidimensional and six-factor models.
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TABLE 2. Standardized factor loadings from the CFA of the six-factor model (N = 411).
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Entrepreneurial Attitude Scale (Roth and Lacoa, 2009)

This is a unidimensional instrument consisting of 15 items (e.g., “I’m always ready to take on new projects”) that are rated on a four-point Likert-like scale (1 = Totally disagree to 4 = Totally agree). The statements relate to proactiveness, propensity to excellence, effectiveness seeking, trust in success, and resilience. The instrument shows adequate psychometric properties (Roth and Lacoa, 2009). As this scale was originally developed for application in a Bolivian population, in a previous study small changes were made to three items so as to adapt them to the cultural context of the Basque Country (Balluerka et al., 2014). The scores obtained with this modified instrument yielded an alpha coefficient (internal consistency) of 0.92. The instrument used in the present study had a single factor and an ordinal omega coefficient (internal consistency) of 0.90 (95% CI 0.80–1.00).

Spanish Adaptation of the General Self-Efficacy Scale (Baessler and Schwarzer, 1996; Sanjuán et al., 2000)

This instrument assesses perceived personal competence in dealing effectively with a wide variety of stressful situations. It consists of 10 items (e.g., “I can solve most problems if I invest the necessary effort”) that are rated on a ten-point Likert-like scale (1 = Totally disagree to 10 = Totally agree). The Spanish adaptation shows adequate psychometric properties (Sanjuán et al., 2000). The internal consistency of the score was α = 0.87 and the predictive validity indexes were good. In the present study the internal consistency was good (ordinal omega coefficient = 0.92 [95% CI 0.82–1.00]).

Scale for Measuring Personal Initiative in the Educational Field (EMIPAE, Balluerka et al., 2014)

This is a three-factor instrument consisting of 17 items. The factors are proactivity and prosocial behavior (e.g., “I usually participate actively in the classroom/workshop/laboratory, even if I do not receive anything in return”), persistence [e.g., “When I no longer understand the contents of a module/project/subject, I get frustrated and give up” (reverse-scored item)], and self-starting (e.g., “I am particularly good at putting into practice the ideas I had in the classroom/workshop/laboratory”). The items are rated on a five-point Likert-like scale (1 = Totally disagree to 5 = Totally agree). The instrument shows adequate psychometric properties (Balluerka et al., 2014). Internal consistency indexes (αproactivity = 0.72, αpersistence = 0.73, and αself-starting = 0.57) were acceptable and the scores showed evidence of convergent validity and criterion validity. Scores in the present study yielded satisfactory internal consistency indices (omegaproactivity = 0.87 [95% CI 0.76–0.96], omegapersistence = 0.86 [95% CI 0.78–0.94], and omegaself-starting = 0.74 [95% CI 0.63–0.85]).

Sociodemographic Data Sheet

This was developed ad hoc for the present study in order to collect data on gender, age, the college where students were enrolled, level of studies (intermediate or advanced), course year, previous work experience, and profession (in the case of previous experience).

Procedure

The 44-item version of the EOS and the instruments required for its validation were administered to participants. The order of administration was as follows: Sociodemographic data sheet, the EOS, the EMIPAE, the Entrepreneurial Attitude Scale, and the GSE Scale. The study was approved by the Research and Teaching Ethics Committee of the University of the Basque Country. In accordance with the Declaration of Helsinki, written informed consent was sought from the heads of the training colleges, from the parents or legal guardians of students who were still minors, and from participants themselves.

Data Analysis

In order to select the items that would be included in the validated version of the EOS we calculated corrected item-total correlations within each dimension. Items were retained if they achieved a corrected item-total correlation of 0.30 or higher. The criterion for maintaining a dimension was that at least three items yielded a correlation of at least 0.30.

The selected items were then subjected to different models of CFA. The estimator used was weighted least squares mean and variance adjusted (WLSMV), and the fit indices employed were the comparative fit index (CFI) the Tucker-Lewis index (TLI), and the root mean square error of approximation (RMSEA). In the case of the CFI and the TLI, values above 0.90 indicate acceptable fit. For the RMSEA, values below 0.08 indicate acceptable fit and those below 0.06 a good fit (Hu and Bentler, 1999). Factor invariance across gender groups was assessed by means of multi-group confirmatory factor analysis (MG-CFA). The fit indices of the two nested models (the configural invariance model and the scalar invariance model) were compared using the DIFFTEST procedure in order to check that they were not significantly worse in the more restrictive model.

In order to assess the reliability of EOS scores in terms of internal consistency we calculated the ordinal omega coefficient (Gadermann et al., 2012) for each dimension of the instrument; this measure was used as the tau-equivalence required by the alpha coefficient could not be assumed. The temporal stability of EOS scores was evaluated by means of the Spearman rho correlation coefficient. It should be noted that temporal stability was examined in a sub-sample of 65 participants using a 2 weeks interval between test administrations.

In order to obtain evidence of convergent validity we calculated Spearman rho correlation coefficients between the scores obtained by participants on the various dimensions of the EOS and their scores on the Entrepreneurial Attitude Scale (Roth and Lacoa, 2009).

Next, we examined whether there were gender differences in the latent and observed means for each of the dimensions. For the comparison of latent means we constrained the latent mean of the “males” group to 0. Statistical significance was determined on the basis of the z-statistic, and the effect size was estimated according to the guidelines proposed by Hancock (2001). In order to test whether the differences in latent means were also found in the observed means we computed observed mean differences (t-statistic) and their corresponding effect size (Cohen’s d).

Finally, hierarchical multiple regression analyses were performed with the aim of testing the concurrent relationships of EO with GSE and the three dimensions of personal initiative. In these analyses the demographic variables gender, age, and previous work experience were controlled, and thus they were entered in the first step of the regression. In the second step, the demographic variables and all the EO dimensions were entered in the models. In each step, adjusted R squared was calculated. In the second step we also calculated the change in adjusted R squared as a measure of the effect size of the concurrent relationship between EO dimensions and self-efficacy and personal initiative. In addition, zero-order correlations among all variables used in the study were computed. The results can be seen in Supplementary Material (Table 3).

TABLE 3. Fit indices of the models tested to assess measurement invariance across gender groups.
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The analyses were performed using SPSS v23 and Mplus v7.4. Missing data (less than 5%) were handled using the single mean imputation procedure.



RESULTS

Dimensional Structure

Based on the corrected item-total correlations for the items in each dimension the definitive scale comprised 32 items pertaining to six of the seven dimensions originally proposed: innovativeness, 4 items (e.g., “I like to work and take part in groups where new or innovative ideas emerge”); risk-taking, 5 items (e.g., “In order to create something of value, you need to take risks”); proactiveness, 3 items (e.g., “In class I’m often the first person to propose things”); competitiveness, 8 items (e.g., “I usually compete with my classmates”); achievement orientation, 5 items (e.g., “Before beginning a task I need to set myself some clear goals”); and learning orientation, 7 items (e.g., “My goal is to have a job where I am constantly learning new things”). The autonomy dimension was eliminated as only one of its items had a corrected item-total correlation above the established cut-off.

The unidimensional CFA did not show an adequate fit (see Table 1). However, as can be seen in Table 1 the fit of the six-factor structure was adequate. We also tested a third model in order to determine whether tau-equivalence could be assumed. This model did not show an adequate fit. The factor loadings corresponding to the second (six-factor) model are shown in Table 2. Loadings for all but two of the items were both statistically significant and above 0.40. Observed and latent correlations among the six dimensions can be found in the Supplementary Material (Table 4).

TABLE 4. Reliability indices of the EOS.
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Table 3 shows the results from the analysis of factor invariance of the EOS across gender groups. The constrained model with equivalent thresholds and factor loadings for males and females (scalar invariance) showed an adequate fit (CFI = 0.915; TLI = 0.916; RMSEA = 0.046), and ΔCFI ≤ 0.01 (0.911–0.915 = -0.004).

Reliability and Convergent Validity

The ordinal omega coefficients and their confidence intervals are shown in Table 4. These coefficients ranged between 0.68 and 0.84. The test-retest correlation coefficients (Spearman rho) ranged between 0.60 and 0.69 (see Table 4).

The correlation coefficients (Spearman rho) between the participants’ scores on the six dimensions of the EOS and their scores on the Entrepreneurial Attitude Scale were as follows: innovativeness, 0.41; risk-taking, 0.37; proactiveness, 0.56; competitiveness, 0.34; achievement orientation, 0.54; and learning orientation, 0.55 (p = 0.001).

Differences in Entrepreneurial Orientation Across Gender Groups

Having established the scalar invariance of the EOS across gender groups we then compared the means – both latent and observed – obtained by males and females on the six dimensions of the scale. It can be seen in Table 5 that although there were significant differences between males and females on the competitiveness and learning orientation dimensions, the effect sizes for all the comparisons were small.

TABLE 5. Differences between males and females in latent and observed means.
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Concurrent Relationships of EO With Self-Efficacy and Personal Initiative

Gender, age, and previous work experience accounted for 1.5% of the variance in self-efficacy. The dimensions of EO accounted for a further 26.5% (large effect size), leading to a total explained variance of 28% (see Table 6). Proactiveness, competitiveness, and learning orientation were significant predictors of self-efficacy. Higher scores on these EO dimensions were related to greater self-efficacy.

TABLE 6. Multiple regressions of control variables and EO dimensions on self-efficacy and personal initiative dimensions.

[image: image]

With respect to proactive and prosocial behavior (i.e., the first dimension of personal initiative), gender, age, and work experience explained 7.7% of its variance. An additional 25.7% was explained by the EO dimensions (large effect size), leading to a total explained variance of 33.4% (see Table 6). The only significant demographic predictor was gender, with females scoring higher on proactive and prosocial behavior. All the dimensions of EO, except competitiveness, were significant predictors of this outcome. Specifically, and as indicated by the beta values, higher scores on innovativeness, proactiveness, achievement orientation, and learning orientation were associated with greater proactive and prosocial behavior. Conversely, higher scores on risk-taking were related to lower scores on proactive and prosocial behavior.

The demographic variables explained 1.3% of the variance in persistence. An additional 13.7% was explained by the EO dimensions (medium effect size), leading to a total explained variance of 15% (see Table 6). In addition to age (demographic variable), the EO dimensions of innovativeness, risk-taking, proactiveness, and learning orientation were significant predictors of persistence. Specifically, participants scored higher on persistence with increasing age, innovativeness, proactiveness, and learning orientation. With respect to risk-taking, persistence decreased as scores on this dimension increased.

Finally, gender, age, and work experience explained 2.3% of the variance in self-starting. An additional 38.2% was explained by the EO dimensions (large effect size), leading to a total explained variance of 40.5% (see Table 6). All the dimensions of EO, except innovativeness, were significant predictors of self-starting. The beta values indicate that higher scores on proactiveness, competitiveness, achievement orientation, and learning orientation were associated with a higher self-starting score. Again, an increase in risk-taking was related to a lower score on this dimension of personal initiative.



DISCUSSION

The first aim of this study was to develop an instrument for assessing entrepreneurial orientation and to examine its psychometric properties in the educational context. The resulting Entrepreneurial Orientation Scale (EOS) comprised 32 items distributed across six dimensions (one of the seven dimensions originally considered, namely autonomy, was eliminated). Given the debate regarding the construct of entrepreneurial orientation we tested both a unidimensional model and a multidimensional (six-factor) model and found that the latter showed the best fit. As to why the autonomy dimension did not function adequately in the educational context, a possible explanation is that, in contrast to the organizational context in which entrepreneurial orientation has traditionally been assessed, autonomy is not an aspect that is widely addressed in the context of our country’s education system. It is worth remembering that in the organizational context, autonomy refers to the independent actions that are implemented by leaders and teams with the aim of launching a new venture (Lumpkin and Dess, 1996). A similar result to ours was obtained in the study by Bolton and Lane (2011), who found that the items designed to measure autonomy did not load on an independent factor, leading them to conclude that autonomy may be a characteristic that, among students, has yet to become consolidated. In a similar vein, Kurniawan et al. (2019) pointed out that the autonomy dimension is not correlated with entrepreneurial intention and therefore it lacks external validity. It should also be noted that other instruments (see, for example, Sánchez, 2010; Bolton and Lane, 2011; Taatila and Down, 2012; Ismail et al., 2015) do not include the achievement orientation and learning orientation dimensions that form part of the EOS, both of which are particularly relevant to the educational setting. Consequently, we believe that the EOS can provide a more comprehensive assessment of entrepreneurial orientation in the academic context.

Importantly, scores on the EOS showed measurement invariance across gender groups, which is a prerequisite for an analysis of differences in mean scores obtained by males and females. The scores also showed adequate reliability in terms of both temporal stability and internal consistency. In addition, the correlations with respect to the Entrepreneurial Attitude Scale may be considered as evidence of good convergent validity. The highest correlation coefficients were those for proactiveness, achievement orientation, and learning orientation, which is what one would expect given that the items of the Entrepreneurial Attitude Scale refer to proactiveness, propensity to excellence, effectiveness seeking, trust in success, and resilience.

The second objective of this study was to explore latent and observed mean differences across gender and to examine the concurrent relationships of EO with self-efficacy and personal initiative. Although gender differences in entrepreneurial orientation have been examined with other instruments, the EOS is the first for which the equivalence of the factor structures, the factor loadings, and the thresholds have been analyzed for males and females. In our study, conducted in the educational context, we found no significant differences between male and female students on four of the six dimensions, and the effect sizes for all the comparisons were small. These results are consistent with those reported by Hunt (2016) for the general construct of entrepreneurial orientation in a sample of undergraduates, as well as with the findings of Pérez-Quintana (2013) and Lim and Envick (2013) with respect to the innovativeness dimension, and with those of Reyes et al. (2014) in relation to risk-taking, once again with samples of university students. These results suggest that the gender differences observed in the organizational context are not present in the same way among students. It should also be noted that, as would be expected due to scalar invariance, we obtained practically the same results when analyzing gender differences using latent and observed scores. This suggests that the EOS has low measurement error and, therefore, that applied researchers may work with observed variables when using the instrument.

Our study, conducted in the educational field, revealed a relationship between EO and self-efficacy, which is consistent with the results obtained by Mohd et al. (2014) in the organizational setting, and by Sesen (2013) with university students. Specifically, we found that the EO dimensions of proactiveness, competitiveness, and learning orientation explained a considerable part of the variance in self-efficacy.

Regarding personal initiative, which is considered one of the eight key competencies for personal development, active citizenship, social inclusion, and employment (European Commission, 2007), EO dimensions showed large concurrent relationships, especially in relation to self-starting. The EO dimensions that predicted all three dimensions of personal initiative were proactiveness, learning orientation, and risk-taking. The negative sign of the relationship between risk-taking and personal initiative was initially surprising, since it indicated that after controlling for demographic variables and the other EO dimensions, a stronger risk-taking orientation was related to less personal initiative. However, an in-depth analysis of the characteristics of the assessment instruments used revealed that the items comprising the risk-taking dimension do not, unlike those for the other dimensions, make reference to the classroom or the educational field, but rather refer more broadly to various aspects of life (see, in Table 2, the content of items 1, 7, 8, 17, and 29). This is important because the instrument used to assess personal initiative refers clearly to the classroom context. At all events, the standardized coefficient of this variable in the explanatory model is the smallest in two of the three dimensions of personal initiative. Finally, it should be noted that the relationship between proactiveness and personal initiative is congruent with studies conducted in organizational settings (Koop et al., 2000; Krauss et al., 2005).

One of the limitations of the present study concerns the sole use of self-report measures, such that the results may be affected by single-method bias. In addition, all the participants came from the same geographical region. Future studies should aim to use other types of measures and to recruit more heterogeneous samples. Another limitation is that we did not test the incremental validity of the EOS in comparison with other published EO measures. This would be an important step in future research with the EOS.

Despite these limitations, we believe that the development and validation of an instrument for assessing, in the educational context, six dimensions of the construct of entrepreneurial orientation makes an important contribution to the field. The results support the multidimensional nature of this construct, which to date has not been examined with vocational training students who will shortly be entering the labor market. A further strength of our study is that we examined measurement invariance across gender groups. The instrument presented here may be used to evaluate initiatives designed to promote an entrepreneurial spirit in schools, colleges, and universities and it therefore provides added value to future research and applications.
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Resilience plays an important role in the health of the elderly. The 10-item Connor-Davidson Resilience Scale (CD-RISC-10) is widely used to evaluate resilience, but its factorial invariance has not been evaluated in the Chinese elders. In the current study, 1,238 Chinese elders aged 60 years and above completed the Chinese CD-RISC-10, yielding good reliability (Cronbach’s α = 0.936, Omega coefficient = 0.83, and test-retest reliability coefficient of 0.665 after 6 months). Confirmatory factor analysis indicated that a single-factor model fitted our CD-RISC-10 data well, both for the total sample and for each gender group. Furthermore, factorial invariance across genders was supported by multigroup confirmatory factor analysis. Finally, the current study revealed greater resilience levels in Chinese elderly women than in Chinese elderly men.

Keywords: factorial invariance, resilience, aged, factor analysis, reliability


INTRODUCTION

Given China’s very large population and the recent sharp increase in the aging population in China, the physical and mental health of the elderly are attracting substantial attention in China. Defined as an individual’s ability to cope with adversity and bounce back from difficult experiences (Campbell-Sills and Stein, 2007), resilience has become an important consideration of geriatric mental health because it is key to enabling elderly persons to overcome adverse psychological problems (Connor and Davidson, 2003; Guo et al., 2015). Resilience, which has been shown to not only help reduce morbidity risk, alleviate loneliness, enhance stress-coping ability, and support the maintenance of cognitive and physical functioning of the elderly, may also relieve depressive symptoms associated with stressful life events (Hildon et al., 2010; Lou and Ng, 2012; Fontes and Neri, 2015; Lim et al., 2015; Niu et al., 2016). Thus, it is of great public health significance to study the resilience of the elderly in China.

The 25-item Connor-Davidson Resilience Scale (CD-RISC), which was developed by Connor and Davidson in 2003 to quantify resilience and assess treatment response, is a widely used clinical tool with very good psychometric ratings (Connor and Davidson, 2003; Windle et al., 2011). However, the factor structure of the CD-RISC differs across countries, living environments, and age bands. In a study of 577 healthy adult American participants, exploratory factor analysis revealed a five-factor CD-RISC structure (personal competence, high standards, and tenacity; trust in one’s instincts, tolerance of negative affect, and strengthening effects of stress; positive acceptance of change and secure relationships; control; and spiritual influences) (Connor and Davidson, 2003). Meanwhile, in a study of 1,395 community-dwelling American women over 60 years of age, a four-factor structure (personal control and goal orientation; adaptation and tolerance for negative affect; leadership and trust in instincts; and spiritual coping) was obtained (Lamond et al., 2009). In a study of 783 Spanish entrepreneurs operating in the business services sector, a three-factor structure (hardiness; resourcefulness; and optimism) was obtained (Manzano-García and Ayala Calvo, 2013). Likewise, in a study of 246 Turkish earthquake survivors, a three-factor structure (tenacity and personal competence; tolerance of negative affect; and tendency toward spirituality) was observed (Karairmak, 2010). A three-factor structure (tenacity; strength; and optimism) was also obtained with the Chinese version of the CD-RISC in a study of 560 Chinese residents of Guangdong and Beijing (Yu and Zhang, 2007).

Given the various factor structures reported for the 25-item CD-RISC, Campbell-Sills and Stein revised the scale in 2007 into a refined 10-item single-dimension CD-RISC (CD-RISC-10). In a cohort of 1,743 undergraduates, exploratory and confirmatory analyses demonstrated good internal reliability (Cronbach’s α = 0.85) and construct validity of the CD-RISC-10 (Campbell-Sills and Stein, 2007), indicating that the abridged CD-RISC is a reliable, valid assessment tool, in addition to being easier to apply clinically, relative to the 25-item CD-RISC, owing to its simplicity. The CD-RISC-10 has been translated into several languages, and it has been tested on various populations including Canadian college women, Danish hospital staff, Khmer adolescents, American competitive long-distance runners, French women, Brazilian young people, Spanish nonprofessional caregivers, and low-income African American men, among others (Lopes and Martins, 2011; Scali et al., 2012; Coates et al., 2013; Duong and Hurst, 2016; Gonzalez et al., 2016; Blanco et al., 2017; Lauridsen et al., 2017; Hébert et al., 2018). The Chinese version of the CD-RISC-10 has been reported to be useful for assessing mental resilience quickly in a cohort of Chinese parents of children with cancer (Ye et al., 2017) and was also reported to have good psychometric properties in a study of Wenchuan earthquake survivors (Wang et al., 2010). In addition to having been widely applied, the CD-RISC-10 has also been shown to have good internal consistency, with Cronbach’s α values in the range of 0.81–0.95 (Wang et al., 2010; Aloba et al., 2016; Shin et al., 2018).

Some researchers have reported that exposure to trauma in females is associated with a reduced resilience score (Stratta et al., 2013; Hirani et al., 2016). However, due to the lack of data on measurement invariance across genders, we cannot infer the causes of the differences observed because group comparisons require equivalent measurement. To the best of our knowledge, no confirmatory factor analysis study has tested the measurement invariance of the CD-RISC-10 across gender groups in an elderly Chinese cohort.

The current study had four aims. First, we tested the reliability of the CD-RISC-10 in an elderly Chinese study cohort. Second, we examined the model fit of the CD-RISC-10 in a community sample of Chinese elderly. Third, we examined the factorial invariance of the CD-RISC-10 across gender groups. Finally, upon establishment of adequate factorial invariance, we planned to compare resilience scores between men and women.



MATERIALS AND METHODS


Participants and Procedure

This study was conducted in the communities of Beijing, Shandong and Hunan provinces of mainland China. The questionnaires were distributed by well-trained staff to elderly residents aged 60 years and above who came to the community activity center. The staff provided help for participants who had visual impairment, could not read or fill out the questionnaire themselves. The inclusion criteria of this study were: 60 years old and above; agree to participate in this study. The exclusion criteria included: diagnosed with severe mental illness; insufficient cognitive ability to understand the questionnaire; unable to understand mandarin and therefore unable to complete the questionnaire; cannot fill out the questionnaire due to other reasons. A total of 1,284 participants returned questionnaires, but 46 failed to respond to all 10 items. Thus, the final sample included 1,238 (96.4% completion rate). The mean age of the final sample was 71.64 years [standard deviation (SD) = 7.77]. The final sample consisted of 525 men (42%), with a mean age of 72.47 years (SD = 8.09) and 713 women (58%) with a mean age of 71.02 years (SD = 7.46). The study was approved by the ethics committee of Second Xiangya Hospital, Central South University. All participants provided written informed consent at the time of enrollment.



Instrument

The CD-RISC-10, which consists of 10 items, was derived from the original 25-item CD-RISC. It assesses an individual’s mental resilience during the past month, such as “Adapt to change” (see the items in the Appendix). Respondents rate each item on a 5-point Likert scale from 0 (not true at all) to 4 (true nearly all the time). The item ratings are summed to produce a scale score ranging from 0 to 40, with higher values implying a greater resilience capability. The Chinese version of the CD-RISC-10 employed in this study has been confirmed to have good internal consistency (Cronbach’s α = 0.851–0.910) and excellent structure validity in Chinese populations (Wang et al., 2010; Ye et al., 2016, 2017).



Data Analysis

Mean values are reported with standard deviations (SDs). Data management was carried out in SPSS 18.0 and confirmatory factor analysis was conducted in Mplus 6.11. Kolmogorov-Smirnov normality testing on item scores showed significant deviation from the normal distribution (all p < 0.001, see Table 1) indicating that the data were not normally distributed. Based on the above, the robust maximum likelihood estimator was chosen for data analysis because it, when applied with a mean-adjusted Chi-square (Satorra-Bentler χ2) statistic and robust standard errors, yields an unbiased goodness-of-fit index that is robust to nonparametric data (Satorra and Bentler, 2001; Wang et al., 2013). The data analysis was conducted in three steps, as delineated below:



TABLE 1. Descriptive statistics for each item of the Chinese CD-RISC-10.
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In the first step, reliability analysis was conducted. We used Cronbach’s α value, McDonald’s Omega coefficient, and test-retest reliability coefficient to determine the reliability of the CD-RISC-10.

In the second step, we used confirmatory factor analysis to test the goodness of fit of the single factor structure of the Chinese CD-RISC-10 in the total sample and each gender group. Chi-square (χ2) and standardized root mean squared residual (SRMR) tests were employed as absolute fit indexes. Because the χ2 test can be affected by sample size, especially in large samples, we also applied the root mean square error of approximation (RMSEA) as parsimony fit index and applied the Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) as comparative indexes. The following previously established criteria of acceptability were used: SRMR ≤0.08, RMSEA ≤0.08, CFI ≥ 0.90, and TLI ≥ 0.90 (Hu and Bentler, 1999; Brown, 2006; He et al., 2019).

In the third step, multigroup confirmatory factor analysis was undertaken to evaluate the factorial invariance of the CD-RISC-10 across gender groups. The invariance tests were completed for configural invariance (Model 1), metric invariance (Model 2), scalar invariance (Model 3), strict invariance (Model 4), factor variance/covariance invariance (Model 5), and factor latent mean invariance (Model 6) (He et al., 2018). First, we conducted configural invariance tests (without parameter constraints) to evaluate the latent variable structure across gender groups, the results of which served as a baseline model for subsequent tests. Then, metric invariance was tested based on the configural invariance results with factor loading equivalence constraints imposed to ensure similarity of the observed indicators and underlying traits across gender groups. Next, we applied a scalar invariance test in which we constrained both factor loadings and intercepts of variables equally across genders to test for an intergroup difference in the measured intercept based on the result of last step. Subsequently, strict invariance testing was conducted with factor loading, variable intercepts, error variance constraints equally set. Following the measurement equivalence testing, factor variance/covariance invariance and factor latent mean invariance tests were conducted to evaluate the structural invariance of the Chinese CD-RISC-10. We employed the Bayesian information criterion (BIC) and TLI and CFI changes to evaluate invariance across consecutive models. In accordance with published recommendations (Raftery, 1995; Cheung and Rensvold, 2002; Wu et al., 2012; Xiao et al., 2014), a ΔTLI ≤0.010 and a ΔCFI ≤0.010 with a smaller BIC value were considered evidence of invariance. Finally, a nonparametric test, Mann-Whitney U test, was used to compare CD-RISC-10 scores across the gender groups. Because the Kolmogorov-Smirnov normality test showed that the scores of two samples do not conform to the normal distribution, and therefore we conservatively considered that whether the scores of CD-RISC-10 in Chinese elderly men and women conform to the normal distribution remained uncertain.




RESULTS


Descriptive Data and Analyses of Reliability of the 10-Item Connor-Davidson Resilience Scale

Descriptive statistics, including mean scores with SDs, the skewness, and the kurtosis, for each item of the CD-RISC-10 are reported in Table 1. The mean scores (SDs) for item 1 through 10 were 2.81 (0.99), 2.92 (0.93), 2.52 (1.04), 2.93 (0.92), 2.87 (0.92), 2.76 (0.96), 2.76 (0.95), 2.78 (1.06), 2.99 (0.94), and 2.87 (0.95). And the skewness values were −0.74, −0.73, −0.40, −0.78, −0.80, −0.79, −0.67, −0.91, −0.93, and − 0.83 for item 1 to 10 while the kurtosis values were 0.27, 0.35, −0.40, 0.53, 0.63, 0.51, 0.24, 0.39, 0.73, and 0.59. According to the skewness and kurtosis values of each item, it can be seen that the mean score of each item presented a negative skewness distribution, and the kurtosis value was close to 0. Overall, the mean (SD) total CD-RISC-10 scores were 27.60 (8.09) for males and 28.68 (7.39) for females. In our study, the Cronbach’s α of the CD-RISC-10 was 0.936, the McDonald’s Omega coefficient was 0.83, and the test-retest reliability coefficient was 0.665 after 6 months (N = 124).



Confirmatory Factor Analysis

As reported in Table 2, we obtained a good fit index for the full sample, the male group, and the female group. Briefly, all TLI, CFI, RMSEA, and SRMR values were > 0.90, >0.90, <0.08, and < 0.08, respectively, indicating that the single-factor model fit the data well in the total sample and each gender group. These results confirmed that the single-factor model can be used as a baseline model for subsequent tests.



TABLE 2. Goodness of fit indexes for the CD-RISC-10 model.
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Factorial Invariance

The factorial invariance test results, including Satorra-Bentler scaled χ2 values with degrees of freedom, TLI values and inter-model differences, CFI values and inter-model differences, and BIC values are reported in Table 3. The fit indexes of each successive model from Model 1 to Model 4 met the satisfactory fit criteria. That is, between successive models (1 to 2, 2 to 3, and 3 to 4), the ∆TLIs were all <0.010 and the ∆CFIs were all <0.010. The successive decreases in BIC values were 57.891 from Model 1 to Model 2, 53.561 from Model 2 to Model 3, and 60.839 from Model 3 to Model 4. Because these four steps of measurement invariance were performed in sequence, we drew the conclusion that the assumption of measurement invariance across gender was established.



TABLE 3. Fit indices for invariance tests of the CD-RISC-10.
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The TLI and CFI values were unchanged from Model 4 to Model 5 (variance/covariance equivalent), with only a 1.816 decrease in BIC. Similarly, from Model 5 to Model 6 (factor latent mean invariance), there was no change in TLI and only a negligible change in CFI, with a BIC decrease of only 0.993. Hence, the ∆TLI and ∆CFI were < 0.010 in both comparisons, with BIC values smaller than in the factor variance/covariance equivalent model. Therefore, we concluded that the factorial invariance across gender among Chinese elders was established.



Gender Difference

The female group had a higher total CD-RISC-10 score, at 28.68, than the male group, at 27.60 (Z = −2.373, p = 0.018). On items 4, 6, 8, and 9, the female group had significantly higher scores than the male group (all p < 0.05). On items 1, 2, 3, 5, 7, and 10, there was no significant difference in scores between the two groups (all p > 0.05). The mean rank and p of each item and the comparison between the two gender groups are given in Table 4.



TABLE 4. Comparisons of each item of CD-RISC-10 between male and female.
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DISCUSSION

The main aim of our study was to probe the psychometric properties of the Chinese version of the CD-RISC-10 in an elderly Chinese population. The Cronbach’s α value and the test-retest reliability coefficient indicated that the single-factor Chinese CD-RISC-10 has good internal consistency. The present findings indicate that the CD-RISC-10 is a stable and consistent measurement.

Subsequent multiple group confirmatory analysis performed to estimate the measurement equivalence of the scale across genders showed that the model fitted well in the full sample and in each gender group. Importantly, the results supported configural invariance, metric invariance, scalar invariance, strict invariance, factor variance/covariance invariance, and factor latent mean invariance across genders, confirming full equivalence of the scale across genders. Configural invariance indicates that the pattern of fixed and free parameters was equivalent across genders, with a similar psychological structure being reflected by the same variables in men and women. Subsequent establishment of metric invariance revealed that the relative factor loadings of the items were also equivalent between the two gender groups, indicating that individuals with the same scores on latent variables also scored equally on observation items. In terms of achieving scalar invariance, it was demonstrated that the observed variable intercepts and CD-RISC-10 reference points were the same for men and women. The attainment of strict invariance suggests that differences in latent variable variation could reflect the observed variable variation differences of the scale. Factor variance/covariance invariance and factor latent mean invariance (a.k.a. structural invariance) were established in the current study, indicating that the observed variables and latent variables possessed the same relationship across the two groups. Consequently, we have concluded that the Chinese version of the CD-RISC-10 estimates latent resilience equivalently across genders and thus can be used to compare mental resilience between elderly men and women in China.

The present finding of a significantly higher CD-RISC-10 total score in women than in men suggests that elderly Chinese women may be generally more resilient than elderly Chinese men, consistent with a previous study in China (Lei et al., 2008). However, in other countries, some studies have reported higher resilience scores for men than women (Stratta et al., 2013). It has been hypothesized that males may be better adapted to traumatic events than women, thus resulting in a “protective model” of resilience (Luthar and Zelazo, 2003). This inconsistency between findings obtained in China and findings obtained elsewhere may be due to social and cultural differences. In China, women are encouraged to seek help, which may yield a stronger social support system for dealing with the pressures of life (Lei et al., 2008). Our findings suggest that elderly women in China may be able to deal with negative emotions, such as stress, more easily and with a faster stress recovery than men in China.



CONCLUSION

The results of this study indicate that the Chinese version of the CD-RISC-10 has good reliability and meets resilience measurement standards well when administered to both elderly men and elderly women living in Chinese communities. Thus, it can be applied as a reliable tool for testing mental resilience and performing inter-gender comparisons of mental resilience. To the best of our knowledge, this study was the first study to assess the factorial invariance of the CD-RISC-10 in elderly Chinese men and women. Our findings confirmed that factorial invariance of the CD-RISC-10 had been established across gender among Chinese elders. Finally, the present results provide evidence of Chinese elderly women having better mental resilience than Chinese elderly men, and further demonstrated that this gender difference could not be attributed to a gender-dependent scale variance, but rather reflect a true gender difference.
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APPENDIX

Items of the CD-RISC-10 (English version)

1. Adapt to change

2. Deal with whatever comes my way

3. See humorous side of things

4. Stress makes me stronger

5. Bounce back after illness or injury

6. Believe I can achieve goals despite obstacles

7. Under pressure I stay focused

8. Not easily discouraged by failure

9. Think of myself as a strong person when facing challenges

10. Able to handle unpleasant feelings
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Fusion validity assessments employ structural equation models to investigate whether an existing scale functions in accordance with theory. Fusion validity parallels criterion validity by depending on correlations with non-scale variables but differs from criterion validity because it requires at least one theorized effect of the scale, and because both the scale and scaled-items are included in the model. Fusion validity, like construct validity, will be most informative if the scale is embedded in as full a substantive context as theory permits. Appropriate scale functioning in a comprehensive theoretical context greatly enhances a scale's validity. Inappropriate scale functioning questions the scale but the scale's theoretical embedding encourages detailed diagnostic investigations potentially challenging specific items, the procedure used to calculate scale values, or aspects of the theory, but also possibly recommends incorporating additional items into the scale. The scaled items should have survived prior content and methodological assessments but the items may or may not reflect a common factor because items having diverse causal backgrounds can sometimes fuse to form a unidimensional entity. Though items reflecting a common cause can be assessed for fusion validity, we illustrate fusion validity in the more challenging context of a scale comprised of diverse items and embedded in a complicated theory. Specifically we consider the Leadership scale from the Alberta Context Tool with care aides working in Canadian long-term care homes.

Keywords: validity, fusion, scale, structural equation, causal


INTRODUCTION

Scale assessment begins by considering each item's methodology, the respondents' capabilities, and the data gathering procedures (American Educational Research Association, 2014). These fundamental assessments are typically supplemented with evidence of convergent and discriminant validity via factor loadings, factor correlations, and factor score correlations (Brown, 2015). The dependence of factor-based assessments on causal structures is seldom acknowledged, and stands in stark contrast to the causal explicitness accorded typical path models (Duncan, 1975; Heise, 1975; Hayduk, 1987; Bollen, 1989). Combining factor and path structures within programs like LISREL, Mplus, and AMOS encouraged causal understanding of the connections between latent factors and their indicators as well as between different latents (Hayduk and Glaser, 2000a,b; Hayduk et al., 2007; Mulaik, 2010; Hayduk and Littvay, 2012). Including both measurement structure and latent-level structure within a single model makes it possible to investigate what Cronbach and Meehl referred to as construct validity—namely a style of validity assessment grounded in a “nomological network” consisting of an “interlocking system of laws which constitute a theory” where the laws might be “statistical or deterministic” (Cronbach and Meehl, 1955, p. 290). Cronbach and Meehl followed the conventions of their time by replacing cause and causal with synonyms like influences, effects, improves, reflects, results in, and acts on (1955 p. 283–289) but their appeal to “intervening variables” and “specific testable hypotheses” (1955 p. 284, 290) clearly parallel the implications of structural equation models (Hayduk, 1987; Bollen, 1989).

We typically know the full and proximal causal foundations of scale scores because we produce the scale's scores via summing, averaging, weighting, or otherwise combining the values of the items to produce the scale's values. We cause the scale's scores to come into existence by our own, often computer assisted, causal actions. The scale's proximal causal foundations are perfectly known because only the items' recorded values directly determine the scale's values. This causal perfection makes scale scores collinear with the constituent items, and precludes using both the items and scale as data in the same model because the scale scores are seemingly “redundant” with the scale's constitutive items. The fact that the items constitute the full and known proximal causal source of the scale's values does not mean the items' causal sources are known. The values of the items themselves might contain mistakes, inaccuracies, or other features thought of as “error,” but the undetermined causal foundations of the items themselves do not disrupt the causal production of scale scores by summing or averaging the items. We know precisely and perfectly how those scale values came into existence because we the researcher summed, averaged, or weighted the items' values to create the scale scores, and presumably we made no mistakes in these calculations. We know the proximal causes of the scale's values (the items) even though we typically do not know the distal causes of the scale's values (the causes of the items). We also do not know whether the world correspondingly melds or fuses the items' values in the same way we fused the items in forming the scale's values.

This article presents a method for simultaneously modeling both a scale and its constituent items by employing fixed/known effects leading from the items to the scale, and embedding this researcher-dictated causal segment within whatever substantive causally-downstream variables match the researcher's theory about how the scale should function if the world similarly fused or melded the items. The scale is modeled as a latent variable having the items as it's known/fixed causal foundations, without requiring that the scale scores appear in the data. The scale is modeled as an effect of the items, and the items' causes are modeled in accordance with the researcher's understanding of the relevant substantive variables—possibly as the items originating in a common factor (reflective indicators), possibly not (formative indicators) (Bollen and Lennox, 1991).

Including both the items and the scale within a single model permits stronger scale validity assessment because the researcher-dictated causal construction of the scale can be checked for consistency with the world's causal control of the items. Fusion validity extends construct validity by incorporating the known research-production of the scale from the items, into the theory surrounding those items—in full acknowledgment that the world may or may not similarly fuse or meld the items into a corresponding causally-produced and causally-effective scale entity. The dependence of both fusion validity and construct validity on theoretical considerations precludes reducing either fusion validity or construct validity to “a single simple coefficient” (Cronbach and Meehl, 1955, p. 300) but this is multiply recompensed by the substantive considerations addressing whether or not the researcher's constructed scale functions in accordance with the theory-expanded understanding of the world's causal actions.

We detail the relevant procedural steps in the next section, and subsequently illustrate the procedure using the Leadership scale from the Alberta Context Tool (ACT) using data collected in the Translating Research in Elder Care (TREC) program (Estabrooks et al., 2009a,b,c, 2011; https://trecresearch.ca). We address technical and more general issues in concluding sections.



METHODS


The Logic Underlying Fusion Validity

Figure 1 presents the model structure required for assessing the fusion validity of a hypothetical scale calculated as the average of three indicator items. The imagined scale's values are calculated as
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The 0.333 coefficients are fixed, not estimated, because the researcher averages the items to causally produce the scale's values. Scales created from weighted items would employ the weights as fixed causal coefficients. Either way the equation producing the scale's values contains no “error” variable because the items in the averaging-equation constitute the complete set of immediate causes of the scale's values.
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FIGURE 1. The basic specification of a fusion validity model.



Figure 1 depicts two causes of each item—an item true score variable, and an unlabeled error variable representing the net impact of all unspecified causes of that item. A fixed 1.0 coefficient causally transmits each case's entire item true score into that case's reported value for the corresponding item. Estimation of the items' true score variances and covariances will be explained below. If freed for estimation an item's measurement error variance will often be underidentified, so these variances will often be fixed based on the literature, or via procedures discussed in Hayduk and Littvay (2012), and retrospectively checked. The items' error sources contribute indirectly to the scale scores even though the scale remains fully causally “accounted for” and has no error variable.

Assessing fusion validity requires embedding a Figure 1 style item-and-scale specification into a model containing one or more substantive variables that are causally downstream from the scale, along with whatever control or substantive exogenous variables the researcher specifies. It is the variables causally downstream from the scale that make estimation possible and that potentially underwrite a scale's fusion validity. The fusion in “fusion validity” concerns whether each item fuses (or mixes/combines/merges/melds) with the other items to form a unidimensional scale-entity absorbing and appropriately dispensing the items' causal consequences. That is, a scale displays fusion validity if the items' causal connections to the downstream variables are adequately modeled by the items having fused into a unidimensional variable displaying theorized effects on the downstream variables. If this causal specification fails to match the data, the validity of the scale is questioned, either because the scale is problematic (the fusing is deficient or incomplete) or because the selected downstream variables were ill advised or improperly modeled.

A model requiring additional effects bypassing the scale by leading directly from an item's true scores to a causally downstream variable is reporting the scale's inability to encapsulate that item's effects. The item's effect transmitted though the scale will require enhancement or reduction if the scale's impact on the downstream variable either over- or under-represents the item's impact. No scale-bypassing effects will be required if the items fuse to form a scale capable of functioning as a full and unitary cause carrying the items' effects to the downstream variables. Researchers can certify the immediate causal foundations of the scale because the researcher is in control the scale's construction, but the world will dictate whether the scaled items' causal capabilities correspondingly combine and fuse. The scale—the putatively fused items—and the individual items' true scores constitute potentially contrasting causal explanations for the items' covariances with the downstream variables.

Fusion validity assessment begins with a baseline model having only the specified items as causes of the scale, and no effects leading directly from the item true scores to any downstream variables (as depicted in Figure 1). The scale's validity is supported if this specification fits the data and produces anticipated effect estimates. This baseline model implicitly grants the scale preferential treatment because the scale is permitted effects on the downstream variables while any particular item would have to demand a direct effect by disrupting the baseline model's fit until that item is granted its effect. A model that can only be made consistent with the data by permitting an item to have direct scale-bypassing effects is signaling that the scale is unable to fuse or encapsulate the causal impacts of that item. Scale reassessment is required if an amended model matches the data after supplementation by scale-bypassing effects but whether the scale should be discarded or usefully-retained depends on the revision details. A model remaining inconsistent with the data even after enhancement by scale-bypassing effects, or other alterations, questions whether the downstream and control variables were sufficiently well-understood to underwrite trustworthy scale assessment.



Examples: Fusion Validity of the Leadership Scale

Our examples employ data from the Translating Research into Elder Care (TREC) archive at the University of Alberta. TREC is a pan-Canadian applied longitudinal (2007-ongoing) health services research program in residential long term care or nursing homes. The TREC umbrella covers multiple ethics-reviewed studies designed to investigate and improve long term nursing-home care (Estabrooks et al., 2009a,c, 2015). We consider the Leadership scale from the Alberta Context Tool which investigates front-line health care aides' perceptions of their care unit work environments. Specifically, we begin with care aide responses to the items comprising the Leadership scale for TREC wave-3 data collected in 2014-2015. The Alberta aides typify the Canadian context by being primarily female (93%), having a first language other than English (61%), and averaging about 46 years of age. We use corresponding Manitoba data to replicate our analysis strategy below, and most Manitoba aides similarly were female (87%), spoke English as a second language (67%), and averaged approximately 45 years of age.

The Leadership scale has undergone traditional measurement assessment (Estabrooks et al., 2009b, 2011) and is calculated by averaging the health care aide's perception of their unit's leader using six 5-point Likert-style items (see Table 1). Specifically the Leadership scale is calculated as the average
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which corresponds to
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This in turn can be written as an error-free equation containing fixed effect coefficients
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Had the scale been defined as a sum or weighted sum, the fixed values in this scale-producing equation would be either 1.0's or the appropriate item weights.



Table 1. Scale items and other variables.
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Figure 2 depicts the production of the Leadership scale, along with the effects of Leadership on several interrelated downstream variables. The attitudinal indicators of the downstream variables and the items comprising the scale are each assigned 5% measurement error variance in the models we consider. The exogenous control variables are assigned the following measurement error variances: Sex 1%, Age 5%, English as first language 5%, For-Profit organization 0%, Enough Staff 5%, and Aggressive acts (negative resident behavioral responses) 5%. The leadership items' measurement errors are included at the latent level of the model to correspond to routine construction of scales from error-containing items rather than from item true scores.


[image: image]

FIGURE 2. Leadership baseline and enhanced models for Alberta.



Assessing a scale's fusion validity begins with a baseline model, and may or may not require construction of an amended model. The baseline model includes:

the items' contributions to the scale,

the scale's effects on the downstream variables,

any effects among the downstream variables,

the control variables' covariances with the scale items

and the control variables' theorized connections to the downstream variables,

but

no direct effects of the items on the downstream variables,

and no effects leading directly to the scale (beyond the scale's items).

A baseline model displaying clean fit and theory-consistent estimates supports the scale's validity. Item effects bypassing the scale, or additional effects leading to the scale, may appear in an amended model but such effects constitute evidence recommending scale reassessment. Syntax for both the baseline and amended Leadership models is provided near the end of this article.

Both the baseline and amended models might fit or fail to fit, but even a failing baseline model should provide somewhat-reasonable estimates because wild baseline estimates potentially indicate the scale is being encumbered by non-sensical theory-claims about the scale's connections to the downstream variables. Limited modifications to the baseline model are permitted if they maintain the features listed above but such modifications should respect and preserve evidence more appropriately seen as questioning the scale's construction. The modifications to the baseline Leadership model for the Alberta data were minimized and fastidiously critiqued (by LH) because we planned to subsequently employ the same baseline model with Manitoba data. The objective here was not to attain fit, but to ensure that the portions of the model concerning the downstream and control variables provided a reasonable theory-context for the Leadership scale. In fact, the resultant Alberta baseline Leadership model remained highly significantly ill fitting (χ2 = 199.0, df = 67, p = 0.000, see Table 2), suggesting the Leadership scale does not adequately fuse or encapsulate the causal impacts of the leadership items. The baseline model retained all the initially postulated effects whether significant or insignificant. Insignificant estimates constitute unfulfilled theory expectations but they also constitute a cataloged theory-reserve potentially buttressing modifications introduced during construction of an amended model.



Table 2. Model tests.
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Amending a failing baseline model focuses on additional effects emanating from the items and/or effects leading to the scale—namely the effects expressly excluded from the baseline model. Additional item effects will usually originate in the item true-scores because the measurement errors contributing to the observed items are not expected to impact downstream variables. Coefficients suggested by the modification indices were considered individually and added sequentially, based on the post-hoc theoretical palatability of their signs, magnitudes, and modeling consequences (such as avoiding underidentification) but for brevity we proceed as if six effects (detailed in the Appendix model syntax) were added simultaneously to create the enhanced Leadership model. The amended model fits according to χ2 with p = 0.19 (Table 2) and provides the estimates in Table 3. The baseline and amended models permit seven possible direct Leadership-scale effects on the downstream variables. All seven estimates were in the anticipated direction, and five were significant, but these effects do not accurately portray the full effectiveness of some of the items on the downstream variables. Four of the six coefficients added in forming the amended model are item effects bypassing the Leadership scale by leading directly from an item's true score to a downstream variable. The effects are: Feedback to Supportive Group, Success to Observations Taken Seriously, Calmly to Time for Something Extra, and Leader Mentors to Like Working Here. These effects lead from four different items' true scores to four different downstream variables and hence cannot be dismissed as artifacts created by a single problematic item.



Table 3. Amended leadership model.
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Each scale-bypassing effect corresponds to an indirect effect transmitted from the item's true score, through the item's observed score, to the scale, and finally to the same downstream variable, as depicted in Figure 3. Forming a scale by averaging items forces each item to have the same relatively small indirect effect on any specific downstream variable. For example, for Leadership the indirect effect of the Feedback item on Supportive Group is the product of the 1.0 effect connecting the item's true-score to the observed item, the 0.167 contribution of the item to the Leadership scale, and the scale's estimated 0.473 effect on Supportive Group; which is (1.0)(0.167)(0.473) = 0.079. This indirect effect is identical for all the scale's items because each item's indirect effect begins with 1.0, has the same middle value dictated by the number of averaged items, and employs the same estimated scale-effect on the downstream Supportive Group variable. Thus, each of the six Leadership items has an indirect effect on any specific downstream variable that is one-sixth the Leadership scale's effect on that downstream variable.
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FIGURE 3. The direct and indirect effects of an item.



An effect leading directly from an item's true score to a downstream variable may either supplement or counteract this indirect effect. An item's total effect is the sum of its direct and indirect effects, so a positive direct effect supplements a positive indirect effect and indicates the item has a stronger impact on the downstream variable than can be accounted for by the scale alone. A negative direct effect counteracts a positive indirect effect and indicates the scale provides an unwarrantedly strong connection between the item and downstream variable. For Leadership three of the four direct effects of items on downstream variables are negative, indicating that requiring these items to work through the Leadership scale produces artificially and inappropriately strong estimates of these items' effects on the applicable downstream variables (Table 4). The lone positive direct effect indicates one item (Mentors) should be granted a stronger impact on a downstream variable (Like Working Here) than the Leadership scale permits.



Table 4. Effects bypassing the leadership scale in the amended Alberta model.
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The guaranteed-weak indirect effects of items acting through scales are susceptible to being overshadowed by effects leading directly from the items to downstream variables. All three negative direct item effects in the amended Leadership model, for example, are stronger than the items' small-positive effects carried through the Leadership scale. Two of these direct item effects essentially nullify the corresponding indirect effects, but the third produces a noticeable net negative (reversed) impact (Table 4). The Leadership scale's validity is clearly questioned whenever an item's direct effect nullifies or reverses an effect purportedly attributable to the scale containing that item. Direct effects substantially enhancing an item's indirect effect through the scale similarly question the scale (e.g., the direct effect from Mentoring to Like Working Here) because this also signals the scale's inability to appropriately represent the item's causal capabilities. Only four of 42 possible direct effects of the six items on the seven downstream variables are required in the enhanced Leadership model but these effects clearly recommend theoretical reconsideration of the Leadership scale. The involvement of several different scale items and several different outcome variables make the theory challenges somewhat awkward.

The two remaining coefficients added in creating the amended Leadership model lead to the “Leadership scale”—one from an exogenous variable (Have Enough Staff), the other from a downstream variable (Time To Do Something Extra). It is tempting but incorrect to think of these effects as explaining Leadership as originally conceptualized, for example by claiming that health care aides attribute sufficient/insufficient staff to superior/inferior unit leadership as originally scaled. This interpretation is inconsistent with the amended model's estimates because additional causes leading to the scale variable do not explain the original Leadership scale. The new effects redefine the scale such that it only partially corresponds to the original Leadership scale. The original scale was defined as
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Retaining the same fixed item effects that defined the Leadership scale while adding a new variable's effect changes the equation to
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A predictor variable in an equation does not explain another predictor in that equation, so any additional cause does not explain the original scale, it redefines the scale. The original version of Leadership is transformed into new-Leadership where Enough Staff and Time for Something Extra become components of new-Leadership as opposed to “explaining” anything about Leadership as originally specified and defined. Explaining original Leadership would require explaining the items averaged to create the original Leadership scale.

The downstream variables will usually be included in the model because they are directly caused by the scale, so enhancing a model by adding an effect leading from a downstream variable back to the scale is likely to introduce a causal loop. The additional effect leading from Time for Something Extra to New-Leadership entangles New-Leadership in just such a loop (see Figure 2). Though somewhat unusual, causal loops are understandable and not particularly statistically problematic (Hayduk, 1987 Chapter 8; Hayduk, 1996 Chapter 3). A more fundamental concern is that even this single causal loop ensnares Leadership in a causal web that renders it impossible to define or measure Leadership without modeling the appropriate looped causal structure. A variable that was formerly an effect of Leadership becomes both a cause and effect of New-Leadership—and that new causal embeddedness renders standard measurement procedures inappropriate. Items that act as causes can be averaged to create scale scores but we currently have no way of creating scores for “scale” variables trapped in causal loops containing both their causes and effects. The only appropriate option is to place a “scale” like New-Leadership in a model respecting the relevant causal complexities. That stymies traditional scale score calculations even though it employs the same observed variables and permits valid investigation of the causal connections between the scale items, the scale, and the downstream variables.

We now briefly consider the fusion validity of the Leadership scale using data from health care aides in the Canadian province of Manitoba. The Manitoba model employs the same percentage of measurement error variance as in Alberta and is structured identically to the baseline Alberta model with the exception that the smaller of one pair of downstream reciprocal effects was provided a small fixed value (Supportive to Control, −0.150) to avoid underidentification—which results in the baseline Manitoba model having one more degree of freedom than the Alberta model. The Manitoba baseline Leadership model, like the Alberta baseline model, was highly significantly inconsistent with the data (Table 2). Amending the model by freeing one item's effect on a downstream variable (Calmly Handles to Observations Taken Seriously) and permitting the exogenous variable Enough Staff to influence “Leadership” resulted in a model that fit nearly as well as the amended Alberta model and with similar estimates (Tables 2, 3).

The small number of demanded alterations is comforting but the repeated requirement for an effect of the control variable Enough Staff on “Leadership” is particularly noteworthy. Two separate data sets report that “Leadership” as perceived by health care aides should be redefined to include Enough Staff in order to make the Leadership scale consistent with the evidence. The remaining alterations differ between the Alberta and Manitoba models, including the challenging loop-creating effect, and these clearly warrant additional investigation. But rather than pursuing the substantive details of these Leadership models, we turn to more general technicalities involved in assessing fusion validity.



Technicalities, Extensions, and Potential Complexities

We developed fusion validity to investigate scales developed by researchers participating in TREC (Translating Research into Elder Care) studies of residents and care aides in long-term care facilities (Estabrooks et al., 2009a) and not as an intentional continuation or extension of specific statistical traditions. We thank one of our reviewers for encouraging us to report and reference connections between fusion validity and various threads within the statistical and methodological literature. Fusion validity's grounding in causal networks places it closer to the causal-formative (rather than composite-formative) indicators discussed by Bollen and Bauldry (2011), and fusion validity's dependence on context-dependent theory distances it from some components of traditional classical test theory. The inclusion of both a scale and its items within the same model provides an opportunity to reassess the points of friction evident in exchanges between Hardin (2017) and Bollen and Diamantopoulos (2017). The points are too diverse and complex for us to resolve, though we hope our comments below provide helpful direction.

Fusion validity's dependence on embedding the scale in an appropriate causal context raises potential technical as well as theoretical concerns. The baseline model may fit, or fail to fit, and either result may prove problematic. A fitting baseline model containing unreasonable estimates questions whether the control and downstream variables are sufficiently well-understood to be entrusted with scale adjudication. Nothing forbids a few mild modifications to initially-failing baseline models but it may be technically tricky to avoid inserting coefficients more appropriately regarded as scale-confronting. Reasonable modifications might rectify downstream variables' causal interconnections, or exogenous control variables' connections to the downstream variables, but ferreting out whether or not a modification questions the scale may prove difficult. For example, if a control variable correlates substantially with an item's true-scores the modification indices may equivocate between whether the control variable or the item effects a downstream variable, and thereby equivocate between whether the researcher is confronting scale-compatible or scale-incompatible evidence. Baseline models having complicated interconnections among the downstream variables, or unresolved issues with multiple indicators of control or downstream variables are likely to prove particularly challenging. Neophytes may have difficulty recognizing, let alone resisting, coefficients that could lead to inappropriately obtained model fit, especially knowing that persistent baseline model failure questions their scale. Validity requires consistency with our understandings, but when our modeled understandings (whether in a baseline or amended model) are problematic, concern for validity transmutes into concern for the fundamental commitments underlying scientific research.

Standardized residual covariances typically provide diagnostic direction, but they provided minimal assistance in fusion validity assessments because the scale latent variable and the item true-score latents have no direct indicators and consequently contribute only indirectly to the covariance residuals. Furthermore, the residual covariance ill fit among the scale items should be essentially zero because the model's structure nearly guarantees that the estimated covariances among the item true scores should reproduce the observed item covariances irrespective of the number or nature of the items' sources. This “guaranteed” perfect fit among the items might be thought of as a diagnostic limitation, but it is more appropriately thought of as convincingly demonstrating that fusion validity does not depend on the items having a common factor cause. The free covariances among the item true scores permit the items to reflect a single factor, but also permit the item true scores to reflect multiple different “factors.” Thus, fusion validity can assess scales created from both reflective and formative indicators (Bollen and Lennox, 1991). The issue addressed by fusion validity is not the source of the items but whether the items causally combine into a scale that is unidimensional in its production of downstream variables. Fusion validity is not about the dimensionality of the scale variable. The scale variable is unavoidably unidimensional no matter the number of constituent items or the number of “factors” producing those items. The issue is the causal fidelity of fusing the potentially-diverse items into a unidimensional variable capable of transmitting the potentially-diverse items' effects to the downstream variables.

If the baseline model fails after exhausting reasonable modifications, the focus switches to scale-questioning connections between specific items and the downstream variables, and/or additional effects leading to the scale in an amended model. Here the most useful diagnostics are the modification indices and expected parameter change statistics. A large, not merely marginally-significant, modification index for an item's effect on a downstream variable, combined with an implicationally-understandable expected parameter change statistic, would suggest including a coefficient speaking against the scale. The magnitude and sign of the expected parameter change statistic for an item's direct effect should be understandable in the context of the indirect effect that the item transmits through the scale as discussed in regard to Figure 3. A scale-bypassing effect speaks against the thoroughness of the encapsulation provided by the scale but if the world contains multiple indirect effect mechanisms (Albert et al., 2018), it might require both a direct item effect and the indirect effect acting through a fused scale. Unreasonably-signed scale bypassing effects speak more clearly against the scale.

If one specific item requires stronger (or weaker) effects on multiple downstream variables, and if the required effect adjustments are nearly proportional to the scale's effects, that might be accommodated by strengthening (or weakening) the item's fixed effect on the scale. For example, a substantial modification index corresponding to one item's fixed 0.167 effect leading to the Leadership scale might recommend constructing a weighted Leadership scale rather than the current average scale. Similarly, if the baseline model contained fixed unequal item weightings, large modification indices for some weights might recommend reweighting the items.

It should be clear that an amended model requiring a direct effect of an item's true-score on a downstream variable is not equivalent to, and should not be described as, having altered the item's contributions via the scale. Effects transmitted via the scale must spread proportionately to all the variables downstream from the scale. An effect leading from one item to a specific downstream variable disrupts the scale's proportional distribution requirement for that specific pairing of an item and downstream variable. The new direct effect also loosens (“partially frees”) the constraints on that item's effects via the scale on the other downstream variables because these other effects need no longer be rigidly proportional to this item's effect via the scale on the bypass-receiving downstream variable. The proportionality constraints on the other items' effects (via the scale) on the downstream variables are also slightly loosened by the scale-bypassing effect but the greater the number of items and scale-affected downstream variables the feebler the loosening of these constraints. Each additional scale-bypassing effect progressively, even if minimally, loosens the proportionality constraints on all the items' effects on the downstream variables via the scale. This suggests an accumulation of minor constraint relaxations resulting from multiple scale-bypassing effects in an amended model might constitute holistic scale-misrepresentation.

A substantial modification index might also be connected to the fixed zero variance assigned to the residual variable that causes the scale—namely the zero resulting from the absence of an error variable in the item-averaging equation constructing the scale. A substantial modification index here suggests some currently unidentified variable may be fusing with the modeled scale items, or that there are some other unmodeled common causes of the downstream variables. A scale known to be incomplete due to unavailability of some specific cause might warrant assigning the scale's residual variance a fixed nonzero value, or possibly a constrained value. The scale's residual variance might even be freed if sufficient downstream variables were available to permit estimation. A nonzero residual variance should prompt careful consideration of the missed-variable's identity. The potential freeing of the scale's residual variance clearly differentiates fusion validity from confirmatory composite analysis, which by definition forbids each composite from receiving effects from anything other than a specified set of indicators (Schuberth et al., 2018, p. 3). Indeed, the potential freeing of the scale's residual variance pinpoints a causal conundrum in confirmatory composite analysis—namely how to account for the covariance-parameters connecting composites without introducing any additional effects leading to any composite (Schuberth et al., 2018, Figure 5). This is rendered a non-issue by fusion validity's causal epistemological foundation. The relevant modeling alternatives will be context-specific but likely of substantial theoretical and academic interest.

The fixed measurement error variances on the observed items might also require modification but the implications of erroneous values of this kind are likely to be difficult to detect, and could probably be more effectively investigated by checking the model's sensitivity to alternative fixed measurement error variance specifications. Modeling the items' and/or scale's residual variables as independent latent variables (Hayduk, 1987, p.191-198) would provide modification indices permitting assessment of potential measurement error covariances paralleling the proposals of Raykov et al. (2017). Attending to modification indices, or moving to a Bayesian mode of assessment, would implicitly sidle toward exploration, which nibbles at the edges of validity, so especially-cautious and muted interpretations would likely be advisable.

Other technicalities might arise because the scale variable and the item true score variables have no direct indicators, which forces the related model estimates to depend on indirect causal connections to the observed indicators. The scale's effects on the downstream variables, for example, are driven by the observed covariances between the items' indicators and the indicators of the downstream variables because the scale's effects provide the primary (even if indirect) causal connections between these sets of observed indicators. And the covariances among the “indicatorless” item true scores will mirror the covariances of the observed item indicators because the true scores' covariances constitute the primary causal sources of these covariances. The absence of direct latent to indicator connections may produce program-specific difficulties, as when the indicatorless item true score latents stymied LISREL's attempts to provide start values for these covariances (Joreskog and Sorbom, 2016). This particular technicality is easily circumvented by providing initial estimates approximating the corresponding items' observed variances and covariances.

Related complexities may arise because programs like LISREL require modeling the observed items as perfectly measured latents (with λ = 1.0, and Θε = 0.0) as in Figure 1, which moves the measurement error variances into LISREL's Ψ matrix and places zero variances in Θε, thereby producing an expected and ignorable warning that Θε is not positive definite. This statistical annoyance arises because the measurement error variance in each item unavoidably contributes to the scale. This could be transformed into an interesting theoretical issue by considering that in some contexts it might be reasonable to think of this as “specific variance” which could be split into an item's measurement error variance dead-ending in the indicator (namely a non-zero Θε in LISREL) and another part indirectly contributing to the scale and downstream variables (as in the illustrated fixed Ψ specification). In the extreme, a fusion validity model might specify all the item measurement error variance as dead-ending in the indicators so the scale is created from fixed effects arriving from the items' true-scores. This would correspond to moving the fixed effects currently leading to the scale from the observed-items to the true-score items in Figure 1, and would permit investigating how a scale would function if it was purified of indicator measurement errors. This version of the fusion validity model would attain the epitome of scale construction—a scale freed from measurement errors—which is unattainable in contexts employing actual error-containing items. Contrasting the behavior of the “measurement error free” and “real” scales would permit assessing whether the unavoidable incorporation of items' measurement errors in the “real” scale introduces consequential scale degradation or interference.

It would be possible to simultaneously assess the fusion validity of two or more different scales constructed from a single set of items if the model contains downstream variables differentially responding to those scales. This opens an avenue for assessing Bollen and Bauldry (2011) differentiation between “covariates” and measures, and it provides a route to resolving the confusions plaguing formative indicators, partial least squares, and item parcels (Little et al., 2013; Marsh et al., 2013; Henseler et al., 2014; McIntosh et al., 2014). Importantly, factor score indeterminacy does not hinder fusion validity assessments. Indeed, if the items were modeled as being caused by a common factor (rather than as having separate latent causes as illustrated), fusion-validity modeling of the scale would provide a potentially informative estimate of the correlation between the factor and the scale (now factor scores).

We should also note that fusion validity surpasses composite invariance testing (Henseler et al., 2016): because fusion validity assessment is possible with a single group, because it employs as sophisticated a theory as the researcher can muster, and because validity supersedes mere reliability/invariance. Introducing a longitudinal component to a fusion validity model would even permit differentiating “specificity” from “error” (Raykov and Marcoulides, 2016a) if the fusion validity model incorporates factor structuring of the items. In general, replacing items with parcels disrupts the item-level diagnostics potentially refining fusion validity models, and hence is not advised. A reviewer noted that attention to non-linearities might “introduce more flexibility (and fun)” into fusion validity. We agree—but quite likely “fun” for only the mathematically-inclined (Song et al., 2013).

Fusion validity's theory-emphasis does not end with formulation of appropriate baseline and amended models—it may extend into the future via consideration of what should be done next. For example, one author (CE) was concerned that the demand for parsimony during data collection resulted in omission of causes of leadership, and she was uneasy about employing downstream latents having single indicators instead of similarly named scales having multiple indicators. These seemingly methodological concerns transform into theory-options as one considers exactly how a supposedly-missed cause should be incorporated in an alternative baseline model—namely is the missed variable a control variable, a downstream variable, or possibly an instantiation of the scale's residual variable? These have very different theoretical and methodological implications. Similar detailed theoretical concerns arise from considering how an additional-scale, or multiple indicators used by others as a scale, should be modeled by a researcher investigating a focal scale such as Leadership. Fusion validity models are unlikely to provide definitive-finales for their focal scales but rather are likely to stand as comparative structural benchmarks highlighting precise and constructible theoretical alternatives. An advance in theory-precision is likely, irrespective of the focal scale's fate.




DISCUSSION AND CONCLUSIONS

A scale's fusion validity is assessed by simultaneously modeling the scale and its constituent items in the context of appropriate theory-based variables. Fusion validity presumes the items were previously assessed for sufficient variance, appropriate wordings, etcetera, and that a specific scale-producing procedure exists or has been proposed (whether summing, averaging, factor score weightings, or conjecture). This makes the scale's proximal causal foundations known because the researcher knows how they produce, or anticipate producing, scale values from the items, but whether the resultant scale corresponds to a unidimensional world variable appropriately fusing and subsequently dispensing the items' effects to downstream variables awaits fusion validity assessment.

Fusion validity circumvents the data collinearity between a scale and its constituent items by employing only the items as data while incorporating the scale as a latent variable known through its causal foundations and consequences. The scale is modeled as encapsulating and fusing the items, and as subsequently indirectly transmitting the items' impacts to the downstream variables. An item effect bypassing the scale by running directly to a downstream variable signals the scale's inability to appropriately encapsulate that item's causal powers.

The fixed effects leading from the items to the scale are dictated by the item averaging, summing, or weighting employed in calculating the scale's values. The effects leading from the scale to the downstream variables are unashamedly, even proudly, theory-based because validity depends upon consistency with current theoretical understandings (Cronbach and Meehl, 1955; Hubley and Zumbo, 1996; American Educational Research Association, 2014). After reviewing scale assessments in multiple areas, Zumbo and Chan observed that “by and large, validation studies are not guided by any theoretical orientation, validity perspectives or, if you will, validity theory” (Zumbo and Chan, 2014, p. 323). The unavoidable collinearity between item and scale data ostensibly hindered checking the synchronization between items, scales, and theory-recommended variables—a hindrance overcome by the fusion validity model specification presented here.

It is clear how items caused by a single underlying factor might fuse into a unidimensional scale. The consistent true-score components of the items accumulate and concentrate the underlying causal factor's value while random measurement errors in the items tend to cancel one another out. The simplicity and persuasiveness of this argument switched the historical focus of scale validity assessments toward the factor structuring of the causal source of the items and away from the assessment of whether some items fuse to form a scale entity. Fusion validity examines whether the items fuse to form a unitary variable irrespective of whether or not the items originate from a common causal factor. That is, fusion validity acknowledges that the world's causal forces may funnel and combine the effects of items even if those items do not share a common cause. It is possible for non-redundant items failing to satisfy a factor model to nonetheless combine into a unidimensional scale displaying fusion validity. For example, the magnitude of gravitational, mechanical, and frictional forces do not have a common factor cause, yet these forces combine in producing the movement of objects. The causal world might similarly combine diverse psychological or social attributes into unidimensional entities such as Leadership ability, or the like. Given that diversity among the items' causes does not dictate whether or not those items fuse, it remains possible for items failing to comply with a factor model to nonetheless fuse into valid scales—though the fusing is “not guaranteed” and requires validation.

And the reverse is also possible. Items having a common cause and satisfying the factor model may, or may not, fuse into valid scales. That is, items sharing a common cause do not necessarily have common effects. For example, the number of sunspots is a “latent factor” that causes both the intensity of the northern lights and the extent of disruption to electronic communications but we know of no causally downstream variable responding to a fused combination of northern light intensity and communication disruption. In brief, fusion validity focuses on whether the items' effects combine, meld, or fuse into an effective unidimensional scale entity irrespective of the nature of the items' causal foundations. If a researcher believes their items share a common factor cause and also fuse into a scale dimension, it is easy to replace the item true-score segment of the fusion validity model with a causal factor structure. Such a factor-plus-fusion model introduces additional model constraints and is more restrictive than the illustrated fusion validity model specification. The appropriateness of the additional factor-structure constraints could be tested via nested-model χ2-difference testing, and might be informative, but would not be required for fusion validity. Fusion validity can therefore be applied to both reflective and formative indicators.

Evidence confronting a scale arises when a failing baseline model must be amended: by introducing item effects bypassing the scale on the way to downstream variables, by introducing additional effects leading to the scale, by altering the fixed effects constituting the scale's calculation, or by altering the error variance specifications. An effect leading directly from an item to a downstream variable alters the understanding of the scale irrespective of whether that effect supplements or counteracts the item's indirect effect through the scale. Either way, the scale is demonstrated as being incapable of appropriately encapsulating the item's causal consequences, and hence retaining both the item and scale may be required for a proper causal understanding. An item effect bypassing the scale does not necessarily devastate the scale because it is possible for several items to fuse into an appropriate scale entity having real effects and yet require supplementation by individual item effects. Items having direct effects on downstream variables that cancel out or radically alter the item's indirect effect via the scale are more scale-confronting. Scale-bypassing effects and other model modifications encourage additional theory precision—precision which is likely to constitute both the most challenging and the most potentially-beneficial aspect of fusion validity assessment.

Amending the baseline model by introducing an additional effect leading to the scale variable—namely an effect beyond the originally scale-defining item effects—produces a new and somewhat different, but potentially correct, scale variable. The new effect does not explain the original scale. Both the original scale and new-scale are fully explained because both scales typically have zero residual error variance. They are just different fully explained variables which possess and transmit somewhat different effects. The new scale variable may retain the ability to absorb and transmit the original items' effects to the downstream variables but the new scale is also capable of absorbing and transmitting the actions of the additional causal variable. The researcher's theory should reflect a scale's changing identity. Both theory and methods are likely to be challenged by attempting to expunge the old scale scores from the literature—especially since the new scale's scores would not be calculable in existing data sets lacking the new scale-defining variable.

Both theory and methods are likely to be more strongly challenged if model alteration requires effects leading to the scale from downstream variables because such effects are likely to introduce causal loops. Loops provide substantial, though surmountable, theory challenges (Hayduk, 1987, 1996, 2006; Hayduk et al., 2007) but they introduce especially difficult methodological complications because there is no standard procedure for obtaining values for scales entangled in loops containing their effects. A model can contain as many equations as are required to properly model looped causal actions but the single equation required for calculating a scale's scores becomes unavoidably misspecified if the equation contains one of the scale's effects as a contributory component. If a substantial modification index calls for a loop-producing effect that effect would likely be identified. In contrast, theory-proposed looped effects may prove more difficult to identify (Nagase and Kano, 2017; Wang et al., 2018; Forre and Mooij, 2019).

The requirement that valid scales function causally appropriately when embedded in relevant theoretical contexts implicitly challenges factor models for having insufficient latent-level structure to endorse scale validity. Indeed, fusion validity assessment supersedes numerous factor analytic “traditions.” The lax model testing evident in even recent factor analysis texts contrasts with the careful testing required for the baseline and enhanced fusion validity models (Hayduk, 2014a,b; Brown, 2015). And if a baseline or enhanced model is inconsistent with the downstream variables, researchers steeped in traditional factor practices are likely to reflexively attempt to “fix” the model by inserting indicator error covariances or by deleting indicators, rather than retaining the indicators and adding theory-extending latents. Adding latents implicitly challenges the multiple indictors touted by factor analysis because adding latents while retaining the same indicators sidles toward single indicators (Hayduk and Littvay, 2012). Researchers from factor analytic backgrounds are likely to find it comparatively easy to sharpen their model testing skills but will probably encounter greater difficulty pursuing theoretical alternatives involving effects among additional similar latent variables, or appreciating how items having diverse causal backgrounds might nonetheless combine into an effective unidimensional causal entity—such as leadership, trust, stress, or happiness. The tight coordination between theory and scale validity assessment provides another illustration of why measurement should accompany, not precede, theoretical considerations (Cronbach and Meehl, 1955; Hayduk and Glaser, 2000a, Hayduk and Glaser, 2000b).

Scales were traditionally justified as more reliable than single indicators, and as easier to manage than a slew of indicators. Both these justifications crumble however, if the scale's structure is importantly causally misspecified, because invalidity undermines reliability, and because a causal-muddle of indicators cannot be managed rationally. In medical contexts, for example, it is unacceptable to report a medical trial's outcome based on a problematic criterion scale, but equally unacceptable to throw away the data and pretend the scale-based trial never happened. This dilemma underpins the call for CONSORT (the Consolidated Standards for Reporting Trials) to instruct researchers on how to proceed if a scale registered as a medical trial's criterion measure is found to misbehave (Downey et al., 2016). The impact of some assumption violations on scale reliability have been addressed for factor-structured models (Raykov and Marcoulides, 2016b) but if the causal world is not factor structured, the nature and utility of “reliability” remains obscure. And what constitutes “criterion validity” (Raykov et al., 2016) if both the criterion and the scale happen to be involved in a causal loop? Ultimately, avoiding iatrogenic consequences requires a proper causal, not merely correlational, understanding of the connections linking the items, the scale, the downstream variables, and even the control variables. Pearl and Mackenzie (2018) and Pearl (2000) present clear and systematic introductions to thinking about causal structures and why control variables deserve consideration. One of our reviewers pointed us toward a special issue of the journal Measurement focused on causal indicators and issues potentially relating to fusion validity. We disagree with enough points in both the target article by Aguirre-Urreta et al.'s (2016) and the appended commentaries that we recommend these exchanges as a practice-exam for anyone considering investigating a fusion validity model. Try to follow the consequences of the Aguirre-Urreta et al. (2016) simulation having: (a) employed causal indicators that do not require any control variables, and (b) having used causal indicators that are forbidden effects bypassing the scale variable. It should also prove instructive to notice the emergent focus on measurement's connection to substantive theory—and not just measurement traditions.

The assessment of fusion validity illustrated above slightly favors the scale by initially modeling the scale's presumed effects, and by permitting baseline model modifications which potentially, even if inadvertently, assist the scale. A scale-unfriendly approach might begin with a baseline model permitting some scale-bypassing item effects, while excluding all the scale's effects on the downstream variables until specific scale effects are demanded by the data. However done, models assessing whether a set of items fuse to form a scale will depend on theory, will focus attention on theory, and will provide opportunities to correct problematic theoretical commitments.

Fusion validity shares traditional concerns for item face validity and methodology but requires variables beyond the items included in the scale—specifically variables causally downstream from the postulated scale but possibly control variables which may be upstream of the items. Fusion validity permits but does not require that the scaled items have a common factor cause, or even that the items correlate with one another.

Traditional formulations make reliability a prerequisite for validity but some forms of reliability are not a prerequisite for fusion validity because fusion validity does not share a factor-model basis. It does require that the items fuse or meld in forming the scale according to the researcher's specifications. Consequently, just as construct validity cannot “be expressed in the form of a single simple coefficient” (Cronbach and Meehl, 1955, p. 300), fusion validity assessment does not produce one single coefficient's value and instead depends on the researcher's facility with structural equation modeling to assess the scale's coordination with whatever substantive variables are required by theory. This means the researcher must be as attentive to the possibility of faulty theory as to faulty scaling—which seems to be an unavoidable concomitant of the strong appeal to theory required by seeking validity. Fusion validity's inclusion in the model of theory-based variables along with both the items and scale permits many assessments unavailable to traditional analyses, and potentially recommends correspondingly diverse theory, scale, and item improvements. Complexity abounds, so only those strong in both their theory and structural equation modeling need apply.

Embedding a scale in deficient theory will highlight the deficiencies, while embedding a scale in trustworthy theory will provide unparalleled validity assessments. Fusion validity assessment does not guarantee progress but provides a way to investigate whether our scales coordinate with our causal understandings, and a way to check whether traditional scale assessments have served us well.
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Most existing instruments for depression are developed based on classical test theory, factor analysis, or sometimes, item response theory, and focus on the accurate measurement of the severity of depressive disorder. Nevertheless, they tend to be less useful in supporting the decision based on ICD-10 or DSM-5 because of the lack of detailed information for symptoms. To gain rich and valid information at the symptom level, this article developed a depression test under the framework of cognitive diagnosis models (CDMs), referred to as CDMs-D. A total of 1,181 individuals were finally recruited and their responses were used to examine the psychometric properties of CDMs-D. After excluding poor items for statistical reasons (e.g., low discrimination, poor model-fit or having DIF), 56 items were included in the CDMs-D. The CDMs-D measures all ten symptom criteria for depression defined in ICD-10 and covers five domains of depression defined by Gibbons et al. (2012). Comparing with the existing self-report measures (such as PHQ-9, SDS, CES-D and so on), a distinguishing feature of the CDMs-D is that it can provide both overall information about the severity of depressive disorder and the assessment information about specific symptoms, which could be useful for diagnostic and interventional purposes.

Keywords: psychological measurement, cognitive diagnosis models, symptom criteria-level information, psychometrics, questionnaires, depression


INTRODUCTION

Depression is one of the most common and prevalent psychological and behavioral disorders. By the year 2020, depression accounting for 5.7% of the total burden of the disease (Dennis et al., 2016) will be the second disease leading to disability and death with the exception of coronary heart disease according to the World Health Organization (Dennis and Hodnett, 2014). A number of self-report inventories have been developed to assess the severity of the depressive disorder, such as the Self-Rating Depression Scale (SDS; Zung, 1965), the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) and the Beck Depression Inventory (BDI; Beck et al., 1961).

Despite having sound psychometric properties and being widely used, they are also some rooms for improvement. For example, most existing self-report inventories are unidimensional and yield overall scores indicating the severity of the depressive disorder on a continuum. To determine whether it is a mild, moderate or severe depression, the scores are compared with some cutoffs. This procedure is straightforward, but it is not informative given that they cannot provide all symptom-level information of depression defined in the 10th revision of the International Classification of Diseases (ICD-10; World Health Organization [WHO], 2010) or the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric Association [APA], 2013). However, these symptom-level information of depression are helpful for assessment, screening, monitoring and even intervention of depression. For example, as shown in Table 1, the ICD-10 groups the symptoms of depression into two sets: typical symptoms and common symptoms and its diagnostic thresholds are specified in terms of the number of symptoms required from each of the two sets. More specially, for the mild depressive episode, two typical symptoms and two common symptoms are required; for the moderate depressive episode, two typical symptoms and at least three common symptoms are required; for the severe depressive episode, all three typical symptoms are present and at least four common symptoms of severe intensity are required. As known, this type assess for depression is more informative than the score cutoffs of conventional inventories given that the patients with the same score may have very different symptoms which can provide more information for screening or treatment.

TABLE 1. Symptom criteria for depression defined in the DSM-5 and ICD-10.

[image: image]

Form a very different perspective, this study aims to develop a new measure of depression that is aligned with the ICD-10 to provide more information for the screening and monitoring of depression under the framework of cognitive diagnosis models (CDMs; see Rupp et al., 2010). Compared with the factor analysis technique or item response theory (IRT), the CDMs provide an alternative psychometric framework for test development, psychometric analyses, and score reporting. Although most of research on CDMs lies in the field of education measurement, researchers have been recently aware of their usefulness in psychological disorder assess for identifying individuals’ disorder or symptom profiles (e.g., Jaeger et al., 2006; Templin and Henson, 2006; de la Torre et al., 2017). Specifically, it is possible to infer about whether each of the symptom criteria has been satisfied or not from patients’ responses to items in an instrument. This information can be useful for screening (or intervening) depressive disorder or other psychological disorders based on the ICD-10 or DSM-5. In addition, compared with factor analysis, CDMs allow latent variables (i.e., symptom criteria) to interact when producing manifest item responses and thus are more flexible.

In specially, the goal of this study is twofold. First, this study develops a depression test under the framework of CDMs (CDMs-D) based on the ICD-10 under the CDMs framework, which may be used to assess, screen and monitor depression. Different from the existing self-report questionnaires for depression, the CDMs-D can assess how likely each of the symptom criteria of depression in the ICD-10 has been met for each patient, and estimate the probability of having mild, moderate and severe depressive episode using the ICD-10 diagnostic criteria. Second, this study aims to provide an illustration about how CDMs can be used to develop instruments, assess psychometric properties using the ICD-10 system. This could serve as an example for researchers willing to develop instruments for other psychological disorders using CDMs to provide patient outcomes consistent with ICD-10 or DSM-5 criteria.



MATERIALS AND METHODS

Diagnosis System of Depression

Currently, two famous diagnosis systems of depression are ICD-10 and DSM-5, which are both commonly acceptable and used to guide the diagnosis of depression in clinical practice. There are eight common symptom criteria of depressive disorder in ICD-10 and DSM-5 (see Table 1). In this article, the symptom criteria for depression in the ICD-10 were used in that the ICD-10 distinguishes three types of depression (mild, moderate or severe/major depression) and thus could provide more information.

