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Abstract
Challenges of modern living such as burden of disease, a global COVID-19 pandemic and workplace stress leading to 
anxiety and depression raise the importance of psychological resilience. Psychological interventions should increase trait 
resilience that involves reinforcing state resilience and requires a clear distinction between state and trait aspects of the 
construct. Generalizability theory is the appropriate method increasingly used to distinguish between state and trait and to 
establish reliability of psychological assessment. G-theory was applied to examine five major resilience scales completed 
at 3 time-points by the sample (n = 94) that possess adequate statistical power for such analyses. All five resilience scales 
demonstrated strong reliability and generalizability of scores across occasions and sample population as expected for a valid 
trait measure (G > 0.90). However, eight state aspects of resilience were identified from all five resilience scales including 
adaptation to change; perseverance; self-confidence while facing adversity; self-efficacy; trust in instincts; ability to follow 
plans; non-reactivity; and ability to plan. State aspects of resilience appear to show more variability and, pending further 
research, could potentially be a target for resilience-building interventions. All five measures of resilience are useful to assess 
long-lasting changes in resilience. Development of a state resilience scale is warranted.
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The modern world presents a plethora of challenges, 
such as the burden of disease (e.g., the COVID-19 
pandemic), workplace stress, burnout, and negative 
environmental effects. These factors have been linked to 
anxiety and depression, heightening the importance of the 
resilience concept across various areas of psychology (Heinz 
et al., 2018). Psychological resilience is generally defined 
as the ability to recover from difficult circumstances or 
challenging life events. It is proposed as an effective tool to 
mitigate the negative effects of stressors leading to anxiety 
and depression (Dantzer et al., 2018; Sheerin et al., 2018; 
Stewart & Yuen, 2011; McCraty & Atkinson, 2012).

Resilience is posited to function as a protective ‘buffer’ 
against the impact of adverse childhood experiences that 
can lead to adult depression (Poole et al., 2017a, b). It has 
also been found to be negatively associated with suicidal 
ideation (Kim et al., 2020). Despite its potential, current 

resilience-building interventions have yielded inconsistent 
results. A recent study found that one-third of university 
students experienced anxiety or depression that affected 
their daily functioning. Although students who underwent 
a short resilience-building program showed reductions of 
depression and perceived stress, the program had a negligi-
ble effect on resilience levels and even resulted in a decrease 
in resilience scores from pre- to post-training (Akeman et al., 
2019). A meta-analysis of workplace-based resilience-build-
ing programs found an overall modest effect size, which 
decreased significantly over a one-month period post-inter-
vention (Vanhove et al., 2016). Another meta-analysis found 
only small to moderate effect sizes, with only four of eleven 
identified studies yielding statistically significant results 
when control conditions were present (Joyce et al., 2018).

Further issues in resilience research lie in the current con-
ceptualizations of measuring trait and state resilience. Trait 
resilience refers to a person’s relatively stable resilience over 
time, akin to a resilient personality type (Spielberger, 1983). 
On the other hand, state resilience is a dynamic and changing 
form of resilience. It emerges from the interaction between 
individual trait resilience features and occasion-specific 
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factors. Importantly, state resilience does not include the inter-
action between person, item, and occasion, as such interaction 
represents an error variance due to changes in understanding 
an item due to situational factors (Medvedev et al., 2017). 
These complexities necessitate ongoing research to better 
understand and measure these facets of resilience.

The Whole-Trait Theory (Fleeson & Jayawickreme, 
2015) and the TESSERA framework (Wrzus & Roberts, 
2017) proposed that states are manifesting as an interaction 
of traits with specific situations. Therefore, if experience of 
states is frequently repeated over time it can result it trait 
changes. Accordingly, interventions aiming at trait changes 
should target states on the first place to enable individuals 
to experience relevant states more often and in a diverse set 
of situations, such that these transitory changes in thoughts, 
emotions, and behaviours will ultimately impact on enduring 
(trait) changes over time (Miller et al., 2021). Thus, research 
aiming at enhancing effectiveness of interventions should 
try to understand the causes of state variations. Items in 
a psychometric measure reflect different aspects of a con-
struct being measured (e.g., resilience) and investigating 
(state) variability of different items over time can provide a 
meaningful information as to what aspects of a construct are 
the most dynamic over time (Medvedev et al., 2021). The 
research shows that trait aspects of a construct are resistant 
to change while more dynamic aspects reflected by state 
items are easier to influence by means of an intervention and 
such aspects should be a primary target of such interven-
tions (Arterberry et al., 2014; Medvedev et al., 2017). Con-
sequently, it is important to distinguish between state and 
trait aspects of a construct, which are reflected by assess-
ment items operationalising a construct under investigation.

