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A B S T R A C T   

Aberrant attention allocation has been implicated in the etiology and maintenance of a range of psychopa-
thologies. However, three decades of research, relying primarily on manual response-time tasks, have been 
challenged on the grounds of poor reliability of its attention bias indices. Here, in a large, multisite, international 
study we provide reliability information for a new eye-tracking-based measure of attention allocation and its 
relation to psychopathology and age. Data from 1567 participants, across a wide range of psychiatric diagnoses 
and ages, were aggregated from nine sites around the world. Of these, 213 participants also provided retest data. 
Acceptable overall internal consistency and test-retest reliability were observed among adult participants 
(Cronbach’s alpha = 0.86 and r(213) = 0.89, respectively), as well as across all examined psychopathologies. 
Youth demonstrated lower internal consistency scores (Cronbach’s alpha = 0.65). Finally, the percent dwell time 
index derived from the task statistically differentiated between healthy participants and participants diagnosed 
with social anxiety disorder, major depression, and post-traumatic stress disorder. These results potentially 
address a long-standing reliability crisis in this research field. Aberrant attention allocation patterns in a variety 
of psychiatric disorders may be targeted with the hope of affecting symptoms. The attention allocation index 
derived from the matrix task offers reliable means to measure such cognitive target engagement in clinical 
contexts.   

1. Introduction 

Allocation of greater attentional resources to disorder-related stimuli 
over neutral stimuli has been implicated in the etiology and mainte-
nance of various psychiatric disorders including anxiety, depression, 
addiction, and post-traumatic stress, as reflected in a vast literature 

(Bar-Haim et al., 2007; Gade et al., 2022; Klanecky Earl et al., 2020; 
Peckham et al., 2010; Shamai-Leshem et al., 2022). Various 
response-time (RT)-based paradigms have been utilized in the assess-
ment of attention bias, including the dot probe, emotional Stroop, 
exogenous cueing task, and visual search. The most used approach to 
measure attention bias is the dot probe, which is based on the underlying 
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assumption that people respond faster to probes presented in attended 
spatial locations relative to unattended locations. Despite its widespread 
use, the dot probe task, along with other RT-based tasks, had faced 
criticism for capturing only a snapshot of a single end point of the 
attention process, and hence were deemed limited in their ability to 
provide comprehensive information on underlying attentional mecha-
nisms (Armstrong & Olatunji, 2012; Jiang & Vartanian, 2020; Mogg & 
Bradley, 1998). In addition, concerns about the reliability of RT-based 
attentional bias measures, which are typically characterized by poor 
psychometric properties (Lilienfeld & Strother, 2020; McNally, 2019; 
Rodebaugh et al., 2016; Streiner, 2016), have further stalled progress in 
this promising line of research (McNally, 2019). 

In recent years, eye-tracking technology has been increasingly used 
as an alternative attentional assessment approach. Despite preliminary 
evidence for attention bias in various psychopathologies (Armstrong & 
Olatunji, 2012; Lazarov, Suarez-Jimenez, Tamman et al., 2019; Lisk 
et al., 2020), description of the reliability of attention eye-tracking tasks 
and measures has been rather limited. Extant studies that did explore the 
reliability of such tasks report encouraging results (e.g., Sanchez et al., 
2017; Sears et al., 2019; Skinner et al., 2018; Waechter et al., 2014). For 
example, Sears et al. (2019) examined the internal consistency and 
test–retest reliability of eye-tracking-based attention indices derived 
from a free-viewing paradigm. Results showed moderate-to-excellent 
internal consistency for total dwell time across an 8-second presenta-
tion, which diminished for shorter time intervals. Moderate-to-high 
test-retest was also found when using naturalistic images as stimuli, 
and a lower test-retest was noted for face images. Skinner et al. (2018) 
tested the reliability of 12 eye-tracking-based attention bias indices 
reflecting overall attention, early attention, and late attention processes 
in a free-viewing task. Internal consistency was high across most of the 
attention bias indices (Cronbach’s alpha ranging .70 to .99), but lower 
for first fixation duration. Waechter et al. (2014) examined the internal 
consistency of several eye-tracking-based attention indices while par-
ticipants completed the dot-probe task, including the proportion of 
viewing time spent fixating on emotional stimuli (angry, disgust, and 
happy facial expressions) relative to neutral facial expression, as well as 
first fixation indices. The results of this study showed excellent reli-
ability, with Cronbach’s alphas exceeding .94 for the former and low 
reliability for the latter. While providing important insights regarding 
the reliability of eye-tracking-based attention allocation indices, extant 
studies have mostly used small non-clinical samples. 

