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Abstract: Sense of coherence (SOC) describes an individual’s ability to deal with life challenges (manageability), comprehend the environment
(comprehensibility), and perceive life and its challenges as meaningful (meaningfulness). We examine measurement invariance (MI) of the
SOC-13 scale across gender and age groups in a matched sample of N = 1,816 (50% females; age range 16–83 years). A two-factor model,
with a common factor for manageability/comprehensibility items and a second factor for meaningfulness items, best represented the SOC-13
in all groups. Full metric, partial scalar, and full strict invariance held across gender groups. Across age groups, full metric, partial scalar, and
partial strict invariance could be established. We conclude that SOC-13 is a reliable and valid measure. Measurement is comparable across
gender and age.
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Sense of coherence (SOC) represents the core concept in
Antonovsky’s salutogenic theory (Antonovsky, 1979, 1987).
Antonovsky proposed that health and disease should not
be considered binary on/off states. Instead, he assumed
that every human being can be placed on a larger contin-
uum between health and disease, and SOC represents the
most crucial concept that helps people move to the health
end of the continuum. He argued that stressors are so ubiq-
uitous in life that humans need a range of general resistance
resources to deal with stressors and life challenges (Anto-
novsky, 1987). Thus, salutogenesis offers a resource-
oriented perspective on health.

SOC comprises three components:
(1) manageability describes an individual’s feeling that

one has the necessary behavioral capacity and
resources (e.g., skills, family, a social network) to deal
with life challenges;

(2) comprehensibility is a cognitive aspect that represents an
individual’s perception that internal aspects and external
situations and events are rational and understandable,
and that even chaotic situations can be structured; and

(3) meaningfulness reflects that life has some kind of
(emotional) meaning, so that its demands and chal-
lenges are worthy of investment and engagement
(Eriksson & Mittelmark, 2017).

Antonovsky considered SOC an “orientation to life,”
rather than a temperamental personality trait (Antonovsky,
1987). He theoretically explained the development of SOC
as a dynamic process up to age 30. Up to this age, SOC is
supposed to be fluctuant, malleable, and shaped by
experience. Consistency (enhancing comprehensibility),
load-balancing (enhancingmanageability), and participation
in decision-making (enhancing meaningfulness) are all
supposed to foster SOC across the developmental phase
(Antonovsky, 1987). This theoretical view was backed up
by empirical research according to a recent review of 37
studies from 14 countries, in which the authors concluded
that “[t]he . . . surveyed studies support the conceptualiza-
tion of the SOC construct as an important personal resource
that develops during childhood” (Idan et al., 2017, p. 118).
Adolescence is seen as a particularly sensitive phase.
Notably, the quality of parent-child relationships (Rivera
et al., 2013) and a child-centered parenting style (Feldt
et al., 2005) have been shown to be main predictors of
SOC. SOC was also correlated with the quality of family
relationships in later life (Grevenstein et al., 2019).
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The clinical utility of SOC has been shown many times.
SOC has been linked to good mental health and health-
related behavior (Eriksson & Lindström, 2006), general
psychological well-being (Nilsson et al., 2010), depression
(Haukkala et al., 2013), anxiety (Moksnes, Espnes, &
Haugan, 2013), general psychological distress (Grevenstein,
Aguilar-Raab, et al., 2016), burnout (Grevenstein et al.,
2018), satisfaction with life (Moksnes, Løhre, & Espnes,
2013), and substance use of tobacco, alcohol, and cannabis
(Grevenstein, Bluemke, et al., 2016).

Historically, SOC has been criticized for its alleged
similarity to classic personality traits like the Big Five
personality factors, specifically neuroticism or emotional
stability (Geyer, 1997). High negative correlations with
neuroticism have been found, as well as smaller positive
correlations with extraversion, agreeableness, and consci-
entiousness (Feldt, Metsäpelto, et al., 2007; Hochwälder,
2012; Kase et al., 2018). Overall, the Big Five can predict
up to 40% of the SOC variance (Hochwälder, 2012).
SOC has also shown surprisingly high longitudinal stability,
almost comparable to temperamental personality traits. For
adults, test-retest reliabilities of .78 over 1 year, .59–.67 over
5 years, and .54 over 10 years emerged (Eriksson &
Lindström, 2005). Even in adolescence, SOC was found
to be moderately stable. Honkinen and colleagues (2008)
found only minor changes of mean SOC scores between
ages 15 and 18 longitudinally. SOC at age 15 also predicted
SOC scores at age 24 longitudinally at β = .59 on a latent
level (Grevenstein & Bluemke, 2017). Nonetheless, SOC
has a unique value for the prediction of health outcomes.
SOC has shown incremental validity for the prediction of
health-related outcomes above and beyond the Big Five
traits (Grevenstein et al., 2018; Grevenstein & Bluemke,
2015), dispositional optimism, resilience, self-compassion
(Grevenstein, Aguilar-Raab, et al., 2016), and mindfulness
(Grevenstein et al., 2018).

