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a b s t r a c t

Background and objectives: Assessment of state anxiety is frequently required in clinical and research
settings, but its measurement using standard multi-item inventories entails practical challenges. Such
inventories are increasingly complemented by paper-and-pencil, single-item visual analog scales
measuring state anxiety (VAS-A), which allow rapid assessment of current anxiety states. Computerized
versions of VAS-A offer additional advantages, including facilitated and accurate data collection and
analysis, and applicability to computer-based protocols. Here, we establish the psychometric properties
of a computerized VAS-A.
Methods: Experiment 1 assessed the reliability, convergent validity, and discriminant validity of the
computerized VAS-A in a non-selected sample. Experiment 2 assessed its sensitivity to increase in state
anxiety following social stress induction, in participants with high levels of social anxiety.
Results: Experiment 1 demonstrated the computerized VAS-A's test-retest reliability (r ¼ .44, p < .001);
convergent validity with the State-Trait Anxiety Inventory's state subscale (STAI-State; r ¼ .60, p < .001);
and discriminant validity as indicated by significantly lower correlations between VAS-A and different
psychological measures relative to the correlation between VAS-A and STAI-State. Experiment 2
demonstrated the VAS-A's sensitivity to changes in state anxiety via a significant pre- to during-stressor
rise in VAS-A scores (F(1,48) ¼ 25.13, p < .001).
Limitations: Set-order administration of measures, absence of clinically-anxious population, and gender-
unbalanced samples.
Conclusions: The adequate psychometric characteristics, combined with simple and rapid administra-
tion, make the computerized VAS-A a valuable self-rating tool for state anxiety. It may prove particularly
useful for clinical and research settings where multi-item inventories are less applicable, including
computer-based treatment and assessment protocols. The VAS-A is freely available: http://people.socsci.
tau.ac.il/mu/anxietytrauma/visual-analog-scale/.

© 2014 Elsevier Ltd. All rights reserved.
Measuring state anxiety has always been a challenge for re-
searchers and clinicians. The use of visual analog scales (VAS) in the
measurement of transient and subjective psychological states is
becoming increasingly popular (Bijur, Silver, & Gallagher, 2001; de
Boer et al., 2004; Gift, 1989; McCormack, Horne, & Sheather, 1988;
Rossi & Pourtois, 2012). These single-item measures (also referred
to as subjective units of distress), in which participants mark their
subjective status on a visual scale, afford simple and rapid admin-
istration, and increased comprehension and completion rates
(Rossi & Pourtois, 2012). These properties are particularly
advantageous for the assessment of state anxiety when the
completion of gold-standard multi-item inventories of state anxi-
ety, such as Spielberger's State-Trait Anxiety Inventory (STAI-State;
Spielberger, Gorsuch, & Lushene, 1970), may be burdensome.
Indeed, visual analog scales for the measurement of anxiety (VAS-
A) usefully complement multi-item questionnaires in a variety of
clinical settings requiring rapid and unobtrusive anxiety mea-
surement, including psychotherapy sessions and anxiety assess-
ment among patients that are severely-ill, or are before or in
surgery (e.g., Chlan, 2004; Kellner, Wiedemann, Yassouridis, &
Muhtz, 2012; Kindler, Harms, Amsler, Ihde-Scholl, & Scheidegger,
2000; Mouthaan, Sijbrandij, Reitsma, Gersons, & Olff, 2011). Simi-
larly, experimental designs that require rapid and repeated anxiety
assessments (MacLeod, Rutherford, Campbell, Ebsworthy,&Holker,
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Fig. 1. The computerized VAS-A. Participants were instructed to use the computer
mouse to place the locator at the scale position representing their current level of
anxiety in response to the question, “How anxious do you feel right now?”
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2002; Poma et al., 2005) may benefit from the use of the VAS-A
instead of a multi-item inventory, as the latter may prove more
disruptive to the experiment flow and possibly obscure the tran-
sient, situational essence of state anxiety. Different psychometric
properties of various paper-and-pencil versions of VAS-A have been
explored in a number of studies (reviewed in Rossi & Pourtois,
2012), collectively establishing adequate test-retest reliability,
convergent and divergent validity, and sensitivity to stress-induced
changes in state anxiety of these instruments (Bond, Shine,& Bruce,
1995; Cella & Perry, 1986; Chlan, 2004; Davey, Barratt, Butow, &
Deeks, 2007; Hornblow & Kidson, 1976; Kindler et al., 2000;
Luyk, Beck, & Weaver, 1988; Seddon et al., 2011).