Here we use a large, multisite, international sample to examine the 
reliability of an attention allocation index derived from a free-viewing 
eye-tracking-based task – the matrix task. In this task, first described 
by Lazarov et al. (2016), and later applied to various psychopathologies 
(e.g., Klawohn et al., 2020; Lazarov et al., 2021; Soleymani et al., 2020), 
participants freely view matrices of 16 photographs of two types: eight 
with neutral or positive content and eight with disorder-related content 
(e.g., happy vs. dysphoric faces in depression, non-alcoholic vs. alco-
holic beverages in alcohol-dependency). The proportion of dwell time 
on disorder-relevant content (relative to total dwell time, DT%), is used 
to index attentional allocation patterns. 

In the current study, we pooled subject-level data from nine different 
sites world-wide to estimate the internal consistency and test-retest 
reliability of the DT% index, both overall and within specific psycho-
pathologies and stimulus types. In addition, because the matrix task and 
the DT% index were developed in the context of psychopathology and 
clinical research, we leveraged the extant data to compare healthy 
participants and participants with various diagnosed psychopathologies. 
Finally, prior attentional research has identify differences in attention 
allocation across age (Mather & Carstensen, 2016; Mogoaşe et al., 2014; 
Price et al., 2016). Therefore, we also explored the developmental as-
pects of DT% by computing its association with age, and whether psy-
chopathology (present, absent) further modifies the age-DT% 
association. 

2. Method 

2.1. Participants 

Data of 1567 participants (Mage = 25.43 years, SD = 11.03, range = 6 
– 73, 777 females) were aggregated from nine laboratories (see Table S1 
for sample characteristics by site). Of those, 707 were unselected (i.e., 
without determined inclusion criteria), 140 verified as healthy via 
formal clinical interview, 193 were diagnosed with social anxiety dis-
order (SAD), 122 with major depressive disorder (MDD), 37 with post- 
traumatic stress disorder (PTSD), and 61 with a pediatric anxiety dis-
order (SAD, generalized anxiety disorder, or separation anxiety disor-
der, which are highly co-morbid in pediatric samples; see Table S2 for 
demographic characteristics by group). Two-hundred and thirteen par-
ticipants from laboratories in Israel, the Netherlands, and the United 
States (Mage = 30.84 years, SD = 11.76, range = 19–73, 137 females) 
also provided one-week retest data. Institutional review board approval 
was obtained independently per site. Written informed consent was 
provided by all participants. 

2.2. The free-viewing matrix task 

Fig. 1 depicts an example of a single trial of the matrix task (Lazarov 
et al., 2016). Each trial begins with a centrally presented fixation cross 
shown until a fixation of 1000 ms is recorded, thereby confirming that 
each trial begins only when participant’s gaze is fixated at the matrix’s 
center. Then a matrix of 16 pictures is presented for 6000 ms, followed 
by an inter-trial-interval of 2000 ms. Participants are instructed to view 
each matrix in any way they choose. 

