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Longitudinal Factor Analysis and Measurement Invariance of Sense of Coherence and General Self-
Efficacy in Adolescence 

Dennis Grevenstein and Matthias Bluemke 
Psychological Institute, University of Heidelberg, Germany 

Abstract. Sense of coherence (SOC) and General Self-efficacy (GSE) are trait-like self-regulatory attributes, supposedly 
benefitting health. Previous data on their factorial validity and longitudinal stability in adolescent samples have been 
inconclusive. The present study examined the factor structure, measurement invariance (MI), and stability coefficients of 
SOC and GSE among German adolescents in a longitudinal design over the course of nine years from age 15 to age 24. 
Results supported the factorial validity of both scales. GSE parameters were invariant up to the level of strict invariance, 
whereas for SOC partial scalar and strict invariance were attainable after modifications. Here we document reliability, 
validity, and factor mean changes of the SOC and GSE scales from adolescence to young adulthood. Interindividual 
differences in SOC were moderately stable. Though this implies limited sensitivity to intraindividual developmental changes, 
it qualifies SOC for long-term predictions. GSE was conspicuously less stable, raising questions about its long-term criterion 
validity. 

Keywords: sense of coherence (SOC), general self-efficacy (GSE), stability, longitudinal factor analysis, measurement 
invariance 

Personality traits have frequently been used as predictors of health. Several trait-like constructs are specifically 
conceptualized to benefit health and buffer against adverse influences. Among the most prominent concepts are Sense of 
coherence (Antonovsky, 1987, 1998) and General Self-efficacy (Schwarzer & Jerusalem, 1995) as an extension Bandura’s 

(1997) original, situation-specific Self-efficacy concept. Are these two sides of the same coin, or can one of the constructs be 
assessed better than the other one? 

Sense of Coherence 
Antonovsky’s (1987) salutogenic theory provides a resource-oriented perspective to health. It explains how people keep or 
regain health. Health is not understood merely as a (binary) outcome; instead there is a fine-grained continuum between 
health and sickness. Sense of coherence (SOC) is at the heart of the theory and conceptualized as a general resistance 
resource (resilience, inner strength). As an “orientation-to-life,” it buffers people’s health in the face of adversities, critical 

life events, and distress. Three major factors are thought to underlie SOC: domprehensicility describes an individual’s 

perception that situations and events are structured and clear; manageacility denotes an individual’s belief that one has the 

necessary skills to deal with life challenges; and meaningfulness represents an individual’s belief that life demands and 

challenges are worthy of investment and engagement. 
Plenty of evidence demonstrated associations between SOC and positive health outcomes: It has been linked to good 

mental health and health-related behavior (Eriksson & Lindström, 2006; Togari, Yamazaki, Takayama, Yamaki, & 
Nakayama, 2008), general psychological well-being (Nilsson, Leppert, Simonsson, & Starrin, 2010), depression (Haukkala et 
al., 2013), and anxiety (Moksnes, Espnes, & Haugan, 2013). Beyond health, higher SOC has also shown associations with 
work-related indices, such as higher perceived control over one’s work, lower perceived job demands, and generally more job 

satisfaction (Holmberg, Thelin, & Stiernström, 2004). 
The development of SOC is considered to be a dynamic process up to age 30. Adolescence is seen as a particularly 

sensitive phase (Rivera, García-Moya, Moreno, & Ramos, 2013). According to Antonovsky, SOC does not stabilize until the 
age of 30, and before that, is shaped by outside factors. Experiencing consistency (enhancing comprehensibility), load-
balancing (enhancing manageability), and participation in decision-making (enhancing meaningfulness) are all supposed to 
foster SOC in childhood/adolescence (Antonovsky, 1987). 
  



General Self-Efficacy 
Self-efficacy (SE) constitutes a core aspect of Bandura’s social cognitive theory (Bandura, 1977, 1997, 2001) and represents 

self-referent thoughts, convictions, and expectations of one’s beliefs to overcome obstacles and succeed in a given situation. 
Accordingly, it too has been found a predictor of health (Egger, 2011; Schwarzer, 1992), and of academic and work-related 
performance (Robbins et al., 2004; Stajkovic & Luthans, 1998). According to Bandura, however, it is task- or situation-
specific. 