Cognitive Diagnosis Models

In the context of CDMs, 10 symptom criteria of depression in ICD-10 are treated as latent variables that need to be measured, each with two outcomes – 1 and 0, representing presence and absence, respectively. Based on individuals’ responses to items of the CDMs-D and the aforementioned item and symptom association matrix, CDMs estimate the symptom profile for each individual. For example, if the symptom profile for an individual is estimated to be (0,1,1,0,0,0,1,1,0,0), this individual is said to meet symptom criteria 2, 3, 7, and 8. In addition, CDMs can also estimate the probability of an individual meets each criterion.

An array of CDMs can be found in the literature (Rupp et al., 2010). In this study we adopt the generalized deterministic input, noisy, “and” gate (G-DINA; de la Torre, 2011) model framework because (1) it is one of the most general CDMs with many applications and (2) it is very flexible and subsumes many reduced CDMs. The G-DINA model, like most other CDMs, is a psychometric model specifying how individuals respond to each item given their symptom criteria. Take item “I feel worthless and ashamed” as an example, which measures (C5) “reduced self-esteem and self-confidence” and (C6) “ideas of guilt and unworthiness.”

Let α = (α1,α2) denote the profile of these two criteria. Based on the G-DINA model (de la Torre, 2011), the probability of endorsement on this item given the symptom profile α can be written by P(α) = ϕ0 + ϕ1α1 + ϕ2α2 + ϕ12α1α2. More specifically, for α = (0,0), where both symptoms are absent, the corresponding endorsement probability isP(0,0) = ϕ0; for α = (1,0), where symptom C5 is present but C6 is absent, the corresponding endorsement probability is P(1,0) = ϕ0 + ϕ1, where ϕ1 is the effect of symptom C5; for α = (0,1), where symptom C5 is absent but C6 is present, the corresponding endorsement probability is P(0,1) = ϕ0 + ϕ2, where ϕ2 is the effect of symptom C6; and for α = (1,1), where both symptoms are present, the corresponding endorsement probability is P(1,1) = ϕ0 + ϕ1 + ϕ2 + ϕ12, where ϕ12 is the interaction effect of symptoms C5 and C6.

Although the G-DINA model considers all possible interactions among measured symptom criteria, researchers may have some assumptions about how symptom criteria produce item responses. For example, the deterministic inputs, noisy “and” gate (DINA) model assumes that the endorsement probability will not increase unless all measured symptom criteria have been present. This model can be obtained, for the aforementioned example, by setting ϕ1 = ϕ2 = 0 such that P(0,0) = P(1,0) = P(0,1) = ϕ0 and P(1,1) = ϕ0 + ϕ12. In contrast, the deterministic inputs, noisy “or” gate (DINO; Templin and Henson, 2006) model assumes that a high endorsement probability is expected if any of the measured symptom criteria is present. This model can be obtained by setting ϕ1 = ϕ2 = −ϕ12 such that P(0,0) = ϕ0 and P(1,0) = P(0,1) = P(1,1) = ϕ0 + ϕ1. In addition, the addictive CDM (A-CDM; de la Torre, 2011), linear logistic model (LLM; Maris, 1999) and reduced reparameterized unified model (rRUM; Hartz et al., 2002) can be obtained by assuming all symptom criteria contribute independently and uniquely without interaction effects. For more details on these models, please refer to de la Torre (2011).

Development of Cognitive Diagnostic Test for Depression (CDMs-D)

The CDMs-D is designed to be a self-report instrument and the ultimate goal is to infer whether an individual has satisfied each of the symptom criteria of depression defined in the ICD-10 and the probability of having mild, moderate and severe depressive episode from his or her responses. The CDMs-D primitively included 89 items which were carefully chosen according to the depression symptom criteria in the ICD-10 from several self-rating inventories, including the Zung’s SDS, the CES-D (Radloff, 1977), the Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001), the Hospital Anxiety Depression Scale (HADS), Carroll’s Depression Scale (CDS; Carroll et al., 1981), Minnesota Multiphasic Personality Inventory (MMPI; Hathaway and McKinley, 1942), the Brief Depression Scale (BDS; Koenig et al., 1992), the Geriatric Depression Scale (GDS), the Edinburgh postnatal depression Scale (EPDS; Cox et al., 1987) and the Adolescents Depression Emotion Self-assessment Scale (ADESC; Huang et al., 2004). The chosen 89 items measure all ten depression symptom criteria in ICD-10 and involve five domains of depression defined by Gibbons et al. (2012), namely, mood (14 items), cognition (30 items), behavior (21 items), somatic complaints (17 items) and ideas or acts of suicidality (7 items). Items were revised to refer to the previous 2-week period and to have consistent response categories. Each item measures at least one depression symptom criterion in ICD-10.

The way of an individual responding to an item can be reasonably assumed to be influenced by whether she/he has satisfied some symptom criteria. For example, an individual may agree with that “I feel worthless and ashamed” if she/he has “reduced self-esteem and self-confidence” (C5) or “ideas of guilt and unworthiness” (C6) and agree with that “I wish to be dead” if she has “ideas or acts of self-harm or suicide” (C8). To make inference as to whether individuals have satisfied each symptom criterion from their item responses, an item by symptom association matrix giving which symptom criteria may influence individuals’ item responses needs to be developed in advance. For CDMs-D, the item and symptom association matrix was constructed using the Delphi method with three experts (two psychotherapists with more than 5 years of clinical experience and one with 5-year research experience in the measurement of depression). Table 2 gives some exemplary items and their association with symptom criteria, where entry 1 indicates a symptom criterion is measured by the item and entry 0 indicates not. On average, each item measures 1.67 symptom criteria, and each criterion is measured by 14.9 items.

TABLE 2. Exemplary items in CDMs-D.
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Participant Sample

Participants include healthy individuals and patients with depression. Depressive patients, who were being treated for depression, were recruited from eight health centers and hospitals in seven provinces/cities of China, whereas the healthy individuals were mainly from colleges and social groups. The selected seven provinces/cities distribute in east, south, west, and north area of China and covers mainly area of China. The final selection of both depressive patients and healthy individuals were recruited according to the following exclusion criteria: history of psychosis, schizoaffective disorder, or schizophrenia; organic neuropsychiatric syndrome, such as dementia and Parkinson disease; drug or alcohol dependence over the past 3 months, but not excluded patients with episodic abuse related to mood episodes. The study also had exclusion criteria to screen the healthy individuals: history of psychosis, schizoaffective disorder, or schizophrenia; any diagnosis or treatment for psychiatric illness over the past year. The study was approved by the medical ethics committees of participating health center and hospitals, and all participants were provided written informed consent.

A total of 1,286 samples were recruited, among which 92 samples had large missing data in the questionnaire and 13 samples met the exclusion criteria. After excluding the above 105 samples, the final selected participant sample was consisted of 1,181 individuals aged from 18 to 80 with mean = 31.8 (SD = 12.92) based on the above exclusion criteria for this study. The number of depressive patients and healthy individuals were 488 (41.3%) aged from 18 to 80 with mean = 36.8 (SD = 14.9), and 693 (58.7%) aged from 18 to 57 with mean = 28.36 (SD = 10.03), respectively.

The total sample was randomly split into two subsamples. One of the resulting two subsamples was half of the overall sample and used as a calibration sample (N1 = 591) to develop the CDMs-D. The other half sample was used as the cross validation sample (N2 = 590) to verify the CDMs-D and investigate the reliability and validity of CDMs-D. Detailed demographic information was documented in Table 3.

TABLE 3. Demographic characteristics of depressive disorder patients and healthy individuals.
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Statistical Analysis

The calibration sample (N1 = 591) was used in this step to develop the CDMs-D.

Item Analysis

Selecting suitable CDM is deemed to be a critical procedure for making valid inferences. Although a number of CDMs are available, it’s not always clear which model should be chosen for a given data set. The Wald test (de la Torre, 2011; Ma et al., 2016) was proposed to evaluate whether the reduced CDM can be replaced by the saturated CDM without significant loss in model-fit (de la Torre, 2011), and the results of Ma et al. (2016) indicated that the chosen CDMs via the Wald test performed better than the saturated CDM in terms of estimation of person parameter. In this study five special or reduced CDMs were considered, which were the deterministic inputs, noisy “and” gate model (DINA; Junker and Sijtsma, 2001), the deterministic input, noisy “or” gate model (DINO; Templin and Henson, 2006), the addictive CDM (A-CDM; de la Torre, 2011), the linear logistic model (LLM; Maris, 1999) and the reduced reparameterized unified model (RRUM; Hartz et al., 2002). The Wald test was carried out for items measuring more than one criterion in that all CDMs are equivalent for single criterion items.

After choosing the suitable model for each item, the S-X2 item fit statistic (Orlando and Thissen, 2000) was used to assess the adequacy of item fit, followed by the detection of the differential item functioning (DIF) for different groups (e.g., female and male, rural and urban) using the Wald statistic (Hou et al., 2014). Then, the discrimination index (Disc) suggested by de la Torre (2008) was calculated to assess item quality. The above statistical analyses were conducted step by step.

In Step 1, the item fit analysis was carried out via S-X2 item fit statistic and items with poor fit (p-value of S-X2 less than 0.01) were deleted from the CDMs-D. In Step 2, for the remainder items in Step 1, DIF analysis was employed and items with DIF were excluded from the CDMs-D. In Step 3, for the remainder items in Step 2, we assessed item discrimination and items with low discrimination (Disc < 0.4) were deleted. That is to say, any item that had low discrimination (Disc < 0.4), had DIF or fitted to the data inadequately was removed from the CDMs-D. This procedure (three steps) was repeated until no item was deleted. The GDINA R package (Ma and de la Torre, 2016) and Custom-written code in R (R Core Team, 2016) were used for analyses.

Then the cross validation sample (N2 = 590) was used to re-analyze and validate the remained items selected by the calibration sample (N1 = 591). At this step the items that had low discrimination, DIF or poor item fit would be also deleted form the final CDT-T.

Reliability and Validity

The analysis of both the reliability and validity were carried out for the final CTD-D after above item analysis and item selection only with the cross validation sample (N2 = 590). Under the framework of cognitive diagnosis, the symptom-level classification consistency and accuracy indices (Cui et al., 2012; Templin and Bradshaw, 2013) based on CDMs were investigated for CDMs-D. Criterion-related and convergent validity were then assessed by the coefficients of correlation between the CDMs-D and the SDS and individual’s self-reported depression and the. Content validity was examined as well in terms of whether the CDMs-D measures all the depression symptoms defined in ICD-10 and covers all the domains of depression defined by Gibbons et al. (2012).

Depression Assessment

The posterior probability of satisfying symptom criterion k for individual i can be calculated as in

[image: image]

where P(αw|Xi) is the posterior probability of having symptom profile αw for individuali. Based on the posterior probability of satisfying each symptom criterion, we can calculate the probability of having each symptom criteria profile and the probability of being considered as mild, moderate or severe depression.



RESULTS

Item Analysis of the CDMs-D

Using the aforementioned item analysis procedure, 31 items were deleted with the calibration sample (N1 = 591). Specifically, 20 of them had low discrimination index (Disc < 0.4), 5 were DIF items and 10 showed poor item-fit (p < 0.01). After that, the remained 58 items were analyzed with the cross validation sample (N1 = 590). Results showed that 56 items had high discrimination, good item-fit and no DIF except two items with low item fit. Therefore, the final CDMs-D had 56 items, which are given in Table 4. The CDMs-D measures all ten symptom criteria for depression defined in the ICD-10 and involves five domains of depression which are mood (7 items), cognition (23 items), behavior (10 items), somatic complaints (9 items) and ideas or acts of suicidality (7 items). The number of items measuring each symptom criteria varies from 4 to 22 with an average of 10.4. In addition, there are 17, 31, 7, and 1 item (s) measuring 1, 2, 3, and 4 symptom criteria respectively with an average of 1.85 symptom criteria per item.

TABLE 4. Final items of the CDMs-D.
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Reliability and Validity

Classification consistency refers to the extent to which participant classifications agree between two independent administrations, which is also called the reliability of classifications (Cui et al., 2012). As shown in Table 5, all attributes have classification consistency greater than 0.95 which suggests the CDMs-D has high reliability of classifications. In addition, classification accuracy refers to the extent to which the participants’ classifications agree with their true latent classes (Cui et al., 2012). Table 5 showed that the CDMs-D had high probability of classifying participants accurately based on their observed responses since all attributes have classification accuracy greater than 0.94.

TABLE 5. The reliability and validity of the CDMs-D.
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From Table 4, the CDMs-D measures all depression symptoms defined in ICD-10 and cover all five domains of depression defined by Gibbons et al. (2012), which implies that it has appropriate content validity. As for the criterion-related and convergent validity, the CDMs-D has a correlation of 0.707 (p < 0.001) and 0.810 (p < 0.001) with self-reported depression and SDS, respectively. The estimated probability of having mild, moderate or severe depression has a correlation of 0.791 (p < 0.001) and 0.651 (p < 0.001) with SDS and self-reported depression, respectively. Moreover, we calculated the coefficient of classification consistency between the CDMs-D and the structured clinical interview by psychotherapists via ICD-10, and results showed that there had a moderate coefficient of classification consistency with 0.463 (p < 0.001) between them. Figures 1, 2 show the 95% confidence intervals (CIs) for the mean CDMs-D score and the mean probability of having depressive disorder, respectively, for individuals with or without depression defined by the SDS or self-reported depression. Different groups have quite different mean CDMs-D scores and mean probabilities of depressive disorder, suggesting that the CDMs-D has the power to discriminate individuals with depression at different levels of severity.
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FIGURE 1. Error bar graph of the CDMs-D scores (A) and the probability of depressive disorder (B) for different groups via SDS. 95% CI, 95% confidence interval. The probability of depressive disorder (i.e., probability of mild, moderate and severe depression) was calculated based on the CDMs-D and the diagnostic criteria in ICD-10 via CDMs.
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FIGURE 2. Error bar graph of the CDMs-D scores and the probability of depressive disorder for different groups via self-reported depression. 95% CI, 95% confidence interval. The probability of depressive disorder (i.e., probability of mild, moderate, and severe depression) was calculated based on the CDMs-D and the diagnostic criteria in ICD-10 via CDMs.



Screening Scores Reporting

Compared with existing instruments for depression, CDMs-D could provide unique screening information for each patient. For illustration, score reports for four individuals (three patients and one healthy individual) were displayed in Figure 3. Three patients were chosen in that: (1) they were classified as moderate depression by their psychotherapists; (2) they had the same SDS score and were defined as moderate depression via the criterion of SDS; (3) they reported that they usually had considerable difficulty in continuing with social, work or domestic activities. Figure 3 shows the posterior probability that each criterion has been satisfied for these individuals. Based on these probabilities, the chances of having mild, moderate or severe depression for each individual can be calculated.
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FIGURE 3. Symptom spectrum of depression for three patients and one healthy individual. (A) Individual A, (B) Patient B, (C) Patient C, and (D) Patient D. Criteria C1, C2, and C3 represent three typical symptoms; criteria C4–C10 represent seven common criteria in ICD-10 in Table 1.



Individual A (male, 25 years old and from rural) has very high posterior probabilities of satisfying the typical symptom C2 and the common symptoms C10. Based on ICD-10, the estimated probabilities of being normal, mild, moderate and severe depression are 0.81, 0.12, 0.06, and 0.01, respectively, which suggests that it is unlikely for him to have depressive disorder.

Patients B, C, and D are all classified as having moderate depressive disorder by the CDMs-D (with the estimated posterior probability of 0.99, 0.99, 0.63, respectively), which is consistent to the results of their psychotherapists and SDS. However, they differ in their symptom profiles. From Figure 3, Patient B (female, 23 years old and from rural) probably satisfies two typical symptoms (C1 and C3) and four common symptoms (C4, C5, C7, and C8); Patient C (male, 29 years old and from rural) probably satisfies two typical symptoms (C1 and C3) and four common symptoms (C5, C6, C9, and C10); and Patient D (male, 58 years old and from urban) probably satisfies two typical symptoms (C1 and C3) and five common symptoms (C4, C5, C6, C7, and C9). Additionally, it can be seen that Patient B has a very high posterior probability of having symptom C8 (ideas or acts of self-harm or suicide) but Patient C and Patient D have very low probabilities. The information of symptom spectrum of each individual as showed in Figure 3 give insight into tailoring individual-specific treatments for depression. For example, for Patient B, the targeted treatment should focus on decreasing the chance of having ideas or acts of self-harm or suicide, for Patient C the targeted treatment should aim to decrease the fatigability and improve the enjoyment, while for Patient D, helping her to establish a brief of bring future is very important for him.



DISCUSSION AND CONCLUSION

In this article, a new instrument for depression, the CDMs-D, is developed under the CDM framework based on ICD-10. This is the first study to measure the depressive disorder from the CDM perspective, though CDMs have been used as psychometric tools to analyze patient-reported outcomes, such as the pathological gambler in Templin and Henson (2006), neurocognitive functions in schizophrenia in Jaeger et al. (2006), internet addition in Tu et al. (2017) and the Millon Clinical Multiaxial Inventory-III in de la Torre et al. (2017). CDMs provide a set of psychometric tools to assess item properties, test reliability (Cui et al., 2012) and validity, and in this study, the CDMs-D with 56 items has been shown to have good reliability and validity. Comparing with the existing self-report measures (such as SDS, CES-D), one outstanding advantage of the new measure is that it measures all symptom criteria defined in the ICD-10 and can provide symptom level reports. In addition, the high correlation between the CDMs-D and SDS indicated that the general-level information of depression they provided were high consistent. However the CDMs-D can provide the additional symptom-level information of depression. This dues to that the CDMs have the unique feature that can provide rich information in terms of whether the participants have met each symptom and of estimating the probability of having mild, moderate, and severe depressive disorder. Such information tends to be superior to the decision made based on total scores from some existing questionnaire in that it is obtained according to the ICD-10.

The proposed measure also has some latent contributions for the specifically assessing/screening for ICD and DSM-based depression. For example, this proposed measure aims to screen and monitor ICD and DSM-based depression, therefore it may provide a beneficial supplement to a clinician, especially when the patients cannot clearly and directly report whether all the symptoms defined in DSM or ICD are present. Another latent contribution is that it may reduce the burden of a clinician when there are large subjects for screening or monitoring. Moreover, a patient can conveniently make a self-examination about ICD and DSM-based depression by using the CDMs-D. Finally, a clinician can use the information from the measure, the clinical interview and others together to make diagnosis.

It is the CDMs that make these inferences possible, but the CDMs need to be used with cautions. Unlike classical test theory, factor analysis and IRT models, CDMs typically assume that latent variables are binary (Rupp et al., 2010). Because of this assumption, CDMs lend themselves well to modeling symptoms for many disorders in psychiatry. However, it is reasonable to ask whether the symptoms are binary or not in nature. It should be noted that all psychometric models, including CDMs, are just approximations of the real world, and therefore, as long as the symptoms can be approximately treated as binary variables especially for the ICD and DSM-based assessment of depression, the inferences can be useful. Additionally, CDMs consider the complex interactions among latent binary variables (de la Torre, 2011; Templin and Bradshaw, 2014) (e.g., unobserved symptoms). This, on one hand, allows greater flexibility than most IRT models in modeling item responses; but, on the other hand, tends to make the model complex with, sometimes, too many parameters. This study considered simplifying the saturated CDM with all possible interactions to some reduced models with fewer parameters to obtain more stable parameter estimates. These analyses are important because, in general, a simpler model should be preferred to a complicated model if both fit data well.

Despite promising results, to unlock the potential of the CDMs, more research is needed. First, the current CDMs-D with 56 items is relatively long. It is important to consider a shorter version of CDMs-D to decrease patients’ test burden (Smiits et al., 2011). The computerized adaptive testing (CAT) may be an option to decrease the test length without a loss of measurement precision. Some research on combining CDM and CAT can be found in literature in the field of psychometrics (e.g., Cheng, 2009), but applications are lagging behind. Therefore, further research may empirical investigate how to amalgamate CDMs and CAT (CD-CAT; Cheng, 2009; Wang et al., 2011) to develop the CAT version of CDMs-D. Second, the outputs with probabilities of the proposed measure may be not familiar and accustomed for users. For example, this CDT-T may provide two types of probabilities: one is the probabilities of none depression, mild depression, moderate depression and severe depression, which add up to 100%; another is the probability of presence for each symptom. The former probabilities can be used as screening or monitoring while the latter probabilities can be used to investigate the symptoms characteristic for each patient. That is to say this measure can provide both general level and symptom level information. Third, this article considered the symptom criteria for depression defined in ICD-10, future research may explore whether it is appropriate to use the criteria defined in DSM-5. Fourth, future study should compare the CDMs-D and the structured interview protocols based on either the ICD-10 or the DSM-5. Fifth, except of results in CDMs-D, other evidences such as a structured clinical interview should also be taken full consideration to give a diagnosis of depression. Sixth, there are also some commonly used dimensional measures of depression that are not included in this article, therefore more measures should be considered for future study. Last, the selected CDMs in this study involve a large number of parameters. The sample used for test calibration may not be large enough and therefore, some statistical procedures such as the Wald test for model selection and DIF detection may be affected due to poorly estimated covariance matrix (Philipp et al., 2017). Larger sample should be considered to stabilize the parameter estimation.
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Emotional intelligence (EI) has attracted increasing attention in organizational psychology. The aim of this study was to test the applicability of two performance-based emotional intelligence tests developed in western countries, namely, the brief versions of the Situational Test of Emotional Understanding (STEU-B) and the Situational Test of Emotional Management (STEM-B), in a sample of 904 Chinese employees. Specifically, item response theory (IRT) analyses were conducted. The item parameters along with the item and test information functions of the Chinese versions of the STEU-B and STEM-B were estimated. Moreover, the associations between the STEU-B and STEM-B scores and several work-related variables were examined. The results showed that the STEU-B and STEM-B had acceptable internal consistencies, and similar mean proportions of correct responses, item parameters, item information functions, and test information functions in China, as reported in previous studies. Furthermore, the scores were found to be related to the employees’ psychological strain, job-related affect, job satisfaction, and supervisor-rated job performance in a theoretically hypothesized manner. These findings suggested that the STEU-B and STEM-B might be useful measurements in future EI studies in the Chinese organizational context.
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INTRODUCTION

There is a growing interest in emotional intelligence (EI) in social and organizational psychology, and an increasing number of empirical studies have focused on the criterion validity of EI in predicting real-life outcomes. The EI label has been historically applied to two relatively distinct theoretical constructs: ability EI and trait EI. Ability EI refers to “the ability to perceive emotions, to access and generate emotions so as to assist thought, to understand emotions and emotional knowledge, and to reflectively regulate emotions so as to promote emotional and intellectual growth,” which emphasizes EI as an actual ability (Mayer and Salovey, 1997). Trait EI refers to self-perceived emotionality and emotional efficacy that is located within the personality domain (Kafetsios and Zampetakis, 2008). There is evidence of the criterion validity of both ability and trait EI. Ability and trait EI have been found to play important roles in stress management and adaptive coping (Ciarrochi et al., 2002; Oginska-Bulik, 2005), interpersonal relationships and social networks (Brackett et al., 2006; Gallagher and Vella-Brodrick, 2008), intimate relationships (Brackett et al., 2005), and academic achievement (Van Rooy and Viswesvaran, 2004). In the workplace, employees with a high degree of trait EI have been shown to experience more positive and less negative affect (Kafetsios and Zampetakis, 2008), to be more satisfied with their jobs (Kafetsios and Zampetakis, 2008; Greenidge et al., 2014; Meisler, 2014), and to exhibit better job performance (Greenidge et al., 2014; Mulki et al., 2015). A meta-analysis also found that ability EI and trait EI were positively correlated with job performance (O’Boyle et al., 2011). Moreover, empirical evidence revealed that both ability EI and trait EI could act as buffers between job stressors and psychological health (Ciarrochi et al., 2002).

In line with the above definitions, the measurements methods of the two forms of EI are different. Ability EI is assessed through performance-based measurements resembling standard intelligence tests, in which respondents are instructed to maximize effort to achieve the maximum performance on problems related to emotional abilities (Côté, 2014). Trait EI is measured by self-report instruments, through which respondents are asked to confidentially evaluate the contents that describe their abilities in the emotional domain (Schutte et al., 1998). The accuracy of the responses to the self-reported EI items depends on whether the respondents are able to accurately estimate their abilities related to emotional processes and whether they are willing to report them (Côté, 2014). However, evidence has shown that individuals may overestimate their EI (Brackett et al., 2006; Sheldon et al., 2014). Moreover, the self-reported EI questionnaires are susceptible to social desirability bias. For example, applicants may fake their trait EI in these questionnaires during personnel selection. Therefore, EI researchers encourage the use of performance-based measurements to capture actual EI abilities in research and practice, especially in organizational settings (Côté, 2014). Thus, the current study mainly focused on ability EI.

The most prevalent theoretical model in the ability EI research domain is the hierarchical four-branch model, which proposes four branches of ability EI: perceiving/expressing emotions (i.e., accurate perception and expression of emotions); using emotions (i.e., capitalizing on the systematic effects of emotions on cognitive activities); understanding emotions (i.e., identifying the connections between emotions and events); and regulating emotions (i.e., increasing, maintaining, or decreasing one’s own or others’ emotions) (Mayer and Salovey, 1997). Based on this model, Mayer et al. (2002) developed the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) to measure these four EI branches. To date, research on ability EI has been dominated by the MSCEIT, and thus, what we know about ability EI is largely based on this measurement. However, it is difficult to know whether these empirical results were attributable to the constructs examined or the unique measurement method used. Moreover, there is evidence to suggest that the MSCEIT has problems with its scoring method (Austin et al., 2008), as well as with its task and item selection (Roberts et al., 2006), which emphasizes the necessity and importance of developing alternative measures of ability EI.

To provide alternative instruments for assessing ability EI, MacCann and Roberts (2008) developed the situational test of emotional understanding (STEU) and the situational test of emotional management (STEM) using the situational judgment test paradigm. The STEU and STEM target the third and the fourth branch of the four-branch ability EI model, respectively. According to this model, the four hierarchically ordered EI branches monotonically increase in cognitive complexity from the first to fourth branch, and can be grouped into two areas: experiential EI (encompassing the lower two branches) and strategic EI (encompassing the two higher branches) (Mayer et al., 2002). Thus, the STEU and STEM provide a comprehensive picture of strategic EI. The understanding emotions branch is the “most cognitively saturated” and regarded as the key focus of abstract processing and reasoning with respect to emotion (Mayer et al., 2001). The regulating emotions branch is the highest and most complex branch; it involves managing emotions for personal and interpersonal growth, which combines and balances motivational, emotional, and cognitive factors (Mayer et al., 2001). A recent empirical study indicated that the discriminating and predictive power of ability EI lay primarily in these two strategic branches (Dimitrijević et al., 2018).

The STEU measures an individuals’ ability to understand the connections between events and emotions (i.e., the understanding emotions branch) (MacCann and Roberts, 2008). The content of the items of the STEU was derived from Roseman (2001) appraisal theory, which provided a strong theoretical basis for emotional understanding. Within the framework of this theory, individuals’ evaluation of a situation or event cause specific reactions and bring about emotional responses based on their appraisal, and 17 discrete emotions are generated according to specific combinations of seven appraisal dimensions (motive-consistency, causal attribution, certainty, control potential, unexpectedness, motivational state, and problem source). The STEU consists of 42 scenarios covering the following emotions: sadness, pride, relief, joy, regret, gratitude, distress, hope, contempt, surprise, frustration, anger, fear, and dislike. The scenarios contain ample multiple-choice items, including 14 context-reduced items, 14 with a personal-life context, and 14 with a workplace context (MacCann and Roberts, 2008). In each scenario, an emotional situation is described, and five emotions are presented. Respondents are asked to indicate which emotion is most likely to be generated by that particular situation. The answers of the items are scored as either correct or incorrect based on the appraisal theory. Thus, the scoring system of STEU is theoretically based and substantially different from the scoring system used for the MSCEIT. The STEM measures individuals’ ability to cope with stressful events by regulating negative emotions and enhancing positive emotions through emotional management (i.e., the regulating emotions branch), which is developed on the basis of the situational judgment test paradigm. In accordance with this paradigm, items were generated by the semi-structured interviews, and answers from participants about those items constituted the response options. The relevant experts decided the scoring system based on their selection for the proportion of each option (MacCann and Roberts, 2008). The test consists of 44 scenarios covering three emotions, namely, fear, anger, and sadness. In each scenario, an emotional situation is described and four options regarding the action to manage the emotions and solve the problems in that scenario are presented. The respondents are asked to select the most effective option. The STEU and STEM showed good convergent and divergent validity. The correlation between the STEU and STEM scores was 0.29 (Austin, 2010). The STEU scores correlated at 0.44 with the MSCEIT understanding scores (Austin, 2010) and at 0.31 with scores on the theory of mind test (Ferguson and Austin, 2010). The STEM scores correlated at 0.30 with the MSCEIT management scores (Austin, 2010) and at 0.21 with scores on the theory of mind test (Ferguson and Austin, 2010). The STEU and STEM also showed small to moderate correlations with personality traits (MacCann and Roberts, 2008; Libbrecht and Lievens, 2012). Moreover, the STEM scores correlated at 0.23 with academic performance in a sample of undergraduate medical students (Libbrecht et al., 2014), thus providing support for criterion validity in real life.

More recently, researchers have developed the brief version of STEU (STEU-B) and the brief version of STEM (STEM-B) by evaluating the psychometric properties of STEU and STEM using the item response theory (IRT) method (Allen et al., 2014, 2015). IRT provides valuable methods for assessing the psychometric properties of EI measurements (Karim, 2010; Cho et al., 2015), which has advantages compared with the classical test theory (CTT) method. First, unlike CTT, which examines the psychometric properties of EI measurements based on observed scores, the IRT method provides psychometric information that is not dependent on the sample. Furthermore, the CTT method assumes a constant effectiveness and measurement precision of the test and items. In comparison, the IRT method holds that the effectiveness and precision of the test and items vary across different levels of the trait. Therefore, the IRT can be used to calculate the probability that the respondents choose a particular answer of each item and to estimate the ability of the test and each item to differentiate respondents at every level of EI. Allen and colleagues evaluated the item parameters (i.e., discrimination, difficulty, and guessing parameters) and the item information for each item included in STEU and STEM as provided by IRT analysis (Allen et al., 2014, 2015). Based on these psychometric properties, the items with low “maximum effectiveness” (a maximum amount of item information < 0.05) and providing information for similar areas of the latent scale were omitted, resulting in 19-item STEU and 18-item STEM scales. Thus, the STEU-B and STEM-B can provide sufficient information across different levels of item difficulty. The Cronbach’s alpha coefficients for STEU-B and STEM-B were 0.63 (Allen et al., 2014) and 0.84 (Allen et al., 2015), respectively. The correlation between STEU-B and STEM-B was 0.30 (Allen et al., 2015). With the increasingly high usage of EI measurements in research and practice, the short version of performance-based EI instruments has been requested by both EI researchers and organizational managements. Thus, STEU-B and STEM-B can be useful tools in cases where research time is limited and for organizational management purposes.

Despite these significant advances in EI research, STEU and STEM research has been limited to Western cultural participants (e.g., MacCann and Roberts, 2008; Austin, 2010; Côté et al., 2011). Previous evidence has indicated that cultural differences between performance-based EI tests may exist (Côté, 2014). Therefore, the generalization of STEU-B and STEM-B should be further examined in different cultural contexts. Furthermore, EI is an increasingly important issue in the workplace setting, and applying EI instruments in organizational management comes with the growing need to evaluate the measurement precision and criterion validity of EI instruments in the organizational setting (Karim, 2010; Greenidge et al., 2014). However, empirical evidence for the criterion validity of STEU-B and STEM-B to predict the work-related variables in a real organizational setting is limited. It is also unknown whether the patterns of associations between EI and work criteria that have been found in research on Western culture hold in Chinese organizational context. Accordingly, this study aimed to validate the STEU-B and STEM-B in a sample of Chinese employees in terms of psychometric properties and criterion validity. Specifically, we analyzed the psychometric properties of the Chinese versions of STEU-B and STEM-B using the IRT method and examined the associations between the Chinese versions of STEU-B and STEM-B scores and several work-related variables. By doing so, this study improved the research on EI in different cultural contexts and extended the information on the STEU-B and STEM-B by providing their criterion-related validity in the Chinese organizational setting.

Specifically, we expected the Chinese versions of the STEU-B and STEM-B scores to be related to the work-related criterion in several respects. First, we posited that EI scores should be negatively associated with the indicators of occupational stress and strain. The abilities of emotional understanding and emotional regulation facilitate stress management and adaptive coping (Oginska-Bulik, 2005; Gallagher and Vella-Brodrick, 2008). Thus, employees who are capable of understanding and regulating emotions can cope with negative events and occupational stress well, and thereby suffer less psychological strain than employees with low EI levels. Second, EI should be related to positive and negative affect at work. To be specific, the emotional regulation branch of EI can help employees to cope with high job demands and undesirable job-related events, as well as to control and alter emotional experiences caused by unfavorable events, which may lead to more positive experiences and less negative experiences at work. Consistent with this reasoning, evidence has shown that employees with high ability of emotional regulation experienced more work-related positive affect and less work-related negative affect than employees with low emotional regulation ability (Kafetsios and Zampetakis, 2008; Parke et al., 2015). Third, we posited that emotionally intelligent employees should be more satisfied with their jobs. Employees with high abilities of emotional understanding and regulation can better understand and anticipate others’ emotions in the workplace, cope with negative experiences and unfavorable job-related events, and have better psychological health than others (Sy et al., 2006; Vratskikh et al., 2016). This can in turn increase their job satisfaction levels. Existing research has consistently suggested that EI predicts employees’ job satisfaction (Kafetsios and Zampetakis, 2008; Greenidge et al., 2014; Ouyang et al., 2015; Vratskikh et al., 2016). Thus, the STEU-B and STEM-B scores should be positively associated with employees’ job satisfaction. Fourth, EI is an important predictor of job performance. In two meta-analyses, the correlations between performance-based EI scores and job performance were 0.16 (Joseph and Newman, 2010) and 0.21 (O’Boyle et al., 2011), respectively. Moreover, emotional understanding and emotional regulation were found to play different roles in determining job performance. In the cascading model of EI (Joseph and Newman, 2010; Newman et al., 2010), emotional understanding was proposed as an effect on emotional regulation, which in turn influenced job performance directly. Therefore, emotional regulation mediated the effect of emotional understanding on job performance. Accordingly, STEU-B and STEM-B scores should be positively related to job performance. Moreover, the association between STEM-B score and job performance should be stronger, and the effect of STEU-B score on job performance would be fully mediated by the STEM-B score.

In summary, based on the existing results of STEU and STEM, and the research on EI in the organizational context, the following hypotheses were proposed: (1) A significant correlation exists between the Chinese versions of STEU-B and STEM-B scores; (2) The Chinese versions of the STEU-B and STEM-B scores are negatively correlated with psychological strain; (3) The Chinese versions of the STEM-B score are positively correlated with positive affect at work and negatively correlated with negative affect at work; (4) The Chinese versions of the STEU-B and STEM-B scores are positively correlated with job satisfaction; and (5) The Chinese versions of the STEU-B and STEM-B scores are positively correlated with job performance, and the effect of the STEU-B score on job performance is fully mediated by the STEM-B score.



MATERIALS AND METHODS

Participants and Procedures

The sample for this research was drawn from full-time employees working in an information technology company located in three major cities (Beijing, Shanghai, and Guangzhou) of China. Before the study, we contacted the company’s human resource management department to help us to distribute the survey. The employees were invited to participate in the study voluntarily. Participants went to a meeting room during their break time and were briefed on the purpose and procedure of the current study by a researcher individually. They were also assured that their responses would be kept anonymous and confidential. Then each participant provided written, informed consent prior to data collection. After that, they were asked to complete the STEU-B, STEM-B, and to participate in the measurement of criterion-related variables individually in the meeting room. In total, 904 participants completed and returned the survey. The sample consisted of 537 men and 367 women with an average age of 27.72 years (SD = 3.30) and an average job tenure in the current company of 4.20 years (SD = 2.52). The education level of the sample was relatively high; 25 participants (3.2%) had a high school diploma, 648 participants (82.4%) had a college education, and 113 participants (14.4%) had a master’s degree. The employees were from various departments: marketing and sales (20.0%), technology and data analysis (22.5%), product development (12.4%), customer service and consulting (13.8%), administration (12.5%), human resources (3.5%), finances (6.7%), and unspecified other departments (8.6%). Among these employees, 378 (41.8%) needed to interact with customers (e.g., sales, customer service technicians, and product managers), 438 (48.5%) required frequent team discussion and cooperation (e.g., consultors, product managers, and products technicians), and 85 (9.4%) were team leaders. The direct supervisors of the participants were invited to confidentially evaluate the job performance of their subordinates. We received 632 supervisor evaluations.

All of the procedures performed in studies involving human participants were approved by The Ethics Committee of the Institute of Psychology of the Chinese Academy of Sciences. Approval of the study was also done by the human resource management department of the company at which this study was conducted.

Measures

The STEU-B and the STEM-B are described in the Introduction section. The English versions of the STEU-B and STEM-B were translated and adapted to the Chinese language in several stages. First, the original English versions were translated into Chinese by three bilingual native Chinese researchers independently. This resulted in different initial versions, which were reviewed and compared to produce consensual versions of STEU-B and STEM-B by the authors of the present study. Then, another bilingual native Chinese researcher back-translated these Chinese versions into English. The backward translator was familiar with the Chinese and western cultures and had no access to the original English versions. Next, the back-translated English versions were compared with the original English versions. Items with problematic back translations were thoroughly discussed by the authors and other experts in the field of emotion through a series of group meetings, and some minor revision were made to ensure the culture equivalence between the original English versions and the Chinese versions. Most modifications were minor, involving the choice between two synonyms or the change of the word order. The STEU-B was scored according to the original scoring system. Specifically, the correct answer was scored as “1” and the other answers were scored as “0” (MacCann and Roberts, 2008). The STEM-B scoring system is ordinarily based on the experts’ proportion of choosing each answer (MacCann and Roberts, 2008). In this study, we used the dichotomous scoring suggested by Allen et al. (2015) so that the IRT analyses could be conducted. Specifically, the best option was scored as “1,” and the other answers were scored as “0.”

The Chinese version of the General Health Questionnaire (GHQ-12) (Wang and Lin, 2011) was used to measure the psychological strain of employees. The questionnaire consisted of 12 items. Participants evaluated the levels of their psychological strain on a 7-point Likert scale (from 1 = strongly disagree to 7 = strongly agree), with higher scores indicating a higher level of psychological strain.

The IWP Multi-Affect Indicator (Warr et al., 2014) revised by Li et al. (2017) in the Chinese organizational context was used to assess participants’ experience of work-related positive and negative affect. This scale defined affect at work into four states: high-activation pleasant affect (HAPA), low-activation pleasant affect (LAPA), high-activation unpleasant affect (HAUA), and low-activation unpleasant affect (LAUA). Each dimension was measured using four adjectives that described work-related affect (HAPA: being enthusiastic, excited, inspired, and joyful; LAPA: being at ease, calm, laid back, and relaxed; HAUA: being anxious, nervous, tense, and worried; and LAUA: being dejected, depressed, despondent, and hopeless). The participants rated their experience at work in the past 4 weeks on a 7-point Likert scale (from 0 = never to 6 = always). As recommended by Warr and Parker (2010), the four single-quadrant scores were combined to create four double-quadrant dimensions: the positive affect dimension (all pleasant affect items) with higher scores indicating a higher level of positive affect, the negative affect dimension (all unpleasant affect items) with higher scores indicating a higher level of negative affect, the anxiety-comfort dimension (LAPA and reverse-scored of HAUA) with higher scores indicating a higher level of comfort, and the depression-enthusiasm dimension (HAPA and reverse-scored of LAUA) with higher scores indicating higher level of enthusiasm.

The job satisfaction scale developed by Schriesheim and Tsui (1980) was also employed. The scale consisted of 6 items. Respondents indicated their satisfaction with different aspects of their current job (e.g., co-workers, supervisors, and promotion) on a 5-point Likert scale (from 1 = very unsatisfied to 5 = very satisfied).

Supervisors were then asked to evaluate the general job performance of their subordinate on a 4-point scale (1 = fails, 2 = needs improvement, 3 = succeeds/meets standards, 4 = excels/exceeds standards). This measurement originated from Leavitt et al. (2011).

Demographic data on the employees (i.e., gender, age, and job tenure) were collected as control variables.

Data Analysis Procedure

Descriptive statistics (mean scores and standard deviation), item-total score correlation indexes, and Cronbach’s alpha coefficients were computed.

Before the IRT analysis, the unidimensionality of the scale had to be examined because IRT assumes that the items included in the scale assess a single construct. Therefore, confirmatory factor analyses (CFA) were conducted to verify the unidimensionality of the STEU-B and STEM-B data.

IRT analyses were then conducted using the latent trait modeling package of R software (Rizopoulos, 2006). According to the dichotomous nature of the data, the 3-parameter logistic (3-PL) IRT model (Birnbaum, 1968) was used to fit the STEU-B and STEM-B items. With the 3-PL IRT model, the discrimination, difficulty, and guessing parameters were calculated. The discrimination parameters (ai) captured the relationship between the probability of endorsing the correct option for each item and the latent construct, which represented the discriminating power of the particular item. The discrimination parameters were interpreted qualitatively with the Baker (1985) classification using the following terms: a < 0.20, very low discrimination; 0.21 < a < 0.40, low discrimination; 0.41 < a < 0.80, moderate discrimination; 0.81 < a < 1, high discrimination; a > 1, very high discrimination. The difficulty parameters (bi) indicated the 𝜃 value (i.e., the latent trait) at which people had a 50% chance of selecting the correct answer and at which point the item could provide sufficient information. The guessing parameters (ci) represented the index of correct guessing, which reflected the probability of choosing the correct answer.

The item information curve (IIC) for each item was generated based on the IRT parameters, which described the distribution of information provided by an item across the continuum of the latent trait (𝜃). The area under IIC equaled the amount of information that the particular item could provide across the different levels of the latent trait. The amount of information indicated the ability of the item to distinguish the respondents with different levels of EI. The test information function (TIF) of the scale was calculated by aggregating the IICs of all items within the scale. The area under TIF represented the total test information.

To investigate the criterion-related validity of the Chinese versions of STEU-B and STEM-B, the partial correlations between the STEU-B score, STEM-B score, as along with the psychological strain, job-related effects, job satisfaction, and general job performance by controlling gender, age, and job tenure were calculated. Moreover, since the different effects of the STEU-B and STEM-B scores on job performance were expected, we conducted a hierarchical regression analysis that predicted job performance.



RESULTS

Basic Descriptive Statistics

Tables 1, 2 list the mean score, standard deviation, and correlation between items and the total score for each item within the STEU-B and STEM-B scales, respectively. The mean scores on the STEU-B and STEM-B scales were 0.63 (SD = 0.19) and 0.60 (SD = 0.21), respectively. The Cronbach’s alpha coefficients for the STEU-B and STEM-B were 0.72 and 0.75, respectively. For the 19 STEU-B items, the correlations between items and the total score ranged from 0.33 to 0.54. For the 18 STEM-B items, the correlations between items and the total score ranged from 0.34 to 0.49. A significant gender difference was observed in the scores on the STEM-B (males: M = 0.58, SD = 0.22, n = 537; females: M = 0.63, SD = 0.18, n = 367; t = -3.15; p = 0.002; Cohen’s d = 0.26). However, no significant gender difference was observed in the scores on the STEU-B (males: M = 0.62, SD = 0.19, n = 537; females: M = 0.63, SD = 0.18, n = 367; t = -0.26; p > 0.05; Cohen’s d = 0.06).

TABLE 1. Descriptive statistics, item parameters and item information for STEU-B (n = 904).

[image: image]

TABLE 2. Descriptive statistics, item parameters and item information for STEM-B (n = 904).
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Unidimensionality

In an IRT analysis, ensuring unidimensionality of the measurement is important. Therefore, CFA was conducted to test the unidimensionality of the STEU-B and STEM-B scales. The results showed that the one-factor model fitted the data on the Chinese version of the STEU-B well [χ2 = 232.80, df = 152, GFI = 0.97, CFI = 0.93, IFI = 0.93, RMSEA = 0.024, 90% CI = (0.018, 0.030)]. The fit indices for the STEM-B scale were similar [χ2 = 286.43, df = 135, GFI = 0.97, CFI = 0.90, IFI = 0.90, RMSEA = 0.035, 90% CI = (0.030, 0.041)]. These results provided supports for the unidimensionality of the STEU-B and STEM-B.

Item Parameter Estimation and Information

The 3-PL model was used to fit the 19 STEU-B items. Table 1 shows the item parameters and the information for each item. The discrimination parameters ranged from 0.57 to 1.81, the difficulty parameters ranged from -1.67 to 0.97, and the guessing parameters ranged from 0.01 to 0.13. The item information for each item ranged from 0.43 to 1.44, and the maximum amount of item information ranged from 0.09 to 0.53. The total test information for the STEU-B scale was 14.91, and the point of maximum test information on the 𝜃 scale was -0.61, which suggested that the STEU-B scale can provide more sufficient information for individuals with low emotional understanding ability than those with high emotional understanding ability.

The 3-PL model was used to fit the 18 STEM-B items. Table 2 shows the item parameters and the information for each item. The discrimination parameters ranged from 0.68 to 1.62, the difficulty parameters ranged from -2.00 to 1.00, and the guessing parameters ranged from 0.01 to 0.13. The item information for each item ranged from 0.61 to 1.27, and the maximum amount of item information ranged from 0.13 to 0.45. The test information for the STEM-B scale was 16.27, and the point of maximum test information on the 𝜃 scale was -0.42, which suggested that the STEM-B scale can provide more sufficient information for individuals with low emotional management ability than those with high emotional management ability.

Correlations of STEU-B, STEM-B and Criterion Variables

The partial correlations among the STEU-B score, the STEM-B score, and other criterion-related variables by controlling age, gender, and job tenure are shown in Table 3. The STEU-B score was significantly correlated with the STEM-B score (r = 0.32, p < 0.001). The STEU-B score was significantly and negatively correlated with psychological strain, LAUA and overall negative affect at work. It significantly and positively correlated with LAPA, overall positive affect, the anxiety-comfort score, and the depression-enthusiasm score, job satisfaction, and supervisor-rated general job performance. The STEM-B score was significantly associated with all measured criterion-related variables in the expected directions.

TABLE 3. Descriptive statistics and partial correlations of all variables.
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Regression Analysis Predicting Job Performance

To further explore the differential predictive power of STEU-B and STEM-B on job performance, a hierarchical regression analysis predicting job performance was conducted. Independent variables and outcome variable were standardized to control the size of the effects. First, gender, age, and job tenure were entered as control variables. Second, the STEU-B score was entered into the regression. The results showed that this score significantly predicted job performance (β = 0.11, p = 0.008). Third, the STEM-B score was entered. The results showed that the STEM-B score significantly predicted job performance (β = 0.20, p < 0.001), whereas the coefficient of the STEU-B score became insignificant (β = 0.04, p > 0.05). Moreover, bootstrap results suggested that the standardized coefficient for the indirect effect of the STEU-B score on job performance through the STEM-B score was significant [effect = 0.07; 95% CI = (0.37, 0.11)].



DISCUSSION

This study examined the psychometric properties of STEU-B and STEM-B using the IRT method and their criterion validity in a sample of 904 Chinese employees. The internal consistencies of the Chinese versions of the STEU-B and STEM-B scales were found to be adequate; both were above 0.70. The mean scores on STEU-B and STEM-B in the Chinese context were close to those on the original version in the Western context (Allen et al., 2014, 2015). Previous studies reported that east Asians performed worse on MSCEIT than did North Americans (Mayer et al., 2002). This cultural difference in the scores on the performance-based EI test was in part because the test was developed in the west, and the correct answers to problems about emotions in the test varied across different cultures (Moon, 2011; Côté, 2014). However, our results indicated that the correct answers and scoring systems of STEU-B and STEM-B that were developed in the west were also applicable in the Chinese context.

Furthermore, the IRT analyses revealed that all of the items within the original STEU-B and STEM-B scales had good discrimination parameters in the Chinese context (moderate to high level). Moreover, the difficulty values of these items were evenly spaced, ranging from -2.00 to 1.00. The item information for each item was then computed as a function of item parameters. The maximum amount of item information ranged from 0.09 to 0.53 in this study, which exceeded the cutoff value of 0.05 suggested by Allen et al. (2014). These results were in line with previous findings, which showed that the items included in the STEU-B and STEM-B were able to distinguish different levels of EI effectively and provide sufficient item information (Allen et al., 2014, 2015). The inspection of both the IIFs and TIFs revealed that the Chinese versions of STEU-B and STEM-B had uneven information functions, and that STEU-B and STEM-B provided the maximum information for individuals with a trait value of -0.61 and a trait value of -0.42, respectively. Thus, similar to the English version, the Chinese versions of STEU-B and STEM-B were proved to be more useful in identifying individuals with poor to average emotional understanding and emotional management (Allen et al., 2014, 2015). Taken together, these results indicated that the psychometric properties of the Chinese versions of STEU-B and STEM-B were satisfactory, and that the original scoring systems of these scales were applicable in the Chinese context.

The criterion validity of the Chinese versions of STEU-B and STEM-B was evaluated by determining whether the STEU-B and STEM-B scores were related to several work criteria in meaningful ways. Consistent with substantial EI research reported in the west, which suggested that EI played an important role in stress management and job satisfaction (Oginska-Bulik, 2005; Gallagher and Vella-Brodrick, 2008; Vratskikh et al., 2016), the Chinese versions of the STEU-B and STEM-B scores were significantly related to a reduction in employees’ psychological strain and an increase in their job satisfaction. The results also demonstrated that the STEM-B score had positive relationships with both the HAPA and LAPA, and negative relationships with both the HAUA and LAUA at work, whereas the STEU-B score was only weakly associated with LAPA (e.g., being at ease) and LAUA (e.g., feeling dejected). These results were in line with previous studies that suggested that regulation of emotion was a more predictive EI dimension of work-related effects than of emotional understanding (Kafetsios and Zampetakis, 2008; Parke et al., 2015). Although the relationships between the STEU-B score and work-related effects were not expected, these results indicated that the employees with a high degree of emotional understanding experienced lower levels of LAUA in the Chinese organizational context. Both STEU-B and STEM-B were also significantly associated with double-quadrant dimensions affective scores. However, the correlations between STEU-B and these scores were very weak. Overall, the observed correlations between STEU-B and criteria indicated that the STEU-B had a stronger correlation with job satisfaction which involved the cognitive evaluation regarding different aspects of work, whereas the associations between STEU-B and affect-related scores were weaker. These results were consistent with the theoretical argument that emotional understanding was the most “cognitive” EI branch, which had a strong association with abstract reasoning and emotional information-processing (Mayer et al., 2001).

Our results also demonstrated that both the STEU-B and STEM-B scores were related to the supervisor-rated general job performance, and the association between STEM-B score and job performance was stronger than that between STEU-B score and job performance. The correlations in this study were similar to those reported in previous meta-analyses (Joseph and Newman, 2010; O’Boyle et al., 2011). The regulating emotions branch is the highest and most complex EI branch, which involves motivational, emotional, and cognitive factors. Thus, it may facilitate employees’ general job performance by achieving more adaptive mood states, obtaining valuable resources, forming better relationships with coworkers or customers, and promoting personal growth. Furthermore, in line with the cascading model of EI, which proposed that the higher branches of abilities (e.g., emotional regulation) were developed on the basis of the lower branches of abilities (e.g., emotional understanding) (Joseph and Newman, 2010; Newman et al., 2010), our results indicated that the understanding of emotions in specific situations may impact the management of emotions, such as the strategies we use to regulate our emotions, which in turn contribute to job performance. The practical implication of this is that it is meaningful to utilize some training programs to improve the emotional understanding of ability EI before emotional regulation to enhance employee’s job performance.

The STEU-B and STEM-B target the two higher, strategic branches of the ability EI that are important in the organizational context. The STEU-B and STEM-B are theoretically based and provide sufficient test information with fewer items, which is time-saving. Therefore, it would be very useful when testing time is severely limited and for researches that focus on strategic EI rather than experiential EI. Moreover, unlike MSCEIT which is a commercial test with scoring performed by a test company, the items selection and scoring systems of STEU-B and STEM-B are provided clearly to EI researchers. Thus, it is possible to further develop and improve these instruments. However, there are some limitations to this method of measurement. The item selection was based on test information curves, and this might have decreased the measurement precision for respondents whose ability lay outside of the mean (Allen et al., 2015). The mean scores of the Chinese versions of STEU-B and STEM-B in the current study were also found to be higher than those of the original full-length versions (MacCann and Roberts, 2008), indicating that the easier items were selected. Thus, the STEU-B and STEM-B would be more useful in populations where lower levels of emotional understanding and management are assumed.

Some limitations of this study and directions for further research should be addressed. First, the sample of this study was derived from a high-tech organization in three major cities of China, where the level of educational attainment was relatively high. In addition, these participants were relatively young, and different patterns in EI may be affected by individuals’ growth. Therefore, future studies should include broader samples of different occupations, education levels, socioeconomic backgrounds, and age groups to generalize these measurements. Second, although we provided evidence for the criterion validity of STEU-B and STEM-B in a Chinese organizational setting by examining their relationships with several important work-related criteria, the incremental validity was not examined since we did not control other individual different variables that predicted work-related criteria, such as cognitive ability, personality traits, and self-reported EI (Joseph and Newman, 2010; O’Boyle et al., 2011). Recent meta-analysis studies provided support for the incremental validity of EI in predicting work attitude (Miao et al., 2017) and job performance (Miao et al., 2018) while controlling for the big five personality traits and cognitive ability. Therefore, it is of great importance to explore the incremental validity of STEU-B and STEM-B in the organizational context by including these variables. Third, the associations between ability EI and general job performance were proved to be weak in our study. It has been proposed that the relationships between EI and work outcomes depend on the job or employment setting. Thus, considering other variables that is related to the specific work situation, or other work criteria are also important. For example, further studies can relate the STEU-B and STEM-B to other work criteria, such as emotional labor, contextual performance, and leadership. Fourth, the underlying cognitive processes may be different for different format (multiple-choice or rate-the-extent) (MacCann and Roberts, 2008), thus future research could explore the influence of thinking mode in EI research. Finally, we did not consider the influence of cultural values on EI and work-related outcomes, such as collectivism and long-term orientation (Miao et al., 2018). Researchers should incorporate these factors when delving into this topic in the future.



CONCLUSION

This study examined the applicability of two performance-based EI tests, namely STEU-B and STEM-B, in a sample of 904 Chinese employees. The internal consistencies were acceptable. The item parameters provided by the IRT analyses showed good discriminatory power and reasonable variation in difficulty across all the items within the STEU-B and STEM-B scales. Moreover, the scores on STEU-B and STEM-B were associated with several emotion- and work-related criteria in meaningful ways. Taken together, the Chinese versions of STEU-B and STEM-B scales were found to be psychometrically adequate measurements which might be useful to capture employees’ emotional understanding and emotional regulation as alternative ability EI tests. Further research should focus on further validation in broader work contexts, and in relation with various personality traits, intelligence, and work-related outcomes.
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Everyday human social interaction involves sharing experiences verbally and these experiences often include emotional content. Providing this context generally leads to the experience of emotions in the conversation partner. However, most emotion elicitation stimulus sets are based on images or film-sequences providing visual and/or auditory emotion cues. To assimilate what occurs within social interactions, the current study aimed at creating and validating verbal emotion vignettes as stimulus set to elicit emotions (anger, disgust, fear, sadness, happiness, gratitude, guilt, and neutral). Participants had to mentally immerse themselves in 40 vignettes and state which emotion they experienced next to the intensity of this emotion. The vignettes were validated on a large sample of native Portuguese-speakers (N = 229), but also on native English-speaking (N = 59), and native German-speaking (N = 50) samples to maximise applicability of the vignettes. Hierarchical cluster analyses showed that the vignettes mapped clearly on their target emotion categories in all three languages. The final stimulus sets each include 4 vignettes per emotion category plus 1 additional vignette per emotion category which can be used for task familiarisation procedures within research. The high agreement rates on the experienced emotion in combination with the medium to large intensity ratings in all three languages suggest that the stimulus sets are suitable for application in emotion research (e.g., emotion recognition or emotion elicitation).

Keywords: emotion vignettes, emotion, German, Portuguese, English


INTRODUCTION

The everyday life of humans involves many social interactions which are rarely free of emotional content. When we interact with each other, we tell stories about experiences including emotional states, and use facial expressions to communicate about our emotional states in addition to varying intonation and speed of our speech. Thus, a multitude of stimulus sets providing sensory cues exist for investigation of related research questions, e.g., stimulus sets of facial emotion (literature review by Ekman and Friesen, 1976; Langner et al., 2010; Krumhuber et al., 2013; Wingenbach et al., 2016) and vocalisations (Belin et al., 2008) but also including multiple modalities (Bänziger et al., 2009, 2012; Hawk et al., 2009; Dyck, 2012). Such stimulus sets are useful when investigating participants’ processing of other’s emotions based on sensory information and are generally stripped of contextual information.

Stimuli including contextual information are more likely to elicit an emotion in the observer or listener. Stimulus sets have accordingly been developed with the purpose to elicit emotions. A widely used stimulus set is the International Affect Picture Set (IAPS; Lang et al., 1997) which includes thousands of images depicting emotional scenes validated to elicit affect ranging in valence from negative to positive (Ito et al., 1998). There are also dynamic stimulus sets that can elicit affect, e.g., a film-based stimulus set containing 20 stimuli of positive vs. negative social interactions (Carvalho et al., 2012). Whereas these stimulus sets range on the valence dimension, there are also stimulus sets that aim at the elicitation of specific emotions, e.g., emotion eliciting film sequences (McHugo et al., 1982; Philippot, 1993; Gross and Levenson, 1995; Schaefer et al., 2010).

Emotion-specific stimulus sets often include the six emotion categories which are agreed upon by most researchers to represent so called basic emotions (Ekman et al., 1969; Ekman and Cordaro, 2011), but see also (Ortony and Turner, 1990). These emotions are anger, disgust, sadness, fear, happiness, and surprise. Because these emotions are considered universal, i.e., culturally independent, their inclusion in stimulus sets is often standard. However, many more emotions exist and are often called complex emotions, since they include a greater cognitive component than basic emotions. Examples of complex emotions are gratitude and guilt. To be able to experience gratitude, it is necessary to evaluate an action by someone else as beneficial to oneself and costly to the other person at the same time (McCullough et al., 2008). It is this saccade of appraisals that makes gratitude a complex emotion. The same applies to guilt. Here, an action carried out by oneself might have been beneficial to oneself but included negative aspects for another person (Tracy and Robins, 2006). Guilt as well as gratitude are emotions that emerge in interpersonal contexts and are thus of great interest to social psychology research. The authors are unaware of a stimulus set suitable for elicitation of emotions including these two complex emotions next to basic emotions. It is possible that it is difficult to induce guilt and gratitude with images whether static or dynamic and that therefore the focus is on basic emotions within such stimulus sets.

As opposed to watching films or images, reporting about experiences in conversations within social interactions includes verbal descriptions of scenarios. A semantic understanding by the listener is required as well as abilities of perspective taking to understand the emotional experience of the narrator and to experience their emotions. Verbal vignettes depicting brief situations of emotional content are a useful research tool incorporating these aspects. The “Geneva Emotion Knowledge test – Blends” includes 28 verbal vignettes each portraying two out of 16 target emotions (pride, joy, happiness, pleasure, interest, anxiety, sadness, irritation, fear, disgust, anger, guilt, shame, contempt, jealousy, and surprise). These vignettes can be used to measure emotion understanding (Schlegel and Scherer, 2017). When participants are instructed to mentally immerse themselves in the described scenarios, it is possible to elicit emotion experience. For example, a published study taking this approach included one verbal vignette depicting five emotions (anger, sadness, jealousy, embarrassment, and anxiety) (Vine et al., 2018). Whereas the individual vignettes used by Schlegel and Scherer (2017) and Vine et al. (2018) included several target emotions, it is also possible to target specific emotions one at a time within individual vignettes.

Verbal vignettes describing situations of one target emotion each (anger, sadness, and fear) were created by MacCann and Roberts (2008) and Hareli et al. (2011), the latter included vignettes depicting guilt. The International Survey on Emotion Antecedents and Reactions (Scherer and Wallbott) is a database of situations described by almost 3000 participants that elicited a specific emotion in them (joy, fear, anger, sadness, disgust, shame, and guilt). Whereas guilt as a target emotion is sometimes included alongside other emotions, vignettes targeting gratitude are generally not included. However, there is published research which focussed on gratitude itself. For example, a study included three gratitude vignettes although two of these vignettes described the same situation but was varied in the intensity of the received benefit (Wood et al., 2008) and another study included 12 gratitude vignettes (Lane and Anderson, 1976). The authors are unaware of a vignette stimulus set including gratitude and guilt next to basic emotions.

The current research aimed at developing and validating verbal emotion vignettes of seven different emotion categories alongside neutral vignettes. To assure that the vignettes can induce emotions, high agreement rates on the experienced emotions, and intensity ratings were necessary. Thus, agreement rates and intensity rates were calculated per vignette. It was required for each individual vignette to distinctively map onto one emotion category based on the agreement rates, which was addressed with hierarchical clustering. Based on the agreement rates, hit rates (raw and unbiased), and intensity rates were calculated for each emotion category for comparison to published instruments. To increase the benefit of the emotion vignettes to the research community, the vignettes were created, and validated in three languages (Portuguese, English, and German).



MATERIALS AND METHODS


Stimuli Creation

Verbal vignettes were created written from a first-person perspective to facilitate for the reader to imagine the situation described in the vignettes. The vignettes were each written with a similar length of ∼3 lines. It was aimed to describe scenarios that would clearly map onto one distinct emotion category. Initially, 10 vignettes were created per emotion category (anger, disgust, fear, sadness, guilt, happiness, and gratitude) and also for neutral scenarios. Several pilot studies were conducted on psychology student samples. Each pilot study led to adjustments of the wording of the vignettes and clarification of the task instructions with the aim to increase recognition rates of the individual vignettes. Every vignette with a recognition rate of the target emotion <80% was re-written to be more distinct. Eventually, 5 vignettes per emotion category with recognition rates of > = 80% were selected to be included in the validation study (presented in the results section of the current manuscript). The vignettes with the highest recognition rates were selected, as the aim for the vignettes was to have as little ambiguity as possible. All 40 vignettes in each of the three languages can be found in the Supplementary Material but example vignettes (one for each emotion category) are provided in the following:

Anger: “I was eating cake at home with my sister when her boyfriend arrived. He glanced at the cake and said she should stop eating because she was getting too fat and he wouldn’t date her anymore if she continued like that.”

Disgust: “On my way home, I saw a dead rat on the sidewalk. When I got closer I noticed its belly was open, decomposing, with tons of white maggots crawling inside it, and some coming out of its mouth.”

Fear: “It was late one night, and I was in a deserted plaza with some friends. We were laughing and walking in the direction of the car when my friend was struck in the back. We all froze when we saw two men pointing guns at us.”

Sadness: “When me and my sister were younger, we became orphans. We ended up being sent to different homes. I remember this day, because my sister cried a lot and held me tight. I didn’t understand why I couldn’t stay with her.”

Guilt: “When I ended my relationship, I shared intimate photos of my ex-girlfriend with a group of friends. These pictures were leaked to the internet, and afterward I found out she had been fired from her job for getting a bad reputation. I should never have done that.”

Neutral: “I left college at noon and went to the parking lot to pick up my car and leave. On the way, there was a restaurant and I had lunch there before heading on. I got on my way and home at two o’clock.”

Happiness: “I went to see a show of a band I’ve been a fan of since I was a teenager. During the show, the vocalist saw my poster, walked toward me smiling, and reached out to me while singing my favourite song.”

Gratitude: “Late one night, I slept on the last bus and only woke up at the final bus stop. My cell phone battery was dead and, hearing my story, a station worker let me borrow his phone to call someone.”



Participants

Portuguese-speaking participants were recruited from the Mackenzie Presbyterian University student population through social media. Data was collected from 301 participants. A control measure was inserted in the online assessment to identify participants who did not pay attention to their answering. After exclusion of these individuals, the final sample size included in the analyses was N = 229 [202 females, 27 males; M(age) = 20.7 years, SD = 4.7]. English-speaking participants [N = 59, 30 females, 29 males; M(age) = 34.5 years, SD = 10.9] were recruited through social media from the general population. English as mother tongue was required for participation in the study. German-speaking participants [N = 50, 28 females, 22 males, M(age) = 37.4 years, SD = 11.7] were recruited from the general population through social media and German as mother tongue was a requirement for study participation. No participants were excluded from the English-speaking and German-speaking samples for analyses.



Procedure

Ethical approval of the study was provided by the Mackenzie Presbyterian University Ethics Committee. Participants accessed the vignettes through a Google Forms survey and written informed consent for participation was obtained within the survey. Participants were instructed to participate from a place without distractions, to answer on their own, and not to engage in any other activity while completing the study. The instruction for each vignette was for the reader to imagine to be the person depicted in the scenario and immerse themselves in the scenario. Participants then had to choose one emotion category from a list of provided labels (one for each of the 8 emotion categories) to state what they were feeling while they imaged to experience the situation depicted in the vignette. Next, participants had to rate the intensity of the chosen emotion for the respective vignette on a 10-point Likert-scale ranging from 0 (=very low) to 9 (=very high). Completing the study took approximately 25 min. Portuguese-speaking participants were granted course credit for participation. English-speaking and German-speaking participants were not compensated for participation as required by Brazilian law.



Statistical Methods

Data files (one for each language) were created including participants’ responses to each vignette. The responses to the first question (emotion label attributions) for each vignette were transformed to reflect target emotion attributions by assigning ones and non-target attributions by assigning zeros to be able to calculate raw hit rates per vignette (separately for each language). That is, for each vignette, the number of attributions of the target emotion across participants was summed, divided by the respective N, and multiplicated by 100 (i.e., rule of three, to represent percentages for ease of interpretation). Likewise, mean intensity rates (in %) per vignette were calculated (only considering classifications of the target emotion to the individual vignettes) by applying the rule of three, i.e., the intensity ratings of all participants were averaged per vignette, divided by 9, and multiplicated by 100.

Statistical analyses were conducted using the software SPSS (version 24; IBM Corp, 2016). A hierarchical cluster analysis with average linkage between groups and squared Euclidian distance was conducted (separately for each language) including all 40 vignettes to test whether the individual vignettes clearly mapped onto one emotion category as intended based on the sum of emotion label attributions per category (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude). Vignettes that did not clearly map onto their target emotion category were eliminated and the hierarchical cluster analysis was conducted again only including the remaining vignettes.

Afterward, raw hit rates per emotion category were calculated (separately for each language) by averaging the raw hit rates (in %) of the four vignettes per emotion category to be included in the final stimuli sets as identified by the cluster analyses.

As a measure of distinctiveness, unbiased hit rates (Hu; Wagner, 1993) were calculated for each emotion category (separately for each language). Hu takes response biases into consideration by which the raw hit rates are corrected. The formula is Hu = a2/(a + b + c)*(a + d + e) where a represents the target emotion, b and c represent the misattributions of another emotion to the presented target emotion, and d and e represent the misattributions of the target emotion to other emotion categories. The resulting Hu rates represent percentages.

Intensity rates were calculated per emotion category (separately for each language) by averaging the intensity rates (in %) of the four vignettes per emotion category as identified by the cluster analyses to be included in the final stimuli sets.




RESULTS


Portuguese Vignettes

Table 1 displays the Ms and SDs of the raw hit rates and intensity rates for the individual vignettes.

TABLE 1. Agreement rates and intensity rates in percentages for each vignette in English, Portuguese, and German.
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Cluster Analyses

Results (Figure 1A) from the hierarchical cluster analysis showed that for 6 emotion categories (disgust, fear, sadness, happiness, gratitude, and guilt) all 5 emotion vignettes for the target emotion categories were clustered together on the first cluster level. For 2 categories (neutral and anger), clusters emerged on first, and second level. After eliminating the vignette with the lowest recognition rates for each of the 8 emotion categories, cluster analysis including 32 vignettes showed 8 clusters including 4 vignettes each at the first level (Figure 1B). The single solution of 8 clusters also grouped all vignettes according to their target emotion. All following results are based on the 4 identified vignettes per emotion category.
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FIGURE 1. Dendrograms for the Portuguese vignettes with (A) 40 vignettes and (B) 32 vignettes.





Raw Hit Rates per Emotion Category

Raw hit rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 2.
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FIGURE 2. Unbiased hit rates (Hu), raw hit rates, and intensity rates from the Portuguese vignettes validation per emotion category. Error bars represent standard errors of the means.





Hu Rates per Emotion Category

Hu rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 2. The confusions between emotion categories underlying the Hu rates are presented in Table 2.

TABLE 2. Confusions between the emotion categories in percentages from all three studies.
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Intensity Rates per Emotion Category

Intensity rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 2.




English Vignettes

Table 1 displays the Ms and SDs of the raw hit rates and intensity rates for the individual vignettes.


Cluster Analyses

Results (Figure 3A) from the hierarchical cluster analysis showed that for 5 emotion categories (disgust, sadness, gratitude, happiness, and neutral) all 5 emotion vignettes for the target emotion categories were clustered together on the first cluster level. For 3 categories (fear, anger, and guilt), 4 vignettes were categorised as belonging together on the first cluster level and 1 vignette was clustered to the target category on higher levels (level 2 and level 5). After eliminating the vignette with the lowest recognition rates for each of the 8 emotion categories, cluster analysis including 32 vignettes showed 8 clusters including 4 vignettes each at the first cluster level (Figure 3B). The single solution of 8 clusters also grouped all vignettes according to their target emotion. All following results are based on the 4 identified vignettes per emotion category.
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FIGURE 3. Dendrograms for the English vignettes with (A) 40 vignettes and (B) 32 vignettes.





Raw Hit Rates per Emotion Category

Raw hit rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 4.
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FIGURE 4. Unbiased hit rates (Hu), raw hit rates, and intensity rates from the English vignettes validation per emotion category. Error bars represent standard errors of the means.





Hu Rates per Emotion Category

Hu rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 4. The confusions between emotion categories underlying the Hu rates are presented in Table 2.



Intensity Rates per Emotion Category

Intensity rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 4.




German Vignettes

Table 1 displays the Ms and SDs of the raw hit rates and intensity rates for the individual vignettes.


Cluster Analyses

Results (Figure 5A) from the cluster analysis showed that for 5 emotion categories (fear, gratitude, happiness, guilt, and neutral) all 5 emotion vignettes for the target emotion categories were clustered together. For 2 categories (sadness and anger), 4 stories were categorised as belonging together on the first cluster level and one story was clustered to the target emotion at a higher level (level 2 and level 3). For the category of disgust, 3 clusters emerged ranging from level 1 to 3. After eliminating the vignette with the lowest recognition rates for each of the 8 emotion categories, cluster analysis including 32 vignettes showed 7 clusters including 4 vignettes each at the first level and there was a second cluster between disgust vignettes at the second level (Figure 5B). The single solution of 8 clusters grouped all vignettes according to their target emotion including disgust. All following results are based on the 4 identified vignettes per emotion category.
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FIGURE 5. Dendrograms for the German vignettes with (A) 40 vignettes and (B) 32 vignettes.





Raw Hit Rates per Emotion Category

Raw hit rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 6.
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FIGURE 6. Unbiased hit rates (Hu), raw hit rates, and intensity rates from the German vignettes validation per emotion category. Error bars represent standard errors of the means.





Hu Rates per Emotion Category

Hu rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 6. The confusions between emotion categories underlying the Hu rates are presented in Table 2.



Intensity Rates per Emotion Category

Intensity rates (Ms and SEs) for the emotion categories (anger, disgust, fear, sadness, guilt, neutral, happiness, and gratitude) are presented in Figure 6.





DISCUSSION

The current research aimed at developing and validating verbal vignettes portraying short scenarios related to the specific emotions of anger, disgust, sadness, fear, happiness, gratitude, guilt, and neutral. Results showed that the individual emotion vignettes included in the final stimulus sets clearly mapped onto distinct emotion categories for each of the three languages. Results further showed high intensity rates for the self-reported experience of emotions while participants immersed themselves in the scenarios depicted in the vignettes. The vignettes can thus be considered successfully validated making them applicable within emotion research, e.g., emotion recognition and emotion elicitation.

When including five vignettes per emotion category, the results from the cluster analyses slightly exceeded the expected 8-cluster-solution. However, requesting a single solution with 8 clusters grouped all vignettes according to their target emotion. To only include the most similar vignettes per emotion category, the vignette with the lowest hit rate per emotion category was excluded which led to one cluster per included emotion category for the Portuguese and English stimulus set in subsequent analyses. The German stimulus set included one second level cluster, because one disgust vignette did not reach as high disgust attributions as the other three disgust vignettes. However, the additional cluster occurred at the second level and between disgust vignettes themselves; the next cluster only occurred at the 22nd level. The single solution with specified 8 clusters again grouped all vignettes according to their target emotion. It can be concluded that the final stimulus set of 32 emotion vignettes includes the most distinct stimuli which map clearly onto specific emotion categories for all three languages. As it is general practice to include example stimuli in psychological research with the aim to familiarise participants with the task procedures, the 8 excluded emotion vignettes with the lowest hit rates per emotion category could be used for such purposes.

The individual dendrograms further showed that some emotion categories were more similar to each other than others. For example, the emotion categories of happiness and gratitude were positioned closer to each other than categories such as anger, guilt, and sadness, while anger was positioned a little farther from the other emotion categories. It seems as though emotion categories positive in valence and emotion categories negative in valence were each positioned closer together. In addition, emotions with higher arousal level were positioned closer to each other than such of low arousal. Such a structure is in line with emotion theories such as the circumplex model of affect (Russell, 1980) defining emotions as representable on valence and arousal dimensions. When representing emotions in the two-dimensional space on valence and arousal, then negative emotion categories low in arousal are closer to each other (e.g., guilt and sadness) than to positive valence emotions that are low in arousal (e.g., happiness and gratitude), which themselves are closer to each other. It is interesting to note that the clustering in the current research was based on emotion label attributions of the emotion experienced while participants read scenarios rather than evaluations of the vignettes, e.g., on similarity. These results suggest that even when semantic understanding is necessary and a more cognitive approach to emotion elicitation is taken, the structure of emotion is represented. That is, it is more likely for participants to experience an emotion that is neighbouring the target emotion if it was not the target emotion that was experienced.

There were a few differences next to overlap between the three languages in terms of which individual emotion vignette per emotion category achieved the lowest hit rates (and was excluded from the main stimulus set per language). The neutral vignette with the lowest hit rate was different for all three languages. The lowest hit rate for anger and happiness vignettes were the same for the German and the English sample but not the Portuguese sample. However, the same vignettes led to lowest hit rates in all three languages for the emotion categories of fear, disgust, sadness, gratitude, and guilt. With many emotion categories overlapping in terms of which vignette had the lowest hit rate, this shows some consistency between the stimulus sets of the three languages.

The raw hit rates per emotion category were generally high and ranged between ∼75 and 95% in the Portuguese-speaking sample, ∼70–85% in the English-speaking sample, and ∼75–90% in the German-speaking sample. Even after correcting for response biases, the unbiased hit rates remained high in all three languages lowering the raw hit rates by roughly 5–10% per emotion category. Since there are no published verbal vignette stimulus sets including a similar number of emotion categories and the number of answer choices affects hit rates, the hit rates from the present stimulus sets cannot be directly compared to other stimulus sets. Nonetheless, these high agreement rates suggest that the stimulus sets in all three languages would be suitable for application in emotion recognition research. High agreement on participants’ reports about the emotion they experienced while immersing themselves into the scenarios described in the vignettes are also a prerequisite for applicability of the vignettes as valid emotion elicitation instrument.

The self-reported felt intensity reached medium to high intensities per emotion category suggesting that the vignettes are suitable for emotion elicitation. There were slight differences between the three languages regarding the intensity rates. The intensity rates (including the neutral category) in the Portuguese-speaking sample were ∼65–90%, ∼50–80% in the English-speaking sample, and ∼45–80% in the German-speaking sample. These results are only comparable to published film-based stimulus sets applicable for eliciting specific emotions, since no verbal vignette stimulus set is published presenting intensity ratings. Gross and Levenson (1995) reported between 37 and 64% intensity of felt emotions for the emotion categories included in their video stimulus set. The results from the vignettes presented here compare favourably to this stimulus set. The here obtained ranges of emotion intensity are below ceiling and thus allow for experimental manipulations aiming at investigating subsequent effects on emotion experience. For example, a study conducted in our laboratory showed that affiliative touch can modulate the evaluation of affective images (Wingenbach et al., unpublished). The created stimulus set could be used to investigate the effect of touch on emotion experience. Together, the created vignettes constitute a promising stimulus set for emotion elicitation.

There were differences in the hit rates between the three samples and the Portuguese sample achieved the highest hit rates across emotion categories. The samples differed from each other in their demographic characteristics, which can likely explain the differences in hit rates. The Portuguese sample included only university students who are required to participate in research as part of their degree and thus might have had prior experience with tasks as the current one. Better task performance by university students is often observed compared to general population samples and might also apply to the current research. In addition, the student sample included younger participants than the general population samples and the vignettes were written by age-similar peers. It is possible that these factors contributed to the higher hit rates in the Portuguese sample. Due to the differences between the samples, statistical comparisons of the results between the samples were not conducted.

In conclusion, three stimulus sets containing 32 vignettes (4 vignettes for each category of anger, disgust, fear, sadness, happiness, gratitude, guilt, and neutral) and an additional practice vignette per category were created and validated in three languages (Portuguese, English, and German) and the results suggest their suitability for emotion recognition and emotion elicitation research. The vignettes can be used for research purposes and are available to researchers free of charge downloadable from the Supplementary Material.
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Research has demonstrated that when data are collected in a multilevel framework, standard single level differential item functioning (DIF) analyses can yield incorrect results, particularly inflated Type I error rates. Prior research in this area has focused almost exclusively on dichotomous items. Thus, the purpose of this simulation study was to examine the performance of the Generalized Mantel-Haenszel (GMH) procedure and a Multilevel GMH (MGMH) procedure for the detection of uniform differential item functioning (DIF) in the presence of multilevel data with polytomous items. Multilevel data were generated with manipulated factors (e.g., intraclass correction, subjects per cluster) to examine Type I error rates and statistical power to detect DIF. Results highlight the differences in DIF detection when the analytic strategy matches the data structure. Specifically, the GMH had an inflated Type I error rate across conditions, and thus an artificially high power rate. Alternatively, the MGMH had good power rates while maintaining control of the Type I error rate. Directions for future research are provided.

Keywords: multilevel, differential item functioning, invariance, validity, test and item development


INTRODUCTION

Measurement invariance (MI) is recognized as a critical component toward building a validity argument to support test score use and interpretation in the context of fairness. At the item-level, MI indicates that the statistical properties characterizing an item (e.g., difficulty) are equivalent across diverse examinee groups (e.g., language). As such, it represents a critical aspect of the validity of test data, particularly for ensuring the comparability of item and total scores to guide decisions (e.g., placement) across examine groups. Differential item functioning (DIF) is a direct threat to the MI of test items and occurs when item parameters differ across equal ability groups, resulting in the differential likelihood of a particular (e.g., correct) item response (Raju et al., 2002). DIF detection generally focus on the identification of uniform and nonuniform DIF, where uniform DIF refers to differential item difficulty across equal ability groups, and nonuniform DIF refers to inequality of the discrimination parameters across groups, after matching on ability. DIF studies are encouraged by the Standards for Educational and Psychological Tests (American Educational Research Association et al., 2014), and follow sound testing practices.

Considerable attention has been focused on the development and evaluation of DIF detection methods to identify potentially biased test items (Osterlind and Everson, 2009). The outcome of this work, for example, has provided a basis to judge the efficacy of these methods to detect DIF among dichotomously (Holland and Thayer, 1988; Narayanan and Swaminathan, 1996) and polytomously (French and Miller, 1996; Williams and Beretvas, 2006; Penfield, 2007) scored items. An extension of this work is testing their effectiveness to detect DIF under multilevel data structures (Luppescu, 2002; French and Finch, 2010, 2012, 2013; Jin et al., 2014). Hierarchical data structures, such as students nested in classrooms, are common in educational testing settings (O'Connell and McCoach, 2008). Consequently, the non-independence of observations in multilevel data can result in inflated Type I error rates (Raudenbush and Bryk, 2002), which can result in invalid inferences of DIF detection methods. Whereas adjusted DIF detection procedures (e.g., Mantel-Haenszel [MH], logistic regression [LR]) have been evaluated for dichotomously scored test items (French and Finch, 2012, 2013; Jin et al., 2014), the purpose of this study was to address the literature gap on the use of the generalized Mantel-Haenszel (GMH) procedure for DIF detection of polytomously scored test items in multilevel data.