Computer-based applications for medical and psychological
data collection, including self-assessment and psychological in-
ventories, are becoming increasingly available and frequently used
(e.g., Allenby, Matthews, Beresford, & McLachlan, 2002; Broderick
& Vikingstad, 2008; Burton, Weller, & Sharpe, 2009; Jamison
et al., 2001; Schulenberg & Yutrzenka, 1999). These electronic
measures may offer various advantages over paper measures, such
as facilitation of data collection, handling, and analysis, and
increased patient compliance and recording accuracy (Gwaltney,
Shields, & Shiffman, 2008; Palermo, Valenzuela, & Stork, 2004;
Ryan, Corry, Attewell, & Smithson, 2002; Stone, Shiffman,
Schwartz, Broderick, & Hufford, 2003). They may also enable
more seamless data collection when embedded in computerized
experiments (Grafton, Mackintosh, Vujic, & MacLeod, 2013; Maoz,
Abend, Fox, Pine, & Bar-Haim, 2013), or in situations where paper
measures are not applicable, such as during magnetic resonance
imaging (Lueken, Muehlhan, Evens,Wittchen,& Kirschbaum, 2012;
Thorpe, Salkovskis, & Dittner, 2008). Importantly, as the dissemi-
nation of psychological assessment and treatment via computer-
based means, including the Internet, is rapidly growing, the clin-
ical applications of computerized state anxiety measurement are
likewise increasing. For example, VAS assessment of anxiety can be
embedded in computer- or Internet-based protocols of therapy
interventions (Farrer et al., 2013; Grafton et al., 2013; Mouthaan
et al., 2011). Likewise, the growing prevalence of smartphones
and other mobile devices is being utilized for more ecological
momentary assessment of clinical subjective states, including
anxiety (Dockray et al., 2010; Reid et al., 2009; Schaffer, Kreindler,
Reis, & Levitt, 2013; Shiffman, Stone, & Hufford, 2008). However,
the use of the computerized medium should also be coupled with
validation of the instruments used in it (Bishop et al., 2010; Coons
et al., 2009; Hirsch, Hauschild, Schmidt, Baum, & Christiansen,
2013; Kongsved, Basnov, Holm-Christensen, & Hjollund, 2007).
While it may be argued that paper and computerized VASs are
graphically comparable and should therefore hold the same psy-
chometric properties, it has been shown that ratings using the two
formats may be similar but not necessarily completely equivalent
(Junker et al., 2008; Kvien et al., 2005; Stratton et al., 1998; Stubbs
et al., 2000; Whybrow, Stephen, & Stubbs, 2006), thus suggesting
that the assessment of psychometric properties of such in-
struments is warranted. A number of studies validated computer-
ized VASs for the measurement of different subjective states, such
as chronic pain, hunger, and quality of life (Hollen et al., 2013;
Jamison et al., 2002; Kvien et al., 2005; Salaffi, Gasparini, &
Grassi, 2009; Stubbs et al., 2000; Whybrow et al., 2006). To the
best of our knowledge, the psychometric properties of a comput-
erized VAS for the assessment of state anxiety have yet to be
comprehensively studied.

Here, we evaluated the reliability, validity, and sensitivity of a
computerized single-item VAS-A in measuring state anxiety. In
Experiment 1, we assessed the VAS-A's: a) reliability, using
testeretest measures; b) convergent validity, by testing whether
VAS-A scores significantly correlated with STAI-State scores
(Spielberger, 1983); and c) discriminant validity, by comparing the
magnitude of correlation between the VAS-A and the STAI-State to
the correlations between the VAS-A and other negative affect in-
struments not assumed to directly measure state anxiety, such as
trait anxiety, social anxiety, depression, and state anger. In Exper-
iment 2, we examined whether the VAS-Awas sensitive to changes
in state anxiety following stress-induction in a sample of socially-
anxious individuals participating in a public speaking task.