General or Generalized Self-efficacy (GSE) cuts across specific situations: An individual’s general feeling across a broad 

range of challenging situations that require effort, skill, and perseverance (Schwarzer & Jerusalem, 1995; Tipton & 
Worthington, 1984). There has been considerable debate whether Bandura’s SE concept, based on learning experiences, can 

be turned into a trait-like personality construct that is stable and consistent enough to predict actual outcomes. Task-specific 
SE may better account for variance in a task-specific situation (Bandura, 1997). Still, GSE is thought to have at least the 
potential to predict general outcomes in those situations and contexts where task-specific SE has not yet been developed. 
Indeed, like SOC, GSE has been related to health and performance outcomes (Andersson, Moore, Hensing, Krantz, & 
Staland-Nyman, 2014; Luszczynska, Gutiérrez-Doña, & Schwarzer, 2005). 

Sense of Coherence (SOC) and General Self-Efficacy (GSE) 
Both SOC and GSE cover aspects of self-regulation (Geyer, 1997); clearly SOC’s manageability facet closely resembles that 
of GSE. Unsurprisingly, moderate to high correlations (r = .45–.61) between the two have been found (Posadzki, Stockl, 
Musonda, & Tsouroufli, 2010; Zirke, Schmid, Mazurek, Klapp, & Rauchfuss, 2007). Given their conceptual and empirical 
similarity, we intended to disambiguate their relative merits. Though both constructs explain health variance, the 
psychometric quality of the scales warrants deeper inspection. Specifically, when stability of interindividual differences – at 
young age in particular – and longitudinal predictions are at stake, before any conclusions about the constructs can be drawn, 
longitudinal measurement invariance needs to be established. 

Reliability and Validity 
Sense of Coherence (SOC) 
The stability of interindividual differences has been documented before, both for adults (Feldt, Leskinen, Kinnunen, & 
Mauno, 2000; Feldt, Leskinen, Kinnunen, & Ruoppila, 2003) and adolescents (Honkinen et al., 2008). For adults, test-retest 
reliabilities of .78 over 1 year, .59–.67 over 5 years, and .54 over 10 years have been found (Eriksson & Lindström, 2005). 
Whereas internal consistency estimates have mostly been satisfying, findings for stability and transitional changes of SOC 
scale means have been mixed. At the aggregate level, differences between age groups have emerged (Rivera et al., 2013), yet 
Honkinen and colleagues (2008) showed only minor changes of mean SOC scores from age 15 to age 18 longitudinally. 

With regard to the factorial structure of the SOC scale, findings are similarly mixed. Antonovsky (1993) stressed the 
holistic nature of SOC and advocated the use of a global SOC score. Contrasting his view, several studies replicated the 
theoretically derived three-factor structure of the SOC scale (Feldt et al., 2000, 2003; Stein, Lee, & Jones, 2006). Yet in most 
cases, the comprehensibility and manageability factors correlated so highly (r > .90) that one can question if they are truly 
conceptually distinct. Alternatively, a two-factor structure has been proposed with one factor spanning comprehensibility and 
manageability items, and with meaningfulness constituting the second factor (Zimprich, Allemand, & Hornung, 2006). 

The previous studies are not without criticism though. In many cases, items composing the SOC scale had to be adjusted or 
dropped (Feldt et al., 2003; Stein et al., 2006), or the measurement model had to be modified to include correlated item 
residuals to achieve reasonable model fit (Feldt et al., 2000; Zimprich et al., 2006). Such modifications more often than not 
are carried out non-transparently, and they may have even been applied inconsistently across different points of measurement 
within the same population/publication. Standing in stark contrast, reasonable psychometric qualities have been attested to 
the SOC scale even in adolescent samples undergoing developmental transitions (Hagquist & Andrich, 2004). Taken 
together, the facts warrant further inspection of the suitability of SOC as a trait-like construct with a measurement model that 
actually holds across time. 
General Self-Efficacy (GSE) 
The GSE scale developed by Schwarzer and Jerusalem (1995), also used in the present research, was originally developed in 
German. It was subsequently adapted many times and is currently available in 31 languages (see http://userpage.fu-
berlin.de/health/selfscal.htm). The scale has demonstrated reasonably good psychometric qualities, typically displaying 
internal consistencies ranging between .75 and .91. In the context of educational assessment, test-retest reliabilities over a 
year have amounted to .55 in a sample of adolescent students and .75 for adult teachers (Schwarzer & Jerusalem, 1999). With 
regard to the factor structure, GSE is considered an essentially unidimensional construct. Also, in a large-scale evaluation 
across 25 countries, a one-factor solution was supported (Scholz, Doña, Sud, & Schwarzer, 2002). 