Taken together, current results indicate that changes in
SOC cannot be simply traced back to a sensitive period at
a specific age. Feldt and colleagues compared two groups
of 25- to 29-years-old and 35- to 40-years-old participants
regarding their longitudinal change in SOC (Feldt et al.,
2003). Both groups improved in a similar fashion with
the older group showing very slightly lower SOC. In the
much larger Finnish HeSSup study, participants over the
age of 30 showed consistently higher mean SOC scores
than participants under the age of 30 (Feldt, Lintula,
et al., 2007). Silverstein and Heap (2015) showed that mean
SOC scores increased continuously with age for older adults
beyond the age of 55. Yet all this work presupposed (and
left untested) the belief that the SOC scores can legiti-
mately be compared across age groups. It is a rather strong
assumption to think that the interpretation of SOC items

and the applicability of SOC scale throughout ontogenesis
are possible without measurement bias.

The SOC-13 Scale

The most popular measure of SOC is the 13-item SOC
scale, originally published by Antonovsky (1987). The scale
has been validated in a range of later studies (Antonovsky,
1993) and is widely accepted as a reliable and valid
measure of SOC (Eriksson & Lindström, 2005). Still, the
factorial validity of the SOC-13 scale has also been debated
extensively in the past. Antonovsky developed the scale at a
time before the general availability of software packages for
structural equation modeling (SEM) and confirmatory
factor analysis (CFA). Nonetheless, several studies have
demonstrated the theoretically derived three-factor struc-
ture of the SOC scale (Feldt et al., 2000, 2003), though
difficulties emerged. In many cases, items of the SOC scale
had to be dropped or the measurement model had to be
modified (Feldt et al., 2000, 2003).

One modification to the factor model has consistently
and substantially improved model fit (Feldt et al., 2003;
Moksnes & Haugan, 2014; Richardson et al., 2007): A resid-
ual correlation between items #2 and #3 (#2 “. . . were you
surprised by the behavior of people who you thought you
knew well?”; #3: “. . . have people you counted on disap-
pointed you?”) has been interpreted to reflect an additional
aspect of interpersonal trust shared between the items
(Frenz et al., 1993). Only recently have several studies repli-
cated the intended three-factor model with all items
included while allowing for one pair of correlated residuals
between items 2 and 3 (Grevenstein, Aguilar-Raab, et al.,
2016; Moksnes & Haugan, 2014; Stern et al., 2019). In all
cases the comprehensibility and manageability factors
correlated so highly (r > .94) that one can question if they
are truly conceptually distinct.

As an alternative, a more parsimonious two-factor model
has been proposed with one factor spanning comprehensi-
bility and manageability items, and with meaningfulness
constituting the second factor, though not to be mistaken
as a secondary factor of lesser importance (Grevenstein,
Aguilar-Raab, et al., 2016; Grevenstein & Bluemke, 2017;
Zimprich et al., 2006). Despite its parsimony, this two-
factor model has also shown superior predictive validity
(Grevenstein, Aguilar-Raab, et al., 2016). One explanation
that suggests itself is that comprehensibility and manage-
ability are reciprocal aspects of conquering life stressors,
yet meaningfulness constitutes a distinct, but an equally
important component that provides the motivation to mobi-
lize any coping resources (Antonovsky, 1987). This is in line
with research showing that having a feeling of purpose in life
helps people rise above mental health issues (Park, 2010).
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Measurement Invariance

A comparison of SOC scores across situational contexts,
measurement times, or groups of participants requires that
the measurement model is valid across the different
subsamples (Vandenberg & Lance, 2000). One needs to
ascertain that manifest SOC scores reflect the same latent
construct to the same degree. Stability indices and compar-
isons of manifest mean scores are only valid across differ-
ent groups as far as strict measurement invariance (MI)
can be established (Chen, 2008). Observed differences in
scale means have to reflect true differences in latent means,
not different item utilization or item difficulties. Otherwise,
latent group differences or associations between a latent
variable and external criteria might be explained by dissim-
ilar measurement.