The most common method of distinguishing between state 
and trait features utilizes test-retest reliability and question 
wording (STAI; Gaudry et al., 1975). Conceptually, items 
and instructions should be worded to refer to the present in 
order to assess state features, and towards overall tendencies 
to assess trait features. Spielberger (1983) proposed that a 
correlation between two test scores at separate intervals of 
less than 0.60 indicates a state measure, while a correlation 
of 0.70 and above indicates a trait scale. Problems with this 
style of assessment were shown in Barnes et al. (2002) reli-
ability investigation of the State-Trait Anxiety Inventory 
(STAI; Gaudry et al., 1975), which found a test-retest corre-
lation ranging from 0.82 to 0.94 for trait anxiety, and 0.34 to 
0.96 for state anxiety. The higher upper range for state anxiety 
contradicts the prescribed criteria for state and trait distinc-
tion. Thus, more psychometric work is needed to establish the 
overall reliability of measuring resilience, identify sources 
of the measurement error and distinguish between state and 
trait aspects of resilience using appropriate methodology such 

as Generalizability theory (G-theory; Cronbach et al., 1963, 
1972; Bloch & Norman, 2012; Medvedev et al., 2017).

G-theory, a robust statistical methodology pioneered 
by Cronbach et al. (1963, 1972), offers a comprehensive 
analysis of the reliability and generalizability of assessment 
scores obtained from psychometric scales. It also identi-
fies specific error sources potentially influencing measure-
ments. This method enhances Classical Test Theory (CTT) 
by using ANOVA to quantify error sources, which in CTT, 
would be collectively accounted for as an overall error esti-
mate. This approach can be likened to the historical usage 
of garbage containers where people discarded everything, 
they no longer desired to keep, including potentially recy-
clable items. The CTT model of X = T + E posits that the 
observed score (X) consists of the true score (T) and the 
error (E) (Brennan, 2010). In this model, all error sources 
are included within E, rendering the specific error sources 
and their contribution to E indiscernible.

G-theory operates in a manner analogous to modern 
recycling bins which segregate waste into different 
categories based on their sources such as plastic, metals, 
paper, biological and general waste, recognizing that many 
types of these waste are indeed useful. Similarly, G-theory 
quantifies the unique contribution of different error sources 
to the overall error, which can be instrumental in enhancing 
the reliability of assessments. This is achieved through a 
model that can be expressed as:

Where: Ep = Error attributed to person; EI = error attributed 
to item; EO = error attributed to occasion; E (P x I) = error 
attributed to interaction of person and item; E (P x O) = error 
attributed to interaction of person and occasion; E 
(P x I x O) = error attributed to interaction of person, item, and 
occasion (Medvedev et al., 2017).

G-theory can also be used to reliably distinguish between 
trait and state aspects of a psychological construct such as 
resilience (Medvedev et al., 2017). Usually, interactions 
between an individual’s trait and assessment occasions 
represent an individual’s state, which is a dynamic aspect 
associated with a construct (Medvedev & Siegert, 2022). 
Formulas to estimate state and trait component indices to 
distinguish between trait and state using G-theory were 
proposed by Medvedev et al. (2017). Although, there are 
statistically equivalent approaches to disengage state and 
trait components such as the latent state-trait theory (Steyer 
et al., 1999; Vispoel et al., 2021), such methods were not 
specifically developed to examine the overall reliability and 
generalisability of assessment scores across various popula-
tions and contexts (Medvedev & Siegert, 2022). Therefore, 
G-theory is increasingly applied to evaluate and enhance 

(1)X = T + EP + EI + EO + E(P×I) + E(P×O) + E(P× I×O)
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the overall reliability of psychometric instruments across 
disciplines and to quantify sources of measurement error 
as well as distinction between state and trait (Kumar et al., 
2022; Medvedev et al., 2021).

G-theory analysis typically begins with a Generalizabil-
ity (G)-study, which centers around assessing the aggregate 
reliability at the primary scale-level (Cronbach et al., 1972; 
Brennan, 2010). The principal aim of the G-study is to 
compute the variance components ascribed to the various 
sources of variability within the scale, such as the person, 
item, occasion, and the interactions amongst them. The main 
outcome of the G-study is the calculation of the individual 
variance components and their standard errors, one for the 
object of measurement and one for each facet in the design, 
along with one for the residual. Generalizability coefficients 
(G-coefficients) are derived in a subsequent phase, the Deci-
sion (D)-study, and based on variance components that were 
estimated in the G-study.

The D-study follows the G-study and conducts further 
experimentation with measurement designs to optimize 
overall reliability of the assessment. It includes analyzing the 
variance component estimates obtained from the G-study, 
answering ‘what if’ questions about how the magnitude of 
the error variances and G-coefficients would vary under 
changes to the number of levels in any facets (such as items, 
raters, or occasions) or alterations to the structure of the 
design. As a result, it calculates absolute and relative error 
variances, and the G-coefficients. A G-coefficient of 0.80 or 
above signifies high generalizability of assessment scores, 
reflecting a reliable trait measure (Cronbach et al., 1972; 
Brennan, 2001, 2010; Medvedev et al., 2018a, b).

However, such aspects concerning ‘what if’ scenarios 
or structural changes to the design are not relevant to the 
current study. In our case, the D-study might involve the 
reduction of item numbers to improve the psychometric 
properties of a measure. Importantly, it can be conducted 
at the individual item level, thereby providing insights into 
which items best reflect trait or state resilience. This distinc-
tion between the G-study and D-study is in line with the 
descriptions provided by Cronbach et al. (1972) and does 
not conflict with the understanding imparted by Bloch and 
Norman (2012).