Despite these encouraging findings, GSE has been heavily criticized in the past (Chen, Gully, & Eden, 2001; Marsh & 
Grayson, 1994; Stajkovic & Luthans, 1998). Most criticism focused on reliability, construct validity, and factor structure of 
the GSE measures, though later studies supported the idea of reliable assessment, implying that at least the criticism of GSE 
on the basis of its reliability may have been overstated (Peter, Cieza, & Geyh, 2014; Scherbaum, Cohen-Charash, & Kern, 
2006). 



Measurement Invariance 
Although construct reliability in a given sample at a given point in time is important, adopting a valid measurement model 
across different samples and measurement waves is equally crucial (Vandenberg & Lance, 2000). When applying a scale 
across situational contexts, cultures, or age groups with the intent to compare their scores numerically, most researchers 
simply assume that the scores reflect the identical construct. Yet, if there are reasons to believe that latent variable scores can 
change over time, one might alternatively suspect that the understanding of a construct (or items) differs. Stability indices and 
comparisons of mean scores across different groups – be they related to age, culture, or other grouping features – are only 
valid as far as measurement invariance can be established (Chen, 2008). One needs to ascertain that differences in scale 
means are due to true differences in latent means, not different item utilization. In other words, any observed group 
differences – and likewise relationships or relationship differences between a latent variable and external criteria – might be 
explained by disparate measurement models that hold for the measurement device. 

Although measurement invariance (MI) for the SOC-13 scale has been addressed before (Hittner, 2007; Richardson, 
Ratner, & Zumbo, 2007; Zimprich et al., 2006), to date no study has investigated longitudinal measurement invariance (MI) 
during the period of adolescence. Even in adult samples, for whom SOC should be rather stable, merely partial invariance 
levels for some items could be established over the course of 5 years (Richardson et al., 2007), yet transitions through 
adolescence might affect the invariance of the whole measurement model. Similarly, the longitudinal invariance of GSE 
remains unilluminated, so a check is warranted if GSE can actually be considered a relatively stable trait, as implied by vast 
parts of the health literature. 

Study Overview 
We first examine the factorial validity of two major health-relevant constructs, SOC and GSE, sampled at age 15 and age 24. 
Satisfactory measurement models provided, we then test longitudinal MI of SOC and GSE among identical adolescents over 
a period of 9 years. Finally, assuming at least metric invariance, we report on the longitudinal stability of the latent variables. 
After general aspects of the data collection, we report the analyses separately for SOC and GSE. 

Method 

Study Sample 
The data are part of a ten-year-longitudinal study on salutogenic factors and substance use (RISA) conducted in Germany 
from 2003 to 2012 (approved by the Ethics Committee of the University Hospital Heidelberg; #218/2005). The total study 
included 14 data collection events related to various health-related behaviors. Participants were 318 students (164 female; 
51.6% and 154 male; 48.4%) with a median age of 14 at the beginning of the study. Almost two-thirds of the participants (n = 
208) grew up in a traditional family setting, which was defined as living with both biological parents up to age 18. Level of 
education was almost equally distributed across the three-tier German school system. 

While there was noticeable sample attrition (n = 134; 42.1%) over the course of 10 years, this participant dropout is 
comparable to other studies on adolescents’ development (Honkinen et al., 2009). There was no systematid dropout with 
regard to the variables examined here. The present research analyzes data from T3 (age 15; n = 286) and T14 (age 24; n = 
184). T3 represents the initial reference point, because participants could enter the study until T3. For stability and 
longitudinal MI analyses, we analyzed a subsample of n = 299 with data available at either age 15 or age 24 (another 19 
individuals had completely missing data on the variables of interest). 

