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We first replicate a study by Vautier and Pohl (2009), who used the State–Trait Anxiety Inventory (STAI)
to reexamine the structure of anxiety. Using two large samples (N ⫽ 4,138 and 1,824), we also find that
state and trait anxiety measure continua that range from high calmness to high anxiety. We then
significantly extend previous findings and make the clinical importance of this topic more explicit by
characterizing the (linear or nonlinear) form of the relationship between the calmness–anxiety continuum
and other psychiatric variables for the first time. This form is critical to understanding anxiety problems,
as discontinuities in relationships with other psychological conditions could be used to define a natural
boundary of problematic anxiety. Baseline levels on the calmness–anxiety continuum are found to have
a near linear relationship with changes in depression, aggression, and substance misuse over time. Taken
together, these results indicate the joint importance and usefulness of treating anxiety problems and
promoting calmness, as doing so may promote resilience from developing other psychiatric conditions.
Psychiatric and psychological interventions that are grounded in this continuum conceptualization would
logically be stopped when an individual reports experiencing high levels of calmness. Our results point
to the usefulness of early intervention and prevention (when people begin to move away from high
calmness) and instilling resilience (by providing interventions to move people toward high calmness).
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The State-Trait Anxiety Inventory (STAI) is “the most widely
used device to measure anxiety across cultures” (Lonner & Ibrahim, 1989: p. 317), and there is extensive support for its psychometric properties (see Spielberger, 1989; Spielberger & DiazGuerrero, 1986; Spielberger, Gorsuch, & Lushene, 1970). Strong
consensus over decades of research has supported a four factor
structure that consists of state and trait “anxiety present” and
“anxiety absent” factors (Bernstein & Eveland, 1982; Hishinuma,
Miyamoto, Nishimura, & Nahulu, 2000; Mook, Van der Ploeg, &

Kleijn, 1992; Spielberger, Vagg, Barker, Donham, & Westberry,
1980; Suzuki, Tsukamoto, & Abe, 2000; Vagg, Spielberger, &
O’Hearn, 1980; Vigneau & Cormier, 2008). “Anxiety absent”
items (e.g., “I feel calm”) are reverse scored. As currently defined,
a total score on the state and trait scales therefore involves a
combination of the “presence” and “absence” of anxiety symptoms.
Although there has been extensive support for a four factor
structure to the STAI, there are both conceptual and statistical
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reasons to suggest that this issue needs to be revisited, with
implications for how we understand the structure of anxiety. The
conceptual argument was provided by Joseph and Wood (2010),
who observed that reverse scored STAI items appear to assess
calmness and relaxation (e.g., “I am cool, calm and collected”
[trait anxiety]; “I feel calm” [state anxiety]), rather than merely the
absence of anxiety problems. They pointed out that for the lowest
possible score on the STAI to occur, a person would have to give
all of the positively worded items (e.g., “I feel calm”) the highest
possible score (“Almost always”) and all of the negatively worded
items (e.g., “I feel anxious”) the lowest possible score (“Almost
never”). On this basis, they suggested that the lowest score on the
STAI does not just indicate the absence of anxiety problems, as
has been convention in research and practice for decades; it actually indicates the presence of calmness and relaxation. The STAI,
as conventionally coded, could therefore be (re)conceptualized as
ranging from high calmness to high anxiety. Although this interpretation of the STAI is new, the idea that anxiety might form a
continuum with calmness has previously been recognized by the
circumplex model of affect (e.g., Kuppens, Tuerlinckx, Russell, &
Barrett, 2013; Russell, 1980; Russell & Carroll, 1999; Yik, Russell, & Steiger, 2011) and by Carver and Scheier’s (1998) model of
affect.1
The statistical argument for reexamining the factor structure
of the STAI is as follows. It is common practice for self-report
psychiatric scales to include some positively worded items that
are reverse scored to compute a total score (Woods, 2006). The
rationale is that these items measure the same construct as the
negatively worded items (psychiatric symptoms), while reducing the tendency for respondents to agree more than disagree
(acquiescence bias), or respond according to their general feeling about the topic rather than the specific content of the items
(a response set; Green, Goldman, & Salovey, 1993; Woods,
2006). However, there is evidence that including positively
worded items in psychiatric scales can inadvertently lead to the
existence of a separate “method factor” that is not substantively
meaningful (Green et al., 1993; Vautier & Pohl, 2009; Woods,
2006). Two Monte Carlo studies demonstrate that the existence
of two factors would be inferred from the normal methods of
exploratory and confirmatory factor analysis if only 10% of
respondents respond carelessly to positively worded items
(Schmitt & Stults, 1985; Woods, 2006). When separate factors
within a scale respectively contain only positively worded and
negatively worded items, the potential substantial importance of
each factor is confounded with potential artifactual effects
(Woods, 2006). These observations have led to a growing
consensus among methodologists that factor analytic models
need to account for item wording when demonstrating the
existence of separate substantive factors in scales that include
reverse scored items (Woods, 2006).
One study to date has examined the factor structure of the STAI
while accounting for the potential influence of positively worded
items (Vautier & Pohl, 2009). The authors used structural equation
modeling (SEM) to control for item wording (method effects) in
the French adaptation of the STAI. Trait and state STAI scales
were each found to measure one construct rather than separate
“anxiety present” and “anxiety absent” factors (Vautier & Pohl,
2009).