DIF ASSESSMENT FOR POLYTOMOUS ITEM RESPONSE DATA USING THE GENERALIZED MANTEL-HAENSZEL STATISTIC

There exist a large number of DIF detection methods for diverse types of item data, several of which have been studied and compared (e.g., Narayanan and Swaminathan, 1996; Penfield, 2001; Kistjansson et al., 2004; Finch, 2005; Woods, 2011; Oliveri et al., 2012; Jin et al., 2014). In the context of polytomous item response data, which is the focus of this study, one of the most proven of these methods is the GMH statistic. Holland and Thayer (1988), and Narayanan and Swaminathan (1996), applied the MH to DIF detection with dichotomous items. Subsequently, it has been used for investigating the presence of DIF with polytomous items, and been shown to be a useful tool for that purpose (Penfield, 2001). The MH procedure is an extension of the chi-square test of association, allowing for comparison of item responses between the focal and reference groups conditioning across multiple levels of a matching subtest score. When testing the null hypothesis of no DIF, the MHχ2 statistic is used (Holland and Thayer, 1988):
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where
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In Equations (1) and (2), Aj – E(Aj) is the difference between the observed number of correct responses for the reference group on the item being studied for DIF (A) and the expected correct number, nRjand nFj are the sample sizes for the reference and focal group, respectively, at score j of the matching subtest, m1j and m0jrepresent the number of correct and incorrect responses, respectively, at j matching subtest score, and T represents the total number of examinees at matching subtest score j. This statistic is distributed as a chi-square with one degree of freedom and tests the null hypothesis of no uniform DIF. This statistic can be readily extended to accommodate items with more than two categories (Penfield, 2001).



ADJUSTED MH TEST STATISTIC METHOD

French and Finch (2013) identified a promising set of adjustments for the MH statistic for DIF detection in the context of multilevel data. Their work was based on an earlier effort by Begg (1999) who demonstrated how the standard MH test statistic could be adjusted to account for multilevel data. The Begg MH (BMH) technique is based on the observation that the score statistic obtained from logistic regression is equivalent to the MH test statistic when the intraclass correlation (ICC) is equal to 0 (see Begg, 1999). Therefore, the variance associated with the logistic regression score statistic is proportional to the variance of the MH test statistic used for DIF detection. Notably, it is the variance and standard error of the MH test statistic that is underestimated in the presence of multilevel data. Given this relationship between the score statistic MH variances, BMH adjusts the MH test statistic by the ratio of the score statistic variance estimated using a logistic regression model accounting for the multilevel data structure with the generalized estimating equation (GEE) to the naïve score statistic variance that does not account for the multilevel nature of the data. The naïve and GEE-based logistic regression models both take the form:

[image: image]

For the naïve LR model, the covariance matrix for the dependent variable with respect to clusters is the identity matrix, in which the off-diagonal elements are 0, reflecting no clustering effects on the outcome (i.e., ICC = 0). The GEE model estimates the off-diagonal elements of the covariance matrix, thus accounting for within cluster correlations among responses. In this case, the unstructured covariance matrix is estimated, meaning that a unique covariance was estimated for each cluster. For both naïve LR and GEE, the variances of the score statistic are obtained and used to calculate their adjustment factor, which appears in Equation (4) below.

[image: image]

If the ICC is 0 in the population, then this ratio will be near 1 for the sample. However, as the within cluster correlation among observations increases so does [image: image], f will also increase in value, reflecting the overestimation of the score statistic variance in the presence of multilevel data. The f ratio can then be used to adjust the MH test statistic as seen in Equation (5).

[image: image]

MH is the standard MH chi-square test statistic. As noted above, when the within-cluster correlations are large, [image: image] will be larger than [image: image], leading to a value of f that is relatively large and positive, which, will lead to a larger value of f , which when applied in Equation (5) will decrease the size of MHB relative to MH. This will correct for the within cluster correlation induced by the multilevel data structure.

The use of the MHB statistic for dichotomous DIF detection demonstrated that while it was very effective at controlling the Type I error rate in the presence of multilevel data, it exhibited markedly lower power for relatively small sample sizes, and lower levels of DIF (French and Finch, 2013). Thus, it was suggested that alternative adjustments to f be considered. These alternatives included multiplying f by 0.85 (BMH85), 0.90 (BMH9), or 0.95 (BMH95) to reduce the amount of the correction. These adjustments were selected through an iterative process of experimentation with the method, and validation using Monte Carlo simulations (French and Finch, 2013). Empirical results of the simulation study involving dichotomous data showed that the standard BMH statistic, as well as the BMH95 and BMH9 statistics, were able to maintain the nominal Type I error rate across all study conditions. However, they also demonstrated lower power than MH across many of these same data conditions. On the other hand, MH consistently displayed inflated Type I error rates in the presence of multilevel data for testing DIF with a between clusters variable. The BMH85 statistic offered a reasonable compromise for DIF in the presence of multilevel data, particularly when the ICC was 0.25 or greater given Type I error inflation never exceeded 0.093 (compared to Type I error rates in excess of 0.20 for MH), and it maintained power rates close to MH.



GOALS OF THE CURRENT STUDY

The goal of this study was to examine the performance of the Begg adjusted methods for MH in the context of polytomous item data and build upon the foundation laid with dichotomous items. Given that the GMH approach has been shown to be an effective DIF detection tool for polytomous data, it was of interest to ascertain how well an adjusted version of the statistic would work in the context of multilevel data, using the Begg adjustment based methods outlined above (i.e., BGMH85, BGMH9, and BGMH95). It was expected that BGMH85 would perform best of the options compared. Thus, the current simulation study examined the Type I error and power rates for DIF detection with polytomous items using GMH, BGMH85, BGMH9, and BGMH95 across manipulated factors (e.g., grouping variable, ICC, subjects per cluster).



METHODS

A simulation study (1,000 replications) using SAS (V9.3) compared the performance of the BGMH adjustments to standard GMH for DIF detection with polytomously scored items. Outcome variables of interest included Type I error and power rates across manipulated factors, including: grouping variable, ICC, number of clusters, sample size per cluster, and DIF magnitude. We note that the standard equation for the ICC is different for ordinal variables where the within variance is a constant (i.e., 3.29, Heck et al., 2013). Data were simulated using a multilevel graded response model (MGRM; e.g., Fox, 2005; Kamata and Vaughn, 2011), with item threshold parameters and discrimination values appearing in Table 1. The model can be defined using Kamata and Vaughn's general example:
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Where
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Table 1. Data generating parameters for the graded response model.
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The latent traits are assumed to be distributed as follows:

[image: image]

This would give the probability of obtaining a certain score or higher and the probability of obtaining a certain category would be computed as the difference between this probability of x or higher and the probability of responding in category x + 1 or higher (e.g., Natesan et al., 2010; Kamata and Vaughn, 2011).

For all simulations, 20 items were simulated, each with 4 response levels, and a purified scale score was used for matching purposes. This latter condition was used to allow for the isolation of the impact of multilevel data, exclusive of other factors that might influence the performance of GMH and the adjustments (e.g., contaminated scale). DIF was simulated for a target item, with magnitudes as described below. In the calculation of the MH statistics, purified raw test scores were used for matching purposes.



MANIPULATED FACTORS


Grouping Variable

Two grouping variable conditions were simulated: (1) within-cluster (e.g., examinee gender), or (2) between-cluster (e.g., teaching method, teacher gender), consistent with previous research on DIF detection within multilevel data structures (French and Finch, 2013; Jin et al., 2014).

Intraclass Correlation (ICC)

For the studied item and total score, the ICCs were set at five levels: 0.05, 0.15, 0.25, 0.35, and 0.45. These values were in accord with estimates obtained from large national databases (Hedges and Hedberg, 2007), and reflect values observed in practice (Muthén, 1994).



Number of Clusters

The number of simulated level-2 clusters included: 50, 100, and 200. Prior studies (Muthén and Satorra, 1995; Hox and Maas, 2001; Maas and Hox, 2005; French and Finch, 2013) have used similar values.



Number of Subjects Per Cluster

Clusters were simulated to be of equal size, taking the values 5, 15, 25, and 50. These values match those used in previous research (Muthén and Satorra, 1995; Hox and Maas, 2001; Maas and Hox, 2005; French and Finch, 2013).



DIF Magnitude

Four levels of DIF magnitude were simulated for the target item, based on prior DIF simulation for polytomous items (Penfield, 2007), and included: 0, 0.4, 0.6, and 0.8. Uniform DIF was specified by simulating differences in item each threshold parameter value for the target item, between the groups. In other words, the DIF magnitude value was added to each of the threshold values (Table 1) on the target item for the focal group. The focus was on uniform DIF as the MH procedure is not accurate with non-uniform DIF. In addition, uniform DIF tends to occur with greater frequency in assessments compared to non-uniform DIF, as reflected in simulation work (Jodoin and Gierl, 2001; French and Maller, 2007), and applied work (e.g., Maller, 2001). Each replicated dataset per condition was analyzed using standard GMH and the MGMH methods outlined above.



Analysis

To determine which manipulated factors influenced the power and Type I error rates, repeated measures analysis of variance (ANOVA) was used, per recommendations for simulation research (Paxton et al., 2001; Feinberg and Rubright, 2016). A separate such analysis was conducted in which the Type I error or power rates averaged across replications for each combination of conditions served as the dependent variables. The manipulated factors described above, and their interactions, served as the independent variables in the model. In addition to statistical significance of these model terms, the η2 effect size was also reported. We also focus on a visual display of the results to enhance comprehension and efficiency (McCrudden et al., 2015) compared to displaying many tables.




RESULTS


Type I Error Rate

The ANOVA results identified two terms significantly related to the Type I error rate of the GMH and Begg adjusted procedures. These included the 3-way interaction of the test statistic by ICC by grouping variable for which DIF was tested [F(12, 219) = 33.749, p < 0.001, η2 = 0.646], and the 3-way interaction of test statistic by cluster size by grouping variable for which DIF was tested [F(12, 219) = 8.752, p < 0.001, η2 = 0.324). Figure 1 shows the Type I error rates of the statistical tests by the ICC and the grouping variable being tested for DIF. When this variable was at the within-cluster level (e.g., gender), the Type I error rate of the GMH test adhered to the nominal 0.05 level, regardless of the size of the ICC. Similarly, error rates of the Begg adjusted statistics were conservative, fell below the 0.05 level, and were not affected by ICC level. For the between-cluster grouping variable, GMH had inflated Type I error rates well beyond the 0.05 level and increased with ICC values. For the Begg adjusted values, Type I error rates increased slightly across ICC conditions but, nonetheless, were at or below the nominal level.


[image: image]

FIGURE 1. Type I error rates of GMH and BGM test statistics by ICC and level of variable.



Figure 2 displays the Type I error rates for each statistical test by cluster size and grouping variable. As shown, when the grouping variable was within-cluster, the Type I error rates of all statistical methods, including the standard GMH, were at or below the nominal level of 0.05. For the Begg corrected tests, the error rate was always below 0.05, and declined with increases in the sample size per cluster. In contrast, when the variable was between-cluster, the Type I error rate for GMH was always greater than the 0.05 level, and increased concomitantly with increases in sample size per cluster. Contrary, the Begg corrected tests maintained error rates below the 0.05 level and decreased with increases in the sample size per cluster.


[image: image]

FIGURE 2. Type I error rates of GMH and BGM test statistics by sample size per cluster and level of variable.





Power

As with the Type I error rate, a repeated measures ANOVA was used to identify the significant main effects and interactions of the manipulated factors in terms of their impact on power rates. The interaction of ICC by method [F(16, 1, 160) = 6.147, p < 0.001, η2 = 0.078], the interaction of level of variable by amount of DIF by method [F(8, 576) = 15.368, p < 0.001, η2 = 0.176], and the interaction of number of clusters by sample size per cluster by method [F(24, 1, 160) = 4.492, p < 0.001, η2 = 0.085] were each significantly related to power.

Table 2 reports power rates by method and ICC. Importantly, given the inflated Type I error rates in the between-cluster variable condition, power results for GMH must be interpreted with caution. Only when the ICC = 0.05 were the power rates for the Begg adjusted methods >0.80. Consequently, across the test statistics, power to detect DIF decreased with higher ICC values. Specifically, for the standard GMH, the decline in power from an ICC of 0.05 to 0.45 was approximately 0.045, whereas the Begg adjusted methods decline was 0.11.



Table 2. Power by method and ICC.
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Figure 3 reports power rates by the level of the variable (between, within), amount of DIF, and statistical test. As shown, for each test statistic, power increased concomitantly with increases in the amount of DIF present in the data. Furthermore, power rates were lower for the between-levels variable for all methods, except for GMH with DIF = 0.80, in which case power was approximately 1.0 across conditions. The GMH statistic had a distinct power advantage over the Begg adjusted methods for between- and within-level variables when DIF = 0.40, and for between-level variables when DIF = 0.60. At the two highest DIF levels, power for BGMH85 (the adjusted method with the highest power rates) was approximately equal to that of GMH for the within-cluster variable. However, power for all of the adjusted methods was at least 0.07 lower than that of GMH in the between-cluster variable condition. As previously noted, however, power rates for GMH in the between-cluster condition must be interpreted with caution, due to inflated Type I error rates.


[image: image]

FIGURE 3. Power by method, amount of DIF, and level of variable.



Figure 4 displays power rates by statistical test, number of clusters, and sample size by cluster. Again, given the Type I error inflation for GMH that was reported earlier, these results must be interpreted with caution. For all of the methods studied here, power was higher with larger sample sizes and, for most conditions, power was greater for GMH when compared to the Begg adjusted methods. In addition, with more clusters the difference in power between GMH and the adjusted methods declined. For example, for the 100 clusters with 25 members per cluster condition and the 50 clusters with 50 members per cluster, both had a total sample size of 2,500. In both conditions, power for the GMH statistics was ~0.98. However, for the Begg adjusted methods, the power in the 50 clusters condition was ~0.20 lower than in the 100 clusters condition, despite that the total sample sizes for the two cases were identical. Indeed, for the 100 clusters with 25 members per cluster case, the power for BGMH85 was 0.08 lower than that of GMH, whereas it was 0.27 lower in the 50 clusters with 50 members per cluster condition. This example demonstrates the nature of the interaction among method, number of clusters, and cluster size; namely, that with more clusters the power of the Begg adjusted methods was greater, regardless of total sample size. Finally, in the presence of 200 clusters, the difference in power rates of the GMH and Begg adjusted methods were always <0.05, regardless of cluster size.


[image: image]

FIGURE 4. Power by method, number of clusters, and sample size per cluster.






DISCUSSION

The goal of this study was to investigate the performance of the GMH and adjusted Begg methods for the detection of uniform DIF for polytomous test items in the presence of multilevel data. As such, it sought to extend the availability of DIF procedures to the context of multilevel data gathered on examinees grouped in clusters (e.g., classrooms, schools). The availability of multilevel statistical procedures ensures that analyses align with the data structure to ensure valid inferences to guide decisions (Raudenbush and Bryk, 2002; O'Connell and McCoach, 2008). Screening educational tests for DIF is an important step toward ensuring the accuracy of inferences based on between-group score differences within (e.g., language) and/or between clusters (e.g., schools). Furthermore, it is a critical step toward promoting fair testing practices in that tests function similarly across diverse examinee groups (American Educational Research Association et al., 2014). Therefore, it is crucial that appropriate DIF detection procedures exist to identify items that perform differentially for subgroups, when item response data are collected in a multilevel framework.

The Type I error rates of GMH and the Begg adjusted methods differed according to the manipulated factors. In particular, the statistical significance of separate 3-way interactions indicated that the GMH procedure had inflated Type I error rates for specific conditions, whereas the Begg adjusted methods were more conservative and, in general, adhered to the nominal alpha level. Specifically, the procedures differed based on the grouping variable and ICC. For the within-cluster condition, all procedures reported Type I error rates at or below the nominal level, with the Begg adjusted methods being slightly more conservative than the GMH procedure. When the grouping variable was between-cluster (e.g., examinee gender), the collection of Begg adjusted methods reported acceptable Type I errors rates, whereas the GMH method was considerably more liberal. Notably, the Type I error rates for all procedures increased with associated increases of the ICC. The methods were also found to differ when combined with the grouping variable and number of subjects per cluster. As previously reported, when the grouping variable was within-cluster, all procedures adhered to the nominal 0.05 error rate, although the GMH procedure was slightly higher than the Begg adjusted methods. Additionally, the Type I error rates were found to decrease as the number of subjects per cluster increased. Conversely, when the grouping variable was between-cluster (e.g., schools assigned to different treatment conditions), the GMH procedure reported inflated Type I errors and increased when the number of subjects per cluster increased. On the other hand, the Begg adjusted methods adhered to the nominal 0.05 level, with their Type I error rates decreasing as the number of subjects per cluster increased. These findings contribute to the body of literature that standard DIF procedures (MH, LR) have inflated Type I error rates in the presence of multilevel data (Jin et al., 2014).

The statistical power of the GMH and Begg adjusted methods were also found to vary depending on manipulated factor. Although the statistical power of the GMH procedure exceeded 0.80 across ICC levels, it should be interpreted with great caution due to its inflated Type I error rates. Therefore, in the presence of multilevel data, the GMH procedure would be expected to erroneously report the presence of DIF among test items. Only when the ICC was 0.05 did the Begg adjusted methods report power estimates above the desired 0.80 level. As the variance associated to the cluster increases (ICCs 0.05–0.45), the statistical power of the methods decreased approximately 0.11 across the Begg adjusted procedures. Power rates also varied by level of the grouping variable (within or between) and amount of DIF. Notably, regardless of level of variable, power rates were lowest for the lowest level of DIF condition (i.e., 0.40), whereas GMH power was near 0.80. Again, despite the GMH procedure yielding power at or above 0.80 across conditions, the corresponding Type I error rates demand cautious interpretation. For both the within- and between-cluster conditions, power rates of the Beggs adjusted methods increased approximately to or above 0.80. Only when the DIF magnitude was 0.60 did the Begg methods report statistical power above 0.80, irrespective of the grouping variable. Finally, across GMH procedures, power rates increased with the number of clusters (e.g., 50, 100) and the number of subjects per cluster. Notably, all procedures reported power rates <0.50 with 50 clusters and five subjects per cluster. Only when the number of clusters was 100 or 200 did the Begg methods report an acceptable level of power for DIF detection.

Empirical findings of the current study provide a framework for the application of the GMH and Begg adjusted procedures for DIF detection. In applied settings, the GMH procedure should be restricted for consideration in the absence of multilevel data. Even with an ICC of 0.05 and at the between-level, its Type I error rate was ~0.10. This is similar to results with the MH and logistic regression procedures which are less precise in identifying DIF in multilevel data structures (French and Finch, 2010, 2013; Jin et al., 2014), particularly at the between-group level. On the other hand, the Begg adjusted values have generally reasonable power (>0.67) to detect DIF under varying multilevel conditions while maintaining an error rate at the nominal 0.05 level. One caveat is that when the number of clusters may be small (50 or less) and the sample size per cluster is also small, power for the Begg methods was found to be attenuated. Therefore, the collective set of Begg adjusted methods examined in this study seem most favorable for multilevel level data, although their power rates are expected to be slightly lower when the number of clusters is smaller. Study findings also provide a basis for ongoing investigations of DIF procedures under various conditions that may be found in applied testing contexts. For example, Jin et al. (2014) extended the work of French and Finch (2010, 2013) regarding the performance of hierarchical LR, LR, and MH under multilevel data structures when the ICC of the item was less than the ICC of the latent trait, in addition to other manipulated factors (e.g., item type, model type).

The confluence of results supports the need for continued research to identify DIF procedures that are accurate at identifying various types of DIF items under various multilevel structures expected in applied testing settings. For the practitioner, this work should allow one to screen for DIF items when multilevel data are present while maintaining control of Type I error and having adequate power to detect DIF. This increase in DIF accuracy, due to analyses matching the data structure, should guard against resources being wasted on reviewing items for problems as a result of in inflated error rate if an adjustment was not employed. In addition, software to implement these methods easily is needed. A SAS package with an easy to use interface is available from the authors for the Begg method for the dichotomous conditions. SAS and R packages are in development, which move the ideas presented here through simulation into practice.

This study contributes to the literature on the effectiveness of adjusted statistical methods for DIF detection in the presence of multilevel data. In particular, under multilevel data structures, the Begg adjusted methods performed most favorably in the detection of DIF for polytomous items. Nonetheless, the extent to which the methods examined in this study compare to other DIF detection methods proposed for polytomously scored items ( e.g., French and Miller, 1996; Penfield, 2008) within a multilevel framework offers directions for continued research. Likewise, the manipulated factors examined represent a step toward examining additional factors that may contribute to the functioning of these methods in applied settings. The development and evaluation of DIF detection methods with multilevel data will contribute to the psychometric tools available to ensuring accurate item and total test scores to guide test-based decisions.
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The 15-item Geriatric Depression Scale (GDS-15) is widely used to screen depression among elders. But the factor structure of the Chinese version GDS-15 remains unclear. This study was conducted to determine the best-fit factor structure of GDS-15 and to assess measurement invariance across gender groups in a sample of Chinese elders recruited from Mainland China (final sample N = 2428). The best-fit factor structure was examined by confirmatory factor analysis (CFA). Multigroup CFA was utilized to test the measurement invariance across genders of the factor structure. The results of CFA revealed that a three-factor model, including life satisfaction (four items), general depressive affect (seven items), and withdrawal (three items), fits the structure of the GDS-15 best. Measurement invariance across genders was supported, fully assuming different degrees of invariance.
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INTRODUCTION

Depression is a common mental disorder among older adults, with some 15% of community-dwelling older adults experiencing clinically significant depressive symptoms (Blazer, 2003). Late-life depression is linked to serious consequences, such as impaired daily functioning, increased health care use, and reduced quality of life (Castelo et al., 2010). Hence, assessment of depressive symptoms is an important mental health evaluation in this population.

The Geriatric Depression Scale (GDS), which was the first screening instrument to be tailored to geriatric patients (Yesavage et al., 1982), has become widely used to measure depression levels in the elderly. To reduce the time required for GDS administration and thus avoid respondent fatigue, a 15-item short-form GDS was developed from the original 30-item scale (Sheik and Yesavage, 1986). Unlike other depression tools such as the Epidemiological Studies Depression Scale (CES-D) and the Beck Depression Inventory (BDI), both versions of the GDS do not contain somatic items that may be less valid because they are common in elders (Sheik and Yesavage, 1986; Stiles and Mcgarrahan, 1998). Moreover, items of GDS use an easy response format (yes/no) preferred among older respondents. The 15-item GDS (GDS-15) retains the advantages of the original 30-item GDS, including simplicity of administration, an easy response format, and economy of time, and its validity and reliability have been demonstrated repeatedly (Cwikel and Ritchie, 1989; Lesher and Berryhill, 1994; Almeida and Almeida, 1999; Fountoulakis et al., 1999; Tang et al., 2005; Chaaya et al., 2008). Both ICD-10 criteria and DSM-IV criteria have shown that the GDS-15 is valid for measuring depression (Almeida and Almeida, 1999). GDS-15 may have more practical appeal because of the time restraints faced in clinical practice (Yao et al., 2009). In addition, the scale has been translated into multiple languages and translated versions have been proved for assessing depressive symptoms in people from various ethnic backgrounds (Iwamasa et al., 1998; Liu et al., 1998; Ishine et al., 2005; Malakouti et al., 2006; Onishi et al., 2006; Chiesi et al., 2018), including ethnic Chinese people living in Western countries (Mui, 1996; Lai, 2000).

Although the psychometric properties of the long and short GDS scales have been documented (Jang et al., 2001; Broekman et al., 2008; Pocklington et al., 2016), the factor structure of the Chinese version GDS-15 is still unclear. Mitchell et al. (1993) first proposed a three-factor model: general depressive affect (seven items), life satisfaction (four items), and withdrawal (three items). Item 10 “memory” failed to fit any of these factors. However, a number of other studies have reported different GDS-15 structures with two (Mui, 1996; Friedman et al., 2005; Brown et al., 2007), three (Incalzi et al., 2003; Imai et al., 2014), and four (Onishi et al., 2004; Lai et al., 2010) factors. Results of previous studies investigating the factor structure of the Chinese version GDS-15 have been mixed. Mui (1996) reported a two-factor model consisting of “happy mood” and “sad mood.” Implementing the GDS-15 among aging Chinese in Canada, Lai and Colleagues reported a two-factor model (i.e., affective mood, cognitive mood; Lai, 2000) and a more detailed four-factor model (i.e., positive mood, negative mood, inferiority/disinterested, uncertainty, Lai et al., 2005). Most subjects of the studies above lived in Western societies. Only one study employing exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) reported a four-factor solution focused on depression among aging Chinese in Mainland China, with the following factors: positive and negative mood, energy level, inferiority, and disinterested (Lai et al., 2010). Researchers have deduced that the differences of these factor models may be related to cultural differences in the concept and expression of depression (Kim et al., 2013). For example, dominant social values of people in Western countries are individualism and personal level democratic values, whereas Chinese living in Mainland China takes more value on collectivism and at-large benefits, due to a different political and social system. These differences above in beliefs and social contexts play an important role in personal expression of affection (Mui, 2010; Kim et al., 2013).

Findings obtained depending on samples from Western societies may not necessarily be applicable to the older adults in Mainland China. The study of Lai et al. (2010) focused only on lonely elder Chinese. It is necessary for us to examine which factor structure model is more suitable for Chinese elders, for which will be helpful for developing a standardized scoring method and enable us to explore any differences across studies. In the current study, CFA was conducted to compare factor structure models that were identified in previous studies. GDS-15 total score is usually used in practice and research. However, a total score should not be used unless the covariance between the first-order factors is adequately explained by the second-order factor (Marsh and Hocevar, 1985). There are no published studies of the second-order factor of GDS-15 reported; thus, we performed a second-order factor analysis to confirm the validity of GDS-15 total scores. The trend of women having more depression problems than men was recapitulated (Nolen-Hoeksema, 2001). Tang et al. (2005) have examined the differential item functioning (DIF) of GDS-15 items, but the study was based on a sample of Hong Kong Chinese patients with pneumoconiosis. No study has tested the measurement invariance of the GDS-15 across genders in the mainland Chinese population. As related to gender, if the measurement invariance does not hold across groups, differences in observed scores may not be directly comparable (Wang et al., 2013). The true differences across groups may be mixed with the measurement bias of assessment. Exploring measurement invariance is beneficial for increasing the accuracy of depression assessments and the comparability across groups.

Hence, to develop the Chinese version of GDS-15, the first purpose of this study was to examine the best factor structure of GDS-15 in a large representative sample. A second purpose was to test the gender invariance of the GDS-15. We employed the CFA to compare the existing factor models from previous studies. Second-order CFA was performed to confirm the validity of the GDS-15 total score. Subsequently, we assessed the measurement invariance across genders of the best-fitting model.



MATERIALS AND METHODS

Sample

The inclusion criteria were as follows: age of 60–99 years old and ethnic Chinese resident of Beijing, Hunan, and Shandong province, China. The exclusion criteria were as follows: diagnosed with severe mental illness; insufficient cognitive ability to understand the questionnaire; unable to understand Mandarin and therefore unable to complete the questionnaire; cannot fill out the questionnaire due to other reasons. This study investigated the level of depression in the elderly, with 2,470 participants, and 42 failed to respond to all GDS-15 items. The final sample of 2,428 elderly Chinese volunteers included 1,141 men (47.0%) and 1,287 women (53.0%). The mean age of the men was 73.14 years [standard deviation (SD) = 8.07], and the mean age of the women was 71.78 years (SD = 7.70).

Study Design

Postgraduate psychology researchers in China were recruited and trained to do this work. Participants completed the survey in a district activity center and elderly with visual impairment or lack of formal education would get support from researchers. The study was approved by the Ethics Committee of the Second Xiangya Hospital of Central South University. Each participant gave written informed consent prior to their inclusion in the study.

Depression Symptom Assessment

The Chinese version of the GDS-15, wherein each item was a yes or no question, was used to measure depressive symptoms. The positive depression symptom response was yes for 10 items and no for 5 items, such that a point was marked for each positive symptom response. Thus, higher values indicated more depressive symptoms. As recommended by a study conducted among Chinese elders (Boey, 2000), we adopted 8 as the cutoff score. Both validity and reliability of the GDS-15 were validated satisfactory among Chinese elders in previous studies (Mui, 1996; Liu and Guo, 2008). In the current study, the scale has been confirmed to show good internal consistency (Cronbach’s α = 0.873).

Statistical Analyses

Preliminary analyses were done in SPSS Version 22 (IBM, 2013), and CFA was conducted in Mplus7.4 (Muthén and Muthén, 1998). Given that the response options of items were binary (yes and no), the maximum-likelihood (ML) estimator is not adequate as it could bias the results. The robust weighted least squares with mean and variance adjustment (WLSMV) estimator was used, which could account for the binary response scaling (Finney and DiStefano, 2013; Morin et al., 2017). The whole sample was randomly divided into sample 1 (n = 1,174) and sample 2 (n = 1,254). This method of randomly assigning a larger sample into two independent samples is a common approach (Lai et al., 2010; Wang et al., 2012; He et al., 2018).

We employed CFA in sample 1 to compare competing models and determine the best-fitting factor model. A total of seven competing models were compared (Table 1). Models from different versions of GDS-15 were not included in the current analysis. Regular chi-square difference tests were not conducted here for the comparison of non-nested competing models. Following generally accepted practice, we used the Tucker–Lewis index (TLI), the chi-square, comparative fit index (CFI), and root mean square error of approximation (RMSEA) to evaluate the fit of each model. CFI and TLI values ≥0.90 indicate adequate model fit (0.95, excellent fit), while RMSEA values ≤0.08 and 0.06 indicate acceptable and excellent, respectively (Kline, 2010; Vrieze, 2012).

TABLE 1. Characteristics of each factor model tested.
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We hypothesize that there is a higher-order factor Geriatric Depression that accounts for the commonality among first-order factors. First-order CFA was conducted in sample 2 to validate the best-fitting structure of the GDS-15 confirmed in sample 1. Subsequently, second-order CFA was performed to calculate the target coefficient that could be used to decide whether the first-order factors were adequately explained by the higher-order factor. As recommended by Comrey and Lee (2013), the magnitude of the factor loadings was interpreted as follows: ≥0.71, excellent; 0.63–0.70, very good; 0.55–0.62, good; 0.33–0.44, fair; ≤0.32, poor.

Multigroup CFA was implemented in the whole sample to test gender invariance of the best-fitting model. We considered four aspects of invariance including configural invariance (Model A), metric invariance (Model B), scalar invariance (Model C), and strict invariance (Model D). Model A was used to evaluate the structure of latent variables, and the results of which served as a baseline model. Model B was tested based on the results of configural invariance with factor loading equivalence constraints imposed to ensure similarity of the observed indicators and underlying traits across gender. Model C was based on the result of the last step and in which we constrained variable intercepts equal. Model D test was conducted with factor loadings, variable intercepts, and error variance constraints equally set. As suggested by Cheung and Rensvold (2002), CFI, TLI, and RMSEA changes were employed to evaluate invariance; ΔCFI ≤0.01, ΔTLL ≤0.01, and ΔRMSEA ≤0.015 were considered evidence of invariance (Cheung and Rensvold, 2002; Chen, 2007).



RESULTS

Preliminary Analyses

In the whole sample, the GDS-15 total scores had a mean (SD) of 4.03 ± 3.88 for males and 4.59 ± 4.10 for females. The GDS-15 total scores range was 0–15, with women having significantly higher scores than men (t = 3.46, df = 2,426, p < 0.05). Mean (SD) GDS-15 total scores did not differ significantly (t = 0.46, df = 2,426, p > 0.05) between sample 1 (4.29 ± 3.96) and sample 2 (4.36 ± 4.04). When score ≥8 was used as the cutoff score, 19.9% of the participant showed significant depressive symptoms.

Factor Structure of GDS-15

As reported in Table 2, we obtained good fit indexes in all examined models. CFIs, TLIs, and RMSEAs were >0.95, >0.95, and <0.08, respectively. The best-fitting model was Mitchell’s three-factor model (WLSMV χ2 = 260.316, df = 74, TLI = 0.989, CFI = 0.991, RMSEA = 0.046). Next was Brown’s two-factor model (WLSMV χ2 = 438.968, df = 89, TLI = 0.980, CFI = 0.983, RMSEA = 0.058). For item 10 in Brown’s model, the factor loading loaded on its latent factor was 0.116 (<0.32), a poor loading. Therefore, the best-fitting model for older Chinese was Mitchell’s three-factor model. The results of first-order CFA in sample 2 showed that the three-factor model had an excellent fit to the data (Table 2). The correlations between the three factors in sample 1 ranged from 0.823 to 0.955 and those between the three factors in sample 2 ranged from 0.878 to 0.950 (see Table 3). All correlation coefficients were positive and statistically significant (p < 0.001).

TABLE 2. Goodness-of-fit indices of the compared models.
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TABLE 3. Factor correlations.
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Second-Order CFA

As can be seen from Table 2, the second-order model had the same fit indices with the first-order model (WLSMV χ2 = 245.811, df = 74, TLI = 0.991, CFI = 0.993, RMSEA = 0.043). Standardized factor loadings for the second-order CFA were included in Table 4. The first-order factor loadings ranged from 0.552 to 0.997, showing that all items were loaded well on their latent factor. The second-order factor loadings were excellent, ranging from 0.913 to 0.987 (all >0.71).

TABLE 4. Standardized factor loadings for the second-order CFA.
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Measurement Invariance Across Genders

Given that the first-order and second-order factor model had the same fit indices, we did not test the factorial invariance of the second-order model. The results showed that the three-factor model of GDS-15 is an excellent fit of the data in both males and females. Results of multigroup CFA revealed that measurement invariance across gender groups was entirely supported at the factorial structure and the strict level (see Table 5). The ΔCFIs, ΔTLIs, and ΔRMSEAs are lower than 0.01 in all models, suggesting that the gender invariance of GDS-15 has been confirmed. GDS-15 items have the same meanings across genders; that is, we can compare the latent mean differences across these groups.

TABLE 5. Goodness-of-fit indices and model comparisons for measurement invariance models.
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DISCUSSION

The 15-item Geriatric Depression Scale is a widely used questionnaire for evaluating late-life depression. This study determined the best factor structure of GDS-15 suitable for Chinese elders, and it is the first to employ second-order CFA to examine the validity of the GDS-15 total score. It is also the first study to examine the factorial invariance of the GDS-15 across gender groups among Chinese elders. The findings support that the GDS-15 is a valid instrument for screening depression and as a favorable choice in situation where economy of time is required.

Several previously reported alternative best-fit models were examined by CFA. Our CFA results revealed that the best factor structure of GDS-15 suitable for Chinese elders was the original three-factor model (i.e., general depressive affect, life satisfaction, and withdrawal). Item #10 “memory problems” was dropped from the three-factor model. The factor loadings of item 10 in other models were loaded poorly on their latent factor, suggesting that the most suitable factor structure of Chinese version GDS-15 was best explained by only 14 of the 15 items. Memory problems may be attributed to the aging process. Items (1, 5, 7, and 11) of life satisfaction were common items composing one factor (Friedman et al., 2005; Brown et al., 2007; Imai et al., 2014). Items (3, 4, 6, and 8) of the first factor were also common items composing one factor (Incalzi et al., 2003; Onishi et al., 2004). These findings indicate that the symptoms of depression are at least partly consistent across diverse geriatric populations. The best factor model of GDS-15 for Chinese elders implies the three sub-dimensions in late-life depression: general depressive affect, life satisfaction, and withdrawal. It is beneficial for us to detect and prevent late-life depression from these three aspects, which will improve the efficiency of primary care. The three factors were significantly correlated with each other both in sample 1 and in sample 2, indicating that the scale has high validity. The excellent second-order factor loadings indicated that first-order factors were adequately explained by the higher-order factor. The use of GDS-15 total score was meaningful. To the best of our knowledge, this study is the first study employing second-order factor analysis to examine the validity of the GDS-15 total score. It has significant meaning for both researchers and clinicians.

In order to compare the true differences across groups, assessment tools must be measurement invariant (Wu et al., 2012). The second purpose was to evaluate the measurement invariance of depressive symptoms across genders among Chinese elders. The three-factor structure of GDS-15 was well fitted to the data in both males and females. Multiple confirmatory factors showed that measurement invariance was supported, fully assuming different degrees of invariance. The establishment of configural invariance suggests that the number of factors and factor patterns of GDS-15 is equivalent among male and female. The determination of weak equivalence indicates that the observation items and potential factors of the scale have the same meaning across groups. Satisfying strong equivalence indicates that the cross-group difference of the observed variable mean can estimate the inter-group difference of the latent variable mean. The strict equivalence, which is the most stringent equivalent based on strong equivalence, reflects cross-group differences in latent variable variation. The results of this study confirm that GDS-15 is strictly equivalent, supporting that the GDS-15 factors have the same meaning across genders. Thus, comparisons of GDS-15 scores between men and women are meaningful. It is important that studies take measurement invariance into consideration when conducting cross-group research. Together with a recent work (He et al., 2018), our study supports the notion that the GDS (both the Long and the Short form) is a reliable, valid screening instrument for detecting depression in elderly Chinese individuals, with measurement invariance across genders. Owing to its ease of administration and short period of requirement, the GDS-15 is particularly useful in situations where the economy of time is required.

Several limitations of the present work should be acknowledged. Firstly, although all the study participants were from one of three provinces in China, they were otherwise heterogeneous in terms of gender, age, economic status, education, ethnicity, and region. These undetermined sample characteristics may exist in relation to gender differences in the GDS-15. Thus, the present results generalized to other dissimilar groups remain to be determined. Secondly, because the elderly with dementia or severe physical illness were excluded from this study, the current findings may not be applicable to these groups. Thirdly, our sample consisting of older Chinese cannot represent the worldwide population. Finally, validation of the gender invariance of this Chinese version of GDS-15 does not mean that the scale has invariance across time and culture, which should be determined in future research.



CONCLUSION

In conclusion, this study found that a three-factor model fitted the underlying structure of the Chinese version of GDS-15 best. The use of GDS-15 total score is valid. In addition, the three-factor structure of GDS-15 was shown to be invariant across gender groups. Therefore, the report of significant higher GDS-15 scores of females than males reflects a true gender difference, indicating that women have more depression problems than men in aging Chinese.
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The purpose of this study was to determine whether scores on the Statistical Anxiety Scale (SAS) manifest in the same way for students in online and traditional statistics courses. Tests of measurement invariance indicated that invariance of the two-factor model of the SAS held at every level. Therefore, we compared the statistical anxiety of online and traditional students. Results indicated that online and traditional statistics students reported comparable levels of anxiety with slightly less anxiety in terms of seeking help for traditional students. We concluded that online instruction is a viable form of statistics education at least for undergraduate students enrolled in the social sciences.
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Participation in online education has grown rapidly over the past 15 years and is expected to continue growing (Allen and Seaman, 2010). In fact, the New York Times declared the year 2012 as the “year of the MOOC” (massive open online courses, Pappano, 2012). In Fall 2015, 29.8% of the students were enrolled online in postsecondary institutions (NCES, 2015). The online learning consortium report further shows how in addition to education, professional development, and other related sources of knowledge have moved digitally (OLC Report, 2018). Indeed, online courses seem to offer distinct advantages, with being a more convenient and cost-effective alternative to traditional, face-to-face instruction. Researchers have worked to keep pace with the growth in online learning, comparing learning outcomes for students enrolled in online courses with those of students enrolled in traditional courses.

Although several meta-analyses have shown that there was no statistically significant difference between instruction employing technology and traditional instruction (Cavanaugh et al., 2004; Zhao et al., 2005; Jahng et al., 2007), other meta-analyses have found a statistically significant difference between online and traditional instruction (Shachar and Neumann, 2003; Allen and Seaman, 2004; Bernard et al., 2004; Sitzmann et al., 2006; Williams, 2006). In fact, students with low GPAs tend to withdraw more from an online course than from a traditional course and online students tend to persist less in their programs to attain a degree (Jaggars et al., 2013). Jaggars (2014) also reported that students reported having to “teach themselves” in an online class. With respect to performance although there was a statistically significant relationship between course format (online vs. traditional) and failure in the course for English and Math courses, this was not the case for Economics and Humanities courses (Griffiths et al., 2014). Thus, it seems that there is a difference in the relationship between student performance and course format by subject matter.

Given the prevalence of anxiety in statistics courses that are perceived to be challenging, several researchers have compared performance outcomes for students enrolled in online and traditional statistics courses. Some authors have reported no difference between the two class formats (McLaren, 2004; Dotterweich and Rochelle, 2012), while one study found a difference favoring traditional instruction (Scherrer, 2011). McLaren (2004) found no statistically significant difference in the grades earned by online and traditional statistics students who completed their course; however, the researcher did find that online students demonstrated a greater tendency to drop the course or “vanish,” failing to take part in assignments and exams despite remaining on the roster. Similarly, Dotterweich and Rochelle (2012) found that students enrolled in online, traditional, and televised instruction statistics courses earned similar grades; however, when the researchers isolated students who were repeating the course, they found statistically significant differences in performance favoring traditional students. By contrast, Scherrer (2011) found that when GPA, class format, and student major were included in a regression equation, class format was a statistically significant predictor of final grades, with traditional students outperforming online students.

Despite a growing body of literature comparing the performance of online and traditional statistics students, there remains a dearth of research comparing the statistical anxiety of online and traditional statistics students. Statistical anxiety is defined as “feelings of anxiety encountered when taking a statistics course or doing statistical analysis; that is, gathering, processing and interpreting data” (Cruise et al., 1985, p. 92). Statistical anxiety is a well-documented reality for statistics students (Onwuegbuzie et al., 2010; Chew and Dillon, 2014), and high statistical anxiety has consistently been associated with lower performance outcomes (Bell, 2001, 2003; Onwuegbuzie, 2004; Galli et al., 2008; Macher et al., 2012). In light of the mixed findings regarding the performance of traditional and online statistics students, as well as the documented relationship between statistics anxiety and statistics performance, it may be useful to examine the relationship between statistics anxiety and class format.

DeVaney (2010) administered a statistical anxiety pretest and posttest to traditional and online graduate students, reporting that online students had higher anxiety at the beginning of the course, but there was no difference in student anxiety at the end of the course. However, DeVaney’s research operated on the assumption that measurement instrument operationalized statistical anxiety in the same way for online and traditional students. Given that previous research has identified situational antecedents to statistical anxiety (Onwuegbuzie and Wilson, 2003), it would seem that the distinct environments of traditional and online students may lead to distinct operationalization of the construct. Thus, a test of measurement invariance is a necessary foundation for future research before comparisons across traditional and online student groups can be conducted.

Measurement invariance tests the equivalence of constructs across groups along four prescribed levels (see Mellenbergh, 1989; Meredith, 1993; Vandenberg and Lance, 2000). A configural invariance model is used to test if the factor structure is defined identically across groups. Once this is established, a metric or factorial invariance model tests the equivalence of factor loadings across groups in addition to identical factor structure. Upon establishing metric invariance, a scalar invariance model is used to test if the factor structure, loadings, and item intercepts are identical across groups. Finally, an error variance invariance model is used to test if the factor structure, loadings, item intercepts, and item error variances are identical across groups. Factor means and variances may be compared only when all these levels of invariance are established. Lack of measurement invariance indicates that group-specific attributes unrelated to the latent constructs contaminate the way a person belonging to a group responds to an item (Meredith, 1993; Little, 1997). In other words, a lack of measurement invariance means that given the same factor score, individuals from different groups will have respond differently to a given item. Thus comparisons of factor scores, means, and variances in such a situation are invalid.


MEASURING STATISTICAL ANXIETY

In a review of literature on statistical anxiety, Chew and Dillon (2014) identified six extant scales, but the authors only recommended use of the Statistics Anxiety Rating Scale, or STARS (Cruise et al., 1985), and its abbreviated alternative, the Statistical Anxiety Scale, or SAS (Vigil-Colet et al., 2008). The STARS is the most widely used and well-known scale (Chew and Dillon, 2014). However, Vigil-Colet et al. (2008) criticized the STARS for its length and some of its content, which prompted their development of the SAS. The SAS has 24 items and is comprised of three subscales derived from the STARS anxiety subscales: Examination Anxiety (eight items), Interpretation Anxiety (eight items), and Asking for Help Anxiety (eight items). Examination Anxiety refers to anxiety experienced while taking a statistics test. Interpretation Anxiety refers to anxiety experienced while attempting to derive meaning from statistical formulas and output. Asking for Help Anxiety refers to anxiety experienced while requesting help of a peer, a tutor, or a professor. Each item of the SAS details a specific task, prompting respondents to indicate the level of anxiety associated with the task on a 5-point Likert-type scale ranging between no anxiety and very much anxiety.

Vigil-Colet et al. (2008) administered a Spanish version of the SAS to a sample of undergraduate students (n = 159) enrolled in statistics courses in Spain. An Exploratory Factor Analysis (EFA) verified the intended three-factor structure, with each item loading on its intended subscale. Shortly after the development and validation of the Spanish version of the SAS, Chiesi et al. (2011) administered an Italian version of the SAS to a sample of students (n = 512). A confirmatory factor analysis (CFA) confirmed the previously validated three-factor model, with the addition of correlated errors between two similarly phrased items on the Asking for Help subscale. Chiesi et al. (2011) also conducted measurement invariance tests across samples of Italian and Spanish students and reported that strict invariance of the modified three-factor model was tenable across both samples.

Following the validation of the three-factor Spanish SAS (Vigil-Colet et al., 2008) as well as the Italian SAS (Chiesi et al., 2011), O’Bryant (2017) investigated the factor structure of the English version of the SAS. After pilot-testing, she modified the items thus: Many revisions involved changing one word such as replacing doing to completing in items such as doing a final exam in a statistics course to completing a final exam in a statistics course. Other examples of changes included changing the word tutor to teacher to reflect the teaching system and terminology in the United States. O’Bryant administered the English version of the SAS to a sample of undergraduate students (n = 323) majoring in the humanities and enrolled in statistics courses throughout the United States. A CFA of the previously validated three-factor model indicated poor model fit ([image: image] = 153.46, df = 71.12, p < 0.001, RMSEA = 0.106, CFI = 0.838, SRMR = 0.073). Examination of residual correlations revealed that the residuals of the seven items on the Interpretation subscale were highly correlated with those of the items within the subscale, as well as with items on the other two subscales. Thus, O’Bryant (2017) eliminated the Interpretation subscale from the model. Eliminating the interpretation factor was not only warranted according to factor analytic output, but also seemed conceptually justifiable, given that taking an exam and asking for help are discrete tasks while interpreting numbers is not.

Further examination of residual correlations revealed that one item on the Examination Anxiety subscale and one item on the Asking for Help subscale could be eliminated due to redundancy with other items. Finally, the residuals for four items (items 1, 4, 13, and 20) on the Examination Anxiety scale were allowed to correlate, given the similarity in their wording. The resulting model had two factors, Examination Anxiety and Asking for Help Anxiety, with seven items loading on each factor and correlated errors for four items on the Examination Anxiety factor. This modified two-factor model fit the data well ([image: image] = 49.37, df = 38.13, p = 0.105, RMSEA = 0.076, CFI = 0.959, SRMR = 0.035) and was retained. We extend O’Bryant (2017) validation study to validating the factors across the online and traditional samples using measurement invariance.

The purpose of the present study is to determine whether scores on O’Bryant (2017) modified two-factor model of statistical anxiety are operationalized in the same way for traditional and online statistics students. If measurement invariance is established, an additional purpose of the present study is to compare the latent scores on the Exam Anxiety subscale and the Asking for Help Anxiety subscale for online and traditional students.



MATERIALS AND METHODS

Institutional Review Board of the University of North Texas approved the study. A two-stage sampling procedure was used. First, simple random sampling without replacement was used to randomly select institutions with social science programs to participate in the study. Second, network sampling was used to ask instructors of statistics for social science courses to pass along the research opportunity to their students. The goal was to recruit participants similar to those used in previous validation studies (Vigil-Colet et al., 2008; Chiesi et al., 2011) for comparison purposes. Data were collected online using qualtrics. Informed consent was obtained from participants who were all 18 years of age or above by asking them to click on a page that explained the study, the duration of the survey, and letting them know of the anonymity that would be maintained with the data. If they agreed to participate they could continue answering the questions by clicking on an appropriate button, else they could exit the survey. Participants were undergraduate students (n = 323) who were majoring in the social sciences and were enrolled in a statistics course. However, data screening revealed that 21 respondents took an online-traditional hybrid course, and seven respondents did not indicate their class format. Because we were only interested in online and traditional groups students, and the hybrid group was too small for analysis, these cases were dropped from the dataset, leaving 295 cases with online (n = 52) and traditional (n = 243) students. Respondents in the final dataset were predominantly female (75%), predominantly white (59%), and predominantly freshman (38%), with ages ranging from 18 to 63 years (M = 20.64, SD = 5.37).



RESULTS


Screening

The data were screened for outliers, assumptions of normality, and missing values prior to analysis. There were no outliers identified. Examination of frequency data on each item revealed severely peaked distributions, indicating that scores on the 5-point Likert-type scale were ordinal; thus, all subsequent analyses utilized non-parametric tests. Frequency data for missing values revealed a somewhat consistent distribution of missing data, with 0.3–4.7% missing per variable. Given the small percentage missing per variable and the spread of missingness across variables, data were assumed to be missing completely at random (MCAR) and were estimated via Mplus’ default estimation for ordinal outcomes with covariates, making use of all available data to estimate missing values.



Reliability

Internal consistency of the modified two-factor SAS was measured with Cronbach’s α for each class format. The α coefficients for the online class format were as follows: Total = 0.903, Exam Anxiety Subscale = 0.903, and Asking for Help Anxiety Subscale = 0.880. The α coefficients for the traditional class format were as follows: Total = 0.914, Exam Anxiety Subscale = 0.886, and Asking for Help Anxiety Subscale = 0.922. The entirety of the modified two-factor SAS and its subscales were deemed to have high internal consistent for each class format (Nunnally, 1978; Nunnally and Bernstein, 1994). McDonald’s (1999) omega was computed to be 0.94 for the online class format and 0.84 for traditional class format.



Invariance Testing

We used Mplus version 7.6 with means and variance adjusted weighted least squares (WLSMV) estimation to test the measurement invariance of the SAS for online and traditional statistics students. WLSMV is a robust weighted least squares estimator that has been recommended for ordinal level data with a sample size greater than 200 (Muthén et al., 1997, unpublished; Rhemtulla et al., 2012). Because the data were ordinal, WLSMV calculates threshold parameters for each response variable to estimate the latent, continuous response indicators that correspond with each item of the SAS. Response indicators were scaled via theta parameterization, fixing the variance of each latent indicator to 1 in the reference group.

When comparing nested models, we used χ2 difference tests to evaluate between-model statistical significance, with a statistically significant result indicating non-invariance across models. However, given the sensitivity of χ2 to sample size, an a priori decision was made to supplement the χ2 model testing parameters with differences in the Comparative Fit Index (CFI) and the Root Mean Square Error of Approximation (RMSEA), per Chen’s (2007) criteria. Thus, the criteria for rejecting model invariance included the joint decision rules of (1) a statistically significant χ2 difference (p < 0.05); (2) a change in RMSEA ≥ −0.005; and (3) a change in CFI ≤ 0.010. Note that Chen’s (2007) criteria for a change in Standardized Root Mean Square Residual (SRMR) were not included because Mplus does not calculate SRMR when using WLSMV estimation to evaluate a model with covariates.

Analysis began with a confirmatory factor analysis (CFA) for each group, confirming that the O’Bryant (2017) modified two-factor model adequately fit the online group and the traditional group individually. Therefore, measurement invariance was testing by first fitting Model A that is the configural invariance model by fixing the factor structure to be identical across groups. Goodness of fit indices and approximate fit indices were tenable, indicating that the factor structure was the same for each group.

Model B, that is, the metric invariance model, was fitted by retaining the factor structure of Model A and adding constraints on all factor loadings to be equal across groups. Model fit was tenable and was not statistically significantly different from Model A, indicating that the Exam Anxiety factor and Asking for Help Anxiety factor were manifested in the same way across groups. That is, the relationships between these factors and the items that indicate them were identical across online and traditional statistics class formats. Note that the χ2 values produced by WLSMV estimation are corrected for ordinal level data. As such, the χ2 difference tests for nested models were also corrected by way of the DIFFTEST option in Mplus.

Model C that is, the scalar invariance was fitted by retaining constraints on factor loadings and adding constraints on item thresholds. For interval level data, testing scalar invariance would involve constraining item intercepts. However, recall that scores on items from the SAS were deemed ordinal; as such, thresholds for response options determine scores on a latent response variable, which indicates the latent factor. Thus, scalar invariance requires each threshold for each indicator to be equal across groups. Fit indices for Model C were tenable, and the fit was not appreciably worse than Model B. Therefore, the scalar invariance model was retained.

Finally, Model D, was used to test strict or error variance invariance by fixing all error variances to 1. This test deviated again from invariance testing with interval level data, in which strict invariance is established by constraining the error variances. Recall that the latent response indicators were scaled via theta parameterization, fixing each variance to 1 in the reference group. Thus, strict invariance was tested by fixing the latent indicator variances to 1 in both groups. Again, model fit was tenable. The scaled χ2 difference test reported a statistically significant difference in fit compared with Model C. However, Chen’s (2007) criteria for assessing differences in model fit using CFI and RMSEA did not indicate appreciably worse fit. Model D was retained, and we concluded that the SAS measures the statistical anxiety of students in online and traditional statistics classes identically. See Table 1 for overall and comparative fit indices.



TABLE 1. Values of selected fit statistics for measurement invariance hypotheses for modified two-factor model of statistics anxiety analyzed across online and traditional student samples.
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The unstandardized estimates of Model D for both groups are displayed in Figure 1. We note that we report unstandardized estimates because these are comparable across groups of different sample sizes. Standardized factor loadings for the online group ranged from 0.682 to 0.856; all were statistically significant at the 0.001 level. The correlation between the exam factor and help factor for the online group was 0.554, indicating the factors were related but distinct. Standardized factor loadings for the traditional group ranged from 0.659 to 0.886; again, all loadings were statistically significant at the 0.001 level. The correlation between the exam factor and help factor was 0.591, again indicating the factors were related but distinct.
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FIGURE 1. Unstandardized estimates for traditional and online groups.
 



Differences in Statistical Anxieties

Having established the measurement invariance of the modified two-factor SAS for online and traditional students, analysis proceeded with the primary purpose of this study: determining by how much the two groups differed in their average scores on the Exam Anxiety subscale and the Asking for Help Anxiety subscale. See Table 2 for the variances and means of each factor for each group. Note that the online group served as the reference group and its factor means were fixed to 0. As such, the factor means listed for the traditional group represent mean differences across groups. The mean difference in Exam Anxiety was 0.048, with online students indicating lower Exam Anxiety. The mean difference in Asking for Help Anxiety was 0.184, with online students indicating higher Asking for Help Anxiety. Cohen’s d effect sizes were calculated for both mean differences, revealing effect sizes for Exam Anxiety (d = 0.054) and Asking for Help Anxiety (d = −0.129) that would be considered a very small effect (Cohen, 1988). Thus, we concluded that online statistics students expressed comparable levels of statistical exam anxiety, but slightly higher levels of asking for help anxiety than traditional statistics students.



TABLE 2. Robust weighted least squares estimates of unconstrained parameters for Model D of statistics anxiety analyzed across online and traditional student samples.
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DISCUSSION

The purpose of the present study was to determine whether the operationalization of statistical anxiety via the modified two-factor Statistical Anxiety Scale is the same for samples of online students and traditional students. Previous research has indicated that online statistics students may represent a distinct demographic, being older, with more credit hours earned and more courses repeated than their traditional counterparts (Dotterweich and Rochelle, 2012). Previous research has also indicated online students may possess different intellectual strengths, having higher logical-mathematical intelligence than their traditional counterparts (Lopez and Patron, 2012). If the two populations differ with respect to demographic characteristics and intellectual strengths, it may seem probable that they could differ with respect to the manner in which they report statistical anxiety. However, this was not the case.

Invariance held at every level, indicating that the modified two-factor SAS measures statistical anxiety manifests in the same way for online and traditional statistics students. These findings are further strengthened by the fact that the sample for the present study was drawn via random cluster sampling of colleges and universities throughout the United States. Thus, the SAS would appear to be a versatile measure of statistical anxiety. This finding answers Chew and Dillon’s (2014) call to confirm the factor structure of the SAS with diverse samples and provides a foundation for future research using the SAS with classes of varied formats.

Given that the modified two-factor model of the SAS is comprised of only 14 items, and scores on these items are valid for both online and traditional students, statistics instructors may consider administering this instrument to students in order to gauge anxiety and adjust instruction accordingly. Researchers have identified a number of effective interventions, including the use of humor (Pan and Tang, 2004), problem-solving games (D’Andrea and Waters, 2002), and instructor immediacy (Williams, 2006). Thus, the SAS could serve as a diagnostic tool, presenting instructors with student feedback to inform instruction.

An added purpose of this study was to compare mean scores for Exam Anxiety and Asking for Help Anxiety across class formats. Effect size estimates revealed that mean differences were negligible for exam anxiety and a lower asking for help anxiety for traditional students. This is contrary to popular belief that students have lesser inhibitions in reaching out for help when they are learning within the relative privacy and social safety of online education. However, the effect size is too small to make conclusions regarding these differences.

Our findings lend additional support to DeVaney’s (2010) finding that online and traditional students had comparable levels of anxiety upon completion of an introductory statistics course. Furthermore, DeVaney reported that online students had higher statistical anxiety than traditional students at the beginning of the course. Thus, if online students do not appear to carry greater statistical anxiety, as our study suggests, and if the online class format may even soothe statistical anxiety, as DeVaney’s work suggests, then online statistics education seems to present a viable alternative to traditional, face-to-face instruction.

Institutions of higher learning have reported offering online courses in the interest of meeting student demand for flexible scheduling, providing college access to students who may not otherwise have access, making courses more available, and seeking to increase student enrollment (Parsad and Lewis, 2008). As a convenient class format for students, and a cost-effective class format for institutions of higher learning, capitalizing on the pragmatic advantages of online education may allow a greater number of students to access statistics education, and a greater number of institutions to offer statistics education.

A major limitation of the present study is its small sample size. It is recommended that this study be repeated for larger samples so as to address the generalizability of the study. Perhaps administering a pre- and post-survey to examine statistics anxiety before and after taking traditional and online courses is another avenue for future research. Future research might seek to clarify the relationship between class format, statistical anxiety, and performance outcomes. Given the established relationship between statistical anxiety and performance outcomes (e.g., Galli et al., 2008), and the conflicting findings regarding the relationship of class format to performance outcomes (e.g., Scherrer, 2011; Dotterweich and Rochelle, 2012), there exists the possibility that class format and statistical anxiety interact to influence performance outcomes. Examination of all three variables in context may serve to clarify their relationships and inform future instruction. Regardless, insofar as the present study stands, online and traditional statistics students experience similar levels of anxiety, indicating that online instruction is a viable means of delivering statistics education.
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The popularity of information and communication technology (ICT) has had a significant influence on the reading proficiency of early adolescents. Achieving excellent reading proficiency, which is related not only to a student’s inherent talent but also to various impact factors, can greatly enhance the effectiveness of reading education. The Program for International Student Assessment (PISA) 2015 provides an international view on the reading proficiency of 15-year-olds in a computer-based testing environment. In this study, a multiple linear regression model was constructed using the computing language R to investigate the association between student-level ICT impact factors (the availability of ICT, the use of ICT and attitudes toward ICT) and reading proficiency among early adolescents. The sample included 37,155 15-year-olds from five representative countries with extremely high reading proficiency. The results showed that the students’ ICT-related attitudinal factors concerning their interest in ICT and perceived autonomy in using ICT, rather than ICT availability and ICT use, were closely associated with high reading proficiency. In addition, ICT devices should be integrated not only as instructional media but also as a cognitive tool for teaching reading with timely and appropriate scrutiny.
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INTRODUCTION

The concept of computer-based assessment of reading proficiency is of fundamental significance in the age of information and communication technology (ICT) (Naumann, 2015). The proliferation of ICT has a profound influence on the concept of reading proficiency (e.g., Liu, 2005; Coiro and Dobler, 2007) because it has largely reshaped students’ learning processes and reading activities (e.g., Gan et al., 2015; Mantoro et al., 2017) by engaging students in effective reading activities (e.g., Chen and Hu, 2018) and improving their reading comprehension ability (e.g., Whyte et al., 2014). As the benchmark of international large-scale assessment, the Program for International Student Assessment (PISA) has evaluated reading, science, and mathematics achievement among 15-year-olds from participating countries/economies of the Organization of Economic and Cultural Development (OECD) every 3 years since 2000. Reading proficiency in this influential assessment is recognized as “students’ ability to understand, use, reflect on and engage with written texts in order to achieve one’s goals, develop one’s knowledge and potential, and participate in society” (OECD, 2015, p. 30). This large-scale assessment facilitates the infrastructural and epistemological construction of global education work (Sellar and Lingard, 2013). For the first time, the PISA 2015 delivered the assessments of all three subjects via computer. Among the 72 participating economies, only 15 economies took the paper-based test due to technical problems. These changes have launched a new area of research, that is, the role played by myriad ICT impact factors in students’ reading proficiency because different types of reading activities and related impact factors have emerged (OECD, 2011).

The PISA reading proficiency test has been studied for nearly 20 years. From the long-term perspective, from the PISA 2000 to the PISA 2015, there has been no significant change in the framework of reading assessment among the six consecutive cycles of PISA 2000, PISA 2003, PISA 2006, PISA 2009, PISA 2012, and PISA 2015 (OECD, 2012, 2017). Thus, the whole reading framework and a large number of derived variables in the PISA 2015 were also taken from the previous PISA cycles without change as part of the trend content. In this sixth cycle of PISA assessment, a set of tasks including 103 questions was used in the PISA 2015 reading assessment (OECD, 2016, p. 146). Students’ reading proficiency scores were analyzed based on item response theory and officially released in the PISA 2015 Results. The proficiency levels described from the lowest to the highest are Level 1b, Level 1a, Level 2, Level 3, Level 4, Level 5, and Level 6. These seven proficiency levels used in the PISA 2015 reading assessment are the same as those established for the PISA 2009 assessment. The required reading skills at each proficiency level are described according to the three processes by which students answer the questions. These three processes are defined in the framework as “access and retrieve” (skills associated with finding, selecting and collecting information); “integrate and interpret” (processing what is read to make sense of a text); and “reflect and evaluate” (drawing on knowledge, ideas or values external to the text) (OECD, 2016, p. 162).

Starting with the PISA 2009, the OECD, for the first time, designed a computer-based reading assessment as an additional option for its reading proficiency test. Regarding the assessment contents of the paper-based and computer-based PISA 2015 reading proficiency assessment, the latter differs from the former only in format, i.e., the way of presenting long texts by screen and the basic knowledge of hardware usage. However, compared with other cycles of the ICT familiarity questionnaire in the PISA computer-based assessment of reading, four derived variables were newly developed in the PISA 2015, including students’ ICT interest (INTICT), perceived competence in ICT usage (COMPICT), perceived autonomy related to ICT usage (AUTICT) and the degree to which ICT is part of their daily social life (SOIAICT). In particular, the index for ICT use outside of school for academic purposes has changed over time: in the PISA 2006 ICT familiarity questionnaire, this index includes five questions that mainly address students’ degree of using a computer to write papers, create spreadsheets, draw or use graphics programs, use educational software and write computer programs (OECD, 2009). In the PISA 2012, this index is examined using seven measurements of browsing the Internet for schoolwork, using email for communication with other students about schoolwork, using email for communication with teachers and the submission of homework, downloading, uploading or browsing material from the school’s website, checking the school’s website for announcements, doing homework on the computer, and sharing school-related materials with other students (OECD, 2015). Finally, in the PISA 2015, the index is derived from 12 measurements, including all seven measurements that were examined in the PISA 2012. In addition, students’ degrees of browsing the Internet to follow up lessons, using social networks for communication with other students and teachers about schoolwork, doing homework on a mobile device, and downloading learning apps on a mobile device are also included (OECD, 2017).

Substantial effort has been made to investigate the impacts of certain factors on students’ reading proficiency based on the PISA assessment framework. The previous studies can be divided into three categories. The first category is that of sociodemographic factors. Gender, family background and immigration background are confirmed to be significant sociodemographic factors of computer-based assessment measuring reading proficiency. Specifically, 15-year-old girls tend to score higher in computer-based reading assessments on multiple layers of reading skills than boys of the same age (e.g., Stoet and Geary, 2015; Puteh et al., 2016; Torppa et al., 2018). In addition, parental education (e.g., Rajchert et al., 2014), early parental engagement in educational activities (e.g., Hemmerechts et al., 2016), and parental involvement in social and cultural exchange (e.g., Gotoh et al., 2013) are found to be positive factors of reading performance. For immigrant background factors, immigrant students perform consistently worse than native students (e.g., Liberto, 2014), which can be explained by insufficient family support and the control of immigrants (Santos et al., 2016). In the meantime, it has also been found that the sense of school belonging exerts a moderating effect in the mathematical achievement gap between immigrants and natives (Schachner et al., 2017); however, for reading performance, this moderating effect turns out to be insignificant (Mok et al., 2016). The second category is related to cognitive factors. Cognitive skills (rapid naming, phonological awareness, and letter knowledge) and cognitive learning strategies (elaboration and memorization) positively influence reading proficiency (e.g., Li and Chun, 2012; Eklund et al., 2018). The third category concerns instructional factors. Categorical instructions or curricula targeting students of different reading levels improve their reading results (e.g., Shin et al., 2013). In addition, teachers’ guidance of students when they encounter difficulties in reading, teachers’ stimulation of students’ reading processes and the classroom reading environment are all meaningful factors influencing students’ reading proficiency (Meng et al., 2017).

Previous studies have constructed statistical models using the theoretically-based rationale that ICT impact factors are related to reading proficiency. For instance, to examine the mediation effect from individual differences in the inner and outer states of ICT to the PISA reading proficiency, a partial mediation model was constructed (Lee and Wu, 2012). An ordered logit model was employed to estimate relationships between an ordinal dependent variable (i.e., PISA test score) and a set of independent variables (i.e., the student’s background, school characteristics, the home/family environment and the student’s access to ICT facilities) (Erdogdu and Erdogdu, 2015). In these studies, special attention was given to student-level ICT impact factors. Student-level ICT impact factors were obtained from the ICT familiarity questionnaire, which has been gradually developed since the PISA 2000. In the PISA 2015 questionnaire, these factors can be generalized into three main categories: the availability of ICT, the use of ICT and attitudes toward ICT. With regard to the impact of ICT availability, the mere availability of ICT at home is negatively related to reading proficiency, whereas ICT availability at school is not significantly correlated with reading performance (e.g., Lee and Wu, 2012; Hu et al., 2018).

Two relevant contextual factors have been identified in the previous literature with a focus on the impact of ICT use on reading proficiency. The first involves where the ICT is used, i.e., at school or outside of school. The findings regarding ICT use at school are complex; the association between ICT use at school and students’ reading achievement is recognized as having an inverted U-shape, which indicates that overuse of ICT at school may reverse the positive correlation between ICT use at school and students’ reading proficiency (Woessmann and Fuchs, 2005); however, ICT use at school is also found to be negatively correlated with students’ reading proficiency (Petko et al., 2017). Furthermore, this relationship varies among students in different grades. In particular, ICT use at school is found to be positively associated with the reading performance of fourth-grade students whereas it is negatively correlated with that of eighth-grade students (Skryabin et al., 2015). With regard to the second contextual factor, ICT is used outside of school for social entertainment or for web navigation. Specifically, the dimension of social entertainment involves the accessing of email, collaborative gaming, and the use of social media. The dimension of information seeking on the Internet includes reading online news, using e-dictionaries, consulting online encyclopedias and browsing websites for practical information. Some researchers have found that online navigation activities outside of school improve students’ reading proficiency whereas leisure activities decrease it (e.g., Woessmann and Fuchs, 2005; Lee and Wu, 2013). In contrast, some scholars discover that ICT use for entertainment at home is positively correlated with students’ reading performance (Skryabin et al., 2015). Additionally, ICT use for leisure is found to narrow the gender gap in students’ reading scores (e.g., Cheung et al., 2013; Rasmusson and Åberg-Bengtsson, 2015).

Attitude is a significant psychological construct that inheres in or characterizes a person (Richard, 2016). With regard to the ICT attitudinal variables included in the ICT familiarity questionnaire of the PISA 2015, students’ attitudes were found to positively influence students’ reading performance (Lee and Wu, 2012; Petko et al., 2017). In contrast, attitudes toward ICT for social interaction are negatively associated with reading proficiency (Hu et al., 2018). Researchers have used different indexes of ICT attitudes based on the PISA ICT familiarity questionnaire that they selected. For instance, Lee and Wu (2012) obtained one attitudinal index derived from four indicators based on the PISA 2009 ICT familiarity questionnaire. Petko et al. (2017) applied positive attitude toward ICT as a learning tool (ICTATTPOS) derived from six indicators based on the questionnaire in the PISA 2012. Considering that the constructs of ICT attitudes applied in the previous studies are not yet fully developed, a more comprehensive ICT familiarity questionnaire of the PISA 2015 is utilized in the current study to analyze the impacts of students’ ICT-related attitudes; this questionnaire includes four explicit indexes: interest in ICT, perceived ICT competence, perceived autonomy in using ICT, and enjoyment of social communication using ICT (OECD, 2017).

Achieving excellence in education can greatly enhance the effectiveness of education (OECD, 2009); excellence involves more than a student’s inherent talent as it is also related to various interactive factors (Hu and Wei, 2018). Most of the abovementioned studies investigated the ICT impact factors of students’ reading proficiency in one or more countries; however, the literature on the representativeness of countries with excellent reading proficiency remains insufficient. The top-performing countries should receive particular attention since relevant findings would certainly offer innovative insights leading to educational excellence for educators and policymakers around the world (Jerrim, 2015). Certain previous studies have investigated the relationship between impact factors and excellent subject performance by students. For instance, pedagogical impact factors of 4th-grade students with excellent reading proficiency were identified based on Progress in International Reading Literacy Study (PIRLS) (Xiao and Hu, 2019). Regarding the PISA-based analysis, a set of impact factors influencing top students’ science performance was explored (e.g., Chen et al., 2019). However, few of these studies have targeted ICT impact factors and 15-year-olds’ reading proficiency in high-performing countries. Therefore, this study aimed to identify the correlation between ICT impact factors and early adolescents’ reading proficiency in high-performing countries based on the large-scale educational assessment of the PISA 2015. Although the examination of the high-performing countries versus the low-performing ones can maximize the research scope, such comparisons may lead to invalid conclusions and weak representations of educational success because of the polar socioeconomic situations in different countries (OECD, 2016). Therefore, the study’s research objective is to survey the impact of ICT factors on secondary school students’ reading performance in five representative countries with extremely high reading proficiency.



MATERIALS AND METHODS

Sample

The sample was drawn from the PISA 2015 dataset1, which is the latest PISA dataset, released in December of 2017. Different from the previous cycles, the assessments of all three domains of science, reading and mathematics were mainly conducted on computers in the PISA 2015. Of the 72 countries/economies that participated in this international assessment, 57 countries/economies (including all 35 OECD members) completed the computer-based assessment (CBA) whereas the remaining 15 participants who lacked computer-test access used the paper-based alternatives. Questionnaires were administered to students, principals, teachers, and parents to obtain relevant contextual information. Only the CBA countries/economies could choose whether to take the ICT familiarity questionnaire (OECD, 2017).

In the case of PISA, students are categorized into seven proficiency levels for each domain based on their test scores: Level 1b is the lowest described level, then Level 1a, Level 2, Level 3 and so on up to Level 6 as the highest proficiency level. Students reaching Level 5 or 6 on the reading proficiency scale are referred to as top performers. Level 6 tasks are more challenging and rigorous than Level 5 tasks. Students reaching Level 6 are typically able to integrate information from multiple texts, understand connotations on a sophisticated level, and expertly handle unfamiliar ideas.

According to the statistical results of the PISA 2015, only countries with at least 2% of performers at Level 6 may be regarded as representative countries with excellent reading proficiency (OECD, 2016) because high-performing educational systems can present better teaching resources, stronger school leadership, higher academic standards, broader educational outcomes, more innovative educational reforms and more international vision than others (Deng and Gopinathan, 2016). Among the seven representative countries with excellent reading proficiency, Canada and Norway did not take the ICT familiarity questionnaire. Thus, in the current study, Singapore (3.600% of Level 6 performers), New Zealand (2.600% of Level 6 performers), Australia (2.000% of Level 6 performers), Finland (2.000% of Level 6 performers) and France (2.000% of Level 6 performers) were selected as the five sample countries across Asia, Europe, and Oceania. Considering the representativeness of these five countries, all students were taken into consideration without distinguishing high- from low-achieving performers. The data of 37,155 sample students were retrieved by Perl computing language version 5.28.2. Boys account for 49.433% of the sample, and girls account for 50.567% of the sample. The age range of the participants was between 15 years and 3 (complete) months and 16 years and 2 (complete) months, as strictly required by the PISA (OECD, 2016, p. 210). In addition, the percentage of individuals with ICT availability at home (ICTHOME) or at school (ICTSCH) is at least 98.640% in five countries, respectively. Students with access to ICT both at home and at school are shown as 99.890% in total. The demographic information is presented in Table 1.

TABLE 1. Demographic information of participants from five representative countries.
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Data Analysis

Variables

As it is impossible for each student to complete all test items, the PISA 2015 computed 10 plausible values (PVs) of reading scores to measure students’ performance (see Table 2). The present study followed the recommendations for addressing PVs in international large-scale assessments (OECD, 2009; Rutkowski et al., 2010), considering all 10 PVs simultaneously as the dependent variables for the purpose of obtaining unbiased and stable estimates.

TABLE 2. Descriptive statistics of plausible values of reading proficiency in the PISA 2015 computer-based reading assessment.
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This study included three categories of student-level ICT factors as regressors (see Table 3), i.e., the availability of ICT (at school and outside of school), the use of ICT (at school or outside of school for academic and leisure purposes), and attitudes toward ICT (students’ interest in ICT, perceived autonomy related to ICT, perceived ICT competence, and ICT use for social interaction). In addition, the binary variable Gender and the derived variable of students’ gender and economic, social and cultural status (ESCS) were also considered. Based on the theoretical rationale in this study, all variables related to ICT availability, ICT use and attitudes toward ICT were included in the following analyses.

TABLE 3. Descriptive statistics of ICT availability, ICT use, ICT attitudes and student background based on the PISA 2015 computer-based reading assessment.
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Multiple Linear Regression (MLR) Modeling

A regression model that contains more than one regressor variable is called a multiple regression model (Montgomery and Runger, 2007). An MLR model is “typically employed to measure the effects of the explanatory variables on performance” (Fariña et al., 2015, p. 179). It can accurately reflect the correlations among factors, indicate the degree of fit, and improve the effect of the regression equation (Holmes and Rinaman, 2015). Linear relationships among the various factors can be analyzed intuitively and promptly by using multiple sets of data.

In this study, considering that students’ reading proficiency is associated with multiple factors, it is effective and realistic to estimate the dependent variable by using the optimal combination of multiple independent variables, which can be accurately realized by an MLR model, in line with recommendations for PISA data analysis (Rutkowski et al., 2010). The equation for MLR is

[image: image]

where

yi refers to the dependent variables,

β0 refers to the intercept, and

βp refers to the partial regression coefficient, which gauges the unit change in the dependent variable per unit increase in the factors on the condition that the rest of the factors remain unchanged.

𝜀 refers to the error term.

In the current study, MLR modeling was performed using R computing language version 3.5.02. The data analysis procedure was as follows:

First, the data preprocessing procedure was conducted. Large-scale assessments (e.g., the PISA), conducted in the context of item response theory (Cui et al., 2019), generally contain missing values. In this context, the aggr() function from the R Language package ‘VIM’ was used to visualize the number and proportion of missing values. Deleting the missing values is one solution when the missing rate is lower than 5% for each variable; however, this solution could not be used in this study due to the high missing rate of over 10%. Therefore, to ensure the maximum number of observations, the imputation of missing values was conducted in this study. Many researchers have advocated the use of missForest, a non-parametric method based on the randomForest model, in working with samples that involve different data types (Stekhoven and Bühlmann, 2012; Jin et al., 2015; Finch et al., 2016). Thus, because the sample included in this study contains both continuous and dichotomous variables, the missForest() function was used to impute the missing values.

Second, the correlation coefficients among the nine independent variables and ten PVs of reading performance were computed, and they were within the acceptable limits. Further, the T-value and the F-value needed to be emphasized to determine the correlation between nine independent variables and reading proficiency.

Third, the lm() function from the core package ‘stats’ was used to compute the MLR model. For each plausible value of reading performance, the model was built by the regressors and covariates.

The summary statistics of variables are presented in Table 3. As there were ten PVs, ten MLR models were eventually produced. The residuals (𝜀), estimates (β), intercept (β0), standard error (SE), multiple R-squared (R2) and p-values of the T-statistic and F-statistic are shown in the results for further discussion.

Fourth, assumptions of homoscedasticity and endogeneity were checked. Widely used to verify whether a regression model contains heteroskedastic error (Jeong and Lee, 2008), White’s test (White, 1980) was applied in this study by the computing heteroscedasticity-robust standard error in test statistics (Wooldridge, 2003). Moreover, the problem of endogeneity might exist when the ICT use is an endogenous variable (Fariña et al., 2015). Therefore, the assumption of endogeneity was checked with all three covariates of ICT use, i.e., USESCH, HOMESCH and ENTUSE. The differences between two regression models of with and without any of these covariates for the rest of the variables were calculated and provided in Supplementary Tables S1–S6, respectively. The comparisons of result difference of each ICT use variable were presented in Table 4. No significant differences were found with and without these variables, respectively, in this process.

TABLE 4. Comparison of the results of the regression models with and without each ICT use factor of USESCH, HOMESCH, and ENTUSE.
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RESULTS

This article aimed to examine the influence of ICT impactors on students’ reading proficiency in high-achieving countries; therefore, the five representative countries were assessed as a cohort with high-achieving reading proficiency.

Demographic Covariates

Regarding the PISA reading proficiency, the fundamental demographic factors involved the ESCS and gender (Petko et al., 2017; Hu et al., 2018). Thus, these two factors were included as the two demographic covariates in this study. Both ESCS (β = 47.930, SE = 0.663, p < 0.001) and gender (β = -28.506, SE = 1.039, p < 0.010) were significantly correlated with reading proficiency in Table 5. Specifically, ESCS was positively associated with the students’ reading performance. For a one-point increment in ESCS, the students’ reading scores increased by 39.398 points (β∗SD), which demonstrated that the students in countries with higher ESCS tended to achieve better reading results.

TABLE 5. The effect of ICT impact factors on reading proficiency.

[image: image]

Table 5 presents the results for all required coefficients for the statistically significantly related factors included in the optimal MLR model. As shown, the explained variance for the model varied from R2 = 0.209 to R2 = 0.214. In the fields of humanities and social sciences, these R2 values were within an acceptable range because it was not expected that all relevant variables would be included to indicate the subjects’ behavior. In the existing studies of regression analysis using the PISA dataset (e.g., Chiacchio et al., 2016; Naumann and Sälzer, 2017; Tay et al., 2017), the maximum R2 reached 0.310, 0.239, and 0.230, respectively. Even if the R2 was low in this study, the factors were significantly correlated, which means that important conclusions could still be drawn from the model (Neter et al., 2012). The detailed information of all statistical analyses conducted in this study are available upon request.

ICT-Related Factors

As shown in Table 5, ICT availability at home (β = -4.331, SE = 0.396, p < 0.001) and at school (β = -3.265, SE = 0.295, p < 0.001) was negatively associated with students’ reading proficiency: with a one-point improvement in the availability of ICT at home and at school, students’ reading scores decreased by -7.094 and -6.308 points (β∗SD), respectively. Regarding use, ICT use at school in general (β = -7.536, SE = 0.779, p < 0.001) was negatively related to reading performance; reading scores were decreased by 6.225 points (β∗SD), with one-point growth in the use of ICT at school. The use of ICT outside of school for entertainment (β = -8.148, SE = 0.746, p < 0.001) indicated a negative correlation with reading proficiency; the use of ICT outside of school for entertainment was increased by one point, and reading scores dropped by 7.236 points (β∗SD). No significant association was found between the use of ICT outside of school for schoolwork and reading proficiency. With regard to students’ attitudes toward ICT, all attitudinal factors examined were significantly related to reading performance: interest in ICT (β = 9.955, SE = 0.661, p < 0.001) and perceived autonomy related to ICT use (β = 23.529, SE = 0.775, p < 0.001) were positively related to reading scores, whereas perceived ICT competence (β = -2.931, SE = 0.796, p < 0.001) and enjoyment of social interactions through ICT (β = -16.001, SE = 0.709, p < 0.001) were negatively associated with reading performance. Specifically, reading scores increased by 9.308 and 21.076 (β∗SD) points with every one-point increase in students’ interest in ICT and perceived ICT autonomy, respectively. Conversely, with a one-point improvement in perceived ICT competence, students’ reading score decreased by 2.597 points (β∗SD). One point of growth in their enjoyment of ICT use for social interaction was found to reduce reading scores by 14.065 points (β∗SD).