Measures 
Sense of Coherence 
The German adaptation of Antonovsky’s abbreviated 13-item Orientation to Life questionnaire (SOC-13) provides 5-point 
rating scales (most of the time ranging from 1 = very rarely to 5 = very often; Abel, Kohlmann, & Noack, 1995). To achieve 
comparability with an authoritative German version developed by Schumacher and colleagues later (Schumacher, 
Gunzelmann, & Brähler, 2000), SOC scores were rescaled to a 7-point rating scale format using a linear transformation. The 
scale includes four meaningfulness items (e.g., “Do you have the feeling that you don’t really care about what goes on around 
you?”), five comprehensibility items (e.g., “Has it happened in the past that you were surprised by the behavior of people 
whom you thought you knew well?”), and four manageability items (e.g., “Has it happened that people whom you counted on 
disappointed you?”). For comparison purposes, the typical SOC sum scores were computed, provided that participants 
completed all items. Cronbach’s alpha amounted to .87/.91 at age 15/24. 
General Self-Efficacy 
The GSE scale was developed by Schwarzer and Jerusalem (Hinz, Schumacher, Albani, Schmid, & Brähler, 2006; Schwarzer 
& Jerusalem, 1995). It comprises 10 items such as “If there are challenges, I can find a way to succeed.” Answers were 
provided on 4-point scales (1 = not true, 2 = rarely true, 3 = mostly true, 4 = dompletely true). Typical GSE mean scores 
were computed (α = .86 and .89 at ages 15 and 24, respectively). 
  



Statistical Analysis 
Apart from SPSS 21, we used Mplus 7.11 (Muthén & Muthén, 1998–2012). The goodness-of-fit of the models was evaluated 
by (1) the – ideally nonsignificant – χ2 test (Bentler & Bonett, 1980) and as low as possible a χ2/df ratio, ideally as low as 2 
(Tabachnick & Fidell, 2007); (2) the comparative fit index (CFI) with values of .90/.95 and above indicating 
appropriate/good model fit (Bentler, 1990; Hu & Bentler, 1999); (3) the root mean square error of approximation (RMSEA) 
with values of .00–.05/.06–.08/.09–.10 indicating good/reasonable/poor model fit (Browne & Cudeck, 1993); and (4) the 
standardized root mean square residual (SRMR) with values less than .08 (Hu & Bentler, 1999) or .05 (Schumacker & 
Lomax, 2010) considered to reflect good fit. The Akaike Information Criterion (AIC) and the Bayesian Information Criterion 
(BIC) were used as comparative fit indices. Lower scores indicate better model fit (Akaike, 1987), and differences greater 
than ±10 supply “strong evidence” against equal fit (Raftery, 1995). Robust Maximum Likelihood (MLR) was used for 
parameter estimation because GSE uses a coarse 4-point scale and multivariate normality did not hold in our sample (Small’s 

omnibus test: χ2(92) = 299.69, p < .001). Full Information Maximum Likelihood (FIML) was used to handle missing data for 
the longitudinal CFAs (22.0% across all cells, mostly reflecting the sample attrition). 

As the SOC-13 scale lacks essential tau-equivalence and strict unidimensionality, Cronbach’s Alpha is an inappropriate 

indicator of reliability and likely to underestimate the true reliability of the construct (Bollen, 1989). Instead we provide the 
composite reliability (CR) and the average variance extracted (AVE) as SEM-based reliability estimates (Bacon, Sauer, & 
Young, 1995; Fornell & Larcker, 1981). 

MI is tested within a sequential approach of nested, increasingly restricted confirmatory factor-analytical (CFA) models 
(Meredith, 1993; Vandenberg & Lance, 2000). For independent age groups, MI is approached by means of multiple-groups 
CFA, yet for longitudinal comparisons of the same group across age, MI has to be established within a longitudinal CFA 
framework (Brown, 2006; see Electronic Supplementary Material 1 for the specifics). 

Irrespective of whether dependent or independent data are at hand, four increasingly restrictive forms of MI can be tested 
(Meredith, 1993; Schmitt & Kuljanin, 2008; Vandenberg & Lance, 2000): 
(1) Configural MI indicates equal construct dimensionality and equivalent item-to-factor patterns across groups, though 

item loadings on a factor, intercepts, and residuals can differ. 
(2) Under Metric MI, all loadings are constrained to be equal across groups, reflecting the same psychological meaning of 

the latent variable. Lack of metric MI invalidates longitudinal stability of interindividual differences. 
(3) Scalar MI additionally assumes invariant item intercepts across groups. Observed scores are then based on the same unit 

of measurement, and the groups are equally calibrated. Lack of scalar MI prevents a meaningful interpretation of factor 
mean differences, in our case the inspection of intra-individual change over time. 

(4) Strict MI further requires equality constraints for residuals, indicating equally reliable measures across groups. When 
strict MI holds across time, all differences on manifest variables are due to true differences on the latent variables, rather 
than random measurement error. 