Although these structural findings have important implications
for the scoring and interpretation of the STAI, the broad applicability and clinical significance of these findings was limited in at
least two important respects. First, this study utilized an exclusively adult sample who completed the French adaptation of the
STAI. It is therefore unclear at present whether these results would
generalize beyond adults and to the original and more commonly
used English language version of the scale.
Second, the form of the relationship between the calmness–
anxiety continuum and other psychiatric variables remains to be
established. This form is critical to understanding the boundaries
of anxiety problems, as it may be that anxiety has a stronger
relationship with other difficulties when it reaches a particular
level, thereby demarcating what is psychopathological versus what
is not (Markon, 2010). Flett, Vredenburg, and Krames (1997)
referred to this as “phenomenological continuity,” that is, continuity in the relationship between psychopathology and its antecedents, concomitants, or sequalae. Thus, even if anxiety is relatively continuous in a psychometric sense, its relationship with
associated variables might be relatively discontinuous or nonlinear
in form, thereby defining a natural boundary of problematic anxiety (Markon, 2010).

The Current Study
Given the potential practical importance of understanding the structure of anxiety, the present study sought to replicate and extend the
findings of Vautier and Pohl (2009). We begin by using two large,
diverse samples to test whether a hypothesized continuum is apparent
in the most commonly used, English language version of the STAI
when the influence of positively worded items is accounted for using
SEM. We then extend the findings of Vautier and Pohl (2009) by
characterizing the (linear or nonlinear) form of the relationship between the calmness–anxiety continuum and other psychiatric variables for the first time. This approach parallels work on stress, for
example, which has established an inverted-U-shaped relationship
between stress and memory function in that memory performance is
impaired under conditions above or below optimal stress levels
(Broadbent, 1965; Salehi, Cordero, & Sandi, 2010; Yerkes & Dodson,
1908). These analyses make the clinical importance of this topic
more apparent than merely examining whether a continuum exists.
An analysis of related variables in several domains is required to
establish phenomenological continuity (Flett et al., 1997); we use
measures of depression, substance abuse, and aggression, as these
are often comorbid with anxiety (Kendler, Prescott, Myers, &
Neale, 2003; Mineka, Watson, & Clark, 1998). We predict that
moving from anxiety to calmness will provide an equal (near
linear) decrease in risk for several other psychiatric variables over
time, irrespective of position on the calmness–anxiety continuum
(total score on the STAI).
Clarifying the form of the relationship between the calmness–
anxiety continuum and other psychiatric variables has potentially
significant implications for the conceptualization of psychological
problems and clinical practice. For example, it is possible that
1
Carver and Scheier (1998) suggest that the avoidance system underlies
this continuum and that calmness or anxiety are experienced depending on
an individual’s perceived effectiveness (or ineffectiveness) in moving
away from threat.
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there is no relationship between the calmness–anxiety continuum
and other psychiatric variables up to a particular point (e.g.,
throughout the range of the calmness pole), after which anxiety
symptoms come to have an increasingly detrimental effect. Evidence in support of this conceptualization would point to the
well-known deleterious effects of anxiety symptoms and therefore
support the current emphasis in mental health services on alleviating and treating anxiety problems. This conceptualization of
anxiety (and other mental health) problems underpins psychiatric
nomenclature and, as a result, psychiatric and psychological interventions tend to be stopped at the point of anxiety problem
absence.
An important alternative conceptualization is one in which
the relationship between the calmness–anxiety continuum and
other psychiatric variables is linear throughout the range of the
continuum. Such a relationship would be consistent with increasing discussions regarding whether or not it could be advantageous (or cost-effective) for clinical services to promote
well-being. For example, some professional bodies have called
for mental health professionals to jointly focus on increasing
well-being and reducing distress (e.g., The British Psychological Society, 2010). Positive Clinical Psychology has endorsed
a balanced and equally weighted focus on the positive and
negative aspect of life (Wood & Tarrier, 2010, as clarified in
Johnson & Wood, in press; Wood & Johnson, 2016). Evidence
of a constant linear relationship between the calmness–anxiety
continuum and other psychiatric variables would indicate both
psychometric and phenomenological continuity and would
therefore provide much-needed evidence to substantiate these
theoretical arguments. Such evidence would point to the joint
importance and usefulness of treating anxiety problems and
promoting calmness since calmness and anxiety reside on the
same continuum and changing one therefore changes the other.
Psychiatric and psychological interventions that are grounded
in this conceptualization would logically be stopped when an
individual reports high calmness and could be initiated when an
individual begins moving away from high calmness.

