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A B S T R A C T   

Background and objectives: Cognitive bias theories posit that generalized anxiety disorder (GAD) and social 
anxiety disorder (SAD) are entwined with attention bias toward threats, commonly indexed by faster response 
time (RT) on threat-congruent (vs. threat-incongruent) trials on the visual dot probe. Moreover, although 
smartphone ecological momentary assessment (EMA) of the visual dot probe has been developed, their psy-
chometric properties are understudied. This study thus aimed to assess the reliability of 8 smartphone-delivered 
visual dot probe attention bias and related indices in persons with and without GAD and SAD. 
Methods: Community-dwelling adults (n = 819; GAD: 64%; SAD: 49%; Mixed GAD and SAD: 37%; Non-GAD/SAD 
Controls: 24%) completed a five-trial smartphone-delivered visual dot probe for a median of 60 trials (12 sessions 
x 5 trials/session) and an average of 100 trials (20 sessions x 5 trials/session). 
Results: As hypothesized, Global Attention Bias Index, Disengagement Effect, and Facilitation Bias had low- 
reliability estimates. However, retest-reliability and internal reliability were good for Trial-Level Bias Scores 
(TLBS) (Bias Toward Treat: intra-class correlation coefficients (ICCs) = 0.626–0.644; split-half r = 0.640–0.670; 
Attention Bias Variability: ICCs = 0.507–0.567; split-half r = 0.520–0.580) and (In)congruent RTs. Poor retest- 
reliability and internal reliability estimates were consistently observed for all traditional attention bias and 
related indices but not TLBS. 
Limitations: Our visual dot probe EMA should have administered ≥320 trials to match best-practice guidelines 
based on similar laboratory studies. 
Conclusions: Future research should strive to examine attention bias paradigms beyond the dot-probe task that 
evidenced meaningful test-retest reliability properties in laboratory and real-world naturalistic settings.   

Generalized anxiety disorder (GAD) is marked by persistent exces-
sive and uncontrollable worry (American Psychiatric Association, 
2013). The most frequent worry content in GAD involves interpersonal 
matters, a feature observed in social anxiety disorder (SAD; Zainal & 
Newman, 2018). GAD and SAD are common mental disorders that have 
been consistently related to diverse health problems (Tully et al., 2016; 
Vieira et al., 2010; Zainal & Newman, 2021). Relatedly, many in-
dividuals with GAD and SAD reportedly frequently experience low levels 
of relationship and job satisfaction (Bouwmans et al., 2014; Newman 
et al., 2013; Zainal & Magiati, 2019). Improving understanding of the 
correlates of GAD and SAD is thus essential. 

SAD and GAD have been theorized to often co-occur with the mental 
habit of focusing on surrounding threats (Bar-Haim et al., 2007). 

Cognitive bias models (Mathews & MacLeod, 2005) posit that such 
attention bias or hypervigilance toward threats creates and maintains 
anxiety disorders, as successfully reducing attention bias corresponds to 
changes in symptomology (Mogoaşe et al., 2014; Teng et al., 2019). 
Accordingly, scientists have advocated the use of attention bias modi-
fication (ABM) to prevent the development of anxiety and related dis-
orders (Bar-Haim, 2010; Hsu et al., 2021; Lazarov & Bar-Haim, 2021), to 
augment existing treatment, such as empirically-supported first-line 
cognitive behavior therapies (Lazarov et al., 2018; Shechner et al., 2014; 
Zainal et al., 2023), or to serve as second-line mental health in-
terventions for treatment-resistant cases (Hallion & Ruscio, 2011; Pettit 
et al., 2020). 

As these theories propose that attention bias toward threats has a 
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causal effect on the etiology and maintenance of GAD and SAD, reliable 
attention bias indices are needed to properly construe attention bias as a 
prevention and treatment target. The global attention bias indices based 
on response time (RT) differences are the most frequently used marker in 
attention bias paradigms. Global attention bias indices are premised on 
the logic that persons with (vs. without) GAD and SAD respond quicker 
to threat-congruent material. In the prominent visual dot probe task 
(MacLeod et al., 1986), participants respond to a probe while dis-
regarding the prior foil (e.g., angry face (threat cue) or neutral face 
(non-threat cue)). However, based on evolutionary theories (Lazarov & 
Bar-Haim, 2021; Vaish et al., 2008), our human visual system cannot 
entirely discard the foils. Instead, it immediately primes visual attention 
and leads to faster RT when the probe replaces the foil with more 
fear-inducing and cognitive resource-absorbing material (such as a 
snake instead of a mushroom or a negative (e.g., angry, fearful) vs. 
positive (e.g., happy) or neutral facial emotional expression; Lipp & 
Derakshan, 2005). The global attention bias indices are usually 
computed as the average RT of trials wherein the probe substituted the 
threatening foil (e.g., snakes, angry face) subtracted by the average RT 
of trials wherein the probe substituted the neutral foil (e.g., mushrooms, 
neutral face). 

Straightforwardly interpretable results with such global attention 
bias indices have been observed. Supporting cognitive bias and evolu-
tionary theories and consistent with neuroscientific data (LeDoux & 
Pine, 2016), speedier responses toward threatening (vs. neutral) mate-
rial were displayed by unselected college students (i.e., a sample that 
comprised those with low, moderate, and high levels of anxiety symp-
toms; Koster et al., 2004) and persons with GAD and SAD (Mogg & 
Bradley, 2005; Mogg et al., 2004). Alternatively, other researchers have 
been critiquing the reliability of the visual dot probe task (Rodebaugh 
et al., 2016). For example, in two initial studies (Schmukle, 2005; 
Staugaard, 2009), many reliability estimates of the attention bias indices 
fell within the negative range, and the highest reliability estimate from 
either study was 0.32. Subsequently, the visual dot probe showed low 
internal reliability (Cronbach αs = 0.00–0.48) and split-half reliability 
(r = -.09–0.32) in healthy controls who underwent a CO2 challenge (a 
paradigm that induces anxiety symptoms by instructing inhalation of 
7.5% CO2; Cooper et al., 2011). Similarly, Waechter et al. (2014) noted 
that the global attention bias indices and other attention bias markers (e. 
g., slower RT to disengage from threatening vs. neutral material) had 
low split-half test-retest reliability (mean r = − 0.10–0.21) and internal 
reliability (αs = − 0.35–0.42) in participants with heightened SAD. 
However, individual trial-level attention bias toward threat average and 
variability scores (derived from subtracting the response time (RT) on 
threat-congruent trials from the nearest threat-incongruent trials in a 
trial-by-trial manner) have shown good retest-reliability among those 
with and without specific phobias (Spearman r = 0.58 to 0.67; Zvielli 
et al., 2015) and SAD (average measures intra-class correlation (ICC) =
0.64–0.83; Gade et al., 2022; Meissel et al., 2022; Packard et al., 2022; 
Rodebaugh et al., 2016). Collectively, evidence is accruing those tradi-
tional attention bias indices derived from visual dot probe laboratory 
tasks lack retest-reliability and internal reliability, but trial-level bias 
scores can enhance the psychometric properties of those scores. 