1. Experiment 1: reliability, convergent validity, and
discriminant validity of the VAS-A

In Experiment 1, we tested the reliability, convergent validity,
and discriminant validity of the computerized VAS-A in measuring
state anxiety.

1.1. Method

1.1.1. Participants
We recruited 172 undergraduate students (mean age 23.8 years,

SD ¼ 2.8; 125 females) from Tel Aviv University (n ¼ 99) and the
Yezreel Valley College (n¼ 73). The studywas approved by the local
institutional review boards. Participants provided signed informed
consent, and received course credit or monetary compensation for
their participation.

1.1.2. Measures
1.1.2.1. Computerized VAS-A. The VAS-A was administered on a
standard 15.6” laptop screen using a Java applet (Fig. 1). Consistent
with common VAS presentations, the scale was a 100-mm hori-
zontal line (Ahearn, 1997; Wewers & Lowe, 1990) divided into 30
equal-sized partitions (MacLeod et al., 2002). The left edge of the
scale was marked “calm” and the right edge was marked “anxious”
(for relevant uses, see Buhr & Dugas, 2009; MacLeod et al., 2002;
Watson & Tellegen, 1985). A sliding locator was initially posi-
tioned at the midpoint of the scale. The scale was presented within
a gray window 128 mm wide and 96 mm tall. The experimenter
instructed the participants to use the computer mouse to place the
locator at the scale position representing their current level of
anxiety (“How anxious do you feel right now?”). Score was auto-
matically calculated by rounding the relative distance of the locator
from the left edge of the scale to the nearest integer value between
0 and 30. The participants were not informed of this numerical
value. The VAS-A is freely available for download at http://people.
socsci.tau.ac.il/mu/anxietytrauma/visual-analog-scale/.

1.1.2.2. State-Trait Anxiety Inventory e state subscale (STAI-State).
The STAI-State (Spielberger et al., 1970) consists of 20 items relating
to present anxiousmoods answered on a 4-point scale from 1¼Not
at all to 4 ¼ Very much so. Item scores are summed to a total score
(range: 20e80). The STAI-State scale has high internal consistency,
with Cronbach's alpha coefficient ranging between .86 and .95 and
itemeremainder correlations of .55e.63 (Rossi & Pourtois, 2012;
Spielberger, 1983; Spielberger & Sydeman, 1994). Its stability co-
efficients are relatively low (testeretest r ¼ .34e.62 in various
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Table 1
Descriptive statistics for instrument scores measured in Sessions 1 and 2 (Experi-
ment 1).

Measure Session N Mean Median Range SD CI

VASeA Session 1 172 8.6 6.0 0e29 7.4 7.0e9.7
Session 2 172 8.4 6.0 0e30 7.3 7.3e10.4

STAIeState Session 1 172 33.3 31.0 20e77 10.1 30.8e34.8
Session 2 172 33.5 31.5 20e79 11.0 32.1e36.7

STAIeTrait Session 2 172 39.7 38.0 22e65 9.6 38.1e41.9
LSAS Session 2 99 36.3 33.0 2e97 19.8 32.5e40.4
PHQ-9 Session 2 99 7.9 6.0 0e21 5.0 6.8e8.8
STAXI-2 Session 2 99 17.8 15.0 15e60 6.5 16.6e19.2