Method
Participants
Two samples were used. Sample 1 comprised 4,138 adolescents aged 13 to 21 years from Hawai‘i. These individuals took
part in the 5-year longitudinal Hawaiian High Schools Health
Survey (HHSHS) study conducted by the National Center on
Indigenous Hawaiian Behavioral Health (NCIHBH). This sample provides a broad spread of ages, ethnicities, socioeconomic
status, and gender (Andrade et al., 2006; Hishinuma et al.,
2001). Participants for the HHSHS study were sampled from
five high schools during five consecutive school years (1991/
1992 to 1995/1996). The schools were selected from both urban
and rural areas to obtain a representative sample of adolescents
residing in Hawaii. Students who provided assent completed the
survey in their classrooms under the supervision of their teachers. Parents of students younger than 18 years old were notified
of the study by mail and given an opportunity to refuse participation. Data collected during the 1992/1993 (N ⫽ 4,164),
1993/1994 (N ⫽ 4,182), and 1994/1995 (N ⫽ 1,433) school

3
years were used in this study. These three school years were
used because of the large sample size and inclusion of the
variables of interest. This sample completed the STAI and
measures of depression, aggression, and substance misuse.
There was some missing demographic information and incomplete questionnaire responses (see Andrade et al., 2006; Hishinuma et al., 2001). We multiply imputed missing data as best
practice (discussed below). However, the dataset authors report
that there were no significant differences on the STAI between
participants who had intact versus missing data (Hishinuma et
al., 2001).
Sample 2 comprised 1,824 British pregnant women aged 16 – 43
years (M ⫽ 26.8 years) from the Cambridge Prenatal Screening
Study (CPSS). The purpose of the study was to examine the
knowledge, attitudes, anxieties, and experiences of pregnant
women booked for antenatal care at hospitals with differing
screening policies. Participants were recruited from nine District
hospitals within 60 miles of Cambridge (United Kingdom; U.K.)
between 1990 and 1991. They provided information by telephone
and mail interviews. The response rate was 53%. This sample only
completed the STAI and was included to replicate our structural
analyses. Trait STAI items were completed at 12 weeks pregnant;
State STAI items were completed at 35 weeks pregnant and 6
weeks postnatal. Full demographic details and procedures are
reported elsewhere (Green, Statham, & Snowdon, 1996).

Measures
State–Trait Anxiety Inventory (STAI; Spielberger et al.,
1970). The STAI is described as a measure of anxiety problems. It consists of 40 items. Trait anxiety is seen as a relatively
stable individual difference in the tendency to respond to situations perceived as threatening with elevation in state anxiety
(Spielberger et al., 1970). State anxiety is conceptualized within
the STAI as a transitory emotional state characterized by subjective, consciously perceived feelings of tension and apprehension and heightened autonomic arousal. The trait scale comprises thirteen negatively worded items (e.g., “I worry too much
over something that really doesn’t matter”) and seven positively
worded items (e.g., “I am cool, calm and collected”). Trait
items are rated on a 4-point frequency scale based on “how you
generally feel.” The state scale comprises ten negatively
worded items (e.g., “I feel anxious”) and ten positively worded
items (e.g., “I feel calm”). State items are rated on a 4-point
frequency scale, with instructions asking readers to rate based
on “how you feel right now, that is, at this moment.” State and
trait scales demonstrate excellent internal consistency (average
Cronbach’s ␣s ⬎ .89) and the trait scale has evidenced excellent test—retest reliability at multiple time intervals (average
r ⫽ .88; Barnes, Harp, & Jung, 2002). The current samples
demonstrated similar internal consistency values (Cronbach’s
alpha ⫽ .89-.90). The state scale demonstrates lower temporal
stability (average r ⫽ .70), as would be expected given the
nature of the construct (Barnes et al., 2002). Trait and state
scales have evidenced adequate convergent validity with other
measures of state and trait anxiety (Spielberger, 1989) and
discriminant validity from, for example, aggression (r ⫽ .38)
and substance use (r ⫽ .19; Knight, Waal-Manning, & Spears,
1983). The STAI has been validated with a range of ethnic
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groups (e.g., Boeke, Duivenvoorden, & Bonke, 1984; Canals,
Marti-Henneberg, Fernandez-Ballart, Clivillle, & Domenech,
1992; Vautier & Pohl, 2009).
Centre for Epidemiological Studies-Depression (CES-D;
Radloff, 1977). The CES-D is one of the most frequently used
self-report measures of depressive experiences (Santor, Gregus, &
Welch, 2006). Responses capture the frequency of feelings and
behaviors over the past seven days and are rated on a 4-point scale
ranging from 0 (rarely or none of the time) to 3 (most or all of the
time). The CES-D contains twenty items that are summed so that
scores have a potential range from 0 to 60, with higher scores
indicating greater frequency of depressive experiences (Radloff,
1977). The CES-D has been shown to have good psychometric
properties, including high internal consistency in community and
psychiatric populations (Cronbach’s ␣s ⫽ .85 - .90; Ensel, 1986;
Radloff, 1977; Roberts, 1980); convergent validity with other
popular measures of depressive experiences such as the Patient
Health Questionnaire-9 (r ⫽ .85; Amtmann et al., 2014) and Beck
Depression Inventory-II (r ⫽ .86; Shean & Baldwin, 2008); and
discriminant validity from, for example, aggression (r ⫽ .44) and
substance use (r ⫽ .24; Makini et al., 1996). The CES-D demonstrated excellent internal consistency in the current sample (Cronbach’s alpha ⫽ .88). A cutoff score of 16 has been found to have
sensitivity and specificity rates of 86.7 and 76.6 for identifying
depressed individuals, whereas a cutoff score of 21 has a sensitivity and specificity rate of 73.0 and 96.1 (Shean & Baldwin, 2008).
The CES-D has been validated with a range of ethnic groups (e.g.,
Andrade et al., 2006; Garrison, Addy, Jackson, McKeown, &
Waller, 1991).
Substance Abuse Subtle Screening Inventory—Adolescent
version (SASSI-A; Miller, 1990). Six items were administered
from the Substance Abuse Subtle Screening Inventory-Adolescent
(SASSI-A; Miller, 1990) as a brief screen for substance use and
impairment and dependency arising from substance use. The
SASSI-A has been shown to have good psychometric properties,
including acceptable internal consistency in the current sample
(Cronbach’s alpha ⫽ .74); and discriminant validity from anxiety
(r ⫽ .19), depression (r ⫽ .24), and aggression (r ⫽ .33; Makini
et al., 1996). The SASSI-A also been shown to concord with a
diagnosis of substance abuse and dependency on the Diagnostic
Interview Schedule for Children (Nishimura et al., 2001), predict
counselor DSM–III diagnoses for dually diagnosed adolescent
inpatients (Piazza, 1996), and predict adolescent chemical dependency (Risberg, Stevens, & Graybill, 1995). The SASSI-A has
been validated with a range of ethnic groups (Nishimura et al.,
2001).
Braver Aggressiveness Dimension Scale (BADS; Braver, Fogas, Sandler, & Volchik, 1986). The BADS is a 14-item abbreviated self-report measure of child and adolescent aggression. It
was derived from the longer Youth Self-Report scales (YSR:
Achenbach, 1991), the self-report version of the Child Behavior
Checklist. Items selected for the BADS were those items from the
YSR which were significantly more likely to be endorsed by
clinically diagnosed, conduct-disordered children and adolescents.
The BADS has good psychometric properties, including good
internal consistency in the current sample (Cronbach’s alpha ⫽
.85); one year test-retest stability (r ⫽ .61); and discriminant
validity from anxiety (r ⫽ .38), depression (r ⫽ .44), and sub-