A state component index (SCI) can be calculated using 
formulas from the G study (Medvedev et al., 2017):

A trait component index (TCI) has an inverse relations 
with the SCI and can be computed using the following for-
mula (Medvedev et al., 2017):

SCI =
�
2

po

�2
po
+ �2

p

Where, �2

po
 is person x occasion interaction representing 

a state;�2

p
 is a true person variance representing a trait. The 

SCI and TCI indicate how strongly each scale/item meas-
ures state or trait resilience. In this study, we have chosen a 
cut-off value of 0.60 for both SCI and TCI, as it represents 
a more conservative and defensible criterion that requires 
at least 60% of the variance to be explained by either state 
or trait. This threshold helps to increase the confidence in 
the classification of items as predominantly measuring state 
or trait resilience. It is important to note that, in addition to 
the SCI and TCI values, the content of the item should also 
be considered when distinguishing between state and trait 
items. To date, G-theory is increasingly used across disci-
plines such as medicine, psychology, and education to exam-
ine the overall reliability and generalizability of assessment 
scores, sources of the measurement error (Bloch & Norman, 
2012; Medvedev et al., 2018a, b), and to distinguish between 
state and trait (Lyndon et al., 2020; Truong et al., 2020).

This study aimed to distinguish between state and trait 
resilience, identify sources of measurement error and the 
overall generalizability of assessment scores in the five 
widely used resilience measures by applying G-theory. Iden-
tifying stable and dynamic aspects of the resilience construct 
may add valuable knowledge to conceptualizations of resil-
ience. While many studies have assessed both proximal and 
distal effects of resilience training, the scales used do not 
distinguish between state and trait in their assessment (Salisu 
& Hashim, 2017). If sensitivity to distinguish between state 
and trait resilience is achieved, proximal and distal effects 
of resilience training can be more accurately assessed. By 
identifying dynamic features of resilience, we would also be 
able to identify the factors which are most changeable. This 
can then be applied to form resilience building interventions 
that target amendable features of resilience thus increasing 
their efficacy. Overall, this study aimed to contribute to more 
accurate assessment of resilience in a wider context including 
psychological interventions to enhance resilience in people.

Materials and methods

Study population

This study included 94 university students that completed 
an online questionnaire at three separate time points, with 
one-week intervals. Our sample size is adequate for this type 
of reliability research as demonstrated by similar studies 
(Shoukri et  al., 2004; Truong et  al., 2020). The sample 
included 75 (80%) females and 19 (20%) males with a mean  
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�
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age of 27 years (SD = 9.47). The ethnic composition of the 
sample is as follows: New Zealand European 57 (60%), New 
Zealand Maori 13 (14%), Pacific Peoples 2 (2%), Asian 13 
(14%), and Other 9 (10%). Student participants received 
course credit for research participation.

Procedure

This study was approved by the authors’ institutional ethics 
committee. Participants who wished to take part in the study 
completed online surveys at three time points in their own 
time. Informed consent was obtained from all participants as 
a part of completing the questionnaire. A one-week period 
between completion of one survey and distribution of the 
next was selected based on Spielberger’s, 1983 findings that 
this timeframe is optimal for assessment of temporal reli-
ability and to minimize learning effect. Qualtrics XM was 
used to create and administer an online survey. The survey 
was comprised of the five resilience scales described in the 
Measures section below and included demographic informa-
tion such as age, sex, and ethnicity.

Measures

Connor‑Davidson Resilience Scale (CD‑RISC)

CD-RISC is a 25-item unidimensional self-report scale, that 
is designed to measure psychological resilience. The scale 
uses a five-point Likert scale response format from “Not 
true at all” = 0 to “True nearly all the time” = 4 with the 
higher scores corresponding to higher levels of psychological 
resilience. The total score is calculated as the sum of 
individual item responses. The CD-RISC has a reported 
Cronbach’s alpha of 0.89–0.96, and test-retest reliability of 
0.87 (Connor & Davidson, 2003) (Ponce-Garcia et al., 2015).

The Resilience Scale (TRS)

TRS is also a 25-item unidimensional self-report scale 
designed to measure psychological resilience. Responses 
range from “Strongly disagree” =1 to “Strongly agree” 
= 7. Total score for this scale is calculated as the sum of 
individual item responses. Reported Cronbach’s alpha for 
TRS is 0.89–0.94 (Wagnild & Young, 1993). Reported test-
retest reliability from a Dutch adaptation of this scale is 0.90 
(Wagnild & Young, 1993; Ponce-Garcia et al., 2015). Test-
retest reliability data was not available for the English ver-
sion of this scale. To make the TRS compatible with other 
scales used in this study, we have used uniform response 
format ranging from “Strongly disagree” = 1 to “Strongly 
agree” = 5, instead of the original 7-point response format.