MI of the SOC scale has been addressed in the past, with
some limitations. Comparing samples of Caucasian
Americans and Asian Americans, Stein and colleagues
(2006) had to drop items to achieve an acceptable model
fit. Across two age groups of adolescents (12–14 years and
15–18 years), Zimprich et al. (2006) showed strict MI of a
two-factor model, yet they retained all the items of the
SOC-13 scale. Feldt and colleagues showed longitudinal
MI across a 5-year span but tested only the invariance of fac-
tor loadings and item residuals (Feldt, Lintula, et al., 2007).
Grevenstein and Bluemke (2017) showed longitudinal MI at
age 15 and age 24, with partial scalar and strict invariance
for a two-factor model that included all items. Luyckx and
colleagues (2012), again, dropped two items from the
SOC-13 scale when investigating MI across age and gender.
Results supported scalar MI across ages 14–30 years. The
authors also declared scalar invariance across gender, yet
described a drop in model fit that –when following common
heuristics for MI strictly – exceeded accepted cut-offs.
Unfortunately, no detailed analyses of partial MI were
provided, so model misfit could not be attributed to specific
items. Hittner (2007) tested MI across gender when apply-
ing a single-factor model. Though all items were retained,
only configural and metric MI were established, and scalar
or strict MI were not even tested. To summarize, the field
seems to be in a state of disarray, hence the need for a
systematic investigation of MI of the SOC-13 scale across
age and gender with the modified two-factor model that
has consistently emerged in previous work.

Methods

Procedure and Participants

We pooled several samples collected between 2014 and
2016 to analyze the data presented in this study. In all
studies, data were collected in accordance with the ethical

standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. Though
studies carried out at the Psychological Institute of the
University of Heidelberg were granted an exemption from
having to be run past the ethical review board at the time,
unless research grant proposals were about to be submitted
or sensitive topics were involved, informed consent had
been obtained from all participants, and participation was
completely voluntary. Most participants had completed
short online studies without compensation.

We aimed to select a suitable sample for analysis from a
total pool of N = 4,154 (78.1% female) German participants
spanning a wide age range of 13–83 years. We used propen-
sity score matching and the R-package “MatchIt” with its
“nearest” algorithm (Ho et al., 2007) to select a sample with
balanced gender groups matched for age. We initially had to
exclude 13 participants from the pool, because they had not
disclosed their gender. The final sample included N = 1,816
participants (50.0% female). Sample characteristics are dis-
played in Table 1. As intended, men and women did not dif-
fer with regard to their age, t(1,814) =0.09, p = .84. Based on
theoretical grounds we divided the sample into three age
groups: Youth and young adults (age = 16–29 years; n =
1,008); adults (age = 30–49 years; n = 484), and older adults
including seniors (age > 50 years; n = 324). There were no
missing SOC-13 values, mostly due to the fact that the online
participants were technically required to provide answers
to every item; otherwise, they were considered drop-out
participants, because we had assured them that refusing to
participate (any further) was possible at any time.

Measures

We used the 13-item version of Antonovsky’s original Ori-
entation to Life scale (Antonovsky, 1987). The German
adaptation was provided by Schumacher and colleagues
(2000). The scale includes 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?”), four manageability items (e.g., “Has it happened
that people whom you counted on disappointed you?”),
and four meaningfulness items (e.g., “Do you have the feel-
ing that you do not really care about what goes on around
you?”). Answers were provided on 7-point rating scales,
marked from 1 = very often to 7 = very seldom or never most
of the time. Items #1, #2, #3, and #7 were recoded before
computing mean scores.