stance use (r ⫽ .33), with which it shares only moderate correlation (Makini et al., 1996).

Missing Data
There were substantial amounts of missing data in the Hawaiian dataset. 6.4% of all values were missing for the 1992/
1993 school year, 52.2% of all values were missing for the
1993/1994 school year, and 22.53% of all values were missing
for the 1994/1995 school year. The missingness was not completely at random (MCAR). We addressed this potential problem by multiply imputing missing data on all variables at the
item level using SPSS version 21.0 (IBM Corp, 2012). Multiple
imputation (MI) is increasingly advocated as the optimal approach for dealing with missing data (Graham, 2009; Schafer &
Graham, 2002; Shrive, Stuart, Quan, & Ghali, 2006). When MI
has been compared with alternative methods of handling incomplete data (e.g., single imputation methods, complete-case
analyses, maximum likelihood approaches), it has been shown
to generate less biased estimates that have more statistical
efficiency (e.g., Crawford, Tennstedt, & McKinlay, 1995;
Donders, van der Heijden, Stijnen, & Moons, 2006; Liu &
Gould, 2002; Tang, Song, Belin, & Unutzer, 2005). There is
also evidence indicating that MI performs well across different
circumstances, such as small samples, very large multiple regressions, and when there are large amounts of missing data
(Graham & Schafer, 1999).
MI works by generating plausible missing values multiple times
based on the distribution of the observed data. Random components are incorporated into these estimated values to reflect their
uncertainty. This procedure creates a set of “complete” data sets
with no missing values. Analyses are then run separately on each
data set, and the results are pooled across data sets using multiple
imputation combining rules (Enders, 2010; Graham, 2009). The
purpose of MI is not to obtain the individual values themselves but
to estimate unbiased parameter estimates of the data set as a whole
(Graham, 2009). We followed recommendations to match the
number of imputations to the fraction of missing information
because progressively larger numbers of imputed data sets are
needed to maximize power in subsequent significance testing
(Bodner, 2008; Graham, Olchowski, & Gilreath, 2007; White et
al., 2011).

Statistical Analysis
Analyses were conducted using SPSS version 21.0 (IBM
Corp, 2012) and R (R Development Core Team, 2009). Confirmatory Factor Analysis (CFA) was performed using the R
lavaan package, version 0.5–18 (Rosseel, 2012). Three CFA
models were tested using full information maximum likelihood
(ML) estimation. Model 1 was the standard two factor model
involving separate negatively worded items (“anxiety present”)
and positively worded items (“anxiety absent”), which were
allowed to correlate. Model 2 was a single factor model with all
items loading on a single factor. Model 3 featured a single
substantive anxiety/calmness factor, but all positively worded
items were allowed to cross-load onto a second methodological
artifact factor which takes into account additional residual
intercorrelation between positively worded items. The three
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CFA models were estimated separately for the state and trait
subscales and the two samples to ensure that findings were not
specific to a particular form of the STAI or sample.
Acceptable fit was operationalized as Root Mean Squared Error
of Approximation (RMSEA) ⱕ .08, Comparative Fit Index
(CFI) ⱖ .90, Tucker Lewis Index (TLI) ⱖ .90. Good fit was
operationalized as RMSEA ⱕ .06, CFI ⱖ .95, and TLI ⱖ .95 (Hu
& Bentler, 1999). Competing models were compared using (a)
Akaike’s Information Criterion (AIC), which tests the relative fit
of competing models after adjusting for parsimony (lower AICs
indicate less information loss and thus a superior model), (b) CFI,
using a .002 cutoff (Meade, Johnson, & Braddy, 2008), and (c)
Bayesian Information Criterion (BIC), where lower BIC statistics
suggest better fit. Although the AIC and BIC share the same
goodness-of-fit term, the penalty term of BIC is potentially much
more stringent than the penalty term of AIC so BIC tends to
choose fitted models that are more parsimonious than those favored by AIC. The AIC, CFI, and BIC model comparison indices
have the advantage of being less compromised by large sample
sizes when compared with the chi-squared and chi-squared difference statistics (see Cheung & Rensvold, 2002; Meade et al., 2008).
As STAI data are ordinal, we conducted a robustness check of
our CFA results by replicating them using mean- and varianceadjusted weighted least squares (WLSMV) estimation. WLSMV
estimation has been found to result in unbiased parameter and
standard error estimates, and acceptable type-I error rates for
structural equation modeling with (skewed) ordinal variables
(Flora & Curran, 2004). Competing models were compared using
change in model fit according to CFI and RMSEA (Chen et al.,
2008).
Hierarchical ordinary least squares (OLS) regressions were used
to explore linear and nonlinear relationships between STAI trait
scores, treated as a single factor (all items summed to produce a
total trait score), and outcome variables. In each analysis, Step 1