Scale of Protective Factors (SPF)

SPF is a 24-item unidimensional self-report scale. Responses 
range from “Disagree completely” =1 to “Agree completely” = 
7. This scale measures the following facets of resilience: social 
skills, social support, goal efficacy, and planning and prioritiz-
ing behavior. Reported Cronbach’s alpha for the SPF is 0.91. No 
test-retest reliability values were available for this scale (Ponce-
Garcia et al., 2015). To make the SPF compatible with other 
scales used in this study, we have used uniform response format 
ranging from “Strongly disagree” = 1 to “Strongly agree” = 5, 
instead of the original 7-point response format.

Ego Resilience Scale (ER89)

The ER89 is a 14-item unidimensional self-report scale 
designed to measure trait resilience. Responses range from 
“Does not apply to me at all” = 1 to “Applies to me completely” 
= 5. Reported Cronbach’s alpha = 0.73–0.81 and test-retest reli-
ability = 0.87 (Block & Kremen, 1996; Farkas & Orosz, 2015).

Brief Resilience Scale (BRS)

The BRS is a short, 6-item unidimensional self-report scale. 
Responses for the BRS range from “Strongly disagree” = 1 to 
“Strongly agree” = 5. Reported Cronbach’s alpha values for this 
scale range from 0.80 to 0.91, and test-retest reliability values 
range from 0.62 to 0.69 (Smith et al., 2008).

Psychometric properties including citations for all meas-
ures included in this study are summarised in Table 1.

Statistical analyses

Descriptive statistics were computed using IBM SPSS Sta-
tistics version 25. Generalizability analysis was conducted 
according to the guidelines described by Cardinet et al. 
(2009) and Medvedev et al. (2017), and analysis was carried 
out using EduG 6.1e software (Swiss Society for Research 
in Education Working Group, 2006).

Our research utilizes the generalizability theory framework, 
which seeks to explain the variance of observed raw scores, 
with the responses assumed to be on an interval scale. It is 
essential to recognize these assumptions, as they fundamentally 
underpin our analytical approach. While these assumptions 
could appear stringent, G-theory offers a robust and versatile 
structure for assessing the reliability of measurements across 
diverse conditions. This flexibility is particularly relevant to our 
study, given our focus on state and trait aspects of resilience.

A fully crossed p x I x o design was used in both the G 
study and the D study. Persons (p) and occasions (o) were 
classified as random effects, but items (I) were considered to 
be fixed because both the G study and the D study focused on 
the specific items existing in the five scales and there was no 
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intent to make inferences about items beyond those included 
in the existing scales. Here, ‘persons’ refers to the partici-
pants in our study, and ‘occasions’ refers to the different time 
points at which measurements were taken. Both ‘persons’ and 
‘occasions’ could theoretically have infinite levels and are thus 
modelled as random effects in our analysis. The facets were 
operationalized with person as the object of measurement or 
differentiation facet, which is not a source of error. Instru-
mentation factors were items and occasions (Cardinet et al., 
2009). Individual states by nature, should vary across occa-
sions as reflected by person-occasion interaction. Therefore, 
the error variance attributed to person x occasion interaction 
is reflective of a state component (Medvedev et al., 2017). The 
relative value of this interaction is also indicative of a scale’s 
sensitivity to measure individual states (Paterson et al., 2017). 
In our study, we computed G and D-study estimates based on 
formulas developed by Brennan (1992), which are rooted in 
repeated measures ANOVA.

Next, we utilized these variance component estimates 
in the D-study to calculate the generalizability coefficients, 
referred to as Gr (relative generalizability) and Ga (absolute 
generalizability), which is equivalent to the index of depend-
ability, denoted by Φ. These coefficients provide insights into 
the reliability of the measurement under varying conditions. 
The formulas for these calculations, also provided by Brennan 
(1992), are as follows:

Here, �2

p
 is variance due to the object of measurement 

(persons), and �2

�
= �

2
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+ �

2

pi
+ �

2

pio
 is relative error variance, 
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(Cardinet et al., 2009):

To refine our ANOVA estimates, we applied Whimbey’s 
correction using the formula ((N(f) − 1)/N(f)), where N(f) 
signifies the size of the “f” facet. It should be noted that this 
correction does not influence facets sampled from an infinite 
universe (e.g., persons).

G-study estimates provided variance components for 
individual facets, which were used to compute relative 
(Gr) and absolute (Ga) generalizability coefficients, that 
accounted for true variance associated with the object of 
measurement (persons). The Ga coefficient involves using 
Whimbey’s correction and controls for all sources of error 
variance, both direct and indirect (e.g., item; Cardinet et al., 
2009), potentially impacting the reliability of measurement. 
On the other hand, the Gr coefficient, while also employing 
Whimbey’s correction, only considers error variances 
directly related to the object of measurement (e.g., person-
item interaction).