Little is known, however, about the reliability of smartphone-delivered 
ecological momentary assessments (EMA) of visual dot probe tasks. 
Increasingly, such EMA apps are used to measure various psychological 
phenomena, including cognitive and related processes (Dennis & 
O’Toole, 2014), and benefits researchers by allowing repeated real-time 
assessments of variables across multiple ecologically pertinent contexts 
(Teng et al., 2019). Simultaneously, as most dot probe studies failed to 
provide reliability estimates (Parsons et al., 2019), we know of only one 
such study to date that has tested the reliability of a 
smartphone-delivered visual dot probe EMA in an anxiety-disordered 
sample. A 4-week ABM study wherein participants engaged in the vi-
sual dot probe thrice daily found that the Spearman-Brown adjusted 
internal reliability of the global attention bias indices ranged from 0.18 

to 0.53 (Enock et al., 2014); however, the study did not test other forms 
of attention bias indices. This is important as poor reliabilities have also 
been found with other attention bias indices in laboratory settings, such 
as the facilitation bias and disengagement effect (Waechter et al., 2014). 
Thus, initial evidence suggests that while the global attention bias 
indices assessed by an EMA visual dot probe task have poor reliability, 
other forms of attention bias indices remain to be determined. 

Therefore, this study aims to comprehensively examine the retest- 
reliability and internal consistency of six distinct attention bias indices 
derived from a smartphone visual dot probe app. This goal contributes to 
clinical science in several ways. Recruiting a large sample (n = 829) 
offers greater power than most prior studies that recruited small sample 
sizes (e.g., n = 20–29; Cooper et al., 2011; Staugaard, 2009) to detect 
any existing group differences based on diagnostic status. A larger 
sample also offers more unbiased and reliable parameter estimates of 
any group differences. Also, attention bias toward threat cuts across 
many distinct and overlapping forms of psychopathology (cf. negative 
valence domain in the Research Domain Criteria; Cuthbert & Insel, 
2013). Better understanding the reliability of attention bias indices 
derived from visual dot probe EMA tasks is also essential, given calls to 
improve the methodology and replicability of studies on the efficacy of 
ABM for clinical depression, anxiety, and related disorders (Cristea 
et al., 2015; Fodor et al., 2020). Further, such psychometric inquiries 
can facilitate future clinically pertinent studies linked to individual 
differences (e.g., associations among shifts in symptom and shifts in 
purported therapy mechanisms, optimizing individualized therapy 
outcomes). 

Based on cognitive bias theories and empirical data outlined, we 
hypothesized that the following four attention bias indices would 
display poor retest-reliability and internal reliability: (1) Global Attention 
Bias Index; (2) Disengagement Effect (i.e., difficulty disengaging from 
threatening material; Mogg et al., 2008) (3) Facilitation Bias (i.e., quicker 
RT with threat (vs. neutral); foils during trials where the foil and 
matched; Waechter & Stolz, 2015); (4) Attention Bias Variability (ABV; i. 
e., degree of instability of attention bias across time; Iacoviello et al., 
2014). Conversely, based on prior evidence (e.g., Waechter et al., 2014), 
we expected moderate-to-good test-retest reliability and internal con-
sistency for (5) Congruent RT (congruent trials raw RTs) and (6) Incon-
gruent RT (incongruent trials raw RTs). Further, as RT tends to generally 
be more stable within- (vs. between-) sessions and persons for EMAs 
(Salthouse & Berish, 2005), we predicted the reliability scores to be 
higher within versus across sessions. Moreover, we hypothesized that 
the Trial-Level Bias Mean and Variability Attention Bias Toward Threat 
Scores would show moderate-to-good levels of test-retest reliability 
(Davis et al., 2016; Huppert et al., 2018). To further clarify the degrees 
of overlap and distinction of attention bias indices in GAD, SAD, and 
their comorbidities (Amir et al., 2009; Molloy & Anderson, 2020), we 
determined the reliabilities of these unique attention bias indices in the 
entire sample and within separate diagnostic subgroups. 

1. Method 

1.1. Participants and eligibility criteria 

1.1.1. Participants 
Community-dwelling adolescents and adults (n = 829, 83.3% fe-

male, M of age = 25.59 years (SD = 16.36), range = 13 to 65, 59.2% 
White/Caucasian, 6.3% Black/African American, 2.8% Asian/Asian 
American, 6.5% Hispanic/Latino/Latina, 1.4% Native American, 23.6% 
Multiracial/Other) were recruited for this study using the Google Play 
Store from the Android Market and undergraduate subject pool in a 
university in the Northeastern part of the U.S. Potential participants 
were screened for GAD and SAD based on the GAD-Questionnaire- 
Fourth Edition (GAD-Q-IV; Newman et al., 2002) and Social Phobia 
Diagnostic Questionnaire (SPDQ; Newman et al., 2003). Individuals 
from the community or university subject pool with GAD and SAD were 
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oversampled to capture the full range of anxiety at the 
moderate-to-severe end of the distribution. Individuals who had diag-
nosable GAD and SAD consistent with the Diagnostic and Statistical 
Manual–Fifth Edition (DSM-5) criteria assessed by the GAD-Q-IV 
(Newman et al., 2002) and SPDQ (Newman et al., 2003) baseline mea-
sures were invited to participate in the study at similar rates to 
non-anxiety-disordered controls. Accordingly, high proportions of par-
ticipants met criteria for GAD and SAD (GAD: 64.34%; SAD: 48.60%; 
Mixed GAD and SAD: 36.51%; Non-GAD and SAD Controls: 23.57%). 
Table 1 presents sociodemographic and clinical variables across diag-
nostic groups at baseline. Inclusion Criteria: To be eligible, participants 
had to be at least 13 years of age and own an Android phone, consent to 
participate, and complete baseline assessments. Exclusion Criteria: 
None. Non-anxious controls had to display scores 1.5 standard de-
viations below the sample mean on the GAD-Q-IV and SPDQ. Ethics 
approval and participant informed consent were obtained before data 
collection. 

