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Abstract The Arousal Predisposition Scale (APS) is an in-
strument aimed to assess individual differences in self-
reported arousability, specifically physiologically arousal.
Besides, it is a scale frequently used in stress and sleep-
related researches. The principal purpose of this study is to
determine the factor structure of the APS through confirmato-
ry factor analysis (CFA) and to test the goodness-of-fit of one-
and two-factor models. A sample of 341 undergraduate med-
ical students of both genders aged 17 to 25 years was enrolled.
Beyond the APS, the participants also filled out the
Portuguese versions of the Pre-Sleep Arousal Scale (PSAS),
Ford Insomnia Response to Stress Test (FIRST) and the
Neuroticism scale of Eysenck Personality Inventory (EPI)
for concurrent validity purposes. From the studied solutions,
a modified two-factor model (F1 = emotional reactivity and
F2 = trait anxiety) achieved the better fit to the data. The
Portuguese version of the APS was also significantly correlat-
ed with measures of neuroticism, insomnia, sleep reactivity to

stress, and cognitive and somatic arousal. The two-factor
modified model appears to display a superior fit to the data,
supporting a scoring model of the APS according to two dif-
ferent factors as suggested by a previous research on the
Portuguese version. This study supports reliability and valid-
ity indicators of the APS and its use in research and applied
settings.
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Introduction

Arousability is a construct intimately related to both psycho-
logical disorders and sleep disturbances/insomnia (Bonnet
and Arand 2010; Dinzeo et al. 2004; Fernández-Mendoza
et al. 2010; Miller et al. 2015). In insomnia, for example, it
is consensual the idea of a generalized hyperarousal
encompassing cognitive, affective, behavioral, physiological,
and neurobiological systems (Riemann et al. 2010).
Additionally, this increased level of activation seems to con-
stitute a trait variable which is considered as one of the key
predisposition factors to insomnia (Perlis et al. 2011; Harvey
et al. 2014). Even so, it should be noted that there are instru-
ments intended to evaluate arousal within a sleep / insomnia
context and other measures aimed to assess general arousal.

The Arousal Predisposition Scale (APS) is a short and
easy-to-administer scale composed by 12 items and specifi-
cally developed to evaluate physiological arousal. The origi-
nal studies on APS demonstrated adequate psychometric
properties (Coren and Mah 1993; Coren 1988, 1990).
Moreover, the APS has been widely used in insomnia research
(Fernández-Mendoza et al. 2010; LeBlanc et al. 2009). The
scale enables responses in a Likert-type format with 5 options.
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However, in the European Portuguese version of the scale, the
response options were slightly modified encompassing only 4
options (i.e., Bnever / almost never^ and Bseldom^ were com-
piled into a single option labelled Balmost never^ since the
existence of both original options were not quite discrimina-
tive in the Portuguese sample) (Marques et al. 2016a, b).

Despite the substantial using of the APS in research, there
are few studies on its psychometric properties. Indeed, only
the original works on the APS present some kind of psycho-
metrics. In addition, data on structure composition of the APS
is also lacking. To the best of our knowledge, there are no
studies using confirmatory factor analysis (CFA) focusing on
this scale.

The aforementioned study carried out recurring to a
European Portuguese sample of undergraduate medical stu-
dents found adequate reliability as assessed by internal con-
sistency (α = .85) and good convergent and criterion validity
indicators (Marques et al. 2016a, b). Moreover, the authors
performed an exploratory factor analysis (EFA) and found a
two-factor structure. One factor was named Bemotional
reactivity^ (comprising items 2, 3, 4, 6, 8, 9, 10, 11, 12) and
the other was labeled Btrait anxiety^ (comprising items 1, 5,
and 7). To our knowledge, this was the first study with known
data positing a different and alternative factorial composition
for the APS. Usually, the scoring of the APS is done summing
all the 12 items` scores producing a total result. This new
proposed two-factor structure may prove to be very useful in
research and subsequently in clinical settings as arousability is
a relevant personality trait present in most psychological dis-
orders (Dinzeo et al. 2004).Moreover, new conceptualizations
about the APS (i.e., two-factors) may contribute to parsimony
of measures in future studies. That is, when it is essential to
evaluate trait anxiety, researchers may use one of the APS
subscales rather than longer trait anxiety questionnaires such
as State-Trait Anxiety Inventory (STAI) (Marques et al.
2016a, b). Finally, as the APS is so much used worldwide,
studies on its properties that justifies or not its inclusion on
specific research protocols are needed.