TCI and SCI were used to quantify the proportion of 
variance in our measurements that can be attributed to the 
stable (trait-like) and dynamic (state-like) aspects of resil-
ience, respectively. These indices were computed using 
variance components for the person and person-occasion 
interaction, as per the formulas developed by Medvedev 

Ga ≈ Φ =
�
2

p

�2
p
+ �
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Δ
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Table 1   Test-retest reliability, Cronbach’s alpha values and factor structures of the five major resilience scales ordered by number of google 
scholar citations

Test-Retest Reliability Cronbach’s Alpha Citations Scholar Number 
of Items

Number 
of Factors

Factors Assessed

CD-RISC (2003) 0.87 0.89–0.96 5823 25 5 Personal competence, high standards & 
tenacity; trust in instincts, tolerance 
of negative affect, and strengthening 
effects of stress; positive acceptance 
of change and secure relationships; 
control; spiritual Influences

TRS (1993) 0.89–0.94 0.90 3978 25 4 Perseverance, self-confidence, serenity, 
meaning, existential loneliness

SPF (2015) 0.91–0.93 23 24 4 Social support, social skill, self-efficacy, 
planning and prioritizing

ER89(1996) 0.87 0.73–0.81 2743 14 1 Active engagement with the world
Integrated performance under stress
Repertoire of problem-solving strategies

BRS (2008) 0.80–0.91 1716 6 1 Ability to bounce back/recover from 
stress
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et al. (2017). In our D study, we conducted an initial analy-
sis of individual items in our resilience measures with the 
intention of distinguishing between ‘state’ and ‘trait’ resil-
ience. We identified certain items that seemed to reflect a 
higher degree of state resilience based on their content. 
Subsequently, we experimented with different measure-
ment designs by selectively combining these ‘state-like’ 
items to create a modified resilience scale that aimed to 
capture state resilience more accurately. It’s worth noting 
that this process was iterative and exploratory, based on 
our interpretation of the item content and the data pat-
terns observed in our sample. This approach allowed us to 
explore the potential of creating a more nuanced measure 
of resilience that could differentiate between the state and 
trait aspects of this complex construct.

Results

Table 2 shows temporal reliability estimates computed 
using CTT methodology. All scales showed strong tem-
poral reliability with test-retest correlations ranging from 
0.82 to 0.92 across measures. ICC, a more robust CTT 
method of reliability estimation has also been used. An 
ICC value of 0.80 and above indicates near-perfect reli-
ability of a valid trait measure (Landis & Koch, 1977), 
scale values ranged from 0.81 (SPF) to 0.92 (CD-RISC).

G‑Study

Table 3 shows G-study results for person (P), item (I), 
occasion (O) and interaction effects for the resilience 
measures. Relative and absolute generalizability coeffi-
cient values ranged from 0.88 to 0.97 and indicated that 
all five scales are reliable measures of trait resilience with 
scores generalizable across occasions and the sample pop-
ulation. Consistent with high G-coefficient, negligible SCI 
values ranging between 0.00 and 0.01 for all scales showed 
lack of sensitivity to dynamic aspects of resilience, and 
TCI values of 0.99–1.00 indicate ideal characteristics of a 
trait resilience measure.

Overall, across all resilience measures, standard error 
(SE) values were relatively small compared to the values 
of person estimates, which reflect trait resilience. However, 
the SEs estimated for person x occasion interaction variance 
components, while negligible when compared to the SE esti-
mated for person variance, are relatively larger when com-
pared to the person-occasion variance estimates. This sug-
gests that trait estimates, such as G coefficients and TCI, may 
be more accurate compared to state estimates (e.g., SCI).

D study

Analysis of facets was conducted for individual items of each 
scale by excluding all other scale items. Overall, eleven items 
with SCI values (> 0.60) indicating sensitivity to state resilience 
were identified within the scales studied. Five items were identi-
fied within the CD-RISC with sensitivity to dynamic resilience 
(SCI 0.63–0.94). Item 13 with the highest SCI value in this scale 
relates to confidence of resources in times of trouble. The most 
trait-sensitive CD-RISC item related to enjoyment of challenges 
(TCI = 0.77). These results are included for each individual item 
in the Supplementary Table S1.

Three TRS items were also reflecting state resil-
ience with (SCI 0.61–0.74). The highest SCI scored 
was obtained for item is item 7 – “I usually take things 
in stride” suggesting that this item reflects very dynamic 
aspect of resilience. In contrast, item 2 “I usually man-
age one way or another” represents a very stable aspect 
of resilience (TCI = 0.79). The results for each TRS item 
are presented in the Supplementary Table S2. Item 18 
(SCI = 0.63) within SPF was also sensitive to dynamic 
aspects of resilience with wording ‘when working on 

Table 2   Cronbach’s alpha, test-retest bivariate correlation and ICC 
for all scales

a  Test-retest reliability computed with the reference to Occasion 1; 
**p < 0.01

Scale/ 
Assessment

Occasion 1 Occasion 2 Occasion 3 ICC (95%CI)