From this level onward, one can examine the invariance of structural parameters. For instance, latent means can be tested 
for differences and, if invariance exists, it may be legitimately attributed to developmental changes. Meredith (1993) argued 
that strict MI is desirable to infer latent mean differences on the basis of observed mean differences. However, lack of strict 
invariance merely confirms non-invariant residuals, which reflect disparate reliabilities; therefore, scalar MI is sufficient to 
compare latent means (Little, 1997). We anticipated that latent means would differ after 9 years. 

If some parameters are non-invariant across groups, a weaker form of MI, partial invariance, may still hold. For instance, 
partial metric MI requires the majority, but not all, of the loadings to be invariant across groups. Even if only partial scalar 
MI holds, because a few intercepts are non-invariant, latent means can still be cautiously compared (Byrne, Shavelson, & 
Muthén, 1989; Lubke & Dolan, 2003). 
Each MI model is compared to the previous one with fewer restrictions on the basis of χ2-difference tests; Satorra-Bentler 
scaled χ2-difference tests are used if scaled  χ2-difference values, which are not distributed as χ2 themselves, are obtained 
from MLR (Satorra, 2000; Satorra & Bentler, 2001). As sample size increases, so does the test sensitivity to minor deviations 
from MI, yet relatively independent from sample size, fit indices inform us on the severity of model impairments after 
additional parameter restrictions. The adherence to strict cutoffs in examining ΔCFI and ΔRMSEA is increasingly 
discouraged (Fan & Sivo, 2009; Saris, Satorra, & van der Veld, 2009). Still, a drop in CFI less than or equal to .010 is 
conventionally deemed acceptable, as long as it is balanced by ΔRMSEA no greater than +.015 (Chen, 2007; Cheung & 
Rensvold, 2002). Finally, lower BIC values indicate a better trade-off between accuracy and parsimony. 

Results 
Descriptive Data Analysis 
Mean SOC scores significantly increased during the study period, Ms = 63.57 versus 67.33 (SDs = 11.50 vs. 11.66), t(161) = 
4.46, p < .001, d = 0.33. The same was true for GSE, Ms = 2.83 versus 3.09 (both SDs = 0.44), t(166) = 6.41, p < .001, d = 
0.59. Manifest SOC scores yielded a significantly higher test-retest correlation than 
  



Tacle 1. Zero-order correlations (below diagonal) and latent variable correlations (above diagonal) at ages 15 and 24 for SOC 
and GSE 

 SOC15 SOC24 GSE15 GSE24 
SOC15 – .58 .57 .30 
SOC24 .57 – .36 .76 
GSE15 .47 .28 – .29 
GSE24 .28 .66 .27 – 

Notes. Correlations are significant at p < .001. Each latent correlation is exclusively based on the two involved variables, yet 
the final invariance models (with longitudinally correlated residuals) were adopted for same-construct relationships. 

GSE, CI95 = .49–.64 versus .16–.37 (Z = 4.98, p < .001); GSE15 showed similarly strong associations with GSE24 as with 
SOC24 (see also Table 1). 

Separate Confirmatory Factor Analyses at Ages 15 and 24 
Sense of Coherence (SOC) 
Upon testing six reflective measurement models for SOC-13 with CFA (more details can be found in the Electronic 
Supplementary Material, ESM 1), we accepted a two-factor model with one factor spanning across comprehensibility (#2, 6, 
8, 9, 11) and manageability items (#3, 5, 10, 13), while meaningfulness (items #1, 4, 7, 12) formed the second factor. We 
incorporated the often correlated residuals between items #2 and #3, reflecting interpersonal trust (Feldt et al., 2003; Frenz, 
Carey, & Jorgensen, 1993; Gana & Garnier, 2001; Hittner, 2007; Richardson et al., 2007). 
The model fitted the data well at ages 15 and 24, χ2(63) = 79.53/91.08, p = .08/.01, χ2/df = 1.26/1.45, RMSEA = .030 [CI90 = 
.000–.049]/.049 [CI90 = .024–.071], CFI = .982/.968, SRMR = .038/.045, CR = .88/.92, AVE = .38/.47. 
General Self-Efficacy (GSE) 
Essentially, GSE is conceived of as a unidimensional construct. Accordingly, a one-factor model explained the data 
reasonably well at both ages, χ2(35) = 60.26/54.23, p < .01/.05, χ2/df = 1.72/1.55, RMSEA = .050 [CI90 = .028–.071]/.055 
[CI90 = .022–.083], CFI = .962/.966, SRMR = .041/.043, CR = .86/.89, AVE = .38/.46. 