1.2. Measures 

1.2.1. Dot probe task 
The dataset is from a visual dot probe attention bias task using the 

Mood Triggers app (Jacobson, 2020). Participants were given in-
structions on completing the task and then completed 5 trials of the 
visual dot probe. Participants were asked to view a "+" sign in the middle 
of a landscape screen in this task. After 500 ms (ms), participants were 
then shown a pair of 1 neutral face and 1 angry face (randomized) from 
the NIMSTIM faces (note that only faces that sufficiently elicited the 
desired emotions were shown; Tottenham et al., 2009). The pair of faces 
could either be open-mouthed or closed-mouthed (each open-mouthed 
photo was paired with an open-mouthed photo from the same person, 
and each closed-mouth photo was paired with a closed-mouth photo of 
the same person). After 500ms, they were shown a dot replacing either 
the neutral or angry face and asked to click the dot as quickly as possible. 
The image set that they were shown (of 52), the side where the angry 
face appeared, the side where the dot appeared, the side that they 
clicked on, and the RT in milliseconds (ms) were recorded. This trial was 
repeated a total of 5 times. Participants could complete the task as often 
as they liked during the study duration, which occurred across 14.62 
days on average (SD = 28.66). On average, each participant engaged in 
the five-trial visual dot probe across 19.85 sessions (SD = 20.35, range 
= 1–110), but the median was 12 sessions. No differences in number of 
trials completed were observed between college student and community 
adult participants. Note that our study did not instruct participants to 
complete the visual dot probe EMA for a set number of trials because it 
aimed to determine the generalizability of attention bias phenomena 

outside laboratory settings and in real-world in situ contexts. 
Nonetheless, our observed median of 60 trials (12 sessions x 5 trials/ 

session) and observed mean of 100 trials (20 sessions x 5 trials/session) 
were consistent with established practices of administering EMA dot- 
probe tasks in psychiatric samples (i.e., ranging between 60 and 80 
trials; Moskal et al., 2022; Smith et al., 2020). Moreover, data collection 
for this study began before published recommendations to increase the 
number of trials for dot-probe tasks to advance clinical science on this 
topic (Price et al., 2015). In addition, the number of participants who 
completed 2, 5, and 12 sessions was 294, 151, and 92, respectively. In 
the following sections, we examined the reliabilities of the attention bias 
indices within and across 2, 5, and 12 sessions. 

1.2.2. Generalized anxiety disorder Questionnaire–IV (GAD-Q-IV; 14-item; 
Newman et al., 2002) 

The GAD-Q-IV self-report was developed to measure DSM-IV GAD 
criteria, equivalent to the DSM-5 criteria (American Psychiatric Asso-
ciation, 2013). Based on a clinical interview, it shows good sensitivity 
and specificity across multiple samples (Moore et al., 2014; Newman 
et al., 2002). Convergent and discriminant validity was evidenced by 
large associations with trait anxiety (r = 0.58) and worry (r = 0.63) and 
small links to unique constructs (e.g., r = 0.23 with depression; Newman 
et al., 2002; Zainal et al., 2019). It also has good two-week test-retest 
reliability (r = 0.81) and strong internal consistency (α = 0.94) (Moore 
et al., 2014; Newman et al., 2002). An advantage of the GAD-IV over 
other measures is that it assesses the full DSM-5 GAD symptom 
constellation, i.e., items capturing the presence, severity, worry topics, 
distress, interference, and six worry-linked symptoms (Zainal et al., 
2021). Further, it can be scored dimensionally or categorically based on 
diagnosis (Moore et al., 2014). The GAD sample was chosen based on the 
DSM-5 diagnostic algorithm. The level of agreement with the Anxiety 
Disorder Interview Schedule (ADIS; Brown & Barlow, 2014; Di Nardo 
et al., 1994) is also good (Cohen’s κ = 0.67; 88% correct classification), 
with high sensitivity (0.81) and specificity (0.89) with the ADIS using a 
cut-off score of ≥5.7 (Newman et al., 2002). 

1.2.3. Social Phobia Diagnostic Questionnaire (SPDQ; Newman et al., 
2003) 

The SPDQ self-report captures excessive fearfulness and avoidance of 
various observational and evaluative social situations and the extent of 
distress and interference related to those fears. It has been shown to have 
strong internal consistency (α = 0.95), test-retest reliability (r = 0.92), 
and split-half reliability (r = 0.90; Newman et al., 2003). Additionally, 
the SPDQ has strong convergent validity (e.g., r = 0.66 with another 
SAD measure; Watson & Friend, 1969) and good discriminant validity 
(e.g., r = 0.28 with the GAD-Q-IV; Newman et al., 2003). Further, SPDQ 

Table 1 
Sociodemographic comparisons across various diagnostic groups.   

GAD SAD GAD and SAD Controls  

(n = 533) (n = 402) (n = 302) (n = 195)  

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

Age (years) 25.90 (9.77) 30.62 (97.20) 25.84 (10.18) 25.82 (13.45)  
n (%) n (%) n (%) n (%) 

Sex 
Female 468 (87.80) 341 (84.83) 264 (87.42) 145 (74.36) 
Male 65 (12.20) 61 (15.17) 38 (12.58) 50 (25.64) 

Ethnicity 
African American 28 (5.25) 23 (5.72) 14 (4.64) 15 (7.69) 
Asian American 7 (1.31) 7 (1.74) 4 (1.32) 13 (6.67) 
Caucasian 326 (61.16) 251 (62.44) 193 (63.91) 107 (54.87) 
Hispanic/Latino 35 (6.57) 21 (5.22) 16 (5.30) 14 (7.18) 
Multiracial/multiethnic 42 (7.88) 24 (5.97) 19 (6.29) 5 (2.56) 
Native American 10 (1.88) 9 (2.24) 9 (2.98) 2 (1.03) 
Other 85 (15.95) 67 (16.67) 47 (15.56) 39 (20.00) 

Note. GAD = generalized anxiety disorder; SAD = social anxiety disorder. 
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items paralleled DSM-5 SAD diagnosis. When compared to the DSM-5 
ADIS SAD diagnosis (Brown & Barlow, 2014; Di Nardo et al., 1994), 
the SPDQ has high level of sensitivity (0.85) and specificity (0.82) with 
the ADIS (Newman et al., 2003). 