Moreover, the relationship between ICT impact factors and students’ reading proficiency in each of the five performing countries was also investigated through the same procedure, respectively, in Table 6. As shown, the ICT availability at home (ICTHOME) and the gender (Gender) remained negatively associated with students’ reading proficiency in each of the five counties, and the interest in ICT (INTICT) and the ESCS remained positively correlated with students’ reading proficiency in each of the five counties. For the remaining factors, they were differently associated with reading proficiency among different countries. These results indicated that: four factors (i.e., ICTHOME, INTICT, ESCS, and Gender) were simultaneously identified for all five countries as closely relevant to the students’ reading proficiency, whereas the other factors were differently associated with students’ reading proficiency among countries. For example, the ICT availability at school (ICTSCH) was negatively associated with reading proficiency in Australia (p = 0.021, β = -1.296, SE = 0.562), France (p < 0.001, β = -9.138, SE = 0.725) and New Zealand (p < 0.001, β = -3.478, SE = 0.978). The correlation was insignificant in Finland (p = 0.098) and Singapore (p = 0.068).

TABLE 6. The effect of ICT impact factors on reading proficiency in each of the five countries.

[image: image]



DISCUSSION

The Availability of ICT

The availability of ICT includes ICT availability at home (ICTHOME) and ICT availability at school (ICTSCH) (OECD, 2016). On one hand, ICTHOME is found to be inversely related to students’ reading achievement in high-achieving countries, which is consistent with the previous research (Lee and Wu, 2013). This finding might be explained by the low quality of students’ ICT use at home without proper guidance and timely supervision from their parents. Students with access to ICT devices at home (e.g., computers, cell phones, e-books, printers, portable music players) do possess more computer skills (Kuhlemeier and Hemker, 2007) and tend to perform better on reading when assessed by computer (Rasmusson and Åberg-Bengtsson, 2015). However, the overuse or abuse of ICT tends to form detrimental habits such as addiction to computer games, which in turn lowers reading proficiency (Rasmusson and Åberg-Bengtsson, 2015). Hence, parents are suggested to carefully monitor their children’s access to ICT facilities at home and to appropriately direct them to utilize online resources in a reasonable way (Lee and Wu, 2012). On the other hand, ICTSCH is negatively correlated with students’ reading performance in this study, which is consistent with Lai’s (2016) study. This result is closely related to ICT use at school, which is discussed in detail in the next section.

The Use of ICT

The use of ICT contains ICT use at school in general (USESCH), ICT use at home for schoolwork (HOMESCH), and ICT use at home for leisure (ENTUSE) (OECD, 2016). ICT use at school is negatively related to students’ reading scores, which is consistent with the findings of previous studies (Petko et al., 2017; Tay et al., 2017; Hu et al., 2018). During the process of using ICT in everyday education, teachers may encounter a number of barriers. Ertmer (1999) classified these barriers into two categories: extrinsic and intrinsic barriers. Extrinsic barriers include lack of access, time, support, resources and training, and intrinsic barriers include attitudes, beliefs, practices and resistance. In terms of intrinsic barriers with regard to teachers’ preparedness and perception, although teachers believe ICT use in education is beneficial and may be able to adeptly use the Internet, e-mail, Microsoft Word and PowerPoint for reading teaching, they might possess only limited knowledge in using ICT for more advanced functions, e.g., spreadsheets, concept mapping, programing languages, multimedia authoring and modeling software to compose adapted teaching materials or tailored approaches for students with different reading levels. This indicates a situation where the use of ICT in class is restricted to basic pedagogical practices rather than being effectively integrated into the school curriculum (Aydin, 2013). Therefore, schools are supposed to organize training programs to equip teachers with important ICT knowledge and sufficient ICT skills as well as provide in-time technical support once teachers encounter any difficulty in using ICT in class and so forth (Hadi and Zeinab, 2012). In this case, teachers would be able to use ICT as cognitive tools in class, contributing to an ideal technology-assisted learning environment (e.g., Kommers et al., 2001; Nissen and Tea, 2012; Wei and Hu, 2018; Wei et al., 2018).

The results regarding the influence of the use of ICT for academic purposes outside of school on reading proficiency have varied across the previous studies. In this study, no significant connection is found between ICT use at home for schoolwork and reading proficiency. In the existing studies, Petko et al. (2017) discovered that ICT use for schoolwork outside of school is positively associated with students’ reading performance, which aligns with the research finding of Skryabin et al. (2015). In contrast, Gumus and Atalmis (2011) discovered the negative relationship of ICT academic use at home. These conflicting results might be explained by the fact that the PISA ICT questionnaire have changed over time, as explained in the introduction. In detail, Skryabin et al. (2015) and Petko et al. (2017) applied the ICT questionnaire in the PISA 2012, at which time the index for ICT use outside of school for academic purposes was determined by seven measurements. In Gumus and Atalmis (2011) study, this index was based on five questions in the PISA 2006 ICT questionnaire (OECD, 2006). However, in the current study, the final index of ICT use outside of school for schoolwork is derived from twelve indexes in the PISA 2015 ICT questionnaire, including all seven indexes that were examined in the PISA 2012 (OECD, 2017).

In this study, ICT use outside of school for entertainment is found to be inversely correlated with reading proficiency, which contradicts the findings of some of the past studies. For instance, Gumus and Atalmis (2011) proposed that using ICT devices for leisure, such as playing computer games, may alleviate Turkish students’ stress, increase their momentum, and inspire them to learn more efficiently. However, the pattern of a negative correlation between ICT use outside of school for entertainment and reading performance is found in high-achieving countries (Woessmann and Fuchs, 2005; OECD, 2006, 2015; Petko et al., 2017). Another possible explanation might be the opportunity cost of spending most of the time online outside school for entertainment rather than spending that time reading (Petko et al., 2017). Educators should devote more effort to monitoring and evaluating students’ reading strategies to achieve meaningful e-teaching outcomes. However, ICT use at school in Australia is positively correlated with students’ reading proficiency, which might be caused by the education policies in Australia. These policies contribute a lot to the effectively use of ICT in schools (Radhika and Wu, 2015).

Attitudes Toward ICT

Regarding attitudes toward ICT, two attitudinal factors, i.e., students’ interest and perceived autonomy in using ICT, are closely associated with the reading proficiency in high-performing countries in this study. This finding is novel, as few studies have confirmed the predominant significant role of ICT-related motivation and self-efficacy in reading scores beyond students’ capabilities. The previous studies have found that the impact of these two attitudinal factors on students’ achievement scores is complex (e.g., Papanastasiou et al., 2004; Lee and Wu, 2012). Lee and Wu (2012) observed that students’ perceptions of educational technology were positively correlated with their academic performance based on the PISA 2009 dataset whereas Papanastasiou et al. (2004) suggested a negative correlation. The reason for the fundamental influence of interest might be the digital learning potential reflected by the items measuring students’ interest in ICT in the PISA 2015 ICT familiarity questionnaire. This potential is measured by two main items: (1) The Internet is a great resource for obtaining information in which I am interested, and (2) I am really excited about discovering new digital devices or applications (OECD, 2017). In effect, these two questions reflect students’ acceptance of ICT related technology. ICT has brought tremendous change by offering readers the opportunity to engage in more flexible reading activities via computers. Nonetheless, many adolescents born in the 1990s have uninterested, skeptical or even fearful attitudes toward e-learning because of the complicated and misleading navigation, non-intuitive design, and user-unfriendly operations, which might hinder their access to informative resources (Hyman et al., 2014). This attitude of rejection decreases students’ autonomy in utilizing ICT facilities for learning. Students without an interest in applying ICT to help them with their work are unlikely to delve into the manuals of electronic devices, choose helpful applications or install updated learning software independently. Hence, students’ indifference to ICT shows little possibility for automatic e-learning in further study, which may hinder their reading performance. This interpretation seems plausible in light of the previous studies on the gender gap in online reading, which observe that the advantage in female students over their male counterparts in paper-based reading decreases when they read online. Based on Bandura’s self-efficacy theory (1993), it is possible that boys’ greater interest and girls’ higher anxiety in the electronic reading environment contributed to the smaller gender gap in digital reading (Nele and Franziska, 2019). Therefore, new effective and technological tools used in the classroom should be geared to students’ interest; in particular, attractive educational applications could trigger students’ positive attitudes or behavior in class (Mera et al., 2019).

With regard to students’ perceived ICT competence in using digital devices, this study finds a slightly negative association. In the meantime, students’ ICT use for social interaction is negatively correlated with reading proficiency in the sample countries. In the PISA 2015 ICT familiarity questionnaire, the questions on this index can be generalized into two categories. One category is ICT as a theme of social communication, and the other is ICT use for social interaction. Although students might receive assistance in using digital devices from social media, using ICT for social communication exerts a greater negative correlation with reading proficiency. This result is consistent with those of previous studies (e.g., Fox et al., 2009; Jacobsen and Forste, 2011) that confirmed that concurrent ICT use for social communication and for reading were negatively associated with their efficiency. Jacobsen and Forste (2011) further proposed that the metacognitive mechanism behind this negative correlation is the distraction of attention and the impairment of short-term memory when performing multiple tasks. Additionally, this finding further explains the negative impact of ICT use at school as mentioned above. Areepattamannil and Khine (2017) revealed the close connection between the frequency of ICT use for social interaction and ICT use at school. In this case, the fact that ICT’s use at school is negatively associated with reading scores is attributed not only to teachers’ behavior but also to students’ reading activities at school. To solve this problem, appropriate direction and timely scrutiny are necessary to prevent students from becoming obsessed with online entertainment such as playing computer games and engaging in social networking activities. The significant negative impact of social interaction activities on students’ reading proficiency in high-achieving countries reflects the fact that social media addiction poses a great threat to reading proficiency with the popularity of ICT.



CONCLUSION

This study used multiple linear regression models to analyze the relationship between ICT impact factors and early adolescents’ reading proficiency in five countries with extremely high reading proficiency. It was found that students’ attitudes toward ICT including interest levels and perceived autonomy contributed most to students’ high reading proficiency, rather than ICT availability or ICT use. The current study makes the following three primary contributions to the field: (a) This study delves into the association between the proposed ICT-related factors and students’ reading proficiency in the context of representative countries with excellent reading proficiency based on the latest PISA dataset, and it makes reasonable inferences for illustration; (b) The study reflects upon the application of educational technology in an ICT-assisted learning environment and gives constructive advice with regard to the findings; and (c) Based on the previous literature, this study offers a comprehensive overview of how ICT influences reading performance.

Future research should address a few suggestions. First, considering the exploratory nature of the research, if possible, in the future, longitudinal research can expand the scale of the research. Second, since most of the questions in the PISA questionnaire were the self-reported answers of students, the endogeneity of variables might be a problem. In a pioneering PISA study (Fariña et al., 2015), the Hausman test (Hausman, 1978) was used to diagnose the appropriateness of the endogeneity assumption. Furthermore, propensity score matching approach can be applied to avoid the self-selection problem and obtain an unbiased sample (e.g., Crespo-Cebada et al., 2014). Although this problem does not exist in this study, it still deserves special attention in future research. Additionally, the application of more advanced statistical model, for instance, a linear mixed-effects model (e.g., Hesselmann, 2018), is also essential for future PISA-based studies.
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Until recently, need frustration was considered to be the absence of need satisfaction, rather than a separate dimension. Whilst the absence of need satisfaction can hamper growth, experiencing need frustration can lead to malfunctioning and subsequent psychopathology. Therefore, examining these constructs separately is vital, as they produce different outcomes, with the consequences of need frustration potentially more severe. This study sought to examine predictors of need frustration using undergraduate students and individuals from the wider community (N = 510, females N = 404, Mage = 24.15). Participants completed the new need satisfaction frustration scale and measures of anxiety, stress, depression, and negative and positive affect. Support for the position that need frustration is separate to Need Satisfaction and is related to psychological health problems (i.e., ill-being) was found. However, autonomy frustration was not found to be a significant predictor of ill-being. Extending previous research, this study found relationships of stress and somatic anxiety with need frustration. Further, a relationship between need frustration with anxiety and depression occurred, when these symptom dimensions were examined separately, through distinct questionnaires. Support for the construct of need frustration highlights the necessity of examining need frustration in addition to need satisfaction within future studies. Interventions specific to reducing need frustration, specifically competence and relatedness frustration within both the educational and workplace setting are outlined.
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INTRODUCTION

According to basic needs theory (BNT), a mini-theory of Self-Determination Theory (Deci and Ryan, 2000), individuals are motivated by three key psychological needs, the need for: autonomy, competence and relatedness. Autonomy is defined as the perception of control over one’s behavior rather than feeling controlled by external factors. Competence relates to an individual’s belief in their ability to attain desired outcomes, and Relatedness, the degree to which an individual feels closeness and a sense of belonging with others. BNT contends that meeting these needs are necessary for optimal human development (Ryan et al., 1996). The degree to which these needs are met, has direct implications to both the educational and workplace setting (education: Copeland and Levesque-Bristol, 2011; workplace: Gagné et al., 1997; Baard et al., 2004). Need satisfaction over these three domains, are strong predictors of first year retention rates, the perception of the university setting as a positive learning environment and increased academic performance (Copeland and Levesque-Bristol, 2011). Whilst, within the workplace, increased need satisfaction is related to better job performance, improved psychological well-being (Baard et al., 2004), increased work motivation (Gagné et al., 1997), and stronger employee commitment (Gagné et al., 2008). According to BNT the degree to which needs are met over the domains of autonomy, competency and relatedness, directly relate to a sense of subjective wellbeing, whilst having these needs frustrated, leads to ill-being. Therefore, according to this theory, need frustration is not a separate construct in and of itself, but rather, occurs because of the absence of need satisfaction (Deci and Ryan, 2000).

More recent research, however, has speculated that need frustration is not just the inverse of need satisfaction, but rather, is a distinct construct (Deci and Ryan, 2000; Sheldon and Gunz, 2009; Bartholomew et al., 2011a; Longo et al., 2016). Supporting this assertion, Longo et al. (2016) stated that these two constructs have separate theoretical underpinnings, and therefore, will predict different outcomes. Specifically, satisfaction related to the domains of autonomy, competence and relatedness, is associated with positive outcomes (well-being) such as positive affect. Whilst frustration related to these three domains (need frustration) can predict negative outcomes (ill-being) such as negative affect, depression and anxiety (Bartholomew et al., 2011a). Their study found support for this theory by showing significant relationships existed between satisfaction and positive outcomes, and frustration and negative outcomes. The study by Longo et al. (2016) is therefore, an extension of BNT (Deci and Ryan, 2000) due to the further refinement as to what defines, and predicts, satisfaction and frustration. Specifically, it was found that ill-being was uniquely predicted by experiences of need frustration and not from merely experiencing low need satisfaction (Longo et al., 2016). A recent study by Longo et al. (2018) found further support for the perspective that need satisfaction and need frustration are distinct constructs.

Due to the recency of the proposition that need frustration is separate from need satisfaction, limited research has been conducted into need frustration, and therefore, correlates of this construct. Research into need frustration is imperative; although a lack of need satisfaction is related to negative outcomes, increased need frustration is considered especially harmful, and linked to potential psychopathology (Bartholomew et al., 2011a). According to Vansteenkiste and Ryan (2013), this is illustrated through an example juxtaposing the repercussions of low need satisfaction as compared to experiencing increased need frustration within the workplace. An individual experiencing low need satisfaction through reduced relatedness with colleagues, might not feel as excited about their work. However, an individual actively bullied, ridiculed and excluded by colleagues, therefore, also experiencing low relatedness through high degrees of need frustration, will be at the additional risk of developing psychopathology, such as depression and severe stress. It can then be said that although a lack of need satisfaction can lead to a lack of fulfillment, need frustration, is also strongly related to malfunctioning (Vansteenkiste and Ryan, 2013). Given that the degree of mental illness has been steadily increasing within both the workplace (Bonde, 2008; Fan et al., 2015) and educational setting (American College Health Association, 2018), it is important to examine the potential link between need frustration and psychopathology.

In light of the above research, the present study aimed to further examine the relationship between psychological health problems, and need frustration. We did this through examining the relationship between the need satisfaction and frustration scale (NSFS) and ill-being found by Longo et al. (2016) through examining the factor structure of the NSFS. Particular attention was given to the predictors of need frustration due to the scarcity of research into this factor. Need satisfaction was not the focus of the present study as extensive research has been conducted into this construct (Deci and Ryan, 2002; Baard et al., 2004). Therefore, an omnibus of negative emotionality measures expected to be predicted by need frustration were included in this study. Negative emotionality measures of anxiety, stress, depression and negative affect, were included.

A limitation of the Longo et al. (2016) study, was the lack of ability to distinguish between anxiety and depression manifested through increased ill-being. Longo et al. (2016) used the General Health Questionnaire (GHQ, Goldberg and Williams, 1988) to measure the influence of ill-being on anxiety and depression, through the Anxiety-Depression subscale, which does not separate between these constructs. Although anxiety and depression share variance related to general distress, they are theoretically distinct dimensions, with anxiety uniquely related to social tension/arousal, and depression; anhedonia/low affect (Clark and Watson, 1991). Therefore, to allow for an examination of the distinct relationship between anxiety and depression with ill-being, we included well validated measures of both anxiety and depression. To allow for replication of Longo et al. (2016), a measure of negative affect was also included. Although an investigation into need frustration has already occurred within the sporting context (Bartholomew et al., 2011b), and within general life (Sheldon and Gunz, 2009), the present study sought to directly extend on the study by Longo et al. (2016). Therefore, we examined the influence of need frustration on negative emotionality specifically within the context of the educational setting and workplace. According to research into the educational setting (Riolli et al., 2012), university students experience high levels of stress. Further, the workplace can be inherently stressful (Colligan and Higgins, 2006). Therefore, in extension of Longo et al. (2016), in addition to measures of negative affect, depression and anxiety, we also included a measure of stress.

In light of the above aim, it was hypothesized that:

(1) Measures of psychological health problems, specifically those measuring depression, anxiety, stress and negative affect, will negatively relate to satisfaction and positively relate to frustration.

(2) Need Satisfaction will be positively correlated with positive affect.

(3) That measures related to psychological health problems and positive affect will be strongly related to their proposed factors, highlighting support for the factor structure put forward by Longo et al. (2016).



MATERIALS AND METHODS


Participants

A sample of 510 (females N = 404, Mage = 24.15, SD = 8.06; range = 18–59), undergraduate students from Murdoch University and members of the wider community (78% Caucasian) participated in this study for partial course credit, or the potential to gain a gift voucher, respectively. Ethics approval was acquired from Murdoch University before data collection.



Materials

Need satisfaction and frustration scale (NSFS; Longo et al., 2016). The NSFS consists of six 3-item subscales, measuring need satisfaction in the domains of autonomy, relatedness and competence and the other three, measuring need frustration in these domains. This scale examined these needs in the context of work and/or educational settings. Items are rated on a 7-point Likert scale from 1 (strongly disagree), to 7 (strongly agree), higher scores on the satisfaction subscales indicate greater need satisfaction, whilst higher scores on the frustration subscales indicate increased frustration. An example item is “In my studies/In my job… I feel, I’m given a lot of freedom in deciding how I do things.” The subscales of autonomy, relatedness, and competence over the domains of satisfaction and frustration have exhibited excellent reliability (αs > 0.70) in both the educational and workplace context. Further, the criterion validity of this scale with other measures of need satisfaction are sufficient over both settings (rs ≥ 0.4; Longo et al., 2016).

Omnibus affect measures. Anxiety was measured through the State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA; Ree et al., 2008), the State-Trait Anxiety Inventory (STAI; Spielberger et al., 1970, 1983), the Anxiety Sensitivity Index (ASI; Reiss et al., 1986) and the anxiety subscale of the Depression Anxiety Stress Scale-21 (DASS-21; Lovibond and Lovibond, 1995). All anxiety measures exhibited sound validity and internal consistency previously (αs > 0.83; Spielberger et al., 1983; Peterson and Heilbronner, 1987; Lovibond and Lovibond, 1995; Grös et al., 2007). Depression was measured through the depression subscale of the DASS-21 (Lovibond and Lovibond, 1995) and the Beck Depression Inventory-II (BDI-II; Beck et al., 1996). For the BDI-II, item 9, “Suicidal Thoughts or Wishes” was removed according to a requirement by the Ethics Committee of Murdoch University. Depression measures included have previously exhibited good validity and internal consistency (αs > 0.84; Lovibond and Lovibond, 1995; Dozois et al., 1998). Stress was measured through the stress subscale of the DASS-21 (Lovibond and Lovibond, 1995). This subscale has also exhibited sound internal consistency and reliability (α = 0.90; Lovibond and Lovibond, 1995). Positive affect and negative affect were measured using an adapted version of the Positive and Negative Affect Schedule-X (Watson and Clark, 1994; Church et al., 2014).

Both subscales of positive and negative affect exhibit strong previous internal consistency and reliability (α = 0.83; Watson and Clark, 1994). Response scales for these measures were as they appear in their original sources or manuals.



Procedure

Participants gave written informed consent and completed questionnaires online. Participants were also told their responses to these questionnaires would be anonymous. The order of questionnaires presented were randomized. Students were recruited through a participant database at Murdoch University and through fliers posted around the university, whilst community members were recruited through social media. The surveys took approximately 30 min to complete.




RESULTS

Data was non-normal, however, a large sample size was used, and so normality was assumed (Ghasemi and Zahediasl, 2012). Little’s (1988) MCAR test was non-significant and missing values consisted of <5% of the total sample, therefore missing values were imputed with the series mean. Using a Z of ±3.29 for assessing outliers (Field, 2009), responses from seven participants were removed. A total of 503 participants were therefore included in the final analysis.

Participants also completed the trait versions of the STICSA cognitive and somatic subscales and the STAI trait, however, these were not included in the analysis of ill-being, as need frustration only theoretically affects state anxiety, as trait anxiety should be stable over time (Spielberger et al., 1983; Ree et al., 2008). Due to overlapping symptom dimensions of the anxiety, depression, stress and negative and positive affect measures, multicollinearity of these measures was checked. No measures exceeded multicollinearity cut offs according to values of the VIF < 10 and tolerance > 0.1 (Hair et al., 1995).

Correlations between the NSFS questionnaire subscales and the measures of interest, as well as descriptive statistics and reliability estimates are reported in Table 1.

TABLE 1. Correlations between the six subscales of the NSFS, ill-being, and the PANAS-Positive.

[image: image]

As seen in Table 1, internal consistencies for all measures were good, with all alphas >0.7 (Cronbach, 1951). All survey items measuring ill-being outcomes were positively correlated with frustration scales on the NSFS. The PANAS-Positive was positively correlated with satisfaction scales.

A structural equation model (SEM) was then calculated in AMOS 24 using a maximum likelihood estimation procedure, to assess the factor structure of the NSFS and alignment with the measures of interest (see Figure 1).
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FIGURE 1. Predicting ill-being outcomes and relationship between satisfaction (NSFS) and positive affect (PANAS-Positive). A, autonomy; S, satisfaction; R, relatedness; C, competence; F, frustration; e, error.



Results of the non-constrained model suggested an unacceptable fit: χ2(84) = 534.215, p < 0.001. CFI = 0. 908, TLI = 0.869, GFI = 0.880, RMR = 3.479, RMSEA = 0.103 (90% CI = 0.095−0.112) and CMIN/DF = 6.360. However, modification indices suggested freeing error variance between the error terms of some of the anxiety, stress, negative affect, and depression measures loading onto ill-being. With regard to correlating the error terms, only measures with strong theoretical support for association were correlated (Cole et al., 2007; Hooper et al., 2008). Subsequently, only errors from measures of anxiety and stress were allowed to correlate (Lovibond and Lovibond, 1995; Roberts et al., 2016), whilst errors from negative affect was only allowed to correlate with depression (Danhauer et al., 2013). For the constrained model, the chi-square value for the overall model fit was significant, χ2(77) = 275.996, p < 0.001, suggesting a lack of fit between the hypothesized model and the data. However, due to the oversensitivity of the χ2 to large sample sizes, other fit indices were assessed (Kline, 1998). Examination of these other indices showed acceptable model fit (Hu and Bentler, 1999; Longley et al., 2005) with CFI = 0.959, TLI = 0.937, GFI = 0.941, RMR = 2.675, CMIN/DF = 3.584 and RMSEA = 0.072 (90% CI = 0.063−0.081).

For frustration items, competence and relatedness frustration loaded significantly onto ill-being. Further, satisfaction items related to competence and relatedness satisfaction loaded significantly onto the PANAS-positive. Autonomy frustration did not load significantly onto ill-being, nor did autonomy satisfaction significantly load onto positive affect. All measures examining negative outcomes loaded significantly onto the latent ill-being factor.



DISCUSSION

The present study aimed to extend on limited research into need frustration within the educational and workplace setting. We also sought to further justify the separation between need frustration and satisfaction put forward by Longo et al. (2016). Further, due to the prevalence of mental illness within the educational (American College Health Association, 2018) and workplace setting (Bonde, 2008; Fan et al., 2015), we examined the relationship between psychological health problems and need frustration.

In support of hypothesis one, positive correlations between the measures assessing ill-being and frustration occurred. Further, the negative correlation with these measures and satisfaction increases support for this hypothesis. Measures of negative affect, depression, stress and most measures of anxiety, were also moderately positively correlated with relatedness and competence frustration. These measures were similarly negatively associated with relatedness and competence satisfaction. In most cases, ill-being measures were only weakly correlated with autonomy satisfaction and frustration. This suggests that psychological health problems might not be strongly related to feelings of autonomy. With regard to the educational setting, this is plausible, considering that autonomy has been found to be a weak predictor of positive outcomes, such as academic motivation within undergraduate populations (Grolnick et al., 2002; Faye and Sharpe, 2008).

Hypothesis two was also supported as a positive relationship was found between positive affect and satisfaction, whereas this relationship was negative with frustration. Like the measures of ill-being, autonomy satisfaction had the weakest relationship with positive affect. Future research should seek to extend the examination of autonomy beyond the undergraduate population, through testing post-graduate students. Within the workplace, a need for autonomy is a critical predictor of well-being, performance, motivation, and reduced emotional distress (Gagné and Bhave, 2011). Post-graduate students are expected to feel a stronger need for autonomy than undergraduate students, through increased control over output, therefore the satisfaction and frustration of autonomy might be more important to this population.

Hypothesis three was partially supported. Relatedness satisfaction and competence satisfaction significantly loaded onto positive affect, and relatedness frustration and competence frustration loaded significantly onto ill-being. However, autonomy satisfaction did not significantly load onto positive affect, and autonomy frustration did not load significantly onto ill-being.

In the original study conducted by Longo et al. (2016), additional measures of vigor, intrinsic motivation and job satisfaction, were examined in relation to their relationship with wellbeing. This study did not include these measures and therefore, only examined the relationship between positive affect and need satisfaction. This could have reduced potential factor loadings between autonomy satisfaction and positive affect, as autonomy satisfaction might be more strongly related to these additional measures. Indeed, the factor loading for autonomy satisfaction and well-being in the study by Longo et al. (2016) was higher and significant when these other measures were included. A similar proposition can explain the non-significant loading between autonomy frustration and ill-being. Despite this study extensively examining the relationship between ill-being outcomes, we did not include a measure assessing exhaustion. Therefore, autonomy frustration might be strongly related to exhaustion. Measures of exhaustion, intrinsic motivation, vigor and job satisfaction, should be included when examining the relationship with well-being and ill-being during future studies.

The finding that state somatic anxiety as measured by the STICSA significantly loaded onto ill-being and that this was related to need frustration, is important theoretically. It suggests that need frustration is related to physiological anxiety symptoms such as automatic nervous system arousal (Ree et al., 2008). This supports Bartholomew et al. (2011b) who found that need thwarting (frustration) was related to somatic complaints in athletes. This is in extension of Longo et al.’s (2016) findings as they did not examine the relationship between the NSFS and somatic anxiety. It also elaborates on Bartholomew et al. as somatisation was found to influence need frustration outside the domain of athletes. Further, the significant relationship between ill-being and stress as measured by the DASS-Stress scale is also theoretically important, as this finding is novel, and therefore in extension of previous research (Longo et al., 2016).

Relatedness frustration had the strongest relationship with ill-being. This supports previous research (Larson et al., 1996). Negative affect and depression strongly, and significantly, loaded onto ill-being. Relatedness frustration directly relates to experiencing social exclusion and loneliness (Chen et al., 2015), with prolonged periods of loneliness associated with depression and increased negative affect (van Winkel et al., 2017). Interventions within the university setting should focus on instilling a greater sense of inclusion within university students, which in turn, might reduce symptoms of depression and negative affect. In the study conducted by Mattanah et al. (2010), students that partook in a peer-led social inclusion program, experienced increased feelings of social inclusion and reduced loneliness.

In addition to interventions specific to improving peer relationships, research has also highlighted to importance of the teacher in terms of fostering a sense of inclusion, with this subsequently, strengthening relatedness. Students reported increased relatedness when they felt that their teacher genuinely cared, respected and valued them (Niemiec and Ryan, 2009). Therefore, lecturers and tutors should endeavor to convey increased warmth, caring and respect toward students (Niemiec and Ryan, 2009). This finding also has implications for the workplace, as it has been found that transformational leaders, who foster relatedness, through increased employee respect, and through instilling a sense of cohesion through shared team goals, improved outcomes (Kovjanic et al., 2013). Therefore, transformational leadership training programs (Hasson et al., 2016) focusing on improving leader/followers’ relationships should be implemented (Dvir et al., 2002).

State cognitive anxiety as measured by the STICSA, was also strongly related to ill-being. After relatedness frustration, competence frustration was the strongest predictor of ill-being. Competence frustration relates to negative feelings an individual has toward their self-efficacy and increased feelings of failure (Sweet et al., 2012; Chen et al., 2015). Like with depression, increased anxiety is associated with low self-efficacy (Jerusalem and Schwarzer, 1992). Therefore, in addition to relatedness frustration increasing the manifestation of psychological health problems, competence frustration might also contribute to ill-being. Therefore, interventions within both the educational and workplace setting, should also target competence. According to Niemiec and Ryan (2009) competence within the educational setting can be improved through rewarding effort, in addition to academic performance. Some students report that despite immense effort, they do not receive the academic performance they expect, and therefore feel their effort has been under-rewarded (Copeland and Levesque-Bristol, 2011). This feeling of inadequacy consequently reduces competence. Presently, most scholarships within the university context are awarded based on academic merit. Despite grades reflecting motivation to learn in some cases, for some students, effort is more indicative of performance. Therefore, to instill a feeling of competence, some scholarships could be awarded to students based on the level of effort or degree of improvement a student makes (Copeland and Levesque-Bristol, 2011).

This study lends support to the proposition that need satisfaction and need frustration are separate constructs (Longo et al., 2016, 2018). Further, the finding that need frustration is strongly related to psychological health problems, specifically negative affect, depression, anxiety and stress, extends research into need frustration (Longo et al., 2016). Unlike Longo et al. (2016), this study separately measured the manifestation of state anxiety and depression symptoms created through increased need frustration. This study also examined the influence of need frustration on the expression of stress. The current study highlights the magnitude of potential ill-being outcomes created through increased frustration of psychological needs, specifically competence and relatedness frustration, expressed within the workplace and/or educational settings.


Limitations and Future Directions

Potential limitations of this study are the lack of measures examining vigor and intrinsic motivation. Despite this study’s main aim seeking to extensively examine the predictors of ill-being, future research should include more well-being measures. This will allow for a deeper examination into the claim that need frustration and need satisfaction are distinct constructs instead of need frustration relating to the absence of need satisfaction (Longo et al., 2016, 2018). Further, a measure of exhaustion should be included to examine whether autonomy frustration is a significant predictor of Need Frustration, or if its inclusion in the NSFS should be reviewed.

Future research should seek to implement the suggested interventions related to reducing competence and relatedness frustration within both the workplace and university setting. Within the educational setting, it was recommended that depression and negative affect could be reduced through peer-led social inclusion programs fostering social inclusion and reducing isolation (Mattanah et al., 2010). Rewarding effort, rather than academic merit, via the implementation of effort-based scholarships (Copeland and Levesque-Bristol, 2011) might increasing self-efficacy and competence, subsequently decreasing anxiety and depression. Lastly, within both the educational and workplace setting, lecturers, tutors and leaders, could more outwardly express respect and value toward their students and employees to improve relatedness. To quantifying the magnitude of improvement once interventions are implemented, a longitudinal design should be used. Within the university setting, psychological need satisfaction/frustration could be measured when students first start university, to act a baseline, and measured once again after the implementation of interventions. To quantify the retention of positive outcomes after implementation, additional measures should be taken for the duration of the student’s undergraduate degree.




CONCLUSION

The current study gives preliminary support to Longo et al. (2016, 2018), who stated that need frustration and need satisfaction are distinct constructs. Theoretically, this study also gives further insight into the relationship between basic need frustration and common types of psychological health problems, such as anxiety specific to physiological symptoms, and stress. Whilst practically, potential interventions to reduce need frustration and reduce psychological symptoms of ill-being are presented.
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In response to the severe lack of leadership assessment tools in the Chinese context, the Service Leadership Behavior Scale was developed based on the Service Leadership Model proposed by Po Chung, the co-founder of DHL International. Utilizing responses from 4,486 Hong Kong undergraduates, this paper reports the findings of a validation study on the Short-Form Service Leadership Behavior Scale (SLB-SF-65). Previous findings based on exploratory factor analysis supported a six-factor 48-item solution (SLB-SF-48). With the removal of ten items, confirmatory factor analysis showed that the final 38-item scale (SLB-SF-38) possessed excellent internal consistency, concurrent validity, and factorial validity based on multigroup invariance analyses. Overall speaking, the present study underscores the utility of the SLB-SF-38 as an objective assessment instrument of service leadership behavior in the education, research and personnel training contexts.
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INTRODUCTION

Over the past few decades, a structural transformation from the manufacturing-based to service-focused economies has been observed in many developed as well as developing countries (Bryson and Daniels, 2015; Snell et al., 2017). As such, possessing effective leadership qualities in this service era is indispensable in the contemporary world (Chung, 2015; Chung and Elfassy, 2016).

This service-focused leadership has been widely discussed in literature on both public and commercial service units. According to Schneider et al. (2005), leader’s service-focused behavior, or service leadership, communicates a commitment to high levels of service quality. Compared with general leadership, service leadership is believed to exert a stronger influence on service outcomes (Hong et al., 2013). It is argued that service-oriented management and effective service leadership foster a service climate and consequently improve service performance (Jiang et al., 2015). Some assessment tools on service leadership have been developed and adopted in related empirical studies (Schneider et al., 2005; Jiang et al., 2015), such as Service Climate Scale (includes items measuring service-oriented leadership behavior) developed by Schneider et al. (1998), and a managerial measure of organizational service-orientation developed by Lytle et al. (1998), where service leadership was conceptualized as a combination of servant leadership and service orientation.

Although available scales measuring service leadership have a solid theoretical foundation and engendered much research, some research gaps exist. First, these scales were often developed with a strong focus on customer service. However, “service” in service economy should be interpreted in a broader context involving not only customer service but also the commitment to self-development, service to followers as well as society. Second, although service leadership is closely related to servant leadership, they are distinct concepts (Sendjaya and Sarros, 2002; Wong et al., 2015). According to the servant leadership theory, followers’ needs precede leaders’ individual needs (Shek et al., 2015a). In contrast, service leadership seeks the mutual satisfaction of needs of both leaders and followers. Therefore, servant leadership scales may not be totally appropriate to assess service leadership. Third, available scales of service leadership mainly focus on leadership competences that guide and reward service delivery (i.e., “doing” of service leadership), such as goal setting, planning and coordinating (Schneider et al., 2005). Leaders’ ability to make moral decisions and caring for others (i.e., “being” of service leadership) have often been considered relevant factors but not indispensable attributes of service leadership (Jiang et al., 2016). To fill the gaps, a set of assessment tools measuring service leadership was developed based on the Service Leadership Model proposed by Po Chung (Shek et al., 2015b, 2018a). In the following parts, the Service Leadership Model, its unique features, and the project entailing the construction and validation of Service Leadership Scales are outlined.

The Service Leadership Model and Its Unique Features

Service leadership is conceptualized as a “service aimed at ethically satisfying the need of self, others, groups, communities, systems, and environments” (Shek and Lin, 2015a, p. 233). The Service Leadership Model highlights three core attributes: Competence, Character, and Caring. First, Competence covers one’s task-specific knowledge and skill sets required to excel in operational duties, which are essential for leaders to win over their followers (Chung and Bell, 2015). Character is defined as one’s propensity to behave “in ways that are consistent with high [moral] values” (Chung and Elfassy, 2016, p. 59), to command respect and trust from followers. Care entails harboring an unselfish intent toward others so as facilitating their growth and development (Greenleaf, 1977; Shek and Li, 2015).

The Service Leadership Model builds on and complements other existing leadership paradigms such as servant leadership, ethical leadership, and transformational leadership (see Shek et al., 2015a for a thorough review). First, as discussed earlier, contrary to the servant leadership model deemphasizing one’s own needs (Greenleaf, 1970; Russell and Stone, 2002), effective service leadership appreciates self-serving endeavors to develop one’s capacity and eagerness to satisfy others’ needs. Second, while the ethical leadership model emphasizes moral Character (Brown and Treviño, 2006), Competence (Shek et al., 2015a) and service provision on the “self” and “others” levels (Mendonca, 2001), how Care impacts leadership effectiveness remains under-addressed (Shek et al., 2015a). Third, transformational leaders motivate the pursuit of collective goals at the expense of personal interest, and in so doing these leaders help followers fulfill their potential through idealized influence, inspirational motivation, intellectual stimulation, and individualized considerations (Bass, 1990; Avolio et al., 1999). Transformational leadership theory has limited coverage on Competence and Care as the determinants of leadership success (Shek et al., 2015a).

In a nutshell, the Service Leadership Model incorporates several core features of related leadership paradigms and attempts to build up an integrative perspective in leadership (Shek et al., 2015a). Such a perspective inspires the education of a generation of new leaders that can thrive in this service era (Shek and Chung, 2015; Shek et al., 2015c, 2017).

Service Leadership Education in Hong Kong

As one of the most important outcomes of higher education, leadership of university students is highly regarded by both universities and employers (Bacon et al., 1979). However, a discrepancy exists between employers’ expectation and what university students could demonstrate in service economies (Shek et al., 2017). Such a discrepancy results in a mismatch in recruitment, low job satisfaction and even mental burnout amongst the existing staff (Towers Watson, 2012). Thus, Po Chung, the co-founder of DHL International and the incumbent chairperson of the Hong Kong Institute of Service Leadership & Management Limited (HKI-SLAM), put forth the Service Leadership Model with a vision to nurture a generation of emergent service leaders who are not only competent, but are also moral and caring (Shek et al., 2017).

To promote quality leadership education conducive to students’ personal growth and employability, Chung argued passionately for the need to incorporate formal training based on the Service Leadership Model into the curriculum of undergraduates in Hong Kong (Chung, 2015; Shek et al., 2015c). With the financial support of the Victor and William Fung Foundation and the collaborative effort from the HKI-SLAM and universities financed by the University Grants Committee (UGC), a multi-year project entitled “Fung Service Leadership Education Initiative (FSLEI)” was implemented in eight UGC-funded universities in Hong Kong. Based on the Service Leadership and Management (SLAM) curriculum framework proposed by the Hong Kong Institute of Service Leadership and Management Limited [HKI-SLAM] (2013), all institutions under the FSLEI independently developed programs and curriculum materials that facilitate learning of service leadership at the undergraduate level (Shek and Chung, 2015). While it is important to develop service leadership curriculum materials and training programs, it is equally important to develop objective measures of service leadership qualities (Shek and Chung, 2015). Unfortunately, the paucity of validated assessment tools on service leadership in the Chinese context (Shek et al., 2017) has hindered meaningful analyses on the effectiveness of service leadership education under the FSLEI (Shek and Lin, 2015b, 2017).

Against such a backdrop, the research team at a Hong Kong university initiated a multi-year project entitled ‘Development and validation of measures based on the Service Leadership Model’ (Shek et al., 2017). This project entailed the construction and validation of three scales, each of which constituted a parameter of success of an educational program (Shek and Lin, 2017) pertaining to one’s Attitude, Behavior, and Knowledge on the Service Leadership Model (Shek et al., 2017). Some related publications can be seen elsewhere (e.g., Shek et al., 2018b,c,f; Shek and Chai, 2019). This paper primarily discusses the findings of a large-scale validation study on the Service Leadership Behavior Scale, which was designed to measure one’s exhibited behavioral attributes characteristic of a service leader.

Service Leadership Behavior Scale

As part of the research program (Shek et al., 2017), the Long-Form Service Leadership Behavior Scale (SLB-LF-97) was developed primarily based on the SLAM curriculum framework (Hong Kong Institute of Service Leadership and Management Limited [HKI-SLAM], 2013), 25 Principles of Service Leadership (Chung and Bell, 2015), 12 dimensions of a Service Leader (Chung and Elfassy, 2016), and other published works from the leadership literature (e.g., Wielkiewicz, 2000; Ho and Nesbit, 2009). Initially, the SLB-LF-97 contained the following proposed domains: 3-Cs model (Competence, Character and Care), service provision, commitment to continuous improvement, and distributed leadership.

The SLB-LF-97 was administered in a preliminary validation study involving 231 university students (Shek et al., 2018b), where the results informed the retention of 65 items forming a short-form of the scale (SLB-SF-65). The SLB-SF-65 included 12 factors: problem-solving, self-leadership and life-long learning, non-cognitive intrapersonal competences, distributed leadership, integrity, care provision, concern, self-reflection, service provision, positive social relationship, communication skills, and fairness (Shek et al., 2018b). Both the SLB-LF-97 and the SLB-SF-65 exhibited excellent reliability (αs > 0.95) and robust convergent validity, with the latter evidenced by the significant and positive correlation with a host of theoretically relevant constructs such as servant leadership (r = 0.78) and leadership self-efficacy (r = 0.55) (Shek et al., 2018c). Nonetheless, the dimensionality of the SLB-SF-65 remained to be ascertained owing to the relatively modest sample size (N = 231). The background, conceptual model and steps involved in the development of different forms of Service Leadership Behavior Scales are outlined in Shek et al. (2018e).

Objectives of the Present Study

Utilizing the data from a validation study involving 4,486 undergraduates from eight UGC-funded universities, the present study sought to build upon the abovementioned preliminary validation study (Shek et al., 2018c) in two ways. First, following the commonly adopted two-step dimensionality analysis (Park, 2014; Besnoy et al., 2016) involving an exploratory factor analysis (EFA) followed by a confirmatory factor analysis (CFA), the present study attempted to examine the dimensionality of the SLB-SF-65. Second, via the utilization of a much larger sample alongside several well-validated external criterion measures adopted in the study of Shek et al. (2018c), the present study attempted to further establish the reliability and convergent validity of the SLB-SF-65. Based on Shek et al.’s (2018c) initial findings, this study constituted a pioneer effort to construct and validate an objective assessment tool on service leadership in a Chinese context. The present findings contribute to the scanty literature of service leadership evaluation in the Chinese context (Shek and Lin, 2015b, 2017) and serve to produce a valuable instrument to assess learning outcomes of service leadership training programs (Shek and Chung, 2015).

In the present study, evaluation of factorial validity of the SLB-SF-65 involved two steps, with the dataset (N = 4,486) randomly split into two halves (subsets A and B) to facilitate both the EFA and the CFA. The EFA performed on subset A (N = 2,246) resulted in a stable and valid initial six-factor, 48-item solution (SLB-SF-48, see Figure 1), which was consistent with the original conceptual model. Details pertaining to the EFA were reported in Shek et al. (2018c). The six factors, each of which formed a subscale on the basic dimensions of service leadership, were accordingly named (a) Self-improvement and Self-reflection (12 items), (b) People and Principles Orientation (12 items), (c) Resilience (8 items), (d) Social Competence (7 items), (e) Problem-Solving (6 items), and (f) Mentorship (3 items). In this paper, this six-factor solution was then subjected to a CFA performed on subset B (N = 2,240), with the objective to evaluate how this proposed model fit the rest of the data and stability of the factor structure.
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FIGURE 1. The initial six-factor, 48-item factorial structure (Model 0; i.e., SLB-SF-48).





MATERIALS AND METHODS

The data were derived from a research project on service leadership involving eight UGC-funded universities in Hong Kong. Students were invited to participate in the survey via an electronic platform. The data were collected between March and June, 2017. During the survey, the purpose of this study, the principles of voluntary participation and withdrawal, and the compensation arrangement were explained on the survey webpage and the invitation documents. Students were asked to indicate their acceptance or refusal to join the study on the opening page. We rewarded each participant a supermarket gift voucher valued at HK$100 (US$12.80).

Procedures

In total, 4,555 completed responses were retrieved. Three steps were performed for data cleaning. First, we removed six cases in which students declined to participate. Second, 30 cases were excluded because either they had completed the questionnaire designed for universities other than their own, or they revealed themselves as non-undergraduates in open-ended questions. Third, after reviewing respondents’ student identity number (which is anonymous to the Research Team), 33 cases with multiple participation were removed from the sample. Ultimately, 4,486 cases were retained as the working sample.

Profiles of the Respondents

Among the 4,486 students, 1,517 were males and 2,969 were females. The majority of the sample were aged 20–24 years (68.4%; mean age = 20.47 years, SD = 1.67), had previous work experience (91.4%), and assumed the leadership position before (61.4%). Most participants had not received credit- or non-credit-bearing training in service leadership before (74.3 and 82.0%, respectively), and claimed to know “a little” or “some” about service leadership (75.0%).

Instruments

Assessment of Service Leadership Qualities

The Long-Form Service Leadership Behavior Scale (SLB-LF-97) was designed to measure the behavioral attributes of an effective service leader (Shek et al., 2017). The 97 scale items were developed based on the general leadership literature (e.g., Wielkiewicz, 2000; Ho and Nesbit, 2009), publications based on the Service Leadership Model (e.g., Chung and Bell, 2015; Shek et al., 2015c; Chung and Elfassy, 2016) and the SLAM curriculum framework (Hong Kong Institute of Service Leadership and Management Limited [HKI-SLAM], 2013), with four domains, including the 3-Cs model (Competence, Character and Care), service provision, commitment to continuous improvement, and distributed leadership. The SLB-LF-97 was validated in a study involving 231 students from a university in Hong Kong (Shek et al., 2018b). The findings suggested the retention of 65 items to form the SLB-SF-65, which was employed in the present study. The dimensions derived are generally consistent with the original conceptual model. Each item of the SLB-SF-65 describes a specific leadership behavior where the respondents evaluate how well each item describes their leadership behavior (see Table 1 for sample items). A six-point Likert scale was used (1 = very dissimilar; 6 = very similar). Both the SLB-LF-97 and the SLB-SF-65 recorded excellent internal consistency (αs > 0.95; mean inter-item correlations > 0.25) in the previous validation study (Shek et al., 2018c).

TABLE 1. Sample items of the Short-Form Service Leadership Behavior Scale (SLB-SF-65).
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The research also entailed the construction of scales designed to assess individuals’ knowledge of the Service Leadership Model (Shek et al., 2017, p. 167) as well as their attitudes and beliefs about desired leadership qualities (Shek et al., 2017, p. 212). In the present study, the shortened final versions of these two scales were administered.

Short-Form Service Leadership Knowledge Scale (SLK-SF-40)

The Service Leadership Knowledge Scale was developed based on the SLAM curriculum framework (Hong Kong Institute of Service Leadership and Management Limited [HKI-SLAM], 2013) and the literature on service leadership (e.g., Shek et al., 2015c; Chung and Elfassy, 2016). Participants’ responses to the original 200 items were coded based on accuracies (1 = correct; 0 = incorrect). Based on a criterion-validation study involving 160 Hong Kong university students (Shek and Lin, 2017), 50 items were retained to form the shortened scale (SLK-SF-50). Then the SLK-SF-50 was administered in a large-scale validation study, of which the results suggested the removal of additional 10 items to form the final SLK-SF-40 (Shek et al., 2018d). Table 2 illustrates several sample items of the final SLK-SF-40 administered in the present validation study.

TABLE 2. Sample items of the Short-Form Service Leadership Knowledge Scale (SLK-SF-40).
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Short-Form Service Leadership Attitude Scale (SLA-SF-46)

The Long-Form Service Leadership Attitude Scale was developed based on the Service Leadership Model (Shek et al., 2015b, 2018f) and the leadership literature (e.g., Page and Wong, 2000; Kopelman et al., 2008). Each of the original 132 statements presents a viewpoint on the nature of leadership and how a leader ought to conduct him/herself, where participants evaluated the extent to which they concurred with each item (Shek et al., 2017). A six-point Likert scale was used (1 = strongly disagree; 6 = strongly agree). Based on findings from an unpublished, quasi-experimental validation study involving 200 students from a university in Hong Kong, a shortened version of the survey containing 73 items was formed (SLA-SF-73). The SLA-SF-73 was further refined based on Exploratory Factor Analyses and Confirmatory factor analyses by using a large-scale sample (Ma et al., 2018; Shek and Chai, 2019). The final SLA-SF-46 used in the present study possesses excellent internal consistency (α = 0.93, mean inter-item correlations = 0.27). Sample items of the SLA-SF-46 are shown in Table 3.

TABLE 3. Sample items of the Short-Form Service Leadership Attitude Scale (SLA-SF-46).
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The present study is primarily concerned with the validation findings for the SLB-SF-65. Details in relation to the validation of the SLA-SF-73 and the SLK-SF-50 are discussed in two separate papers (Shek et al., 2018d,f).

External Criterion Measures

Four external criterion scales adopted from the personality and leadership literature were used to gauge the convergent validity of the SLB-SF-65. These included the Revised Servant Leadership Profile (RSLP), Moral Self-Concept Scale (MSC), Leadership Efficacy Scale (LEF), and the Interpersonal Reactivity Index (IRI).

The RSLP was developed by Wong and Page (2003) to examine servant leadership. In this study, we selected five factors of the RSLP, which included 20 items that were highly relevant to the SLAM curriculum framework (Hong Kong Institute of Service Leadership and Management Limited [HKI-SLAM], 2013). These five factors are empowering and developing others (five items), serving others (seven items), open, participatory leadership (two items), inspiring leadership (two items), and courageous leadership (four items). The RSLP demonstrated excellent reliability in the present study (α = 0.94, mean inter-item correlations = 0.46).

The MSC was developed by Cheng (2005) to measure young people’s self-appraisal on morality. The dimensions of MSC include conduct and virtues, self-control and disciplines, and altruism. All these aspects are crucial to how a service leader conducts himself/herself (Chung and Bell, 2015). The MSC presented good internal consistency in this study (α = 0.83, mean inter-item correlations = 0.44).

The LEF was developed by Murphy (1992) to examine one’s level of confidence in his/her capacity to lead effectively. The LEF showed an acceptable internal consistency metrics (α = 0.70, mean inter-item correlations = 0.24).

The IRI was developed to assess empathy (Davis, 1983). In this study, we selected 14 items from two subscales of IRI, including empathic concern (IRI-EC, seven items) and perspective taking (IRI-PT, seven items). These two subscales are closely related to the qualities of an effective service leader (Chung and Elfassy, 2016). The IRI also showed good internal consistency in the present study (α = 0.74).

Analysis

Factorial Validity

Both exploratory (EFA) and confirmatory factor analysis (CFA) were involved in the validation study. While EFA provides preliminary evidence of a theoretical factorial solution (Shek et al., 2018c), CFA serves to verify the solution and validate the construct of the instrument (Besnoy et al., 2016). This two-step analytic approach has been commonly adopted to establish factorial validity of an instrument (e.g., Park, 2014; Wu and Mohi, 2015; Swami et al., 2017). SPSS version 24.0 (IBM) was utilized to administer the EFA and analyses of reliability and convergent validity. Mplus version 6.12 (Muthén and Muthén, 1998–2010) was used to perform the CFA.

As mentioned above, EFA was conducted on the SLB-SF-65 using a principal component analysis (PCA) with varimax rotation. Related findings suggested a six-factor structure of the trimmed scale (i.e., SLB-SF-48), which retained 48 items with factor loadings larger than 0.50. Besides, identical PCAs were performed on subsets A (N = 2,246) and B (N = 2,240). Tucker’s coefficients of congruence (rc) were used to evaluate the factor structure stability across the two subsets. SLB-SF-48 was revealed to be internally consistent and have a stable factorial structure. The item loadings of all 48 items ranged from 0.50 to 0.76. Details regarding the EFA and the steps involved in forming the initial 48-item behavior scale were reported in another paper (Shek et al., 2018c). The present paper primarily reports the findings of the CFA performed on the subset B (N = 2,240), internal consistency, convergent and factorial validity of the final version of the Service Leadership Behavior Scale (SLB-SF-38).

Before performing the main analyses, we conducted a preliminary screening to examine the skewness and kurtosis of the variables involved. Chou and Bentler’s (1995) criteria was adopted (skewness < |2|; kurtosis < |7|). Then we administered the multigroup CFA (MGCFA) to establish measurement invariance of the final model. A series of MGCFAs were conducted following the steps suggested by van de Schoot et al. (2012), which specified configural, metric, scalar and error variance invariance models to be examined. The MGCFAs were performed on three pairs of subsamples under subset B (N = 2,240). One pair involved males (N = 728) versus females (N = 1,498), the second pair included “odd” (N = 1,120) versus “even” (N = 1,120) groups based on case number, and the third pair included “young” (N = 1,120) versus “old” (N = 1,120) groups based on student age. Due to length constraints and the similarity of the analyses between gender and age groups, the present study mainly reported the detailed information of measurement invariance tests on the first two pairs of subsamples.

The model fit was examined by indices including the chi-square (χ2), comparative fit index (CFI), Bentler-Bonett Non-Normed fit index (NNFI), root mean square error of approximation (RMSEA), and the standardized root mean square residual (SRMR). We adopted the cutoff of 0.90 for both CFI and NNFI as indicators of adequate fit (Kline, 2005; Awang, 2012; van de Schoot et al., 2012). Regarding RMSEA and SRMR, a value below 0.80 and 0.10, respectively, should represent reasonable fit (Byrne, 1998; Hirsh, 2010). Considering that χ2 test is sensitive to sample size and model complexity, we adopted difference-in-CFI (ΔCFI) as the main invariance test indicator (Cheung and Rensvold, 2002). Particularly, as proposed by Cheung and Rensvold’s (2002), a ΔCFI below (or equal to) 0.01 suggests invariance (Schmitt and Kuljanin, 2008; Byrne, 2010). Additionally, modification indices (M.I.s) of items were reviewed upon marginal model fit. Some researchers suggested that items with extreme M.I.s (i.e., >40.0) should be dropped (Anderson and Gerbing, 1988, p. 417).

Reliability and Convergent Validity

Cronbach’s alpha values and mean inter-item correlations were used as the indicators of reliability of the behavior scale and the subscales derived. We also examined the convergent validity of the behavior scale in terms of its correlation with relevant constructs such as servant leadership and empathy measured by external measures (e.g., RSLP, IRI). Specifically, considering that servant leadership, moral self-concept, leadership efficacy and empathy were all key behavioral prerequisites of a service leader (see Chung and Bell, 2015; Chung and Elfassy, 2016), we hypothosized a positive and significant correlation between the service leadership behavior scale and the RSLP (Hypothesis 1), MSC (Hypothesis 2), LEF (Hypothesis 3), and IRI (Hypothesis 4), respectively.

The convergent validity of the behavior scale could be further evidenced by its correlation with the SLA-SF-46 and the SLK-SF-40. Since all three scales were constructed to examine different facets of service leadership, we predicted a positive and significant correlation between the behavior scale (and its subscales) with both the SLA-SF-46 (Hypothesis 5) and the SLK-SF-40 (Hypothesis 6).



RESULTS

Data Screening and Descriptive Statistics

As detailed in Table 4, Cronbach’s alpha values and mean inter-item correlations showed good internal consistency of the initial six-factor solution (see Figure 1). No abnormal findings were found regarding each variable’s means, standard deviation, univariate skewness and kurtosis values. In short, the descriptive analyses informed the normality of data distribution, rendering the use of Maximum Likelihood (ML) estimation method appropriate. The sample size of the present study (N = 2,240) was also adequately powered (MacCallum et al., 1999).

TABLE 4. Descriptive statistics and Reliability indices of the original 48-item model (SLB-SF-48).
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Factorial Validity Assessment

Factor Structure of the Initial Model: SLB-SF-48

Based on the original EFA solution, the findings revealed that the initial model (SLB-SF-48) fit the data reasonably well (RMSEA = 0.061; SRMR = 0.046), although some indices (CFI = 0.86; NNFI = 0.86) fell short of the recommended levels (Aquino and Reed, 2002). After reviewing the modification indices (M.I.s), we further removed 10 items reflecting double factor loadings or a strong residual covariance with other items or factors (see Table 5) (Anderson and Gerbing, 1988; Awang, 2012). The alpha values remained high when an item was removed from the scale (ranged from 0.853 to 0.925, see Table 5). The resultant six-factor, 38-item model (Model 1) was subjected to the second CFA.

TABLE 5. Items removed from SLB-SF-48 due to extreme modification indices.

[image: image]

Factor Structure of the Modified Model: SLB-SF-38

As detailed in Table 6, the fit indices considerably improved after the deletion of problematic items (CFI = 0.902; NNFI = 0.894; RMSEA = 0.056; SRMR = 0.045). The M.I.s of this 38-item model (Model 1) were further scrutinized. Three pairs of parameters indicated high covariance, including items Q04 and Q05 (M.I. = 239.75), Q18 and Q19 (M.I. = 150.34), and Q49 and Q50 (M.I. = 399.57).

TABLE 6. Goodness-of-fit statistics for the modified CFA models.
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Byrne (1998) contended that these extreme M.Is. may be attributed to the unique characteristics that these items shared in content. Accordingly, these three pairs of scale items were revisited. First, both items Q04 and Q05 refer to problem-solving. Second, items Q18 and Q19 measure specifically participants’ adaptive coping strategies amidst adversity. Third, both items Q49 and Q50 tap into participants’ mindset or competence in goal-setting. In a nutshell, all these observations pointed toward an overlap in content amongst the three pairs of items, which justified the inclusion of error correlations amongst these pairs (Shek and Yu, 2014). Consequently, three modified models were re-specified based on Model 1. More specifically, Model 2 included a correlation between errors of items Q04 and Q05; Model 3 built on Model 2 by incorporating an error covariance of items Q18 and Q19; Model 4 further added to Model 3 by co-varying the errors of items Q49 and Q50. Table 6 presents the goodness-of-fit statistics of Model 1 to Model 4 so as the initial six-factor 48-item solution (Model 0).

All indices represented the adequate fit of Model 4 to the data (χ2(647) = 4,496.31; CFI = 0.919; NNFI = 0.912, RMSEA = 0.052 [90% CI: 0.050–0.053]; SRMR = 0.046). The results of Chi-square tests showed that Model 2, Model 3 and Model 4 demonstrated significant improvement compared to Model 1, Model 2 and Model 3, respectively. We also referred to the difference-in-CFI (ΔCFI) indicator with reference to Cheung and Rensvold’s (2002) proposed cutoff of | 0.01| as the benchmark. The results showed that Model 4 significantly improved than Model 1. As a result, Model 4 was accepted as the final model (SLB-SF-38, see Figure 2).
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FIGURE 2. The final six-factor factorial model (Model 4; i.e., SLB-SF-38) of the Service Leadership Behavior Scale.



As shown in Table 7, the standardized factor loadings of all 38 items were above 0.50 (p < 0.001, two-tailed), and squared multiple correlations were greater than 0.25 (p < 0.001, two-tailed).

TABLE 7. Standardized factor loadings for the six subscales of SLB-SF-38 (Model 4).
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Invariance Tests Across Genders

Model 4 was tested separately by gender in Model 5 and Model 6 to gauge its factorial stability (Byrne, 1998; Shek and Ma, 2010). As shown in Table 6, both models demonstrated adequate fit to the data in both the male (Model 5: χ2 (647) = 1,896.30; CFI = 0.922; NNFI = 0.915, RMSEA = 0.051 [90% CI: 0.048 to 0.054]; SRMR = 0.043) and female subsamples (Model 6: χ2 (647) = 3,606.68; CFI = 0.906; NNFI = 0.898, RMSEA = 0.055 [90% CI: 0.054 to 0.057]; SRMR = 0.051). As illustrated in Table 8, all factor loadings and the squared multiple correlations in the two models were significant at p < 0.001, two-tailed.

TABLE 8. Complete standardized factor loadings and squared multiple correlations for Model 5 to Model 8.
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As abovementioned, the invariance models were tested by the configural invariance model (Model 9), the metric invariance model (Model 10), the scalar invariance model (Model 11), and the error variance invariance model (Model 12). Table 9 showed the results of the Chi-square tests, which revealed no significant difference between Model 9 and 10 (Δχ2 = 39.03, Δdf = 32, p > 0.05), but significant differences between Model 10 and 11 (Δχ2 = 187.30, Δdf = 38, p < 0.001), and between Model 11 and 12 (Δχ2 = 499.81, Δdf = 41, p < 0.001). As mentioned earlier, we followed Cheung and Rensvold’s suggestion (Cheung and Rensvold, 2002) and referred to the value of Δ CFI.

TABLE 9. Summary of goodness-of-fit for invariance tests: multigroup comparisons.

[image: image]

As shown in Table 9, Model 9 in which no quality constraint was postulated fit adequately with the data (χ2 (1,294) = 5,502.998; CFI = 0.912; NNFI = 0.904, RMSEA = 0.054 [90% CI: 0.052 to 0.055]; SRMR = 0.049), suggesting invariance of the overall factorial structure across genders. In Model 10, factor loadings were constrained to be equal across genders. The value of ΔCFI (<0.001) compared to Model 9 was below Cheung and Rensvold’s (2002) proposed cutoff (0.01), suggesting invariance in factor loadings as well across genders.

In Model 11, equality constraints were placed upon both factor loadings and measurement intercepts across the male and female groups. The value of ΔCFI (0.004) denoted invariance in measurement intercepts of each item across genders (see Table 9).

Lastly, in Model 12 we constrained the error variance, factor loading, and measurement intercept of each variable to be equal across genders to establish error variance invariance model (Model 12). The value of ΔCFI (0.009, see Table 9) was again below 0.01, suggesting that same level of measurement error was present for each item between males and females (Milfont and Fischer, 2010, p. 115).

Invariance Tests Across Other Subsamples

Following Shek and colleagues’ procedure (Shek and Ma, 2010, 2014; Shek and Yu, 2014), subset B (N = 2,240) was further divided into group “odd” (N = 1,120) and group “even” (N = 1,120) based on case number. Both groups were subjected to the identical set of invariance tests as reported above. As shown in Table 6, Model 4 fitted reasonably well with the dataset in both the odd (Model 7: χ2 (647) = 2,683.30; CFI = 0.917; NNFI = 0.910, RMSEA = 0.053 [90% CI: 0.051 to 0.055]; SRMR = 0.047) and even groups (Model 8: χ2 (647) = 2,837.68; CFI = 0.906; NNFI = 0.898, RMSEA = 0.055 [90% CI: 0.053–0.057]; SRMR = 0.050). These findings provided basis for the ensuing series of MGCFAs, which served to establish measurement invariance across the two subsamples.

In Model 13, no equality constraints were imposed. As illustrated in Table 9, the goodness-of-fit indices of Model 13 exhibited acceptable fit to the data (χ2(1,294) = 5,520.98; CFI = 0.912; NNFI = 0.904, RMSEA = 0.054 [90% CI: 0.053 to 0.055]; SRMR = 0.048), suggesting configural invariance. We further constrained the factor loadings to be equal in Model 14 and compared it with the baseline Model 13. The result of χ2 test was significant at the 0.05 level (Δχ2 = 46.66, Δdf = 32, p < 0.05). The resultant value of ΔCFI (<0.001) provided support for the metric invariance across the two subsamples. In Model 15, equality constraints were further placed on the measurement intercepts of all items. The χ2 test showed a non-significant result (Δχ2 = 40.56, Δdf = 38, p > 0.05). Likewise, the value of ΔCFI (<0.001) derived from the comparison between Model 14 and Model 15 conveyed scalar invariance. In Model 16 the error variance, factor loading and measurement intercept were held equal for every item across both subsamples. Although the χ2 test showed a significant difference between Model 16 and 15 (Δχ2 = 76.56, Δdf = 41, p < 0.001), the resultant value of ΔCFI (0.002) remained trivial by Cheung and Rensvold’s (2002) standard, signaling error variance invariance of the final factorial solution (SLB-SF-38) as displayed in Figure 2.

Besides, we also examined the measurement invariance across age groups by dividing subset B (N = 2,240) into two groups based on student age. The “Young” Group (N = 1,120, mean age = 19.17 years, SD = 0.76) and “Old” Group (N = 1,120, mean age = 21.71, SD = 1.24) were subjected to the same invariance tests mentioned above. Same as gender invariance, the resultant values of ΔCFI (≤0.01) also supported configural, metric, scarlar and error variance invariance of the factorial structure between the two age groups.

In summary, the present findings provided strong support for the factorial validity of the 38-item Service Leadership Behavior Scale (SLB-SF-38). Apart from exhibiting adequate fit to the data, the strong factorial stability of the SLB-SF-38 was underscored by the series of invariance test performed based on groups defined by gender and age as well as with randomly assigned subjects. Specifically, measurement invariance of the SLB-SF-38 was supported in terms of configural, metric, scalar, and error variance invariance.

Reliability of the Measures

As indicated in Table 10, the SLB-SF-38 showed excellent reliability (α = 0.96, mean inter-item correlations = 0.38). All its six subscales also demonstrated good to excellent reliability in the present study (αs > 0.84, mean inter-item correlations > 0.35). The inter-correlations among the SLB-SF-38 and the subscales ranged from 0.42 to 0.87 (p < 0.001, two-tailed). These findings underscored the strong internal consistency of the SLB-SF-38 and the subscales.

TABLE 10. Correlation coefficients, mean inter-item correlations and Cronbach’s alpha amongst the six subscales and the whole scale.
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Convergent Validity Assessment

Correlation With External Criterion Measures

As shown in Table 11, consistent with Hypotheses 1 to 4, correlational findings revealed the significant (p < 0.001, two-tailed) and positive association between the SLB-SF-38 (inclusive of all subscales) and the RSLP (rs ranging from 0.49 to 0.79), MSC (rs ranging from 0.37 to 0.66), LEF (rs ranging from 0.37 to 0.52) and IRI (rs ranging from 0.20 to 0.55). These findings provided convergent evidence for the validity of the SLB-SF-38, given that this scale was moderately related to several constructs outlining the behavioral characteristics of a service leader (Chung and Elfassy, 2016).

TABLE 11. Correlations with external criterion scales (and subscales).
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Correlation With Other Service Leadership Measures

Furthermore, findings of correlational analyses between the SLB-SF-38 and the final versions of the Service Leadership Attitude (SLA-SF-46) and Knowledge (SLK-SF-40) Scales are summarized in Table 12. Discussions in relation to the validation of the eight-factor SLA-SF-46 as well as the one-factor SLK-SF-40 are featured in two other papers. The SLB-SF-38 was overall moderately and positively linked to the SLA-SF-46 (r = 0.58) and also positively linked to the SLK-SF-40 (r = 0.19). The subscales of the SLB-SF-38 were also correlated positively and significantly with both the SLA-SF-46 and the SLK-SF-40. Although some occasional non-significant and unexpected results were observed, the results of correlational analyses supported Hypotheses 5 and 6.

TABLE 12. Correlations with other Service Leadership scales (and subscales) under validation.
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To conclude, the present findings offered solid and consistent evidence for the construct validity of the SLB-SF-38. The main scale and the six subscales were correlated with a series of well-validated measures developed to examine constructs related to service leadership. Besides, the SLB-SF-38 and the subscales were also correlated with Service Leadership Attitude Scale and Service Leadership Knowledge Scale, which assessed the different dimensions of the same underlying construct. Thus, the SLB-SF-38 is shown to be a valid and reliable measurement tool of the behavioral characteristics of a service leader.



DISCUSSION

The present study attempted to examine the reliability, convergent validity and dimensionality of the Short-Form Service Leadership Behavior Scale (SLB-SF-65) based on a large sample of Hong Kong undergraduates. The findings suggested the retention of 38 items, which can be grouped under six dimensions including “Self-improvement and Self-reflection,” “People and Principles Orientation,” “Resilience,” “Social Competence,” “Problem-Solving,” and “Mentorship.” The results of multi-group CFA supported the stability of this factorial structure. Both the SLB-SF-38 and the six subscales presented good internal consistency and robust convergent validity. In short, this study validated the SLB-SF-38 as a sound assessment tool to evaluate the behavioral attributes of service leaders.

There are several strengths of the present study. First, the development of the scales were driven by the Service Leadership Model, which has been extensively covered in the literature and shown to be beneficial to university students in Hong Kong (Shek and Chung, 2015; Shek et al., 2017). Second, the present study employed a large sample which accounted for 5.36% of the total 84,388 Hong Kong undergraduates in the 2016/17 academic year (University Grants Committee [UGC], 2017). This large sample contributed to the robust findings (Biau et al., 2008). Third, the present study constructed an objective and psychometrically sound measurement tool to the leadership and youth development literature. Fourth, this study validated an objective measurement assessing service leadership behaviors in a Chinese context with an important role in the global service economy.

The present six dimensions aligned well with the Service Leadership Model. First, the factor “Self-improvement and Self-reflection” (nine items) emphasizes the importance of reviewing and improving one’s own leadership behavior as a continuous quest (Chung and Bell, 2015, p. 59). The second factor “People and Principles Orientation” (9 items) is concerned with having a set of personal code of ethics and treating others with care (Chung and Elfassy, 2016). This dimension is consistent with the morality, trust, fairness and respect emphasized in Service Leadership Model. Third, the dimension “Resilience” (seven items) measures an individual’s ability to effectively respond toward stress, difficulty, and other unpleasant events in life (Shek and Lin, 2015c). This dimension can be conceptualized as an intrapersonal competence that enhances leadership effectiveness (Patel, 2012; Hatler and Sturgeon, 2013). Therefore, resilience constitutes an essential behavioral attribute of an effective service leader, and it is definitely a key component of service leadership education (Shek and Leung, 2015). The fourth factor “Social Competence” (five items) covers three aspects on one’s capacity to effectively handle social interactions. These aspects include the ability to get along with other people, to build and accordingly maintain close relationships, and to behave appropriately in social settings (see Orpinas, 2010). This factor echoes the interpersonal competence outlined in Service Leadership Model. Fifth, the dimension “Problem-Solving” (five items) measures people’s critical thinking when tackling difficult or complex issues (Altun, 2003). Problem-Solving falls into the category of intrapersonal competence as part of the service leadership education curriculum (Shek and Leung, 2015). Effective problem-solving is vital to leadership success (Mumford et al., 2000), and closely related to other intrapersonal competence such as emotion management (Mehrdad et al., 2011). Furthermore, service leaders may need to solve potentially conflicting needs of self, others, and the systems without compromising on morality. In this situation, critical thinking will help service leaders to see bigger picture and handle the problem in a timely manner (Jasovsky and Kamienski, 2007). Thus, the factor “Problem-Solving” underlies a dimension of behavioral attributes of service leadership. Lastly, the subscale “Mentorship” (three items) measures participants’ capability and willingness to support other’s development (Shek and Lin, 2015d), echoing the Competence and Care components highlighted in the Service Leadership Model. In short, the findings provide support for the “3-Cs” (Competence, Character and Care) of the Service Leadership Model. The results also echo the belief that both “being” (i.e., Character and Care) and “doing” (i.e., Competence) are important for effective leadership. The findings are pioneering in terms of constructing a validated measures of service leadership in Chinese societies.

The present study provides support for the developed tool on service leadership behavior. The findings enable cross-institutional analyses on curriculum effectiveness, and also offer robust empirical support for the Service Leadership Model (Shek and Chung, 2015; Shek et al., 2017). Theoretically speaking, the finings underscore the importance of the different dimensions of the measure as components of service leadership. This contributes to the development of the theory of service leadership.

The present study has several practical implications. First, the SLB-SF-38 can be employed to assess the impact of a service leadership training program. As students are expected to demonstrate an improvement in behavioral attributes of service leadership after completing the program, educators can use this tool to assess the change. Second, the dimensionality of the SLB-SF-38 can be used to refine service leadership education curriculum. Specifically, the curriculum materials for future service leadership training may be tuned to focus on the six dimensions identified. Third, the SLB-SF-38 can be used by employers looking for candidates possessing key behavioral attributes of an effective service leader. Finally, the developed tool can help researchers to conduct studies on service leadership in the changing service economy in the global context.

While the present study is pioneer in the area of service leadership, there are several limitations of the study. First, only undergraduate students in Hong Kong were recruited in the present study. Hence, it would be helpful to understand the psychometric properties of the measure in other student populations. Besides, to further endorse the factorial validity of the SLB-SF-38, follow-up validation studies using a sample of executives (e.g., Acar and Zehir, 2009) or managers (e.g., Yukl et al., 2008) are suggested.

Second, given that the present survey comprised over 250 items, response burden may influence the response quality (Lavrakas, 2008). Besides, content overlap could also be a “turn-off” for the respondents (Rolstad et al., 2011). In addition, although findings provide strong support for the internal consistency of the SLB, the test-retest reliability analyses can be conducted to examine the temporal stability of the measure in future. Nevertheless, our results showed good internal consistency of both the scale and the subscales (see Table 4), implying the quality responses from the participants (Oltedal et al., 2007).

Third, the SLB-SF-38 relies on participants’ self-rated leadership behavior, which may cause social desirability bias in responses. Participants may tend to provide favorable instead of truthful responses. Although we assured the participants that the responses would be kept confidential and anonymous, this limitation should be taken into account. In future, additional information collected from other informants (e.g., followers) would give a more comprehensive picture about service leadership behavior seen from different perspectives.

Finally, one can criticize that because the data are ordinal data, it is not appropriate to use parametric factor analysis. While we acknowledge this weakness of the present paper, we would like to make several arguments supporting the approach adopted in this study. Primarily, although there are contrary views, it is a common practice to treat ordinal data with several response categories as continuous data (Muthén and Kaplan, 1985). Second, it is also a common practice to apply CFA with ML estimation to test the model of Likert scale measurement (Byrne, 2010). For example, similar papers using CFA to analyze Likert scale data have been reported in some prestigious journals, including Frontiers in Psychology and Psychological Assessment (Young and Beaujean, 2011; Coates et al., 2016; Jorge-Monteiro and Ornelas, 2016; Ghislieri et al., 2017).

Third, Carifio and Perla discussed some common misunderstandings about Likert scales and regarded the claim that “because Likert scales are ordinal-level scales, only non-parametric statistical tests should be used with them” (Carifio and Perla, 2007, p. 114) as a common myth. They further pointed out that “if one is using a 5–7 point Likert response format, and particularly so for items that resemble a Likert-like scale and factorially hold together as a scale or subscale reasonably well, then it is perfectly acceptable and correct to analyze the results at the (measurement) scale level using parametric analyses techniques such as the F-Ratio or the Pearson correlation coefficients or its extensions (i.e., multiple regression and so on), and the results of these analyses should and will be interpretable as well” (Carifio and Perla, 2007, p. 115).

Fourth, we understand that other estimators (e.g., WLSMV) can be superior to ML when there are few ordinal categories. However, there are views supporting the application of ML for categorical data under specific conditions (Byrne, 2010). Some researchers have compared ML and other estimators applied for CFA analysis with ordered categorical data, such as WLSMV (Beauducel and Herzberg, 2006), WLS (Lei, 2009), GLS (Muthén and Kaplan, 1985; Hu and Bentler, 1998), and cat-LS (Rhemtulla et al., 2012). Most of these comparisons concluded that ML performed as good as or even better than other methods when (a) the data approximated a normal distribution (have mildly to moderately skewed/kurtosis variables), (b) there were more than five response categories, and (c) the sample size was not small. In this study, these three conditions were fully met. On the other hand, some researchers have highlighted the disadvantages of WLSMV. For example, Li pointed out the weaknesses of inter factor correlations and standard errors in WLSMV estimation “when the sample size is small, and/or when a latent distribution is moderately non-normal” (Li, 2016, p. 948). In addition, DiStefano and Morgan (2014) also noticed that WLSMV may produce factor correlation estimates with overestimation when dealing with five or more ordered categories.

Finally, as suggested by Rhemtulla et al. (2012), the choice of available methods should rely on data characters (e.g., sample size, model size, the normality of distribution), the characters of constructs underlying (e.g., the distribution of the constructs), and researchers’ own interests. In the present study, the data in general showed a normal distribution, the sample size was relatively large, and six response categories were used. In this regard, ML seems appropriate. As suggested by Allison et al. (1993, p. 92) recommended researchers “should consider staying with traditional parametric tests” when the above conditions are met. Obviously, ML provides better robust standard errors for factor correlations and the desirable asymptotic properties such as asymptotically efficiency (Lei, 2009; Rhemtulla et al., 2012).

In short, we understand the reviewer’s concern. We acknowledge the related limitations of the study and we suggest a future study to be conducted to provide an additional picture. Despite this limitation, the present study provides pioneer and exciting support for a pioneer scale on service leadership behavior in a Chinese context.



CONCLUSION

Despite the above limitations, the present study provides evidence for a reliable and valid assessment tool of service leadership behavior. The present analyses provide a strong evidence base for the psychometric properties of the SLB-SF-38 by using a large sample of Chinese undergraduates. The current study fills the gap in the scientific literature on leadership assessment of leadership training amongst Chinese college students, and also provides practical implications for future service leadership education and research.
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The Inventory of Callous-Unemotional Traits (ICU) was designed to evaluate multiple facets of Callous-Unemotional (CU) traits in youths. However, no study has examined the factor structure and psychometrical properties of the ICU in Chinese detained juveniles. The current study assesses the factor structure, internal consistency and convergent validity of the ICU in 613 Chinese detained boys. Confirmatory factor analysis results indicated that the original three-factor model with 24 items showed an unacceptable fit to the data, however, the 11-item shortened version of the ICU (ICU-11) with callousness and uncaring dimensions showed the best fit. Moreover, the ICU-11 total score and factor scores had good and acceptable internal consistencies. The convergent and criterion validity of the ICU-11 was demonstrated by comparable and significant associations in the expected direction with relevant external criteria (e.g., psychopathy, aggression, and empathy). In conclusion, present findings indicated that the ICU-11 is a reliable and efficient instrument to replace the original ICU when assessing CU traits in the Chinese male detained juvenile sample.
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INTRODUCTION

The Callous-Unemotional (CU) traits in children and adolescents are a specifier of the criteria for conduct disorder (CD) in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5, American Psychiatric Association, 2013), and are considered as an affective characteristic of psychopathic personality disorder (Frick and Moffitt, 2010). And the CU traits have been proven to be the most crucial predictors of criminal activities (Asscher et al., 2011). Features of a high level of the CU traits include a lack of concern about performance, shallow emotions, a lack of empathy and guilt, and having low sensitivity to others’ feelings (Frick, 2009). As such, the CU traits may be used to define a subgroup of youths with severe and persistent conduct problems, delinquency, or aggression particularly referring to a more proactive type of aggression (Kahn et al., 2012; Byrd et al., 2013). Different from other antisocial juveniles, those with CU traits tend to have difficulty in dealing with negative emotional stimuli (Kimonis et al., 2008), a lack of fearful inhibitions and anxiety (Frick et al., 1999) and a lack of sensitivity to punishment cues (Fisher and Blair, 1998). Remarkably, psychopathy is one of the most important predictors of criminality (DeLisi and Vaughn, 2015; DeLisi, 2016; DeLisi et al., 2018). Substantial evidence has demonstrated that the juvenile with higher psychopathy especially those have affective deficits and less self-control, had increased likelihood of engaging in violent forms of antisocial behaviors (DeLisi et al., 2010, 2018), in criminal careers that continue into the adulthood (Vaughn and DeLisi, 2008).

Understanding CU traits in delinquent and antisocial adolescents requires efficient, reliable and valid measurement tools. The Inventory of Callous-Unemotional Traits (ICU) was developed as a stand-alone and comprehensive self-report instrument (Frick, 2004). The ICU contains 24 items that are expanded from the CU factor (four items) of the Antisocial Process Screening Device (APSD; Frick and Hare, 2001). Since its introduction, various informant versions of the ICU have been increasingly endorsed in research, and have demonstrated reliable associations with external criteria variables in both incarcerated and community youth (Roose et al., 2010; Pihet et al., 2015; Pechorro et al., 2016b, 2017). However, a recent meta-analysis by Deng et al. (2019) has noted that there remains a lack of evidence of the applicability of the ICU among non-European-American samples. Although there has been an attempt of validating the ICU among Chinese community samples (Wang et al., 2017b, 2019), little is known of the utility of the ICU in clinical settings in non-English-speaking delinquent populations.

Furthermore, although the ICU was originally developed as a unidimensional measure of CU traits (an overarching CU factor containing three subfactors: unemotional, callousness and uncaring), this early proposed three-factor, as well as a three-factor bifactor model (Essau et al., 2006), received limited support in either community (Ciucci et al., 2014; Wang et al., 2017b, 2019) or delinquent samples (e.g., Kimonis et al., 2008) due to the poor overall fit of these models. Notably, the unemotional factor has been shown to have relatively poor psychometric properties, showing low reliability, poor factor loadings and inadequate correlations with external criteria (e.g., Essau et al., 2006; Kimonis et al., 2008; Byrd et al., 2013). Many recent studies have excluded some or all of the unemotional factor items, and have focused on developing a range of short versions of the ICU.