5
involved fitting a model whereby STAI trait scores had a linear
relationship with each outcome variable measured at the same time
(1992/1993 school year), or measured at follow-up 1 or 2 years
later (1993/1994, 1994/1995 school years), while controlling for
scores on the outcome variable at baseline (hence it was the change
in outcome that we were predicting). Steps 2 and 3 tested whether
adding a nonlinear term (squared and cubed STAI trait total
scores) made a significant improvement to the amount of variance
explained. Improvement in model fit was based on ⌬R2. Statistically significant deviations from linearity were graphed to visually
display relationships, using unstandardized regression coefficients.
This also clarified whether nonlinearity was substantive. The state
score, by its very nature, was not expected to reliably predict
changes in outcome variables over time and so did not feature in
these analyses.

Results
Comparison of CFA Models
Table 1 shows that across state and trait items and both samples,
the two factor model (Model 1) demonstrated an improvement in
fit over the single factor model (Model 2). This replicates previous
findings. However, Model 3 subsequently outperformed the traditional two factor model, suggesting that when shared method bias
among positively worded items is controlled for, a single factor
underlies the STAI items. The AIC and BIC statistics, which
account for model complexity, and the change in model fit according to CFI and RMSEA (Chen et al., 2008), all indicated superiority of Model 3 as hypothesized. Overall fit was acceptable for
Model 3 in all instances, with the exception of the state items in the
Hawai‘i sample, where fit indices fell slightly below our criteria.
Nonetheless the adjusted model demonstrated better fit than the
traditional two factor model and was therefore favored.

Table 1
Comparison of Three Maximum Likelihood CFA Models in Two Independent Samples
Model fit
Model
British sample, trait items (N ⫽ 1,824)
1. Two factor
2. Single factor
3. Single factor, method variance factor
British sample, state items (N ⫽ 1,824)a
1. Two factor
2. Single factor
3. Single factor, method variance factor
Hawai‘i sample, trait items (N ⫽ 4,138)b
1. Two factor
2. Single factor
3. Single factor, method variance factor
Hawai‘i sample, state items (N ⫽ 4,138)b
1. Two factor
2. Single factor
3. Single factor, method variance factor

2

df

AIC

BIC

TLI

CFI

RMSEA

1521.088ⴱ
2297.308ⴱ
1399.848ⴱ

169
170
163

105393.044
106167.264
105283.803

105618.904
106387.615
105542.716

.938
.903
.941

.945
.913
.950

.066
.083
.064

1778.852ⴱ
2773.269ⴱ
1464.346ⴱ

169
170
160

77214.564
78206.982
76918.058

77429.490
78416.665
77180.162

.928
.884
.938

.936
.896
.948

.083
.105
.076

1882.202ⴱ
8382.153ⴱ
1773.737ⴱ

169
170
163

150252.538
156750.489
150156.073

150503.738
156995.562
150444.033

.926
.649
.923

.935
.686
.938

.055
.119
.054

4987.366ⴱ
11325.305ⴱ
4744.901ⴱ

169
170
160

160309.299
166645.238
160084.834

160562.289
166892.060
160393.357

.842
.636
.841

.859
.674
.866

.090
.136
.090

Note. AIC ⫽ Akaike’s Information Criterion; BIC ⫽ Bayesian Information Criterion; CFI ⫽ Comparative Fit Index; RMSEA ⫽ Root Mean Squared
Error of Approximation; TLI ⫽ Tucker Lewis Index.
a
STAI at six weeks post natal. b STAI completed during 1992/1993 school year. Analyses are reported to three decimal places for clarity.
ⴱ
p ⬍ .001.
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Our robustness check employing WLSMV estimation corroborated these results (see supplementary material). Again, the two
factor model demonstrated an improvement in fit over the single
factor model in all instances. Model 3 outperformed the traditional
two factor model in the British sample and performed similarly in
the Hawai‘i sample. Overall fit was acceptable for Model 3 in the
majority of instances. Taken together, the CFA results using ML
and WLSMV estimation support the superiority of Model 3 (a
calmness–anxiety continuum) over the traditional two factor
model (separate “anxiety present” and “anxiety absent” factors),
suggesting that when shared method bias among positively worded
items is controlled for, a single factor underlies STAI state and trait
scales.