Statistical Analysis

We used SPSS 22 for descriptives and Mplus 7.4 (Muthén &
Muthén, 1998–2012) for the CFAs. The arbitrariness of
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using cut-offs notwithstanding, we evaluated model fit by
(1) the – ideally nonsignificant – w2-test (Bentler & Bonett,
1980); (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 excellent/adequate/
poor model fit (Browne & Cudeck, 1993); and (4) the stan-
dardized root mean square residual (SRMR) with values
less than .08 (Hu & Bentler, 1999) or .05 (Schumacker &
Lomax, 2010) considered to reflect good or excellent fit.

When comparing different models based on the same
data and variables, we prefer the Akaike information
criterion (AIC) and the Bayesian Information Criterion
(BIC), which can be used to compare the quality of different

models. Lower scores indicate better model fit (Akaike,
1987), and differences larger than 10 indicate “very strong”
differences (Raftery, 1995). AIC commonly emphasizes
accuracy, whereas BIC provides the best trade-off between
accuracy and parsimony, which is most relevant for MI
testing procedures. In line with prior research, we used
Robust Maximum Likelihood (MLR) for parameter
estimation.

For an estimation of reliability,we provide – for descriptive
purposes – Cronbach’s α, but also Raykov’s composite relia-
bility (CR; Raykov, 1997) as an SEM-based reliability esti-
mate. As the SOC-13 scale lacks essential tau-equivalence
and strict unidimensionality, Cronbach’s α will be biased,
whereas composite reliability is unbiased and preferable
(Graham, 2006).

Table 1. Descriptives, reliability, and standardized factor loadings for accepted models in the total sample (CFA), and subgroups gender (MGCFA
5) and age (MGCFA 5a)

Total Female Male Age 16–29 Age 30–49 Age 50–83

N = 1,816 n = 908 n = 908 n = 1,008 n = 484 n = 324

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Age 33.48 (14.29) 33.45 (14.22) 33.51 (14.38) 22.83 (2.98) 38.87 (5.95) 58.55 (6.30)

SOC mean 4.75 (0.98) 4.73 (1.00) 4.77 (0.96) 4.51 (0.95) 4.87 (0.96) 5.32 (0.82)

SOC1 5.51 (1.45) 5.77 (1.35) 5.24 (1.51) 5.22 (1.52) 5.73 (1.33) 6.09 (1.18)

SOC2 4.02 (1.59) 3.88 (1.59) 4.15 (1.58) 4.07 (1.60) 3.95 (1.57) 3.94 (1.59)

SOC3 3.90 (1.69) 3.67 (1.67) 4.13 (1.68) 3.86 (1.73) 3.87 (1.70) 4.06 (1.54)

SOC4 5.25 (1.37) 5.40 (1.31) 5.11 (1.42) 5.16 (1.38) 5.17 (1.42) 5.68 (1.19)

SOC5 4.82 (1.62) 4.83 (1.61) 4.82 (1.64) 4.64 (1.62) 4.83 (1.67) 5.38 (1.45)

SOC6 4.94 (1.56) 4.96 (1.53) 4.93 (1.59) 4.57 (1.57) 5.17 (1.53) 5.76 (1.16)

SOC7 5.05 (1.25) 5.11 (1.23) 5.00 (1.26) 4.82 (1.22) 5.18 (1.25) 5.58 (1.13)

SOC8 4.67 (1.71) 4.53 (1.75) 4.81 (1.65) 4.18 (1.69) 5.05 (1.59) 5.65 (1.34)

SOC9 4.38 (1.82) 4.22 (1.86) 4.54 (1.76) 4.03 (1.80) 4.56 (1.81) 5.18 (1.58)

SOC10 4.43 (1.68) 4.36 (1.71) 4.50 (1.65) 4.25 (1.68) 4.40 (1.67) 5.03 (1.57)

SOC11 4.69 (1.48) 4.69 (1.52) 4.69 (1.44) 4.44 (1.51) 4.87 (1.43) 5.23 (1.28)

SOC12 4.91 (1.68) 5.03 (1.65) 4.78 (1.71) 4.52 (1.68) 5.15 (1.65) 5.74 (1.35)

SOC13 5.20 (1.60) 5.09 (1.67) 5.31 (1.52) 4.89 (1.67) 5.42 (1.49) 5.82 (1.26)