For example, Hawes et al. (2014) developed a 12-item shortened form of the ICU (ICU-12) using item response theory. The ICU-12 has two correlated factors: callousness (seven items) and uncaring (five items), and its validity and reliability were supported in a number of subsequent studies that used detained samples (e.g., Colins et al., 2016; Paiva-Salisbury et al., 2017). Two recent studies found that an 11-item model (ICU-11) which excluded the item, “I do not show my emotions to others” – the only item retained from the unemotional factor – achieved a better fit than the ICU-12 among Chinese-speaking samples using university students (Wang et al., 2017b) and community children (Wang et al., 2019). This is possibly due to the fact that expressing emotion is generally not encouraged in Chinese culture, thus resulting in the low discriminability of the item among Chinese populations. Nevertheless, the ICU-11 displayed measurement invariance across informants and occasions and had strong evidence for its criteria validity (Wang et al., 2019). The results of Wang et al. (2017b) also showed strong associations with other measures of psychopathic traits, and both of the two factors (callousness and uncaring) correlated significantly with the total scores on the ASPD and proactive aggression.

Psychopathy has been integrated into mainstream criminological theories (DeLisi and Vaughn, 2015), and at least in part, explains the causal mechanisms underlying chronic, serious, and violent delinquent trajectories, so that psychopathy can be used as a risk for the development and maintenance of delinquent behaviors (Asscher et al., 2011; Corrado et al., 2015). Moreover, regardless the intensity of the violence, the CU traits were found significantly correlated with violent offending (Sherretts et al., 2017). Despite the evidence for the validity and reliability of the short versions of the ICU among Chinese community samples, the results may not be generalized to clinical and detained populations. Given that the gravity of juvenile crimes has aggravated in recent years in mainland China, which society has paid more and more attention to, and CU traits are a clinical construct, it is important to expand upon previous findings among different Chinese samples, particularly in detained youths, and test other relevant correlates such as empathy and additional instruments of psychopathic features.


The Current Study

The main purpose of this study was to explore the factor structure of the ICU in a sample of Chinese detained juveniles. Confirmatory factor analyses (CFA) were conducted to compare various factor structures proposed in previous studies. Based on findings from recent studies (Wang et al., 2017b, 2019), we hypothesized that the ICU-11 with the callousness and uncaring dimensions would be the best fit for the data.

The second purpose of this study was to evaluate the psychometric properties of the best-fitted model (ICU-11) including internal consistency and convergent validity. Based on previous research (Wang et al., 2017b, 2019; Deng et al., 2019), it was expected that the ICU-11 would have satisfactory internal consistency while keeping sufficient information from the original 24-item version of the ICU. Additionally, we expected that the ICU-11 scores would correlate positively with alternative instruments of the psychopathic traits (i.e., the Antisocial Process Screening Device – Self-Report Version [APSD-SR] and the Youth Psychopathic Traits Inventory – Short Version [YPI-S]), and the instrument that measures reactive and proactive aggression. Conversely, we expected the scores of the ICU-11 to correlate negatively with empathy (Kimonis et al., 2013). Based on previous findings using indicators of the offending history (Byrd et al., 2013; Pechorro et al., 2017), we expected that the ICU-11 would have correlations with several external criterion variables including the participants’ age, age of incarceration into a juvenile detention center and the duration of incarceration (i.e., difference between current age and first arrest age).




MATERIALS AND METHODS


Participants

The current study included juvenile male participants recruited from the Guangdong Juvenile Detention Center. Excluding participants who had intellectual disability, a total of 613 male participants (N = 613, mean age = 17.14, SD = 1.09, range = 14–22) participated voluntarily in the study. Participants were predominantly from nuclear families (N = 466, 76.0%), followed by single-parent families (N = 135, 22.0%); 79.1% (N = 485) came from a multiple-child family. About 64.6% participants (N = 396) reported that they had lived with their parents before the age of twelve, followed by grandparents (N = 158, 25.8%) and finally, relatives (N = 24, 3.9%). With regard to their parents’ level of education, 88% of participants’ fathers and 92.3% of their mothers were at or below senior secondary school level (similar to Grade 12 in United States). The mean age of participants’ first incident of arrest was 15.49 years (SD = 0.87 years). Within the sample, the most common offence committed was robbery (N = 411, 67.0%), followed by physical assault (N = 70, 11.4%) and sexual assault (N = 50, 8.2%)



Procedure

After receiving written informed consent from the detainees’ parents or caregivers, the detainees were informed about the aims, content and duration of the study by trained research assistants. They were informed that participation was voluntary, and completion of the study was anonymous. The participants completed the paper-and-pencil self-report survey during their classes, each of which contained 35–40 inmates under the supervision of the research assistants. During the study, participants were allowed to ask for clarification if they did not understand any part of the questionnaire. The study duration was approximately 40 min. This study was approved by the Human Subjects Review Committee at the Guangzhou University. Written informed consent was obtained from all adult participants and from the parents/legal guardians of all non-adult participants.



Measures


Inventory of Callous-Unemotional Traits (ICU; Essau et al., 2006)

The ICU contains 24 items with three factors: callousness (11 items), uncaring (eight items) and unemotional (five items). Each item is rated on a four-point Likert scale, ranging from 1 (“Not at all true”) to 4 (“Definitely true”). The higher score indicated a higher endorsement of the item characteristic. The Chinese version of the ICU was created and validated in a sample of Chinese community adults (Wang et al., 2017b), and in that study the Cronbach’s αs were 0.80, 0.75, 0.68, and 0.66 for the total score breakdown of callousness, uncaring, and unemotional, respectively.



Antisocial Process Screening Device – Self-Report Version (APSD-SR; Frick and Hare, 2001)

The APSD-SR is a 20-item scale that assesses antisocial behaviors and psychopathic traits in youth. It has three main factors: callous/unemotional (six items), narcissism (seven items) and impulsivity (five items). Each item is rated on a three-point Likert scale from 0 (“Not at all true”) to 2 (“Definitely true”). As prior studies with justice-involved youths validated (e.g., Murrie and Cornell, 2002; Pardini et al., 2003), Cronbach’s αs ranged from insufficient to acceptable in the current study, 0.71 for the total, 0.44 for the callous-unemotional dimension, 0.61 for the impulsivity dimension, and 0.55 for the narcissism dimension.



Youth Psychopathic Traits Inventory – Short Version (YPI-S; van Baardewijk et al., 2010)

The YPI-S is an 18-item self-report questionnaire that assesses the core psychopathic personality traits (Andershed et al., 2002; Wang et al., 2017a). It consists of three factors: interpersonal (grandiose-manipulative), affective (callous-unemotional), and behavioral (impulsive-irresponsible). Each factor has eight items and each item is scored on a four-point Likert scale ranging from 1 (“Does not apply at all”) to 4 (“Applies very well”). Cronbach’s αs in the present study were 0.79 for the YPI-S total, 0.76 for the interpersonal scale, and 0.70 for the behavioral scale, but somewhat low (i.e., 0.55) for the affective scale generally consistent with relevant findings (Colins et al., 2012).



Reactive-Proactive Aggression Questionnaire (RPQ; Raine et al., 2006)

The RPQ is a 23-item measure of proactive and reactive aggression in youth and young adults. Reactive aggression is assessed by 11 items, and proactive regression is assessed by 12 items. Each item is rated on a three-point scale from 0 (“Never”) to 2 (“Often”). In the present study, Cronbach’s αs for the total and factors were 0.94, 0.87, and 0.90, respectively.



Basic Empathy Scale (BES; Jolliffe and Farrington, 2006)

The BES is a 20-item scale that assesses empathy in juveniles. It has two factors: affective empathy (11 items) and cognitive empathy (nine items). Each item is scored on a five-point Likert scale ranging from 1 (“Strongly disagree”) to 5 (“Strongly agree”). In the present study, Cronbach’s αs for BES total and the two factors (affective and cognitive empathy scales) were 0.74, 0.68, and 0.76, respectively.

Based on standard translation procedures, all above-mentioned measures were adapted and translated into Mandarin Chinese, then back-translated into English by a team led by the second author who is skilled in both Mandarin Chinese and English. Differences in the original and the back-translated versions were discussed and solved by joint agreement of all translators to ensure accuracy.




Data Analysis Strategy

Confirmatory factor analyses were carried out in Mplus 7.4 (Muthén and Muthén, 1998–2015). The factor models examined included the original ICU inter-correlated three-factor model (M1), the original ICU three-factor bifactor model (M2), the ICU-12 two-factor model (M3), and the ICU-11 two-factor model (M4). The robust weighted least-squares with a mean and variance adjustment (WLSMV) estimator was used to account for the categorical nature of the responses (Flora and Curran, 2004). To assess the model fit, we examined fit indices including chi-square (χ2), root mean square error of approximation (RMSEA), the Tucker-Lewis index (TLI), and the comparative fit index (CFI). A value of the TLI and CFI at 0.90 or higher and a value of RMSEA at 0.06 or smaller indicate a satisfactory model fit (Kline, 2010).

The internal consistency of the models were assessed by computing Cronbach’s α values as well as the mean inter-item correlations (MIC), a more straightforward indicator regardless of the length of a scale. Conventional guidelines suggest that the Cronbach’s α values ≥ 0.70 indicate acceptable internal consistency (Barker et al., 1994) and a MIC value between 0.15 and 0.50 indicates satisfactory internal consistency (Clark and Watson, 1995). To provide a more rigorous evaluation of the internal reliability of the ICU versions based on CFA models, we also investigated the composite reliability of the measurement properties of the scale. A value greater than 0.60 is generally considered acceptable (Bagozzi and Yi, 1988; Diamantopoulos and Siguaw, 2000). The convergent and discriminant validity evaluated via Pearson’s correlations were between the ICU scores and criterion variables (e.g., APSD-SR, YPI-S, RPQ and BES). We analyzed the internal consistency and correlations of the models using the SPSS program (IBM, SPSS version 19, 2010). Finally, the method proposed by Dunn and Clark (1969) was used (see Steiger, 1980 for more details)1 to determine whether the strength of the correlations with criterion measures differed between the original ICU and the best-fit model of ICU.




RESULTS

Table 1 reports descriptive statistics including means, standard deviations, number of items as well as Cronbach’s α values and MICs about all variables in the currents study.

TABLE 1. Descriptive statistics and reliability estimates for all variables.
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Confirmatory Factor Analysis

Table 2 shows the fit indices of competitive models used in the current study. Fit indices showed an unacceptable fit for the inter-correlated three-factor model (M1; χ2 = 1901.46, df = 249, CFI = 0.71, TLI = 0.68, RMSEA = 0.10) and for the original three-factor bifactor (M2; χ2 = 1930.16, df = 228, CFI = 0.70, TLI = 0.64, RMSEA = 0.11). The two-factor model of the ICU-12 had significantly better fit than the M1 or M2, but the fit indices were still unsatisfactory (CFI < 0.90, TLI < 0.90, RMSEA > 0.80). Moreover, Item Six had the lowest loading (λ = 0.26, see Table 3). The two-factor model (ICU-11) that excluded Item Six had an excellent fit (χ2 = 149.77, df = 43; CFI = 0.95, TLI = 0.94, RMSEA = 0.06).

TABLE 2. Goodness-of-fit indices for the different models of ICU.
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TABLE 3. Factor loadings for the relatively good fit two-factor model for ICU-12 and ICU-11.
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With regards to the internal consistency, the Cronbach’s αs (MICs) for the ICU-11 total score, the callousness factor and uncaring factor were 0.75 (MIC = 0.22), 0.75 (MIC = 0.34), and 0.73 (MIC = 0.35), respectively. Furthermore, the results showed that all factor scores of the ICU-11 were measured with satisfactory composite reliability (total score, ρc = 0.90; callousness, ρc = 0.84; uncaring, ρc = 0.79). The correlation between the two factors was.24 (p < 0.001) at the observed level and 0.21 (p < 0.001) at the latent variable level, indicating a relatively weak intercorrelation.



Convergent and Criterion Validity

Table 4 shows Pearson’s correlations between the ICU-11 and external criterion measures. As expected, there were significantly positive correlations between the ICU-11 factors and APSD-SR factors. The ICU-11 uncaring factor had a strong correlation with the APSD-SR callous/unemotional factor (r = 0.50, p < 0.001). The ICU-11 callousness factor was strongly correlated with the APSD-SR impulsiveness factor as well as the APSD-SR total (r = 0.50 and 0.53, ps < 0.001, respectively). The ICU-11 callousness factor showed significantly positive correlations with the YPI-S total scores and factors (rs = 0.45–0.67, ps < 0.001). On the other hand, the ICU-11 uncaring factor had weak correlations with the YPI-S behavioral factor and YPI-S total scores (r = 0.22, p < 0.001, and 0.11, p < 0.05, respectively), and was not significantly correlated with the YPI-S affective (r = −0.02, p > 0.05) or interpersonal factors (r = −0.04, p > 0.05).

TABLE 4. Pearson correlations of ICU-11, ICU-24, and their factors with relevant external variables.
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The ICU-11 total score and the ICU-11 callousness scale were moderately and positively correlated with two kinds of aggression assessed by RPQ (see Table 4). On the other hand, the ICU-11 uncaring scale showed weak associations with aggression (rs < 0.30). The ICU-11 total also had a significant negative correlation with empathy as measured by the BES (total BES: r = −0.51, p < 0.001; affective factor: r = −0.35, p < 0.001; cognitive factor: r = −0.45, p < 0.001). The ICU-11 uncaring factor had stronger relationships with the BES and its factors (rs = −0.32 to −0.45, ps < 0.001) than the ICU-11 callousness factor did (r = −0.24 to -0.35, ps < 0.001).

Correlations between the original ICU total and factor scores and external variables were similar to those for the ICU-11 (see Table 4). The unemotional factor of the original ICU demonstrated weaker or no associations at all with the external variables, whereas it showed robustly stronger associations with scores for reactive aggression, the YPI-S behavioral factor, proactive aggression and the APSD-SR narcissism factor.

Table 4 also presents the correlations between the ICU-11 and other variables (e.g., age, age of incarceration into a juvenile detention center). The ICU-11 and subscale scores were negatively correlated with age, but positively correlated with the age of incarceration. To explore this further, we inspected the correlations between the ICU-11 and the duration of incarceration (i.e., difference between current age and first arrest age). There was a significant negative correlation between the ICU-11 and the duration of incarceration, suggesting that participants with a longer stay at the center reported lower ICU scores. The original ICU were as and the ICU-11 had similar correlations with those variables.

Next, we compared the ICU-11 and the original ICU in terms of their correlations with the external criterion variables. Z values (p < 0.01, two-tailed for significance) were calculated based on Dunn and Clark (1969) method (see Table 4). For most variables, the ICU-11 total showed stronger correlations to the external criterion than the ICU-24 did.




DISCUSSION

The present study is the first study that investigated the factor structure and psychometric properties of the ICU in Chinese detained youth samples. Consistent with previous studies using samples of Chinese community adults (Wang et al., 2017b) and children (Wang et al., 2019), the three-factor model of the original ICU was not replicated in the present study, but the ICU-11 with a two-factor model was found to have the best fit for the data. The reliability coefficients of the ICU-11 and its factors were also more satisfying than those of the original ICU. Finally, the convergent validity of the ICU was demonstrated by significant correlations between the ICU-11 and a range of criteria variables.

Previous studies of the ICU using Western samples found that the three-factor bifactor model received the most support in adolescents (Kimonis et al., 2008; Pihet et al., 2015). However, the bifactor model could not be replicated in the current study as well as it could with other Chinese samples (Wang et al., 2017b). The poor fit was mainly attributed to the low factor loading of items on the unemotional factor. Additionally, the unemotional factor of the original ICU-24 showed substantially low Cronbach’s α value and poor validity, which was in line with previous studies (Kimonis et al., 2008; Byrd et al., 2013; Wang et al., 2017b; Deng et al., 2019). Despite the unemotional factor showing high association with empathy and modest association with proactive aggression across over ten studies (Cardinale and Marsh, 2017), these findings were hardly replicated in this Chinese detained juvenile sample thus to some extent indicated the unemotional were not a stable indicator of the construct of CU traits and needed further validation.

These results have reinforced the idea that the original unemotional factor of the ICU might not be a reliable construct in detained youth, at least when using the self- or other-report versions of the ICU. A major reason for this is considered to be that the affective deficits lack accurate descriptions, and that most items looking at the unemotional factor refer to the outward expression of emotions rather than the experience of them, both of which result in poor internal consistency in the unemotional factor (Cardinale and Marsh, 2017). The features of unemotional trait are mostly negative, which are more difficult to detect for both the subjects and the observers. Subjects may not be aware of the absence of emotion, while observers may mistake the symptoms as the subject being shy or introverted. Another factor is that the expressions of “unemotional” characteristics could also be contributed to by other constructs, such as social expectations or problematic emotional expressions (such as those by autistic children). Social expectations vary greatly across cultures and, thus, can negatively influence the multigroup measurement invariance across the original English samples, as well as subsequent samples from other cultural groups. All these issues could result in lower reliability of the unemotional factor.

With regards to problematic emotional expressions, previous studies have consistently found negative correlations of the unemotional factor with aggression assessments (Wang et al., 2017b). Subjects with abnormal emotional regulation and expression may externalize emotions such as anger, demonstrating aggressive behaviors. Taken together, the items of the unemotional factor may be tapping into a construct departing from CU. Further research into the unemotional factor is warranted.

The shortened ICU-12 that excluded most items from the unemotional factor achieved a better fit than the original ICU factor structures, with the exception of Item 6, which had a low factor loading. This was consistent with previous studies (Colins et al., 2016; Wang et al., 2017b, 2019). After removing Item 6, the ICU-11 had the best fit for the current data.

The analysis of the internal consistency of the ICU-11 revealed mostly good to extremely good values, with most values exceeding both the recommended minimum Cronbach’s α of 0.70 and the recommended minimum composite reliability of 0.60, as well as the MICs in a favorable range (>0.19). The Cronbach’s α values of both the ICU-12 and the ICU-11 uncaring factors in the present study were greater than in previous findings (Wang et al., 2017b, 2019). The greater factor reliability could be due to the fact that the sample for this study had an older average age than studies where the sample consisted of children. Adolescent subjects in the present study might have had better reading comprehension than those under the age of 12 years (Soto et al., 2008; Deng et al., 2019). In addition, the ICU was developed based on a clinical sample, thus could be more precise when measuring CU traits among subjects who were on the high end of the latent traits. And, in comparison to community samples, the detention environment helped to guarantee the standardization of the testing process, which may have offered more consistent responses to the ICU items. Furthermore, it was worth mentioning that the α values for ICU scores in clinical samples had been proven to be more variable than in non-clinical samples (Deng et al., 2019). More evidence for internal consistency of ICU-11 in Chinese clinical samples is needed in the future.

With regards to external validity, the ICU-11 demonstrated the expected correlations with the criterion variables (i.e., APSD-SR, YPI-S, and RPQ), and the pattern of correlations were similar to those of the original ICU.

As reported by previous findings of a meta-analytic review (Cardinale and Marsh, 2017), strong associations were found between psychopathy and the total ICU-11, callousness factor and uncaring factor, and the callousness factor compared with the uncaring factor displayed stronger associations with measures of psychopathy in detained samples. Specifically, the directions and magnitudes of the correlations between the ICU and the YPI-S were comparable with those reported in previous studies (Roose et al., 2010; Pihet et al., 2015). Most correlations found between the ICU-11 scales and APSD-SR scales were higher than those reported in Wang et al. (2017b), which reflects the different demographics of the two samples. Wang et al. (2017b) used a community sample, in which the manifest of antisocial personality had a limited range.

Meanwhile, consistent with previous studies, the aggression factor showed a stronger correlation with callousness than with the uncaring factor. Kimonis et al. (2008) suggested that this could be due to the fact that callousness has a greater comorbidity with aggression, whereas uncaring was expressed through their offences committed. The ICU-11 also demonstrated expected negative associations with empathy when assessed by the BES (e.g., Kimonis et al., 2008; Roose et al., 2010). Dolan and Fullam (2006) suggested that the temperamental fearlessness featured in CU traits can result in a decrease in the arousal of the autonomic nervous system. This in turns leads to difficulties in recognizing others’ emotional distress among individuals who rank high in psychopathy measurements. The uncaring factor also had stronger correlations with the BES than the callousness, suggesting that the uncaring is a major component in one’s inability to recognize others’ emotions. Similar findings were also reported by Pechorro et al. (2016a, 2017).

We also evaluated how the CU traits were related to subjects’ age, age of incarceration, and the duration of incarceration. Inconsistent with previous findings (Byrd et al., 2013; Pechorro et al., 2017), we found that the CU traits had moderately negative associations with participants’ age and the duration of incarceration. This suggested that older participants might be better at identifying and reporting emotion. In addition, Asscher et al. (2011) indicated that individual age when assessing psychopathy played a moderating role in the associations between psychopathy and delinquency. Notably, during the course of childhood to adolescence, individuals with psychopathic traits likely have learned to conceal their cognitive empathy deficits or the relevant empathy skills may have improved (Dadds et al., 2009). Thus, the strength of association between psychopathy and delinquency diminished with increasing age (Asscher et al., 2011). Overall, the incarceration confinement and education seemed to have a positive effect on transforming the pathological personality of the juvenile offenders.

Summarizing, prior findings have emphasized the importance of CU traits which appear to mirror several related aspects about affective and interpersonal functioning (Lynam et al., 2005). CU traits also provide evidence to designate and understand severely antisocial youths, especially the adolescent offenders who had great risk in subsequent violent offenses throughout a 2-year period after releasing from incarceration (Vincent et al., 2003). Currently in China, market reforms have promoted the social transition, meanwhile, the crime rate of juveniles has assumed the trend of escalation and criminal nature of the case has become more and more serious. Assessment of CU traits with the ICU particularly the shortened ICU-11 thus remains a significant research focus with crucial clinical implications in Chinese juvenile offenders. Specifically, extant findings may allow psychological staff to tap Chinese detained boys the existence of the common factor, analyze the causes of crime or delinquency and thus take appropriate measures to improve the system of current criminal penalty.


Limitations

Several limitations must be acknowledged. First, the current sample was made up only of males, making it unclear how the results can be generalized toward female detention populations. Pechorro et al. (2017) found manifestations of generalized problem conducts in female juveniles with CU traits might depend on the criminal justice system. Future study should look at female populations and examine potential gender differences regarding the validity and reliability of the ICU. Second, all measures were based on self-reporting and the current study did not explore the detailed offending history of the detained boys, which easily demonstrated method variance and might inflate relations among study variables. Future research should consider the inclusion of multiple methods of data gathering, such as interviews, multiple-informant formats, such as caregiver- or caseworker-reported, and include more delinquent details from case records. Third, the current study had a cross-sectional design, which restricted the conclusions on the predictive utility of ICU traits, as well as any causal inferences. Future longitudinal studies should be conducted that evaluate correlations over time. Finally, future research also should investigate the relationships between the ICU-11 and variables such as delinquent histories, conduct disorder, age of first contact with the law, and the severity of the crime.




CONCLUSION

The current study is the first study to explore the factor structure and construct validity of the ICU in a large Chinese male juvenile offender sample. Consistent with previous studies looking at Chinese samples (Wang et al., 2017b, 2019), CFA analyses indicated that the ICU-11 with two factors had the best model fit. Both the total and two factors’ scores showed acceptable internal consistency. The results also demonstrated promising convergent validity of the ICU-11. Overall, the current study’s findings suggest that the ICU-11 holds promise as an informative alternative for the original ICU form, particularly in detained Chinese male youths.
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The aim of the present study was to assess the psychometric properties of the Existential Quest (EQ) Scale, a nine-items instrument developed to assess openness to changing one’s own convictions concerning existential issues. We developed the Italian version of the scale and examined factorial structure, internal consistency, discriminant validity, and measurement invariance across gender and age groups. A total of 291 Italian adults were recruited, and they completed a self-report questionnaire comprising measures of authoritarianism, cognitive closure, well-being, and religiousness, alongside the EQ. Confirmatory factor analysis showed that the original one-factor structure was replicated in this study, except for one-item that was removed from the subsequent analyses. Both the internal consistency of the eight-item scale as assessed by Cronbach’s α and discriminant validity were in line with those of the original study. However, McDonald’s reliability coefficient were quite low, and further researches employing repeated measures are needed in order to comprehend the contribution of the random error and that of the item specificity in lowering McDonald’s coefficient. Finally, evidence of full measurement invariance across gender and partial measurement invariance across age was obtained. Overall, these findings suggest that the Italian version of the EQ is a promising tool for assessing flexibility about existential issues.
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INTRODUCTION

Addressing the fundamental questions of existence – such as the origin and finality of the world, the meaning of life and death, or the existence of transcendence – is a universal human experience that crosses cultures, historical periods, religions, and ideologies, and may be important for optimal individual functioning (Allan and Shearer, 2012; Sullivan, 2013). Indeed, the exploration of existential issues represents a valuable dimension in the promotion of psychological well-being, which reflects the realization of true self, positive relationships, human strengths, and virtues (Ryan and Deci, 2001; Ryff, 2014).

The conceptualization of existential issues is usually relevant to the framework of religion and spirituality (Park, 2005; Zinnbauer and Pargament, 2005). When people consider their global meanings about life and death, they often refer to the sacred aspect that is involved in both the definition of religiousness and spirituality (Pargament et al., 2005; Zinnbauer and Pargament, 2005). The sacred includes concepts such as the divine, God, and the transcendent dimension, which provide an ultimate meaning to life and a sense of personal security and safety toward the unknown (Pargament et al., 2005).

The association between sacred and existential issues might be obvious for religious and spiritual people, but it could be less clear to those who do not attribute great importance to these topics in their lives (Pedersen et al., 2018). Thus, issues related to the global meaning of life should be considered in a broad secular way and not merely centered on a transcendent reality. Indeed, in light of a religious decline in Western societies (la Cour and Hvidt, 2010; Yu et al., 2017), beliefs in science or political ideology could play a role similar to that of religious beliefs for secular individuals (Farias et al., 2013).

Indeed, individual orientations toward a religious, spiritual, or secular perspective (or their possible overlap) do not take place in a social vacuum but rather depend on the cultural context in which a person lives (la Cour and Hvidt, 2010). For example, it has been shown that people living within a collectivist society tend to pursue a religious orientation in the existential experience by conforming to their own religious group, while people in the individualistic society tend to pursue a more secular orientation in the existential experience as a form of navigating personal uncertainty (Sullivan, 2013). In addition, the same individual could think about the global meanings in life in a religious, spiritual, and secular way, depending on his/her different phases of life (la Cour and Hvidt, 2010).

Several studies have attempted to develop measures concerning individual relationships with existential beliefs. For example, Thorne (1973) operationalized the person’s existential status, which included concepts such as existential morale, existential vacuum, existence and destiny, and self-realization. Other scholars have assessed the degree to which people attribute meaning to and are aware of their own lives (Steger et al., 2006; Schulenberg et al., 2011; Richmond, 2015) or have measured individual factors related to existence, such as social and emotional loneliness, existential anxiety, death anxiety, and self-consciousness (Templer, 1970; Scheier and Carver, 1985; DiTommaso et al., 2004; Weems et al., 2004).

However, none of these measures directly assesses the degree to which people could be open to questioning themselves about existential issues, as the Existential Quest (EQ) scale (Van Pachterbeke et al., 2012) does. Perhaps the closest instruments are the Scale for Existential Thinking (Allan and Shearer, 2012) and the Religious Quest Scale (Batson and Schoenrade, 1991a, b). The former, like the EQ, investigates existential issues in a broad sense by assessing the frequency to which people think about these issues. The latter measures flexibility on existential issues but refers only to religious beliefs, and it was created to assess how people redefine their way of being religious as a consequence of contradictions and tragedies in life (Batson and Schoenrade, 1991a, b). Van Pachterbeke et al. (2012) developed the EQ to make a tool that assesses flexibility on existential issues available to all people, regardless of their being religious. To reach this goal, these authors introduced a new broad social-cognitive construct dealing with individual differences in their flexibility to change beliefs on core and universal issues, such as the ultimate meaning of life and the existence of transcendence. This form of open-mindedness could have positive implication at the societal level, because it is related to prosocial attitudes such as tolerance, altruism, and empathy. However, it can also have unfavorable implications at the individual level, because it could be related to feelings of uncertainty and anxiety, as for the religion quest attitude (Van Pachterbeke et al., 2012).

The EQ contains nine items assessing three different components, namely: a relative uncertainty regarding fundamental issues, a valuation of the doubt and questions surrounding these issues, and, eventually, openness to change (or the acknowledgment that one may change his or her own positions and attitudes across time).

In the original work, the authors assessed the factorial structure of the EQ scale and its discriminant validity by means of five studies involving several samples of students from Belgium and Germany and a sample of Belgian adults. As expected by Van Pachterbeke et al. (2012), EQ scores exhibited negative correlations with measures of closed-mindedness and positive correlations with measures related to prosocial attitudes and emotions. In particular, they found a negative correlation with the scores on the need for cognitive closure and Right-Wing Authoritarianism, and positive correlations with a measure of empathy and altruism. Religiousness was weakly correlated or uncorrelated with EQ scores across the studies, according to the hypothesis of independence of the EQ scores from religiousness. Furthermore, as they expected, a negative relationship of EQ scores with age was found (albeit weak). Lastly, as far as gender differences are concerned, no priory expectations were formulated and only in the sample of adults women scored higher than men. The dimensionality of the scale was evaluated by means of explorative factor analysis performed on one of the five studies and then replicated on the whole set of data from the five studies. In the single study, the authors found three factors that isolated religious items, doubt items, and the remaining items, respectively. Whereas on the pooled data a dominant factor of flexibility and a secondary factor dealing with flexibility in worldviews emerged. Supplementary analyses showing that the two factors provided the same pattern of associations with the majority of the variables included in the studies let the authors conclude that the scale could be conceived as unidimensional and that flexibility in worldviews and valuing doubt were facets of the same construct. The internal consistency of the nine items was acceptable (α = 0.74).

The EQ has been applied in different fields of research. For example, Deak and Saroglou (2015, 2017) showed a positive correlation between EQ scores and measures of high tolerance toward moral questions, such as abortion, child euthanasia, gay adoption, and suicide. Furthermore, a negative correlation has been found with a measure of religious fundamentalism (Tapia Valladares et al., 2013), and a positive correlation has been shown with a measure of psychological well-being (Joshanloo, 2017). Finally, Sullivan (2013) showed that people belonging to an individualistic culture obtain higher scores on the EQ than those belonging to a collectivistic culture.

Given the relevance of the issues related to the EQ and, at the same time, the scarcity of instruments that investigate this quest, we consider it useful to deepen the psychometric characteristics of the EQ scale with an Italian sample.



AIMS

The aims of the study were threefold: (1) to examine the factor structure of the Italian adaptation of the EQ; (2) to test the measurement invariance separately across gender and age group; and (3) to assess the discriminant validity of the EQ scores with respect to measures of Right-Wing Authoritarianism (RWA) and the need for cognitive closure. Following Joshanloo (2017), we also tested the relation between EQ scores and a measure of psychological well-being. Furthermore, the relationship with gender, age, and religiousness was considered. To the best of our knowledge, this is the first attempt to confirm the psychometric properties of the EQ scale.



MATERIALS AND METHODS


Participants and Procedure

The participants were 291 Italian adults (64.3% female) aged 19 and 82 years (M = 37.0; SD = 14.6). Data collection occurred between April 2018 to June 2018; participants were recruited in the Northern part of Italy via a convenience sampling method through the dissemination of the questionnaire among university students attending degree courses in the field of social science (each student delivered some questionnaires to parents and/or acquaintances) (Table 1). The Ethic Committee of the University of Turin approved the study protocol. Participants took part voluntarily after giving their verbal consent to participate in the study. Respondents had to be at least 18 years of age to fill out the questionnaire.

TABLE 1. Characteristics as a percentage of the sample.
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Data were collected by means of a self-report pencil-and-paper questionnaire that took approximately 20 min to complete. A total of 98.9% of the respondents completed the questionnaire.



Measures


Existential Quest Scale (Van Pachterbeke et al., 2012)

The EQ was translated from English into Italian collegially by the authors and then was back translated by a native speaker. Participants were required to respond on a 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree). In the current study, Cronbach’s alpha was 0.68. The original English items and the Italian adaptation of the EQ are reported in Appendix 1.



Right-Wing Authoritarianism Scale (Funke, 2005; Roccato et al., 2009)

The RWA is a 12-item self-report scale that assesses an overall authoritarianism attitude, rated on a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree). Cronbach’s alpha found in the current study was 0.75.



Need for Cognitive Closure Scale-Brief Form (Pierro et al., 1995; Roets and Van Hiel, 2011)

We used a brief form (15 items) of the original scale of Webster and Kruglanski (1994), which assesses overall individual differences in cognitive closure. Participants responded on a 6-point scale ranging from 1 (not at all characteristic of me) to 6 (entirely characteristic of me). Cronbach’s alpha found in the current study was 0.84.



The Mental Health Continuum-Short Form (Keyes, 2002; Petrillo et al., 2015)

The Mental Health Continuum-Short Form (MHC-SF) assesses three major dimensions of well-being: psychological, social, and emotional. Participants were asked to indicate how much of the time during the last month they functioned in a specific manner. Items were rated on a 6-point scale ranging from 0 (never) to 5 (always). The internal consistency found in the current study was good, Cronbach’s alphas ranged from 0.77 to 0.82.



Religiousness

By means of principal component analysis, we calculated an index through three items created for the purpose of this study: “How much important is religion for you?,” “Apart from weddings and funerals, how often do you attend mass or, if not Catholic, other religious rituals?,” “How often do you attend the activities/initiatives of your religious group?.” The items were rated on a 6-point scale ranging from 0 (not at all/never) to 5 (very much/more than once a week). In the current study, Cronbach’s alpha was 0.84.

A brief list of sociodemographic items, including respondents’ gender, age, and education, was also included.

We developed two versions of the questionnaire, presenting the EQ before and after the RWA and Need for Cognitive Closure Scale-Brief form (NFCS-BF) to prevent potential order effects. The MHC-SF was the first scale in both questionnaires.




Statistical Analyses

Imputation was performed using the expectation maximization (EM) method after it was verified that the missing values of the scales, ranging from 1.3 to 3.1%, were missing completely at random (MCAR) (Little, 1998).

We performed confirmatory factor analyses using MPLUS 7.3 (Muthén and Muthén, 1998-2015) to assess the factorial structure of the scale. According to the original study, we estimated a unidimensional model.

Because the data violated the multinormality condition [Mardia’s multivariate omnibus test of skewness and kurtosis (2.26) = 125.60, p < 0.001], we used the Asparouhov and Muthén (2010) mean- and variance-adjusted ML (MLMV). As found by Maydeu-Olivares (2017), this estimation method has good properties in terms of the accuracy of standard errors and type I error in the presence of non-normal data. The following criteria were used to evaluate the acceptability of the goodness of fit of the model: root mean square error of approximation (RMSEA) ≤ 0.08; comparative fit index (CFI) ≥ 0.90; standardized root mean square residual (SRMR) ≤ 0.08 (Browne and Cudeck, 1993; Hu and Bentler, 1999). To assess measurement invariance, a multiple-group CFA (with gender and age as the grouping variables) was performed, and four increasingly restrictive models were estimated (Vandenberg and Lance, 2000). In the first model, all parameters were freely estimated across groups (configural invariance); in the second model, the loadings were assumed to be equal across groups (metric invariance); in the third model, both loadings and intercepts were constrained to be equal across groups (scalar invariance); and finally, in the fourth model, the residual variances were assumed to be equal across groups. The goodness of fit of each model was compared to that of the previous model (e.g., 2° vs. 1°; 3° vs. 2°). According to Chen (2007), the following changes in goodness-of-fit indices were considered indicative of a lack of invariance: ΔCFI ≤ −0.005; ΔRMSEA ≥ 0.010; regarding the SRMR, the cut-off was 0.025 for loading invariance and 0.005 for intercepts and uniqueness invariance.

The discriminant validity of the scale scores was tested by means of correlations (Pearson’s r). Scale reliability was evaluated by means of the traditional Cronbach’s α and by the Omega coefficient (ω, McDonald, 1978). As it is well known, α furnishes an unbiased estimate of reliability only when items conform to the essential tau-equivalence model under the Classical Test Theory (i.e., when items scores fit a unidimensional model in which the loadings are set to be equal and errors are uncorrelated). An appropriate alternative to α is the Omega coefficient (McDonald, 1999) that is based on the unidimensional model estimates and it is defined as the ratio between the variance due to the common factor and the variance of the total scale scores. In particular, the coefficient for measures with correlated errors was computed (Raykov and Marcoulides, 2016, p. 304).

All the analysis, except for CFAs, were performed with SPSS 25.0 (IBM SPSS Statistics, IBM Corporation).




RESULTS


Confirmatory Factor Analysis

The estimation of the one-factor model produced an unsatisfactory fit to the data: χ2(27) = 150.1, p < 0.01; RMSEA = 0.125 (90% CI = 0.11, 0.14); CFI = 0.639; and SRMR = 0.085.

To improve the model fit, we considered the contents of the items, looking for pairs of items that eventually shared part of their specificity. This examination identified three pairs of items that were more similar to each other than to the other elements of the scale. In detail, the pairings of items were as follows: items 1 and 7, the only items addressing the goal of life; items 2 and 9, the sole items related to the religious and spiritual sphere; and items 3 and 4, the unique items concerning the valorization of doubt. On the grounds of this consideration, with the support of the modification indices (MIs), the model was retested after the residuals of each item pair were correlated (1–7; 2–9; 3–4). The result of this model was satisfactory in terms of global fit indices: χ2(24) = 51.5, p < 0.01; RMSEA = 0.063 (90% CI = 0.04, 0.09); CFI = 0.919; and SRMR = 0.046.

As shown in Table 2, factor loadings (standardized values) were acceptable (>0.30), except for items 9 and 7, and all estimates were statistically significant (p < 0.05). The correlations between residuals were also not negligible (>0.30).

TABLE 2. Standardized loadings for one-factor confirmatory model of Existential Quest Scale (n = 291).
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Measurement Invariance

The unidimensional model with three residual covariances obtained in the previous analysis was estimated in the multiple-group CFA to evaluate the degree of measurement invariance of EQ items across gender and age group.

The model imposing configural invariance across gender showed satisfactory fit values: χ2(48) = 67.4, p < 0.05; RMSEA = 0.053 (90% CI = 0.01, 0.08); CFI = 0.939; and SRMR = 0.055. However, a close examination of the loadings showed that, in the group of men, the loading of item 7 was not statistically significant (0.05; p = 0.84). Thus, we excluded item 7 from the analysis of gender invariance, and this exclusion reduced the number of residual covariances to be estimated: the covariance between items 1 and 7 was no longer a model parameter. As shown in Table 3, on the remaining eight items, all the models – from the one that imposes equality of the loading pattern (configural) to the one that imposes equality of all item parameters (uniqueness invariance) – showed excellent fit to the data. The non-significant difference in χ2 (Δχ2) and the very small change in RMSEA, CFI, and SRMR obtained in each of the comparisons lend support to the idea that the EQ items exhibit full measurement invariance across gender.

TABLE 3. Measurement invariance of the EQ scale.
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With the aim of assessing measurement invariance with respect to age, two groups were formed using the median of the sample (31 years) as a cut-off (young adults, N = 142; adults, N = 149). The fit of the configural model on the nine items of the scale was adequate [χ2(48) = 66.8, p < 0.05; RMSEA = 0.052 (90% CI = 0.01, 0.08); CFI = 0.939; SRMR = 0.053]. However, as in the gender group analyses, the loading of item 7 was not statistically significant; in this case, it was not statistically significant in either of the two groups (young adults: 0.28, p = 0.14; adults: 0.07, p = 0.74). Thus, we also dropped item 7 in this analysis. As shown in Table 3, the configural and metric models provided excellent fit to the data. In terms of changes in the fit measures, in the metric invariance model, only ΔCFI was slightly above the cut-off, but we did not consider this lack of fit to be problematic because all the other changes in fit indices were small. The imposition of the equality of the intercepts resulted in a remarkable change in both the CFI and SRMR. To evaluate whether partial scalar invariance was tenable, we examined the MIs relative to the item intercepts, and we relaxed the equality constraint on the item intercept associated with the largest MI, one at a time, until the changes in the fit indices with respect to the metric invariance model were negligible. After the intercept equality constraint on items 8 and 1 was removed, changes in the fit indices were very small. Regarding the uniqueness invariance, both ΔCFI and ΔSRMR were outside the range. The inspection of MI suggested the removal of the equality constraint from the uniqueness of items 8 and 1, thus leading to a satisfactory model fit. These two items were not invariant across age groups, and both items exhibited lower intercept and greater uniqueness in the adult sample than in the younger sample.



Discriminant Validity

To correlate EQ scores with those of the other scales, a total mean score of flexibility was computed. In light of the results obtained above, item 7 was excluded from the computation (means and standard deviations of EQ items are shown in Appendix 2).

As reported in Table 4, EQ scores showed a moderate negative correlation with RWA scores and a weak negative correlation with NFCS-BF scores. Flexibility scores were not correlated with well-being scores, neither with subscales nor with total scores.

TABLE 4. Summary of intercorrelations for scores on the EQ and the other study variables.
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Regarding the religiousness index, no correlation was found, and no relationship emerged with respect to gender. Flexibility scores were negatively correlated with age, although the correlation was weak.



Internal Consistency

For the 8-items scale, Cronbach’s α was 0.70 and McDonald’s ω was 0.61, meaning that 61% of the total score variance was due to the common latent factor. The difference between α and ω was mainly due to the presence of correlated errors. In fact, when omega was computed including the error covariances among the systematic part at the numerator of the formula:

[image: image]

the value (0.69) was very close to that of α.




DISCUSSION

The study investigated the psychometric properties of the EQ across an Italian sample. The results supported the unidimensionality of the scale, in line with the findings of the original study of Van Pachterbeke et al. (2012). More specifically, scale scores were essentially unidimensional, because the presence of some error covariances signals that there are some secondary dimensions. However, this result is consistent with the intention of the proposers of the scale to develop a broad measure of flexibility by using a set of items “that do not merely paraphrase each other, including items that address the different components of the quest orientation” (Van Pachterbeke et al., 2012, p. 3). The presence of more than one item for each component created undesired covariation between items (as for the two items about religious beliefs and the two relative to evaluating doubt). At the same time, the number of items per component was too small to substantiate the presence of a general factor and some content-related factors (group factors).

One item (“I know perfectly well what the goal of my life is”) performed poorly both in the factor analysis conducted on the whole sample and in the measurement invariance tests across gender and age groups. This result was in line with those of previous studies that found this item to be a poor indicator of existential flexibility (Van Pachterbeke et al., 2012; Joshanloo, 2017). In light of these considerations, we do not advise the consideration of item 7 in the EQ.

The 8-item scale revealed full measurement invariance across gender, reflecting that there are no differences in the Italian sample between males and females in the EQ factorial structure, while partial invariance emerged across age groups because two items (items 1 and 8) differed both in terms of intercept and residual variance across younger and older adults. Considering the contents and formulations of these items, some considerations can be formulated. It is plausible that being uncertain about the meaning of life (item 1) has different implications for younger and older adults. For younger people more than for older people, it could be a positive aspect associated with the openness to new experiences, whereas for older than for younger people, it could have a negative, depressive connotation. Similarly, the significance of the item about changing the way of seeing the world (item 8) may have a different meaning according to the age of respondents, especially because this item refers to change occurring “over the years”.

In line with the original study (Van Pachterbeke et al., 2012), EQ scores showed good discriminant validity in terms of their correlation with RWA and NFCS-BF scores. High flexibility in EQ was associated with the tendency to be autonomous with respect to norms (low RWA) and to be less cognitively rigid (low need for cognitive closure). Furthermore, consistent with the literature, we found that younger people are more flexible with respect to existential questions than older people are.

As concern internal consistency of the total scale score, α-value was similar to that obtained in the original study (α = 0.74), and quite higher than the value of omega. Thus, our results are coherent with those of Gu et al. (2013) who found that α tends to treat correlated error variance as true variance and thus inflates the estimate of reliability. The value of omega was low, but this result does not imply necessarily that the scale is heavily affected by random error variation. The low value could be mainly due to item specificity that is, the influence of factors that are specific for each item. The item specificity is a source of systematic variation that could be considered a component of the “true” variance, depending on the definition of reliability the researcher is adopting. Even if in a single administration, as in the present study, it is not possible to distinguish between random variation and items specificity, we can conjecture that specificity is a not negligible component of EQ scores because, as stated above, EQ was intended as a broad measure of flexibility.

In summary, the present study assessed for the first time the factorial structure of the EQ by means of a confirmatory approach. The study provided some evidence of measurement invariance across gender and age and showed that the Italian version of the scale presents satisfactory psychometric properties. Nonetheless, this study is not exempt from some limitations. Firstly, because of the type of sampling method employed, the participants were not representative of the Italian population, with an over-representation of women and high educated people. Secondly, although the number of participants was adequate to perform the intended analyses, it did not allow for the formation of more than two age groups, thus limiting the exploration of the functioning of the items according to age. Moreover, it did not allow splitting the sample and performing both exploratory and confirmatory factor analyses. The exploratory approach with a bi-factor rotation could be useful in further exploration of the factorial structure of the scale, because it allows modeling a general factor and two or more group factors related to the content components of the scale. We could not estimate a confirmatory bi-factor model because a minimum of three indicators for each group factor is request. Moreover, further researches aimed at assessing EQ reliability by means of a test–retest design are recommendable in order to assess how much EQ total score is affected by random variation (McCrae, 2015). Finally, although promising, we have collected data in a predominantly Catholic country, so it is necessary to investigate the properties of this scale in other countries with different cultural and religious traditions.



CONCLUSION

The new construct and the relative scale developed by Van Pachterbeke et al. (2012) could be used in several field of psychology (social, clinical, developmental) as it deals with issues that more or less involve all human beings in every period of life since the development of abstract and critical thinking.

The EQ scale may represent a useful tool to better understand how people experience different perspectives in Western societies characterized by the coexistence of different cultures and religions. Assessing individual differences in their flexibility on existential issues could help to understand why some people are willing to accept the presence of people with different cultures and/or religions and others tend to do not tolerate the contradiction due to the multicultural presence.

At the individual level, being more or less an existential quester could be related to personal well-being. In contrast to previous studies that reported a positive correlation between the two measures (Joshanloo, 2017), our results failed to find a significant relationship between the EQ and individuals’ well-being. Indeed, high flexibility with respect to the EQ could combine with emotional instability and anxiety, as claimed in the original study (Van Pachterbeke et al., 2012). In other words, future studies could aim to disambiguate the positive or negative contribution of such flexibility in individuals’ lives, as flexibility may help manage stressful situations such as disabling illness (la Cour, 2008) but could also be related to existential anxiety and an increase in risky behaviors during adolescence (Carter et al., 2013).
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Appendix 1


Existential Quest (English Version in Brackets)

1. Ad oggi, mi pongo ancora delle domande sul significato e lo scopo della mia vita [Today, I still wonder about the meaning and goal of my life].

2. Sulla base delle esperienze della mia vita, il mio approccio verso la religione/spiritualità probabilmente cambierà [My attitude toward religion/spirituality is likely to change according to my life experiences].

3. Mettere in dubbio le proprie convinzioni e rivalutarle è una caratteristica positiva [Being able to doubt about one’s convictions and to reappraise them is a good quality].

4. Penso che il dubbio abbia un ruolo importante nelle domande esistenziali [In my opinion, doubt is important in existential questions].

5. Il mio modo di vedere il mondo sicuramente cambierà ancora [My way of seeing the world is certainly going to change again].

6. La mia opinione su molti argomenti varia [My opinion varies on a lot of subjects].

7. Ho ben presente qual è lo scopo della mia vita [I know perfectly well what the goal of my life is](∗).

8. Passano gli anni ma il mio modo di vedere il mondo non-cambia [Years go by, but my way of seeing the world doesn’t change](∗).

9. Spesso rivaluto la mia opinione sulle credenze religiose/spirituali [I often reappraise my opinion on religious/spiritual beliefs]

(∗) reverse-scored item.




APPENDIX 2

TABLE Descriptives of the Existential Quest Scale.
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The Enriched Life Scale (ELS) is a 40-item measure developed by the military veteran service organization, Team Red, White & Blue (RWB), to systematically capture and quantify the lived experiences of military veterans transitioning to civilian life. As Team RWB’s mission is to “enrich veterans’ lives,” veterans who conceived of and co-developed the ELS as a psychometric instrument defined what an “enriched life” would entail. Exploratory factor analysis (EFA) of the ELS revealed a five-factor structure capturing the domains of: physical health, mental health, genuine relationships, sense of purpose, and engaged citizenship. The goal of the current study was to use confirmatory factor analysis to validate the factor structure of the ELS in a sample of veterans not affiliated with Team RWB. We also sought to explore convergent validity with the Military to Civilian Questionnaire, a measure of military to civilian reintegration challenges. Five hundred and twenty-nine veterans participated in the study. We estimated three models, one-factor, four-factor, and five-factor model via maximum likelihood estimation with robust Huber-White standard errors. The five-factor model showed the best fit to the data (RMSEA = 0.05, CFI = 0.90, TLI = 0.90, SRMR = 0.06). Additionally, the five-factor model demonstrated convergent and discriminant validity, as well as internal consistency reliability (genuine relationships, α = 0.90; sense of purpose, α = 0.93; engaged citizenship, α = 0.89; mental health, α = 0.88; and physical health, α = 0.78). Overall, the ELS is a valid and reliable measure of veteran enrichment and could potentially be used in conjunction with diagnostic instruments that capture strain-related transition challenges (to include mental health disorders) to capture post-military service wellbeing.

Keywords: Enriched Life Scale, confirmatory factor analysis, veteran, wellbeing, Team Red, White & Blue, psychometric assessment


INTRODUCTION

Military veterans must navigate a range of challenges in their transition to civilian life. While the transition from service member to veteran is primarily characterized by resilience, many veterans experience lasting physical, psychological, and social problems related to military service and reintegration (Angel, 2016; Elnitsky et al., 2017; Mobbs and Bonanno, 2018). Team Red, White & Blue (RWB) was founded in 2010 to offset service-related reintegration stressors by providing opportunities for veterans to connect with service-connected peers and civilian community members. Over 200 national chapters create local and consistent opportunities for members to participate in physical, social, leadership, and volunteering activities. In 2018, Team RWB’s membership reached over 153,000 members and over 2,000 volunteer leaders created 38,000 Team RWB events1. The mission of Team RWB is to “enrich veterans’ lives” and the foundational veteran thought leaders spent years developing this theoretical model of engagement and defining what it means to “enrich” a life. Leaders ultimately defined an “enriched life” as having physical, mental, and emotional health; genuine relationships comprised of close, best-friend types of relationships within a broader social network; and a sense of purpose, which included an individual sense of purpose, shared purpose, and positive role identity (Angel et al., 2018a).

Team RWB was founded in 2010 by Army Captain, Michael S. Erwin, who was studying positive psychology principles under the field’s co-founder, Christopher Peterson. Positive psychology focuses on “what goes right in life” (Seligman and Csikszentmihalyi, 2000); Team RWB was established to connect transitioning veterans to their community through activities that supported physical activity and helped them develop and maintain personal and community connections (Angel and Armstrong, 2016). With increasing negative health behaviors and weight gain as major issues affecting veterans along with the loss of camaraderie, sense of purpose, and shared mission with others, Team RWB was filling a gap by offering a new approach to supporting transitioning veterans to their communities (Angel et al., 2018a). While Team RWB was leveraging the principles of positive psychology for community dwelling veterans, the movement of positive psychology had just begun to rise in the Army itself. In 2008, the Army implemented the Comprehensive Soldier Fitness Program, designed to increase active duty soldiers’ psychosocial and positive performance through assessment and training. As physical fitness tests were already routinely in place, Army leaders were proactively developing soldier psychosocial resilience thereby hoping to decrease psychological disorders as a result of military service (Cornum et al., 2011). As resilience became the focus of the Army’s positive psychology training program, Team RWB leaders purposely avoided language reminiscent of active duty service, which they believed would be off putting to new members who were recently transitioned out of the service, and may wish to avoid that reminder. “Enriching lives,” ultimately most resonated with Team RWB’s founder more so than other concepts of well-being, to which it is highly related (Angel and Armstrong, 2016).

In the extant literature, the concept of an “enriched life” is theoretically related to constructs such as well-being, life satisfaction, and flourishing (Angel et al., 2018a). We have previously described how conceptualizations of “veteran wellness” broadly defined as satisfactory function in the areas of personal relationships, health, fulfillment of material needs, and having a sense of purpose is applicable to veterans and civilians alike (Angel et al., 2018a). More traditional conceptualizations of well-being, however, have traditionally neglected the physical health component. Ryff’s (2018) foundational definition of “well-being” was formulated based upon the philosophical tenets first articulated by Aristotle and developed by psychologists from clinical, developmental, humanistic, existential, and social perspectives. Ryan and Deci (2001) defined well-being as optimal psychological functioning and experience organized by two central perspectives: hedonic and eudaimonic well-being. The hedonic approach focuses on pleasure seeking and pain avoidance for body and mind while the eudaimonic approach focuses on meaning and self-actualization. In the eudaimonic tradition, Ryff developed a theory-guided measure of psychological well-being. The widely used measure, the Ryff Scales of Psychological Well-Being assessed six constructs: self-acceptance (positive attitude toward the self), positive relations with others (warm, satisfying, trusting relationships with others), autonomy (self-determining/independent), environ-mental mastery (competence in managing the environment), purpose in life (direction and meaning in life), and personal growth (feelings of continued development) (Ryff, 1989). Veteran conceptualization of their own well-being is aligned to eudaimonic approaches, integrating a sense of purpose and opportunities to serve others through volunteering and leading others as key components.

“Life satisfaction” has been deemed a cognitive component of subjective well-being, described as a general self-appraisal of one’s own quality of life (Pavot and Diener, 2009). It’s most widely used measure, the Satisfaction with Life Scale (Diener et al., 1985), is unidimensional, capturing the factor of “life satisfaction” which is theoretically related to an enriched life. Finally, the concept of “flourishing” has been defined as having positive emotion, engagement, relationships, meaning and accomplishment (Seligman, 2011). While more recent conceptualizations of flourishing published following the development of the Enriched Life Scale (ELS) have included references to positive physical health (VanderWeele, 2017), traditional conceptualizations of flourishing have primarily overlooked physical health as a key component.

Team RWB leaders explored a variety of existing instruments prior to the development of the ELS. Scales that have measured well-being have trended to capture between one to six constructs on the dimensions of well-being: global well-being, social well-being, physical well-being, spiritual well-being, activities and functioning, and personal circumstances, and run between five and one hundred or more items (Linton et al., 2018). Linton et al.’s (2018) review of 99 self-report measures for assessing wellbeing in adults describes these instruments in depth. While Team RWB leaders admittedly did not examine every instrument reviewed by Linton et al. (2018) prior to the development of the ELS in 2014, they believed the original enrichment equation (five constructs to include physical health; mental health; emotional health; genuine relationships; and sense of purpose) would need to measure all domains that they felt captured veterans’ lived experience of an enriched life and was detailed enough to provide information back to the organization so that Team RWB leaders could actively engage members through specific, needs-driven (potentially individualized) activities. Therefore, driven by their operational experience of designing and deploying survey instruments in a non-profit membership environment, for which the ELS was originally developed, they hypothesized that the instrument should be between 25 and 45 items. Existing instruments considered, like the Ryff Scales of Psychological Well Being (Ryff, 1989), the Perma Profiler (Butler and Kern, 2016), the Flourishing Scale (Diener et al., 2010), were deemed too narrow in scope theoretically or too short to adequately capture what veteran leaders felt defined an “enriched life”. Other instruments provided simple yes/no checklists yielding too limited information to provide operationally useful feedback (Linton et al., 2018). Additionally, at least two widely used scales, the Conner Davidson Resilience Scale (Green et al., 2014), and the Perma Profiler (Butler and Kern, 2016) have demonstrated new factor structures differing from the original when tested in veteran populations (Umucu et al., 2019).

Veteran leaders and consulting academics also considered the translational capabilities of existing measures. They viewed the translation of the constructs of other popular instruments to a broader lay-person public health communication strategy as limited. The concepts themselves are semantically representative of academic terminology and would be lost on an audience unfamiliar with such discipline-specific terms (for example, “environmental mastery”). Often they found the terminology lacking cultural congruity to veteran serving community based organizations, in which communications are more generally guided by marketing, development, and personal relations professionals than researchers or clinicians. Even the U.S. Army developed Global Assessment Tool, an assessment of soldier psychosocial fitness tailored to the Comprehensive Soldier Fitness Program, did not assess physical health component, which is fundamental to Team RWB’s mission; given its 105 item length, it could not feasibly be administered to newly joining members of the community based veteran service organization.

Therefore, Team RWB veteran thought leaders and social scientists spent three years (2014–2017) developing the ELS (Team Red White Blue, 2017), which was finalized as a 40-item instrument in 2017 (Team Red White Blue, 2017; Angel et al., 2018b). The need for an instrument with valid and reliable psychometric purposes was driven by Team RWB’s desire to be accountable and transparent to key stakeholders (members, funders, supporters) in their articulation and measurement of the impact of their programs in achieving their stated mission. Additionally, the ability to provide a veteran-developed assessment tool which placed veterans’ needs and lived experiences of transition from military to civilian life as the guiding voices in determining successful transition filled an assessment and research gap. It also permitted the development of an instrument that could feasibly be administered to thousands of newly joining Team RWB members, which Team RWB is currently exploring.

Preliminary psychometric properties were established for the 40-item ELS in a sample of 1,187 military veterans and 598 civilians, all members of Team RWB (Angel et al., 2018b). The theoretical model of an “enriched life” was mostly validated, with the exception that the hypothesized construct, “emotional health” did not emerge as a stand-alone construct. Instead, items originally written to reflect the definition and measurement of “emotional health” fell under the “genuine relationships” or “sense of purpose” constructs. Additionally, items written to reflect the “sense of purpose” construct emerged as a new factor, which authors labeled “engaged citizenship”. Engaged citizenship was subsequently defined as “the sense of belonging and responsibility to a larger community that promotes altruistic behavior through leadership and civic action”. Engaged citizenship is culturally authentic to veterans, many of whom seek and value opportunities for community service and leadership during their transition from military to civilian life. Veteran and civilian ELS factors were identical, except for one sleep-related item, which loaded onto physical health for the mostly female civilian sample, and mental health for the mostly male veteran sample. Civilians scored higher on every subscale of the ELS and total score than veterans, with small to medium effect size differences. In the veteran sample, veterans with combat experience and service-related injuries scored lower on the ELS than veterans without combat experience or service related injuries. As the ELS was preliminarily validated in a sample of Team RWB members, the inherent bias was that members may have already been exposed to life enriching activities via participation in the organization, although the preliminary study was not designed to serve as a program evaluation framework for Team RWB. In the current study, we tested the ELS factor structure in a sample of non-Team RWB members to potentially increase generalizability to other populations of veterans; we were uncertain if veteran Team RWB members shared an inherent bias that our methods were not sensitive enough to detect when they self-selected into a fitness and social activity focused organization. Additionally, while the development and implementation of the ELS is to measure an enriched life in veterans and civilians, we limited the current study to veterans as it was the most highly prioritized need for Team RWB as veterans are an understudied population and should thus be preferred.

The goal of the current study was to use confirmatory factor analysis to validate the structure of the ELS in a sample of veterans self-identifying as not affiliated with Team RWB. Our second objective was to explore convergent validity with the Military to Civilian Questionnaire (M2C-Q), a psychometric measure of reintegration difficulties in veterans (Sayer et al., 2011). We hypothesized that as veteran participants reported higher levels of enrichment, they would report lower levels of reintegration difficulties.



MATERIALS AND METHODS


Participants

Participants were recruited electronically via direct email, partner Twitter and Facebook solicitations, and snowball sampling between March 2017 and March 2018 for a multi-purpose study. After providing informed consent, participants were directed to a secure link. Respondents self-identified as being a veteran, active duty military service members, or having no military service experience (civilians). A week after the original email was circulated, a reminder was sent to participants. A total of 1,900 respondents agreed to participate in the study through the recruitment period. Participants who were retained as part of this analysis were military veterans who self-reported that they were not members of Team RWB. We removed 800 participants from the analysis who reported that they were members of Team RWB and 78 participants who did not indicate whether they were members or not. This procedure was used in order to isolate the confirmatory factor analysis to non-Team RWB members, whom we hypothesized, may have already received life-enriching activities, based upon their exposure to Team RWB activities at the time of recruitment for the exploratory factor analysis (EFA) study (Angel et al., 2018b). Since the EFA was conducted on a sample of Team RWB members, the CFA was limited to non-Team RWB members in order to avoid overly optimistic model fit. In addition, 96 participants who started the survey but did not complete the ELS portion of the survey were removed from the analysis. Out of the remaining 926 participants, only U.S. military veterans were retained, resulting in a final sample size of 529 veterans for the CFA analysis. Each observation had complete data.

The study protocol was reviewed and approved by the Institutional Review Board at Syracuse University. Participants were informed that the purpose of the study was to develop a new instrument to track health, relationships, and sense of purpose. The average time to complete the entire 110-question survey, inclusive of the 40-item ELS, demographic variables, and other variables of interest to Team RWB, was 24 min. Qualtrics estimated that the 40-item ELS would take 8–9 min to complete by itself. No financial compensation was provided for completing the survey.



Measures

The ELS (Team Red White Blue, 2017) is a 40-item measure that assesses “enrichment,” defined as physical health (having consistent physical activity, with appropriate restful sleep, nutrition, healthy weight maintenance, strength, and mobility to accomplish activities of daily living with ease); mental health (anxiety and depressive symptoms within normal limits to include controlled anger and an ability to focus, make decisions, and remember things); genuine relationships (a combination of weak and strong social ties that include close, “best-friend” types of relationships as well as a broader supportive network to provide emotional support, information, and resources); a sense of purpose (individual and shared goal driven activities integrated with positive emotion (optimism, gratitude, self-compassion, pride, open-mindedness) and positive role identity); and engaged citizenship (the sense of belonging and responsibility to a larger community that promotes altruistic behavior through leadership and civic action). ELS subscale length and example items of each scale are as follows: “genuine relationships” (11 items), “I have people in my life that are not my relatives but feel like family”; “sense of purpose” (12 items), “I have a sense of direction in my life”; “engaged citizenship” (6 items), “I feel like a leader in my community”; “mental health” (6 items), “Even when I feel nervous, anxious, or irritable, I am able to carry out day-to-day activities and responsibilities in my work and relationships,”; and “Physical Health” (5 items), “I have the strength and mobility to do all the things I need to do routinely in my life with ease”. With the exception of one four-point Likert scale (i.e., item #36) that assesses the frequency, duration, and intensity of physical exercise, all items were rated on a five-point scale in increments of 25 points (ranging from zero to 100), where higher scores indicated greater enrichment.

The Military to Civilian Questionnaire (M2C-Q) (Sayer et al., 2011) is a publicly available 16-item measure that assesses veterans’ post-deployment community reintegration difficulties. Areas assessed include (a) interpersonal relationships with family, friends, and peers; (b) productivity at work, in school, or at home, (c) community participation; (d) self-care; (e) leisure, and (f) perceived meaning in life. Items are rated on a 5-point Likert scale with these response options: 0 = No difficulty, 1 = A little difficulty, 2 = Some difficulty, 3 = A lot of difficulty, and 4 = Extreme difficulty. Respondents can indicate “Does not apply” for the four items that assess relationship with spouse/partner, relationship with child/children, work, and school functioning. The measure was validated in a study of 745 Iraq and Afghanistan veterans who sought medical care from the U.S. Department of Veterans Affairs (Sayer et al., 2011). The instrument was selected for convergent validity in military veterans, as we expected ELS subscales (ranging zero to 100) to be inversely related to the M2C-Q score on the basis that the ELS measures reintegration enrichment and the M2C-Q measures reintegration challenges.



Statistical Analyses

For the confirmatory factor analysis of the ELS, three models were estimated via maximum likelihood estimation with robust Huber-White standard errors (MLR) (Li, 2018), as the assumptions for standard maximum likelihood estimation (i.e., multivariate normality) were not met. Based upon the findings of the EFA (Angel et al., 2018b), a one-factor model, where all 40-items of the ELS were arranged within one latent factor, was estimated first. We then tested a four-factor model, where “sense of purpose” and “engaged citizenship” were collapsed. Then, a five-factor model was estimated, including the following constructs and items: “genuine relationships” (GR, items 1–11); “sense of purpose” (SP, items 12–23); “engaged citizenship” (EC, items 24–29); “mental health” (MH, items 30–34); and “physical health” (PH, items 35–40). The three models were compared by examining the proportion of variance accounted for, the rotated loading patterns, and the Akaike information criterion (AIC) and the Bayesian information criterion (BIC), where smaller values indicated better fit (Burnham and Anderson, 2004). The key model fit statistics for the one-factor, four-factor, and five-factor models are shown in Table 2. Consistent with the findings of our EFA (Angel et al., 2018b), the five-factor model resulted in being the best fit. Residual correlations between items within the same construct were added iteratively to the five-factor model based on modification indices to improve model fit (Kline, 1998). This approach, described by Sorbom (1989) as the post hoc model modification approach or post hoc method theory, allows researchers to identify areas of theoretical misspecification within confirmatory factor analysis models, make adjustments to the theoretical model via consideration of modification indices, and generate more robust models. While there is some debate about the utility of this approach (Pan et al., 2017), we specified correlated residuals on within-construct items with modification indices greater than five (Segers, 1997) until satisfactory model fit was achieved (Sass, 2011). Residual correlations were also added to the following items due to item wording effects, such as parallel or negative wording, or item context, such as questions which reference a similar context (Schreiber et al., 2010; Asparouhov et al., 2015): GR 2 and 3; GR 3 and 10; SP 16 and 17; SP 19 and 20; SP 12 and 13; SP 18 and 20; SP 14 and 15; EC 28 and 29; EC 26 and 27; EC 25 and 28; MH 31 and 32.

Several indicators of model fit were used: the model Chi-square statistic, the Root Mean Square Error of Approximation (RMSEA), the Comparison fit index (CFI), the Tucker-Lewis fit index (TLI), and the Standardized Root Mean Square Residual (SRMR). Values of RMSEA ≤ 0.06, CFI/TLI ≥ 0.90, SRMR ≤ 0.10, and a p-value for the χ2 < 0.05 are often considered as indicating acceptable fit (Hu and Bentler, 1999; Mehmetoglu and Jakobsen, 2016). Convergent validity for the subscales was assessed by (a) estimating composite reliability (CR) for each factor, where a CR value >0.70 was considered evidence of convergent validity (Hair et al., 2008; Thornton et al., 2014), (b) examining factor loadings for statistical significance at an alpha level of 0.05 (Cole, 1987), and (c) by correlating factor scores from the validated five-factor ELS model with factor scores from the M2C-Q (Sayer et al., 2011), a measure that is theoretically inversely related to the ELS. For the purposes of standardizing comparisons between mean scores and standard deviations between the M2C-Q and the ELS, we recoded the M2C-Q response scale to correspond to the ELS (0, 25, 50, 75, 100). Discriminant validity within the five-factor ELS was assessed by calculating heterotrait-monotrait ratios of correlations (HTMT) among the five factors (subscales), using a criterion of <0.85 to indicate discriminant validity (Henseler et al., 2015). According to Henseler et al. (2015), the HTMT for two constructs is the average of the heterotrait-heteromethod correlations relative to the average of the monotrait-heteromethod correlations, as derived from the classic multitrait-multimethod matrix. We also assessed internal consistency reliability with Cronbach’s alpha and adopted a criterion of >0.70 to indicate reliability (Nunnaly, 1978). All analyses were conducted with the “lavaan” (Rosseel et al., 2018) and “semTools” (Jorgensen et al., 2018) packages within the R project for statistical computing (R Core Team, 2019).




RESULTS


Participant Characteristics

Table 1 displays demographic characteristics for the sample which included a total of 529 veterans. Over 78% of veterans in our sample were male, and 60% of the sample was between the ages of 40 and 60, while 30% of veterans were younger than 40. Almost 80% of the sample was married or in a partnership and over 77% of the veterans had at least an undergraduate college education. Sixty-three percent of veterans were employed, while 11% were unemployed.


TABLE 1. Demographic characteristics of the study sample (n = 529).
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Sixty-four percent of veterans had served in the Army, Army National Guard or Army Reserve. Seventy-three percent of veterans in the sample had combat experience, and 66.6% said they had a service-related injury.



Model Fit Statistics

In Table 2, we provide the model-fit statistics for the one-factor, four-factor, and five-factor ELS models. Results showed that the five-factor model was a good fit to the data according to the RMSEA, CFI, TFI, and SRMR statistics, while the one-factor and four-factor models indicated inadequate fit to the data. In addition, since the AIC and BIC values were lower for the five-factor model (AIC = 182,458.85, BIC = 182,890.22) than the one-factor model (AIC = 185,958.80, BIC = 186,300.48) and the four-factor model (AIC = 183,586.04, BIC = 183,953.34), the five-factor ELS model should be preferred. This model is shown in Figure 1. We computed average variance extracted for each latent construct in order to determine the amount of variance explained within each construct by its items and obtained the following results: sense of purpose = 0.55, genuine relationships = 0.46, engaged citizenship = 0.54, mental health = 0.61, physical health = 0.43. Malhotra and Dash (2011) indicated that average variance extracted is “a more conservative measure than CR. On the basis of CR alone, the researcher may conclude that the convergent validity of the construct is adequate, even though more than 50% of the variance is due to error” (p. 702). A full list of the items are described in Angel et al. (2018b) and available from Team Red White Blue (2017).


TABLE 2. Model fit statistics for the 40-item Enriched Life Scale (ELS) (n = 529).
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FIGURE 1. Five-factor model of the Enriched Life Scale with factor loadings and factor covariances. Asterisks indicate statistical significance at p < 0.05. SP = sense of purpose, EC = engaged citizenship, PH = physical health, MH = mental health, GR = genuine relationships.




Internal Consistency Reliability

We assessed internal consistency reliability with Cronbach’s alpha and adopted a criterion of >0.70 to indicate reliability (Nunnaly, 1978). Results showed that the five factors of the ELS exhibited satisfactory internal consistency reliability: genuine relationships, α = 0.90; sense of purpose, α = 0.93; engaged citizenship, α = 0.89; mental health, α = 0.88; and physical health, α = 0.78.



Convergent Validity and Reliability

Standardized factor loadings for the five-factor ELS model are shown in Figure 1. Results showed that all unconstrained factor loadings within the five factors were statistically significant at an alpha level of 0.05. Furthermore, composite reliability (CR) indices for each factor, which indicated whether items within the same factor measured the same construct (Hair et al., 2008; Thornton et al., 2014), were >0.70: genuine relationships, CR = 0.91; sense of purpose, CR = 0.93; engaged citizenship, CR = 0.89; mental health, CR = 0.88; and physical health, CR = 0.80. Given the criteria outlined in Cole (1987), Hair et al. (2008), and Thornton et al. (2014), results showed that the five factors within the ELS demonstrated convergent validity. We also assessed convergent validity of the five-factor model by calculating Pearson correlation coefficients between scores from the validated five-factor ELS model and factor scores from the M2C-Q, which we hypothesized would be inversely related. Given that all Pearson correlation coefficients were negative and exhibited p-values < 0.05, further evidence of convergent validity for the ELS was provided.



Discriminant Validity

We examined discriminant validity within the five-factor ELS by calculating HTMT among the five factors, using a criterion of <0.85 to indicate discriminant validity (Henseler et al., 2015). Results showed that the HTMT ratios between each of the five factors in the ELS were less than 0.85, providing initial evidence of discriminant validity within the ELS (Table 3). Mean and standard deviations for the final ELS scales ranged from 55.71 (SD = 19.52) for physical health to 75.51 (SD = 16.93) for genuine relationships (Table 3). On a scale of 0 to 100, the mean score on the M2C-Q was 25.43 (SD = 20.51).


TABLE 3. Construct validity results for the five-factor ELS model (n = 529).
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DISCUSSION

The first aim of this study was to confirm the factor structure of the ELS in veterans not affiliated with Team RWB. Our second goal was to determine if the ELS would have convergent validity with the Military to Civilian Questionnaire, a psychometric measure of reintegration difficulties experienced by veterans.

The results of the CFA indicated that the hypothesized five-factor structure was the most adequate for the ELS, and all items contributed significantly to their corresponding factor: genuine relationships, sense of purpose, engaged citizenship, physical health, and mental health. The model-based reliability for each construct was also excellent. Per the HTMT ratios, the constructs within the ELS were different enough to demonstrate internal discriminant validity.

This finding in a non-Team RWB sample reinforces our initial conceptualization describing veteran transition and as having physical and mental health, people, purpose, and the newly emerged engaged citizenship (continued service) construct as foundational tenets of an enriched life (Angel et al., 2018b). Mean scores and standard deviations were also comparable to those previously reported in the Team RWB sample (Angel et al., 2018b).

The study had several limitations which are noted here, and could be addressed in subsequent research projects. Our sampling approach, which sought to recruit participants via a general request for participation across social media channels and targeted email by partner organizations, may have influenced participation. Based upon the broad solicitation for participation over the course of a year, we cannot tell how many individuals were exposed to a request for participation nor the number of potential respondents the study might have had if all potential respondents had consented to participation. Nevertheless, an achieved sample of over 500 veteran respondents is considered very good for understanding the relationship between latent factors and their constructs, which was the primary goal of the study.

Another potential bias was that we did not assess for the multitude of ways that participants might have been involved in life enriching activities. Based upon the survey recruitment pools, respondents are likely to come from a variety of veteran enriching programs, although we specifically excluded members who self-identified as Team RWB members. Social desirability bias might have influenced the study findings and based upon the recruitment methodology of anonymous participants, we were unable to track them over time. Longitudinal tracking of potential changes in ELS scores is another area of future research. Additionally, our analysis showed that four out of five model fit indices calculated in this study for the M2C-Q indicated poor fit with a one-factor solution. While it was beyond the scope of this paper to investigate an alternative factor structure for the M2C-Q, future studies should consider examining a multi-factor structure for the M2C-Q.

Another limitation of the study is the gender imbalance of participants. While the majority of veteran participants were men, 20% of our study participants were veteran women, twice the number of women veterans comprising the total veteran population in the United States as of 2015 (Office of Data Governance and Analytics, 2017). Understanding the factor structure of ELS for women veterans specifically is an important area for future research. We only tested convergent validity of the ELS with one other measure, which has been done in other studies, such as ones with the PHQ-9 (Cameron et al., 2008) and the SF-6D (Kontodimopoulos et al., 2009). However, future studies should consider testing the convergent validity of the ELS with other multidimensional measures. In addition, as all the scales in the study were self-reported, construct validity of the ELS should be evaluated using different methods in future research, including other types of reporting and additional behavioral measures.

Our results supported our hypothesis that each of the five ELS factors (and ELS total score) were negatively associated with the M2C-Q questionnaire, indicating that veterans who experience greater physical health, mental health, genuine relationships, sense of purpose, and engaged citizenship report fewer reintegration difficulties. This finding has important implications for the implementation of the ELS as a practical assessment tool for veteran health and wellbeing and how it can be integrated into the broader portfolio of clinical assessment tools. The M2C-Q focuses on reintegration challenges. Unlike the battery of other available psychiatric diagnostic and substance misuse instruments administered by the Veterans Health Administration (VHA) and Department of Defense (Patient Health Questionnaire-2, Patient Health Questionnaire-9, Primary Care Post-Traumatic Stress Disorder screen, Alcohol Use Disorders Identification Test-Consumption, Post-Deployment Health Assessment) (Panaite et al., 2018), the M2C-Q is used for screening transition stress related to community integration, personal relationships, self-care, and meaning in life. Consequently, the M2C-Q provides insight into transition-related problems that are neither diagnostic nor reflective of specific mental health related pathology.

While we have very limited visibility of screening instruments implemented in VHA clinical sites and other leading health institutions serving veterans, what we can determine based upon review of publicly available websites via Google search (which may be the only information available to veterans and the layperson community), is that currently veterans seeking information from the VHA website are offered four mental health screening assessments (PTSD screening via the PTSD Check List (PCL); depression screening via the Patient Health Questionnaire-9 (PHQ-9); substance abuse screening via the Alcohol, Smoking and Substance Involvement Screening Test (ASSIST); and alcohol use screening via the Alcohol Use Disorders Identification Test for Consumption (AUDIT-C)2. While critical to directing veterans to mental health resources and potentially a starting point for much needed mental health intervention, arguably greater emphasis could potentially be placed on illuminating a broader spectrum of mental health. The ELS’s focus on “what goes right in life,” coupled with the existing strain focused assessments, could help to reframe health assessment aligned to a comprehensive wellness framework, where the underlying message delivered to veteran respondents communicates an expectation of thriving, along with assessment of potential challenges. Doing so potentially helps derail the “victimhood” narrative (Kleykamp and Hipes, 2015), which is perpetuated when health care institutions remain focused on a paradigm of expected brokenness.

By current assessment standards, it is not possible to tell which veterans screen positive for post-traumatic stress, but neverthe-less are still leading a life that they feel is filled with purpose, direction, and shared goals with others. The lived experience of veterans demonstrates that not only can both pathways be possible, but we recommend that communicating both as part of an overall health status is critical, if clinicians are to keep veterans’ holistic health needs at the center of their wellness journeys home. The VHA is leading in so far that they are making strides through the development of their “Whole Health for Life” platform, and the development of their Personal Health Inventory3, yet these advances have yet to translate into a publicly available, screening instrument for veterans. The ELS could assist in making that possible.

The ELS has demonstrated tremendous promise for use as a general wellness assessment tool in the civilian community as well. In our preliminary study documenting the ELS’s factor structure, both veteran and civilian versions were nearly identical, with only one item related to sleep falling on the civilian physical health scale and the veteran mental health scale. Our next research steps will be to confirm the factor structure in a sample of civilian community members. We are encouraged about growing evidence that the ELS is a measure of well-being for all people.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

This study was carried out in accordance with the recommendations of The Institutional Review Board at Syracuse University with electronic informed consent from all subjects. All subjects gave electronic informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the Institutional Review Board at Syracuse University.



AUTHOR CONTRIBUTIONS

CA, NA, BY, JP, and MW designed the ELS, conceived the study, and provided conceptual guidance and commentary. CA and RL collected the data. MW and JM analyzed and interpreted the data. CA, MW, RL, and JM contributed to writing the manuscript. All authors reviewed and approved the final version for publication.



ACKNOWLEDGMENTS

We wish to thank Team Red, White & Blue, the Institute for Veterans and Military Families at Syracuse University, Michael D. Boll of the New Jersey Veterans Network, and William D. Walsh of Walsh Public Safety Consulting and Training for assisting us with the recruitment of participants. Investigators interested in using the ELS should contact the first author (caroline.angel@teamrwb.org).


FOOTNOTES

1
https://www.teamrwb.org/reports/annual-report-2018/

2
https://www.myhealth.va.gov/mhv-portal-web/screening-tools

3
https://www.va.gov/PATIENTCENTEREDCARE/resources/personal-health-inventory.asp
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With the acceleration of urbanization in developing countries, resources relating to medical care and the environment are becoming increasingly scarce, and the negative spillover effects brought about by scientific and technological progress have also significantly increased the pressure on urban residents. The psychological security of urban residents has recently undergone significant change. This paper introduces psychological security into the area of urban residents’ lives, defines the concept of urban residents’ psychological security, and presents the development and validation of the Urban Residents Psychological Security Scale (URPS). By considering psychological indicators, this paper supplements our knowledge on environmental indicators such as the risk perception of environmental pollution and climate change, and social indicators such as urban belongingness and the risk perception of technology which verifies the negative spillover effects of technological development. Based on a literature search and consideration of grounded theory (25 urban residents’ in-depth interview records), the psychological security of urban residents is divided into three dimensions: self-psychological security, social environmental security, and natural environmental security, consisting of 20 items. In this study, 802 questionnaires were completed by participants. We determined that the URPS scale has good reliability and validity using exploratory factor analysis and confirmatory factor analysis, and conclude that the scale can be used as an effective measurement tool for urban residents’ psychological security. The development of this scale has important theoretical and practical significance in helping city managers better understand the residents’ demands and to monitor the implementation effects of policies.
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INTRODUCTION

With the acceleration of economic development and urbanization in developing countries, profound changes have occurred in aspects such as the economic system, social structure, and values. These changes modified people’s original ways of thinking and even their lifestyles. The inherent requirements for people in relation to quality of life and environmental safety are rapidly coming to developed countries. In addition, studies increasingly show that air pollution, soil pollution, climate change, and so on, will not only affect people’s physical health (Burnett et al., 2018; Zhang et al., 2018) but also indirectly or directly harm people’s mental health (Evans, 2003; Chen et al., 2018; Obradovich et al., 2018). The continuous advancement of technologies such as the Internet and artificial intelligence has a significantly positive impact on remotely connecting relationships and increasing productivity but can also lead to negative effects such as unwanted personal information disclosure, Internet addiction, and social anxiety (Chesley, 2005; Gámez-Guadix and Calvete, 2016; Jia et al., 2017). Few researchers have systematically studied the negative spillover effects of technological progress, and even fewer have incorporated these effects into psychology.