1.2.4. Data analyses 
To handle outliers, we used a rescaling (Winsorizing) approach to 

minimize missing data frequency, a procedure recommended in studies 
using the visual dot probe (Price et al., 2015). Across all trials and 
persons, anomalous values 1.5 times above and below the 25th and 75th 
percentiles of the entire spread of RT values were substituted with the 
first and last valid values within that spread of values, i.e., data points 
were retained as new non-anomalous values. For instance, a spread of 
RT values with 500ms and 700ms as the 25th and 75th percentile values, 
respectively, has an interquartile range of 200ms. In this example, 
values < 200ms and >1,000ms would be rescaled to 200ms and 1, 
000ms, respectively, to reflect the smallest and largest valid values 
within that spread of values. 

Next, based on the literature, we computed the various attention 
biases toward threats and related indices for each participant at each 
session. For all indices, congruent trials referred to trials where the 
location of the angry or neutral face was the same as the dot probe. 
Incongruent trials referred to trials where the location of the angry or 
neutral face was opposite to the dot probe. Threat (or neutral) trials were 
defined as trials where the angry (or neutral) face preceded and super-
imposed the dot probe location. Each session included 2 congruent-treat, 
1 congruent-neutral, 1 incongruent-threat, and 1 incongruent-neutral 
trial(s) (randomized). This design ensured that participants engaged in 
either type of trial sufficiently to compute attention bias and related 
indices. Further, individuals can display attention bias away or toward 
threats within a single measurement session (Zvielli et al., 2015). 

Global Attention Bias Index was computed using the following for-
mula: Global attention bias indices = (Average RT from incongruent- 
threat trial(s) - Average RT from congruent-threat trial(s)) - (Average 
RT from incongruent-neutral trial(s) - Average RT from congruent- 
neutral trial(s)) (Price et al., 2015). Disengagement Effect was indexed 
by comparatively slower RT on incongruent threat relative to incon-
gruent neutral trials (i.e., Disengagement Effect = Average RT from 
incongruent-threat trial(s)–Average RT from incongruent-neutral trials; 
Mogg et al., 2008). The Facilitation Bias was measured by faster correct 
RT for congruent threat trials than congruent neutral trials (i.e., Facili-
tation Bias = Average RT for congruent-neutral trial(s)–Average RT for 
congruent-threat trial(s)) (Waechter & Stolz, 2015). Congruent RT and 
Incongruent RT were based on RT during congruent and incongruent 
trials, respectively, regardless of response accuracy. Attention Bias 
Variability was the average standard deviation (SD) of Global attention 
bias indices across five trials within each session divided by the mean RT 
across all trials (i.e., Attention Bias Variability = SD of Global attention 
bias indices per session/(Average RT from incongruent-threat trial(s) +
Average RT from incongruent-neutral trial(s) + Average RT from 
congruent-threat trial(s) + Average RT from congruent-neutral trial(s)) 
(Iacoviello et al., 2014). Last, participant-level Trial-Level Mean and 
Variability Bias scores were computed by subtracting the RT of 
threat-congruent trials from the nearest threat-incongruent trial inside a 
five-trial structure (Zvielli et al., 2015). R syntaxes for calculating 
attention bias indices were adapted from various online tutorials (e.g., 
https://osf.io/smzd5; https://tinyurl.com/ynk36662). Higher values on 
these indices denote higher degree of these constructs. 

Test-test-retest reliability was indexed with the intraclass correlation 
coefficient (ICC). The ICC is a standard marker of reliability that 
simultaneously includes data from all time points and reflects propor-
tion of variance of an assessment attributable to between-person vari-
ance (Weir, 2005). ICC values theoretically range from 0 to 1, where 
0 denotes absence of reliability, <0.5 poor reliability, 0.5 to 0.75 
moderate reliability, 0.75 to 0.9 good reliability, above 0.9 excellent 
reliability, and 1 perfect reliability (Koo & Li, 2016). Nonetheless, 

empirical ICC estimates can be negative as all estimates have a 
maximum limit value of 1 but no minimum limit value—negative ICCs 
parallel ICC values of 0, signifying absence of reliability. We computed 
ICC values using the irr R package (Gamer et al., 2007) using a two-way 
random-effects model (participant and time-point (trials and sessions) 
were regarded as random factors). Average-measures ICC values offer a 
global index of the proportion of variance attributable to 
between-person variance across all time points. To determine internal 
reliability, split-half reliability (across odd and even trials or sessions 
denoted by Pearson’s r) was estimated. Split-half reliability r values of 
0.10, 0.30, and 0.50 were considered substantially small, moderate, and 
large, respectively (Cohen, 1988). In addition, refer to the online sup-
plemental materials for hierarchical linear modeling for interaction of 
trial and diagnostic status predicting for 8 attention bias and related 
indices. 

2. Results 

2.1. Reliability analysis 

2.1.1. Across 5 trials per session 
Table 2 displays the reliability analyses for attention biases toward 

Table 2 
Reliability analysis for five attention bias and related indices across five trials 
during each session.   

ICC [95% CI] Split-half reliability (r) 

All participants (n = 829)  
Global ABI 0.04 [-0.003, 0.08] 0.04 
Disengagement effect 0.21 [0.17, 0.24] 0.22 
Facilitation effect 0.25 [0.22, 0.28] 0.25 
Congruent RT 0.73 [0.70, 0.75] 0.75 
Incongruent RT 0.96 [0.92, 0.98] 0.98 
Trial-level bias score ABI 0.63 [0.61, 0.64] 0.65 
Trial-level bias AB Variability 0.56 [0.48, 0.63] 0.58 

Participants with GAD (n = 527) 
Global ABI 0.07 [0.02, 0.12] 0.07 
Disengagement effect 0.28 [0.24, 0.32] 0.29 
Facilitation effect 0.26 [0.22, 0.30] 0.27 
Congruent RT 0.72 [0.70, 0.75] 0.76 
Incongruent RT 0.95 [0.89, 0.97] 0.98 
Trial-level bias score ABI 0.63 [0.61, 0.65] 0.65 
Trial-level bias AB Variability 0.57 [0.46, 0.66] 0.58 

Participants with SAD (n = 398) 
Global ABI 0.04 [-0.02, 0.10] 0.03 
Disengagement effect 0.22 [0.17, 0.27] 0.23 
Facilitation effect 0.23 [0.18, 0.28] 0.23 
Congruent RT 0.72 [0.69, 0.75] 0.78 
Incongruent RT 0.97 [0.92, 0.98] 0.98 
Trial-level bias score ABI 0.64 [0.62, 0.66] 0.66 
Trial-level bias AB Variability 0.54 [0.42, 0.65] 0.57 

Participants with both GAD and SAD (n = 299) 
Global ABI 0.07 [-0.01, 0.13] 0.06 
Disengagement effect 0.31 [0.26, 0.36] 0.32 
Facilitation effect 0.22 [0.16, 0.27] 0.22 
Congruent RT 0.72 [0.69, 0.76] 0.78 
Incongruent RT 0.95 [0.89, 0.97] 0.98 
Trial-level bias score ABI 0.65 [0.63, 0.68] 0.67 
Trial-level bias AB Variability 0.51 [0.35, 0.64] 0.52 