Longitudinal Factor Analyses and Measurement Invariance 
Based on these adopted measurement models, we examined longitudinal MI of SOC and GSE (see OSM for details on the 
model specifications). To legitimately investigate longitudinal stability, at least (partial) metric invariance has to hold. To 
interpret longitudinal changes of factor means, at least (partial) scalar invariance is required. 
Sense of Coherence (SOC) 
The longitudinal factor analysis (Figure 1) comprised six latent variables. Meaningfulness and a combined 
comprehensibility/manageability factor loaded on the global SOC factor, repeatedly so for ages 15 and 24, with SOC15 

predicting SOC24. Each time, the residuals of items #2 and #3 were correlated. The dependent nature of the data 

 
Figure 1. Longitudinal factor-analytical model of Sense of coherence (SOC-13) comprising factors meaningfulness (MEAN) 
and comprehensibility/manageability (C&M) at ages 15 and 24 with fully standardized path coefficients. Variance invariance 
was assumed (Model 5), yet longitudinal residual correlations are not displayed.  



was accounted for by modeling item-specific 
residual covariances, that is, correlated 
residuals between corresponding items at 
different time points (Brown, 2006). The fact 
that the global SOC factor was split only in two 
sub-factors means that all MI testing had to be 
done on the two first-order factors. 

MI testing (cf. Table 2) confirmed that 
configural MI held across age. For SOC24 the 
initial configural MI model yielded a 
negligible, nonsignificant negative residual 
variance (ε = -0.003), which we subsequently 
fixed to 0, gaining one df, which then further 
along became unnecessary in the metric MI 
model. When we tested metric MI by fixing 
factor loadings to be equal across age, model fit 
did not decline, supporting metric MI. We 
observed a noticeable drop when testing the 
equivalence of item intercepts, that is, scalar 
MI. 

We gradually examined whether this lack of 
MI was caused by specific parameters. 
Relaxing one candidate parameter at a time on 
the basis of Modification Indices (ModInd; 
Byrne et al., 1989), we checked if model fit 
could be improved. Without strictly binding 
rules, this exploratory procedure is permissible 
if only a few parameters are adjusted and if 
they make sense. Researchers are advised to 
look for even more substantial improvements 
than ModInd close to 3.84 (statistically just 
significant at p = .05; Brown, 2006). 

The fit of the scalar MI model improved 
noticeably after relaxing the intercept of item 
#11 (“When something happened, have you 
generally found that: . . . you overestimated or 
underestimated its importance vs. you saw 
things in the right proportions” (ModInd = 
29.69, Δχ2 = 31.93). Apparently item #11 was 
easier to endorse at age 24. Hence, SOC 
enjoyed partial scalar invariance. 

Within this context, we constrained the item 
residuals to equality for a test of strict MI, but 
observed poorer model fit. To achieve strict MI 
a cross-loading of item #4 at age 24 (“Until 
now your life has had: . . . clear goals”) on the 
comprehensibility-manageability factor was 
suggested (ModInd = 10.26, Δχ2 = 9.39). 
Although this parameter is not a focal residual 
parameter, following Byrne and colleagues (1989), we checked if modifying the model in this manner would help or 
impoverish other parameters. The respective cross-loading (λ4 = -.28**) rather improved the factor loadings of all items on 
the meaningfulness factor. Apparently, SOC24 tended to be lower than SOC15 the more rigidly people entertained goals in 
life. This finding parallels the known negative influence of rigidity, specifically intolerance of uncertainty, on mental health 
(Ciarrochi, Said, & Deane, 2005). The strict MI model, adjusted for one cross-loading, showed a nonsignificant negative 
residual variance for SOC24 (ε = -0.022), which we fixed to 0 here (but which was positive in the next step). 

After the four basic MI levels we examined the invariance of structural properties. First, we constrained all (co-)variances 
to be equal across age without significantly harming model fit. But when testing the equality of factor means, the fit of this 
full MI model decreased considerably, although the drop in fit might be well within acceptable limits. Once again, a 
nonsignificant negative residual variance for SOC24 had to be fixed to 0.  
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Figure 2. Longitudinal 
factor-analytical model of 
General Self-efficacy (GSE) 
at ages 15 and 24 with fully 
standardized path 
coefficients. Variance 
invariance was assumed 
(Model 5), yet longitudinal 
residual correlations are not 
shown. 
 