As a decisive factor of mental health, psychological security has been widely concerned. Maslow defined psychological security as “a feeling of confidence, safety and freedom that separates from fear and anxiety, and especially the feeling of satisfying one’s needs now (and in the future).”

In previous studies, most research on psychological security has focused on the workplace (Probst, 2002; Hu et al., 2018), and the psychological security of urban residents has not received sufficient attention. The psychological security of urban residents has mainly consisted of fear of crime, public security or social security, most of which are directly related to social factors such as public security, food safety, and medical supervision. However, insecurity is shaped by everyday experiences and often is more related to experiences of living in a risky society than to only criminal incidents (Garland, 2000). Therefore, the psychological security of urban residents should be a complex multidimensional structure rather than a simple one-dimensional structure. By analyzing and summarizing the literature, the psychological security of urban residents can be divided into three categories: psychological, social, and environmental. Most studies have focused only on the influences of individual psychological factors and social factors (Edmondson and Lei, 2014; Oishi and Kesebir, 2015; Soto, 2015), whereas insufficient attention has been paid to the effects of environmental factors. The traditional structural dimension cannot adapt to actual needs, and there is not currently available a scale that matches the actuality.

On the basis of the arguments developed above, we summarized the concept of residents’ psychological security at the city level by combining them with the practical needs, explored and developed the Urban Residents’ Psychological Security Scale (URPS) scale to be applicable to the current environment, and verified the applicability of the three-dimensional structure including psychological, social and environmental factors. As shown in Figure 1, on the basis of traditional indicators, such as interpersonal security, certainty in control, social risk perception, and occupational security, we incorporated environmental pollution risk perception and natural disaster risk perception into the structure of urban residents’ psychological security, while considering the indicators of technology risk perception, urban belongingness and climate change risk perception. Among the indicators, urban belongingness was a unique indicator of psychological security at the city level.


[image: image]

FIGURE 1. The model of urban residents’ psychological security.


The URPS scale developed in this paper could help city managers understand the security status of urban residents, including psychological, social, and environmental aspects, and could help relevant departments formulate targeted intervention policies. In the future, this scale is expected to effectively enhance urban attractiveness, improve the urban integration of migrants and reduce the crime rate.

The remainder of this paper is arranged as follows. Section “Literature Review” describes the related research on the psychological security of urban residents. The qualitative analysis method of Grounded Theory is used to construct the initial scale of psychological security of urban residents in section “Initial Scale Construction Based on Grounded Theory.” In section “Quantitative Method,” we purify the scale and test its reliability and validity using data from pre-survey and formal survey. The results of this study are discussed further in section “Discussion and Conclusion” and the conclusions are given. The section “Limitations and Future Studies” is the limitations of this study and directions for future research.



LITERATURE REVIEW


Concept and Dimensions

Cong and An (2004) defined psychological security according to Maslow (1942) as the presentiment that may arise from dangers or risks in the physiology or the psychology of the individual, as well as the sense of powerfulness and powerlessness of the individual in dealing with dangers or risks, mainly related to the sense of certainty and controllability. It is widely used by researchers (Sun and Yao, 2009; Zhao and Jing, 2013; Yu and Zhao, 2016). Hart et al. (2005) and Hart (2014) believes that psychological insecurities refer to each individual’s anxiety about potential harm and threat. Obviously, the sense of psychological security is a subjective judgment of whether the individual’s environment is deterministic and controllable, and the state of consciousness based on his or her own personality traits.

According to the above literature, the characteristics of psychological security can be summarized as follows: (1) psychological security is an emotional experience perceived by the individual. This emotional experience is derived from external stimuli and is determined by both the intensity of the stimulus and the psychological quality of the individual. (2) The expression of psychological security is mainly the certainty, control, and risk premonition felt by the individual. (3) Psychological security will affect physical and mental health. Individuals with higher psychological security will experience more confidence and freedom while individuals with lower psychological security are more prone to anxiety or fear, and even depression. Differences in the personality and environmental perception of individuals determine the level of the individual’s trust in the outside world, and is self-centered and based on the objective environment. Individuals then further evaluate and decide whether or not the outside world is safe, and that usually connects with the degree of recognition with the outside world or the degree of willingness to contribute to it. Therefore, the connotations of individual psychological security change with the environmental background, for example, individual psychological security in the workplace. Carmeli and Gittell (2009) effectively combined personal perceptions in the social and work fields, and believed that psychological security refers to people’s views on their social environment and work environment, as well as their perceived reactions to risk-taking behaviors in the workplace. By combining individuals’ perceptions of themselves, society and the urban environment, we attempted to introduce psychological security into the background of urban life, and we defined urban residents’ psychological security as the risk judgment of individuals living in cities of their own urban living conditions based on past experience or intuition.

All human emotions are derived from the direct feelings of the heart. The certainty in control is one of the important and widely used dimensions of psychological security (Zhao and Jing, 2013; Yu and Zhao, 2016). Loss of control not only changes the individual’s perceptions, beliefs, and behaviors but also affects their physical and mental health (Whitson and Galinsky, 2008). At the same time, individuals in the city will also have various types of interpersonal needs in their social lives. Demir (2008), Edmondson and Lei (2014), and Inoue et al. (2016) found that there is a significant correlation between interpersonal relationships and the sense of security. Safe and supportive social relationships are not only beneficial to individuals (Kagan, 2009) but also promote prosocial behavior (Mikulincer and Shaver, 2007). Negative interpersonal events can cause individuals to feel anxiety and other similar emotions while positive interpersonal experiences will effectively reduce attachment anxiety (Davila and Sargent, 2003; Zhang, 2009). Individuals with higher levels of interpersonal trust and interpersonal security will perceive fewer negative events and thus have a higher sense of psychological security.

The psychological security of residents is also affected by external objective factors. In addition to the economic development of the city, the key factors determining whether the local residents leave and whether foreigners stay for a long time are people’s familiarity with the urban environment and the degree of recognition with the urban atmosphere. As well as the economic level of the city, the key factors determining whether the local residents leave and whether transient populations stay for a long time are people’s familiarity with the urban area and the degree of recognition with the urban atmosphere. This emotional element is known as urban belongingness, a unique indicator of psychological security in the urban context. The individual’s demand for belongingness is due to the desire for security. The need for a sense of belonging stems from the desire for security. Factors such as equity protection, housing status, and social integration will reduce the sense of belongingness and the urban identity of the non-native population who work and live in the city, which will result in their relatively isolated social relationships, cultural activities, and political participation, thus affecting the city’s social and economic development. Economic factors also determine the psychological security of urban residents to a certain extent (Van Hal, 2015), which is reflected in occupational stability and occupational risk. In addition, a large number of studies have shown that the fear of crime in terms of social security factors will increase people’s psychological pressure (Astell-Burt et al., 2015), and have a negative impact on their sense of security and well-being (Foster et al., 2016; Prieto Curiel and Bishop, 2017). Carter et al. (2011), Ross and Hill (2013), and Tseng et al. (2017) have also found such negative effects from food insecurity.

In recent years, the emergence of natural disasters and environmental pollution has caused people to frequently feel a sense of having lost control. Publicity and education on energy conservation, emission reduction, and green and low carbons have made more people aware of the urgency of environmental protection issues. Doherty and Clayton (2011) found that climate change threatens the emotional health of people by making them worry or feel uncertain about future risks. The haze affects the psychological and physical health of people who live in a polluted area. The perception of smog risk even leads to the outflow of talents in smog-polluted areas (Lu and Long, 2018). Sekulova and Van den Bergh (2016) argue that natural disasters, which may be considered to be large-scale traumatic events, not only cause considerable material losses, but also can seriously impair psychological health. The challenge of tackling climate change and environmental pollution has become increasingly critical, and a series of social surveys are needed to improve the ability of psychologists and governments to cope with the relevant impacts of this.

In conclusion, the psychological security of urban residents is the risk judgment of individuals living in cities for their own state and urban living conditions based on past experience or intuition. The dimensions include (1) self-psychological security, that is, the individual’s safety expectations for future life based on past life experiences, and their positive experiences of maintaining a favorable position in their own situation through the process of interpersonal interaction. (2) Social environmental security, reflecting residents’ psychological attachment and identity with the city they live in, and their comprehensive risk perception of their social environment, urban atmosphere, and professional status. (3) Natural environmental security, that is, the risk perception of urban residents toward their living urban natural environment.



Measurement

Some representative results of psychological security dimension and scale research are shown in Table 1. At present, there are few researchers paying attention to the measurement of the psychological security of urban residents. Most research is focused on measuring psychological safety in the workplace, in which individual-level studies of employees are mostly assessed using the Dyadic Psychological Safety Items designed by Tynan (2005). This scale includes two dimensions of self-psychological safety and other-psychological safety, with a total of 12 items. Team-level studies are mostly conducted using the Team Psychological Safety Scale (Edmondson, 1999). The scale contains seven self-evaluation items, and there are no separate dimensions. Most researchers have used a revised version of this scale (Pearsall and Ellis, 2011; Leroy et al., 2012; Hood et al., 2016). The Psychological Climate Scale developed by Brown and Leigh (1996) is widely used in organizational-level studies (Ogilvie et al., 2017; Ho et al., 2018) and includes measurement of supportive management, role clarity, contribution, recognition, self-expression, and challenges, consisting of 21 items. However, the dimension setting is applicable to only occupational sites but not to urban residents. Zani et al.’s, (2001) research on adolescents had similar problems.


TABLE 1. Psychological security dimension.

[image: Table 1]Maslow (1942) developed the Psychological Security-Insecurity Questionnaire and believed that psychological security can be divided into three dimensions: safety; belongingness; and receiving love and affection. The Security Questionnaire developed by Cong and An (2004) includes two dimensions: interpersonal security and certainty in control. Both measurement tools and dimensions are widely used, but because the research subjects are not limited, the questionnaire must be adapted to specific situations. In recent years, some researchers have incorporated the perception of social reality into the structure of psychological security. For example, on the basis of the external perception of stable personality, Dzhamalova et al. (2016) believe that psychological security consists of senses and feelings, perception and evaluation of reality according to the dangerous-safe criterion, and analysis and forecasting for a secure future. The psychological security state at the city level is based on the individual psychological state and is influenced by environmental factors. Previous studies have mainly focused on the fear of crime (Yin, 1980; Van der Wurff et al., 1989; Rader, 2004). Hale (1996) combined emotional and social factors to divide psychological security into four dimensions: street crime, emotional security, physical security, and property security. Vail (1999) considered more social factors and constructed a six-dimensional structure including property security, personal security, traffic security, medical security, food security, and labor security. The Resident’s Sense of Security Scale developed by Xia and Wei (2011) includes factors of economic security, interpersonal security, social security, environmental security, and survival security. This research incorporates elements from psychological factors, social factors, and environmental factors, but it is not comprehensive.

The previous scales measuring psychological security mostly focus on the multi-level security of the employees in the workplace. Other than this, the research focus of other scales has been diverse but scattered, and the degree of recognition is generally not high, and application field and scene are limited. A specific questionnaire to measure urban residents’ psychological security is lacking. Therefore, it is important to develop a scale of urban residents’ psychological security based on three-dimensional structure of psychology, society, and environment, which reflects social reality.

Thus, the connotation of psychological security of urban residents has changed over time, and the existing literature is lacking in terms of reflecting the comprehensive indicators of psychological, social, and environmental aspects. The development of the URPS scale has expanded the work in this field to some extent. Moreover, the grounded theory emphasizes the utilization of original data and fills the gap between theory and reality through methods such as literature review, interviewing, and coding, which can effectively address the defects in previous research in this field (Glaser et al., 1968). Consequently, we used a combination of qualitative and quantitative methods to develop the URPS scale, based on extensive literature research. We used the grounded theory to develop the initial scale and used the data collected through investigation questionnaires to quantitatively analyze the structure of the URPS scale.



INITIAL SCALE CONSTRUCTION BASED ON GROUNDED THEORY


Participants and Design

In order to extract the items for the initial UPRS scale, we conceptualized urban residents’ psychological security and presented the specific performances of its structure. We obtained the original items using the following methods: (1) we conducted targeted interviews of urban residents and used recording software to reorganize, edit, and export the interviews. (2) We reviewed the existing literature and systematically analyzed the theory and empirical research results regarding security and psychological security to provide theoretical support for the scale.

The interviews did not include pre-set patterns or pre-assumptions but did consist of a specific outline. The outline was an auxiliary tool for us to guide interviewees by reviewing and describing relevant question, which is provided in Table 2 below.


TABLE 2. Outline of interview on psychological security of urban residents.

[image: Table 2]The questions listed in Table 2 are only for reference. The interview was adjusted according to each specific situation. In addition to obtaining basic information, we conducted extended interviews depending on the interviewee reactions or answers.



Ethics Statement

This study was carried out in accordance with the principles of the Basel Declaration and recommendations of Ethical Codes of Consulting and Clinical Psychology of Chinese Psychological Society, Chinese Psychological Society. The protocol was approved by the Ethics Committee at the Department of Organizational and Behavioral Sciences, China University of Mining and Technology. All subjects gave written informed consent in accordance with the Declaration of Helsinki. Before the interview, the interviewees were told that they would be recorded and that we would fully respect their wishes.



Procedure

Based on the grounded theory and research requirements, we needed urban residents as the research subjects, with different educational backgrounds, different income levels, and mainly young and middle-aged people. Therefore, 25 interviewees were randomly selected through online recruitment. We conducted descriptive statistical analysis on the basic information of the interviewees. The results indicated that 52% were males, and 48% were females; 36% were between ages 22 and 30, 32% were between 31 and 40, and 32% were over 40; and 68% had received undergraduate education or above. In addition, our study included urban residents with different income levels and city. The sample is representative.

We converted the interview recordings into text, and on completion had obtained interview records of about 30,000 words. Eight respondents were randomly selected for theoretical saturation test, but their answers did not bring new information to the research, that is, the content was saturated in theory. The researchers read the original text content of the interview word by word, collected phrases about psychological security, and extracted conceptual labels from them. In order to ensure the objectivity of the label, the extracted statements were the original words of the interviewee.

After preliminary classification, 22 items were obtained from a total of 133 original statements. The researchers discussed the statements several times and decided to reclassify them according to their semantic similarity and delete ambiguous items, meaning that 126 statements remained. Due to the complexity of the 126 statements, the researchers combined and simplified them based on the literature review to form conceptual indicators. The specific classification is shown in Table 3.


TABLE 3. Classification of the semantically similar items.

[image: Table 3]An individual’s accurate perception of self and future is crucial to their mental health (Taylor and Brown, 1988). Studies have indicated that interpersonal security can effectively promote the connection between the individual and the outside world, narrowing the boundaries between the inside and the outside of the group (Zhang et al., 2015). Simultaneously, when an individual lacks a sense of control over the future, anxiety, stress, and depression accompany this. Based on the item collection and primary research, “have like-minded friends” refers to “interpersonal security” and “have a safe environment to ensure the implementation of my plan” refers to “certainty in control.” We summarized these statements about the safety perception of urban residents in relation to their own psychological status as “self-psychological security,” resulting in the development of 6 scale items.

The degree of urban residents’ sense of recognition with the city can directly reflect the urban integration degree of the inflow population. Having a good occupation is an important economic foundation and a spiritual pillar for urban people to live in the city and it is an important way to engage in social interaction and realize the individual’s value. Research has indicated that social security (Foster et al., 2016; Prieto Curiel and Bishop, 2017), food security (Martin et al., 2016; Tseng et al., 2017), and related factors all have an impact on psychological security. We noted that there were a lot of emotional expressions about cities, society, and occupations in the collected statements. We classified them in detail. For example, “this city is my home” and “no matter how fun outside, you still have to come back” refer to “urban belongingness”; “I like my job very much” and “I am worried that I can’t shoulder the pressure of work” refer to “occupational security”; “Afraid of being scammed by the internet” and “may not be well cared when I am old” refer to “social risk perception.” Interestingly, we have found that technological advancement has increased people’s negative psychological pressure while improving their quality of life. These statements refer to the aforementioned phenomenon in the following way: “technology is progressing too fast, it is difficult to adapt” and “it takes a long time to play games every day, sometimes I feel empty.” refer to “technology risk perception.” In consideration of our literature review, residents’ sense of attachment to the living city, occupational stability, social risk perception, and negative perception of technology were summarized as “social environmental security,” resulting in the development of 13 scale items.

In recent years, more and more people are paying increasing attention to the impact of environmental pollution and climate change on their health. Burnett et al. (2018), Chen et al. (2018), and Obradovich et al. (2018) have also found that air pollution and climate change not only threaten people’s lives but also have significant positive impact on mental illness. Some of the statements show the public’s close attention to the state of the environment. For example, “there is often smog, the environment is poor” and “the air is not good, the pollution problem is very serious.” Consequently, we summarized “environmental pollution risk perception,” “climate change risk perception,” and “natural disaster risk perception” as “natural environmental security,” which reflects urban residents’ perceptions of their own surrounding environment, resulting in the development of five scale items.

Based on our review of prior studies and numerous discussions, several experts reorganized, classified, and extracted the expressions to develop a URPS scale that consisted of 24 items. The specific structure is shown in Figure 2. The purpose of this research was to enhance the theoretical logic and content validity of the assessment of urban residents’ psychological security through qualitative research methods. In the next stage, quantitative research methods were used to present and examine the measure through obtaining empirical data.
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FIGURE 2. The structure of urban residents’ psychological security.




QUANTITATIVE METHOD


Preliminary Survey and Extraction of the URPS Scale


Participants

The purpose of this preliminary survey was to evaluate the quality of the initial questionnaire, to purify and correct the items in the initial questionnaire, and to develop the formal URPS scale. In June 2018, we conducted preliminary surveys of residents in different urban areas. Firstly, through haphazard sampling, the research team members publicized and spread the network links of the online questionnaire on social platforms, and expanded the number and scope of the respondents by constantly forwarding links. Secondly, in order to make the distribution of the surveyed population in the demographic characteristics reasonable, stratified random sampling was adopted to distribute some questionnaires with the help of China’s professional questionnaire survey website. Finally, we compared the selected demographics with the national demographics. Survey sample demographics conformed well to the national demographics. Meanwhile, to ensure resident’s active participation, we provided cash rewards after completing the questionnaire.

409 questionnaires were collected. We deleted questionnaires with missing options or more than eight consecutive questions selecting the same option, and identified 304 valid questionnaires (74.3%). We conducted a descriptive statistical analysis of the preliminary survey samples and found that: 47.7% were males and 52.3% were females; the distribution of age was the reflection of the distribution in social reality, with 24.3% of the individuals below the age of 25, 35.2% between 26 and 35, 28.6% between 36 and 45, and 11.8% older than 45. The samples were suitably representative.



Procedure

First, we performed a reliability test on the initial scale. (1) Cronbach’s α coefficient was used to judge the overall credibility of the scale. After reverse scoring of the items 1–6, 13–15, and 17–19, the results showed that the Cronbach’s α value of the URPS scale was 0.788, indicating that the overall reliability of the scale was acceptable. (2) Project analysis was used to determine the credibility of every item, including a total of four methods: (1) Descriptive statistical analysis. The descriptive statistical data for each item was used to assess the basic quality of that item, and there were no low-discrimination items with standard deviations less than 0.75. (2) Extreme group test. Among the 304 residents surveyed, we selected 27% of the highest total scores and 27% of lowest total scores, that is, a total of 167 people whose score was higher than 82 points or below 167 points as extreme groups, and we performed independent sample t-tests for the extreme groups. The t-test values all reached a significance level of 0.05, indicating that all the items can effectively identify the high and low scores. (3) Correlation test. Among the 24 questions in the scale, all the items were significantly correlated with the total score of the scale. (4) Cronbach’s α value test. The data showed that the overall credibility value of the scale would decrease after deleting any item. Thence, after the project analysis, there were still 24 items in the URPS scale.

Second, we conducted principal component analysis on the 24 items. During the analysis, we removed any item with a factor load value less than 0.5 or a cross load value over 0.4. After multiple factor analysis, the 7th, 16th, 17th, and 18th items were deleted, and a well-discriminating factor structure was obtained. Consequently, we developed a URPS scale with 20 items.

Finally, based on the feedback from some interviewees and the re-discussion of experts, we improved the linguistic expression of the scale items, thereby further improving the accuracy and clarity of the scale expression and improving the content validity of the scale.

In summary, we improved the quality of the initial scale through conducting a pre-study assessment and a formal survey using the URPS scale consisting of 20 items. (see Supplementary Appendix). The scale was used in the formal survey.



Formal Survey and Structural Analysis of the URPS Scale


Data Collection

In February 2019, we collected data using questionnaires. A total of 1,036 formal questionnaires was sent out and 985 copies were returned, of which 802 were valid, and the effective recovery rate was 77.4%. The specific distribution of the sample is shown in Table 4.


TABLE 4. Sample distribution.

[image: Table 4]


Exploratory Factor Analysis

Exploratory factor analysis was performed on the optimized scale using SPSS 19.0 with half of the data (N = 401). As the KMO value of the scale was 0.803 > 0.8, the Bartlett test was passed (p = 0.000 < 0.001), indicating that the variables correlated and were suitable for factor analysis. The principal component analysis method and varimax orthogonal rotation were used to obtain the factor load matrix as shown in Table 5. According to the Kaiser criterion, we extracted four factors with eigenvalues higher than 1, and the accumulated variance explanation rate of these four factors was 52.5%.


TABLE 5. Exploratory factor analysis results.

[image: Table 5]Combining the items of each dimension and the analysis of the related literature, we named and defined the four scale factors explored by principal component analysis as follows:


(1) “Natural environmental security” (5 items), is the overall perception of urban personnel on the natural environment state of living cities;

(2) “Self-psychological security” (6 items), is the safety expectation of urban personnel for future life and interpersonal relationships according to their past life experience;

(3) “Social security” (5 items), as the individual’s sense of stability and belonging within urban life.

(4) “Social environmental risk perception” (5 items), is the individual’s overall perception of social risk in urban life.





Confirmatory Factor Analysis

We used the other half of the data sample (N = 401) to test how well the conceptual model obtained by the exploratory factor analysis fit the actual observed data. In order to better verify the accuracy of the model, four competition models are proposed below, which are compared with the results of the above exploratory factor analysis.

We set Four alternative models:


M1: single factor model in which we hypothesized that the 20 items had a common latent variable: URPS.

M2: two-factor model in which we hypothesized that 11 items from natural environmental security and self-psychological security would have common latent variables, and 9 items from social environmental security have common latent variables.

M3: the three-factor model in which we hypothesized that 5 items of natural environmental security would have common latent variables, 6 items of self-psychological security would have common latent variables, and 9 items of “social security” and “social environmental risk perception” would have common latent variables: social environmental security.

M4: four-factor model in which according to the results of exploratory factor analysis, we hypothesized that the four factors of “social security” and “social risk perception” in natural environment security, self-psychological security, and social environmental security would be factors in this model.



For each of the above models, we used each factor as the latent variable and the corresponding items as the observational variables to perform confirmatory factor analysis, and the model fit results are shown in Table 6. The fit results for M1, M2, and M3 were not ideal. The GFI, AGFI, NFI, CFI, TLI, and IFI for three models were all less than 0.9, and the RMSEA value of M1 and M2 were both greater than 0.1. The χ2/df of the M4 model was 2.009, which is the smallest when compared to the other three models, and the GFI, AGFI, CFI, TLI, and IFI of M4 were all greater than 0.9. Therefore, we considered that the M4 model was the optimal first-order model.


TABLE 6. Major fitting degree indices of urban residents’ psychological security.

[image: Table 6]However, there were still some indicators that did not meet expectations. We revised the model parameters and released the variance coefficients with a correction index greater than 10, as shown in Table 7.


TABLE 7. Overall fitting degree indices of each modification.

[image: Table 7]After twice model corrections, the GFI, AGIF, NFI, TLI, and CFI values were all greater than 0.9, the RMSEA value was below 0.05, and the χ2/df value was 1.601, indicating that the data fit well with the model, and all indicators achieved good results. Thus, the URPS model had an ideal fit. The standardized path diagram is provided in Figure 3.
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FIGURE 3. Estimations of the standardized path coefficient of the final confirmatory factor model.




Reliability and Validity

The evaluation of the reliability of the scale mainly included two levels of the overall credibility of the scale and the credibility of the latent variables. The Cronbach’s α value (>0.7) was used to test the overall credibility of the scale and the credibility of the latent variable was tested by both the Cronbach’s α value and CR value. The analysis showed that the overall Cronbach’s α value of the URPS scale was 0.773, indicating that the overall credibility of the scale is reliable. The CR value of each latent variable was between 0.75 and 0.9, and the Cronbach’s α values for each latent variable were 0.828, 0.806, 0.686, and 0.670, respectively. Since each principal component is not measured as a single variable and has fewer items, the reliability values were within acceptable limits and the scale passed the reliability test.

The evaluation of the validity of the scale mainly included two aspects: content validity and structural validity. The content validity was ascertained using qualitative methods. The verification of structural validity examines the convergence validity and discriminant validity of the scale. We strictly followed standard scale development procedures. We conducted a large scale literature review, collected initial items through in-depth interviews based on grounded theory, invited management experts to discuss the design of the questionnaire repeatedly, and a pre-study utilizing 304 questionnaires, so the content validity of this scale is reliable. In addition, the standardized load of 20 scale items at the corresponding latent variables was greater than 0.5 and reached the level of statistical significance, and the corresponding AVE value was between 0.45 and 0.65, which satisfies AVE > 045, indicating good convergence validity of the scale. The square root of the AVE of the latent variable was greater than the correlation coefficient between the latent variables, indicating that the potential structural discrimination of the variable was better. The scale passed the validity test. The specific analysis is shown in Table 8.


TABLE 8. Reliability and validity test of latent variables.

[image: Table 8]


Criterion Correlation Validity

We used the psychological security of urban residents measured by single global rating as the criterion. Respondents answered one question about their general feeling of security in urban life: “Based on your daily life in the city, what do you think your psychological security score is?” The question was scored on a Likert scale, in which 1 means “very unsafe,” and 5 means “very safe.”

Harman single factor test was carried out on 21 items including the URPS scale and the item of single global rating. The results showed that 21 items were automatically divided into 4 factors instead of one factor, and the variance contribution rate of the first main factor was 19.706%, which was much less than 40%. It can be seen that the common method bias has no significant interference with the criterion correlation validity test.

As shown in Table 9, there was a significant positive correlation between the mean value of the URPS scale and the results measured by single global rating. The four main factors scores of the scale were also significantly correlated with the score of psychological security, with a correlation coefficient between 0.2 and 0.4. To further investigate the explanatory power of the scale regarding psychological security, we conducted regression analysis. First, gender, age, education background and income as demographic variables were used as variables in model 1, and the adjusted R2 was only 0.023, thus indicating that demographic variables explained only 2.3% of psychological security. Then, four main factors were included in model 2, and the adjusted R2 was 0.219, and the F value was significant at the 0.001 level, thus indicating that the four factors of the scale had a significant positive prediction effect on psychological security. Finally, the mean value of the scale was included in model 3, and the adjusted R2 was 0.191, and the F value was significant at 0.001, thus indicating that the mean value of the scale was able to significantly positively predict the psychological security of urban residents. Therefore, the URPS scale developed in this paper had good criterion correlation validity.


TABLE 9. Correlation coefficient and regression results.
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DISCUSSION AND CONCLUSION


Discussion

We attempted to integrate the conceptual connotation of URPS by borrowing the elements from diverse literature. A scale comprising three dimensions (psychology, society and environment) was developed. The measurement of URPS from the dimension of self-psychological security, natural environmental security and social environmental security has objective rationality, thus authentically and explicitly demonstrating the current state of URPS. For example, Zhang (2007) have divided the feeling of security of residents into psychological security, social security, economic security government security and environmental security. However, Zhang did not consider the influence of climate change risk perception, technology risk perception, urban belongingness and other factors. Moreover, although the survey was conducted in China, the scale is not only suitable for developing countries that have achieved rapid economic growth at the expense of the environment, such as China and India, but also is suitable for developed countries that have strict environmental requirements, such the European Union and the United States.

The dimension of self-psychological security was established on the basis of previous studies, including interpersonal security and certainty in control. Gunn et al. (2014) have found that interpersonal distress decreases people’s sense of security, in agreement with the results of this paper. People who cannot trust others and who avoid others as much as possible in interpersonal communication cannot accept themselves well and tend to make negative comments about themselves, thereby affecting their psychological security (Cong and An, 2004). Steptoe et al. (2007) and Chou and Chi (2001) believe that a low sense of control is associated with depressive symptoms, thus supporting the factor of certainty in control in this paper. People with a lower sense of control often feel that their lives are out of control or a mess, or that they cannot cope with life’s unexpected problems; consequently, they are always in a state of insecurity. Therefore, we believe that interpersonal security and certainty in control can effectively reflect the state of URPS.

The dimension of natural environmental security includes air pollution risk perception, climate change risk perception and natural disaster risk perception. To date, pollution and climate change in environmental factors have rarely been considered in the development of the psychological security scale of urban residents; this consideration can be regarded as an innovation of this paper. Jacquemin et al. (2007), Lucchini et al. (2012), and Sucker et al. (2008) have found that exposure to pollution stimulates nerves in the brain, thus causing negative emotions such as worry, anxiety, tension and aggression. Having negative emotions for a long time increase individuals’ sense of dissatisfaction and vigilance, and affects their sense of security. Although there is still controversy in the public opinion on whether global climate change exists and whether it can threaten human life (Leiserowitz, 2005; Weber and Stern, 2011), the risk perception of extreme cold and hot weather, sea level rise and food loss brought by climate change, are real threats to people’s psychological security. If an individual has experienced natural disasters such as tsunamis, earthquakes, floods or tornadoes, a trauma will result that is difficult to heal for individual psychology (Weinstein et al., 2000; Williams, 2006). People who have experienced trauma show severe stress reactions over a long period. They are extremely sensitive to external threats and may have long-term mental disorders that severely affect their psychological security. Therefore, urban residents’ perception of the risks of air pollution, climate change and natural disasters play a key role in the URPS.

The dimension of social environmental security includes two factors: social security and social risk perception. Social security includes urban belongingness and occupational security. Social risk perception includes medical, pension, food and technology risk perception. The factor of urban belongingness is the reflection of psychological security in the urban context; consideration of this factor is another unique feature of this paper, as compared with the general psychological security scale. The sense of city identity increases residents’ living satisfaction and brings about positive psychological expectations (Zenker and Petersen, 2014). The economic factor is the guarantee of individual security, and the main economic security of urban residents is based on having a stable occupation. Whether the city is able to provide satisfactory jobs is a key issue for urban residents (Vieitez et al., 2001), and also are the main factors in this paper. Moreover, Bodie et al. (2009), Hesketh et al. (2012), Yan (2012), Gille et al. (2015), and Wu et al. (2017) believe that medical supervision, pension resources, food safety and other issues have caused urban residents to have negative emotions, such as anxiety. Therefore, urban belongingness, occupational status and social factors can directly influence the psychological security of urban residents.

In addition, we also found that the negative spillover effects brought about by the development of technology affect the individual’s mental health. This can be considered as a new development in the field of psychological security structures of urban residents. Most previous research has focused on the benefits of technological advances, such as general increases in productivity and quality of life. Internet technology is widely used worldwide and can connect people across distances and enhance interpersonal communication, such as cross-border communication. However, we found in the interviews that the rapid updating of technology makes elderly people or those with low adaptability fear being abandoned by the times, and their unfamiliarity with the Internet leads to their fear of being swindled and robbed. Young people are more familiar with the online environment, but they spend too much time communicating on the Internet and thus neglect the real world. Moody (2001) as found that the massive use of Internet technology has caused some people to be lonely and socially isolated in the real world, in agreement with our findings from this study. Some researchers believe that lonely individuals use the Internet more to modulate negative moods and obtain emotional support (Morahan-Martin and Schumacher, 2003). This paper argues that individuals too immersed in the semi-virtual world of the Internet will expend a large amount of emotional energy, leading to emotional exhaustion and interpersonal alienation in the real world. Excessive feelings of loneliness and alienation reduce the individual’s psychological security.



Conclusion


(1) We first conducted in-depth interviews with 25 urban residents, and combined with a literature review, developed the initial URPS scale consisting of 24 items through qualitative analysis. Subsequently, we used project analysis and principal component analysis to purify the scale and verify the structure of scale, using 304 pre-survey questionnaires, and then developed a formal survey URPS scale, with 20 items.

(2) A total of 802 formal questionnaires were collected. Through principal component analysis of 401 samples, “natural environmental security,” “self-psychological security” and “social environmental security” (including social security and social risk perception) were obtained. The KMO value was 0.803, which is greater than 0.7, the significance was 0.000, and the cumulative variance of the four factors was 52.498%. We performed confirmatory factor analysis on the other half of the data and found that the M4 model was superior to the other three models. Simultaneously, because some indicators were not excellent, the model parameters were corrected. The GFI, AGIF, TLI and CFI values of the modified model were 0.938, 0.920, 0.946, 0.954, respectively. The RMSEA value was 0.039, and the χ2/df value was 1.601. In summary, the good range showed that the URPS model had an ideal fit.

(3) Reliability test and validity test were performed on the developed scale. Cronbach’s α value of the overall credibility of the scale was 0.773, which is higher than 0.7, and Cronbach’s α values for each latent variable were 0.828, 0.806, 0.686, and 0.670, respectively. The CR values for each latent variable were 0.8733, 0.8493, 0.7914, and 0.7762, separately. On the basis of accepted standards, the scale passed the reliability test. The scale was developed in strict accordance with recommended procedures and the development was scientific and rigorous. Analyses demonstrated that the content validity was reliable. The standardized loads of 20 scale items at the corresponding latent variables were all greater than 0.5, and the corresponding AVE values were 0.6343, 0.5472, 0.4606, and 0.5060, respectively, all of which were above 0.45. The scale convergence validity was high, and the square root of the AVE of the latent variable was greater than the correlation coefficient between the latent variables. In addition, the degree of potential variable structural discrimination was better. Importantly, the scale also passed the validity test. In the criterion correlation validity test, the correlation coefficient between the results of psychological security of urban residents measured by single global rating and the mean of the URPS scale is 0.427, and the correlation coefficients between it and the mean of each dimension were 0.363, 0.213, 0.261, and 0.363, respectively. Regression analysis showed that URPS scale was able to significantly predict psychological security at the 0.001 level, with ideal criterion validity.





LIMITATIONS AND FUTURE STUDIES

There are some limitations in this study: (1) there are regional limitations in the choice of samples. Although the samples used were representative of most demographic variables when taking into account the economically developed and underdeveloped regions of China but there are still some areas that were not involved in this study, and there is no distinction between scales for different levels of urban development. (2) The focus of the research was on urban residents, so a large number of rural residents who complete the questionnaires were deleted, and this led to the lack of a comparative analysis between rural and urban residents. (3) The main contribution of this study was to develop a psychological security scale for urban residents, which has not been empirically tested. Therefore, it is necessary for the scale to be further verified, revised, and improved upon in future research.

Owing to the limitations of the development site, the validity of the scale was verified only in China. We expect to use this scale to measure and compare the psychological security of urban residents in different countries and cities in the future, and to verify that the URPS scale is applicable to different countries and regions. Next, we will conduct a large sample investigation by using the URPS scale. Then, we will analyze the differences in dimensions/variables among different regions and determine whether economic development, environmental pollution and technological development of different regions have significant differences in the four major factors, on the basis of the sample data. At the same time, urban residents’ psychological security can be used as a mediator to study the resident turnover rate, sense of city integration and urban crime rate to improve city management level and city attraction.
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Objective: The aim of the present study was to use exploratory and confirmatory factor analysis (CFA) to investigate the factorial structure of the 9-item Utrecht work engagement scale (UWES-9) in a multi-occupational female sample.

Methods: A total of 702 women, originally recruited as a general population of 7–15-year-old girls in 1995 for a longitudinal study, completed the UWES-9. Exploratory factor analysis (EFA) was performed on half the sample, and CFA on the other half.

Results: Exploratory factor analysis showed that a one-factor structure best fit the data. CFA with three different models (one-factor, two-factor, and three-factor) was then conducted. Goodness-of-fit statistics showed poor fit for all three models, with RMSEA never going lower than 0.166.

Conclusion: Despite indication from exploratory factor analysis (EFA) that a one-factor structure seemed to fit the data, we were unable to find good model fit for a one-, two-, or three-factor model using CFA. As previous studies have also failed to reach conclusive results on the optimal factor structure for the UWES-9, further research is needed in order to disentangle the possible effects of gender, nationality and occupation on work engagement.

Keywords: confirmatory factor analysis, exploratory factor analysis, Utrecht work engagement scale, work engagement, occupational psychology


INTRODUCTION

Work engagement has been described as the conceptual opposite of burnout (González-Romá et al., 2006), and as such belongs in the area of positive psychology, or “the study of the conditions and processes that contribute to the flourishing or optimal functioning of people, groups, and institutions”(Gable and Haidt, 2005). In occupational health, the study of work engagement focuses on factors that contribute to job satisfaction as well as long-term mental and physical health (Torp et al., 2013).

Work engagement has been described as “a positive work-related state of mind characterized by vigor, dedication and absorption.” (Schaufeli et al., 2002). These three concepts are in their turn described as “characterized by high levels of energy and mental resilience while working, the willingness to invest effort in one’s work, and persistence even in the face of difficulties” (Vigor), “characterized by a sense of significance, enthusiasm, inspiration, pride and challenge” (Dedication) and “characterized by being fully engrossed in one’s work, so that time passes quickly and one has difficulties in detaching oneself from work” (Absorption) (Schaufeli et al., 2002).

The idea that these three concepts – Vigor, Dedication and Absorption – together form the foundation of work engagement forms the basis of the Utrecht work engagement scale (UWES) (Schaufeli et al., 2002). Originally a 17-item questionnaire (UWES-17), the original authors have shortened it to a 9-item version (UWES-9) in order to reduce the burden on the respondents and minimize attrition (Schaufeli et al., 2006). The items are in the form of statements (for example “At my work, I feel bursting with energy” (Vigor); “I find the work that I do full of meaning and purpose” (Dedication); “When I am working, I forget everything else around me” (Absorption) which the respondent reads and reacts to by indicating one of 7 points on a scale ranging from 0 (“Never”) to 6 (“All the time”). The 9-item version, which has been psychometrically tested in various countries and samples (Ho Kim et al., 2017; Petrović et al., 2017), will be the focus of the present study.

In a number of studies, conducted in different countries and with samples of various make-ups, UWES-9 scores have been found to be associated with work performance, job satisfaction, and mental and physical health (Bakker and Matthijs Bal, 2010; Christian et al., 2011). The scores have also been found to predict general life satisfaction and the frequency of sickness absence (Leijten et al., 2015).

Despite its wide-spread use, both the UWES-17 and the UWES-9 have been the subject of some criticism. Mills et al. (2012) have argued that the methodology when developing the original scale contained flaws in relation to the establishment of its factorial structure. Criticism has also been voiced regarding the factor structure of the instrument, one of the main points being that the three subscales Vigor, Dedication and Absorption are very closely correlated with each other, casting doubt on the three-factor structure’s superiority to a one-factor structure using only the total score on the scale (Kulikowski, 2017). For example, Shirom has argued that the three dimensions of Vigor, Dedication, and Absorption were not theoretically deduced and that they overlap each other conceptually (Shirom, 2003). In support of this, several studies have failed to confirm the three-factor structure in their samples. Previous studies have also tested other factor structures – for example, Kulikowski (2019) tested a two-factor structure, with Dedication and Vigor merged into a single factor and Absorption constituting a second factor (Kulikowski, 2019). A 2017 review by Kulikowski investigated the factorial structure of the UWES-17 and UWES-9 as reported in 21 different studies, conducted in 24 countries using samples from a variety of occupations and countries. The author found that of the 11 studies investigating the UWES-9, three confirmed the one-factor structure, three the three-factor structure, four studies found these two factor structures to be equivalent, and one study failed to support either alternative (Kulikowski, 2017). Thus, Kulikowski (2017) concluded that no definitive recommendations could be made based on the review. He also pointed out the importance, in light of these inconclusive results, that further research be conducted on the factorial structure of the UWES-9 in different samples (Kulikowski, 2017).

Only one previous study has tested the factorial validity of the UWES-9 in a Swedish sample (Hallberg and Schaufeli, 2006). In their sample of 186 information communication technology consultants (of whom 37% were women), both the one-factor and three-factor structures were supported by data, leading the authors to draw the conclusion that both options were equally strong. If the scope is broadened to take in all the Scandinavian countries, a Norwegian study using a large multi-occupational sample (n = 1266, 67% women) found support for the three-factor structure, but also found that the three latent factors were strongly correlated, leading the authors to suggest that a one-factor structure might also be suitable (Nerstad, Richardsen and Martinussen, 2010). In addition to this, a Finnish study found, in a sample of 9404 workers in several different occupational sectors, that both the one-factor and three-factor structures may reasonably be used (Seppälä et al., 2009). Similarly to the Norwegian study, the results showed that the three subscales of Vigor, Dedication, and Absorption were highly correlated.

Interestingly, it has been suggested that as a rule, levels of work engagement tend to be higher in countries in Northwestern Europe, and lower in Southern Europe, on the Balkans and in Turkey (Schaufeli, 2018). However, Sweden is identified as an exception to this rule, with relatively low levels of work engagement compared to, for example, Norway, where levels were found to be higher (Schaufeli, 2018).

The 9-item UWES is a widely used instrument to measure work engagement. Despite this, the optimal factorial structure of the UWES-9 remains unknown. A recent review of factorial structure for the UWES-9 and UWES-17 failed to reach conclusive results, and indicated that more research was needed to determine the appropriate default factorial structure (Kulikowski, 2017). Many previous studies have used relatively small samples, and many have reached inconclusive results, including the only previously published Swedish study. In order to adequately assess and potentially target work engagement in future interventions using Swedish populations, it is important to examine and ascertain whether Swedish people hold the same representation of work engagement. Thus, the aim of the present study was to use exploratory and confirmatory factor analysis (CFA) to investigate the factorial structure of the 9-item UWES in a multi-occupational Swedish sample.



MATERIALS AND METHODS


Participants

The women in the all-female sample used for the current study were originally recruited in 1995, when they were aged between 7 and 15 years, through stratified randomization from a number of school classes in Sweden. They were sampled to represent a general population of girls, and were participants in a longitudinal study aiming to identify risk and protective factors for the development of eating disorders. More details about the recruitment and follow-up can be found elsewhere (Westerberg-Jacobson et al., 2010). The data used in the current study was collected in 2015, as part of the 20-year follow-up data collection. The participants remaining in the study were asked to complete a number of questionnaires, including the UWES-9, and those who indicated that they were currently working full-time or part-time (not on long-term sick-leave, parental leave, unemployed, or studying full-time) were included in the current study. Thus, the final sample consisted of 702 women, aged between 26 and 37, who completed a Swedish translation of the 9-item UWES (Schaufeli et al., 2006). Aside from the UWES-9, data was collected on level of education (primary school, secondary education or university education), although not on specific occupation.



Ethics Statement

The project was approved by the Regional Ethics Board in Uppsala, Sweden (2014/401). At the time of the original recruitment, in 1995, the participants and their parents gave written informed consent to take part in the study. At the time of the data collection for the present study, the participants again gave their written informed consent and were reminded that their participation was voluntary, could be withdrawn any time without giving a reason, and that all information would be treated confidentially. All participants who completed the data collection were offered a cinema ticket or a department store gift voucher as thanks.



Statistical Analysis

All analyses were performed using Stata 14 (StataCorp, 2015) and SPSS (IBM Corp, 2016) statistical software packages. The Kaiser-Meyer-Olkin Measure of Sampling Adequacy and Bartlett’s Test of Sphericity were used to assess the suitability of the data for factor analysis (Dziuban and Shirkey, 1974). Exploratory factor analysis (EFA) was first performed unrotated, using maximum likelihood extraction and eigenvalues > 1. Additionally, we performed EFA with promax rotation and enforcing three-factor solution in order to test the theoretical structure of the UWES-9. In this analysis, we also used maximum likelihood extraction. Additionally, Parallel Analysis (using principal axis factoring) and Velicer’s Minimum Average Partial test were conducted (O’Connor, 2000).

CFA was then performed using maximum likelihood estimation.

In order to investigate the models’ goodness of fit, a number of statistics were used: Overall χ2 (Hooper et al., 2008), root mean square error of approximation (RMSEA) (Steiger, 1990; Hooper et al., 2008), Akaike’s information criterion (AIC), Bayesian information criterion (BIC), comparative fit index (CFI), Tucker-lewis index (TLI) (Bentler, 1990), and the standardized root mean square residual (SRMSR) (Hooper et al., 2008).



RESULTS

Demographic information about the participants can be seen in Table 1. Data on highest attained educational level was collected, and showed that the majority of the sample had attended at least 3 years of higher education.


TABLE 1. Demographic information about the participants.

[image: Table 1]The inter-item correlation was relatively high for all items of the UWES-9, ranging between 0.524 and 0.849. The three subscales Vigor (V), Dedication (D), and Absorption (A) also showed high correlation with each other (0.79–0.84). In addition to this, Cronbach’s alpha was calculated and found to be 0.947, indicating very good internal consistency.

The items were checked for skewness and kurtosis and these are shown in Table 2, together with the wording of the items, their respective subscales, mean scores and standard deviations. Based on the Shapiro-Wilks test and a visual inspection of their histograms, normal Q-Q plots and box-plots, we concluded that the UWES item distributions had a skewness range between −0.560 and −1.262 (SE = 0.094) and a kurtosis range between −0.046 and 1.645 (SE = 0.187) (Table 2). The values for skewness and kurtosis were deemed to be within the range for maximum likelihood estimation. We also tested the multivariate normality using Doornik-Hansen test, the Mardia skewness test and Mardia kurtosis test. For all of these, the p-value was <0.0001, indicating non-normality.


TABLE 2. Items with their subscales, mean scores, standard deviations, skewness, and kurtosis.

[image: Table 2]In the next step, the sample was randomly divided in two, so that mutually independent samples were obtained for the EFA and CFA, respectively. As the number of participants with missing values was very low (19 individuals, corresponding to 3% of the entire sample), only observations without any missing items were used, resulting in 683 observations in total, 341 for the EFA and 342 for the CFA.


Exploratory Factor Analysis

The results of the EFA suggested that one factor explained over 70% of the variance. The Kaiser-Meyer-Olkin Measure of Sampling Adequacy was 0.922, indicating that the sample was adequate, and Bartlett’s Test of Sphericity gave a p-value of <0.001. A Scree plot of the eigenvalues was constructed (not shown) and shown to be strongly in favor of the one-factor structure. The χ2 for this model was 332,43 (df 27).

Velicer’s MAP test was also performed, both in the original (Velicer, 1976) and revised version (O’Connor, 2000). This also strongly pointed toward a one-factor solution.

Finally, in the Parallel Analysis, the raw data eigenvalue from the actual data was greater than eigenvalues of the 95th percentile of the distribution of random data for four factors, in disagreement with the MAP test and the EFA (O’Connor, 2000).

Table 3 shows the factor loadings. As the table shows, all loadings were relatively high, ranging from 0.65 to 0.93.


TABLE 3. Factor loadings.

[image: Table 3]In addition to this, we also conducted EFA using promax rotation and enforcing a three-factor structure, in order to compare the fit of the theoretical dimensionality of the UWES-9 with the one-factor solution we found in our sample. The χ2 for this model was 45,72 (df 12) (p < 0.001). The items did not load on their expected factors “Dedication” had 4 items (3, 4, 5, 6), “Vigor” had 2 items (1, 2), and “Absorption” had 3 items (7, 8, 9).



Confirmatory Factor Analysis

As the EFA suggested a one-factor solution, as described above, the model was first specified with just one latent factor (Work Engagement). Standardized coefficients were used and the estimation model was maximum likelihood, since the items showed acceptable skewness and kurtosis (Table 2). Observations with missing values were excluded.

In order to also test the theoretical foundation of the UWES-9, we performed CFA with the original three subscales Vigor, Dedication and Absorption. Additionally, inspired by a previous study by Kulikowski (2019), who also tested a two-factor model, we also performed CFA using this structure.

Figures 1–3 show all the attempted models.
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FIGURE 1. One-factor structure with maximum likelihood estimation.
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FIGURE 2. Two-factor structure with maximum likelihood estimation.
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FIGURE 3. Three-factor structure with maximum likelihood estimation.


Table 4 shows the coefficients of the hypothesized relationships, together with their z-values, standard errors, 95% confidence intervals and p-values, for all tested models.


TABLE 4. All models’ standardized coefficients and associated data.

[image: Table 4]After estimating the models, goodness-of-fit statistics were obtained, as described in the section “Materials and Methods,” above. As can be seen in Table 5, none of the models showed very good fit, with RMSEA ranging between 0.181 and 0.167. Also, CFI and TLI, which should preferably be above 0.95 (Hooper et al., 2008) remained below this value for all tested models.


TABLE 5. Goodness-of-fit statistics for all models.
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DISCUSSION

The aim of the present study was to use exploratory and CFA to investigate the factorial structure of the UWES in a multi-occupational sample of Swedish women. The EFA seemed to mainly favor a one-factor solution, which was shown to explain over 70% of the variance.

Confirmatory factor analysis was then performed using three different models: one-factor, two-factor, and three-factor. Goodness-of-fit statistics were obtained for all models and showed that none of them showed overall good fit, with RMSEA never going below 0.167 and CFI and TLI remaining relatively low (Table 5).

As previously mentioned, a recent review of the factorial structure of the UWES showed inconclusive results, with some included studies showing best fit for a one-factor structure, some showing best fit for a three-factor structure, and some showing an equally good (or poor) fit for both (Kulikowski, 2017). This indicates a need for further research into the underlying factors impacting the factor structures in various samples.

One of the studies included in the Kulikowski review found that neither the one-factor nor the three-factor structure of the UWES-9 was a good fit for their data (Wefald et al., 2012). This used a sample similar to ours, both in terms of size (382 vs. 342) and level of education (in both samples, around 60% had a university degree or higher). The RMSEA was 0.18 and 0.16 for the one-factor and three-factor structures, in the Wefald study, almost identical to 0.181 and 0.167 for our study.

A previous study by Kulikowski (2019) has also attempted a two-factor structure, merging Dedication and Vigor into a single factor, letting Absorption constitute the second factor (Kulikowski, 2019). We attempted the same model in the present study, but in agreement with Kulikowski’s results, failed to obtain satisfactory goodness of fit.

The only previous Swedish study using the UWES used a sample consisting of 186 information technology (IT) consultants (37% women) and found that both the one-factor and three-factor structure showed similar fit, with RMSEA of 0.13 and CFI of 0.97 for both (Hallberg and Schaufeli, 2006). Although this sample was Swedish, it was different from that of the present study in other significant ways, such as gender (a majority were male) and occupation (all the participants were IT consultants, whilst ours was a multi-occupational sample), which may explain the differences in the results.

If our results are compared with those of other studies also using multi-occupational samples, several of them have, in agreement the Swedish study by Hallberg and Schaufeli (2006), found that both the one-factor and three-factor structures may be used. For example, this was the case for Schaufeli et al. (2006) with a very large multinational sample of 14521 individuals.

These differing results support the recommendation made by Kulikowski (2017), namely that each study using the UWES-9 should undertake their own factor analysis based on their own sample, and make a decision on which structure to use based on their own results (Kulikowski, 2017). In addition to this, and in agreement with the current study, several previous studies have found that none of the factor structures tested have shown an acceptable fit (Hallberg and Schaufeli, 2006; Wefald et al., 2012). Subsequently, researchers looking to use a measure of work engagement may wish to use another instrument in parallel with the UWES.

The present study has strengths, as well as weaknesses. The relatively large sample size of approximately 700 women made it possible to randomly divide the group into half so that both an exploratory and a CFA could be undertaken. The fact that the sample consisted exclusively of women may be seen both as a strength and as a weakness. On the one hand, it ensures that the results are not skewed by an uneven gender balance, but on the other hand our results should not be assumed to be generalizable to males. An Iranian study investigating determinants of work engagement in hospital staff found no significant effect of gender (Mahboubi et al., 2014). However, a Dutch study exploring work engagement and burnout in veterinarians found that women rated their work engagement lower than men, indicating that gender differences may vary with different occupational groups, nationalities, or other, hitherto unknown factors (Mastenbroek et al., 2014).

In addition to this, in terms of generalizability, it should be acknowledged that the sample used in the present study should be considered to represent the white-collar population, based on the higher-than-average level of education. More than 60% of the participants reported having at least 3 years of university education, whilst the national average for women between the ages of 25 and 34 is 35%, according to Statistics Sweden (Statistics Sweden, 2017). In addition to this, only Swedish-speaking girls participated. However, 21.6% had immigrated or had parents who had immigrated to Sweden, which is in line with the population in general (Statistics Sweden, 2018).



CONCLUSION

The present study used a large, multi-occupational female sample to explore the factorial structure of the UWES-9. Despite indication from EFA that a one-factor structure best fit the data, we were unable to find good model fit for a one-, two-, or three-factor model using CFA. As previous studies have also failed to reach conclusive results on the optimal factor structure for the UWES-9, further research is needed in order to disentangle the possible effects of gender, nationality and occupation on work engagement. Until such data exists, researchers would be wise to conduct their own factor analysis in order to determine whether the total score, the three dimensions representing Vigor, Dedication and Absorption, or even a two-factor structure is applicable for their sample.
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The aim of this study was to assess the dimensionality and psychometric properties of the Brief Self-Control Scale (BSCS) using a sample of university students in mainland China. Nine hundred and three students from a Chinese university participated in this study. The internal consistency, criterion validity, factorial validity and construct validity of the scale were examined. The Chinese versions of the BSCS demonstrated good internal consistency with a Cronbach’s alpha of 0.81. The BSCS also showed significant moderate correlations with other construct-related scales. Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) suggested that only a modified 11-item BSCS with a four-factor structure was a good model fit in the sample of Chinese university students, as χ2 (106.626)/37 = 2.88, SRMR = 0.036, comparative fit index (CFI) = 0.992, Tucker-Lewis fit index (TLI) = 0.989, RMSEA = 0.046. The implications for research and theoretical development are discussed.
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INTRODUCTION

Since the inception of impulse control and self-control concepts in the early 70s there has been extensive empirical research on their psychometric properties, theoretical underpinnings, and behavioral implications (Mischel, 1974; Ainslie, 1975). Many scholars regard self-control as essential for human positive growth and development (Metcalfe and Mischel, 1999; Tangney et al., 2004; Duckworth and Kern, 2011; de Ridder et al., 2012). Twentieth-century measurements of self-control, such as the self-control rating scale (Kendall and Wilcox, 1979), the bonding self-control scale (SCS) (Gottfredson, 1990), and Grasmick’s SCS (Grasmick et al., 1993), were commonly used for criminological and addictive studies amongst children and juvenile delinquents. These scales were evaluated and applied to different criminological research projects involving children and juveniles (Wang, 2002; Piquero and Bouffard, 2007; Weng and Chui, 2018). Studies suggest that whilst people with higher self-control are inclined to delay gratification and are high achievers, those with lower self-control are less likely to inhibit impulsive behavior (Mischel and Mischel, 1983; Baumeister, 2016). SCSs have been used to analyse the relationship between emotional exhaustion and counterproductive workplace behaviors. In particular, Maloney et al. (2012) found that impulsivity was positively and significantly related to both interpersonally directed and organizationally directed counterproductive workplace behaviors, whereas restraint was negatively related to emotional exhaustion when controlling for the effects of impulsivity. Research also suggests that self-control is an important risk and protective factor amongst jail inmates (Malouf et al., 2014).

In the literature on personality, self-control has been recently associated with positive psychological adjustment and a broad range of positive outcomes in life, such as happiness, well-being and quality of life (Rothbaum et al., 1982; Tangney, 1991, 1995; Baumeister, 1994; Tangney et al., 1996; Eisenberg et al., 1998; Fabes et al., 1999). As such, Tangney et al. (2004) had developed the 36-item SCS and the shortened 13-item Brief Self-Control Scale (BSCS). The development and validation of these two scales signifies that self-control concepts can be more scientifically applied to various types of performance such as academic attainment, the formation of good habits, refraining from distractions and controlling of urges and impulsive behavior such as procrastination and drug-taking.

Brief Self-Control Scale has been translated into different languages and validated by the French-speaking population of Canada (Brevers et al., 2017), and in Germany (Bertrams and Dickhäuser, 2009) and Turkey (Nebioglu et al., 2012). However, the validation and application of the full and BSCS scales in China is still in its infancy. An initial study conducted in Chinese amongst college students in Wuhan suggested that the full version of SCS supports a five-factor construct scale (Tan and Guo, 2008), which was then used to examine the patterns of mobile phone usage amongst the students (Jiang and Zhao, 2016). Unger et al. (2016) proposed validating Tangney and associates’ SCS in mainland China, and attempted to investigate the psychometric properties of SCS and BSCS using 371 Chinese college students between 17 and 23 years old. They found that both scales had a satisfactory internal consistency and a reasonable goodness of fit for the five-factor construct. They concluded that the BSCS was preferable to the SCS as it had a strong correlation with the full scale but saved time and had a higher rate of return.

The aim of this study is to re-examine the 13-item BSCS in two ways. First, it evaluates the issue of dimensionality of the BSCS. The literature continues to be controversial with regard to the multi-factor structure of the BSCS. The original scale developers and the subsequent validation studies replicated the five-factor structure, i.e., general capacity for self-discipline (5 items), inclination toward deliberate or non-impulsive action (3 items), healthy habits (2 items), self-regulation in service to build a strong work ethic (2 items), and reliability (1 item) (Tangney et al., 2004; Unger et al., 2016). Since the introduction of SCSs in 2004, scholars have offered other conceptualizations of self-control with different dimensions (Fulford et al., 2008; Friese and Hofmann, 2009) and have proposed different conceptualizations of two-factor structures on the basis of the existing 13-item BSCS, such as general self-discipline (9 items) and impulse control (4 items) (Ferrari et al., 2009). Maloney et al. (2012) proposed an 8-item BSCS, focusing on impulsivity (4 items) and restrain (4 item). Alternatively, a 10-item BSCS, emphasizing inhibition (6 items) and initiation (4 items) was suggested by de Ridder et al. (2011). Lindner et al. (2015) attempted to evaluate the above two-dimensional BSCS specifications, but could not demonstrate which conceptualization of the BSCS was more appealing. Hence, evaluating the dimensionality of the Chinese version of BSCS warrants attention.

Second, the Chinese version of BSCS’s psychometric properties is subject to further investigation. Unger et al. (2016) have attempted to validate the Chinese version of BSCS in China, however, their study with potential limitations like small sample size and inadequate evaluation of criterion validity. Hence, the design of this study in particular, pays closer attention to the criterion validity of self-control with other construct-related scales related to the conceptualization of self-control. Furthermore, some low factors loadings of the scale items needed retesting to confirm whether they need replaced.



MATERIALS AND METHODS


Participants

This cross-sectional study recruited 903 respondents from Huashang College, Guangdong University of Business Studies, located in the southern part of China. The gender ratio of the sample (792 females to 111 males) matched that of the official school record, i.e., over 80% of the students enrolled in the university were female. The average age of the respondents was 20.56 years (SD = 2.753). Student sample profiles of this study matched those of the original scale developers who had recruited 28% male and 72% female and 19% male and 81% female university students in study 1 and study 2 samples, respectively (Tangney et al., 2004).



Measures

The full version of the SCS comprises of 36 items. The original scale developers proposed using the shortened version, the BSCS, which contains 13 items, including 1, 2, 3, 4, 6, 13, 17, 22, 28, 29, 30, 31, and 32. These 13 items were rated on a 5-point Likert scale ranging from 1, not at all like me, to 5, very much like me. Eight items, including 2, 3, 4, 6, 17, 28, 29, and 31 had reversed scores (Tangney et al., 2004). The reversed items were re-coded in the dataset prior to the analysis.

The Chinese version of the BSCS was adapted from Unger et al. (2016). We recruited two translators who were fluent in both English and Chinese to cross-check the translated versions to verify whether the original English and Chinese versions were identical (Brislin, 1970). To further ensure that the translated versions were free from any cultural biases, two pilot studies were conducted in Xi’an and Guangzhou, located in northern China and southern China, respectively. Each pilot study involved five mainland Chinese university students from diverse academic backgrounds, ranging from accountancy and management to sports sciences, computer sciences, and the social sciences. None of the participants reported any difficulties in understanding and answering the questions. Data from the pilot studies were excluded in the dataset.



Procedures

The research team used the announcement function in the school-based intranet smartphone application available in both iOS and Android operating systems to recruit students voluntarily participate in an online self-reported survey related to self-control, well-being and Internet usage from June to July 2018. On the questionnaire page, students were fully informed the background of the study and we obtained informed consent from the participants prior to allow them to complete the self-administered questionnaire. The respondents were only able to submit the completed questionnaire once. Each participant spent around 10 min completing the questionnaire. The data that we collected were anonymous. The study was approved by the ethical committee of the Huashang College, Guangdong University of Business Studies. The entire research process and data collection procedure also complied with the ethical standards of the Declaration of Helsinki and the relevant government policies stipulated in the Article 14 of Chapter III, Statistics Law of the People’s Republic of China.

Various psychometric testing tools and validated instruments were used to examine the BSCS. The internal consistency of the BSCS was assessed by Cronbach’s alpha (Cronbach, 1951), McDonald’s Omega (McDonald, 1999; Zinbarg et al., 2005; Revelle and Zinbarg, 2009) and the corrected item-total correlations between all the 13 items were examined (Hair, 2010; Tabachnick, 2013). The criterion validity was evaluated with other validation constructs or measurements reported in relevant studies on self-control as well as the item-to-scale correlations (Beaton et al., 2000; Loewenthal, 2001). According to Tangney et al. (2004) and Unger et al. (2016), the SCS is positively correlated with self-esteem, happiness, quality of life, and well-being, but has significant moderate negative correlations with psychometric instruments related to psychological problems and symptoms of psychopathology, such as the 12-item General Health Questionnaire (GHQ-12). Owing to the availability of the validated Chinese scales and the length of the questionnaires, five well-established instruments were used to evaluate the criterion validity of the BSCS: The GHQ-12 evaluated by twelve items (with five reversed items) to assess the severity of health related problems using a 4-point Likert-type scale. Respondents with high scores indicate worse health (Goldberg and Williams, 1991); Rosenberg Self-esteem Scale (RSES) consists of ten statements (with five reversed items) evaluated by 4-point Likert-type scale, with 1 = strongly disagree and 4 = strongly agree. High scores refer to high level of self-esteem (Rosenberg, 1965; Rosenberg et al., 1989); Satisfaction with Life Scale (SWLS) comprised of five items with 7-point Likert-type scale (1 = strongly disagree; 7 = strongly agree). High scores signify the respondents highly satisfied with their life (Diener et al., 1985; Pavot et al., 1991; Pavot and Diener, 1993, 2008); Subjective Happiness Scale (SHS) consists of four statements measured by 7-point Likert-type scale. High scores mean happier (Lyubomirsky and Lepper, 1999); and WHO (Five) Well-Being Index (WHO-5) comprised of five items with 6-point Likert-type scale (0 = at no time; 5 = all of the time), high score indicates high level of well-being (Bech et al., 2003; Bech, 2004, 2012). In addition to the original 13-item BSCS (Tangney et al., 2004) and several basic demographic questions, the participants were asked to complete a questionnaire with 51 items.

The evaluation of the scale’s factorial validity was based on exploratory factor analysis (EFA). There are controversies about the rotation method used in the EFA (Jennrich and Sampson, 1966). Current BSCS studies use different EFA extraction methods, thereby giving rise to controversies with regard to the multi-factor structure. For example, a recent study used principal components with direct oblimin rotation (Maloney et al., 2012); Ferrari et al. (2009) used the maximum likelihood process with varimax rotation. However, the original scale developers used principal components with varimax to trim the SCS scale from 36 to 13 items (Tangney et al., 2004). The varimax is a commonly used orthogonal factor rotation method for simplified factor structures (Hair, 2010). Hence, we adopted principal components with varimax as an EFA rotation method, which is the same as the originally developed scale, to evaluate the Chinese version of the BSCS. Due to a relatively large sample size, i.e., over 350 respondents in this study; hence, an item with a factor loading over 0.50 can be interpreted as having practical significance (Hair, 2010).

Confirmatory factor analysis (CFA) was used to examine the construct validity of the scale (Jöreskog, 1969; Loewenthal, 2001; Brown, 2014). Although it has been argued that the maximum likelihood estimator is inappropriate for the ordinal nature of the BSCS (Lionetti et al., 2016), existing studies have predominantly used it in CFA (de Ridder et al., 2011; Maloney et al., 2012; Lindner et al., 2015; Unger et al., 2016). To address this issue, CFA has been conducted to examine the factor structure of the BSCS using the diagonally weighted least squares (DWLS) method. The usage of the DWLS estimator, which is suitable for ordinal items constructed scales, and is an effective tool for evaluating the dimensionality and psychometric properties of BSCS in the following two reasons. The BSCS as a latent construct is estimated by Likert scale items consisting of ordinal data, and the DWLS method is regarded as having a less biased and more optimal fit (DiStefano and Morgan, 2014; Li, 2016; Lionetti et al., 2016). In addition, the results of this study can be directly compared with other BSCS validation studies using frequentist estimations (de Ridder et al., 2011; Maloney et al., 2012; Nebioglu et al., 2012; Lindner et al., 2015; Unger et al., 2016). The model fit and cut-off criteria were evaluated on the basis of the following cut-off values; a comparative fit index (CFI) and a Tucker-Lewis fit index (TLI) of over 0.950, a standardized root mean square residual (SRMR) under 0.08 and an root mean square error of approximation (RMSEA) under 0.06, which were considered good fits (Browne and Cudeck, 1993; Hu and Bentler, 1999; Schreiber et al., 2006; Hair, 2010; Bass et al., 2016). An acceptable model can also be indicated by χ2/df ≤ 3 due to the large sample size (Bentler and Bonett, 1980; Kline, 2005). The analyses were implemented with the IBM SPSS 25.0 and the lavaan package version 0.6-3 (Rosseel, 2012) in R version 3.5.2.



RESULTS


Internal Consistency

Table 1 shows the means, standard deviations, skewness, kurtosis, corrected item-total correlations, and Cronbach’s alpha if items were deleted of the BSCS (N = 903). The mean score for the BSCS among all the respondents, male and female were 38.77 (SD = 7.32), 39.33 (SD = 7.35), and 38.68 (SD = 7.32), respectively, which is similar to that reported in the original study (Tangney et al., 2004). No significant differences and relationship were observed in the scale scores on sex of the respondent based on the independent-sample t-test and correlation results. The corrected item-to-total correlations in the 13-item BSCS ranged from 0.077 to 0.550. The following two items reported values lower than 0.300: BSCS17 (0.077) and BSCS13 (0.196). This finding was addressed in the subsequent EFA while evaluating the scale’s factorial validity. The Cronbach’s alpha of the BSCS in this study was 0.80, replicating the original BSCS Cronbach’s alpha values, i.e., 0.83 and 0.85 in studies 1 and 2, respectively (Tangney et al., 2004). The results suggested that the scale is highly reliable in terms of internal consistency.


TABLE 1. Descriptive statistics for 13-item BSCS scale.
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Criterion Validity

According to Tangney et al. (2004), self-control is one of the most powerful and beneficial aspects of the human psyche, and is positively related to happiness and health. The BSCS is demonstrated to have significant moderate positive correlations with self-esteem, quality of life and well-being (Tangney et al., 2004; Unger et al., 2016). As shown in Table 2, the Chinese version of the BSCS also showed significant moderate correlations with RSES (r = 0.459, p < 0.001), SWLS (r = 0.302, p < 0.001), SHS (r = 0.332, p < 0.001), and WHO-5 (r = 0.243, p < 0.001).


TABLE 2. Correlation between 13-item BSCS scale in relation to other validation constructs.

[image: Table 2]To further evaluate the criterion validity of the BSCS, whether the scale demonstrated a negative relationship with the psychological symptoms-related scale was also assessed. The results of the correlation show that the Chinese version of the BSCS demonstrated a significant moderate negative relationship with GHQ-12 (r = −0.422, p < 0.001). This finding also replicated the existing studies’ findings in terms of the direction and magnitude of the scales related to mental disorder (Tangney et al., 2004; Unger et al., 2016). Table 3 shows the correlations between specific items and other construct-related scales. However, BSCS17 in particular, showed a very weak association with other scales, suggesting an opposite correlation orientation in the RSES, SHS, and GHQ-12 scales. In short, the 13-item BSCS demonstrated good criterion validity with the other validation constructs.


TABLE 3. Correlations between the BSCS items and other construct-related scales.
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Factorial Validity

Table 4 shows the results of the EFA using principal component analysis with varimax rotation as adopted by the original scale developers, who extracted five factors from the scale (Tangney et al., 2004). The explanation power of the factors relative to the total variance is explained as follows: Factor 1 explaining 17.9% of the variance consists of five items, including BSCS4, BSCS6, BSCS13, BSCS31, and BSCS32, related to the general capacity for self-discipline. BSCS13 has a factor loading of 0.470 only, which is slightly lower than the practical and significant value of 0.500; Factor 2, which is related to inclination toward deliberate/non-impulsive action consists of items BSCS1, BSCS22, and BSCS30, yielding 15.6% explanation power; Factor 3 explaining 12.3% of the variance, which is related to healthy habits consists of BSCS2 and BSCS3; Factor 4, which is related to self-regulation in service for building a strong work ethic consists of items BSCS28 and BSCS29, with 11.7% explanation power; and Factor 5 is related to reliability with item BSCS17 explaining 9.0% of the variance. The above results are identical to those of the five-factor model suggested in the original study (Tangney et al., 2004). By removing BSCS13 and BSCS17 from the scale, the EFA results of the 11-item BSCS with a four-factor structure suggested that all of the factor loadings in each factor ranged from 0.594 to 0.974 and that it supported a scale construction. The EFA results showed that the assertion of a two-factor structure suggested in the BSCS literature (Ferrari et al., 2009; de Ridder et al., 2011; Maloney et al., 2012) is not supported in this study.


TABLE 4. Factor loading for the Brief Self-Control Scale.
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Construct Validity

Table 5 shows the results of the CFA of the BSCS. Model 1 evaluated all of the 13-items of BSCS based on a single factor. The results indicated that the scale did not fit the model well, with χ2 (1362.277) = 65, p < 0.001, SRMR = 0.106, CFI = 0.873, TLI = 0.847, and RMSEA = 0.149. The five-factor model suggested in the original scale (Tangney et al., 2004) failed to obtain any results, as the fifth factor only consisted of one item, and hence the model was not identified. Model 2, which was based on the suggestions of Ferrari et al. (2009), reconceptualized the BSCS into a two-factor structure, which included general self-discipline (BSCS2, BSCS3, BSCS4, BSCS6, BSCS13, BSCS17, BSCS29, and BSCS30) and impulse control (BSCS1, BSCS28, BSCS31, and BSCS32). The CFA results also reported a poor model fit, with χ2 (1356.189) = 64, p < 0.001, SRMR = 0.106, CFI = 0.873, TLI = 0.845, and RMSEA = 0.150. Likewise, the results in Model 3 also demonstrated the other 10-item, two-factor structure of the BSCS proposed by de Ridder et al. (2011), namely, inhibition (BSCS1, BSCS2, BSCS6, BSCS17, BSCS29, and BSCS31) and initiation (BSCS3, BSCS22, BSCS28, and BSCS30). However, it failed to fulfill the cut-off criteria for a good model fit, as χ2 (638.066) = 34, p < 0.001, SRMR = 0.093, CFI = 0.904, TLI = 0.873, and RMSEA = 0.140. Model 4 evaluated a recent study that suggested an 8-item BSCS with a two-factor structure, namely, restraint (BSCS1, BSCS2, BSCS17, and BSCS22) and impulsivity (BSCS6, BSCS28, BSCS31, and BSCS32) derived from samples used in the Midwestern United States (Maloney et al., 2012). The results indicated that the two-factor structure also failed to fulfill the criteria for goodness of fit, with χ2 (346.287) = 19, p < 0.001, SRMR = 0.092, CFI = 0.886, TLI = 0.831, and RMSEA = 0.138.


TABLE 5. Confirmatory factor analysis of the BSCS.

[image: Table 5]We propose a shortened version of the BSCS by removing two items, namely, BSCS13, factor 1 related to general capacity for self-discipline, and BSCS17, factor 5 related to reliability, based on the findings of prior analyses. The 11-item BSCS consisted of a four-factor structure, namely, F1) self-discipline: BSCS4, BSCS6, BSCS31, and BSCS32; F2) impulsivity: BSCS1, BSCS22, and BSCS30; F3) healthy habits: BSCS2 and BSCS3; and F4) self-regulation: BSCS28 and BSCS29. The CFA in Model 5 was conducted without correlating the error terms and the results were very close to the criteria of a goodness of fit other than χ2/df value = 3.30. Model 6 re-evaluated the 11-item BSCS, with the error correlations based on the modification indices, and it included one covariance factor between the error terms for BSCS4 and BSCS31. The data suggest that the shortened version is suitable for a four-factor scale with post hoc modification. The results indicated good model fit, as χ2 (106.626)/37 = 2.88, SRMR = 0.036, CFI = 0.992, TLI = 0.989, RMSEA = 0.046. In addition, the omega total (ωt) recorded 0.86, which indicated above the acceptable range. Figure 1 presents the final standardized model 1. In short, the results suggest that the 11-item BSCS comprised of items 1, 2, 3, 4, 6, 22, 28, 29, 30, 31, and 32 with a four-factor structure is an appropriate measure of self-control amongst the Chinese university student population.
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FIGURE 1. Final standardized model of the 11-item BSCS. F1, self-discipline; F2, impulsivity; F3, healthy habits; F4, self-regulation.




DISCUSSION

The main contribution of this study is the re-examination of the psychometric properties and dimensionality of the BSCS in mainland China. The findings of this study suggest that a shortened version of the 11-item BSCS with a four-factor structure had better psychometric properties and good model fit in the CFA of Chinese college students. The revised version removed BSCS13 and BSCS17, and included the following four factors: self-discipline (BSCS4, BSCS6, BSCS31, and BSCS32), impulsivity (BSCS1, BSCS22, and BSCS30), healthy habits (BSCS2 and BSCS3) and self-regulation (BSCS28 and BSCS29). In terms of psychometric properties, the revised Chinese translated version of the 11-item BSCS had a high degree of internal consistency with a Cronbach’s alpha of 0.81. Both the 11-item BSCS and the 13-item BSCS demonstrated very strong and significant positive correlations with r = 0.988, p < 0.001. The revised scale also had good criterion validity with other well-established scales that are theoretically and conceptually related to self-control. The 11-item BSCS displayed good criterion validity with other construct-related scales and showed a significant moderate relation with self-esteem (RSES, r = 0.469), quality of life (SWLS, r = 0.305; WHO-5, r = 0.246), happiness (SHS, r = 0.337), and minor psychological disorders (GHQ-12, r = −0.428).

With regard to the controversy related to the dimensionality of BSCS, we had examined the five-factor (Tangney et al., 2004; Unger et al., 2016), two-factor (Ferrari et al., 2009; de Ridder et al., 2011; Maloney et al., 2012) and single factor constructs (Lindner et al., 2015) using CFA. The five-factor constructs of the BSCS suggested in the original scale failed to yield CFA results as the fifth factor was potentially problematic as it consisted of only one item. The findings show that the single and two-factor constructs presented in Models 1, 2, 3, and 4 failed to achieve the adequate model fit criteria. The four-factor constructs without correlating the error terms in Model 5 with RMSEA, CFI, TLI, and SRMR values were a good fit model, but χ2 was significant (p < 0.001) probably due to the effects of the large sample size (Bentler and Bonett, 1980; Kline, 2005); hence, after the covariance in the error terms based on modification indices (Shah and Goldstein, 2006; Cole et al., 2008), Model 6 was good model fit for the constructs of the BSCS (Appendix). In short, the proposed scale in this study in general retained the original factors proposed by the original scale developers (Tangney et al., 2004). It avoided the problem of artificially rearrange the factor structure without based on any theoretical justifications.

There are several potential limitations associated with this study. First, only limited number of self-control-related scales to verify the criterion validity of the BSCS in this study. Tangney et al. (2004) used measures such as the Marlowe–Crowne Social Desirability scale, the Eating Disorder Inventory, the Michigan Alcohol Screening Test, and the Symptom Checklist 90 to evaluate the BSCS. Owing to the availability of reliable Chinese translated scales and the length of the questionnaire, we adopted other well established construct-related scales, such as the RSES, SWLS, SHS, WHO-5, and GHQ12 that are commonly used or discussed in BSCS validation studies and the literature on self-control (Rothbaum et al., 1982; Tangney, 1991, 1995; Baumeister, 1994; Tangney et al., 1996, 2004; Eisenberg et al., 1998; Fabes et al., 1999; Unger et al., 2016). The findings of this study consistently demonstrate that the BSCS possesses good criterion validity in terms of magnitude and direction with other self-control related scales suggested in the literature.

Second, the sample used in this study may also limit the generalizability of the findings given that the respondents were recruited from one Chinese university with large proportion of female population. However, this limitation may have been compensated by a relatively large sample size in the university setting with reference to the other BSCS related studies. As such, Tangney et al. (2004) managed to recruit only 351 and 255 students in their studies to develop the BSCS. More importantly, we have computed additional confirmative factor analysis on both male and female participants with the 11-item BSCS. The analysis indicated the same results as we presented in Model 6, as male students with χ2 (37.845)/37 = 1.02, SRMR = 0.058, CFI = 0.999, TLI = 0.999, and RMSEA = 0.014 (n = 111), while female students with χ2 (111.366)/37 = 3.0, SRMR = 0.039, CFI = 0.991, TLI = 0.987, and RMSEA = 0.050 (n = 792). Both results fulfilled all the cut-off criteria for good model fit.



FUTURE RESEARCH

To evaluate the construct validity of the scale, further studies should examine and verify the four dimensional 11-item BSCS in other Chinese populations and focus on further confirming BSCS’s validity with regard to the general public and other populations. Future studies need to make use of other population samples to establish the BSCS’s wider applicability in the future. Besides, schools, reformative agencies, and practitioners could use the BSCS along with intervention programmes to evaluate its effectiveness in strengthening participants’ self-control in the Chinese context. Finally, the concept of self-control is essential in the social and psychological context. It is conceptually related to many theories and applications, such as criminology, positive psychology, subjective well-being, and quality of life. Further exploration may provide further insights into accurately describing human behavior.



CONCLUSION

To conclude, the findings show that the BSCS is reliable in Chinese culture and is applicable to Chinese college populations. The results suggested that an 11-item BSCS (without BSCS13 and BSCS17) with a four-factor structure fulfilled all the cut-off criteria for good model fit in CFA. A validated Chinese version of the BSCS provides a comprehensive and handy measure for broader research in the context of mainland China or the Chinese diaspora.
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TABLE A1. Conceptualization of the dimensionality of the Brief Self-Control Scale.
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In a growing context of multiculturalism, prosocial behavior is important to build effective social exchange and service orientation among university students. The present study investigates prosocial behavior from a psychometric approach, to obtain evidence of the internal structure of the prosocial behavior scale (PS), in 737 young people enrolled at universities in Argentina (207), Spain (310), and Peru (220). First, the clarity of the items was explored in the three countries; second, possible irrelevant patterns of response, such as the careless and extreme responses, were evaluated; third, the non-parametric Mokken methodology was applied to identify the basic properties of the scale score; fourth, the structural equation modeling (SEM) methodology was used to identify the properties of the internal structure (dimensionality, tau-equivalence) of the latent construct; fifth, the measurement invariance according to sex (intra-equivalence) and country (inter-equivalence) was examined with the SEM methodology and other complementary strategies. Finally, reliability and internal consistency were evaluated both at score level and at item level. Implications for use of the PS instrument are discussed.
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INTRODUCTION

Prosocial behavior includes those actions tending to help or benefit other people, irrespective of the intention to be pursued with this help. Such behavior is the result of multiple individual and situational factors including parental variables and empathic traits (Eisenberg and Fabes, 1998). It is understood as a tendency to give rise to actions, belonging to the sphere of habits, practices and social interactions, that are characterized by the beneficent effects they produce on another person (Caprara, 2005). Moreover, Roche (2010) argued that truly prosocial behavior consists of help given to other people or groups in the absence of extrinsic or material reward. There are several different types of actions that make up prosocial behavior, such as physical and verbal help, material giving, verbal comfort, confirmation and positive appreciation of the other, deep listening, empathy, and solidarity, as well as the expression of unity with others (Roche, 1999).