Note: Possible score range for the VAS-A: 0 (calm) to 30 (anxious); STAI-State (state
anxiety): 20e80; STAI-Trait (trait anxiety): 20e80; LSAS (social anxiety): 0e144;
PHQ-9 (depression): 0e27; STAXI-2 (state anger): 15e60. SD ¼ standard deviation.
CI ¼ 95% confidence interval for population mean, calculated using bootstrapping.
The LSAS, PHQ-9, and STAXI-2 were administered in only one of the two contrib-
uting sites.
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samples), as expected (Spielberger, 1983; Spielberger & Sydeman,
1994) given the influence of trait disposition for anxiety on the
one hand, and the transient, situational factors on the other. Val-
idity of the STAI-State has been reported by Spielberger (1983). The
STAI-State's strong psychometric properties and frequent use in
research and clinical settings (reviewed in Rossi & Pourtois, 2012)
have led many to consider it a “gold standard” for measuring state
anxiety and use it as a reference for the validation of other in-
struments (Davey et al., 2007; Kindler et al., 2000; Moerman, van
Dam, Muller, & Oosting, 1996). In that vein, the STAI-State served
here as a reference measure of state anxiety. In the current sample,
internal consistency of the STAI-State as measured by Cronbach's a
was .95.

1.1.2.3. State-Trait Anxiety Inventory e trait subscale (STAI-Trait).
The STAI-Trait (Spielberger et al., 1970) consists of 20 items relating
to general anxious moods answered on a 4-point scale from
1 ¼ Almost never to 4¼ Almost always. Item scores are summed to a
total score (range: 20e80). It is one of the most commonly used
scales for the assessment of trait anxiety (Sylvers, Lilienfeld, &
LaPrairie, 2011), and possesses strong psychometric properties
(reviewed in Elwood, Wolitzky-Taylor, & Olatunji, 2012). In the
current sample, internal consistency of the STAI-Trait was a ¼ .93.

1.1.2.4. Liebowitz Social Anxiety Scale (LSAS). The LSAS (Fresco et al.,
2001; Liebowitz, 1987) is composed of 24 items divided into two
subscales addressing social interaction and performance situations.
The participant is required to rate fear and avoidance during the
past week on a 4-point scale from 0 ¼ None to 3 ¼ Severe/Usually.
The total score of the LSAS was used in this study (range: 0e72).
The LSAS is one of the most commonly used scales for the assess-
ment of social anxiety, and was found to be reliable, valid and
treatment-sensitive (Fresco et al., 2001; Heimberg et al., 1999). In
the current sample, internal consistency of the LSAS was a ¼ .92.

1.1.2.5. Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 is the
depression module from the full PHQ instrument (Spitzer, Kroenke,
& Williams, 1999). It consists of 9 items representing depressive
symptom criteria occurring in the last two weeks, which are
answered on a 4-point scale from 0 ¼ Not at all to 3 ¼ Nearly every
day. Item scores are summed to a total score (range: 0e27). It was
found to be a reliable and valid measure of depression severity
(Kendel et al., 2010; Kroenke, Spitzer, & Williams, 2001). In the
current sample, internal consistency of the PHQ-9 was a ¼ .84.

1.1.2.6. State-Trait Anger Expression Inventory-2 (STAXI-2). The
STAXI-2 is a reliable and valid 57-item measure with scales devel-
oped to assess anger as situational anger (state anger scale), a
dispositional characteristic (trait anger scale), and the expression of
anger (anger expression scale) (Spielberger, 1999; Spielberger &
Sydeman, 1994). We used the state anger scale in this study,
which consists of 15 items referring to statements regarding pre-
sent anger reactions which are answered on a 4-point scale from
1¼ Not at all to 4¼ Very much so. Item scores are summed to a total
score (range: 15e60). In the current sample, internal consistency of
the STAXI-2 was a ¼ .96.

1.1.3. Procedure
Participants completed two sessions in a laboratory setting. In

the first session, we assessed state anxiety using the STAI-State and
the VAS-A. In the second session, exactly one week later and in the
same laboratory room, we again administered the VAS-A and STAI-
State, as well as the STAI-Trait, LSAS, PHQ-9, and STAXI-2 ques-
tionnaires. The VAS-A, STAI-State, and STAI-Trait were adminis-
tered at both sites (n ¼ 172); due to time constraints in data
collection at the Yezreel Valley College, the LSAS, PHQ-9, and STAXI-
2 were administered only at Tel Aviv University (n ¼ 99).