Specifically, regarding insomnia, one should note that
arousability is a relevant construct in comprehensive models
of insomnia such as the sleep-interfering and sleep-
interpreting processes model (Lundh and Broman 2000).
Several studies have consistently shown that arousability is a
predictor of sleep disturbance/insomnia (Marques et al. 2016c;
Marques et al. 2016a, b). In addition, previous research
showed that arousability is intimately associated with sleep
reactivity which in recent years demonstrated to be a relevant
factor to insomnia’s development and maintenance (Marques
et al. 2016d). In this line, it is surprising that there are no
psychometric studies on the APS. Hence, the aim of the cur-
rent study is to further contribute to validation of the European
Portuguese version of the APS recurring to structural equation
modeling-SEM (specifically CFA) in order to test the

adjustment of the exploratory factorial structure proposed by
Marques et al. (2016a, b) in an independent sample of
Portuguese undergraduate students.

Methods

Participants

In this study, a total of 341 medical students from a Portuguese
public university were recruited (219 women; mean
age = 19.31; SD = 1.21; range 17–23 years). One of the par-
ticipants did not indicate the gender. Comparing mean ages by
gender, no statistical difference was found [t (338) = −1.565;
p = .119). Only students from the first three years of medicine
course were enrolled (1st year =31.4%, 2nd year =31.1% and
3rd year =37.5%). Pertaining to marital status all individuals
were single. One should note that the undergraduate sample of
medical students used in the present study is independent from
the one used by Marques et al. (2016a, b).

Measures

Arousal Predisposition Scale (APS)

The Arousal Predisposition Scale (APS) comprises 12 items
intended to assess vulnerability to arousal, specifically physi-
ological arousal. Each item is scored on a 4-point scale.
Higher score denotes higher arousability predisposition
(Coren and Mah 1993). In the current study we used the
European Portuguese version by Marques et al. (2016a, b)
which have shown adequate reliability and validity indicators.

Eysenck Personality Inventory (EPI)

The short version of the EPI (EPI-12, Eysenck and Eysenck
1964) is a 12-item tool to assess Neuroticism and Extraversion
dimensions of personality. In the current work, only
Neuroticism (NE) – 6 items – was used. The item 12 BI suffer
from sleeplessness^ was removed from the computation of
this dimension, as it might constitute a confounding variable.
The Cronbach’s alpha was .61. In the current study we used
the European Portuguese version by Silva et al. (1994, 1995)
which was developed within a larger research project on the
adaptation into European Portuguese of Standard Shiftwork
Index (SSI).

Self-Reported Insomnia

Self-reported insomnia was assessed with item 12 (i.e., BI
suffer from sleeplessness/insomnia^) from the EPI-12 which
is scored from 1 = almost never to 4 = almost always.
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Pre-Sleep Arousal Scale (PSAS)

The PSAS contains 16 items, each rated on a 5-point scale that
describes symptoms of arousal at bedtime (Nicassio et al.
1985). Eight items evaluates cognitive arousal and eight eval-
uates somatic arousal. Higher scores suggest higher pre-sleep
arousal. In the current study, the Cronbachs´ alphas for
somatic and cognitive arousal were .81 and .77, respectively.
In the current study we used the European Portuguese version
by Azevedo et al. (2010) which showed adequate properties.