α .87 .87 .86 .85 .87 .85

λ λ λ λ λ λ

SOC1 .35 .35 .35 .29 .34 .31

SOC2 .33 .33 .33 .36 .36 .33

SOC3 .47 .48 .48 .49 .49 .46

SOC4 .56 .56 .56 .55 .55 .50

SOC5 .57 .57 .57 .56 .56 .52

SOC6 .66 .65 .65 .61 .61 .71

SOC7 .73 .72 .72 .72 .72 .67

SOC8 .75 .75 .75 .71 .71 .76

SOC9 .77 .77 .77 .75 .75 .72

SOC10 .73 .73 .73 .74 .74 .70

SOC11 .49 .49 .49 .47 .47 .44

SOC12 .80 .80 .80 .79 .79 .75

SOC13 .69 .69 .69 .66 .66 .70

CR .89 .89 .89 .88 .88 .87

Note. CR = Raykov’s composite reliability.
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MI can be tested via a series of nested, increasingly
restricted confirmatory factor-analytical (CFA) models
(Meredith, 1993; Vandenberg & Lance, 2000). MI across
independent groups, such as age or gender, is investigated
using multiple-groups CFA (Brown, 2006). If age trends
were assessed within the same group of participants, a lon-
gitudinal design for testing MI is required (Marsh & Gray-
son, 1994; Millsap & Cham, 2012). Four increasingly
restrictive forms of MI can be tested (Vandenberg & Lance,
2000): (1) Configural MI indicates equal construct dimen-
sionality and item-to-factor patterns across groups. Factor
loadings, item intercepts, and residuals may differ. (2) Met-
ric MI requires all factor loadings to be equal across groups.
(3) Scalar MI additionally constrains all item intercepts to
be equal across groups. (4) Strict MI further assumes equal
residual variances. If at least some levels of MI can be
established, it is possible to further investigate the invari-
ance of structural parameters. Assuming metric invariance
held, we wanted to test (5) the invariance of factor vari-
ances and covariances, including the residual correlation
between items #2 and #3. As the last step, (6) the equality
of factor means can be tested, assuming scalar invariance
held.

Different levels of MI have ramifications for the applica-
bility of scales and the comparability of scores. Metric MI
indicates that latent variables representing the substantive
factor reflect the same psychological meaning. Technically,
metric MI implies that item scores are based on the same
unit of measurement, which allows for a comparison of (la-
tent) variance/covariance structures. Scalar MI denotes that
item difficulties are comparable, which allows for a compar-
ison of (latent) means. Strict MI indicates an equal impact
of sources of item specificity (e.g., unreliability). When strict
MI holds, differences in manifest variables are due to true
differences in the latent variables, rather than item-specific
measurement error. If strict MI holds, direct comparisons of
manifest scale means are possible. In combination with
equal latent variances, strict MI also implies that measure-
ment reliability (proportion of true score variance to total
variance) is comparable.

Tests of MI have often shown that invariance levels
beyond metric invariance are hard to achieve (Schmitt &
Kuljanin, 2008), but even lower levels of invariance may
support comparable measurement (Tran, 2009). Tradition-
ally, partial MI can be investigated if some item parameters
(either loadings or intercepts) are non-invariant. For exam-
ple, partial metric MI does not require all, but two, of the
factor loadings to be equal (one anchor item’s plus another
invariant item’s loadings). Partial scalar MI (one anchor
item’s plus another invariant item’s intercepts) is statisti-
cally sufficient to compare latent means (Byrne et al.,
1989; Lubke & Dolan, 2003). In a review on MI testing,
Schmitt and Kuljanin (2008) concluded that “partial invari-

ance made little difference in the estimates of structural
model parameters.” Candidate items that supply invariant
model parameters can be found on the basis of w2-based
Modification Indices (ModInd; Byrne et al., 1989).
Researchers are advised to relax parameters one at a time
to see if model fit can be improved and if partial MI can be
established. A ModInd around 3.84 (df = 1) is just statisti-
cally significant at an arbitrary level of p = .05 for Type-I
errors. Researchers are advised to look for modifications
that substantially exceed this threshold (Brown, 2006).
We generally followed these recommendations, and all
modifications were executed based on ModInd. ModInd
were used when a specific invariance test failed, but partial
invariance was still an option. In an iterative manner, the
largest ModInd (typically >10) was used to identify the
model parameter most in need of being freed from a
cross-group equivalence constraint. The partial invariance
model was then inspected for acceptable model fit.