1.1.4. Data analysis
All relations between variables were assessed using Spearman

rank correlation coefficients since the distributions of the VAS-A
and STAI-State scores in the current sample differed from the
normal distribution (KolmogoroveSmirnov test, p's < .02). Fisher's
r-to-Z transformations were used to test for significant differences
between correlation magnitudes.

Reliability of the VAS-A was assessed using test-retest correla-
tion between VAS-Ameasures in Sessions 1 and 2. We expected the
VAS-A to show significant but relatively low stability (and similar to
STAI-State stability), noting the influence of both transient, situa-
tional factors and the propensity for anxiety reactivity on state
anxiety levels (Spielberger, 1983). It should be noted that internal
consistency of the VAS-A cannot be assessed as it is a single item.

Convergent validity of the VAS-A was assessed by the extent to
which it correlated with an established measure of state anxiety. To
that end, we calculated the correlation between the VAS-A and the
STAI-State. Under the assumption that the STAI-State score is a valid
representation of state anxiety, we expected this correlation to be
significant.

As the VAS-A is expected to measure state anxiety, high corre-
lations with instruments that do not measure state anxiety per se
were not expected. Discriminant validity of the VAS-A was there-
fore assessed by the degree to which it correlated with several in-
struments that measure other properties, namely STAI-Trait (trait
anxiety), LSAS (social anxiety), PHQ-9 (depression), and STAXI-2
(state anger) scores. We expected these correlations to be signifi-
cant, due to the reported associations between anxiety, depression,
and anger (Deschenes, Dugas, Fracalanza, & Koerner, 2012; Schulz,
Alpers,& Hofmann, 2008; Woody & Rodriguez, 2000; Zimmerman,
McDermut, & Mattia, 2000), yet significantly lower than the cor-
relation between VAS-A and STAI-State scores (hypothesized to
measure the same construct). Further, we calculated partial corre-
lations between VAS-A scores and STAI-Trait, LSAS, PHQ-9, and
STAXI-2 scores, while controlling for STAI-State scores. Assuming
that the STAI-State score is a valid representation of state anxiety,
non-significant partial correlations would suggest that the VAS-A
does not effectively measure constructs not directly related to
state anxiety. All statistical tests were conducted under two-tailed
hypotheses with alpha set to .05.

1.2. Results

Table 1 provides descriptive statistics for the instruments
measured in Sessions 1 and 2. STAI-State scores in the sample
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spanned most of the range of possible scores (20e77 and 20e79 in
Sessions 1 and 2, respectively) assuring that the sample repre-
sented a broad range of state anxiety. Similarly, VAS-A scores
covered most of the scale range (0e29 and 0e30 in Sessions 1 and
2, respectively). As noted, the internal consistency of all question-
naires was good to excellent (Cronbach's a range ¼ .84e.96). Mean
scores did not significantly differ between the two sites for all in-
struments (p's > .22). All participants operated the VAS-A and
completed the questionnaires without any reported difficulties.

1.2.1. Reliability of the VAS-A
Testeretest reliability of the VAS-A was significant, r(172) ¼ .44,

p < .001. To provide a benchmark for state anxiety stability,
testeretest reliability was also calculated for the STAI-State scores
and found significant, r(172) ¼ .56, p < .001. Both measures
therefore revealed low to medium stability in measuring state
anxiety, which may be lower than typical reliability estimates, but
expected given the focus of these measures on momentary anxiety
(Hornblow & Kidson, 1976; Spielberger, 1983). Dependent-samples
t-tests demonstrated no significant systematic differences (Deyo,
Diehr, & Patrick, 1991) between the two time points in either
measure, p's > .63.

1.2.2. Convergent validity of the VAS-A
VAS-A scores were highly correlated with STAI-State scores in

both Session 1, r(172) ¼ .60, p < .001, and Session 2, r(172) ¼ .62,
p < .001.