Non-GAD and SAD Controls (n = 193) 
Global ABI 0.01 [-0.08, 0.09] 0.01 
Disengagement effect 0.17 [0.10, 0.24] 0.19 
Facilitation effect 0.22 [0.16, 0.29] 0.22 
Congruent RT 0.73 [0.69, 0.77] 0.76 
Incongruent RT 0.97 [0.93, 0.98] 0.98 
Trial-level bias score ABI 0.62 [0.59, 0.65] 0.64 
Trial-level bias AB Variability 0.51 [0.34, 0.65] 0.57 

Note. ABI = attention bias index; CI = confidence interval; GAD = generalized 
anxiety disorder; ICC = intra-class correlation; RT = response time; SAD = social 
anxiety disorder. 
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threat and related indices across 5 trials during each session for all 
participants and diagnostic subgroups (GAD, SAD, Mixed GAD and SAD, 
Non-GAD and SAD Controls). Global Attention Bias Index had poor ICC 
statistics (mean ICCs = 0.01–0.07) and split-half reliability (r =
0.01–0.02). Likewise, poor test-retest reliability and internal reliability 
outcomes were observed for Facilitation Bias (mean ICCs = 0.22–0.26; 
split-half r = 0.05–0.07) and Disengagement Effect (mean ICCs =
0.17–0.31) indices. However, analyses suggested moderate retest- 
reliability and internal reliability outcomes for Trial-Level Mean Bias 
Toward Threat Score (mean ICCs = 0.62–0.65; split-half r = 0.64–0.67) 
and Trial-Level Bias Attention Bias Variability (mean ICCs = 0.51–0.57; 
split-half r = 0.52–0.59). Conversely, analyses revealed moderate retest- 
reliability and internal reliability outcomes for Congruent RT (mean 
ICCs = 0.72–0.73; split-half r = 0.37–0.42). Relatedly, excellent retest- 
reliability and internal reliability were found for Incongruent RT 
(mean ICCs = 0.95–0.97; split-half r = 0.90–0.92). 

2.1.2. Across 2, 5, and 12 sessions 
Table 3 shows the reliability analyses for attention bias toward 

threats and related indices across 2, 5, and 12 sessions for all partici-
pants and diagnostic subgroups. Across 2 sessions (10 trials), analyses 
generated moderate-to-excellent test-retest reliability for these 4 atten-
tion bias indices: (1) Trial-Level Mean Bias Toward Threat Score (mean 
ICCs = 0.610–0.655; split-half r = 0.630–0.670); (2) Trial-Level Bias 
Attention Bias Variability (mean ICCs = 0.507–0.567; split-half r =
0.520–0.580); (3) Congruent RT (mean ICCs = 0.692–0.732; split-half r 
= 0.680–0.710); (4) Incongruent RT (mean ICCs = 0.959–0.979; split- 
half r = 0.940–0.950). However, analyses yielded insufficient test- 
retest reliability and internal reliability in the remaining 4 visual dot 
probe indices: (1) Global Attention Bias Index (mean ICCs =

− 0.22–0.07; split-half r = 0.02–0.07); (2) Facilitation Bias (mean ICCs 
= − 0.30–0.08; split-half r = 0.01–0.08); (3) Disengagement Effect 
(mean ICCs = − 0.10–0.14; split-half r = 0.01–0.08); (4) Attention Bias 
Variability (mean ICCs = − 0.04–0.19; split-half r = 0.0003–0.02). 

Across 5 sessions (25 trials), analyses indicated moderate-to- 
excellent test-retest reliability for these 4 attention bias indices: (1) 
Trial-Level Mean Bias Toward Threat Score (mean ICCs = 0.604–0.641; 
split-half r = 0.630–0.660); (2) Trial-Level Bias Attention Bias Vari-
ability (mean ICCs = 0.507–0.567; split-half r = 0.520–0.580); (3) 
Congruent RT (mean ICCs = 0.694–0.744; split-half r = 0.680–0.730); 
(4) Incongruent RT (mean ICCs = 0.953–0.977; split-half r =

0.940–0.950). Despite that, the test-retest reliability and internal reli-
ability for the other 4 attention bias and related indices were inadequate 
across 5 sessions: (1) Global Attention Bias Index (mean ICCs =
− 0.19–0.32; split-half r = 0.02–0.06); (2) Disengagement Effect (mean 
ICCs = − 0.13–0.33; split-half r = 0.03–0.10); (3) Facilitation Bias (mean 
ICCs = − 0.22–0.01; split-half r = 0.04–0.11); (4) Attention Bias Vari-
ability (mean ICCs = − 0.36–0.19; split-half r = 0.02–0.04). 

Across 12 sessions (60 trials), analyses suggested moderate-to- 
excellent test-retest reliability for these 4 attention bias indices: (1) 
Trial-Level Mean Bias Toward Threat Score (mean ICCs = 0.626–0.644; 
split-half r = 0.640–0.670); (2) Trial-Level Bias Attention Bias Vari-
ability (mean ICCs = 0.507–0.567; split-half r = 0.520–0.580); (3) 
Congruent RT (mean ICCs = 0.710–0.733; split-half r = 0.710–0.740); 
(4) Incongruent RT (mean ICCs = 0.948–0.969; split-half r =

0.930–0.940). However, across 12 sessions, test-retest reliability and 
internal reliability were poor for other 4 attention bias and related 
indices: (1) Global Attention Bias Index (mean ICCs = − 0.81–0.03; split- 
half r = 0.05–0.08); (2) Disengagement Effect (mean ICCs =

− 0.42–0.19; split-half r = 0.04–0.07); (3) Facilitation Bias (mean ICCs 
= − 0.38–0.03; split-half r = 0.03–0.07); (4) Attention Bias Variability 
(mean ICCs = − 0.04–0.28; split-half r = 0.02–0.06). 

3. Discussion 

Supporting our hypotheses, results showed that within a five-trial 

Table 3 
Reliability analysis for six attention bias and related indices across two, five, and 
twelve sessions.   