Research on prosociality in diverse cultures has increased over the last few decades (Murakami et al., 2016; Luengo et al., 2017; Rodriguez et al., 2017; Gerbino et al., 2018). This has allowed researchers to carry out several meta-analysis studies on prosociality (Malti and Krettenauer, 2013; Shariff et al., 2016; Mesurado et al., 2019b), that show the value of clinical and educational interventions in encouraging prosocial behavior. For example, based on their own meta-analysis, Mesurado et al. (2019b) concluded that intervention programs aimed at promoting prosocial behaviors showed moderate effectiveness, while intervention programs focused on the prevention of aggressive were highly effective.

Since the construct of prosociality implicates a wide range of different behaviors, its measurement distinguishes between indicators of global prosocial behavior and prosocial behavior expressed in specific situations (Carlo and Randall, 2002). Measures of global prosocial behavior are defined as measures that evaluate personal tendencies to exhibit a series of prosocial behaviors across diverse social contexts and for different motives. An example of this type of global measure is the Prosociality Scale of Caprara et al. (2005). These global measures tend to characterize certain people as prosocial, distinguishing them from others who are not. However, global measures have limited application in research, since they do not investigate possible moderators such as in-group and out-group effects on tendencies to help, among other contextual factors. In contrast, measures of prosocial behavior in specific situations can provide information about more tightly delimited conceptualizations of prosociality, as well as supporting the elaboration and intercorrelation of different types of prosocial behavior. One example of this point is research that distinguishes between different recipients of aid, in terms of measuring the prosociality directed toward relatives, friends and strangers in adolescent populations (Padilla-Walker and Christensen, 2011; Padilla-Walker et al., 2015; Mesurado et al., 2019a). Such specific measures see prosociality as a multidimensional construct, which can be a very beneficial approach when studying interactions between prosociality and other variables (Carlo and Randall, 2002). However, the usefulness of a global or specific approach to measuring prosociality is not intrinsic to the measure itself, but is conditioned by the purpose of its use in basic or applied research, or in professional practice.

Another example of global prosociality measures is the Prosociality Scale (PS; Caprara et al., 2005), which describes the individual variability of prosocial behavior as a stable attribute, and is designed for young adults. It consists of 16 items to answer on an ordinal scale of 5 options ranging from “never/almost never” to “always/almost always.” Based on the original study by the instrument’s authors (Caprara et al., 2005), we can distinguish psychometrically the items that provide high information (items 3, 5, 7, 8, 10, 12, and 13), moderate information (items 4, 6, and 9) and low information (items 1, 2, 11, 14, 15, and 16). The PS has had some international diffusion, with studies in various countries. For example, investigations have been conducted with Colombian adolescents using the reduced version of the scale (Luengo et al., 2017). Studies have also been carried out in Japan (Murakami et al., 2016), and in a sample of Argentinian adolescents (Rodriguez et al., 2017). In the latter study a confirmatory factor analysis arrived at a scale of two dimensions (prosocial behavior and empathy and emotional support) while reducing the number of items to 10, and achieving an internal consistency of α = 0.78. Cross-cultural work has also been carried out on samples of children from Colombia, Italy, Jordan, Kenya, the Philippines, Sweden, Thailand, and the United States (Pastorelli et al., 2016), although data on the reliability and validity of the Prosociality Scale instrument were not presented in that study. It is worth mentioning that the aforementioned studies were carried out on children and adolescents, an age range for which the scale of Caprara et al. (2005) was not specifically designed. Their results should therefore be interpreted with caution, and should not automatically be generalized to adult populations.

Since the Prosociality Scale is recognized internationally, it is of great scientific and practical interest to evaluate its psychometric characteristics and variance across diverse populations. Additionally, studies that use a version of the scale in Spanish are particularly valuable since they are moderately scarce compared to studies that a use a version in English. Indeed, a recent systematic review of measures of prosocial behavior (Martí-Vilar et al., 2019) reported that PS is among the measures with few validation studies carried out adults, but with excellent internal consistency. The relationship between the importance of the construct and the its measurement in adults does not seem to be isomorphic, since there are few validation studies of internal structure and correlation studies with other relevant constructs: except for a study by Rodriguez et al. (2017), this information is practically absent in the Ibero-American population. These authors performed a confirmatory factor analysis on a population of Argentinian adolescents. In their study, a 10-item model with two dimensions was obtained, namely prosocial behavior on the one hand and empathy and emotional support on the other. In turn, they analyzed the convergent validity of the instrument, obtaining significant correlations with some dimensions of the scale of prosocial tendencies produced by Carlo and Randall (2002).

Investigations that have used the Prosociality Scale have rarely addressed certain aspects that could help to understand its psychometric functioning. For example, the functioning of the items within a tau-equivalent model has not been analyzed; this property is a condition for the use of the reliability coefficient type (Graham, 2006; Trizano-Hermosilla and Alvarado, 2016), as well as for identifying the homogeneity of the representation of the content and interpretation of the score. In this sense, because the factor loads signify the strength with which the items are connected to (represent) the latent construct (Trizano-Hermosilla and Alvarado, 2016), the similarity or dissimilarity of factor loads can influence interpretation of the score. Therefore, different factor load patterns (e.g., item 1: 0.80, item 2: 0.50, item 3: 30, item 4: 0.30; compared with item 1: 30, item 2: 30, item 3: 50, item 4:0.80), may not lead to the same interpretation of the construct.

On the other hand, all studies that have used the Prosociality Scale (except Caprara et al., 2005) have applied linear models that included latent variables (in other words, structural equation modeling, or SEM); however, a deeper analysis of the instrument requires considering that the interpretation rests on the score observed, and therefore a non-parametric methodology that uses the observed score as the main reference for the adjustment of the items may be necessary, and a prerequisite for the application of parametric models such as linear SEM modeling (Dima, 2018). The sequential or joint application of several procedures to identify the psychometric properties of a measure can be better understood within a framework of sensitivity analysis, in which the results of various methods or modifications of the data are contrasted, in order to evaluate the eventual convergence. This has been especially applied in the investigation of equivalence of measures (Hambleton, 2006; Teresi et al., 2009) and adaptation of evidence (Dima, 2018). Finally, due to the different informative strength of each PS item (as found by Caprara et al., 2005), it is plausible that each item is differently sensitive to factors such as sex; in this sense, the differences between groups in the means can mask fine differences at the item level. More precisely, descriptive analysis at the item level is relevant because each unit represents an elementary behavior of the intended construct, and its statistical behavior can help to better understand this, and precede the use of advanced analyses (Dima, 2018). Additionally, due to the apparent tendency to use single-item scales in self-report and epidemiological investigations, information at the item level can contribute to more informed choices in such uses.

The aim of the present study was to evaluate the psychometric functioning of the Prosocial Conduct Questionnaire in a context of intercultural use, focused on university participants from three Spanish-speaking countries: Argentina, Spain, and Peru. Specifically, the central objective was to obtain evidence of the validity of the internal structure of the Prosocial Behavior Questionnaire in three Hispanic countries, through the exploration of scalability, dimensionality, invariance of measurement and reliability of internal consistency. The aspects evaluated in this study may be specific to their use in these countries, and are linked to the evidence on the internal structure of the scale, which is a key component for other sources of evidence of validity (Lewis, 2017). Dimensionality, invariance and reliability can be considered fundamental contributors to the valid interpretation of a score, and together define an instrument’s internal structure (Rios and Wells, 2014); that is, the theoretically coherent relationship between the components of a measure that serve as a basis for the interpretation of the score (American Educational Research Association [AERA] et al., 2014). Accordingly, evidence of validity based on the internal structure is critical in conditioning other evidence of validity (Ziegler and Hagemann, 2015). In the present study, scalability was also evaluated as a property of the score for establishing ordinal differences between subjects based on their observed scores (Mokken, 1971; van Schuur, 2003; Smits et al., 2012). This aspect is not necessarily equal to the dimensionality of an instrument, and therefore must be evaluated in a complementary way (Smits et al., 2012), usually with the non-parametric approach of Mokken (1971). The equivalence or invariance of measurement, as well as the similarity of internal consistency, and the sex differences in the level of total score and individual item, were also considered. Apparently, this is the first study that tests the dimensionality and invariance of the Prosociality Scale in several Ibero-American countries, and thus represents an advance toward the global use of the instrument.



MATERIALS AND METHODS


Participants

The study population were adult university students of Psychology, residing in Spanish-speaking metropolitan cities. The collected sample comprised 737 subjects, from Spain (n = 310), Peru (n = 220), and Argentina (n = 207), 568 being female (77.2%, the rest were all male). The distribution of sexes across the three countries (Argentina: 176 women, 85.0%, Peru: 143 women, 65.3%; Spain: 249 women, 80.3%) was moderately similar (Shanon index, Hmale = 0.451, Hfemale = 0.465). Although there were statistically significant differences in the sex distributions (Marascuilo and McSweeney method, Marascuilo and McSweeney, 1967) between Peru and Argentina on the one hand, and Spain and Argentina on the other, these were moderate (d = 0.63) and small (d = 0.45), respectively; and overall they were small (Cohen-wadjusted = 0.273, Sheskin, 2007). The academic semesters sampled were the first (138, 18.8%), second (105, 14.3%), third (188, 25.5%), fourth (208, 28.3%), and fifth (97, 13.2%) semesters.

The total age in the sample was: M = 21.42, SD = 4.11, Min = 16, Max = 53); between the samples (Argentina: M = 20.67, SD = 2.88; Spain: M = 21.66, SD = 4.35; Peru: M = 21.79, SD = 4.66), the differences were statistically significant (F[2,733] = 4.926, p < 0.01) but the effect size (ω2 = 0.01) was very small (Field, 2013). The differences between distribution of semesters in Peru and Spain (Kolmogorov–Smirnov D = 0.386, p < 0.01), and Peru and Argentina (Kolmogorov–Smirnov D = 0.433, p < 0.01) were statistically significant, while those for Spain and Argentina were not (Kolmogorov–Smirnov: D = 0.084, p > 0.10). But the practical significance of these differences, in terms of similarity of frequencies (overlap, PSR, Rom and Hwang, 1996) tended to be high: PSR Peru–Spain = 80.7%; PSR Peru–Argentina = 78.4%; PSR Spain Argentina = 95.8%. According to previous studies of the validation and substantive use of the instrument in the adult population (Murakami et al., 2016; Pastorelli et al., 2016; Luengo et al., 2017; Rodriguez et al., 2017), the various sub-samples of our participants were not differentiated from one another in relation to sampling (non-probabilistic), coverage (young adults), or main activity (university studies), and therefore they can be thought of as generally aligned.



Instruments


Demographic Sheet

A questionnaire was compiled to gather sociodemographic information, namely country, city, age, sex, level of studies, and academic semester.



Prosociality Scale (Caprara et al., 2005)

This is a self-report measure that quantifies prosociality as a stable attribute in the adult population. It consists of 16 ordinally scaled items each with five response options. The response instructions posit a generic and timeless context of prosocial behaviors. In relation to the internal consistency of the instrument, the original authors reported unidimensionality, a wide range of psychometric precision, internal validity of the items, and internal consistency of α = 0.91 (Caprara et al., 2005). The Spanish version used here come from Rodriguez et al. (2017) for the Argentinian population.



Procedure


Data Collection

The study was authorized by the Ethics Committee of the Universitat de València. Participants were contacted at universities in Argentina, Peru, and Spain. If they wished to participate in the research, they were sent a link to an electronic form, where they had to complete a process of informed consent to answer the questionnaires. The entire sample was collected online.



Analysis

The analysis was divided into analysis of irrelevant answers, descriptive analysis of item responses, content validity testing on the clarity of the items, scalability of the score and the items, dimensionality of the score, internal consistency of the reliability estimates, and invariance and measurement equivalence.


Inattentive/irrelevant responses to content

For the present study, inattentive and irrelevant responses were explored, because answering questionnaires through a web platform has generally been associated with this type of irrelevant response pattern (Johnson, 2005). To identify this problem, the distance D2 (Mahalanobis, 1936) was used to identify subjects who behaved as multivariate outliers; and to confirm this identification, the variability of intra-individual response was examined (IRV; Dunn et al., 2018). Both are effective techniques for this type of problem (Meade and Craig, 2012) and were implemented using the careless program (Yentes and Wilhelm, 2018).



Descriptive information

Tests of normality related to symmetry (D’Agostino, 1970) and kurtosis (Bonett and Seier, 2002) were used, as well as descriptive statistics to identify the floor and ceiling of each item.



Content validity

This part of the analysis highlighted the clarity of the content. The version of questionnaire used as a baseline of content was validated by Rodriguez et al. (2017). An independent evaluation of the content carried out by the authors indicated that it was phrased without apparent local expressions, and seemed generalizable across the participating groups. However, as (a) Spanish speech is generally characterized by local variations in the use of some words, and (b) there may be discrepancies in assessing clarity between expert judges and the participants themselves (Merino-Soto, 2016), we first corroborated whether the phrasing of the items was clear to the participants. For this purpose, they were given a score clarification form for the items. Each participant read the instructions first, and then scored each item using an ordinal scale of five points, from Not clear (1) to Completely clear (5). The ratings were analyzed using the V coefficient (Aiken, 1980), and their asymmetric confidence interval was computed using the ICAiken program (Merino-Soto and Livia, 2009). This coefficient is often used in content validity studies, to quantify the convergence of qualifying judges between values of 0 (absence of consensus) to 1 (complete consensus). To compare the perceived clarity between the three groups (Argentina, Spain, and Peru), a confidence interval of the difference between the V coefficients was applied (Merino-Soto, 2018). Acceptable clarity was established when the score estimates and the lower limit of the interval were above or equal to 0.60 (Merino-Soto and Livia, 2009).



Non-parametric analysis of scalability

To evaluate the fundamental properties of the instrument scores (Brodin, 2014), regardless of the strong presumptions of the latent variable models, a non-parametric approach (Mokken, 1971) was used to analyze the ordinal items of the Prosociality Scale (Molenaar and Sijtsma, 1988). This approach examines the ability of a score to differentiate the ordinal rank of the subjects or items of a measure. Its results are a prerequisite for more demanding parametric approaches (Brodin, 2014; Dima, 2018). There are several useful guides for conducting the analysis with the Mokken approach (e.g., Stochl et al., 2012; Watson et al., 2012; Sijtsma and van der Ark, 2017; Palmgren et al., 2018), but all converge on examining three basic properties for the completion of the monotonic homogeneity model (MHM; Sijtsma and van der Ark, 2017): (a) scalability of the items, using the H coefficient (Loevinger, 1948); (b) local independence, in which the responses to the items are not mutually influenced, examined by three conditional association indices, W(1), W(2) and W(3) (Straat et al., 2016); and (c) monoticity, that is, the function of incremental relation between the item and the latent attribute, evaluated by comparing the current and expected number of violations of the monotonic model (Mokken, 1971). The adjustment to this model generally uses the CRIT statistic, a diagnostic of the quality of the scale constructed using the weighted sum of several evaluative indicators. The result is a count of violations of the model, which through either a lax (CRIT > 80; van Schuur, 2003) or demanding criterion (CRIT > 40; Molenaar and Sijtsma, 2000), allows the identification of an excess of violations of the model, which would suggest removing the item.

For the selection of items, the following criteria were applied: (1) the point estimate of the coefficient H should be at least equal to or greater than 0.40 in the total sample; (2) the point coefficient H should be in at least two countries, equal to or greater than 0.40; (3) the lower limit of the IC in 90%, should be greater than 0.35; (4) no coefficient, in its point estimate or its lower limit, should be less than 0.30. This analytical procedure was performed using the mokken program (van der Ark, 2012; R Core Team, 2018).



Dimensionality and equivalence/invariance

To strengthen the assessment of dimensionality, the structured equation modeling (SEM) methodology was applied to identify the final characteristics of dimensionality and measurement invariance. To examine the dimensionality, we used a robust estimator for categorical variables (Muthén, 1984), which adjusts the first and second moments of the χ2 statistic (mean-and-variance-adjusted unweighted least squares, or WLSMV; Muthén et al., 1997). This method uses a probit link to define the functional relationship between the items and the construct, as well as polychoric correlations between the items and the thresholds estimation to derive more precise parameters (e.g., factor loading) when the distributional asymmetry is strong (Sass et al., 2014; Li, 2016a, b). Potential changes in the re-specification of the measurement and invariance model were detected by (a) the modification index, at the nominal level 0.05 (WLSMV-χ2 > 3.840), and (b) in statistical power (Saris et al., 2009). IM is also a means of assessing local independence within SEM modeling (Douglas et al., 1998).

The sensitivity of each item with respect to its relation with the construct was estimated by means of a measure equivalent to the signal-to-noise ratio (SNR), which is generally an informative measure of the quality of the item, based on two information components: item discrimination and “noise” (residual variance not relevant to the construct; Ferrando, 2012a, b; Ferrando and Lorenzo-Seva, 2013). The SNR was obtained by squared factor loading (λ2) on 1-λ2. This relationship is usually binding with the IRT model (Cheng et al., 2012; Ferrando and Lorenzo-Seva, 2013), and is generally part of the reliability estimation for identifying the maximum variability linked to the construct (Bacon et al., 1995; Hancock and Mueller, 2001).

The heterogeneity of factor loads was tested by adjusting to the tau-equivalent model, implemented with a robust procedure (Yuan and Zhang, 2012) in the coefficientalpha program (Zhang and Yuan, 2015). The adjustment of the SEM model was evaluated with several practical indexes and conventional cut points: ≥0.95 for CFI and TLI; ≤0.08 for SRMR (Ullman, 2001). Although RMSEA can be recommended in modeling with categorical variables (Hutchinson and Olmos, 1998), it was not used to decide the adjustment due to its poor performance in models with small degrees of freedom (Kenny et al., 2015; Taasoobshirazi and Wang, 2016).



Invariance/measurement equivalence

This procedure was carried out in two phases, which looked at intra-country and inter-country equivalence. The intra-country equivalence was investigated in relation to participant sex, controlling the variability of the attribute effect (measured by the total score); to reduce the effect of cells with a small number of subjects (due to the distribution), the observed conditioning score (total score) was segmented into quintiles. The analysis used was the non-parametric differential item functioning (DIF), implemented with contingency tables for ordinal variables. The partial gamma coefficient was used (γp; Schnohr et al., 2008), with effect levels defined as weak (>0.15), moderate (0.16–0.30), and strong (>0.31). For the purposes of this study, general interpretation suggestions were used for γp (e.g., >0.60 = strong, >0.30 = moderate, and ≤0.30 = weak; Healey, 2012). This DIF procedure was required to address the small sample size of the compared groups (Lai et al., 2005; Güller and Penfield, 2009).

After verifying the intra-country equivalence, we continued by analyzing the equivalence between countries, through a sequence of steps appropriate for categorical variables (Wu and Estabrook, 2016), starting with a successive implementation of restrictions on the parameters of the items. The configurational invariance was analyzed first, followed by the cumulative restriction of equal thresholds, then the factorial loads, and finally the residuals. The SEM analyses were carried out with the lavaan (Rosseel, 2012) and semtools programs (Jorgensen et al., 2018). Since there are still no clear options of fit criteria for index of modification in the comparison of three groups, a liberal criterion was used to reduce the probability of Type I error. In this sense, Rutkowski and Svetina (2013) proposed less restrictive criteria in the comparison of more than two groups (but specifically, ≥ 10): ΔCFI, ΔTLI and ΔRMSEA, changes less than 0.02; these criteria are similar to those conducted in large-scale studies and comparing more than two groups (OECD, 2014). For comparison purposes, criteria applied to IM were also used between two groups (Chen, 2007): ΔCFI ≤ 0.10 and ΔTLI ≤ 0.10. The convergence of the adjustment indices suggested the decision of indices of modification (IM), but since CFI is optimal in the comparison of nested models (Cheung and Rensvold, 2002) and reduces the Type I error (Elosua, 2011), some doubt can be resolved by the observation of CFI.



Reliability

Reliability was estimated at the item level and the score of each subscale. Regarding the items, the attenuated corrected coefficient (Wanous and Reichers, 1996) was used, given its lower bias and computational ease (Zijlmans et al., 2018); the minimum acceptable value is around 0.30 (Zijlmans et al., 2017). At the level of score, coefficients congruent with the non-parametric model were used (MS coefficient; Molenaar and Sijtsma, 1988), along with linear SEM modeling with the coefficient ω (Green and Yang, 2009) and bootstrap confidence intervals (500 replications) through the coefficientalpha program (Zhang and Yuan, 2015). For comparison purposes, the coefficient α was also calculated.



RESULTS


Inattentive/Irrelevant Responses to Content

Applying the Mahalanobis distance measure (D2Median = 13.914, min = 1.469, Q3 = 19.898), one participant (Peruvian) was detected with the maximum distance (D2 = 138.72), and was 1.92 greater than the subject with the shortest distance (D2 = 72.09). Although the χ2 value was lower than the critical value (gl = 16, Bonferroni-α = 0.05, n = 46.03), the individual variability (IRV coefficient) for this participant corresponded with the maximum value of individual deviation (IRV = 1887), and it was also consistent in the identification of D2. To reduce the probability that the identified participant was a “positive” or “negative” influential case in the adjustment due to its magnitude compared with the rest of the participants (Pek and MacCallum, 2011), this participant was removed, leading to a total sample of 736 for the following analyses.



Clarity of the Items

Table 1 shows the results of the evaluation of item clarity, as part of the content validity analysis. The point estimate of the coefficients was universally over 0.70, and their asymmetric confidence intervals were predominantly over 0.60; this is a minimally acceptable level (Merino-Soto and Livia, 2009). The average clarity in each group showed similarity between Argentinian and Spanish students (about 0.82), while it was comparatively low in Peruvian students (below 0.80), but nonetheless still at a satisfactory level of perceived clarity. For some items, the lower limit of the IC was below 0.60 (item 5 in Spain, item 11 in Peru, and item 8 in the three groups). These items were reviewed by the authors, especially item 8, where the psychometric behavior was observed in order to determine the effect of this relatively low perceived clarity. In the comparison between groups (through confidence intervals of the difference, in agreement with Merino-Soto, 2018), the most frequent discrepancies occurred among Peruvian students (perceived lower clarity) compared to Spanish and Argentinians, but the point estimates and their intervals in Peruvians tended to be acceptable. The lower limit of the interval for several items was around 0.05, indicating that in the population the difference detected might be small. At this stage, it was concluded that the clarity of the instrument was essentially satisfactory in the three groups.


TABLE 1. Coefficients V: clarity of content between participants (Argentina, Spain, and Peru).
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Descriptive Statistics of the Items

Table 2 shows the items were distributed asymmetrically, with the highest density in the high response options; in the total sample, the asymmetry coefficients ([image: image]) varied between −0.210 (item 11) and −1.065 (item 10). The kurtosis (b2−3) showed more variability, with positive and negative values, and between −0.496 (item 11) and 1.041 (item 2). Overall, the items showed moderate or strong departures from normality (D’Agostino-Pearson K2 between 15.3 and 112.5, p < 0.01).


TABLE 2. Statistical descriptive information of items.

[image: Table 2]In relation to some demographic variables (sex and age), in the total sample the Spearman correlation between the items and age was around zero (between −0.06 and 0.064), and predominantly without statistical significance. In each group, this trend was similar (Argentina: median = 0.042; Peru: median = −0.039; Spain: median = −0.024). Regarding sex, Spearman correlations varied between 0.030 (item 9) and 0.189 (item 4, female > male), and in each country it was also predominantly close to zero in Peru (median = 0.032), but around 0.10 in Argentina (median = 0.118) and Spain (median = 0.159). Finally, due to the tendency of responses toward high scores, several items in each country showed a ceiling effect, such that the minimum response was frequently option 2 or 3, especially in Spain and Peru. To align the analysis of latent variables with the methodology for categorical variables, options 1 and 2 were therefore integrated on these items, leaving the rest unmodified.



Non-parametric Analysis


Scalability

Regarding scalability (Table 3), in the first iteration of the analysis several items showed H scores below 0.40 in the three countries, as well as low levels of scalability in their confidence intervals (items 2, 9, 11, 12, and 16); other items showed comparatively weak H in at least two countries (items 1, 4, and 14). These items thematically corresponded to behaviors of sharing personal resources (2, 9, 11, and 14), taking another’s perspective in situations of discomfort (i.e., empathy; 12 and 16), and comfort and willingness to give help to others (1 and 4). The items that were satisfactorily maintained according to the initial criteria were items 3, 5, 6, 7, 8, 13, and 15, whose contents were distributed over helping behaviors (3, 6, and 7), empathy (5 and 8), and giving supportive company to others (13 and 15). Although item 10 (interpreted as providing help through emotional comfort) partially met the initial criteria, it was not included in the resulting version so as not to overemphasize the “helping” component in the instrument score. In the left section of Table 3, the results of the final iteration are shown. The scalability coefficient for the scale was 0.50 in the countries, and around 0.50 for each item (except item 15 that tended to be a little lower, though still close to 0.50). All were statistically significant with an alpha of 0.05 (for the items, z between 28.88 and 33.83; for the total score, z = 59.83).


TABLE 3. Results of Mokken non-parametric analysis (scalability and monoticity).
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Local Independence

In the analysis of conditional association (not shown in Table 3), the indices W(2) and W(3) did not detect any violation of local independence. Violations were found for W(1) between item 8 and items 5 (W(1) = 12.191), 9 (W(1) = 10.227), 12 (W(1) = 12.485) and 16 (W(1) = 10.124), and between item 13 and items 12 (W(1) = 13.096) and 16 (W(1) = 13.349). To corroborate this, within the next dimensionality analysis the indices of modification were evaluated.



Monotony

Finally, no violation of monotony was detected in the version obtained from seven items (see left side of Table 3). Based on the results of the non-parametric analysis as a whole, the obtained version had the following characteristics: the scalability of the score in the total sample and in each country was greater than 0.50, and its population variability was greater than 0.48, while each item showed a moderately similar magnitude of scalability, but generally greater than 0.50.



Dimensionality and Equivalence/Invariance


Analysis of Dimensionality (SEM)

Because the Prosociality Scale was apparently designed as a congeneric one-dimensional measure (without restriction of statistical equality between its items), the evaluation of the adjustment started with this model. The adjustment of the congeneric model with the 16 complete items was satisfactory according to the practical indices measure (see Table 4, results of the full version). The analysis of the modification indices indicated that potential mis-specifications were inconsistent according to the criteria of statistical power and practical significance (Saris et al., 2009). Given the strength of the adjustment and some trivial mis-specifications, this model was initially retained without add re-specifications. Although all the factorial loadings were statistically significant (z > 10.0), they varied from 0.500 to 0.811, which related to a large amount of variance in the construct (between 0.250 and 0.658, respectively). This suggested a wide range of variability (levels of 0.40, 0.50, 0.60, and 0.80; Beauducel and Wittmann, 2005). The SNR for each item emphasized the difference between the factorial loads, varying from 0.333 to 1.992, suggesting that the information relevant to the represented construct could range between very weak and very strong.


TABLE 4. Dimensionality (CFA-SEM) and differential item functioning (DIF).

[image: Table 4]According to the results of the non-parametric analysis, a second iteration of the confirmatory factor analysis (CFA) was conducted, and the results of the model adjustment are shown in Table 4 (results of the reduced version). These indicate a satisfactory adjustment, which was practically similar in the specific indices compared with the full version (ΔCFI = 0.005, ΔTLI = 0.001, ΔSRMR = 0.004). The adjustment without the recategorized items was also satisfactory, WLSMV-χ2 = 155.3 (gl = 14, p < 0.01; CFI = 0.985, TLI = 0.978, SRMR = 0.061). These results were superior to the adjustment criteria chosen. All factorial loads were greater than 0.60, varying between 0.675 and 0.822; the change of the loads compared with the loads of the full version varied between | 0.1%| and | 7.9%|, while the factor loading of items 5, 6, 7, and 8 showed a small increase (between 1.4 and 5.7%). The adjustment with the reclassified items was indistinguishable from the results obtained before recategorization of the items (see Table 4).

After the congeneric modeling, in the adjustment of the tau-equivalent model, the common factor load were estimated as 0.764 (h2 = 0.583). The adjustment was WLSMV-χ2 = 207.8 (gl = 20, p < 0.01), CFI = 0.980, TLI = 0.979, SRMR = 0.069, RMSEA = 0.113 (IC 90% = 0.099, 0.127). Although the statistical test of tau-equivalence (Yuan and Zhang, 2012) rejected the null hypothesis of accepting this model, the differences of this model versus the congeneric model can be considered trivial: ΔCFI = 0.005, ΔTLI = 0.001, ΔSRMR = 0.008.



Equivalence and Measurement Invariance

The intra-country analysis (see left part of Table 4) found that, once we controlled the performance on the observed score for the number of statistical tests (Bonferroni adjustment, p = 0.007), the tendency of the partial gamma coefficients (γp) was essentially concentrated on the weak level (≤0.30). The items detected by possible uniform DIF (3 in Peru, and 5 in Spain) were examined in their content, and it was established that there was no reason to recognize any potential sources of DIF; therefore at this stage they were dismissed. On the other hand, although there were variations in the magnitude of the γ coefficient (not shown here) across quintiles, the homogeneity of the coefficients in the quintiles was confirmed (H-χ2 < 15.0, Bonferroni adjusted p = 0.007), suggesting absence of non-uniform DIF.

Regarding the invariance/equivalence between countries, the baseline (configurational) model, along with the remaining models that included cumulative constraints, showed that the compared parameters (factorial loads, thresholds and residuals) changed only trivially (Table 5). Considering the chosen criteria (Chen, 2007; Rutkowski and Svetina, 2013; OECD, 2014), the equality constraints for each level of invariance produced results that suggested no invariance, and therefore it was concluded that there was compliance with the invariance across the three levels evaluated.


TABLE 5. Results of between invariance/equivalence (countries).
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Reliability

In the total sample, we obtained an ω of 0.865 (SE = 0.009; 95% CI = 0.844,0.880); while α was 0.864 (SE = 0.009; 95% CI = 0.847,0.880). For practical purposes the two were indistinguishable. Estimated for each country, in Argentina (ω = 0.870, SE = 0.018, 95% CI = 0.830,0.899), Peru (ω = 0.890, SE = 0.016, 95% CI = 0.831,0.894), and Spain (ω = 0.845, SE = 0.015, 95% CI = 0.811,0.869), the coefficients were very similar and the variation could be due to sampling error. The α coefficients for each country (respectively 0.869, 0.842, and 0.869) showed insubstantial differences with the estimates of ω. The item-level reliability showed consistently high results in Argentina (median = 0.513, min. = 0.370, max. = 0.578), Peru (median = 0.516, min. = 0.403, max. = 0.556) and Spain (median = 0.452, min. = 0.255, max. = 0.577), and was similar between all three countries. Across the sample as a whole, the results were acceptable (see lower left side of Table 4).



DISCUSSION

The present study applied psychometric methodology and rational-theoretical evaluations to refine the Prosociality Scale constructed by Caprara et al. (2005) for adult populations. Given the cross-cultural context of this study, it was particularly challenging to show the invariance of the scale’s psychometric properties, and to date this is the only attempt at a cross-cultural psychometric exploration of the scale across several Spanish-speaking countries.

When the items were examined, they were characterized as not being distributed normally, characteristically with negative asymmetry. Also, the answers were oriented toward high response options. This trend was similar among the three countries examined. Associations with age were predominantly distributed around zero, both in the total sample and within individual countries. In contrast, relationships with sex were predominantly small in Spain (women > men), between trivial and small in Argentina (women > men), and completely trivial (around zero) in Peru. Considering that the differences in functioning of the items were trivial with respect to the sex of the participants, this finding for some individual items could lead to future explorations of differences at the level of the total score, but due to the strong asymmetry in the sex distribution in our samples, it would be best to avoid overinterpreting these results.

The fundamental psychometric criteria of our study were first based on a non-parametric method, created to evaluate the properties of measures that serve for ordering people based on their observed scores. Interestingly, the results of the application of the SEM and Mokken methodologies showed two things: first, they tended to show convergence in the items with lower scalability and covariation with the construct, as identified in the study by Caprara et al. (2005); and second, items with comparatively poorer properties were more clearly identified by the non-parametric method (Mokken). Specifically, with the SEM method the items in general showed factor loads that are usually acceptable in the literature (>0.30 or >0.40), while these same levels applied to the H coefficient suggested a low scalability, and therefore lessened the discriminative ability of the observed score.

The content of the resulting scale was distributed over behaviors subsumed along one dimension, partially converging with the logic of another prosociality instrument created in one of the participating countries (Argentina), which is also applicable to university students (Auné et al., 2014). In that study, the instrument was multidimensional, with correlations between weak and moderate in the heterogeneous item-construct relationship (factorial loads). The two dimensions identified were interpreted as representing empathic behavior on the one hand, and initiative to help people on the other. In its analytical exploration, the former eigenvalue was very large in relation to the remaining values, and could suggest the exploration of a general latent variable, or that items with common variance load strongly toward a latent general factor. However, the difference between the one-dimensional model proposed here, and the multidimensional model proposed in the study of Auné et al. (2014) is influenced by the design of the theoretical constructions, and a combination of post hoc conceptual and empirical criteria to refine each instrument. Nevertheless, in our opinion the higher-order construct is prosocial behavior, supported by strongly intercorrelated specific content items. Thus, in the present study, conceptual decisions balanced purely empirical and mathematical decisions.

One of the evaluated characteristics was the adjustment to a tau-equivalent model (constraint of equality of factorial loads) compared with a congeneric model (in which factor loads were free to vary), which allowed us to identify the similarity in the construct representation of items and the appropriate reliability models. As in other Latin American studies (e.g., Auné et al., 2014, 2016), the heterogeneity of factor loads led to doubt about the appropriateness of internal consistency estimates such as the alpha coefficient, which assume the tau-equivalent model among the items. In the present study, although the statistical test of the difference between the congeneric and tau-equivalent models was statistically significant, the practical discrepancies between the two did not seem to be moderate or strong, but rather trivial. This leads to the conclusion that the items essentially showed similarity in their representativeness of the construct, and similar sensitivity to differentiate individual variability in the measured attributes. An additional advantage of adjusting the scale to a tau-equivalent model is that it helped to recover weak factorial models (Ximénez, 2006, 2016), and to avoid the rejection of models with salient factorial loading of 0.50 or less (Beauducel and Wittmann, 2005). Therefore, it is possible that the structure of the present version of the instrument can be replicated in future studies.

There are discrepancies in results regarding differences in prosociality according to participant sex (Martí-Vilar and Lorente, 2010). Some authors have argued that women show higher levels of prosociality, differences that are more marked in adult life (e.g., Eisenberg and Fabes, 1998). Other authors have noted that these sex differences depend on the motivation or type of prosocial behavior (Carlo et al., 2003; Auné et al., 2017). A plausible hypothesis that could explain this inconsistency is that certain instrument items but not others are psychometrically invariant. However, this was not verified in previous studies.

Although this study was carried out on a Spanish-speaking population, there are many differences between the societies of Spain, Argentina and Peru. Carballeira et al. (2014) showed that Latin American societies are more influenced by a collectivist culture, while Spanish society is more influenced by individualism. Such differences allow us to see the importance of this study since it involved testing the Prosociality Scale in countries with diverse cultural characteristics.

Due to the inconsistency of findings on the effect of sex on the variability of self-reported prosocial behavior, the investigation of equivalence was a preliminary, sine qua non, stage for the new version of the instrument. We found that, once the effect of the total score (measured as such) was controlled (using the DIF analysis approach), the differences in the answers were not outside the level of sampling error, and were generally trivial in magnitude. In the Peruvian and Spanish participants, two items worked differentially when the effect of the total score was controlled. Although the statistical detection of DIF does not directly indicate the absence of real bias (Lai et al., 2005), this is an avenue for further investigation. A qualitative analysis was beyond the objectives of this study, and thus the sources of this differential functioning were not qualitatively explored, so the conclusion of equivalence between men and women within each country is something to be tested by subsequent studies. Although this conclusion should be interpreted in the context of the limitations of the study (sample size and asymmetric proportion of men and women in each country), our results with the new reduced version can also be considered internally valid due to the strength of the unidimensional measurement model. As previously found, the unidimensionality of the new version is characterized by items with strong factorial loads, high signal-to-noise ratio, and an interdependent content relating to different observed behaviors.

Regarding the limitations of the study, one of these is the sample size. This can be considered large (>500) in terms of the total group size (Finch and French, 2008; Ximénez, 2016; Finch et al., 2018), but for the intra-country analysis it can be considered small (Ximénez, 2016). This could explain certain idiosyncratic variations between countries found in this sample. The intra-country sample sizes of our study, however, are typical of the common situation of small (or moderate) samples in social science research, and particularly in psychology (Beauducel and Wittmann, 2005). As more generally in psychology, the sample size of this study, in the total sample and in each subgroup, may generate suboptimal conditions for estimating psychometric parameters and their potential replicability. Although this problem is shared with many studies in the social sciences in general, and in psychology in particular (Beauducel and Wittmann, 2005), other aspects should also be considered to evaluate the potential replicability of our results: for example, the high magnitude of the factorial loading, as well as the convergence between the methodologies that were applied, and between the levels of statistical significance and practical significance that were found. Indeed, the application of several methods to identify dimensionality (within a framework of sensitivity analysis) can lead to more confidence in the results obtained, given the convergence observed.

A second limitation of the study is the asymmetric proportionality between men and women. However, the distribution of men and women in the sample may reflect current sex distributions among undergraduate students of psychology in Argentina, Spain, and Peru (and indeed other countries). Anecdotal evidence from the authors regarding said distribution supports this idea. A third limitation was the criterion used to decide on measurement invariance, since although the results of the adjustment met conventional criteria (≥0.90 or 0.95, Hu and Bentler, 1999) and other revised criteria (≥0.96; Yu, 2002), such criteria continue to be the subject of debate and further methodological research. This seems to be more prominent when comparing more than two groups (but less than ten), and in the context of asymmetric distribution of participants and moderately small sample size. The criteria applied in the present study (Chen, 2007; Rutkowski and Svetina, 2013; OECD, 2014) might produce Type I or II errors, and our criterion was essentially liberal. As the present study is one of the first of its kind, this decision should be re-evaluated for future studies. However, one aspect that balances this problem was that the approach of evaluating invariance/equivalence (applied to categorical variables) tends to yield robust and sensitive performance (Kim and Yoon, 2011; Sass et al., 2014). Another limitation is that the possible effect of the social desirability of the responses was not verified; this problem may have been reduced by the anonymity of data collection, or it may show correlations between moderate or weak (Rodrigues et al., 2017), and the reader is suggested to assess our results in the context of this limitation. Finally, other evidences of validity are required to corroborate the theoretical representation of this modified version of the instrument. Future studies should focus on the limitations of the study to advance the replicability of the results, as well as to obtain other evidence of validity required to open the way to substantive research with the instrument re-constructed here. This would contribute to our knowledge of prosociality measures, which are still an emerging area of investigation in measurement issues (Martí-Vilar et al., 2019).
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Model Method Number of factors
Mitchell et al., 1993 EFA 3
Incalzi et al., 2003 EFA 3
Onishi et al., 2004 EFA 4
Friedman et al., 2005 EFA 2
Brown et al., 2007 EFA 2
Laietal., 2010 EFA + CFA 4
Imai et al., 2014 EFA + CFA 3

EFA, exploratory factor analysis; CFA, confirmatory factor analysis.

Factor 1 items

3,4,6,8,12,14, 15
1,6,7,11
1,5,7,11,15
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2,6,8,9,10,13, 14,15

Factor 2 items

1,87, 11
3,4,8,10,14
2,3,4,6,8
1,67,11
1,5,7,11,13
5,813
1,57, 11

Factor 3 items

2,9,13
2,12,13,15
12,13,14

12,14,15
3,4,12

Factor 4 items
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Model WLSMV x2 df p T CFI RMSEA (90% Cl)

Mitchell et al., 1993 260.316 74 <0.01 0.989 0.991 0.046 (0.040, 0.052)
Incalzi et al., 2003 390.318 62 <0.01 0.980 0.984 0.067 (0.061, 0.074)
Onishi et al., 2004 461.223 84 <0.01 0.977 0.982 0.062 (0.056, 0.067)
Friedman et al., 2005 464.564 84 <0.01 0.979 0.982 0.060 (0.055, 0.085)
Brown et al., 2007 438.968 89 <0.01 0.980 0.983 0.058 (0.053, 0.063)
Laietal, 2010 454.825 84 <0.01 0.978 0.982 0.061 (0.056, 0.067)
Imai et al., 2014 456.059 87 <0.01 0.979 0.982 0.060 (0.085, 0.066)
First- and second-order CFA in sample 2

First-order model 245811 74 <0.01 0.991 0.993 0.043 (0.037, 0.049)
Second-order model 245811 74 <0.01 0.991 0.993 0.043 (0.037, 0.049)

WLSMV, weighted least squares with mean and variance adjustment; df, degree of freedom; TLI, Tucker-Lewis index; CFl, comparative fit index; RMSEA, root mean
square error of approximation; Cl, confidence interval.
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Factor Sample 1 (n =1174) Sample 2 (n = 1254)

GDA LS w GDA LS w
LS 0.955* 0.950*
W 0.823* 0.885* 0.878* 0.902*

GDA, general depressive affect; LS, life satisfaction; W, withdrawal. *p < 0.001.





OPS/images/fpsyg-10-01360/fpsyg-10-01360-t004.jpg
Item content

3. Your life is empty

4. Often get bored

6. Afraid something bad will happen
8. Often feel helpless

12. Feel pretty worthless

14. Situation is hopeless

15. Most people are better off than you
1. Satisfied with life

5. In good spirits

7. Happy most of the time

11. Wonderful to be alive now

2. Dropped activities, interests

9. Prefer to stay at home

13. Feel full of energy
Second-order factor loadings

GDA

0.879
0.849
0.589
0.928
0.930
0.941
0.636

0.962

LS

0.997
0.807
0.943
0.620

0.987

GDA, general depressive affect; LS, life satisfaction; W, withdrawal.

0.558
0.552
0.835
0.913
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Country Observation Gender

% female
Australia 14,530 49.298%
(7,163/14,530)
Finland 5,882 48.674%
(2,863/5,882)
France 6,108 50.983%
(3,111/6,108)
New Zealand 4,520 49.934%
(2,257/4,520)
Singapore 6,115 48.618%
(2,973/6,115)
Total 37,155 49.433%

(18,367/37,155)

Sources: OECD PISA 2015 general database.

Participants with
ICT availability at
school

% yes

99.484%
(14,455/14,530)
98.640%
(5,802/5,832)
98.838%
(6.037/6,108)
99.535%
(4,499/4,520)
98.692%
(6.035/6,115)
99.120%
(36,828/37,155)

Participants with
ICT availability at
home

% yes

99.780%
(14,498/14,530)
99.898%
(5.876/5,882)
99.853%
(6.099/6,108)
99.823%
(4,512/4,520)
99.920%
(6.110/6,115)
99.812%
(37,085/37,155)

Participants with ICT
availability at school
and at home

% yes
99.876%
(14,512/14,530)
99.915% (5,877/5,882)
99.935% (6,104/6,108)
99.978% (4,519/4,520)

99.787% (6,102/6,115)

99.890%
(37,114/37,155)
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Variable

PVIREAD
PV2READ
PV3READ
PV4READ
PVSREAD
PVBREAD
PV7READ
PVBREAD
PVOREAD
PV10READ

Description

Plausible value 1 of reading score
Plausible value 2 of reading score
Plausible value 3 of reading score
Plausible value 4 of reading score
Plausible value 5 of reading score
Plausible value 6 of reading score
Plausible value 7 of reading score
Plausible value 8 of reading score
Plausible value 9 of reading score
Plausible value 10 of reading score

Mean

506.691
507.148
507.810
506.642
507.818
507.261
507.667
507.173
508.171
507.018

SD

104.000
104.337
104.006
104.387
104.958
103.858
104.540
104.202
104.693
104.935

73.377
46.927
57.679
83.508
96.893
0.000
28.659
46.421
22.847
81.639

Maximum

861.085
844.637
851.970
839.131
865.085
870.747
898.018
849.645
864.958
884.906

Sources: OECD PISA 2015 general database. N = 37,155. The dependent variable is students’ reading proficiency, reflected by students’ reading score in the

PISA reading test.
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Online Traditional

Parameter Unstd SE Std Unstd SE Std
Exam factor
Variance 0.87 0.25 1 0.77 017 1
Mean 0 = 0 0.05 015 0.05
Question factor
Variance 157 041 1 215 0.35 1
Mean 0 - 0 -0.18 021 -0.13

Factor covariance 0.65 017 055 0.76 0.14 0.59

Std. Standardized: Unstd. Unstandardized.
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Model x2

Females 248.289
Males 279.285
A 921.083
B 934.327
[ 967.045
D 1,050.860

df

74
74
148
159
170
184

TL

0.991
0.988
0.935
0.940
0.942
0.942

CFl

0.992
0.990
0.947
0.947
0.946
0.941

RMSEA (90% Cl)

0.043 (0.037, 0.049)
0.049 (0.043, 0.056)
0.066 (0.062, 0.070)
0,063 (0.059, 0.067)
0,062 (0.058, 0.066)
0,062 (0.059, 0.066)

vs. A
vs. B
vs.C

ATLI

0.005
0.002
0.000

ACFI

0.000
—0.001
—0.005

ARMSEA

—0.003
—0.001
0.000

Model A, configural invariance; Model B, metric invariance; Model C, scalar invariance; Model D, strict invariance; df, degrees of freedom; TLI, Tucker-Lewis Index; CFl,
compearative fit index; AMSEA, root mean square error of approximation.





OPS/images/fpsyg-10-01440/crossmark.jpg
©

2

i

|





OPS/images/fpsyg-10-01440/fpsyg-10-01440-g001.jpg
&

e

bbb

5233

1120
86
107

@

2

7

@3

o8

W/

58

1703
1777
LS

1077

i

1305

=
mll/

1102

g

~





OPS/images/feduc-04-00047/feduc-04-00047-g001.gif
£y






OPS/images/feduc-04-00047/feduc-04-00047-g002.gif
[





OPS/images/fpsyg-10-01135/fpsyg-10-01135-g006.jpg
100

90

8

o

7

o

6

o

5

o

4

o

30

||I “I ‘|

anger

disgust

fear

[ NI

sadness

guilt

neutral

happiness

gratitude

HHu
Hraw

intensity





OPS/images/fpsyg-10-01135/fpsyg-10-01135-t001.jpg
Sadness

Fear

Disgust

Anger

GER
M (SD)

POR

M (SD)

ENG
M (SD)

GER
M (SD)

POR

M (SD)

ENG
M (SD)

GER
M (SD)

POR

M (SD)

ENG
M (SD)

GER
M (SD)

ENG POR
M (SD)

M (SD)

#

78 (42)
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EMO, emotion; ENG, English; POR, Portuguese; GER, German, M, mean; SD, standard deviation; A, recognition rate; I, intensity rate.
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Responses

Anger Disgust Fear Sadness Happiness Neutral Gratitude Guilt

Portuguese

Target emotion Anger 88 3 1 6 o 2 0 0
Disgust 2 % 1 2 1 4 0 0
Fear 2 o 9% 2 0 o 0 0
Sadness 3 o 4 89 1 2 0 1
Happiness o o o o % 3 6 0
Neutral o o 1 0 86 4 0
Gratitude o 1 o o 2 %2 0
Guilt 9 2 1 11 0 1 0 7

English

Target emotion Anger 69 6 10 3 3 4 1 3
Disgust 2 81 2 1 3 6 3 2
Fear 2 o 86 1 2 3 2 3
Sadness 2 3 5 78 3 3 3 4
Happiness 1 2 2 o 83 3 7 1
Neutral 1 1 1 1 9 80 5 3
Gratitude 1 3 3 1 4 81 4
Guilt 3 2 4 10 3 2 3 73

German

Target emotion Anger 88 o 5 1 0 4 0 1
Disgust 1 78 1 3 4 11 0 0
Fear 6 o 89 o o 3 0 0
Sadness 9 o 8 74 0 4 0 4
Happiness o o o 1 % 3 6 0
Neutral o o o o 10 86 2 1
Gratitude o o o 1 11 84 0
Guillt 4 o 1 6 1 4 0 83

Allvalues are based on four vignettes per target emotion category. The percentages in the diagonal line represent the raw hit rates; all percentages below and above the
diagonal represent the percentages of confusions.
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A Dendrogram using Average Linkage (Between Groups) B Dendrogram using Average Linkage (Between Groups)
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ICT availability
ICTHOME p-value 0.000 0.000 0,002 0.001 0.000 0.000
p -2.307 -6.68 -3.163 -3.425 -3.353 -4.331
Robust SE 0611 0859 1.001 1.053 0.717 0.39
p*SD ~3.576 ~10.354 -4.903 ~5.309 ~5.197 ~7.004
ICTSCH p-value 0.021 0.008 0.000 0.000 0.068 0.000
B ~1.206 1.008 -9.138 -3.478 —1.001 ~3.265
Robust SE 0.562 0.609 0725 0978 0598 0.295
p*SD 0.034 1.635 —14.822 —5.641 -1.770 -6.308
ICT use
USESCH p-value 0.000 0.000 0.275 0.000 0.000 0.000
p 5818 ~15.801 1.768 ~16.562 -8.532 ~7.536
Robust SE 1.577 1.938 1.619 2.685 1.561 0.779
p*SD 4311 ~11.709 1.310 —12.272 —6.322 —6.225
HOMESCH p-value 0.866 0010 0.001 0.008 0.000 0.468
B 0213 -3.870 ~5.651 6.207 6.432 ~0.325
Robust SE 1.262 1.505 1.647 2.337 1.719 0.700
p*SD 0.193 -3510 ~5.125 5.630 5.834 -0.306
ENTUSE p-value 0.000 0.226 0.000 0.000 0.072 0.000
B ~18.430 -2.003 ~5.965 -8.780 -3.418 -8.148
Robust SE 1.289 1.655 1.657 2.204 1.901 0.746
p*SD ~16.163 —1.757 -5.231 ~7.700 ~2.998 ~7.236
ICT attitudes
INTICT p-value 0.000 0.000 0.000 0.000 0.000 0.000
B 14.716 7.875 0173 12.993 8274 9.955
Robust SE 1.182 1.617 1.485 1.967 1.425 0.661
p*SD 13.038 6977 0.153 11512 7.331 9.308
AUTICT p-value 0.000 0.000 0.907 0.000 0.000 0.000
B 22.733 15973 20.775 18.673 22.32 23529
Robust SE 1.350 1.662 1.941 2.194 1573 0.775
p*SD 20.028 14.072 18.308 16.451 19.664 21.076
COMPICT p-value 0616 0.461 0.195 0.202 0.001 0.003
B 0.703 —1.311 2251 2.967 ~6.138 —2.931
Robust SE 1.408 1.779 1.735 2.326 1.802 0.796
p*SD 0595 ~1.109 1.904 2510 -5.193 —2.507
SOCIAICT p-value 0.000 0.965 0.000 0.000 0.000 0.000
p -22012 ~0.070 ~14.048 -23675 —21.634 ~16.001
Robust SE 1.270 1.599 1.556 2208 1.526 0.709
B*SD ~18.204 -0.058 ~11.618 —19.579 —17.891 ~14.085
Student background
ESCS p-value 0.000 0.000 0.000 0.000 0.000 0.000
p 43.679 40.262 57.960 49.631 45.237 48,549
Robust SE 1112 1.580 1.667 1.990 1.396 0.665
p*SD 35.293 32.532 46.832 40102 36.551 39.308
Gender p-value 0.000 0.000 0.000 0.000 0.000 0.000
B ~26.038 ~46.999 —22.714 —31.721 —14.157 —28.506
Robust SE 1.696 2.348 2589 3.032 2.338 1.039
p*SD -13.019 ~23.500 ~11.357 ~16.861 ~7.079 ~14.253

Coefficients that resulted significant considering a 0.05 significance level appear in bold. Heteroscedasticity-robust standard error was computed to test the potential
heteroscedasticity.
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Factor Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Mean
PVIREAD PV2READ PVIREAD PV4READ PVSREAD PV6READ PVTREAD PVBREAD PVOREAD  PVIOREAD

B g'SD p p'SD B pSD B p'SD B B'SD B p'SD B p'SD B P
ICT availability
ICTHOME -4.434** ~7.263 -4.162"** 0,333 ~4.721** 0331 ~3.937*** 0,332 ~4.209"** 0.335 ~3,869""* 0.330 -4.383""* 0.333 ~4.306* 0332 ~4.456""* 0,334 ~4.832""* 0.334 ~4.331'""~7.094

D B SD B p'SD B

©0.700) 0362 ©0358) 0361 0368) ©0361) 0364 0360 0363) (0362 0396)

ICTSCH  —3.243'** ~6.265 ~3.313"* 0.271 ~2.972"** 0.270 ~3.131*** 0.271 ~3.047*** 0274 —3.493"** 0270 ~3.535*** 0.282 ~3.684*** 0.271 ~3.030*** 0.273 ~3.201"** 0273 ~3.265"**~6.308
0299 0295) 0292) (0.296) 0.296) ©0291) (0297 0294 0295) 0299 ©0295)

ICT use

USESCH —7.20™ —5.947 —7.987"* 0.674 7.275™ 0671 —8.042"** 0.673 —6.425"* 0680 ~7.673"** 0.670 ~7.394*** 0.744 ~7.807*** 0.742 ~7.489'** 0.747 ~8.070"* 0.677 ~7.586"*"~6.225
©0782) ©781) 0.764) 0783 (0.784) ©0774) (0.780) 0782 ©.776) (©787) 0779

HOMESCH —0246 -0232 —0464 0660 -0574 0657 —0.193 0658 0300 0665 —0.144 0655 —0989 0660 0994 0657 —1.272 0662 —-0.663 0.663 —0.325 ~0.306
©0.700) 0702 (0964) (0695) ©0.705) (0:6%) (0696) 0.705) 0702 ©0.708) 0700,

ENTUSE -8884** —7.89 8,102 0,662 ~B.190""* 0.660 ~7.654"** 0.661 ~8.083"** 0.667 ~7.973"** 0.658 ~7.768"** 0.680 ~8.285*** 0,678 ~8.002"** 0,683 ~8.541"** 0,665 ~8.148"*"~7.236
©0.746) ©0752) ©741) ©0.736) (07540 ©.745) ©740) ©0759) ©0739) (©.752) ©0748)

ICT attitudes

INTICT  9821*** 9.183 9.376"* 0637 10.249'* 0635 9.630"* 0636 9.787*** 0643 10.084*** 0633 9.821*** 0637 10.519"" 0,636 10.017"* 0,630 10.242"** 0,640 9955 9.308
©0662) (0.666) ©0658) 0657 ©0663) 0654) (0665 0660 ©0664) ©0658) (©0661)

AUTICT 23055 20795 24.482'** 0.750 22.940"* 0.747 23,826 0.748 23,504 0756 22.997"** 0.745 23.286™* 0.750 23.903"* 0.748 23.221""* 0753 24.075"* 0753 23.529"*21.076
767 ©778) ©770) 771 ©0782) ©770) ©778) ©776) ©0773) (©0.780) 778

COMPICT ~2.874"** ~2.546 ~3.015™* 0.766 ~2.238"* 0.763 ~3.243"* 0.764 ~3.043"* 0,772 ~2.404'** 0761 ~1.831*** 0.765 ~3.986"* 0.763 3,105 0.768 ~3.572'** 0.769 ~2.931**~2.507
©0.790) 0804) ©0790) (07880 ©0.799) 0792~ (0800 0.795) ©0794) ©0792) ©0.79)

SOICT ~15.693"~13.794-16.337*** 0,687 —16.752*** 0.685 —16.192"** 0,684 —16.055"** 0,693 ~15.743"** 0,682 —15.895*** 0.690 ~16.064""* 0,688 —15.526""* 0,693 ~15.755** 0.690~16.001°:214.065
©0.709) ©711) 0.703) (0.705) ©717) 0.700) 711 0713 ©711) 713 ©0.709)

Student background

ESCS 48210 39.629 47.380"** 0.631 47.676"** 0.628 48.116"* 0.630 47.640"* 0.636 47.767*** 0.626 47.884" 0.632 47.885™ 0,630 48.188"* 0,635 48.549"** 0,633 47.930"**39.398
(0656) 0667) 0660) (0664 ©0673) (0:656) (0.666) (0663) 08661) (0.665) (0663

Gender  —28.410"~14.206-27.647*** 1,020 ~27.441*** 1.017 ~29.484*** 1.018 ~28.844"** 1,020 ~28.933"** 1013 ~30,656"** 1.023 ~27.921""* 1021 ~26.661"** 1,028 ~27.062""* 1.025 ~26.506":+14.253

(lemale = 0) (1.035) (1.040) (1.037) (1.037) (1.047) (1.032) (1.039) (1.035) (1.043) (1.044) (1.039)

N=37,155. The dependent variable i students' readings score. Models 1o 10 refer to the regression modefs for ten plausible values of reacing score. In the PISA 2015, each student has 10 plausible values of reading
scores (PVIREAD~PVIOREAD). A higher plausible value reflects a higher reading proficiency. The regression model is estimated using Equation. Since the independent variables were derived based on IRT scaling,
with one percent change in the independent variable, the dependent variable is changed by the coefficient multplied by it standard deviation (v*SD). Heteroscedasticity-robust standard erors are listed in parentheses.
Significant codes: ***p < 0.001.
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Variable Variable description Mean SD Minimum Maximum

ICT availability
ICTHOME ICT available at home index 8600 1.638 0.000 11.000
ICTSCH ICT available at school index 7.013 1.932 0.000 10.000
ICT use

USESCH Use of ICT at school in general 0.258 0.826 ~1.668 3629
HOMESCH ICT use outside of school for schoolwork -0.058 0942 ~2.691 3604
ENTUSE ICT use outside of school leisure ~0.010 0.888 -3.710 4.848
ICT attitudes

INTICT Students' ICT interest 0.131 0935 -2.988 2819
AUTICT Students' perceived autonomy related to ICT use 0.130 0.900 ~2.503 2.096
COMPICT Students' perceived ICT competence 0.090 0.836 ~2.706 2074
SOICT Students’ ICT as a topic in social interaction 0095 0880 ~2.136 2428
Student background

ESCS Index of economic, social and cultural status 0.107 0.822 —4.692 3567
Gender Students' gender / / 0.000 1.000

Sources: OECD PISA 2015 general database. N = 37,155. The independent variables ICTHOME, ICTSCH, USESCH, HOMESCH, ENTUSE, INTICT, AUTICT, COMPICT,
SOIAICT and the covariate ESCS were all derived variables based on IRT scaling. Gender is a binary variable, in which female is coded as “0” while male is coded as “1.”
The dependent variable is students’ reading proficiency, reflected by students’ reading score in the PISA reading test.
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Employed
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Elementary school

Junior high school

High school

Bachelor’s degree or higher

n =291
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ICU-11 ICU-24 z

APSD-SR Uncaring  Callousness Total Unemotional  Uncaring  Callousness Total ICU-24 Total vs. ICU-11 Total
Impulsivity 0.16"* 0.50%** 0.42%+* -0.07 0.18** 0.55%+* 0.42%+* 0.00
cu 0.50%** 0.29%** 0.50%* —0.01 0.51%* 0.37*** 0,524+ 1.37
Narcissism 0.15%* 0.38%** 0.33%** —0.12** 0.13** 0.42%+* 0.29%+* —2.46*
Total 0.35%** 0.53*** 0.56*** -0.10* 0.36*** 0.61%** 0.55%+* -0.71
YPI-S scores

Behavioral factor 0.22%** 0.58%** 0.50%** —0.19%* 0.23** 0.64*+* 0.46*** —2.68**
Affective factor -0.02 0.46™+* 0.29%** —0.04 —0.06 0.42%+* 0.24%** —3.03*
Interpersonal factor ~ —0.04 0.45%+* 0.26%* —0.08 —0.08 0.40%+* Qo7 —5.39%+*
Total 0.11* 0.67%** 0.49%+* —0.14** 0.08 0.66™** 0 R —5.28%+*
RPQ scores

Reactive 0. 212 Q472> 0.43%** —0.21%* 021 0.52%4* Q.37+ —3.84%+*
Proactive Q.21+ 0.50%** 0.44%** —0.14* 0.20*** Q.52+ 0.39%* —3.22%
Total 0.23** 0.51%** 0.46*** —0.18*** 0.22% 0.55%+* 0.41%+* —3.26%*
BES scores

Affective —0.32%+* —0.24%+* —0.35%+* —0.09* —0.25%+* —0.24*+* —0.32%+* 1.86
Cognitive —0.39%* —0.30"** —0.45%** 0.08 —0.38*** —0.35%** —0.42%+* 1.95
Total —0.45%+* —0.35%+* —0.51#* —0.02 —0.40%** —0.38%** —0.47%+* 2.70"*
Age —0.06 —0.11%* —0.12%* —0.05 —0.08 —0.12%* —0.14** —-1.17
AlUDC 0.08 0.12%* 0.13** —0.01 0.10* 0.11** 0.13** 0.00

DI —0.14%* 027 —0.23%* —0.05 —0.16™* —0.22%** —0.25%* —1.20

ICU-24, Inventory of Callous and Unemotional Traits; ICU-11, Inventory of Callous and Unemotional Traits — 11 items, short version; APSD-SR, Antisocial Process
Screening Device — self-report version; CU, Callous-Unemotional Traits; YPI-S, Youth Psychopathic Traits Inventory — short version; RPQ, Reactive-Proactive Aggression
Questionnaire; BES, Basic Empathy Scale; AIUDC, Age of incarceration into a Juvenile Detention Center; DI, duration of incarceration. *p < 0.05, **p < 0.01, ***p < 0.001.
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Items Callousness

(4) I do not care who | hurt to get 0.72/0.72
what | want

(6) I do not show my emotions to 0.26
others

(9) I do not care if | get into trouble 0.75/0.74
(11) I do not care about doing 0.60/0.59
things well

(12) | seem very cold and uncaring 0.65/0.62
to others

(18) I do not feel remorseful when | 0.61/0.61
do something wrong

(21) The feelings of others are 0.78/0.79

unimportant to me

(5) | feel bad or guilty when | do
something wrong (R)

(8)  am concerned about the
feelings of others (R)

(16) | apologize (say “l am sorry”) to
persons | hurt (R)

(17) I try not to hurt others’ feelings
®)

(24) I do things to make others feel
good (R)

Uncaring

0.73/0.74

0.64/0.64

0.74/0.73

0.568/0.58

0.56/0.56

ICU-12, Inventory of Callous-Unemotional Traits — 12 items, short version; ICU-11,
Inventory of Callous-Unemotional Traits — 11 items, short version; (R), negatively
worded items reverse-scored prior to analysis; factor loadings of ICU-11 are
presented after the slash; all factor loadings are significant at a level of 0.001.
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WLSMVy?2

M1 1901.46%**
M2 1930.16%**
M3 302.34%%*
M4 149.77***

df

249
228
53
43

RMSEA (90% ClI)

0.10[0.10, 0.11]
0.11[0.11,0.12]
0.09 [0.08, 0.10]
0.06 [0.05, 0.08]

CFI

0.71
0.70
0.89
0.95

TLI

0.68
0.64
0.87
0.94

M1, inter-correlated three-factor model; M2, original three-factor bifactor model;
M3, ICU-12; M4, ICU-11; WLSMV, weighted least squares with mean and variance;
df, degrees of freedom; RMSEA, root mean square error of approximation; 90%
Cl, 90% confidence interval for RMSEA; CFl, Comparative Fit Index; TLI, Tucker—

Lewis Index. ***p < 0.001.
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Mean SD MIC o N

ICU-24

Unemotional 13.36 2.48 0.13 0.41 5
Callousness 18.64 4.99 0.25 0.77 11
Uncaring 17.78 4.70 0.35 0.81 8
Total 49.78 8.28 0.13 0.77 24
ICU-12

Callousness 11.26 359 0.29 0.73

Uncaring 10.95 3.19 0.35 0.73

Total 22.20 5.20 0.19 0.73 12
ICU-11

Callousness 9.02 3.19 0.34 0.75 6
Uncaring 10.95 3.19 0.35 0.73 5
Total 19.96 5.02 0.22 0.75 11
APSD-SR

Impulsivity 3.35 2.24 0.24 0.61 5
(6]V] 3.69 2.02 0.13 0.44
Narcissism 3.47 2.28 0.16 0.55 7
Total 11.71 526 0.11 0.71 20
YPI-S

Behavioral factor 11.31 3.69 0.34 0.76 6
Affective factor 10.70 3.04 0.17 0.55 6
Interpersonal factor 8.80 2,75 0.30 0.70 6
Total 30.71 714 0.18 0.79 18
RPQ

Reactive 6.84 4.63 0.39 0.87 11
Proactive 5.03 5.00 0.43 0.90 12
Total 11.84 9.13 0.39 0.94 23
BES

Affective 34.69 6.04 0.16 0.69 11
Cognitive 33.50 5.32 0.26 0.76 9
Total 68.26 8.79 0.12 0.74 20

ICU-24, Inventory of Callous and Unemotional Traits; ICU-12, Inventory of Callous
and Unemotional Traits — 12 items, short version; ICU-11, Inventory of Callous
and Unemotional Traits — 11 items, short version; APSD-SR, Antisocial Process
Screening Device — self-report version;, CU, Callous-Unemotional Traits; YPI-S,
Youth Psychopathic Traits Inventory — short version; RPQ, Reactive-Proactive
Aggression Questionnaire; BES, Basic Empathy Scale; SD, standard deviation;
MIC, mean inter-item correlation; N, number of items.
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SLK-SF-40  SLA-F1

38-item Service Leadership Behavior Scale 0.19
Subscale 1: Self-improvement and Self-reflection 0.20
Subscale 2: People and Principles Orientation 0.28
Subscale 3: Resilience 0.06
Subscale 4: Social Competence 0.20
Subscale 5: Problem-Solving 0.12
Subscale 6: Mentorship -0.08

0.26

SLA-F2 SLA-F3 SLA-F4 SLA-F5 SLA-F6 SLA-F7

0.49
0.42
0.55
0.33
0.43
0.34
0.26

N = 2,240. Unless otherwise specified by superscript "n.s." which denotes statistical
SLK-SF-40, Scale score of the one-factor, 40-item Service Leadership Knowledge Scale; SLA-SF-46, Scale score of the eight-factor, 46-item Service Leadership Attitude

Scale; SLA-F1, Factor "Vision and competence"; SLA-F2, Factor *People orientation";

0.51 0.40 0.50 0.47
0.42 0.33 0.44 0.43
0.52 0.41 0.56 0.47
0.37 0.29 0.32 0.33
041 031 044 038
034 025 033 036
0.40 0.35 0.22 0.22
all correlation

0.28
0.20
0.28
0.23
0.23
0.13
0.27

SLA-F8

-0.18

SLA-SF-46

0.58
0.50
0.62
0.39
0.49
0.39
0.32

are significant at p < 0.05 (two-taled).

LA-F3, Factor "Caring disposition"; SLA-F4, Factor "Ethical role model"; SLA-F5,

Factor "Social competence"; SLA-F6, Factor "Self-understanding and reflection"; SLA-F7, Factor "Positive view about human beings"; SLA-F8, Factor 8 "Unchangeable

and dark human nature."”
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External criterion scales

(and subscales)

RSLP MSC LEF IRl IRI-EC IRI-PT

38-item Service Leadership 079 0.66 052 0.44 0.31 0.47
Behavior Scale
Subscale 1: Self-improvement 069 058 045 038 0.28 0.40

and Self-reflection

Subscale 2: People and Principles 0.78 0.70 0.37 0.55 0.44 0.53
Orientation

Subscale 3: Resilience 057 044 042 023 012 0.30
Subscale 4: Social Competence 062 058 046 042 0.32 0.43
Subscale 5: Problem-Solving 049 037 045 020 0.10 0.26
Subscale 6: Mentorship 0.64 045 040 025 0.16 0.29

N = 2,240. All correlation coefficients are statistically significant at p < 0.001 (two-
tailed). RSLR, Revised Servant Leadership Profile; MSC, Moral Self-Concept; LEF,
Leadership Efficacy; IRI, Interpersonal Reactivity Index; IRI-EC, Subscale “Empathic
Concemn”; IRI: PT, Subscale “Perspective Taking.”
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Subscales

Cronbach’s alpha
(Mean inter-item
Subscales correlations) 1 2 3 4 5 6

(1) Self-improvement 0.909 (0.530) - - - - - -
and Self-reflection

(2) People and 0.868 (0.426) 0.70 - - - - -
Principles Orientation

(3) Resilience 0.880 (0.515) 0.61 057 - - - -
(4) Social Competence 0.868 (0.570) 061 069 0.64 - - -
(6) Problem-Solving 0.853 (0.538) 0.58 050 0.61 052 - -
(6) Mentorship 0.847 (0.647) 0.58 0.58 0.50 0.49 042 -
38-item Service 0.958 (0.377) 0.87 0.85 0.82 0.81 0.74 0.70
Leadership Behavior

Scale

N = 2240. Al correlation coefficients are statistically  significant —at

p < 0.001 (two-tailed).
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Model description
Gender invariance

(9) Configural invariance

(10) Metric invariance

(11) Scalar invariance

(12) Error variance invariance
Subgroup invariance

(13) Configural invariance
(14) Metric invariance

(15) Scalar invariance

(16) Error variance invariance

Comparative
model

10 versus 9

11 versus 10

12 versus 11

14 versus 13

15 versus 14

16 versus 15

5,502.98
5,542.01

5,729.31

6,229.12

5,520.98
5,567.64

5,608.20

5,710.42

Ax?

39.03

187.30
499.81

46.66

40.56

102.22

df

1,294
1,326

1,364

1,405

1,294
1,326

1,364

1,406

32

38

41

Statistical
significance

N.S.

p <0.001
p <0001

p <005

N.S.

p <0001

0.912
0.912

0.908
0.899
0.912
0912
0.912

0.910

ACFI

<0.001
0.004
0.009

<0.001

<0.001

0.002

NNFI

0.904
0.906

0.906
0.899

0.904
0.906

0.909

0910

ACFI <
[0.01]?

RMSEA (90% CI)

0.054 (0.052-0.055)
0.053 (0.052-0.055)

0.053 (0.052-0.055)

0.055 (0.054-0.057)

0.054 (0.053-0.055)
0.053 (0.052-0.055)

0.053 (0.051-0.054)

0.052 (0.051-0.054)

Nunote = 2,240; Nmajes = 742; Nigmates = 1,498; Nogg = 1,120; Neven = 1,120; CFl, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; Cl,
confidence interval; A2, change in 2 compared to the previous model; Adf, change in degrees of freedom compared to the previous model; N.S., Az not significant
at p < 0.05; ACFI, change in CFl compared to the previous model; ACFI < [0.01]2, Was the change in CFI not larger than the [0.01|-cutoff?; Model 9 and Model 13, o
equality constraints were imposed; Model 10 and Mode! 14, equality constraints were imposed on all factor loadings; Model 11 and Mode! 15, equality constraints were
imposed on all factor loadings and intercepts of the measured variables; Model 12 and Model 16, equality constraints were imposed on all factor loadings, intercepts,

and residual variances.





OPS/images/fpsyg-10-01770/fpsyg-10-01770-t008.jpg
Factor 1. Self-improvement
and Self-reflection

Qa8

Q49

Qs0

ast

Qs2

Qs4

Qss

Qs6

Qs8

Factor 2. People and
Principles Orientation
Qo1

Q32

Qa7

Q38

Q40

Qa2

Q60

Q62

Q65

Factor 3. Resilience
ai2

[e1K]

Qis

Q16

Qi7

a8

ate

Factor 4. Social
Competence

Q20

Q21

Q22

Q24

Q27

Factor 5. Problem-Solving
Qo4

Qos

Qo

Qo7

Qo

Factor 6. Mentorship
Qa3

Q44

Q45

Model 5

(Males; N = 742)

Factor

0.71
0.64
0.63
0.75
0.75
0.74
0.74
0.78
0.72

0.59
0.65
0.74
0.75
0.68
0.73
0.70
0.64
0.65

0.58
0.68
0.77
0.75
0.78
0.69
0.66

0.78
0.81
0.80
0.72
0.68

0.65
0.67
0.78
0.78
0.73

0.76
0.82
0.80

loadings

sSMC

051
0.41
0.39
0.56
0.58
0.54
0.54
0.61
0.51

0.35
0.42
0.55
0.57
0.46
0.54
0.58
0.67
0.65

0.34
0.46
0.60
0.57
0.61
0.47
0.44

0.61
0.66
0.63
0.52
0.46

0.42
0.45
0.61
0.62
0.54

0.58
0.67
0.65

Model 6

(Males; N = 1,498)

Factor
loadings

0.73
0.65
0.63
0.76
0.75
0.74
0.77
0.82
0.71

0.46
0.59
0.69
0.71
0.60
0.67
0.68
0.62
0.65

0.64
0.73
0.76
0.79
0.78
0.66
0.66

0.80
0.84
0.81
0.71
0.61

0.65
0.63
0.79
0.80
0.75

0.74
0.89
0.82

sSMC

0.53
0.42
0.39
0.58
0.56
0.54
0.60
0.67
0.50

0.21
0.34
0.48
0.50
0.36
0.45
0.46
0.38
0.43

0.41
0.53
0.58
0.63
0.60
0.43
0.44

0.64
0.71
0.66
0.50
0.37

0.43
0.39
0.63
0.64
0.66

0.55
0.79
0.68

Model 7
(0dd; N = 1,120)
Factor
loadings sMc
072 052
063 0.40
063 0.39
074 055
075 056
075 056
076 058
0.82 067
071 051
052 0.27
064 0.41
073 053
074 055
064 0.41
0.70 0.49
0.69 0.48
063 0.40
0.66 0.44
0.60 0.36
072 052
0.76 057
077 0.59
081 0.65
067 0.45
071 0.50
0.82 0.68
083 0.70
081 0.66
074 0.54
067 0.45
0.66 0.44
064 0.41
0.76 058
077 0.59
075 056
0.76 057
085 073
081 0.66

Model 8

(Even; N = 1,120)

Factor
loadings

0.73
0.66
0.62
0.78
0.76
0.72
0.76
0.79
0.72

0.51
0.59
0.71
0.72
0.63
0.70
0.68
0.62
0.65

0.63
0.69
0.78
0.79
0.75
0.67
061

0.76
0.83
0.81
0.69
0.61

0.64
0.65
0.82
081
0.74

0.74
0.87
0.82

SMC

0.53
0.44
0.39
0.60
0.58
0.52
0.57
0.62
0.51

0.26
0.35
0.50
0.62
0.39
0.48
0.47
0.39
0.42

0.40
0.48
0.61
0.62
0.56
0.45
0.37

0.568
0.69
0.65
0.48
0.37

0.41
0.42
0.66
0.66
0.65

0.55
0.76
0.67

Nunole = 2,240. SMC, Squared multiple correlations. All standardized factor loadings (STDYX metrics) and SMC were statistically significant at p < 0.001 (two-tailed).
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Subscales

(1) Self-improvement and Self-reflection

(2) People and Principles Orientation

() Resilience

(4) Social Competence

(5) Problem-Solving

(6) Mentorship

Items

Q48
Q49
Q50
Q51
Q52
Q54
Q55
Q56
Q58
Q01
Q32
Q37
Q38
Q40
Q42
Q60
Q62
Q65
Q12
Q13
Q15
Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q24
Q27
Qo4
Q05
Q06
Qo7
Q08
Q43
Q44
Q45

Factor
loadings

0.72
0.65
0.62
0.76
0.75
0.74
0.76
0.80
0.71
0.51
0.62
0.71
0.73
0.63
0.70
0.69
0.63
0.65
0.62
0.71
0.77
0.78
0.78
0.67
0.66
0.79
0.83
0.81
0.72
0.64
0.65
0.64
0.79
0.79
0.74
0.75
0.86
0.82

SMC

0.52
0.42
0.39
0.58
0.57
0.54
0.58
0.65
0.51
0.26
0.38
0.51
0.53
0.40
0.49
0.47
0.39
0.43
0.38
0.50
0.59
0.60
0.61
0.45
0.44
0.63
0.69
0.66
0.51
0.41
0.42
0.41
0.62
0.63
0.55
0.56
0.74
0.67

N = 2,240. SMC, Squared multiple correlations. All standardized factor loadings
(STDYX metrics) and SMC were statistically significant at p < 0.001 (two-tailed).
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‘Comparative

Model Modifications models X2 A2 df Adf  p CFI NNFI  RMSEA(90%Cl)  SRMR
0 Original model (Six-factor 9,939.86 1,065 0864 0856 0.061(0.060-0.062) 0.046
SLB-SF-48)
1 10 tems deleted (see Table 5) 5,207.81 650 0902 0894  0.056(0.055-0.058)  0.045
from Model O
1 versus 0 4642.05 415 <0001
2 Model 1+ correlated errors of 5,062.22 649 0907 0900  0.055(0.054-0057)  0.046
Q04 and Q05
2 versus 1 23559 1 <0001
3 Model 2 + correlated errors of 4,912.93 648 0910 0903  0.054(0.053-0.056)  0.046
Q18 and Q19
3 versus 2 149.29 1 <0001
4 Model 3 + correlated errors of 4,496.31 647 0919 0912  0.052(0.050-0.053)  0.046
Q49 and Q50
4 versus 3 41662 1 <0001
5 Model 4: Males (N = 742; 1,896.30 647 0922 0915 0051(0.048-0.054) 0.043
separate testing)
6 Model 4: Females (N = 1,498; 3,606.68 647 0906 0898  0.055(0.054-0.057) 0.051
separate testing)
7 Model 4: Odd (N = 1,120; 2,683.30 647 0917 0910  0.053(0.051-0.055)  0.047
separate testing)
8 Model 4: Even (N = 1,120; 2,837.68 647 0906 0898  0.055(0.053-0.057)  0.050
separate testing)
Criterion for goodness-of-fit - - 2090 2090 <0.08 <0.10

Nuhoto = 2,240. Al 2 values were statistically significant at p < 0.001 (two-tailed); Az?, change in 72 compared to the previous model; Adf, change in degrees of
freeclom compared to the previous model; CFl, Comparative Fit Index; RMSEA, Root Mean Squre Error of Approximation; C, Confidence Interval; NNFI, Bentler-Bonett
Non-Normed Fit Index: SRMR, Standardized Root Mean Square Residual.
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o if an Modification indices

Items item is (M.l.s) with items within
Factors removed deleted the same factor
Modification
Items indices
Problem-solving Q09 0.853 Q06 42.28
Q08 193.93
Resilience Q11 0.880 Q12 509.64
Q15 76.25
Q16 4513
Q17 46.10
Social Competence Q25 0.880 Q21 67.80
Q22 101.95
Q24 89.73
Q26 262.31
Q27 80.86
Social Competence Q26 0.885 Q20 99.04
Q21 107.36
Q22 88.42
Q25 262.31
Q27 176.58
People and Principles Q39 0.896 Q38 156.48
Orientation
Q40 51.36
People and Principles Q41 0.895 Q42 380.63
Orientation
Q60 45.39
People and Principles Q61 0.898 Q42 42.86
Orientation
Q60 131.43
Q62 194.29
Q65 50.34
Self-improvement Q47 0.925 Q48 81.84
and Self-reflection
Q50 180.82
Q52 69.20
Q54 60.44
Self-improvement Q53 0.924 Q49 47.03
and Self-reflection
Q52 227.19
Q54 227.11
Q57 43.85
Self-improvement Q57 0.924 Q53 43.85
and Self-reflection
Q55 52.08
Q56 78.19
Q58 179.78

Only M.1.s (with items within the same factor) larger than 40.00 were shown.
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Factors

(1) Self-improvement and Self-Reflections

(12 items)

(2) People and Principles Orientation
(12 items)

(3) Resilience
@ items)

(4) Social Competence
(7 items)

(5) Problem-Solving
(6 items)

(6) Mentorship
(@ items)

Service Leadership Behavior Scale
(48 items; SLB-SF-48)

N

Factors

Reliability statistics

0.930

0.905

0.888

0.898

0.875

0.847

0.966

Mean inter-item
correlations

0.527

0.446

0.602

0.556

0.539

0.647

0.377

240. a, Cronbach'’s alpha coefficients. SD, standard deviation.

Descriptive statistics
Items Mean
Q47 4.56
Q48 4.65
Q49 4.50
Qs0 4.42
Q51 4.72
Qs2 4.66
Q53 4.61
Q54 4.56
Qs6 4.67
Qs6 4.70
Qs7 4.61
Qs8 4.60
Qo1 4.38
Q32 4.55
Qa7 4.71
Qa8 4.79
Q39 4.77
Q40 4.48
Q41 4.67
Q42 4.65
Q60 4.75
Q61 4.58
Q62 4.64
Q65 4.82
Qn 419
Q12 4.19
Q13 431
Q15 4.44
Qe 4.50
Q7 4.43
Q18 4.27
Q19 423
Q20 4.65
Q21 4.64
Q22 4.70
Q24 4.51
Q25 4.36
Q26 4.39
Q27 4.48
Qo4 4.43
Qos 4.22
Qo6 4.56
Qo7 4.53
Qos 4.48
Qo9 4.38
Q43 4.35
Q44 4.19
Q45 4.18
- 4.51

Skewness

Value

-0.729
-0.719

—0.586

Kurtosis

0.308

0.685
0.487
0.565
0.726
0.472
0.192
0.146





OPS/images/fpsyg-10-01770/fpsyg-10-01770-t003.jpg
Strongly

Items Disagree
Sample item 1: Good leaders serve with a genuine heart. 1
Sample item 2: Good leaders give high priority to ethical issues. 1

All sample items were slightly re-phrased to avoid practice effect.