CD-RISC
 Mean (SD) 3.64 (0.48) 3.62 (0.54) 3.63 (0.50)
 Cronbach’s 

alpha
0.89 0.93 0.92

 Test-retest (r)a -- 0.88** 0.86** 0.92(0.83–0.91)
TRS
 Mean (SD) 3.67 (0.48) 3.63 (0.53) 3.69 (0.51)
 Cronbach’s 

alpha
0.89 0.92 0.91

 Test-retest (r)a -- 0.85** 0.82** 0.81(0.70–0.87)
SPF
 Mean (SD) 3.61(0.62) 3.62 (0.65) 3.63 (0.61)
 Cronbach’s 

alpha
0.94 0.95 0.94

 Test-retest (r)a -- 0.92** 0.88** 0.91(0.88–0.94)
ER89
 Mean (SD) 3.46 (0.53) 3.46 (0.53) 3.52 (0.55)
 Cronbach’s 

alpha
0.81 0.84 0.86

 Test-retest (r)a -- 0.83** 0.84** 0.84(0.78–0.88)
BRS
 Mean (SD) 3.32 (0.72) 3.35 (0.76) 3.38 (0.74)
 Cronbach’s 

alpha
0.87 0.89 0.89

 Test-retest (r)a -- 0.84** 0.84** 0.86(0.81–0.90)
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something I plan things out’. SPF item 15 - ‘when work-
ing on something I organize my time well’ had the greatest 
trait-sensitivity (TCI = 0.84). The results showing sensitiv-
ity of each individual SPF item to changes in state resil-
ience are included in the Supplementary Table S3.

The Supplementary Table S4 shows the results for all 
ER89 items with only item 14 “I get over my anger at some-
one reasonably quickly” (SCI = 0.82) is reflecting state resil-
ience to a higher degree. On the other hand, item 9 – “most 
of the people I meet are likeable” is the best representation 
of trait resilience in this scale (TCI = 0.83). No state-sensi-
tive items were found in the BRS. All other scale items were 
clearly measuring trait resilience (TCI 0.60–0.71) with the 
highest value attributed to item 5 – “I usually come through 
difficult times with little trouble”.

A D-study was also conducted on combinations of 7 state 
items with SCIs over 0.60, identified in the five scales, in an 
attempt to develop a state-resilience scale. However, combining 
these items did not yield a valid state measure, as reflected by 
the obtained SCI values ranging from 0.00 to 0.10. This is likely 
because state variances tended to cancel each other out when 
items were combined (refer to Supplementary Table S4). For 
instance, one state item measures the ability to adapt to changes, 
while another measures the tendency to make plans and stick to 
them. These traits may be contradictory and unlikely to co-occur 
at the same point in time.

Discussion

Resilience can act as a protective factor against stress, anxi-
ety, and depression and was frequently the focus of studies 
relating to these disorders and challenges of modern living. 

Issues such as workplace stress, burden of disease, and the 
global COVID-19 pandemic highlight the importance of 
psychological resilience. Evaluation of the efficacy of inter-
ventions to develop resilience requires knowledge of sta-
ble and dynamic aspects of resilience as well as sources of 
error in its measurement. The aim of this study was to apply 
G-theory to evaluate the five major resilience measures and 
to elucidate differences in state and trait resilience, sources 
of error, and generalizability of assessments scores. Eight 
dynamic aspects of resilience were identified from all five 
resilience scales including adaptation to change (CD-RISC, 
item 1); perseverance (CD-RISC, item 10); self-confidence 
while facing adversity (CD-RISC, item 13; TRS, item 17, 
23); self-efficacy (CD-RISC, item 17); trust in instincts 
(CD-RISC, item 20); ability to follow plans (TRS, item 1); 
non-reactivity (TRS, item 7; ER-89, item 14); ability to plan 
(SPF, item 18).

Self-confidence is the aspect most represented across 
measures and has an inverse relationship to symptoms of 
anxiety and depression (Lun et al., 2018). Adaptation to 
change is also negatively associated with stress and depres-
sive symptoms (Dyson & Renk, 2006). Self-efficacy has 
been shown as a strong predictor of resilience (Martínez-
Martí & Ruch, 2017). Therefore, targeted efforts to enhance 
this quality may be particularly effective in resilience build-
ing. Non-reactivity, represented by two out of five resilience 
measures is also one of the five facets of mindfulness (Baer 
et al., 2006) and was consistently found as a protective fac-
tor against depression and stress (Medvedev et al., 2018a, 
b). Persistence was implicated as a protective factor against 
depression, anxiety, and panic disorder (Zainal & Newman, 
2019). Trust in instincts, or an intuitive decision-making 
style has a strong positive correlation with global happiness 

Table 3   G-study estimates for five major resilience scales including 
Coefficient G relative (Gr), Coefficient G absolute (Ga), Trait Com-
ponent Index (TCI), State Component Index (SCI), variance compo-

nents (in %), and for the Person (P) × Occasion (O) × Item (I) design 
including interactions and standard errors (SE)