1.2.3. Discriminant validity of the VAS-A
Table 2 presents the zero-order and partial correlations between

VAS-A scores and STAI-Trait, LSAS, PHQ-9, and STAXI-2 scores
(Session 2). As expected, all zero-order correlations were signifi-
cant. However, the correlations between each of the non-state
anxiety measures and the VAS-A were significantly smaller than
the correlation between the VAS-A and the STAI-S scores (STAI-
Trait: Fisher's r-to-Z ¼ 4.54, p < .001; LSAS: r-to-Z ¼ 3.27, p ¼ .001;
PHQ-9: r-to-Z¼ 3.32, p< .001; and STAXI-2: r-to-Z¼ 3.29, p¼ .001),
confirming that the VAS-A was more strongly associated with state
anxiety than with these related but different constructs. Moreover,
once we controlled for variance associated with state anxiety (as
represented by STAI-State scores), the partial correlations between
VAS-A scores and STAI-Trait, LSAS, PHQ-9, and STAXI-2 scores were
no longer significant.

2. Experiment 2: sensitivity of the VAS-A to stress induction

This experiment tested whether the VAS-A is sensitive in
detecting changes in state anxiety related to externally-induced
stress (Deyo et al., 1991). This was assessed in a sample of stu-
dents reporting high levels of social anxiety who underwent stress
Table 2
Discriminant validity of the computerized VAS-A. Zero-order Spearman correlations
and partial correlations between VAS-A and STAI-Trait (trait anxiety), LSAS (social
anxiety), PHQ-9 (depression), and STAXI-2 (state anger) scores.

Measure Zero-order correlation Partial correlation

N r p-value N r p-value

STAIeTrait 172 .24 .002 172 �.07 .387
LSAS 99 .31 .002 97 .05 .561
PHQ-9 99 .30 .003 99 .00 .969
STAXI-2 99 .30 .002 99 �.04 .636

Note: Partial correlation for each measure reflects the correlation between VAS-A
scores and the measure while controlling for STAI-State scores. The LSAS, PHQ-9,
and STAXI-2 were administered in only one of the two contributing sites.
induction via a public speaking task. As social anxiety is associated
with increased anxiety during public speaking (American
Psychiatric Association., 2000), we anticipated a marked increase
in state anxiety scores during the stress induction task relative to
baseline (Kirschbaum, Pirke, & Hellhammer, 1993; Poma et al.,
2005; Schulz et al., 2008; Taylor, Bomyea, & Amir, 2010).

2.1. Method

2.1.1. Participants
Participants were 49 Tel Aviv University undergraduate students

(mean age 22.7 years; 40 females). Selection of participants was
based on the outcome of two LSAS measurements: the first was
conducted as part of a mass screening procedure (Grafton et al.,
2013; MacLeod et al., 2002) to identify students with elevated de-
grees of social anxiety, and the second was conducted (three
months later, several weeks prior to the start of the current study)
to ascertain that selected students had reliably maintained a high
level of social anxiety. To be included in the study participants had
to have a score of 31 or higher on both measurements (based on
Mennin et al., 2002; Rytwinski et al., 2009). Mean LSAS scores in
the sample were 53 (SD ¼ 15) and 56 (SD ¼ 17) for the first and
second measurements, respectively, placing the sample more than
2 standard deviations above the mean for individuals with no axis I
diagnosis (Fresco et al., 2001). The study was approved by the local
institutional review board. Participants provided signed informed
consent, and received course credit or monetary compensation for
their participation. None of the participants in this study took part
in Experiment 1.

2.1.2. Measures
The measures used were the VAS-A and STAI-State (described in

Experiment 1).

2.1.3. Procedure
Participants completed the STAI-State and VAS-A at two time

points: before and during a public speaking stress induction task.
During the stressor task (Amir, Weber, Beard, Bomyea, & Taylor,
2008; Kirschbaum et al., 1993), participants were asked to choose
one of three discussion topics (use of nuclear energy to produce
electricity, mandatory school uniform, or use of toll roads) and
prepare a 5-min speech concerning claims in favor of and against
the selected topic. Participants were informed that their speech
would be videotaped and later evaluated for quality by the research
staff. During the speech task an unfamiliar male experimenter was
present in the room, provided instructions, and operated the video
camera. The pre-stressor measurements were taken at the begin-
ning of the session, before participants were aware of the speech
task. Two minutes into their speech, participants were asked to
pause, and again completed the STAI-State and VAS-A before
completing their speech (this order of administration was main-
tained across participants). The participants'marks on the previous
measures were never visible.