 
 
 
 
 
 
 
 

We cautiously attribute the misfit to unequal latent means (ModInd = 11.78, Δχ2 = 12.91). Rather than claiming full MI, it is 
more likely that SOC scores increased as the outcome of a developmental trend. Consequently, unstandardized factor means 
increased significantly over time for comprehensibility and manageability (Estimate = 0.62, SE = 0.17, p < .001), yet the 
increase was not significant with regard to meaningfulness (Est. = 1.51, SE = 2.83, p = .59). This pattern is in fact in line with 
the findings presented by Zimprich and colleagues (2006) who reported latent mean differences exclusively for the combined 
comprehensibility and manageability factor. 

The longitudinal stability of SOC across 9 years can be estimated on the basis of the (fitting) metric MI model, 
alternatively on the basis of the variance invariance model (Figure 1). The standardized regression weights for the 
longitudinal SOC path were .59 and .58. Hence, SOC15 explained about 34-35% of the variance of SOC24. 
General Self-Efficacy (GSE) 
The longitudinal factor model (Figure 2) included two unidimensional latent variables, one for GSE15 and one for GSE24. 
Furthermore, correlated residuals between corresponding items across time accounted for the nonindependence of data, and 
GSE15 predicted GSE24. We appreciated configural, metric, scalar, and strict MI (Table 2). We acknowledge, though, that at 
the final level SRMR indicated poor model fit beyond conventionally accepted boundaries. Other indices indicated good fit 
as in previous steps. 

Adopting strict MI, we tested the equality of structural parameters. Equal factor variances had almost no effect on model 
fit, again with the exception of SRMR. The assumption of equal factor means (full invariance), however, was not supported. 
A noticeable drop in model fit occurred, because factor means were not equal (ModInd = 28.31, Δχ2 = 30.66). An 
examination of factor mean differences indicated an unstandardized longitudinal increase of 0.57 points (SE = 0.10, p < .001) 
– about half a scale point on GSE’s 4-point scale. 

On the basis of metric MI and the variance invariance model, we estimated the stability of latent GSE over the course of 
nine years. The unattenuated correlation from GSE15 to GSE24 was r = .33/.29, so merely 8–11% of the variance were 
explained about a decade later. 

Discussion 
The present research investigated the factor structure, measurement invariance, and longitudinal stability of Sense of 
coherence (SOC) as measured by the SOC-13 scale, and General Self-efficacy (GSE) in adolescent participants across nine 
years – the maximum span available in our data, which provides the most stringent stability test. A single-factor model for 
GSE was adopted. For SOC a two-factor model (meaningfulness and manageability-comprehensibility) best reflected the 
data, closely replicating the findings by Zimprich and colleagues (2006). As found previously, model fit was better with 
correlated residuals between items #2 and #3 (Feldt et al., 2003, 2007; Hittner, 2007; Richardson et al., 2007). 

Our findings have repercussions for psychological hypothesis testing and theory-building. To answer the question raised by 
previous researchers whether SOC can be compared across adolescent and adult samples (Hagquist & Andrich, 2004), our 
results indicate that this is the case. A qualified answer is that it may depend on the intended type of comparison. Whereas the 
GSE scale exhibited metric, scalar, and strict MI without any need for modification, the last unaltered level of invariance 
attained for SOC-13 was metric MI. Essentially the same meaning of both constructs was assessed at puberty and young 
adulthood. 



Hence, one can legitimately examine and interpret covariance structures across age, for instance, in terms of stability of 
interindividual differences or in terms of (age-dependent changes of) correlations with other variables. 

Regrettably, we could not establish scalar invariance for SOC unconditionally, as the identical respondents were calibrated 
differently for item #11 at age 24 than at age 15. The item was easier to endorse after having reached adulthood. The factor 
loading of item #11 was also noticeably low. In the context of the present study, it is impossible to find an explanation for 
this finding, yet one could speculate that the complex item wording might be a disadvantage. However, as this one non-
invariant intercept could be identified, we can confidently announce partial scalar invariance. Strictly speaking, a numerical 
comparison of observed item scores and scale sum scores across age introduces a statistically non-negligible amount of bias. 
Conventionally, partial scalar MI is still considered “good enough” for an interpretation of mean structures if the number of 
non-invariant parameters is low (Byrne et al., 1989, Steenkamp & Baumgartner, 1998; see Steinmetz, 2013, for more critical 
view on this issue). Whether one considers the extent to be relevant or not, mean structures can always be examined at the 
latent level, so that age-dependent factor means and time trends may be legitimately studied. 