Three decimal points used for variance components to distinguish small values

CD-RISC TRS SPF ER89 BRS

Facets σ2 % SE σ2 % SE σ2 % SE σ2 % SE σ2 % SE

P 0.210 0.032 0.170 0.026 0.250 0.038 0.250 0.040 0.270 0.042
I 0.000 1.70 0.012 0.000 0.30 0.011 0.001 6.60 0.011 0.000 0.00 0.013 0.003 9.60 0.016
O 0.000 1.90 0.003 0.000 0.70 0.002 0.000 0.00 0.001 0.000 0.00 0.005 0.001 4.10 0.005
PxI 0.002 16.90 0.009 0.003 31.80 0.010 0.002 23.20 0.009 0.006 25.50 0.013 0.005 13.70 0.015
PxO 0.002 15.60 0.002 0.001 6.60 0.002 0.000 3.80 0.002 0.003 13.10 0.005 0.000 0.00 0.007
IxO 0.001 7.80 0.018 0.001 8.00 0.018 0.000 4.80 0.010 0.002 8.80 0.027 0.001 2.00 0.008
PxIxO 0.006 56.00 0.013 0.005 52.50 0.012 0.006 61.60 0.012 0.012 52.50 0.016 0.026 70.60 0.023
Gr 0.96 0.95 0.97 0.93 0.90
Ga 0.95 0.94 0.96 0.92 0.88
TCI 0.99 1.00 1.00 0.99 1.00
SCI 0.01 0.00 0.00 0.01 0.00
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and wellbeing (Stevenson & Hicks, 2016). Planning and 
following plans are key features of behavioral activation, 
an effective means to reduce depressive symptoms (Soucy 
et al., 2017). The dynamic aspects of resilience, as identi-
fied in our study, could potentially be more amenable to 
change. However, it should be noted that these findings are 
based on our specific sample and further research is needed 
to substantiate these results. Future interventions designed 
to increase resilience may consider these aspects, but this 
recommendation should be approached with caution until 
further evidence is gathered from diverse populations.

The variance in state aspects of resilience, as reflected 
by identified state items, could be due to several reasons. 
These items may be more sensitive to situational or envi-
ronmental influences, individual moods, or transient factors 
that might alter an individual’s response at different occa-
sions. For instance, an individual’s “adaptation to change” 
could fluctuate based on recent experiences of significant 
life changes. “Perseverance” might vary based on current 
challenges or obstacles an individual is facing. “Self-con-
fidence while facing adversity” might be influenced by the 
nature and intensity of recent adversities. In other words, 
these items might capture state-like aspects of resilience 
because they are prone to short-term variations influenced 
by specific occasions. On the contrary, trait-like aspects of 
resilience such as “trust in self,“ “self-efficacy,“ and “enjoy-
ing challenges” are likely more stable characteristics that do 
not vary significantly over short periods or across different 
situations. These aspects are more inherent and less influ-
enced by external factors, and thus, they are more trait-like.

The distinction between these state and trait aspects of 
resilience aligns with theoretical understanding in psychol-
ogy that traits are relatively enduring characteristics, while 
states are temporary and can change based on circumstances. 
This distinction is important for the design and implementa-
tion of interventions targeted at enhancing resilience. For 
instance, interventions aiming at state resilience might focus 
on providing individuals with tools to manage situational 
stressors or fluctuations in mood, while those targeting trait 
resilience might focus on fostering enduring characteristics 
like self-efficacy. However, this is a preliminary interpre-
tation based on the current study, and further research is 
needed to fully understand why these particular items are 
more susceptible to person-occasion interaction.

All five resilience scales demonstrated high generaliz-
ability of scores across occasions and sample population 
(G > 0.90) as expected for a trait measure. Therefore, all 
five measures of resilience are useful to assess long-lasting 
changes but may lack sensitivity to detect temporal changes 
in resilience caused by person-environment interaction. Sim-
ilar generalizability research has been conducted on other 
psychological scales. Truong et al. (2020) found that the 
Five Factor Mindfulness questionnaire and its shortened 18 

item version are both reliable measures of stable mindful-
ness, and at the item level similarly identified several items 
reflecting dynamic aspects of mindfulness. In our analyses, 
we observed that the effect of person x occasion interaction 
at the scale level was indeed negligible. This means that the 
dynamic aspects of resilience identified at the item level did 
not significantly affect the overall scale scores. While we 
identified certain items that appeared to capture state-like 
aspects of resilience, these did not significantly sway the 
resilience scores at the level of the entire scale.

We recognize that the person x occasion interaction term 
in G-theory carries important implications for understanding 
the dynamic aspects of individual responses across differ-
ent occasions. However, the G-theory framework assumes a 
stable “true” person estimate across occasions. In our study, 
we aimed to understand the stability of resilience measures 
in the absence of specific interventions or repeated-survey 
effects, making G-theory an appropriate and informative 
framework. We also acknowledge that the person x occa-
sion interaction term captures variability due to fluctuations 
in individual responses across occasions. However, these 
fluctuations, if consistent, can be considered a part of the 
trait resilience we aim to measure. If such fluctuations are 
random and inconsistent, they contribute to the error vari-
ance, reducing the reliability of our measures. In the context 
of resilience, the person x occasion interaction refers to the 
possibility that a person’s resilience may manifest differ-
ently in different circumstances. While this interaction is 
considered a source of error variance in CTT, it potentially 
carries meaningful information about the state-like aspect of 
resilience, which is why we chosen to analyse it in this study.

In the context of this study, the person x occasion x item 
(P x I x O) interaction tends to capture error variance asso-
ciated with the unique combination of a specific person 
responding to a specific item at a specific occasion. This is 
typically seen as a source of measurement error in G Theory 
analyses, as it represents variability that is not systemati-
cally associated with the persons, items, or occasions. It is 
also consistent with the literature that such interaction could 
reflect changes in understanding an item due to situational 
factors. On the other hand, the person x item interaction rep-
resents an error due to inconsistent understanding of items 
by individuals in a sample, which was negligible in the cur-
rent study, which supports psychometric properties of items 
used in these resilience measures.