Ford Insomnia Response to Stress Test (FIRST)

The FIRST is a self-report scale designed to assess sleep-
related ‘reactivity’ i.e., the tendency to exhibit pronounced
sleep disturbance in response to a stress challenge. Greater
scores denote higher vulnerability to stress-related sleep dis-
turbance (Drake et al. 2004). In the current study, the
Cronbach’s alpha was .80. We used the European
Portuguese version developed by Marques et al. (2016c)
which showed good psychometric indicators for a young-
adult sample.

Procedure

This study was approved by the Ethics Committee and the
Scientific Council of the Faculty of Medicine of the
University of Coimbra. The professors were initially
contacted in order to obtain authorization to administer the
questionnaires to the students at the beginning/ending of a
class session (out of the evaluation period). The aims of the
study were explained to the students, it was emphasized that
their cooperation was voluntary, and confidentiality was en-
sured. All participants accepted to collaborate in the study and
all ethics requirement were met.

Statistical Analyses

The IBM SPSS Statistics™ v.20 software was used to calcu-
late descriptive statistics such as means, standard deviations,
and skewness and kurtosis coefficients. Besides, Correlations
matrices, corrected item-total corrected correlations,
Cronbach’s alphas, and Cronbach’s alpha when item is deleted
were also computed (Field, 2013). Independent samples t-tests
were used to study differences between men and women. To
examine the goodness-of-fit of different factor models, the
AMOS Graphics™ software v.20 was used. All the analyses
were performed according to Maximum Likelihood Estimator
Type. Beforehand, important assumptions on data were ana-
lyzed: minimum sample size, absence of multicollinearity and
singularity (examined through R-matrices), normality of data
(examined through univariate kurtosis and skewness [sk-
< │3│and ku < │7│] and standard Mardia’s coefficients to

check multivariate normality) and outliers (Mahalanobis D2

distances) (Kline, 2005).
To compare the adjustment of the different models, the

most cited goodness-of-fit indicators were used, namely the
Chi-Square test (χ2), the Chi-Square Critical Ratio (χ2/ df), the
Goodness-of-Fit Index (GFI), the Comparative Fit Index
(CFI), and the Root Mean Square Error of Approximation
(RMSEA). Moreover, to compare nested models, the
Expected Cross Validation Index (ECVI), and Akaike’s
Information Criterion (AIC) were also computed (Kline,
2005). Modification Indices (MI > 11) were taken into con-
sideration to perform post-hoc modifications. Besides, only
associations among errors were considered. To be considered
adequate, the models have to fulfil the following criteria: p-
value of χ2 > .05; χ2/ df ≤ 5; GFI ≥ .90; CFI ≥ .90 and RMSEA
≤ .08. Both ECVI and AIC should be as small as possible
(Byrne 2010; Gores andWeston 2006). For evaluation of local
adjustment standardized coefficients paths (λ) > .40 were con-
sidered adequate, as recommended by Tabachnick and Fidell
(2012). Additionally, composite reliability (CR) - which is a
new alternative to Cronbach’s alpha taking into account mea-
surement errors - and the average variance extracted (AVE) - a
indicator of convergent validity - were computed (Byrne
2010; Hair et al. 2009). Values of CR ≥ .7 and AVE ≥ .5 are
usually considered adequate values. For all analyses, p values
< .05 were considered statistically significant.

Results

Descriptive Statistics

Table 1 presents the main descriptive statistics pertaining to
the APS. The mean ranged from 1.91 (item 12) to 2.42 (item
4). The skewness values ranged from .14 (item 8) to .59 (item
12). The kurtosis values ranged from - .13 (item 3) to - .64
(item 8). Both skewness and kurtosis values were within the
recommended values for assuming univariate normality (i.e.,
sk < │3│and ku < │7│).