In MI testing, the alternative models which are nested in
less constrained baseline models are compared based on
w2-difference tests. MLR uses scaled w2-scores, but w2-dif-
ference scores are not w2-distributed themselves, necessitat-
ing Satorra-Bentler scaled w2-difference tests (Satorra,
2000; Satorra & Bentler, 2001). Any w2-tests or w2-differ-
ence tests are likely to reach significance due to our large
sample. Independent from the sample size, model fit
indices can be used to evaluate MI analyses. Going from
one step to the next, a drop in CFI less or equal to .010
is conventionally considered acceptable unless there is a
concurrent increase of RMSEA greater than +.015 (Chen,
2007; Cheung & Rensvold, 2002). However, strictly adher-
ing to cut-offs when examining ΔCFI and ΔRMSEA is prob-
lematic when the simulation parameters used for deriving
the cut-offs somehow differ from the present case (Fan &
Sivo, 2009; Saris et al., 2009). A better alternative is to look
for lower BIC values that indicate a better tradeoff between
accuracy and parsimony, irrespective of sample size and
model complexity.

Results

Descriptive Data Analysis

Men and women hardly differed at all regarding their mean
SOC scores, t(1,814) = 0.765, p = .45, d = 0.04. Across age
groups, SOC scores increased almost linearly with age, F(2,
1,813) = 98.41, p < .001, η2p = .10. With regard to reliability
estimates, Cronbach’s αs were consistently high in all
groups. For comparison with a representative German sam-
ple, we computed a mean score of SOC means for 808 par-
ticipants in the two older age groups (Mage = 46.76). SOC
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means were comparable to the reference sample (N =
2,005, Mage = 50.03) reported by Schumacher and col-
leagues (2000): M = 5.05 (SD = 0.93) versus Mref = 5.01
(SDref = 0.89), d = 0.04.

Confirmatory Factor Analyses and
Measurement Invariance

Matching previous researchers’ considerations, we first
compared a three-factor model and a two-factor model
(across the whole sample), assuming a pair of correlated
residuals between items #2 and #3. The three-factor model
fitted the data well, w2(61) = 376.22, p < .001, RMSEA =
.053, CI90 = [.048, .059], CFI = .952, SRMR = .036, but
so did the two factor-model, w2(63) = 383.77, p < .001,
RMSEA = .053, CI90 [.048, .058], CFI = .951, SRMR =
.036. The factors for manageability and comprehensibility
were statistically nearly indistinguishable (r = .96). Having
replicated the recently emerged standard model for the
SOC-13 scale, we accepted the two-factor model as the
basis for the following MI analyses.

Results and model fit indices of the MGCFAs are
depicted in Table 2. Testing first the invariance across gen-
ders, the initial configural invariance model showed a good
model fit. Constraining factor loadings to be equal (metric
MI) did not impair model fit. We observed a noticeable
drop in model fit when testing scalar MI, so we investigated
modification indices (ModInd) to check for potential adjust-
ments of the model. The intercept of item #1 (ModInd =
37.80, Δw2 = 38.47) “Do you have feeling that you do not
really care about what goes on around you?” was not invari-
ant across genders. After relaxing its equality constraint,
partial scalar MI held. Within the context of a partial scalar
invariant model, we next examined strict invariance by con-
straining residuals to be equal across groups. The decrease
in model fit was well within acceptable levels. At the level
of structural parameters, enforcing equal variances and
covariances also did not harm model fit. At last, we tested
for equal factor means. The drop in CFI was still below .010
and RMSEA increased only slightly. Still, ModInd indicated
unequal factor means for both factors (meaningfulness:
ModInd: 43.69; comprehensibility/manageability: ModInd:
41.34). On the basis of the variance invariance model (M5),
we can quantify the estimated latent mean differences.
Compared to females, males had lower (unstandardized)
latent means on meaningfulness (Est. = �0.193, SE =
0.054, p < .001, d = .12) and higher latent means on com-
prehensibility/manageability (Est. = 0.161, SE = 0.051, p =
.002, d = .10).