ICC [95% CI] Split-half reliability 
(r) 

Number of timestamps ¼ 2 (Trials ¼ 10) 
All participants (n = 294) 
Global ABI − 0.095 [-0.38, 0.13] 0.023 
Disengagement effect − 0.037 [-0.31, 0.18] 0.019 
Facilitation effect − 0.210 [-0.52, 0.04] 0.046 
Congruent RT 0.710 [0.68, 0.74] 0.700 
Incongruent RT 0.966 [0.92, 0.98] 0.940 
AB Variability 0.002 [-0.26, 0.21] 0.014 
Trial-level bias score ABI 0.630 [0.596, 

0.661] 
0.650 

Trial-level bias score AB 
Variability 

0.558 [0.478, 
0.630] 

0.580 

Participants with GAD (n = 167) 
Global ABI − 0.219 [-0.66, 0.10] 0.069 
Disengagement effect − 0.096 [-0.49, 0.19] 0.048 
Facilitation effect − 0.303 [-0.77, 0.04] 0.084 
Congruent RT 0.732 [0.70, 0.76] 0.710 
Incongruent RT 0.959 [0.90, 0.98] 0.940 
AB Variability 0.047 [-0.29, 0.30] 0.009 
Trial-level bias score ABI 0.624 [0.58, 0.66] 0.640 
Trial-level bias score AB 

Variability 
0.567 [0.46, 0.66] 0.580 

Participants with SAD (n = 74) 
Global ABI 0.030 [-0.37, 0.31] 0.050 
Disengagement effect 0.125 [-0.23, 0.38] 0.069 
Facilitation effect − 0.143 [-0.61, 0.19] 0.007 
Congruent RT 0.692 [0.65, 0.73] 0.680 
Incongruent RT 0.964 [0.92, 0.98] 0.940 
AB Variability 0.070 [-0.31, 0.34] 0.011 
Trial-level bias score ABI 0.655 [0.61, 0.70] 0.670 
Trial-level bias score AB 

Variability 
0.543 [0.42, 0.65] 0.570 

Participants with both GAD and SAD (n = 88) 
Global ABI 0.034 [-0.48, 0.37] 0.036 
Disengagement effect 0.138 [-0.32, 0.44] 0.077 
Facilitation effect − 0.153 [-0.75, 0.24] 0.022 
Congruent RT 0.731 [0.69, 0.77] 0.710 
Incongruent RT 0.967 [0.92, 0.98] 0.940 
AB Variability 0.190 [-0.24, 0.47] 0.0003 
Trial-level bias score ABI 0.641 [0.59, 0.69] 0.660 
Trial-level bias score AB 

Variability 
0.507 [0.35, 0.64] 0.520 

Non-GAD and SAD Controls (n = 81) 
Global ABI 0.070 [-0.45, 0.40] 0.018 
Disengagement effect 0.008 [-0.55, 0.36] 0.005 
Facilitation effect − 0.081 [-0.69, 0.31] 0.030 
Congruent RT 0.723 [0.69, 0.77] 0.730 
Incongruent RT 0.979 [0.95, 0.99] 0.950 
AB Variability − 0.035 [-0.62, 0.34] 0.020 
Trial-level bias score ABI 0.610 [0.54, 0.67] 0.630 
Trial-level bias score AB 

Variability 
0.511 [0.34, 0.65] 0.570 

Number of timestamps ¼ 5 (Trials ¼ 25) 
All participants (n = 151) 
Global ABI 0.079 [-0.18, 0.29] 0.038 
Disengagement effect 0.105 [-0.14, 0.31] 0.033 
Facilitation effect − 0.080 [-0.38, 0.17] 0.040 
Congruent RT 0.717 [0.69, 0.74] 0.710 
Incongruent RT 0.961 [0.91, 0.98] 0.940 
AB Variability 0.055 [-0.20, 0.27] 0.015 
Trial-level bias score ABI 0.623 [0.60, 0.65] 0.640 
Trial-level bias score AB 

Variability 
0.558 [0.48, 0.63] 0.580 

Participants with GAD (n = 87) 
Global ABI − 0.192 [-0.65, 0.17] 0.024 
Disengagement effect − 0.128 [-0.56, 0.21] 0.037 
Facilitation effect − 0.224 [-0.78, 0.17] 0.041 
Congruent RT 0.744 [0.72, 0.77] 0.730 
Incongruent RT 0.953 [0.89, 0.98] 0.940 

(continued on next page) 
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session, all attention bias toward threats and related indices except for 
Trial-Level Mean and Variability Bias, Congruent RT, and Incongruent 
RT scores assessed by a smartphone visual dot probe EMA had poor 
psychometric properties. This pattern of test-retest reliability and in-
ternal consistency outcomes were similar across 2, 5, and 12 assessment 
sessions (10–60 trials). All reliability estimates were far from the mini-
mum of 0.90 required to classify persons based on a uniform and stable 
attribute (Sattler, 2008) and to guide clinical decision-making (Rode-
baugh et al., 2016). This pattern occurred for participants regardless of 
their GAD/SAD diagnostic status. Consequently, our smartphone visual 
dot probe EMA study adds to laboratory-based experimental evidence 
that the reliabilities of traditional attention bias and related indices (not 
based on the individual trial-level bias scores) derived from the visual 
dot probe tend to be very low (e.g., rs = 0.04 to 0.29 in children and 
adults; Brown et al., 2014; McNally et al., 2013). Traditional attention 
bias indices based on difference scores thus are likely not reliable 
markers of individual differences in attention bias toward threat. 
Therefore, findings strongly suggest that traditional attention bias to-
ward threat markers derived from the visual dot probe EMA are poor 
indices of attention bias toward threat across anxiety and other mental 
disorders (Jones et al., 2018; MacLeod et al., 2019). Simultaneously, our 
EMA study replicates and extends previous reports of higher test-retest 
reliability of trial-level attention bias mean and variability scores than 
traditional attention bias indices among individuals with anxiety dis-
orders (e.g., Carlson & Fang, 2020; Molloy & Anderson, 2020), PTSD, 
and other mental disorders (Schafer et al., 2016), highlighting the dy-
namic nature of attention bias constructs. 