Testing for One-Factor Model

When the one-factor model was tested, that is, the one com-
prising a single latent variable regressed onto all the twelve
items, the global adjustment was considered poor (cf. Table 2).
Pertaining to the local adjustment the standardized coefficients
paths ranged between .37 (item 12) and .75 (item 5). In terms
of composite reliability (CR) the value was .85. In SEM, when
one perform CFA, it is recommended to report AVE values as
a convergent validity indicator. Convergent validity in SEM
refers to the degree that a latent variable is explained by its
observed variables. In our study, the AVE was .33 which is
well below the recommended value of .50.

Curr Psychol



Testing for Two-Factor Model

When the two-factor model was tested, that is, the one com-
prising a two correlated latent variables regressed onto nine
and three items, respectively, the global adjustment was con-
sidered fair (cf. Table 2). Pertaining to the local adjustment the
standardized coefficients paths ranged between .37 (item 12)
and .75 (item 5). In terms of CR, for factor 1 (emotional
reactivity) the value was .93. Concerning AVE, the value
was .33. For factor 2 (trait anxiety) the values were
CR = .81 and AVE = .60. The correlation between both factors
was r = .70.

Testing for a Modified Two-Factor Model

When the modified two-factor model was tested, that is, the
one comprising three estimated additional residual covari-
ances (between items 2 and 3, items 4 and 8, and items 9
and 12) suggested both by the modification indices values
and theory, the global adjustment was considered very good.
In terms of CR, for factor 1 (emotional reactivity) the value
was .80. Concerning AVE, the value was .31. For factor 2
(trait anxiety) the values were CR = .81 and AVE = .60. The
correlation between factors was r = .71. In overall, according

to the recommendations presented by Byrne (2010), it may be
concluded that our model achieved a good fit to the data
(Fig. 1).

Reliability Analysis

Cronbach’s alpha concerning Portuguese APS version total
score was .85. The corrected item-total corrected correlations
ranged from .37 (item 12) to .66 (item 5) ensuring homoge-
neity of the items. With respect to Cronbach’s alpha when
item is deleted we observed that the exclusion of any item
does not improve the overall internal consistency of the scale.
Regarding the two factors, the Cronbach’s alphas were .81 for
Bemotional reactivity^ factor and .80 for Btrait anxiety^ factor.

Association of the APS with Other Measures

In Table 3 are displayed the Pearson’s correlation coefficients
for the associations among the APS total score and its factors
with other relevant variables. Overall, it was found moderate
correlations among the Portuguese APS version total score
and its factors (i.e., emotional reactivity and trait anxiety)
and insomnia, neuroticism, sleep reactivity to stress, and cog-
nitive and somatic arousal (p < .001).

Table 1 Descriptive statistics
concerning APS-PT items Items M SD Skewness Kurtosis

1. I am a calm person 2.05 .76 .30 - .36

2. I get flustered if I have several things to do at once 2.32 .81 .27 - .36

3. Sudden changes of any kind produce an immediate emotional effect
on me

2.21 .82 .36 - .13

4. Strong emotions carry over for one or two hours after I leave the
situation which caused them

2.42 .86 .19 - .60

5. I am restless and fidgety 1.99 .84 .44 - .55

6. My mood is quickly influenced by entering new places 2.18 .82 .27 - .47

7. I get excited easily 2.08 .88 .47 - .51

8. I find that my heart keeps beating fast for a while after I have been
Bstirred up^

2.24 .84 .14 - .64

9. I can be emotionally moved by what other people consider to be
simple things

2.02 .88 .51 - .52

10. I startle easily 1.92 .93 .74 - .33

11. I am easily frustrated 2.13 .89 .42 - .56

12. I tend to remain excited or moved for a long period of time after
seeing a good movie

1.91 .85 .59 - .44

M, Mean; SD, standard deviation

Table 2 Goodness-of-fit indices
of the various tested models Models χ2 (df) χ2 /df RMSEA [CI 90%] CFI GFI ECVI AIC