We then investigated MI across age groups. Again, the
configural MI model showed good model fit. Metric invari-
ance also held unconditionally. The scalar MI model
showed a substantial decrease in model fit. ModInd indi-

cated unequal intercepts for several items among the young
adults: item #8 (ModInd = 49.29, Δw2 = 49.71) “Do you
have very mixed-up feelings and ideas?”, item #6 (ModInd
= 33.36, Δw2 = 33.58) “Do you have the feeling that you are
in an unfamiliar situation and do not know what to do?”,
item #1 (ModInd = 31.63, Δw2 = 31.10), item #4 (ModInd
= 16.98, Δw2 = 8.41) “Until now your life has had . . . clear
goals”, item #10 (ModInd = 16.02, Δw2 = 16.85) “Many peo-
ple – even those with a strong character – sometimes feel
like sad sacks (losers) in certain situations. How often have
you felt this way in the past?”, item #2 (ModInd = 11.17, Δw2

= 11.98) “Has it happened in the past that you were sur-
prised by the behavior of people whom you thought you
knew well?”, and item #3 (ModInd = 25.17, Δw2 = 26.09)
“Has it happened that people whom you counted on disap-
pointed you?”. After these modifications, partial scalar MI
could be established. Notably, all modifications pertained
to the young adult group. We next tested strict MI by con-
straining all residuals to be equal across age groups, yet
once more model fit dropped below accepted cut-offs. In
the senior age group, the residuals of item #6 (ModInd =
31.81, Δw2 = 42.93), item #8 (ModInd = 17.92, Δw2 =
20.67), and item #13 (ModInd = 14.63, Δw2 = 15.02) were
non-invariant, as was item #1 in the young adult group
(ModInd = 25.85, Δw2 = 26.28). After modifications partial
strict MI could be established.

At the level of structural parameters, we constrained all
variances and covariances to be equal across groups. Model
fit dropped slightly. Most notably, SRMR increased by .025.
ModInd indicated unequal variances for both SOC factors
in the senior group: meaningfulness (ModInd = 16.82, Δw2

= 169.42) and comprehensibility/manageability (ModInd
= 2,009.67, Δw2 = 1029.24). Finally, we constrained latent
means to be equal. As expected, model fit clearly
decreased. On the basis of the accepted partial variance
invariance model, we could estimate latent mean differ-
ences. Compared to the young adult group, the adult age
group had higher (unstandardized) scores on latent mean-
ingfulness (Est. = 0.297, SE = 0.071, p < .001, d = .19)
and comprehensibility/manageability (Est. = 0.410, SE =
0.065, p < .001, d = .29) factors. Differences between the
young and senior groups were even stronger for meaning-
fulness (Est. = 0.799, SE = 0.075, p < .001, d = .59) and
comprehensibility/manageability (Est. = 0.902, SE =
0.068, p < .001, d = .74).

Discussion

The present research investigated measurement invariance
(MI) of SOC as measured by the SOC-13 scale across age
and gender. In line with prior research, a three-factor model
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fitted the data, yet resulted in a very high correlation
between the manageability and comprehensibility factors.
For reasons of parsimony, we tested MI on the basis of a
two-factor model (Grevenstein, Aguilar-Raab, et al., 2016;
Grevenstein & Bluemke, 2017; Zimprich et al., 2006). The
alleged correlated residuals between items #2 and #3 repli-
cated across all subgroups (Feldt et al., 2003; Grevenstein,
Aguilar-Raab, et al., 2016; Moksnes, Espnes, et al., 2013).

Across gender groups, full metric MI, partial scalar MI,
and strict MI could be established. Even at the level of
structural parameters, the invariance of all variances and
covariances could be shown. Taken together, only one
intercept (item #1) differed, and females endorsed the item
more readily. Only minor differences in latent means
emerged. Even manifest scale means appear to be quite
comparable across genders without introducing a large
amount of bias.

Across age groups, full metric MI, partial scalar MI, and
partial strict MI held. Non-invariance at the scalar level was
due to items in the young adult group, with seven items
having non-invariant intercepts. This finding is unprece-
dented, but highly relevant, as not a single study has inves-
tigated SOC’s MI across this wide age range before. This
finding is highly illuminating for salutogenic theory. Even
though non-invariance may be due to uniform item bias,
or disparate use of items by young cohort members, a more
theoretical explanation pertains to the development of SOC
at young adult age.