Disagree

Slightly
Disagree

3
3

Slightly
Agree

4
4

Agree

Strongly
Agree

6
6
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Items

Sample item 1: A
manager under the
service economy wants to
hire someone. Based on
the Service Leadership
Model, which of the
following advice would
you give him/her?
Sample item 2: Meg
devoted herself to a
career in relieving people
of their hunger, isolation,
and poverty. Which
dimension of character
strengths was shown by
Meg’s devotion?

Options

A) Hire for qualifications, train for character
B) Hire for character, train for skills

C) Hire for attitude, train for character

D) Hire for efficiency, train for mindset

(A) Justice

(B) Courage

(C) Humanity
(D) Temperance

All sample items were slightly re-phrased to avoid practice effect.

Correct
answer

B
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Items

Sample item 1. | try to serve others without regard to their positions.

Sample item 2. | refuse to give in without a fight amidst adversity.
Sample item . | have no problem working with others

All sample items were slightly re-phrased to avoid practice effect.

Very
Dissimilar
to Me
1

1
1

Moderately
Dissimilar
to Me
2

2
2

Slightly
Dissimilar
toMe
3

3
3

Slightly

Similar

to Me
4

4
4

Moderately
Similar
to Me
5

5
5

Very
Similar
toMe
6

6
6
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Comparisons (mean differences) between

quartiles
Contrast Mean difference (Sig.) 95% BCa Cl
Quartile 1 vs. Quartile 2 0.74(0.537) —1.58, 3.06
Quartile 1 vs. Quartile 3 4.99( < 0.0071)** 2.49,7.69
Quartile 1 vs. Quartile 4 7.75( < 0.001)** 5.39, 10.18
Quartile 2 vs. Quartile 3 4.25(0.004)* 1.71,6.85
Quartile 2 vs. Quartile 4 7.01( < 0.0071)** 4.60, 9.35
Quartile 3 vs. Quartile 4 2.76(0.026)* 0.48, 5.09

*Indicates p < 0.05, **indicates p < 0.001; 95% BCa Cl: Bias-corrected and
Accelerated confidence interval based on 1000 bootstrapped samples.
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Models x2 (df) CFl TLI  RMSEA (90% CI)

CFA 1 dim. congeneric 2412.123 (464) 0.632 0.606 0.101 (0.097-0.105)
CFA 6 dim. congeneric 875.366 (449) 0.919 0.911 0.048 (0.043-0.053)
CFA 6 dim. tau-equivalent 1172.559 (475) 0.868 0.862 0.060 (0.055-0.064)

;(2, Chi squared; df, degrees of freedom; CFl, comparative fit index; TLI,
Tucker-Lewis index; RMSEA, root mean square error of approximation; ClI,
confidence interval.
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Perpetration
Argumentation
Psychological violence
Mild physical violence
Severe physical violence
Dominating Tactics
Jealous Tactics
AQ-verbal aggression
AQ-Physical aggression
Victimization
Argumentation
Psychological violence
Mild physical violence
Severe physical violence
Dominating tactics
Jealous tactics

Argumentation

0.7
0.07**

—0.03
0.13**
0.22%**
0.056*

—0.025

0.26%**
0.09%**

—0.01
0.1 1%
0.23%**

Perpetration and Victimization.

*Two-tailed p-value
p-value < 0.001.

< 0.05; **Two-tailed p-value < 0.01;

Mild

Psychological physical

violence

0.42%
0.05*

0.42%
0.47%+
0.19%
0.13%

0.427%*
0.11%
0.45%*
0.48**

violence

017+
0.31%
0.22%
016
016"

0.21%
0.29%**
0.20%*

Severe
physical
violence

0.097***
0.04*
0.02
0.04*

0.12%*
0.06*

M SD

512 2.62
4.56 8.47
1.09 2.30
0.02 0.27
1.10 2.04
3.04 2.85
2.64 0.78
235 0.78

4.99 2.56
4.56 3.42
1.14 245
0.03 0.30
1.45 2.53
3.59 3.26

=+ Two-tailed
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Study 1

BISS item M SD Skew.
Qt 4.90 1.41 -1.38
Q2 4.05 1.46 —0.55
Q3 397 153 —0.49
Q4 3.36 1.60 -0.03
Qs 3.31 153 0.01
Q6 354 1.59 —0.15
Q7 3.19 1.60 017
Q8 3.49 1.56 —0.12
Q9 4.09 1.49 -0.65
Q1o 4.57 132 -0.84

Kurt.

1.09
—0.48
-0.82
-1.23
-1.09
-1.14
-1.14
-1.05
—0.44

0.26

5.21
4.73
4.27
3.52
3.65
4.01
3.52
3.84
4.46
5.02

SD

1.27
1.44
1.67
1.74
1.69
179
1.78
1.63
1.59
1.23

Skew.

—1.67
—1.04
—0.66
-0.17
-0.14
—0.47
-0.08
—0.37
-0.89
-1.18

Kurt.

1.98

0.19
—0.85
-1.35
—1.25
-1.14
-1.37
-1.02
-0.29

0.73

BISS, Belief in Science Scale, IPO-RT, Inventory of Personality Organization-Reality Testing subscale.

Study 2
IPO-RT item M SD  Skew.
at 298 088  -0.19
@ 219 1.01 035
<] 247 097 022
Q4 1.41 0.70 1.90
Qs 2.43 097 0.15
Q6 222 105 059
a7 1.66 092 1.29
e 151 084 1.59
Q9 205 1.10 0.66
ato 214 096 0.48
Qi1 1.71 0.85 1.07
at2 1.63 0.89 1.20
Qi3 193 091 0.85
Qt4 202 1.02 077
ats 202 1.16 0.90
Q16 154 097 1.89
Qi7 226 1.07 0.29
o3k 1.71 088 142
et 1.61 087 125
Q20 213 1.01 0.68

Kurt.

0.04
-0.79
—0.53

3.91
—0.44
—0.32

1.00

1.80
-0.64
-0.38

0.68

0.49

0.46
-0.18
-0.18

2.94
-0.88

0.63

0.67
-0.02
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Item

Q1 Science provides us with a better understanding of the universe than does religion.

Q2 In a demon-haunted world, science is a candle in the dark.” (Carl Sagan)
Q3 We can only rationally believe in what is scientifically provable.

Q4 Science tells us everything there is to know about what reality consists of.
Q5 Al the tasks human beings face are soluble by science.

Q6 The scientific method is the only reliable path to knowledge.

Q7 The only real kind of knowledge we can have is scientific knowledge.

Q8 Science is the most valuable part of human cuture.

Q9 Science is the most efficient means of attaining truth.

Q10 Scientists and science should be given more respect in modern society.

*Indicate p < 0.001; all R2-values statistically significant at p < 0.001.

Parameter estimate

0.59*
0.47%
0.80**
0.79*
0.82%
0.90**
0.88*
0.76%
0.81**
0.68**

0.35
0.22
0.65
0.62
0.67
0.81
0.78
0.58
0.66
0.46
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Squared
multiple Factor

Item correlations loading Estimate/SE
Argumentation

(1) ¢ Tu novio/a ha discutido de forma tranquila? 0.12 0.34 9.48™**

(2) ¢, Tu novio/a ha buscado informacion para apoyar 0.27 0.52 14.75%+*

su punto de vista?

(3) ¢, Tu novio/a ha llamado o intentado llamar a otra 0.22 0.47 14.32%+*
persona para que ayude a arreglar las cosas?

Psychological violence

(4) ¢ Tu novio/a te ha insultado o maldecido? 0.30 0.55 18.91%+*
(5) ¢ Tu novio/a se ha molestado al hablar de un tema 0.28 0.58 21.93"*
y/0 se ha negado a hacerlo?

(6) ¢ Tu novio/a se ha marchado/molesto/o de la 0.33 0.57 24 .56%**
habitacion de la casa o el lugar donde estaban

discutiendo?

(7) ¢ Tu novio/a ha llorado como consecuencia de una 0.21 0.46 18.34***
discusién?

(8) ¢ Tu novio/a ha dicho o hecho algo para fastidiarte o 0.33 0.58 25.02%*
molestarte?

Mild physical violence

(9) ¢ Tu novio te ha amenazado con golpearte o 0.43 0.66 16.52%+*
lanzarte alguin objeto?

(10) ¢, T novio ha intentado sujetarte fisicamente? 0.24 0.49 14.64%*
(11) ¢ TU novio te ha lanzado algun objeto? 0.33 0.57 11.62%+*
(12) ¢ Tu novio te ha golpeado? 0.38 0.62 14.78%*
(13) ¢ Tu novio te ha empujado o agarrado? 0.61 0.78 27.80***
(14) ¢ Tu novio te ha dado una cachetada? 0.29 0.58 9.9%**
(15) ¢, Tu novio te ha pateado o mordido? 0.40 0.64 17.74%*
Severe physical violence

(16) ¢, Tu novio te ha intentado ahogar? 0.25 0.49 3.9%**
(17) ¢ Tu novio te ha dado una paliza? 0.23 0.48 3.98***
(18) ¢, Tu novio te ha amenazado con un cuchillo o 0.16 0.40 3.56™**
algun arma?

Victimization subscale.
“*Two-tailed p-value < 0.001.
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Perpetration
Argumentation
Psychological violence
Mild physical violence
Severe physical violence
Victimization
Argumentation
Psychological violence
Mild physical violence
Severe physical violence

Women

(N =1070; 57.5%)
M (SD)

5.03 (2.58)

5.25 (2.68)

5.13 (3.66)

3.79 (3.02)

1.32 (2.59

0.79 (1.78

0.08 (0.32

)
)
)
0.02 (0.18)

Men

Total

(N = 791; 42.5%) (N = 1861)

M (SD)
4.90 (2.51)
5.1 (2.61)
4.37 (3.24)
4.81 (3.63)
1.03 (2.20
1.29 (2.75
0.03 (0.30

)
)
)
0.04 (0.30)

M (SD)
5.12 (2.62)
4.56 (3.47)
1.09 (2.30)
0.02 (0.27)
4.99 (2.56)
4.56 (3.42)
1.14 (2.45)
0.03 (0.30)

*Two-tailed p-value p < 0.05; **Two-tailed p-value p < 0.001.

A values around 0.070, 0.30, and 0.50, were considered as small,

large, respectively.

z A

1.90
7.91%* 0.39
4.59%*  0.44
1.65

1.81
217" 0.52
1.64
0.25

medium, and
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Perpetration
Argumentation
Psychological violence
Mild physical violence
Severe physical violence
Victimization
Argumentation
Psychological violence
Mild physical violence
Severe physical violence

12-14 years

15-18 years

Total

(n =370; 19.9%) (n =1491;80.1%) (n =1861)

M (SD)
4.75 (2.59
4.05(3.33
1.10 (2.42
0.03 (0.28
M (SD)
4.73 (2.66
5.05 (2.53
1.17 (2.55
0.02 (0.29

)
)
)
)

)
)
)
)

M (SD)
5.21 (2.62
4.68 (3.49
1.09 (2.27
0.02 (0.27
M (SD)
5.05 (2.53
4.70 (3.44
1.13 (2.43
0.04 (0.30

)
)
)
)

)
)
)
)

M (SD)
5.12 (2.62)
4.56 (3.47)
1.09 (2.30)
0.02 (0.27)
M (SD)
4.99 (2.56
4.56 (3.42
1.14 (2.45
(

)
)
)
0.03 (0.30)

*Two-tailed p-value p < 0.05;,*** Two-tailed p-value p < 0.001.

A values around 0.010, 0.30, and 0.50, were considered as small,

large, respectively.

z A
2.92**  0.55
3.22¢*  0.65
0.62
0.28
2.16* 0.54
3.85*  0.56
0.17
0.91

medium, and
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Initial model Release Release Assessment

fitting e16-e17 e10-e11

Absolute X2 329.439, 282.753, 259.410, Great
fitting index df =164 df =163 df =162
P =0.000 P=0.000 P =0.000

GFI 0.923 0.933 0.938 Great

RMR 0.065 0.062 0.062 Good

RMSEA 0.050 0.043 0.039 Great

Relative AGFI 0.901 0.914 0.920 Great

fitting index Ny 0.858 0.878 0.888 Good

TLI 0.910 0.934 0.946 Great

CFI 0.922 0.944 0.954 Great
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2

RMSEA

Model

M1: Single factor model
M2: Two-factor model
M83: Three-factor model
M4: Four-factor model

X

1625.020
12356.130
543.978
329.439

df

170
169
167
164

x2/df

8.971
7.308
3.257
2.009

GFI

0.618
0.685
0.866
0.923

AGFI

0.529
0.609
0.831
0.901

NFI

0.342
0.467
0.765
0.858

CFI

0.363
0.499
0.823
0.922

TLI

0.288
0.436
0.798
0.910

IFI

0.369
0.503
0.825
0.923

0.141
0.126
0.075
0.050
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Item Commonality Factor

S1 S2 S3 S4

CCRP-1 0.688 0.819
EPRS-2 0.646 0.793
CCRP-2 0.604 0.771
NDRP 0.566 0.728
EPRS-1 0.474 0.678
1S-1 0.692 0.763
1S-3 0.590 0.739
1S-2 0.570 0.736
CC-1 0.520 0.664
CC-2 0.465 0.619
CC-3 0.460 0.558
SRP-1 0.568 0.744
SRP-2 0.587 0.720
SRP-3 0.469 0.653
TRP 0.418 0.571
UB-1 0.480 0.691
0S-1 0.530 0.683
0S-3 0.464 0.633
0S-2 0.405 0.608
UB-2 0.403 0.596
Factor name Natural environmental Self-psychological Social environmental Social

security security risk perception security
Eigenvalues 4.054 3.268 1.881 1.297
Factor variance contribution% 20.269 16.339 9.404 6.486
Accumulated variance contribution% 20.269 36.607 46.012 52.498

CCRRF, climate change risk perception;, EPRS, environmental pollution risk perception;, NDRP, natural disaster risk perception; IS, interpersonal security; CC, certainty in
control; SRP, social risk perception; TRR, technology risk perception; UB, urban belongingness; OS, occupational security.
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Sex N

Male 389
Female 413
Nature of N

organization

Government 22
Public institution 162
State-owned company 151
Collectively ownership 12
institution

Private company 255
Joint venture company 53
Sino-foreign joint 12
company

Foreign-funded 39
company

Joint-stock company 30
Else 73

Age N
<18 1
18-25 233
26-35 252
36-45 215
46-55 85
>55 16

Diploma level N

Senior high 40

school and
following
Junior college 96
Bachelor’s 561
degree

Master’s degree 85

Ph.D. and above 20

Marital status N
Married 497
Spinsterhood 292
Else 13
Monthly income N
(RMB)
<3000 108
3000-5000 169
5001-8000 225
8001-10000 128
10001-20000 131
20001-50000 38
>50000 3
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Original statements in the interview text Conceptualization Frequency
The environment is not very good, food is not safe, the network is not safe, and it is easy to be scammed by the Social risk perception 25
Internet, all of these make me feel unsafe that living in this city;

In foreign countries, people can carry guns and dare not go out in the middle of the night. | think China has done a very

good job in this regard and | hope to increase the sanctions on robbery and theft;

| am afraid to eat gutter oil, food is not safe, there are many pesticides and fertilizers

| work too long every day and worry about my health; Occupational security 20
My job is very stable, my income is very guaranteed, and these are my sense of security;

Large work pressure, fast life pace, | am busy every day. If | am not at work, | am on the way to work.

| am not an egoist, and | will get happiness by helping others; Interpersonal security 15
There is not much intimacy between people, everyone is very busy, and they don’t want to take care of you;

There are a few friends in my daily life. When | have a job, | can have a dinner party or go out to play with my colleagues

After graduating, | moved around several places and eventually returned to my hometown. To be honest, the economy Urban belongingness 15
here is not particularly developed, and the job opportunities are relatively small, but ultimately it is my hometown;

The pace of life in this city is not fast, prices are not low, and the environment is not good. The reason why | stay here is

that my family is here;

This city is my home. No matter how long | play outside, | still have to come back

The air quality is not good, and the haze will pollute various things and damage the health; Environmental 14
The haze is frequent, and the environment is relatively poor. Now, the city managers are trying to improve the situation, | pollution risk

hope that we can persevere to manage the environment, which is a benefit for the local people and the outsiders; perception

Concerned about air quality, pollution problems in heavy industrial cities are very serious

Surrounding people live according to the established model, without any incitement or turmoil; Certainty in control 13

Being able to have a safe environment to ensure that | can implement my plan and | will not interrupt my plan or fail to
complete it due to some unexpected circumstances;

| am worried that housing prices will become higher, | am anxious about the growth rate of wages, and | am afraid of the
development of IT industry in Xuzhou. | am scared that 1 day | need to leave my hometown for a better life
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Theme

Basic information

The status of
urban residents’
psychological
security

The structure of
urban residents’
psychological
security

Main content

Gender, age, educational background, monthly income level,
work place, nature of organization

a.

What do you think of the city you live in now? How does it
feel to live in this city?

What advantages do you think this city has? What are the
shortcomings?

Do you sometimes feel worried, anxious, panic or afraid in
your daily life in this city? Can you give me an example?

Can you describe the situation and feelings when you feel
safe in your daily life?

Can you describe the situation and feelings when you feel
safe at work?
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Sex
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Male
Cohen's d
Age-groups
21 years old or younger
Between 22 and 31 years old
32 years old or older
Partial eta-squared

M (SD)

15.54 (4.27)

15.44 (4.29)
15.75 (4.19)
0.07

15.85 (3.94)

15.19 (4.35)

16.18 (4.68)
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Morning affect
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13
12
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16
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15

75th
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19
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M (SD)
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15.48 (4.2)
16.68 (3.76)
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16.03 (3.94)
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15.11 (4.29)
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12 15
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M (SD)
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15.92 (3.41)
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0.010
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x2
Confirmatory factor analyses
1 Factor measurement model 5539.60
2 Factor measurement model 410111
3 Factor measurement model 993.69
Between-sex measurement invariance

Female participants 747.03
Male participants 338.45

Between-age-groups measurement invariance
21 years old or younger 383.11
Between 22 and 31 years old 622.02
31 years old o older 191.77

90
89
87

87
87

87
87
87

RMSEA

0.170
0.147
0.071

0.072
0.068

0.070
0.074
0.066

Cl for RMSEA

0.166; 0.174
0.143; 0.151
0.067;0.74

0.067; 0.077
0.061;0.076

0.063; 0.077
0.068; 0.079
0.053; 0.079

CFI

0.553
0.671
0.926

0.927
0.919

0917
0.920
0.946

SRMR

0.134
0.096
0.053

0.054
0.053

0.085
0.058
0.060

o, degrees of freedom; RMSEA, root mean square error of approximation; Cl, confidence interval; CFl, comparative fit index; SRMR, standardized root mean square

residual. All chi-square values were significant at p < 0.001.
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Model 1

Index Perpetration
CFl 0.84
Number of free parameters 60

Root Mean Square Error Approximation (RMSEA)
Estimate 0.030
Standardized Root Mean Square Residual (SRMR)
Value 0.047

Model 2 (Including correlation of error terms)

Index Perpetration
CFl 0.90
Number of free parameters 63

Root Mean Square Error Approximation (RMSEA)

Estimate 0.024
Standardized Root Mean Square Residual (SRMR)
Value 0.043

Victimization

0.88
60

0.027

0.05

Victimization

0.91
62

0.024

0.049
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Squared
multiple Factor

Item correlations loading Estimate/SE
Argumentation

(1) ¢ TU has discutido de forma tranquila? 0.23 0.47 12.93%**

(2) ¢, T4 has buscado informacién para apoyar tu punto 0.42 0.65 16.20%**

de vista?

() ¢, TU has llamado o intentado llamar a otra persona 0.1 0.33 11.23%*

para que te ayude a arreglar las cosas?
Psychological violence

(4) ¢ TU has insultado o maldecido a tu novio? 0.32 0.56 20.07%*
(5) ¢TU te has molestado al hablar de un tema y/o te 0.28 0.53 20.67**
has negado a hacerlo?

(6) ¢, TU te has marchado molesto/a de la habitacién de 0.24 0.48 18.49%+*
la casa o el lugar donde estaban discutiendo?

(7) ¢ TG has llorado como consecuencia de una 0.19 0.44 15.43%+*
discusién?

(8) ¢,TU has dicho o hecho algo para fastidiar o 0.30 0.55 21.66%*

molestar a tu novio?
Mild physical violence

(9) ¢, TU has amenazado con golpear o lanzar algin 0.31 0.55 11.99%**
objeto a tu novio/a?

(10) ¢ TU has intentado sujetar fisicamente a tu novio/a? 0.15 0.38 10.74%+*
(11) ¢ TU has lanzado algun objeto a tu no novio/a? 0.41 0.64 15.82%+*
(12) ¢ Tu has golpeado a tu novio/a? 0.41 0.64 13.25%+*
(13) ¢ T has empujado o agarrado a tu novio/a? 0.52 0.72 20.09%**
(14) ¢ T le has dado una cachetada a tu novio/a? 0.34 0.68 11.08%**
(15) ¢ T4 has pateado o mordido a tu novio/a? 0.31 0.56 14.68%+*
Severe physical violence

(16) ¢ Tu has intentado ahogar a tu novio/a? 0.23 0.48 2.26*
(17) ¢ TU has dado una paliza a tu novio/a? 0.55 0.74 8.52%**
(18) ¢ T has amenazado a tu novio con un cuchillo o 0.67 0.82 5.17%**
algin arma?

Perpetration subscale.
“*Two-tailed p-value < 0.001; *Two-tailed p-value < 0.05.
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Precondition guidelines
PC-1 (1) Obtain the permission from the intellectual holder of the original scale.

PC-2 (2) Evaluate that the amount of overlap in the definition and content of the
construct measured by the test and the item content in the populations of interest
is sufficient for the intended use.

PC-3 (8) Minimize the influence of any irrelevant cultural and linguistic differences
(e.g., religion).
Test development guidelines

TD-1 (4) Ensure that the translation and adaptation process consider linguistic,
psychological, and cultural differences in the intended populations (ask experts on
the subject).

TD-2 (5) Use appropriate translation designs and procedures to maximize the
suitability of the test adaptation. Focus on functional rather than on a literal
equivalence.

TD-3 (6) Provide evidence that the test instructions and item content have similar
meaning for the intended populations.

TD-4 (7) Provide evidence that the item formats, rating scales, scoring categories,
test conventions, modes of administration, and other procedures are suitable for
the intended populations.

TD-5 (8) Collect pilot data on the adapted test to enable item analysis, reliability
assessment, and small-scale validity studies. Make any necessary changes.

Confirmation guidelines

C-1 (9) Select sample with characteristics and sufficient size for the intended use
and relevance for the empirical analyses.

C-2 (10) Provide relevant statistical evidence about the construct equivalence,
method equivalence, and item equivalence.

C-3 (11) Provide evidence supporting the norms, reliability, and validity of the
adapted version.

C-4 (12) Use an appropriate equating design and data analysis procedures when
linking score scales from different language versions.

Administration guidelines

A-1 (18) Minimize any culture- and language-related problems that are caused by
administration procedures and response modes.

A-2 (14) Specify testing conditions that should be followed closely in all interest
populations.

Score scales and interpretation guidelines

SSI-1 (15) Interpret any group score differences with reference to all relevant
available information.

SSI-2 (16) Only compare scores across populations when the level of invariance
has been established on the scale on which scores are reported.

Documentation guidelines
Doc-1 (17) Provide technical documentation of any changes.

Doc-2 (18) Provide documentation for test users that will support good practice in
the use of the adapted test in the context of the new population.
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Perpetration

Victimization

o

Argumentation 0.45
Psychological violence 0.65
Mild physical violence 0.77
Severe physical violence  0.71

a, Cronbach’s Alpha coefficient; o, omega coefficient.

Cl 95%

0.4-0.49
0.62-0.67
0.756-0.78
0.69-0.73

®

0.48
0.64
0.80
0.73

o

0.43
0.66
0.78
0.43

Cl 95%

0.38-0.47
0.64-0.69
0.77-0.80
0.39-0.47

®

0.43
0.67
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Model x2 df p-value RMSEA CFI TLI SRMR

One-factor model  4,516.42 740 <0.01 010 064 062 0.10
Four-factor model 2,648.67 734  <0.01 007 082 081 007
Five-factor model  1,731.561 719  <0.01 0.05 090 0.90 0.06

df, degree of freedom; AMSEA, root mean square error of approximation; CFl,
comparative fit index; TLI, Tucker-Lewis index; SRMR, standardized root mean
square residual. The following residual correlations were added to the five-factor
ELS model: GR 2 and 3; GR 3 and 10; SP 16 and 17; SP 19 and 20; SP 12 and
13; SP 18 and 20; SP 14 and 15; EC 28 and 29; EC 26 and 27; EC 25 and 28;
MH 31 and 32. The five-factor model without residual correlations exhibited the
following fit statistics: xZ (730) = 2,317.55, p < 0.01, RMSEA = 0.06, CFl = 0.85,
TLI = 0.84, SRMR 07, AIC = 183,176.83, B 183,561.22.
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Scale scores
Scale scores®

*Reverse-scored item. 2Scale scores without item 7.

m

521
343
5.95
5.88
555
478
385
505
3.00
474
485

SD

1.81
1.93
1.31
1.26
1.34
1.53
1.87
1.7
1.81
0.87
0.91

Skew

-0.90

0.26
-1.20
-1.23
—1.04
-0.24

0.07
-0.82

0.61
-0.23
-0.31

Kurt

-0.22
-1.09

0.71

1.31

11
-0.84
-1.07
-0.21
-0.81
-1.18
-0.07
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1
1.EQ =
2. RWA —0.38*
3.NFCS —0.14*
4. MHC —-0.06
5. EWB —0.04
6. SWB —0.01
7.PWB —0.09
8. Religiousness —0.08
9. Gender (0 = M) 0.07
10. Age —0.21*

2 3
0.39** =
0.07 —0.15*

—0.01 —0.17**
0.05 —0.16**
0.10 —0.09
0.36"* —0.02

—0.04 0.01
0.24* 0.24*

0.79**
0.86"*
0.91**
0.27**
—0.01
—0.01

0.53**
0.65**
0.15**
0.03
0.05

0.63**

0.32%*
—0.03
—0.11

0.21%*
0.02
0.09

0.02
0.01

—0.07

10

EQ, Existential Quest Scale without item 7; RWA, Right-wing Authoritarianism; NFCS, Need for Cognitive Closure Scale-Brief form; MHC, Mental Health Continuum-Short
form (total score); PWB, Psychological well-being; SWB, social well-being; EWB, emotional well-being. *p < 0.05; **p < 0.01.
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Models across gender

Males

Females

1. Configural

2. Metricy

3. Scalara

4. Uniguenessesa
Models across age
Adults (aged > 31 years)
Young adults (aged < 31 years)
1. Configural

2. Metrica

3. Scalara

3a. Scalary p

4. Uniguenessesa

4a. Uniguenesses, ¢

XZ

25.3
20.3
45.6
53.9
60.0
68.8

20.4
28.8
48.5
59.5
75.4
65.3
79:8
70.5

df

18
18
36
45
52
60

18
18
36
45
52
50
58
56

RMSEA

0.062
0.026
0.043
0.037
0.032
0.032

0.030
0.065
0.049
0.047
0.056
0.046
0.051
0.042

CFI

0.928
0.988
0.967
0.969
0.972
0.970

0.984
0.923
0.957
0.951
0.920
0.948
0.926
0.951

SRMR

0.060
0.036
0.046
0.051
0.055
0.059

0.043
0.049
0.046
0.058
0.070
0.062
0.077
0.066

Ay2

8.73
5.76
9.50

11.74
18.11*
5.92
156.64*
6.11

Adf

© ~N ©

o 0 O N ©

ARMSEA

—0.006
—0.005
0.000

—0.002
0.009
—0.001
0.005
—0.004

ACFI

0.002
0.003
—0.002

—0.006
—0.031
—0.003
—0.022

0.003

ASRMR

0.005
0.004
0.004

0.012
0.012
0.004
0.015
0.004

RMSEA, root mean square error of approximation; CFl, comparative fit index; SRMR, standardized root mean square residual. @ The error covariance between items 2
and 9 and between items 3 and 4 was constrained to be equal across groups; °Free intercept on items 8 and 1; °Free uniqueness on items 8 and 1. *p < 0.05.
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Item Loading

1. Today, | still wonder about the meaning and goal of my life 0.43
2. My attitude toward religion/spirituality is likely to change accordingto ~ 0.39
my life experiences

3. Being able to doubt about one’s convictions and to reappraise them 0.45
is a good quality

4. In my opinion, doubt is important in existential questions 0.50
5. My way of seeing the world is certainly going to change again 0.71
6. My opinion varies on a lot of subjects 0.52
7. 1 know perfectly well what the goal of my life is* 0.16
8. Years go by, but my way of seeing the world doesn’t change™ 0.41
9. | often reappraise my opinion on religious/spiritual beliefs 0.24

*Item reverse-coded. Model estimates include three correlations between residu-
als: 0.48 (items 2 and 9); 0.38 (items 3 and 4); and 0.30 (items 1 and 7). All
estimates are statistically significant at p < 0.05.
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Model No. of factors

BSCS (13 items)
1 1

2 2
BSCS (10 items)
3 2
BSCS (8 items)

4 2
BSCS (11 items)
5 4
62 4

X

1362.277***
1356.189***

638.066***

346.287***

125.391%**
106.626***

df

65
64

34

19

38
37

RMSEA CFI TLI SRMR

0.149
0.150

0.140

0.138

0.050
0.046

0.873 0.847 0.106
0.873 0.845 0.106

0.904 0.873 0.093

0.886 0.831 0.092

0.991 0.986 0.039
0.992 0.989 0.036

@ncludes the covariance between the error terms for items BSCS4 and BSCS31.

w#p < 0,001,
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13-item BSCS with 5-factor structure

11-item BSCS with 4-factor structure

Item F1 F2 F3 F4 F5 F1 F2 F3 F4

BSCS1 0.261 0.754 —0.050 0.091 0.117 0.278 0.752 —0.062 0.104
BSCS2 0.242 0.169 0.733 0.196 0.008 0.197 0.175 0.757 0.199
BSCS3 0.222 0.262 0.726 0.156 0.137 0.176 0.271 0.731 0.200
BSCS4 0.644 —0.023 0.399 0.039 0.080 0.594 —0.044 0.466 0.052
BSCS6 0.724 0.055 0.248 0.004 —0.166 0.716 0.046 0.300 —0.070
BSCS13 0.470 0.380 —0.259 —0.108 —0.422 = - = -

BSCS17 —0.012 0.052 0.063 0.101 0.909 = = = e

BSCS22 0.018 0.784 0.307 0.014 0.044 0.013 0.788 0.293 0.008
BSCS28 0.114 0.045 0.101 0.813 0.186 0.069 0.017 0177 0.874
BSCS29 0.253 0.203 0.235 0.724 —0.049 0.312 0.246 0.200 0.655
BSCS30 —0.083 0.726 0.262 0.220 —0.163 —0.026 0.768 0.201 0.129
BSCS31 0.671 0.128 0.027 0.322 0.198 0.693 0.137 0.026 0.342
BSCS32 0.675 0.070 0.117 0.300 —0.086 0.762 0.122 0.060 0.199
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Item

BSCS1
BSCS2
BSCS3
BSCS4
BSCS6
BSCS13
BSCS17
BSCS22
BSCS28
BSCS29
BSCS30
BSCS31
BSCS32

BSCS

0.543**
0.629***
0.649%
0.682%*
0.579%
0.332%**
0.195%**
0.546%
0.506"**
0.646™**
0.508***
0.622%**
0.610%*

RSES

0.285%**
0.258**
0.284**

0.328***
0.260***
0.192%*

—0.085*

0.230%*
0176
0.347***
0.310*
0.264**
0.318***

SWLS

0.301**
0.129"*
0.216™*
0.11 4%
0.028
0.113***
—0.009
0.274%*
0.100**
0.243**
0.332"**
0.172%*
0.171 1%

*p < 0.05, **p < 0.01, ***p < 0.001.

SHS

0.247**
0.145%*
0.1927%**
0.231 %
0.145%*
0.162***
—0.075*
0.1ig2m
0.125***
0.247**
0.230***
0.197**
0.25627%*

WHO-5

0.274**
0.124%*
0.154%*
0.060
0.033
0.065*
0.021
0219
0.106™*
0.185%**
0.244%*
0.141%*
0.091**

GHQ-12

—0.302%**
—0.210"*
—0.232%*
—0.279***
—0.267**
—0.200***
0.086**
—0.210***
—0.179***
—0.342%**
—0.273***
—0.217%
—0.282%**
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Other construct-related scales BSCS

Rosenberg Self-esteem Scale (RSES) 0.459%*
Satisfaction with Life Scale (SWLS) 0.3027*
Subjective Happiness Scale (SHS) 0.332%*
WHO (Five) Well-Being Index (WHO-5) 0.243***
12-item General Health Questionnaire (GHQ-12) —0.422%**

**p < 0,001,
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Item Mean SD Skewness Kurtosis Corrected item-total correlation Cronbach’s alpha if items were deleted

BSCS1 3.38 0.970 —0.271 —0.077 0.440 0.782
BSCS2 279 1.018 0.044 —0.408 0.534 0.773
BSCS3 2.58 1.089 0.250 —0.454 0.550 0.771
BSCS4 3.20 1.063 —0.161 —0.488 0.473 0.779
BSCS6 3.67 1.150 —0.501 —0.614 0.459 0.780
BSCS13 3.78 1.062 —0.601 —0.260 0.196 0.803
BSCS17 1.82 0.873 0.830 0.176 0.077 0.808
BSCS22 3.04 1.058 —0.076 —0.425 0.432 0.782
BSCS28 2.44 1.060 0.402 —0.379 0.386 0.786
BSCS29 2.87 1.038 0.018 —0.375 0.552 0.772
BSCS30 3.20 0.982 —0.091 —0.205 0.398 0.785
BSCS31 2.82 1.101 0.169 —0.590 0.515 0.774

BSCS32 3.19 1.113 —0.059 —0.648 0.500 0.776
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13-item BSCS* 13-item BSCS 8-item BSCS 10-item BSCS 11-item BSCS*

T T2 T3 T4 T5 General Impulse  Impulsi Restrain Inhibition Initiation F1 F2 F3 F4
self-discipline control
BSCS1  lam good at % * . - .
resisting temptation
BSCS2 | have a hard time * . . . B

breaking bad habits
(reverse scored)
BSCS3  |amlazy (reverse = -
scored)
BSCS4 Isayinappropriate  * . = = - N .
things (reverse
scored)
BSCS6 Idocertainthings  * . - - .
that are bad for me,
if they are fun
(reverse scored)
BSCS13 Irefuse things that ~ * « . - - - -
are bad for me
BSCS17 I wish | had more * * . * s oo
sel-discipline
(reverse scored)
BSCS22  people would say . . = » . .
that | have iron
self-discipline
BSCS28 pleasure and fun . . = = B .
sometimes keep
me from getting
work done (reverse
scored)
BSCS29 | have trouble . * - . .
concentrating
BSCS30 | am able to work . . . B .
effectively toward
long-term goals
BSCS31 sometimeslcant — * . - - . «
stop myself from
doing something,
even if | know itis
wrong (reverse
scored)
BSCS32 loftenactwithout ~ * . . - . “
thinking through al
the alternatives
(reverse scored)

Source: Ferrari et al. (2009), de Ridder et al. (2011), Maloney et al. (2012), Tangney et al. (2004). *T1, general capacity for self-discipline; T2, inclination toward
deliberate/non-impulsive action; T3, healthy habits; T4, self-regulation in service for a work ethic; T5, reliabilty. “F1, self-discipline; F2, impulsivity; F3, healthy habits;
F4, self-requiation.
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Fit statistic One-factor Two-factor Three-factor

model model model
Chi2 (df) 633.90 (27) 354.49 (26) 247.76 (24)
RMSEA 0.181 0.192 0.167
(90% Cl) (0.169; 0.194) (0.175; 0.192) (0.154; 0.180)
AIC 16221.47 8246.29 8143.56
BIC 16343.70 8353.66 8258.60
CFI 0.895 0.882 0.920
Tu 0.860 0.837 0.880
SRMR 0.046 0.049 0.065

Df, degrees of freedom; RMSEA, root mean squared error of approximation; Cl,
confidence interval; AIC, Akaike’s information criterion; BIC, Bayesian information
criterion; CFI, comparative fit index; TLI, Tucker-Lewis index; SRMR, standardized
root mean squared residual.
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DSM-5

~N =

GED

©)

Depressed mood

Markedly diminished interest or
pleasure

Significant weight loss

Insomnia or hypersomnia
Psychomotor agitation or
retardation

Fatigue or loss of energy
Feelings of worthlessness or
excessive or inappropriate guilt
Diminished ability to think or
concentrate, or indecisiveness
Recurrent thoughts of death (not
just fear of dying), recurrent
suicidal ideation without a
specific plan or a suicide attempt
or a specific plan for committing
suicide.

ICD-10

Typical symptom criteria

Depressed mood

Loss of interest and enjoyment
Increased fatigability
Common symptom criteria
Reduced concentration and
attention

Reduced self-esteem and
self-confidence

Ideas of guilt and unworthiness
(even in a mild type of episode)
Bleak and pessimistic views of
the future

Ideas or acts of self-harm or
suicide

Disturbed sleep

Diminished appetite
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New Leadership Scale

(average of six relevant items)
+ (estimated effectof) (a newly added cause)
New Leadership Scale = (Original Leadership Scale)
4 (estimated effect of) (a newly added cause).
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Leadership Scale = (0.167) Feedback + (0.167) Success + (0.167) Calmly
4 (0.167) Listens + (0.167) Mentors + (0.167) Resolves.
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Variable Factor 1

UWES1 0.78
UWES2 0.81
UWES3 0.93
UWES4 0.90
UWES5 0.81
UWES6E 0.86
UWES7 0.78
UWES8 0.79
UWES9 0.65
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Item (subscale)

1. Atmy work, 1 feel bursting with energy (V)
2. Atmy job, 1 feel strong and vigorous (V)

3.1am enthusiastc about my job (0)

4. My job inspires me (0)

5. When | et up in the morning, | feel ke going to work (V)
6. fea! happy when | am working intensely (A)

7.1am prowd of the work that 1 4o (D)

8.1 get carried away when | am working (A)

9. 1am immersed in my work ()

\, vigor; D, dedication; A, absorption.

393
408
410
401
389
389
462
443
364

‘Standard deviation

1.30
122
132
1.44
1.49
1.49
132
131
164

Skewness.

~0798
~0921
-0.900
-0.808
-0805
—o711
~1.262
~1.159
~0.560

Kurtosis

0294
0678
0568
0266
0113

~0046
1645
1.474

—0497
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Variable (n = 702)

Age
Marital status

Single
Married/cohabiting
Divorced

Education

Compulsory (9 years)
<3 years upper secondary
23 years upper secondary
<2 years university
2 years university

UWES scores

Total UWES score
vigor

Dedication
Absorption

Mean Standard deviation
31.8(29)
Frequency Percentage
159 2
530 76
9 1
Frequency Percentage
9 1
21 3
152 22
75 "
425 61
Mean Standard deviation
406 118
396 1.19
424 125
398 132
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Variable Natural environmental Self-psychological Social environmental Social Mean of

security security risk perception security URPS
Psychological security 0.363*** 0.213** 0.261*** 0.363*** 0.427***

Psychological security
Model 1 Model 2 Model 3

Constant 3.382%* 1.490%*+* 1.699*+
Gender —0.108* —0.117** —-0.112*
Age —0.011 —0.016 —0.014
Education 0.085* 0.08* 0.080*
Income 0.045* —0.016 0.001
Natural environmental security 0.174%**
Self-psychological security 0.117%**
Social environmental risk perception 0.311%**
Social security 0.051*
Mean of URPS 0.594**
F 5.801*** 29.042*** 38.859**
R® 0.028 0.227 0.196
AR? 0.023 0.219 0.191

“0<0.05: **p<0.01: ***p<0.001.
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Natural environmental

Self-psychological

Social environmental

Social

security security risk perception security
Natural environmental security 0.796*
Self-psychological security 0.391 0.740*
Social environmental risk perception —0.066 0.330 0.679*
Social security 0.371 —0.458 —0.052 0.711*
Cronbach’s o 0.828 0.806 0.686 0.670
CR 0.8733 0.8493 0.7914 0.7762
AVE 0.6343 0.56472 0.4606 0.5060

*indicates the square root of AVE value.
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Mean  SD 1 2 3 4 5 6 7 8 9 10 11 12

1.STEU-B 063 019 072
2.STEM-B 060 021 032 075

3.Psychological strain 257 086 -019™* 022" 087

4. HAPA 447 102 006 025" 046" 087

5.LAPA 417 104 042" 028" -046™ 060" 085

6. HAUA 290 081 -006 050" 030" 036" o082

7.LAUA 234 073 -019™ 059"t 032"t 020"t 061"

8. Positive affect 417 092 010" —051"* 089" 089" 037" 090

9. Negative affect 262 069 044" 060" 035" 036 091" —040"* 088

10.AC 413 076 041 —057" 057 087 077" 081 073 084

11.0E 441 072 0f4m -062"* 088" 058"  -053" 081 070" 067" 084

12. Job satisfaction 362 063 022 -037"* 038" 026" 022" -031 029" 044" 031" 081
13.Jobperformance 305 067 011 021 031 020" 024 022 -024™ 028" 026" 024" 047"

STEU-B, brief version of Situational Test of Emotional Understanding; STEM-B, brief version of Situational Test of Emotional Management; HAPA, high-activation pleasant affect; LAPA, low-activation pleasant affect;
HAUA, high-activation unpleasant affect; LAUA, low-activation unpleasant affect; AC, anxiety-comfort; DE, depression-enthusiasm. Diagonal itaic numbers represent the interal consistency coeffcient of the scale.
n = 632 for comelations with job performance, n = 904 for other correlations. **p < 0.01, ***p < 0.001.
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A

vignette12_fear
vignette11_fear
vignette13_fear
vignette14_fear
vignette15_fear
vignette27_gratitude
vignette26_gratitude
vignette29_gratitude
vignette28_gratitude
vignette30_gratitude
vignette21_happiness
vignette23_happiness
vignette22_happiness
vignette25_happiness
vignette24_happiness
vignette38_neutral
vignetted0_neutral
vignette36_neutral
vignette39_neutral
vignette37_neutral

>
vignette9_disgust
vignette8_disgust
vignette7 _disgust
vignette6_disgust
vignette10_disgust
vignette1_anger
vignette2_anger
vignette3_anger
vignetteS_anger
vignetted_anger
vignette17_sadness
vignette16_sadness
vignette19_sadness
vignette18_sadness
vignette20_sadness
vignette32_guitt
vignette33_guit
vignette31_guitt
vignette34_guitt
vignette35_guitt

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

5 10 15 20 25
1 1 1 1 1

fear

gratitude

_I neutral

disgust

anger

guilt

B

vignette12_fear
vignette11_fear
vignette13_fear
vignette14_fear
vignette27_gratitude
vignette26_gratitude
vignette29_gratitude
vignette28_gratitude
vignette21_happiness
vignette23_happiness
vignette22_happiness
vignette25_happiness
vignette38_neutral
vignette40_neutral
vignette36_neutral
vignette37_neutral

>
vignette9_disgust
vignette8_disgust
vignette7_disgust
vignette6_disgust
vignette1_anger
vignette2_anger
vignette3_anger
vignetteS_anger
vignette17_sadness
vignette16_sadness
vignette19_sadness
vignette18_sadness
vignette31_guitt
vignette34_guit
vignette32_guit
vignette33_guit

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

5 10 15 20 25
1 1 1 1 1

gratitude

happiness

neutral

disgust

anger

sadness

quilt






OPS/images/fpsyg-10-01306/fpsyg-10-01306-t005.jpg
CDMs-D Classificati i Classification accuracy ~ Test score of CDMs-D sps Self-reported depression

Test score of CDMs-D Lo . 1 0.810%** 07074
Screening assessments - - 0.902*++ 0.791%+ 0.651*
(&3] 0.983 0973 0.827*** 0.689** 0.621***
c2 0.961 0.978 0.669*** 0.692%** 0.516%**
3 0.973 0.960 0.805** 0.699** 0.590%+*
ca4 0.958 0.938 0.705*** 0.722%+* 0.470***
[ 0.962 0.958 0.763*** 0.603*** 0.486***
C6 0.970 0.955 0.776%* 0.647%* 0.503***
c7 0.962 0.959 0.765*** 0.742%+* 0.652***
c8 0.987 0.973 0.705*** 0.621%** 0.639***
Cc9 0.965 0.945 0.624+* 0.563*+ 0.464°+
c10 0.977 0.952 0.683*** 0.608*** 0.445***

SDS, Zung's Self-Rating Depression Scale (1965); CDS, Carroll's Depression Scale (Carroll et al., 1981); CES-D, Center for Epidemiologic Studies Depression Scale
(Radlloff, 1977); C1-C10 represent 10 symptom criteria for depression defined in ICD-10 shown in Table 1; ***represents p < 0.001. screening assessments were the
probabilty of depressive disorder based on COMs-D via COM.
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Item Descriptive statistics Item parameters estimates Information Total Test = 14.91

Mean sp it a b; G Information Informationmax
1 054 0.50 0.42"* 0.83 -0.18 0.01 078 0.19
2 030 0.46 0.40** 091 097 0.05 0.68 0.15
3 047 0.50 042+ 091 028 0.03 078 0.18
4 0.66 0.47 054" 1.81 -038 0.12 1.44 053
5 047 050 039 072 0.24 0.01 0.65 0.14
6 073 0.4 042+ 0.93 —1.22 0.01 0.87 0.22
7 075 0.4 0.46"* 1.32 —087 0.13 1.13 0.34
8 0.84 0.37 0.43** 123 —1.67 0.01 1.20 0.39
9 073 0.44 043 0.98 -1.18 0.01 0.92 0.24
10 047 0.50 037" 0.64 025 0.01 052 0.10
11 073 0.4 040" 084 —1.38 001 078 0.19
12 047 050 037" 083 063 0.13 053 011
13 073 0.47 0.40"* 0.82 -1.30 0.01 078 0.18
14 069 0.46 033 057 —1.48 0.01 0.43 0.09
15 066 0.47 042+ 083 -0.87 001 0.77 0.18
16 074 0.4 036" 0.68 —1.64 0.01 0.60 0.13
17 077 0.42 039" 0.80 —1.61 0.01 0.76 0.18
18 060 059 043 082 -0.54 0.01 0.75 0.17
19 057 0.49 037" 0.67 -0.39 0.03 054 0.12

STEU-B, brief version of Situational Test of Emotional Understanding; SD, standard deviation; ry, item-total correlation; a;, discrimination parameter; by, difficulty parameter;
G, quessing parameter; Informationmax, maximum amount of item information. ***p < 0.001.
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Item Descriptive statistics Item parameters estimates Information Total Test = 16.27

Mean sp it a b; G Information Informationmax
1 047 050 043" 0.89 0.22 0.01 0.79 0.19
2 054 050 043 083 —0.14 001 075 017
3 045 050 047" 153 054 0.13 0.94 0.25
4 059 0.49 047" 101 -0.39 0.01 0.97 0.26
5 067 0.47 0.43** 0.87 -0.90 0.01 0.86 021
6 071 045 0.41% 0.84 ~1.16 0.01 0.82 020
7 062 0.49 0.42" 0.82 —062 0.01 0.76 0.17
8 0.69 0.46 0.44% 0.94 -091 0.01 0.94 0.24
9 073 0.44 046" 1.09 -1.08 001 114 035
10 055 0.50 047+ 1.03 -047 0.01 0.96 0.26
1 064 0.48 0.49"* 116 -055 0.01 112 0.34
12 058 0.49 0.42* 095 -0.07 0.12 077 0.18
13 0.48 050 049" 1.62 0.39 0.12 1.01 0.28
14 063 0.48 046" 0.96 —057 0.01 0.94 0.24
15 078 0.42 034+ 068 -2.00 001 061 0.13
16 036 0.48 0417 131 1.00 0.12 071 0.16
17 0.50 050 040" 0.79 0.08 0.01 0.69 0.15
18 0.83 0.38 0.46"* 123 -1.57 0.01 1.27 0.45

STEM-B, brief version of Situational Test of Emotional Management; SD, standard deviation; ry, item-total correlation; a;, discrimination parameter; b;, difficulty parameter;
i, guessing parameter; Informationmax, maximum amount of item information. ***p < 0.001.
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Items Domain Q-matrix
(abbreviated content)
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Worthlessness and Cogniton 0 0 O O 1 1 0 O O O
shame

Feeling unhappy Mood 1 0O 0 0O O 0O OO0 0 O
Everything is laborious  Behavior O 0 1 O O O O O O O
Wish to be dead Suicidality 0 0 O O O O O 1 O O

Criteria C1, C2, and C8 represent three typical symptoms; criteria C4-C10
represent seven common criteria in ICD-10.
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Characteristic

Gender

Male

Female

Age, years old
18-29

30-39

40-49

50-59

>60

Education

Some high school or < 9th

grade

High School diploma or GED

College graduate

Graduate or professional

degree
Area

Rural
Urban
other
Group
Healthy
Depression

Calibration Sample, %

(N1 = 591)

Total (Male/Female)

46.4
53.6

62.1 (46.3/53.7)
13.5 (55/45)
12.5 (46.6/53.4)
8.8 (42.3/57.7)
3.0 (27.8/72.2)

20.6 (43/57)

17.3 (38.9/61.1)
52.5 (50.6/49.4)
9.6 (42.1/57.9)

48.4 (52.3/47.7)
51.4 (46.2/53.8)
0.2 (0M)

58.2 (47.4/52.6)
41.8 (45.5/54.5)

Validation Sample, %
(N2 = 590)
Total (Male/Female)

47.8
52.2

58.5 (49.9/50.1
12.2 (38.9/61.1
12.7 (50.7/49.3
12.0 (45.1/54.9
4.6 (34.6/65.4)

20.5 (38.3/61.7,

19.5 (47/53)
51.2 (50.2/49.8
7.1(52.4/47.6)

48.1 (53.9/46.1)
50.2 (41.4/58.6)
1.7 (45.4/54.6)

59.2 (50.9/49.4)
40.8 (42.7/57.3)
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Item No.

Item 1

Item 2

ltem 7

Item 8

Item 9

Item 10
Item 11
Item 12
Item 13
Item 14
Item 15
ltem 16
Item 17
Item 18
Item 19
Item 20
Item 21
Item 22
Item 23
Item 24
Item 25
Item 26
Item 27
Item 28
Item 29
Item 30
Item 31
Item 32
Item 33
Item 34
Item 35
Item 36
Item 37
Item 38
Item 39
Item 40
Item 41
Item 42
Item 43
Item 44
Item 45
Item 46
Item 47
Item 48
Item 49
Item 50
Item 51
Item 52
Item 53
Item 54
Item 55
Item 56

Item abbreviation

Lose day lfe abilty
Talking siow and dully

Unable to do things

Broken down

Full of energy

Tak less

Confidence of doing everything
Loneliness feelings

Clear mind

Unchanged working/studying ability

Deal with daily life easily
Future hopeless feelings
Unpopularity feelings
Future hopeful feelings
Loser feelings

Failure in life

Worthiness
Worthlessness and shame
Guilty feelings

Reading disorder

Feelings of being talking about
Concentration difficulty
Pessimism about future
Clear and quick thinking
Judicious

Desperation

Disappointing

Efforts are useless

Past sorrow

Sex with joy
Abandonment

Still depressed with others' help
Inner mental collapsion
Satisfaction feelings

Fond of communication
Loss of interest

Early awakening

Loss of appetite
Awakening at nights

Poor quality of sleep

Poor sleep o somnolence
Dizziness

Good appetite
Unchanged appetite
Insomnia-early

Suicidal thoughts

Inability to continue
Hardship feelings

Planning suicide

Wish was dead

Life is meaningful

Others' life will be better without me

Selected

‘model

RRUM
DINA
DINA

ACDM

ACDM

ACDM

ACDM

GDINA

GDINA

ACDM

RRUM

ACDM

GDINA

RRUM

ACDM

ACDM

ACDM

ACDM

GDINA

ACDM
DINO

ACDM

ACDM

GDINA

GDINA

ACDM

ACDM

RRUM

ACDM

ACDM

ACDM

ACDM

GDINA

ACDM

RRUM

ACDM

GDINA

GDINA

GDINA

GDINA

GDINA

GDINA

GDINA

RRUM

GDINA

ACDM

ACDM

ACDM

GDINA

GDINA

ACDM

ACDM

Discr.

0.57
0.54
0.58
0.94
0.60
0.58
0.51
0.44
0.62
0.60
0.54
0.82
0.56
0.76
0.87
0.84
0.63
0.89
0.57
0.58
0.40
0.52
0.91
0.73
0.46
0.88
0.76
0.75
0.55
0.44
0.74
0.75
0.81
0.74
0.59
0.72
0.52
0.48
0.51
0.66
0.59
0.62
0.93
0.82
0.54
0.83
0.86
0.77
0.64
0.81
0.88
0.69

Item-fit
S-x? P
55.89 0.232
62.32 0.096
56.06 0.227
40.41 0.774
42.02 0.750
38.38 0.863
50.73 0.366
57.62 0214
37.42 0.906
51.05 0.393
65.04 0.062
46.62 0.530
40.00 0.843
51.26 0.386
42.40 0.736
39.60 0.829
48.95 0.475
40.20 0.810
62.77 0.106
57.90 0.180
59.59 0.143
37.11 0.894
41.29 0.743
46.00 0.635
46.25 0.625
32.76 0.964
66.10 0.052
56.75 0.236
45.13 0.631
72.58 0.016
48.52 0.452
54.02 0.288
43.58 0.654
49.40 0.457
52.29 0.348
69.46 0.029
43.90 0.715
62.27 0.114
57.70 0212
54.13 0.320
49.58 0.490
58.33 0.196
74.64 0.014
71.69 0.019
67.35 0.221
41.80 0.765
50.01 0.433
42.26 0.741
37.90 0.895
36.23 0.928
60.72 0.086
39.02 0.845

DIF1

0.947
0.805
0.780

Wald

1.24
0.39
0.48
278
4.32
1.13
1.67
4.25
4.04
2.54
511
0.56
0.43
3.27
5.40
153
1.60
0.01
0.94
3.61
215
2.43
133
0.30
2.00
1.55
3.10
7.01
4.93
0.51
0.36
1.69
297
0.37
1.53
2.56
4.14
0.58
1.40
77
207
0.21
0.92
0.72
0.22
0.90
1.02
2.46
1.50
0.94
5.38
242

DIF2

P

0.743
0.822
0.788
0.596
0.229
0.770
0.796
0.120
0.133
0.468
0.164
0.967
0.806
0.351
0.145
0.676
0.660
1.000
0.626
0.307
0.342
0.488
0.856
0.860
0.367
0.671
0.376
0.072
0177
0917
0.986
0.640
0.936
0.946
0.675
0.464
0.126
0.748
0.496
0.412
0.356
0.900
0.632
0.869
0.897
0.827
0.796
0.483
0.473
0.626
0.371
0.490

Domain of
depression

Behavior
Behavior
Behavior
Behavior
Behavior
Behavior
Cogrition
Cognition
Cognition
Cognition
Cognition
Cognition
Cognition
Cognition
Cogition
Gognition
Cogrition
Cognition
Cognition
Cognition
Cognition
Cogpnition
Cogpition
Cognition
Cogrition
Cognition
Cognition
Cognition
Cognition
Mood
Mood
Mood
Mood
Mood
Mood
Mood
Somatic
Somatic
Somatic
Somatic
Somatic
Somatic
Somatic
Somatic
Somatic
Suicidality
Suicidality
Suicidality
Suicidality
Suicidality
Suicidality
Suicidality

Disc., discrimination; DIF1, DIF (Male vs. Female); DIF2, DIF{Rural vs. Urban); RRUM, the Reduced Reparameterized Unified Model; G-DINA, the general DINA model;
A-CDM, the additive CDM.
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Model  S-By*

261.409
276.489
295.703
286.384
289818
294.466

B it

df

70
79
88
9%
9

100

T

0.951
0.955
0.958
0.965
0.965
0.965

RMSEA (90%Cl)

0.066 (0.058-0.075)
0.064 (0.055-0.072)
0,062 (0.054-0.070)
0,056 (0.048-0.063)
0.056 (0.048-0.063)
0.056 (0.049-0.064)

SRMR

0,083
0.036
0.036
0.037

Comparison

2vs.1
3vs.2
4vs.3
5vs.4
6vs.5

ACFI

-0.001
-0.002
0.003
0.000
-0.001

BIC

26484.037
26426.146
26372.585
26311.746
26309.930
26308.937

Note: Model 1, Configural invariance; Model 2, Metric invariance; Model 3, Scalar invariance; Model 4, Strict invariance; Model 5, Factor variance/covariances invariance; Model 6,
Factor latent mean invariance; S-B7, Satorra-Bentler scaled ; of, Degrees of freedom; TLI, Tucker-Lewis Index; CFl, Comparative fitindex; RMSEA, Root mean square error of
approximation; Cl, Confidence interval; SRMR, Standardized root mean squared residual; BIC, Bayesian information criterion.
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item Mean rank z p
Male Female
1 601.39 63284 -1.164 0107
2 602.40 63209 -1530 0126
3 601.00 63312 -1630 0103
4 584.97 644.92 -3.101 0.002
5 609.71 626.71 -0884 0377
6 507.36 635.81 -1.998 0046
7 605.50 62974 -1251 0211
8 595.72 63701 -2.128 0033
9 585.12 644.81 3089 0002
10 600.37 62696 -0910 0363
Total score 591.44 64016 -2.373 0018
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STEP 1
Gender (0 = Female; 1= Male)

Age

Work experience (0 = No experience; 1= Experience)
STEP 2

Gender (0 = Female; 1= Male)

Age

Work experience (0 = No experience; 1= Experience)
Innovativeness

Risk-taking

Proactiveness

Competitiveness

Achievement orientation

Learning orientation

Rag? = 0.015 for Step 1 (p = 0.027), Rag? = 0.280 for Step 2 (p < 0.001), AR? = 0.265. PRyq? = 0.077 for Step 1 (p < 0.001), Rag?
.257. ®Ryq? = 0.013 for Step 1 (o = 0.040), Raq? = 0.150 for Step 2 (p < 0.001), AR? =

ARE =
(b <0.007), AR? = 0.382. *p < 0.05; **p < 0.01.

Self-efficacy®
B 4
0.02 0.44
—0.01 -0.23
0.15 2.83+
0.03 0.68
-0.03 -0.63
0.04 0.79
0.08 1.59
-0.02 -0.36
0.27 5.18
o011 230"
0.10 1.89
021 373"

Proactive and

prosocial behavior®

B

-0.21
0.09
0.14

-0.18
0.04
0.05
0.16

-0.13
0.16
0.02
0.24
0.21

t

—4.36*
1.68
a7z

—4.25%
0.86
1.12
3.42*

—2.76%
-5
0.49
4.50*
3.93*

.137. IRyqf? = 0.023 for Step 1 (p =

Persistence®
B t
-0.03 -0.63
0.13 2.40°
002 033
-001 -0.30
0.10 1.99*
-0.05 -091
0.12 231+
-0.17 —311%
0.12 212
008 1.62
008 1.36
023 3.89"

Self-starting®

-0.02
0.08
0.12

-0.02
0.06
-0.01
0.06
-0.11
0.32
0.16
0.22
0.21

—0.42
1.49
2.20%

-0.61
1.34

-0.25
125

—2.54*
6.77*
3.64*
4.43*
4.07*

.334 for Step 2 (p < 0.001),
.008), Rag? = 0.405 for Step 2
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item Mean sp Item factor Skewness Kurtosis Kolmogorov- P
loading Smirnov Z
1 281 099 075 -0.74 027 882 0000
2 292 093 082 -073 035 864 0000
3 252 1.04 0.74 -0.40 -0.40 b 0.000
4 293 092 084 -078 053 893 0000
5 287 092 080 -080 063 953 0000
6 276 096 084 -0.79 051 976 0000
7 276 0.95 084 -0.67 024 9.47 0.000
8 278 1.06 073 -091 039 983 0000
9 299 094 084 -093 073 897 0000
10 287 095 081 -083 059 936 0000

Note: SD, Standard deviation.
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Group S-By? df T CFl  RMSEA SRMR

Ful sample 233.195 35 0949 0961 0068 0031
V=1,238)

Males 17143 35 0952 0963 0067 0032
N = 525)
Females 145940 35 0950 0961 0067 0033
W=713)

Note: S-By:, Satorra-Bentler scaled y’; df, Degrees of freedom; TL, Tucker-Lewis Index;
CFI, Comparative fitindex; RMSEA, Root mean square error of approximation; SRR,
Standarolized root mean squared residual,
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Items

6. | like teachers with a different approach and who make use of new teaching methods.

13. My goal is to have a job that is more about routine than creativity.
18. 1like to work and take part in groups where new or innovative ideas emerge.
25. | like innovative teachers more than traditional ones.

1. You have to take risks at times in order to be successful in life.

7. 1like to make risky decisions.

8. In order to create something of value, you have to be prepared to make mistakes.
17.1 admire people who assume large risks.

29, In order to create something of value, you need to take risks.

5. 1 take the initiative whenever | have the opportunity to do so.

16. In class 'm often the first person to propose things.

27. ke to take the initiative in almost everything | do.

2. 1 usually compete with my classmates.

3. For me, being competitive is a good thing.

9. Life in general is all about competition.

19. 1 often strive to be better than others.

20. | prefer not to have to compete.

24, 1 like teachers who encourage competitiveness among their students.

28. | often bet my classmates that 'm better than they are at something.

30. I see myself becoming a businessman/woman and always competing.

10. Before beginning a task | need to set myself some clear goals.

11. Trying to do better (in my studies, in sport, etc.) is important to me.

14.1 get a special feeling whenever | achieve a goal (in my studies, in sport, etc.).
23. | like to set myself goals that imply a challenge (in class, in sport, etc.).

3

. In order to achieve a goal | usually break it down into smaller objectives.
4. My goalis to have a job where | am constantly learning new things.

12. You learn from your mistakes.

15. Life is a constant learning process.

21. 11ike people who never stop learning,

22. 11ry to learn new things every day.

26. For a company to be successful, its employees have to be learning all the time.
32. 1 always try to learn from my experiences.

Original items were in Spanish, their English translation is provided.

F1

0.75
0.45
0.72
0.72

F2

0.53
0.57
0.32
0.69
0.58

071
0.65
0.64

F4

0.72
0.67
0.39
073
0.50
0.69
0.48
0.67

F5

0.52
0.73
057
0.73
0.44

F6

0.65
0.47
0.69
0.76
072
055
0.69
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Invariance model Model constraints X2 (df)

M1: Configural invariance Equivalent model 1353.43 (898)***
M2: Metric invariance Equivalent unstandardized factor loadings 1356.51 (924)*+*
M3: Scalar invariance Equivalent thresholds 1444.66 (1006)**
Differences in model fit (M1-M3) - 129.01 (108)

CFI

0911
0916
0915
—0.004

T

0.902
0910
0916

RMSEA (90% CI)

0,050 (0.044-0.055)

0048 (0.042-0.053)

0.046 (0.041-0.051)
0.004

2, Chi squared; df, degrees of freedom; CFl, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root mean square error of approximation; Cl, confidence interval.

*4p < 0.001.





OPS/images/fpsyg-10-01125/fpsyg-10-01125-t004.jpg
Dimension

Innovativeness
Risk-taking
Proactiveness
Competitiveness
Achievement orientation
Learning orientation

45 < 0,001,

Mean (SD)

4.01 (0.63)
3.94 (0.51)
3.37 (0.69)
2.82 (0.71)
3.89 (0.58)

(0.42)

4.45(0.42

Omega (95% CI)

0.75 (0.63-0.86)
0.68 (0.56-0.80)
0.71 (0.59-0.82)
0.83 (0.73-0.93)
0.74 (0.60-0.87)
0.84 (0.73-0.93)

Test-retest
correlation

0.68***
0.60***
0.64***
0.69***
0.63***
0.61%**
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Latent mean analyses Observed mean analyses

Females Males
z d 14 SD M SD t d
Innovativeness 0.38 0.03 4.02 0.63 4.00 0.62 0.28 0.03
Risk-taking 0.44 0.02 3.95 0.50 393 0.53 0.47 0.05
Proactiveness —0.41 0.02 3.35 0.70 3.38 0.68 -0.42 0.04
Competitiveness —3.62* 0.22 2.68 0.66 2.96 0.73 —4.06* 0.40
Achievement orientation -0.32 0.01 3.90 0.57 3.88 0.59 0.33 0.03
Learning orientation 293" 0.20 4.52 0.39 4.39 0.44 3.26" 0.32

*p < 0,01,
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Invariance WLSMV-y2
steps (gl)

CFl  TLI

SRMR Acp Aty Asrwmr

Configurational ~ 186.421 (42

Weak (Metric) 284.553 (54

Strong (Scalar)  311.929 (80
(

)
)
)
Strict 404.714 (94)

0.985 0.977
0.976 0.972
0.976 0.981
0.968 0.978

0.075 —0.009 —0.005 0.012
0.087  0.000 0.009 —0.01

0.077 —0.008 —0.003 0.010
0.087 —0.009 —0.005 0.012

A, differences between fit indices CFl, TLI, and SRMR.
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Dimensionality (CFA - SEM)

Differential item functioning (DIF)

Item-score reliability

Full version Short version Peru Spain Argentina
(n =736) (n =736) (n=219) (n =310) (n =207)

N h? SNR N h? SNR y° H-x2 y H-x2 e H-x2
Ps1 0.653 0426 0.743
Ps2 0.627  0.393 0.648
Ps3 0.800 0640 1.778 0776 0601 1.514 0374 447  0.231 187 0241 163
Ps4 0.567  0.321 0.474
Ps5 0.734 0538 1.168 0777 0603 1524 0175 504 0.441* 1066 -0.184 14.93
Ps6 0715 0511 1.046 0757 0573 1.342 0051 1326 —0.166 581 —0.225 13.47
Ps7 0.701 0492 0966 0722 0522 1089 -0.175 8.07 —0.098 162 -0355 1.36
Ps8 0.811 0658 1.922 0824 0678 2115 -0217 491  0.152 412 0378 8.68
Ps9 0.615  0.378 0.608
Ps10 0.718 0515 1.064
Ps11 0.500  0.250 0.333
Ps12 0591  0.349 0.537
Ps13 0.797 0635 1.741 0799 0639 1.765 0341 10.15 —0.040 148 0233 249
Ps14 0.666 0444 0.797
Ps15 0.733 0537 1161 0671 0450 0819 -0004 038 0.163 245 0.097  1.51
Ps16 0.566  0.321 0.471
x2 646.382 160.672
(@ (104) 14)
CFI 0.980 0.985
Tu 0.977 0.977
RMSEA  0.084 0.115
SRMR 0.065 0.063

Total

0.527
0.458
0.499

0.462
0.527

0.552

0.379

Peru

0.548
0.404
0.548

0.556
0.516

0.474

0.452

Spain

0.437
0.475
0.453

0.427
0.490

0.577

0.255

Argentina

0.579
0.418
0.513

0.521
0.513

0.569

0.370

4, factor loading; h?, total variance; SNR, signal-to-noise ratio; XZ , WLSMV stimator; H- XZ , Strata homogeneity test of quintile score; yP, gamma partial coefficient.

“5 < 0.007.
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Leadership Scale
Feedback + Sucess + Calmly-+ Litens + Mentors + Resobve
- Feedback + Success + Calmly + Litens + Mentors + Resobes
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Ps1
Ps2
Ps3
Ps4
Psb
Ps6
Ps7
Ps8
Psg
Ps10
Ps11
Ps12
Ps13
Ps14
Ps15
Ps16
H

Scalability Scalability Monoticity
(H coefficient, first iteration) (H coefficient, second iteration) (n = 736)
Total sample Argentina Spain Peru Total sample Argentina Spain Peru #vi #zg5g CRIT
(N =736) (N = 207) (N =310) (N =219) (N =736) (N = 207) (N =310) (N =219)
H se H se H se H se H se H se H se H se

0402 0.025 0.374 0.049 0.345 0.032 0.432 0.046

0.379 0.026 0.333 0.050 0.275 0.032 0.465 0.041

0492 0.022 0.503 0.041 0.408 0.030 0.526 0.038 0.571 0.025 0.590 0.045 0.493 0.039 0592 0.041 O 0 0
0.361 0.025 0.400 0.042 0.295 0.033 0.40 0.046

0432 0.026 0407 0.0563 0.393 0.083 0.430 0.047 0.524 0.028 0.506 0.058 0.520 0.039 0.484 0.050 O 0 0
0455 0.024 0467 0.044 0410 0.031 0.460 0.044 0560 0.025 0.563 0.046 0.545 0.039 0.542 0.043 O 0 0
0458 0.024 0.443 0.046 0.397 0.029 0.532 0.040 0.557 0.027 0.560 0.049 0.513 0.038 0.588 0.047 O 0 0
0.467 0.023 0.454 0.045 0.386 0.033 0.487 0.042 0.555 0.025 0.547 0.061 0523 0.037 0.527 0.047 O 0 0
0.388 0.026 0.368 0.050 0.283 0.027 0.486 0.043

0.443 0.025 0.414 0.052 0.368 0.031 0.472 0.041

0.333 0.024 0.349 0.042 0.260 0.037 0.363 0.044

0.343 0.029 0.398 0.047 0.180 0.048 0.405 0.047

0.498  0.021 0.509 0.038 0.447 0.031 0.496 0.037 0.575 0.023 0.577 0.043 0585 0.035 0.520 0.04 O 0 0
0.399 0.025 0.371 0.045 0.306 0.031 0.475 0.043

0.45 0.023 0.458 0.038 0.342 0.032 0.487 0.044 0.487 0.028 0480 0.052 0.397 0.045 0520 004 O 0 0
0.348 0.028 0.293 0.052 0.260 0.033 0.432 0.047

0413 0.019 0407 0.086 0.33 0.023 0.456 0.035 0.546 0.022 0.545 0.043 0.512 0.031 0.537 0.040

se, H standard error; #vi, number of violations to monoticity; #zsq, number of statistically significant violations; CRIT, combined count of #viy #zgg.
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Ps1
Ps2
Ps3
Ps4
Ps5
Ps6
Ps7
Ps8
Ps9
Ps10
Ps11
Ps12
Ps13
Ps14
Ps15
Ps16

Peru Spain Argentina

M SD Min Max Floor Ceiling M SD Min Max Floor Ceiling M SD Min Max Floor Ceiling
3.941 0.81 1 5 0.50 22.40 4255 0.72 2 5 1.00 41.00 3.961 0.86 1 5 0.00 28.50
4114 0.84 1 5 0.50 35.60 4.445 0.65 1 5 0.30 51.90 4184 0.86 2 5 0.00 42.00
4105 0.80 2 5 0.00 32.40 4432 0.69 2 5 0.00 53.50 4.280 0.81 2 5 0.00 47.80
3.836 1.00 1 5 3.20 27.40 3735 1.02 1 5 3.20 24.80 3652 1.17 1 5 4.30 30.00
3.804 0.96 1 5 1.80 26.50 4.248 0.80 1 5 0.30 43.90 3792 1.04 1 5 3.40 27.50
3.890 0.83 2 5 0.00 25.10 4016 0.78 2 5 0.00 28.10 3.792 091 1 5 1.00 23.20
3.658 0.91 1 5 2.30 16.40 3.600 0.81 1 5 0.60 11.90 3.304 0.96 1 5 3.90 10.10
3.845 0.86 1 5 0.90 23.70 4435 0.77 1 5 0.30 57.40 4.039 091 1 5 1.00 36.20
3.982 0.75 2 5 0.00 24.20 4226 0.69 2 5 0.00 36.50 4179 0.87 1 5 0.50 44.00
3.945 0.94 1 5 0.50 30.10 4.455  0.65 2 5 0.00 53.20 4256 0.85 1 5 1.00 46.90
3.233 1.05 1 5 410 11.00 3.448 0.93 1 5 1.90 12.30 3.338 1.1 1 5 5.80 16.90
3.694 0.96 1 5 2.30 16.00 4.077  1.01 1 5 4.50 37.40 3.705 1.06 1 5 3.40 27.10
3.877 0.82 2 5 0.00 23.70 4165 0.74 1 5 0.60 34.20 3932 0.87 1 5 0.00 27.50
4.046 0.77 2 5 0.00 27.40 4335 0.65 3 5 0.00 43.20 4164 0.89 1 5 0.50 42.50
4.000 0.81 1 5 0.50 28.60 4410 0.69 2 5 0.00 51.00 4116 0.87 1 5 1.00 37.70
4.009 0.91 1 5 1.40 32.90 4.342 0.69 2 5 0.00 45.50 4203 0.87 1 5 0.50 44.40

M, mean; SD, standard deviation; Min, minimum score; Max, maximal score.
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Ps1
Ps2
Ps3
Ps4
Psb
Ps6
Ps7
Ps8
Ps9
Ps10
Ps11
Ps12
Ps13
Ps14
Ps15
Ps16
Media

Coefficients V (IC 90%)

Confidence interval for differences in V (90%)

Argentina (n = 23) Spain (n = 24) Peru (n = 23) Arg. — Spa. Arg. — Peru Spa. — Peru

v L U v L U \' L U L U L U L U
0.880 0.813 0.925 0.875 0.809 0.920 0.837 0.765 0.891 —0.076 0.085  —0.043 0.128  —0.047 0.123
0.935 0.879 0.966 0.918 0.859 0.953 0.805 0.729 0.864  —0.049 0.084 0.049 0.212 0.030 0.197
0.935 0.879 0.966 0.938 0.884 0.967 0.857 0.787 0.907  —0.066 0.059 0.003 0.155 0.007 0.157
0.913 0.852 0.95 0.855 0.786 0.904 0.773 0.693 0.836  —0.020 0.136 0.052 0228 —0.011 0.176
0.837 0.765 0.891 0.668 0.585 0.741 0.740 0.659 0.808 0.066 0.268 —0.002 0.194  —0.179 0.037
0.880 0.813 0.925 0.885 0.821 0.928 0.805 0.729 0.864  —0.085 0.073  —-0.014 0.163  —0.007 0.167
0.750 0.669 0.816 0.720 0.639 0.789 0.728 0.645 0.797  —0.076 0.134  —0.084 0.128  -0.114 0.100
0.620 0.534 0.699 0.520 0.437 0.602 0.663 0.578 0.738 —0.019 0.215  -0.157 0.078 -0.255  —-0.025
0.958 0.908 0.981 0.845 0.775 0.896 0.837 0.765 0.891 0.042 0.187 0.047 0.197  —0.080 0.096
0.945 0.892 0.973 0.970 0.926 0.988 0.815 0.740 0.872  —0.081 0.027 0.052 0.210 0.083 0.232
0.880 0.813 0.925 0.813 0.739 0.869 0.675 0.591 0749 -0.020 0.154 0.105 0.30 0.033 0.239
0.825 0.751 0.881 0.875 0.809 0.920 0.695 0.611 0.767  —0.137 0.037 0.027 0.231 0.082 0.275
0.945 0.892 0.973 0.938 0.884 0.967 0.783 0.704 0.845  —0.053 0.068 0.08 0.246 0.073 0.239
0.837 0.765 0.891 0.698 0.616 0.768 0.750 0.669 0.816 0.039 0.237 —0.011 0.184  —-0.157 0.055
0.958 0.908 0.981 0.885 0.821 0.928 0.815 0.740 0.872 0.007 0.141 0.067 0.221 —0.016 0.156
0.958 0.908 0.981 0.918 0.859 0.953 0.847 0.776 0.899  —0.021 0.103 0.039 0.186  —0.008 0.150

0.879 - - 0.833 - - 0.777 - - - - - - - -

Arg., Argentina; Spa., Spain; bold values, point coefficients below 0.70, lower interval below 0.60, or statistically significant difference; L, lower interval; U, upper interval.
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df P
Alberta baseline 199.0 67 0.000
Alberta amended 705 61 0.189
Manitoba baseline 1139 68 0.000
Manitoba amended 828 66 0.079

X2 = chi-square,
of = degrees of freedom,
P = probabilty.
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Supportive Control Taken Talk Extra Like Burnout Leadership Sex Age English Profit  Staff  Aggressive Ts TS TS TS TS s R2
Here Feedback Success Calmly Listens Mentors Resolves
Supportive AB -0388' 0224 0.148" 0473 0.236" -0.102* 0.324
MB —0.150 0099° 0.104' 0.499" 0.105 0219
Contol  AB 0.556" 0090 0.103 0.331
MB 0332 o.101* 0.257* 0215
Taken A8 o0.167* 0.455* 0216" -0.084* 0226
M8 0.169" o027 0075 -0.115* 0.241
Talk ] o167 o191 ~0.145° 0.080
M8 0.169" 0.129" ~0.110 0.059
Extra ] 0.412" 0321° 0207 0242 ~0.206" 0217
MB 0.160" 0435° 0309  0.250" 0.168
LkeHere AB 0115  0120' 0141° 0032 0083 -0062°  0.123° 0026 0041 -0047 0027 0.001 0.082" 0.355
MB 0140  0064' 0114 0030 0036 —-0062°  0.098 0026° 0013 -0.182 0.069" ~0.005 0.265
Bunout AB  -0.152° 0049 -0079 —0.086 —0.165' —0062" -0.098 0137  -0867°  -0.194' 0.153
MB  -0377° -0.086 —-0066 —0.002 —0.164" —0.062" 0.181 0088 -0324°  -0229° 0.137
Leadership AB 0.099" 0.178" 1.00
M8 o0.148" 1.00

The fixed 1.0 and 0.167 coefficients leading to and from the items are not shown.
Alberta N = 1610, Manitoba N = 744. Alberta Browne’s x2 = 70.5, df = 61, p = 0.19. Manitoba Browne's ¥,
AB, Alberta; MB, Manitoba; TS, True Score.

Coefficients are unstandardized maximum likelirood estimates from LISREL 9.1 (Joreskog and Sorbom, 2016).

82.8, df = 66, p = 0.08.

Coefficients in highlighted italics were added in forming the amended model, and the —0.150 effect of Control on Supportive in the MB model was fixed at a researcher-assessed value to ensure identification.
“Indicates the coefficient exceeds two standard errors.

R? = Blocked-Error-R2 (Hayduk, 2006).
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Effect

From Feedback to Supportive
From Success o Taken Seriously
From Calmly to Time for Extra

From Mentors to Like Work Here

Indirect effect of the item
via Leadership in the
baseline model

0.069
0.072
0.036
0.034

The causal variables are the item true scores.
The reported baseline indirect effect = (1.0) (0.167) (estimated scale effect in the Baseline model).

The reported amended indirect effect = (1.0) (0.167) (estimated scale effect in the Amended mode)
The direct effects, the indirect effects, and the direct plus indirect effects are “basic effects” (Hayduk, 1987, p. 249) and do not include the enhancements introduced by effects cycling

through the loops.

Indirect effect of the item
via Leadership in the
amended model

0.079
0.076
0.089
0.020

Direct effect of the
item in the amended
model

—0.102

-0.084

—0.206
0.082

Direct plus indirect
effect of the item in the
‘amended model

—-0.023

-0.008

—-0.137
0.102
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Items

Leadership scale items
The degree to which the aide agrees the identified formal
leader of their unit:
Looks for feedback even when it is difficult to hear
Focuses on successes rather than failures
Calmly handes stressful situations
Actively listens, acknowledges, and then responds to
requests and concerns
Actively mentors or coaches performance of others
Effectively resolves conflicts that arise
Other variables
1 am a member of a supportive work group
1 have control over how | do my work

My observations about resident conditions are routinely
taken seriously by those in positions of authority

1 am comfortable talking about resident care issues with
those in positions of authority

How often do you have time to do something extra for
residents

In general, | like working here
I feel bumed out from my work

Sex

Age

Englsh first language

For-profit organization

We have enough staff to get necessary work done

Number out of six possible kinds of resident reactive
behaviors experienced in the last 5 shifts

Designation

Feedback
Success
Calmly
Listens

Mentors
Resolves

Supportive
Control
Taken

Talk
Extra

Like Work Here
Burnout

Sex

Age

English

Profit

Staf
Aggressive

The Leadership scale is the average (mean) of the six Leadership items. The *Other
Veriables" are single response items, some of which are defined as contributing to scales

in other contexts.

Mostitems are scored 1= strongly disagree, 2 =disagree, 3 = neither agree nor disagree,

4 = agree, 5= strongly agree.

Extra is scored 1=never, 2=rarely, 3=occasionaly, 4=frequently, 5=almost always.

Sex: 1= male, 2 = female.
Age: in decade-delimited years.
English: 1 = English first language, 0 = Other first language.

Profit: 1 = working in a for-profit organization, 0 = working in a not-for-profit organization.
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