Model 1 549.15 (54)* 10.170 .11 [.62–.84] .80 .86 .87 597.15

Model 2 278.30 (53)* 5.521 .07 [.07–.08] .91 .93 .48 328.30

Model 2a 175.212 (50)* 3.504 .06 [.05–.07] .95 .96 .33 231.21

*p < .001; df, degrees of freedom; RMSEA, Root Mean square error of approximation; CFI, Comparative Fit
index; GFI, Goodness-of-fit index; ECVI, Expected Cross validation index; AIC, Akaike’s Information criterion

Curr Psychol



Discussion

In the current study, our major aim was to test through a CFA
the best factorial solution for the APS-PT. Overall, our results
enhance the good psychometric properties of a European
Portuguese version of the APS to assess arousability.
Additionally, the two-factor structure of the APS previously
presented in a work by Marques et al. (2016a, b) is also con-
firmed here through confirmatory factor analysis. These find-
ings adds evidence to the idea that the European Portuguese
version of the APS seems to measure two constructs

associated with general arousability: emotional reactivity and
trait anxiety. Despite the satisfactory fit achievedwith the two-
factor model, we tested if the model could be improved with
some post-hoc modifications. This revised model was based
upon the modification indices suggested by the software. Only
error correlations among items belonging to the same factor
were enabled (Byrne 2010). When the errors between items 2
and 3, 4 and 8, and 9 and 12 were correlated, the model
achieved very good goodness-of-fit indices (both CFI and
GFI > .95) according to Byrne (2010). This association among
errors is a common practice in CFA and may be due to a
similar phrasing of the items. For instance, both item 4
"Strong emotions carry over for one or two hours after I leave
the situation which caused them" and item 8 "I find that my
heart keeps beating fast for a while after I have been Bstirred
up^Bconcern to the persistence of emotional activity. Even so,
one should be aware that there is always the possibility that
these post-hoc modifications result from idiosyncratic features
of the studied sample. However, even considering this hypoth-
esis, the superiority and suitability of the two-factor structure
seems convincing. Unfortunately, there are no systematic
studies on the psychometrics of the APS which enable us to
compare our results. Notwithstanding, the aforementioned
study by Marques et al. (2016a, b) suggests that perhaps the
current using of the APS might be underestimated since this

Fig. 1 Factor loadings in the
two-factor modified model (Final
Model). The displayed loadings
represent the standardized coeffi-
cient patterns

Table 3 Correlation matrix among the APS, EPI, FIRST and PSAS
scores

APS APS (F1) APS (F2)
r r r

Neuroticism (EPI-12) .58** .55** .50**

Insomnia_item 12 (EPI) .28** .26** .27**

Sleep reactivity to stress (FIRST) .51** .50** .42**

Pre-sleep cognitive arousal (PSAS) .40** .39** .34**

Pre-sleep somatic arousal (PSAS) .38** .35** .35**

**p < .001

APS (F1), Emotional reactivity; APS (F2), Trait anxiety
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scale seems to evaluate two different (albeit related) dimen-
sions of arousability.

Despite these encouraging findings some limitations
should be outlined. First, the sample’s nature, that is, the con-
venience sample constituted by undergraduate students which
may compromise the generalization of the results. Second, the
absence of a physiological arousal measure to correlate with
our self-report measure of arousability. Finally, it was not pos-
sible to perform a test-retest study, thus, we cannot assure the
temporal stability of the APS.

For future research it is essential to study the psychometric
properties of the APS in other countries/cultures in order to
understand the invariance of the factorial composition we
found. Besides, it would be important to further examine the
contribution of arousability components to insomnia’s predis-
position. Also, it would be very useful to enroll clinical sam-
ples with diverse diagnoses and explore the APS psychomet-
rics. Finally, as the APS is a common measure in psychophys-
iological studies, researchers should attempt to correlate phys-
iological indicators such as the electroencephalography or
evoked potentials with the self-reported arousability - either
with the APS general arousability measure or its dimensions.

In conclusion, it was presented evidence showing that the
Portuguese version of the APS comprises two related factors.
It is our aim to continue exploring the psychometric charac-
teristics of the APS and we incite researchers worldwide to
disseminate their findings on APS properties.
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