In addition, findings that Congruent RT and Incongruent RT showed 
within-session (ICCs = 0.72–0.96) and between-session stability (ICCs 
= 0.69–0.98) replicates prior studies that used key-press and eye- 
tracking visual dot probe laboratory assessments (Waechter et al., 
2014) and emotional Stroop tasks (Eide et al., 2002). These two previous 
studies reported strong reliabilities for attention bias indices derived 
from raw RTs but weak reliabilities for attention bias indices based on 
RT difference scores (e.g., Stroop interference effect). Regrettably, raw 
RT scores are theoretically unimportant compared to attention bias 
indices based on RT difference scores because raw RT scores do not 
capture preferential orientation to threats or difficulties disengaging 
from threats (Carlson & Fang, 2020; Meissel et al., 2022). Moreover, 
stable individual differences in raw RT on dot-probe tasks might indicate 
consistent individual differences in attributes apart from attention bias 
toward threat, such as attentional regulation, executive functioning, and 

Table 3 (continued )  

ICC [95% CI] Split-half reliability 
(r) 

AB Variability 0.190 [-0.10, 0.42] 0.040 
Trial-level bias score ABI 0.626 [0.59, 0.66] 0.640 
Trial-level bias score AB 

Variability 
0.567 [0.46, 0.66] 0.580 

Participants with SAD (n = 74) 
Global ABI 0.009 [-0.40, 0.33] 0.026 
Disengagement effect 0.028 [-0.37, 0.34] 0.070 
Facilitation effect − 0.023 [-0.45, 0.31] 0.047 
Congruent RT 0.694 [0.66, 0.73] 0.680 
Incongruent RT 0.955 [0.90, 0.98] 0.930 
AB Variability − 0.011 [-0.40, 0.30] 0.026 
Trial-level bias score ABI 0.641 [0.60, 0.68] 0.660 
Trial-level bias score AB 

Variability 
0.543 [0.42, 0.65] 0.570 

Participants with both GAD and SAD (n = 54) 
Global ABI − 0.160 [-0.75, 0.27] 0.028 
Disengagement effect − 0.122 [-0.69, 0.30] 0.079 
Facilitation effect − 0.166 [-0.76, 0.27] 0.053 
Congruent RT 0.737 [0.70, 0.77] 0.720 
Incongruent RT 0.961 [0.91, 0.98] 0.940 
AB Variability 0.147 [-0.24, 0.45] 0.033 
Trial-level bias score ABI 0.638 [0.59, 0.68] 0.660 
Trial-level bias score AB 

Variability 
0.507 [0.35, 0.64] 0.520 

Non-GAD and SAD Controls (n = 44) 
Global ABI 0.319 [-0.06, 0.60] 0.058 
Disengagement effect 0.326 [-0.05, 0.60] 0.098 
Facilitation effect − 0.010 [-0.59, 0.40] 0.105 
Congruent RT 0.722 [0.68, 0.76] 0.740 
Incongruent RT 0.977 [0.95, 0.99] 0.950 
AB Variability − 0.360 [-1.14, 0.19] 0.043 
Trial-level bias score ABI 0.604 [0.55, 0.66] 0.630 
Trial-level bias score AB 

Variability 
0.511 [0.34, 0.65] 0.570 

Number of timestamps ¼ 12 (Trials ¼ 60) 
All participants (n = 92) 
Global ABI − 0.236 [-0.65, 0.11] 0.045 
Disengagement effect − 0.189 [-0.59, 0.14] 0.028 
Facilitation effect − 0.132 [-0.51, 0.18] 0.033 
Congruent RT 0.714 [0.69, 0.73] 0.710 
Incongruent RT 0.954 [0.89, 0.98] 0.94 
AB Variability 0.097 [-0.19, 0.34] 0.019 
Trial-level bias score ABI 0.627 [0.605, 

0.649] 
0.650 

Trial-level bias score AB 
Variability 

0.558 [0.478, 
0.630] 

0.580 

Participants with GAD (n = 52) 
Global ABI − 0.594 [-1.32, 

− 0.02] 
0.068 

Disengagement effect − 0.636 [-1.38, 
− 0.05] 

0.048 

Facilitation effect − 0.242 [-0.80, 0.20] 0.060 
Congruent RT 0.725 [0.70, 0.75] 0.720 
Incongruent RT 0.948 [0.88, 0.97] 0.930 
AB Variability 0.126 [-0.25, 0.43] 0.048 
Trial-level bias score ABI 0.626 [0.60, 0.65] 0.640 
Trial-level bias score AB 

Variability 
0.567 [0.46, 0.66] 0.580 

Participants with SAD (n = 43) 
Global ABI − 0.550 [-1.35, 0.06] 0.058 
Disengagement effect − 0.561 [-1.35, 0.05] 0.064 
Facilitation effect − 0.320 [-1.00, 0.20] 0.048 
Congruent RT 0.731 [0.69, 0.77] 0.710 
Incongruent RT 0.950 [0.89, 0.97] 0.930 
AB Variability − 0.041 [-0.54, 0.36] 0.031 
Trial-level bias score ABI 0.637 [0.61, 0.67] 0.660 
Trial-level bias score AB 

Variability 
0.543 [0.42, 0.65] 0.570 

Participants with both GAD and SAD (n = 31) 
Global ABI − 0.814 [-1.87, 

− 0.01] 
0.060  

Table 3 (continued )  

ICC [95% CI] Split-half reliability 
(r) 

Disengagement effect − 0.917 [-1.99, 
− 0.08] 

0.094 

Facilitation effect − 0.381 [-1.20, 0.23] 0.070 
Congruent RT 0.710 [0.68, 0.74] 0.710 
Incongruent RT 0.956 [0.90, 0.98] 0.930 
AB Variability 0.076 [-0.44, 0.48] 0.042 
Trial-level bias score ABI 0.644 [0.61, 0.68] 0.670 
Trial-level bias score AB 

Variability 
0.507 [0.35, 0.64] 0.520 

Non-GAD and SAD Controls (n = 28) 
Global ABI 0.029 [-0.63, 0.49] 0.078 
Disengagement effect 0.142 [-0.43, 0.55] 0.061 
Facilitation effect − 0.034 [-0.73, 0.46] 0.067 
Congruent RT 0.733 [0.70, 0.76] 0.740 
Incongruent RT 0.969 [0.92, 0.98] 0.940 
AB Variability 0.275 [-0.19, 0.61] 0.057 
Trial-level bias score ABI 0.634 [0.59, 0.67] 0.650 
Trial-level bias score AB 

Variability 
0.511 [0.34, 0.65] 0.570 

Note. ABI = attention bias index; CI = confidence interval; GAD = generalized 
anxiety disorder; ICC = intra-class correlation; RT = response time; SAD = social 
anxiety disorder. 
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related cognitive control processes (Paap & Sawi, 2016; Swick & Ashley, 
2017). 

Therefore, it may also be the case that attention bias models propose 
upper limits on the temporal stability of traditional attention bias 
indices. For instance, traditional attention bias indices based on RT 
difference scores derived by subtracting from 2 correlated assessments 
can inevitably limit reliability (Sipos et al., 2014). On that note, tradi-
tional attention bias indices based on variability scores have recently 
been challenged as these markers are not able to separate attention bias 
toward threat variability (signal) from measurement error (noise; Kruijt 
et al., 2016) and general attention control stability (Carlson et al., 2022). 
Moreover, traditional attention bias toward threat may not constitute an 
unchanging, trait-level feature but may vary due to mood states, focus, 
motivation, and other situational factors. For instance, high- (vs. low-) 
trait anxious persons showed greater attention bias toward threat 
marked by traditional indices after induced state anxiety (vs. calmness; 
Waechter & Stolz, 2015). 