2.1.4. Data analysis
First, we conducted repeated-measures analyses of variance

(ANOVA) with awithin-subject factor of Time (pre-stressor, during-
stressor) separately on VAS-A and STAI-State scores, to confirm that
the stress manipulation yielded the expected elevations in state
anxiety (Amir et al., 2008; Seddon et al., 2011). The VAS-A ANOVA
was then repeated, with during-stressor STAI-State scores entered
as a covariate. Under the assumption that the STAI-State score is a
valid representation of state anxiety, we expected that the rise in
VAS-A scores will not be maintained after variance related to state
anxiety (STAI-S scores) was controlled for in the analysis.
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Second, to test the concordance between the VAS-A and the
STAI-State in measuring the stress-induced rise in state anxiety, we
calculated separate difference scores for the VAS-A and the STAI-
State (during-stressor minus pre-stressor). We then calculated
the correlation between the two sets of difference scores, with the
expectation that if both measures similarly reflect state anxiety,
then this correlation would be significant. All statistical tests were
conducted under two-tailed hypotheses with alpha set to .05. All
measures did not differ from the normal distribution (Kolmogor-
oveSmirnov test, p's > .35), permitting the use of parametric tests.

2.2. Results

The public speaking task produced the expected rise in state
anxiety as evidenced by a pre- to during-stressor increase in STAI-
State scores (rise from M ¼ 39.2 to M ¼ 51.4, F(1,48) ¼ 59.95,
p < .001, h2p ¼ :55) observed in 43 of the 49 participants (88% of the
sample). Accordingly, a significant pre- to during-stressor increase
in VAS-A scores was observed (rise from M ¼ 12.4 to M ¼ 19.5,
F(1,48) ¼ 25.13, p < .001, h2p ¼ :34) in 41 of the 49 participants (84%
of the sample). When during-stressor STAI-State scores were
controlled for in the VAS-A analysis, the effect of Time was no
longer significant, F(1,47) ¼ .01, p ¼ .93, h2p ¼ :00, suggesting that
the significant stress-induced rise in VAS-A scores specifically re-
flected an increase in measured state anxiety (STAI-S). Further-
more, the rise in VAS-A scores was significantly correlated with the
rise in STAI-State scores (Fig. 2), r(49) ¼ .51, p < .001.

3. General discussion

The current experiments investigated the reliability, validity,
and sensitivity of a computerized VAS-A as a self-report measure of
state anxiety. First, VAS-A scores exhibited low to medium test-
retest reliability. Second, the VAS-A were highly correlated with
the STAI-State, an established measure of state anxiety indicating
convergent validity of the instrument. Third, the VAS-A demon-
strated discriminant validity by not measuring other psychological
constructs beyond variance related to state anxiety. Finally, the
VAS-A was sensitive to a rise in state anxiety among socially-
Fig. 2. Sensitivity of the computerized VAS-A to changes in state anxiety. The scat-
terplot and regression line depict the correlation between changes in STAI-State scores
and VAS-A scores following a social stress induction task (Experiment 2), from pre- to
during-stressor measurements. Note: Change scores were calculated by subtracting the
pre-stressor score from the during-stressor score.
anxious individuals following stress induction. Thus, the comput-
erized VAS-A enables a rapid, reliable, and valid measurement of
state anxiety.