Exploration of Linear and Nonlinear Relationships
With Outcome Variables
A series of regression analyses were conducted in the Hawai‘i
sample to explore the form of the relationship between STAI trait
scores and outcome variables over time (see Table 2). Three of the
nine regression models showed statistically significant nonlinear
relationships for Step 2. However, the squared term accounted for
very little additional variation above and beyond the linear main
effect (2.4%, 1.6%, 0.1%). Two of the nine regression models
showed statistically significant nonlinear relationships for Step 3.
However, again, the cubed term accounted for very little additional
variation (0.2%, 0.2%). Thus, in all cases the nonlinear term failed
to make any substantive improvement to the original linear model
and these results provide only very weak evidence of a nonlinear
relationship.
Potential nonlinearity was further explored by graphing statistically significant nonlinear relationships (see Figure 1). The
graphs reveal only subtle variation away from perfect linearity.
Given the large proportion of missing data, we conducted a robustness check of our regression analyses using complete cases
(see supplementary material). These results were almost identical
(in terms of ⌬R2 values), again finding that baseline levels on the
calmness–anxiety continuum have a near linear relationship with
changes in depression, aggression, and substance misuse over time
(regression coefficients are larger than those in Table 2 as multiple
imputation estimates relationships more conservatively).
Overall, the regression analyses and graphs provide evidence
that the calmness–anxiety continuum (STAI trait total scores) has
a near linear relationship with outcome variables over time. Any
nonlinearity appears to be of statistical but not practical or clinical
significance. These results support our prediction that moving
from anxiety to calmness on the STAI provides an equal decrease
in risk for several other psychological problems, irrespective of
position on the calmness–anxiety continuum.

Discussion
Our results replicate those of Vautier and Pohl (2009). Like
them, we demonstrated that state and trait anxiety, as measured by
the STAI, can be understood as continua that range from high
calmness to high anxiety. Our analyses were underpinned by
Joseph and Wood’s (2010) hypothesis that STAI “anxiety absent”
items (e.g., “I am cool, calm and collected” [trait anxiety]; “I feel
calm” [state anxiety]) assess the presence of calmness, rather than

the mere absence of anxiety problems. We provided the first
evidence to corroborate this hypothesis. These results have clear
implications for the structure and definition of anxiety as they go
against the view that anxiety ranges from zero to intense.
We established an anxiety-calmness continuum using the
English-language version of the STAI in mixed samples of
adults, adolescents, and different ethnic groups from opposite
sides of the globe (Hawai‘i and the U.K.) and replicated our
results using both ML and WLSMV estimation. It was important to clarify that anxiety-calmness continua existed across
diverse circumstances because the mechanisms underlying anxiety may differ across groups (e.g., Field & Lester, 2010;
Kirmayer, Young, & Hayton, 1995; Manson, 1996), which
could lead to misleading artifacts of noninvariant measurement
(e.g., item content or wording that is biased against a given
group). The use of a large dataset that is representative of
adolescents residing in Hawaii minimized the likelihood of
systematic sampling bias, which could have been introduced
had we used a purely community or clinical sample.
Previous factor analytic evidence for separate “anxiety present”
and “anxiety absent” factors likely arose because there is additional common variance between positively worded items that is
unrelated to the underlying latent variable. Based on item content,
the STAI state and trait continua can be reconceptualized as
calmness–anxiety continua (Joseph & Wood, 2010; Vautier &
Pohl, 2009). This conceptualization is more intuitive than the
“anxiety present” and “anxiety absent” conceptualization. We note
that it is still appropriate to continue to reverse score positively
worded STAI items to produce total state and trait scores. However, in light of the present findings, STAI users are advised to
interpret total state and trait scores as an indication of anxiety
problem severity that is based on a combination of the presence/
absence of anxiety problems and the presence/absence of calmness, understanding that as anxiety problems increase, calmness
decreases (and vice versa).
As the STAI shows high convergent validity with other leading
measures of anxiety problems (Barnes et al., 2002; Knight et al.,
1983; Spielberger, 1989), a calmness–anxiety continuum may be
apparent in other scales that contain factors that consist of entirely
positively and negatively worded items. Scales which measure
anxiety or calmness, but which do not contain a mixture of
positively and negatively worded items, are presumably measuring
one half of the continuum. Evidence of a calmness–anxiety continuum suggests that existing research into anxiety problems will
have relevance for the field of calmness and relaxation research,
and vice versa, and that studying anxiety or calmness separately
may be unnecessarily duplicating research effort (Joseph & Wood,
2010).
This is the first study to characterize the form of the relationship
between the calmness–anxiety continuum and other psychiatric
variables. These analyses make the clinical importance of this
topic more apparent and explicit than merely examining whether a
continuum exists as Vautier and Pohl (2009) did. Our results
demonstrate that baseline levels on the calmness–anxiety continuum have a near linear relationship with outcome variables measured at the same time and one and two years later. Thus, there is
no intrinsic way to demarcate problematic degrees of anxiety (or
beneficial degrees of calmness) based on how anxiety or calmness
are related to other psychiatric variables. That these results were