A D-study was performed on the eleven identified state-
items to attempt the creation of a state-resilience measure-
ment scale (Supplementary Table S4). However, combin-
ing these items did not result in a valid state measure, as 
evidenced by the low SCI values ranging from 0.00 to 0.10. 
This outcome aligns with previous findings by Medvedev 
et al. (2018a, b) and Truong et al. (2020), suggesting that 
state variances may neutralize each other when items are 
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combined. For instance, one state item evaluates an indi-
vidual’s ability to adapt to changes, while another assesses 
their inclination to make and adhere to plans. Strictly follow-
ing plans could negatively influence a person’s adaptability 
to change, thus diminishing the overall effect when these 
items are combined.

Limitations and directions for future research

This study has shown the first evidence that the evaluated 
scales measure trait and have low sensitivity to state-resil-
ience, which needs to be replicated with different samples 
for the purpose of robustness. This lack of state-sensitiv-
ity may explain some inconsistencies found in resilience 
research. For example, successful resilience training is likely 
to yield dynamic changes proximal to intervention, and more 
stable changes over time. Therefore, more effective meas-
urement of resilience training effects may be achieved by 
measurement of changes in both stable and dynamic resil-
ience features.

State aspects of resilience appear to show more vari-
ability and, pending further research, could potentially be 
a target for resilience-building interventions. A need for a 
reliable measure of state-resilience has been identified by 
this study. Our findings may be useful to inform research 
to create such a scale. The similarity of the SPF item with 
the highest SCI value ‘when working on something I plan 
things out’ (SCI = 0.63) and SPF item with the highest TCI 
value ‘when working on something I organize my time well’ 
(TCI = 0.84) bears further investigation to ascertain whether 
the distinction between planning and time organization is 
critical in this context, or if other factors such as question 
wording have shaped this result.

The primary limitation of this study is its relatively small 
sample size of 94 participants, which may limit the general-
izability of our findings. Future studies could benefit from a 
larger and more diverse sample. Therefore, we present our 
study as a preliminary investigation and emphasize the need 
for future research with larger samples to further validate 
our findings and improve generalizability to a wider popu-
lation. In addition, the sample for this study was obtained 
from a predominantly European and female university class 
population. Future research should endeavour to test the 
measurement invariance of dynamic and stable aspects of 
resilience in larger, more diverse samples to increase the 
generalizability of findings.

In this study we adapted two scales (SPF, TRS) to 5-point 
Likert scale format to ensure the same number of response 
options across all scales used in this study, which was nec-
essary for a more coherent and reliable analysis. However, 
we believe that our adaptations, which were limited to the 
number of response options and did not involve altering the 
content of the items, are unlikely to significantly distort the 

constructs being measured. We have maintained the integrity 
of the original scales’ content and have only modified the 
response options to align with the rest of the scales used in 
our research. While we acknowledge that this is a limita-
tion of our study, we also believe that our findings provide 
valuable initial insights into the state and trait aspects of 
resilience.

We would like to emphasize the importance of interpret-
ing the SCI and TCI estimates with caution, as these indices 
are derived from variance components that are themselves 
approximations subject to sampling error. As such, the SCI 
and TCI estimates may not be infallible, and their precision 
is contingent upon the precision of the underlying variance 
components estimates. Unfortunately, there is currently no 
established procedure for computing confidence intervals 
for the SCI and TCI, which would provide valuable infor-
mation on the reliability of these indices. Future research 
in this area would greatly benefit from further investiga-
tion of methods to compute confidence intervals and assess 
the standard error and sampling distribution of the SCI and 
TCI. In light of these limitations, we encourage readers to 
consider the potential uncertainties and biases in our results 
when interpreting the SCI and TCI estimates. Recognizing 
these constraints is important for a comprehensive under-
standing of the degree to which items measure state or trait 
resilience in our study.

In our study, we reported Cronbach’s alpha coefficients 
for the resilience measures as a routine requirement and 
for comparison with their respective validation studies. 
We recognize that Cronbach’s alpha is based on certain 
assumptions, such as unidimensionality, tau-equivalence, 
and independent error covariances among items. Some of 
the resilience measures used in this study are designed to 
assess multiple factors, which may violate the assumption 
of unidimensionality (Vispoel et al., 2018). Additionally, we 
did not test for tau-equivalence in our analysis. We would 
like to emphasize that the main focus of our study was not 
to examine the internal consistency of these measures, but 
rather to explore the overarching construct of resilience that 
they assess. In our analyses, we operated under the assump-
tion that all scales measure the same construct—resilience. 
We acknowledge that this assumption could potentially be 
perceived as a limitation. We also acknowledge the potential 
limitations of using Cronbach’s alpha in this context and rec-
ommend interpreting these coefficients with caution. Further 
research may benefit from employing alternative reliabil-
ity metrics that are more appropriate for multidimensional 
measures.
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