These characteristics, in addition to facilitated data collection,
handling, and analysis, make the computerized VAS-A useful in
complementing multi-item state anxiety inventories in a variety of
clinical and research settings. For example, the VAS-A may be
particularly convenient in clinical situations requiring rapid or
unburdening assessment of state anxiety, such as among patients
before and during operation, or repeatedly within psychotherapy
sessions (e.g., cognitive-behavioral therapy) (Chlan, 2004; Kellner
et al., 2012; Kindler et al., 2000; Liverant, Suvak, Pineles, &
Resick, 2012; Mouthaan et al., 2011). Such application of the VAS-
A should be accompanied by further validation of the instrument
in clinical samples. Likewise, researchers employing computerized
experimental designs that require the assessment of change in state
anxiety following an experimental manipulation (e.g., Amir, et al.,
2008; Grafton et al., 2013) may find the use of VAS-A less disrup-
tive to the experimental procedure than having to repeatedly
administer multi-item questionnaires. At the same time, the ability
of the VAS-A to capture more subtle fluctuations in anxiety
measured at multiple time points during an experiment may be of
great interest to the field of anxiety and emotional reactivity. Since
the current study measured changes in VAS-A only at two time
points, future studies could explore the reliability and sensitivity of
the VAS-A over multiple assessments. In addition to the direct
assessment of subjective anxiety, the computerized administration
of the VAS-A could also enable measurement of response latency to
the scale, potentially providing complementary information asso-
ciated with the influence of anxiety on cognitive processes (e.g.,
Corby & Tryon, 2006). This option was not available for the current
studies but is available in the software link provided in Methods.

The growing access to computers and the Internet has sub-
stantially expanded the range of psychological assessment and
intervention. The prevalence of smartphones and other mobile
devices now enables the ecological momentary assessment of
different subjective states, often in scale form (Dockray et al., 2010;
Reid et al., 2009; Shiffman et al., 2008). The computerized VAS-A is
particularly useful for this purpose, allowing for real-word, online
monitoring and recording of state anxiety, without the need to
return to the lab and retroactively assess anxiety levels or maintain
awritten record of changes in anxiety. In addition to data collection,
much effort is devoted to the development of novel therapy pro-
tocols relying on computerized delivery, including via the Internet,
for the efficacious and cost-effective dissemination of psychological
treatment for anxiety and other mental disorders (Farrer et al.,
2013; Hedman, Ljotsson, & Lindefors, 2012; Kaltenthaler et al.,
2006; MacLeod & Mathews, 2012; Mouthaan et al., 2011; Van
Voorhees et al., 2009). Such protocols may readily utilize comput-
erized means to assess current levels of anxiety in patients, in lieu
of traditional paper-and-pencil VAS-A or multi-item inventories,
which can be less convenient or applicable in this medium. The
current results suggest that the use of a computerized VAS-A for
this purpose relies on adequate psychometric properties.

Potential limitations of the current experimental design should
be acknowledged. First, counterbalancing the administration of the
different measures in both experiments would have helped ruling
out possible carry-over effects when completing the measures, and
should be taken into consideration in future studies employing a
number of assessment instruments. Second, Experiment 2 would
have benefitted from a control group not undergoing stress in-
duction in order to diminish possible confounding effects related to
the experimental procedure. Third, we did not include a clinically-
anxious population in the study; thus, validity of the VAS-A should
be extended to such samples. Lastly, the study samples were
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predominantly female; more balanced samples in terms of gender
would allow for broader generalization of findings. In addition to
these practical limitations, it may be argued that any construct,
including state anxiety, cannot be adequately represented by a
single-item visual scale. While fully addressing this conceptual and
contested notion (e.g., Aitken, 1969) is beyond the scope of this
study, we can nevertheless suggest that if the comprehensive
assessment of state anxiety is required, and time and other practical
constraints are of no concern, well-validated multi-item in-
ventories should be used as the primary measures. However, the
current experiments demonstrate that when such constraints are
present, the VAS-A could serve as a viable, valid, and convenient
alternative.

In conclusion, the demonstrated psychometric characteristics of
the computerized VAS-A, combined with its wide applicability, and
simple and rapid administration, make it a valuable self-rating tool
for the situational assessment of state anxiety. The VAS-A may
prove particularly useful in clinical and research settings where
multi-item questionnaires or paper-and-pencil measures are less
applicable.
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