Relatedly, the low reliability of traditional Attention Bias Variability 
indices observed herein contrasts that of prior studies, which found good 
reliabilities in persons with posttraumatic stress disorder (PTSD) and 
persons with elevated SAD symptoms (Iacoviello et al., 2014; Price et al., 
2015). Reasons for discrepancies might include differences in sample 
characteristics, dot probe task features (e.g., top-down vs. left-right 
display), and number of trials within and across sessions. For instance, 
Price et al. (2015) administered up to 320 trials per session and 
computed the Attention Bias Variability with a different formula (SD of 
Global Attention Bias Index across 16 bins/mean RT) than herein (SD of 
Global Attention Bias Index across 5 trials/mean RT). Moreover, the 
number of trials our visual dot probe EMA administered fell short of 
hundreds of trials needed per session to attain reliabilities of 0.85 and 
above (Miller & Ulrich, 2013). Future visual dot probe studies can test if 
increasing the number of trials improves reliability and determine ways 
to maximize protocol compliance using an EMA design. Nonetheless, our 
dot probe attention bias EMA generated trial-level attention bias vari-
ability scores with moderate test-retest reliabilities, outcomes similarly 
documented in prior laboratory studies that recruited patients with 
anxiety disorders and PTSD (Carlson & Fang, 2020; Caudek et al., 2017; 
Gade et al., 2022). Overall, using trial-level attention bias variability 
scores is an essential step toward accurately measuring this phenome-
non in naturalistic settings. 

Simultaneously, persons with GAD were, on average, more likely to 
display higher trial-level mean attention bias toward threat scores than 
their non-anxious counterparts, with a small effect size. On average, 
those with (vs. without) SAD were likelier to show greater traditional 
attention bias and facilitation effect scores. These outcomes are consis-
tent with abundant evidence that chronic worriers tend to show high 
attention bias toward threats depicted in facial expressions (vs. words) 
across different age groups (Goodwin et al., 2017; Waters et al., 2015; 
Zainal & Newman, 2018). Results also parallel meta-analytic data that 
highly self-conscious and socially anxious people tend to show increased 
vigilance to negative than neutral faces displayed in 500ms, with small 
effect sizes (Bantin et al., 2016; Bar-Haim et al., 2007). Examining if trait 
empathy, executive functioning, initial attention deployment, and 
transient mood states make people with GAD and SAD susceptible to 
attention bias toward threats are intriguing avenues for future visual dot 
probe EMA studies. 

Study limitations must be acknowledged. We only used one form of 
an attention bias measure, i.e., the button-press smartphone-delivered 
visual dot probe EMA task. Other attention bias paradigms (e.g., multi- 
stimulus free-viewing test, visual search task, eye-tracking visual dot 
probe task) and the novel drift-diffusion modeling computational tech-
niques might yield higher reliability in samples with various anxiety 
disorders (Lazarov et al., 2016; Price et al., 2019). For example, it is 
plausible that people with GAD and SAD persist in visually fixating on 
threatening objects or people in the room (Lazarov et al., 2019). Addi-
tionally, harnessing social stimuli (e.g., faces conveying negative 

emotions) than non-social stimuli (e.g., predatory animals such as 
snakes) is likely to capture the attention bias toward threat phenomena 
more strongly (Leppanen et al., 2018). RT-based attention bias indices 
that depend on button presses as markers of attention may introduce 
confounds linked to the need for fine hand motor responses and preclude 
straightforward interpretation of findings (Olatunji et al., 2013). Thus, 
testing alternative smartphone attention bias measures could advance 
the field. Also, our visual dot probe EMA did not administer over 200 
trials per session as done in previous studies (e.g., Price et al., 2015). 
Future visual dot probe EMA research should thus ensure adequate trials 
are administered. Clinical psychological science can also profit from 
using multimodal biomarker assessments of attention bias toward 
threats, such as electromyography (Fani et al., 2012) and electrophysi-
ology (Wieser et al., 2018). Nonetheless, study strengths include the 
large sample size, use of a community sample, and examination of 
attention bias toward threats across multiple diagnostic groups. Further, 
we used DSM-5 criteria-consistent instruments to diagnose GAD and 
SAD. Last, we selected an extensive age range to capture a wide variety 
of cognitive control abilities and RT variability that previous studies 
suggested were differentially associated with attention bias toward 
threats (e.g., Namaky et al., 2017) and to draw inferences from our re-
sults that were generalizable across various age groups. 

Some clinical implications deserve mention. To offset constraints 
related to accessing face-to-face evidence-based cognitive behavior 
therapy, researchers have capitalized on using smartphones to dissem-
inate ABM interventions for anxiety-disordered persons (Enock et al., 
2014). However, the efficacy of ABM appears to be limited to controlled 
laboratory and academic clinical settings. Meta-analytic data have 
shown that home-based Internet-delivered ABMs produced dissatisfying 
null effects for reducing self-reported anxiety symptoms (Linetzky et al., 
2015). Despite doubts about the extent to which ABMs are scalable, 
treatments guiding attention toward benign or positive cues across 
multiple contexts seem encouraging (Waters et al., 2015) and merit 
more empirical scrutiny. 

To summarize, our findings suggest that future studies should not use 
our approach to allow participants to use the dot probe EMA as much as 
they would like but to explicitly instruct the completion of a fixed 
number of trials that include ≥320 trials. This strategy has been shown 
to enhance test-retest reliability for measuring the standard global 
attention bias indices in laboratory contexts (Aday & Carlson, 2019). 
Moreover, future research should strive to examine attention bias par-
adigms beyond the dot-probe task that evidenced meaningful test-retest 
reliability attributes in laboratory settings (e.g., proportion of dwell time 
on threat stimuli assessed by free-viewing eye-tracking-based attention 
bias measures; Clauss et al., 2022; van Ens et al., 2019) and self-report 
assessments (Azriel et al., 2022), which await testing in real-world 
naturalistic contexts deploying EMA-based intensive longitudinal de-
signs. Last, trial-level mean and variability bias scores measured by the 
visual dot probe EMA generate moderate test-retest reliability compared 
to traditional attention bias scores that produce poor reliabilities among 
those with and without GAD and SAD. 
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