STAI

7

Table 2
Results of Regression Analyses Comparing Linear and Nonlinear Effects of STAI Upon Change
in Outcome
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Step

Variable

B

Depression as outcome
1992/1993 school year (N ⫽ 4,069)
1
Constant
⫺1.569
Total STAI Trait score
.788
2
Constant
4.235
Total STAI Trait score
.209
Total STAI Trait score squared
.012
3
Constant
6.740
Total STAI Trait score
⫺.215
Total STAI Trait score squared
.031
Total STAI Trait score cubed
.000
1993/1994 school year (N ⫽ 4,101)
1
Constant
12.715
1992/1993 CES-D total score
.199
Total STAI Trait score
.159
2
Constant
13.141
1992/1993 CES-D total score
.222
Total STAI Trait score
.119
Total STAI Trait score squared
.001
3
Constant
12.702
1992/1993 CES-D total score
.223
Total STAI Trait score
.192
Total STAI Trait score squared
⫺.002
Total STAI Trait score cubed
.000
1994/1995 school year (N ⫽ 4,101)
1
Constant
19.015
1992/1993 CES-D total score
.153
Total STAI Trait score
.083
2
Constant
18.687
1992/1993 CES-D total score
.156
Total STAI Trait score
.113
Total STAI Trait score squared
⫺.001
3
Constant
18.354
1992/1993 CES-D total score
.157
Total STAI Trait score
.169
Total STAI Trait score squared
⫺.003
Total STAI Trait score cubed
.000
1992/1993 school year (N ⫽ 4,069)
1
Constant
Total STAI Trait score
2
Constant
Total STAI Trait score
Total STAI Trait score
3
Constant
Total STAI Trait score
Total STAI Trait score
Total STAI Trait score
1993/1994 school year (N ⫽ 4,101)
1
Constant
1992/1993 BADS total
Total STAI Trait score
2
Constant
1992/1993 BADS total
Total STAI Trait score
Total STAI Trait score
3
Constant
1992/1993 BADS total
Total STAI Trait score
Total STAI Trait score
Total STAI Trait score

SE B

.277
.011
.470
.040
.001
.719
.101
.004
.000
.398
.022
.024
.668
.023
.056
.001
1.011
.023
.139
.006
.000
.568
.027
.027
.774
.027
.058
.001
1.069
.027
.135
.006
.000

␤

⌬R2

.744ⴱⴱⴱ

.554ⴱⴱⴱ

.198ⴱⴱⴱ
.567ⴱⴱⴱ

.024ⴱⴱⴱ

.095ⴱ
.201ⴱⴱⴱ
.116ⴱⴱⴱ

.002ⴱⴱⴱ

.246ⴱⴱⴱ
.164ⴱⴱⴱ

.149ⴱⴱⴱ

.242ⴱⴱⴱ
.122ⴱ
.046

.000

ⴱⴱⴱ

.025
.143
.304
.176

.000

.197ⴱⴱⴱ
.100ⴱⴱⴱ

.081ⴱⴱⴱ

.201ⴱⴱⴱ
.137ⴱ
⫺.042

.000

.202ⴱⴱⴱ
.205
⫺.194
.089

.000

Aggression as outcome

squared
squared
cubed

score
score
squared
score
squared
cubed

⫺.053
.260
2.191
.036
.005
2.747
⫺.058
.009
.001

.169
.007
.292
.025
.000
.447
.063
.003
.000

4.903
.341
.042
4.880
.341
.044
.000
4.951
.341
.032
.000
.000

.192
.017
.009
.321
.018
.027
.001
.484
.018
.067
.003
.000

.515ⴱⴱⴱ

.266ⴱⴱⴱ

.072
.461ⴱⴱⴱ

.016ⴱⴱⴱ

⫺.115
.881ⴱⴱⴱ
⫺.247

.367ⴱⴱⴱ
.089ⴱⴱⴱ
.367ⴱⴱⴱ
.094
⫺.005

.001

.175ⴱⴱⴱ

.000

ⴱⴱⴱ

.367
.068
.053
⫺.034

.000
(table continues)
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Step

Variable

1994/1995 school year (N ⫽ 4,101)
1
Constant
1992/1993 BADS total
Total STAI Trait score
2
Constant
1992/1993 BADS total
Total STAI Trait score
Total STAI Trait score
3
Constant
1992/1993 BADS total
Total STAI Trait score
Total STAI Trait score
Total STAI Trait score