Establishing strict MI for SOC proved difficult, given that a negative cross-loading from item #4 on the comprehensibility-
manageability factor was required for appropriate model fit. When assuming equal residuals, SOC levels depended 
negatively on having clear life goals in early adulthood, but not during early adolescence. Being fully aware of the 
exploratory nature of this modification, it corresponds with Antonovsky’s conception of SOC, according to which SOC can 
only be cultivated in the face of life’s difficulties and obstacles. Unable to pursue one’s goals, SOC may get strengthened as 
one learns to flexibly give up goals, whereas rigidity may reflect a maladjustment to unattainable goals. In sum, equal 
reliability across age can only be achieved if a fine-tuned measurement model is accepted. We conclude that SOC scores 
cannot be compared straightforwardly across age groups, unless this item is excluded from manifest scale sums (which then 
implies that the content of the scale changes too), or handled appropriately in SEM. 

At the level of structural invariance, equality of variances and covariances held for both SOC and GSE. The equality of 
latent means across age groups was not supported. Previous examinations of SOC shifts across adolescence provided mixed 
findings (Rivera et al., 2013). Some have observed stable SOC means (Honkinen et al., 2008), yet we found an increase in 
SOC over the course of nine years (d = 0.33). This upward shift supports salutogenic theory, purporting developmental gains 
of general resistance resources. There was similar evidence for increasing self-efficacy beliefs (d = 0.59). Given the quality 
of both scales, prior inconsistent findings cannot be traced back to inadequate psychometric properties, or severe 
incompatibility of people’s scores at different age. The changes across time are real and, given their sizes, potentially 
relevant. 

The different magnitude of the SOC and GSE changes is supported by their unlike stability coefficients. The latent test-
retest reliability for SOC closely matches a previously reported figure of r = .54 over a span of ten years for adult samples 
(Eriksson & Lindström, 2005). Considering participants’ young age at the study onset, and in light of hypothesized SOC 

fluctuations throughout adolescence, the stability of individual differences across nearly a decade is remarkable. Despite its 
favorable unidimensional factor structure, GSE exhibited only half of SOC’s temporal stability. A sizeable latent state 

component may have gone unnoticed so far, challenging the conception of GSE as a stable latent trait pertaining to one’s 

generalized abilities and expectations of success. 
With regard to longitudinal criterion correlations, SOC is likely to outperform GSE by magnitudes. Miyoshi (2012) 

observed mutual influences between GSE and task-specific self-efficacy in college students over a period of 2 months. 
Hence, GSE appears to be rather volatile, thus limiting its utility as a long-term predictor. Indeed, our own data showed that 
GSE had almost no incremental validity over SOC when predicting mental health and drug use over several years 
(Grevenstein, Bluemke, & Kroeninger-Jungaberle, 2015). The causes of GSE’s instability are beyond the scope of the present 
work and remain to be addressed in the future. For instance, whether, and how, systematic GSE shifts are related to 
individual and aggregate changes of stress-buffering, coping strategies, and other psychological resources remains 
unbeknown. 

Conclusions 
Our findings speak favorably about the use of the SOC-13 and GSE scales with adolescents, with a grain of salt though. 
Apart from factorial validity, both scales exhibited metric and (at least partial) scalar invariance, warranting the longitudinal 
examination of covariance structures as well as mean structures. We doubt that problematic SOC items should be completely 
dropped from the scales. The invariance of one item intercept (“estimating the importance of something happening”) does not 
yet invalidate scale use; another item (“having clear goals in life”) was unexpectedly but plausibly sensitive to developmental 
processes. 

Considering their rather low factor loadings, the GSE items might be in much greater need for refinement than SOC. 
Though construct reliability was not substantially lower than for SOC, GSE showed very low longitudinal stability, placing 
serious constraints on how suitable a long-term predictor it is. Yet, on a theoretical note, the stability of SOC may come as an 
even bigger challenge for future research: How does salutogenic theory accommodate the fact that adolescents do not – 
transitorily – acquire their resources in line with theory, but appear to be steadily endowed with them? 
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