Antonovsky described the development of SOC as a
dynamic process up to the age of 30 (Antonovsky, 1987).
He assumed SOC to be fully developed in later years. It
has long been accepted that people face different develop-
mental tasks across various age stages (Havighurst, 1972).
Full metric MI for the SOC-13 provided the first evidence
that the same psychological construct is measured irrespec-
tive of the age of participants. And yet, the different compo-
nents underlying SOC (at the factor and item level) are
unevenly important at various age stages. One can easily
fathom that most life challenges are different for a 20-
year-old who just started life on their own from a 50-
year-old who has dealt with these challenges and may then
be tightly embedded in family structures or professional
settings. This logic is in line with recent research on life
goals. Much like the challenges that life poses, life goals
change across the life-span. The importance of personal-
growth, status, and work goals decreased, whereas proso-
cial-engagement increased in importance (Bühler et al.,
2019). Moreover, goal-adjustment, that is, adaptive disen-
gagement and re-engagement capacities were found to pre-
dict individuals’ well-being and health (Barlow et al., 2019).
Our results of partial scalar MI have to be seen through the
lens of developmental tasks that influence how people

interpret the SOC-13 items from within their age-dependent
context, which systematically affects the item difficulty
when choosing one of the response options of the non-
invariant items. This age-dependent differential item func-
tioning needs to be kept in mind when comparing SOC
scores, before arriving at firm conclusions on true differ-
ences between groups, or changes across the life-span, that
involve young adult age.

Unfortunately, neither could we establish strict MI
unconditionally, though only a minority of item residuals
had to be estimated freely. Covariances between factors
and between the residuals of items #2 and #3 were found
to be equal, yet factor variances in the senior group were
reduced. The latent means of both meaningfulness and
comprehensibility/manageability showed a substantial,
and nearly linear, increase along with age. This is in line
with prior research, where older participants reported
higher SOC means (Feldt, Lintula, et al., 2007; Silverstein
& Heap, 2015). This increase of SOC scores refutes Anto-
novsky’s age stability hypothesis, which entails variability
and development of generalized resistance resources up
to the age of 30, but stability afterward. This finding can
easily be reconciled with previous research demonstrating
relatively high stability of participants’ rank-order. The
increase in SOC that may occur in later life affects all peo-
ple to a similar extent. Consequently, in the future research-
ers need to be clear about whether they refer to absolute
SOC levels (which progress even at higher age) or relative
individual differences (which appear quite stable). If one
reads Antonovsky to refer to the former, the theoretical
supposition has to be rejected, whereas it may be compati-
ble with the latter notion.

Regarding the measurement of SOC, our results shine a
positive light on the factorial validity of the SOC-13 scale.
For both types of group comparisons, we could establish
(partial) strict MI. Most researchers consider partial scalar
MI as “good enough” for an interpretation of mean struc-
tures (Byrne et al., 1989; Schmitt & Kuljanin, 2008; Steen-
kamp & Baumgartner, 1998). Strict MI is even more
difficult to achieve, yet the consequences of unequal resid-
uals may be low in practical terms (Lubke & Dolan, 2003;
Schmitt & Kuljanin, 2008).

Antonovsky conceived SOC as a meta-construct. As a
medical-sociologist, he envisioned numerous potential
external factors that could influence SOC (Antonovsky,
1987). Antonovsky assumed that a person’s SOC develops
in line with a broad range of concepts, including socioeco-
nomic status, social environment, general intelligence, and
personal experiences in interpersonal relationships. Our
results support the conclusion that despite the complexity
of the SOC construct, its measurement across age and gen-
der is – almost surprisingly – comparable.
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Limitations

Our study offers progress beyond prior research, as we
were able to analyze a large sample with a wide range of
age represented in it. Due to the use of propensity score
matching, we can confidently assume that the effects of
participants’ age and gender were not confounded. Still,
our sample does not represent a real probability-based sam-
ple. Also, it needs to be seen if good results can be achieved
in other languages as well.

Conclusions

We confirmed partial strict MI of the SOC-13 scale across
gender and age groups, allowing for comparable measure-
ment of SOC. Our results lend support to previous and
future comparisons of variance/covariance structures (cor-
relations) and mean structures across groups when based
on the SOC-13 scale.
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