score
score
squared
score
squared
cubed

B

SE B

7.743
.244
.021
7.416
.247
.053
⫺.001
7.452
.247
.047
.000
.000

.256
.023
.010
.342
.023
.025
.001
.484
.023
.063
.003
.000

Substance misuse as outcome
1992/1993 school year (N ⫽ 4,069)
1
Constant
.005
Total STAI Trait score
.044
2
Constant
.170
Total STAI Trait score
.027
Total STAI Trait score squared
.000
3
Constant
.469
Total STAI Trait score
⫺.024
Total STAI Trait score squared
.003
Total STAI Trait score cubed
.000
1993/1994 school year (N ⫽ 4,101)
1
Constant
1.111
1992/1993 SASSI-A total score
.403
Total STAI Trait score
.005
2
Constant
1.125
1992/1993 SASSI-A total score
.403
Total STAI Trait score
.003
Total STAI Trait score squared
.000
3
Constant
.983
1992/1993 SASSI-A total score
.404
Total STAI Trait score
.027
Total STAI Trait score squared
⫺.001
Total STAI Trait score cubed
.000
1994/1995 school year (N ⫽ 4,101)
1
Constant
1.714
1992/1993 SASSI-A total score
.222
Total STAI Trait score
.005
2
Constant
1.650
1992/1993 SASSI-A total score
.222
Total STAI Trait score
.012
Total STAI Trait score squared
.000
3
Constant
1.532
1992/1993 SASSI-A total score
.223
Total STAI Trait score
.032
Total STAI Trait score squared
⫺.001
Total STAI Trait score cubed
.000

.053
.002
.092
.008
.000
.141
.020
.001
.000
.053
.016
.002
.085
.016
.007
.000
.130
.016
.018
.001
.000
.067
.020
.002
.094
.020
.007
.000
.133
.020
.018
.001
.000

␤

⌬R2

.302ⴱⴱⴱ
.051ⴱ

.311ⴱ

.306ⴱⴱⴱ
.129ⴱ
⫺.083

.000

.306ⴱⴱⴱ
.114
⫺.050
⫺.019

.000

.308ⴱⴱⴱ

.095ⴱⴱⴱ

.192ⴱⴱⴱ
.120ⴱ

.001ⴱ

⫺.166
.928ⴱⴱⴱ
⫺.474ⴱⴱⴱ

.002ⴱ

.442ⴱⴱⴱ
.036ⴱ

.204ⴱⴱⴱ

.442ⴱⴱⴱ
.025
.011

.000

.443ⴱⴱⴱ
.211
⫺.407
.246

.000

.298ⴱⴱⴱ
.051ⴱ
.299ⴱⴱⴱ
.112
⫺.064

.097ⴱⴱⴱ

.000

ⴱⴱⴱ

.300
.301
⫺.489
.249

.001

Note. STAI ⫽ State Trait Anxiety Inventory; CES-D ⫽ Centre for Epidemiological Studies-Depression; BADS ⫽ Braver
Aggressiveness Dimension Scale; SASSI-A ⫽ Substance Abuse Subtle Screening Inventory—Adolescent version; STAI
Trait scale completed during 1992/1993 school year. Analyses are reported to three decimal places for clarity.
ⴱ
p ⬍ .05. ⴱⴱⴱ p ⬍ .001.

apparent over time suggests that moving along the continuum
toward high calmness provides continuous and long-term protection against experiencing other psychological problems.
The present study provides evidence to substantiate calls by
professional bodies (e.g., The British Psychological Society,
2010), the Positive Clinical Psychology movement (e.g., Wood &
Tarrier, 2010, as clarified in Johnson & Wood, in press; Wood &

Johnson, 2016), and many clinicians, for clinical services to adopt
a broader focus that jointly involves reducing distress and increasing well-being. Our results point to the usefulness of early intervention and prevention (when people begin to move away from
high calmness) and instilling resilience (by providing interventions
to move people toward high calmness). Fostering high levels of
calmness would mean that individuals have further to go before
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they reach high levels of anxiety. Psychiatric and psychological
interventions that are grounded in a continuum conceptualization
would logically be stopped when an individual reports high calmness. Patients, service commissioners and others may of course
want interventions to stop at the point of problem absence. However, the present results provide an evidence base to inform a
collaborative discussion around when to stop treatment and the
advantages and disadvantages of doing so. This process may
already be happening when clinicians construct relapse prevention
plans and offer booster sessions with people who have finished
treatment.
We are hopeful that our findings could help support a case for
publically funded clinical services to accept the promotion of wellbeing into their remit. That well-being interventions often fall outside
the focus of publically funded clinical services means that efforts to
help the public address this need (e.g., through self-help books,
self-development courses, and other “interventions”) are often offered
by unaccredited and untrained individuals. We find this concerning,
as we strongly believe that clinical interventions should be targeted,
theory-driven, evidence-based, and provided by suitably qualified,
ethically practicing professionals.
Our results could be extended in a number of ways. Because cost
considerations have a substantial impact on service delivery and often
outweigh theoretical or moral arguments, the current results need to
be accompanied by a comprehensive economic cost value analysis
which tests the implications of the continuum conceptualization and
when it is most cost-effective to stop interventions. It is obviously less
cost-effective in the short-term to stop interventions at the point of
well-being rather than mere problem absence, or to start interventions
when people begin to move away from high calmness but before a
severe psychological problem becomes manifest. However, this approach may prove to be the most cost-effective solution overall if it
provides long-term protection from other problems, especially among
high risk groups. Research is also needed to characterize the form of
the relationship between the calmness–anxiety continuum and other
psychiatric variables in relation to all age groups who complete the
STAI.
We also note that the current findings were limited in not accounting for random and systematic measurement error (Barrett & Russell,
1998; Green et al., 1993). Future research investigating the calmness–
anxiety continuum could account for intraindividual mood variation
and measurement error by taking repeated (e.g., daily) continuous
measures of mood using different response formats.
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