Each matrix presents 16 chromatic pictures of two equally repre-
sented stimuli categories (e.g., eight disgusted and eight neutral faces; 
eight alcoholic and eight non-alcoholic beverages). Pictures’ location 
within matrices is random, while ensuring that the four inner locations 
always contain two pictures of each type. For face matrices, two addi-
tional qualifications were kept: a) each actor appeared only once in each 
matrix; and b) each matrix contained eight male and eight female faces. 
The task typically presents one or two blocks of 30 trials each. 2 

For all current analyses, two areas of interest (AOIs) were defined for 
each matrix in each relevant contrast: one for the relatively negative 
picture category, and one for the relatively positive picture category (e. 
g., in a matrix containing dysphoric vs. neutral faces the neutral faces 
would be the relatively positive AOI. Conversely, in happy-neutral 
matrices, neutral faces would be the relatively negative AOI; Basel 
et al., 2022). In matrices containing pictures of objects, the stimuli to-
wards which attention is biased in the context of the relevant disorder 
were considered relatively negative (e.g., in the context of alcohol 
abuse, pictures of alcoholic beverages were considered as the relatively 
negative stimuli compared to pictures of soft drinks). Fixations were 
defined as at least 100 ms of stable fixation within 1-degree visual angle. 
DT% on the relatively negative AOI was calculated as the proportion of 
time participants dwelled on that AOI relative to dwell time on both 
AOIs (i.e., dwell time on relatively negative AOI + relatively positive 
AOI). A score > 50 % reflects longer dwelling on the relatively negative 
AOI, whereas a score < 50 % reflects longer dwelling on the relatively 
positive AOI. 

2.3. Data Analysis 

Internal consistency and test-retest reliability were calculated for the 
full sample, for broad stimuli categories (i.e., faces, non-faces), and for 

2 Deviations from this practice were noted in two cases: (1) a task that con-
tained 54 matrices and included pictures of alcoholic and non-alcoholic bev-
erages, and (2) a task that contained 21 matrices and included pictures of high- 
and low-calorie food. See Table 1. 
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each specific contrast type (e.g., angry-neutral faces; alcoholic- 
nonalcoholic beverages etc.). Internal consistency and test-retest reli-
ability were also calculated per diagnostic group (e.g., Healthy, PTSD, 
MDD, SAD, and pediatric anxiety). Reliability by gender was also 
calculated. Internal consistency was calculated separately for one block 
(30 matrices) and two blocks (60 matrices) using Cronbach’s alpha, 
considering each trial as a single item. In cases of missing data, internal 
consistency was calculated using list-wise deletion, excluding missing 
records from analysis. Following recommended values for cognitive 
tasks (Barch et al., 2008; Bland & Altman, 1997), we regarded Cron-
bach’s alpha ≥ 0.7 as the acceptable range. Test-retest reliability was 
assessed using Pearson’s correlation coefficient, with r ≥ 0.8 considered 
as indicative of acceptable test-retest reliability (Kline, 2000; Polit, 
2014). To examine differences in DT% scores between the test and retest 
sessions, overall and for the different stimuli and diagnoses (Table 2), we 
employed paired-samples t-tests. 

To evaluate the relations between psychopathology and DT%, we 
examined differences in DT% between diagnostic groups and in relation 
to healthy control participants. Because dysphoric and threatening 
content were found to have different effects in different psychopathol-
ogies (e.g., Armstrong & Olatunji, 2012), DT% on threat content (i.e., 
angry, disgust, or fearful facial expressions vs. neutral/happy faces) and 
DT% on dysphoric content (dysphoric faces versus neutral/happy faces) 
were computed separately.3 A one-way analysis of variance (ANOVA) 
was used to compare DT% across diagnostic groups. Significant results 
were followed-up with independent samples t-tests. Homogeneity of 
variance was assessed using Levene’s test. When equal variance could 
not be assumed, t-test statistics were calculated using un-pooled vari-
ances and a correction to the degrees of freedom was employed. 

To estimate the association between age and DT% a Pearson’s cor-
relation was used. To evaluate whether psychopathology further mod-
ifies the age-DT% association, we applied a moderation analysis 
procedure using the PROCESS macro in SPSS (IBM Corp., 2021), model 1 

(Hayes, 2013). To further evaluate developmental aspects of DT%, we 
compared adults and youth on DT% using independent samples t-test. 
We then divided the youth sample into smaller age bins (6–9 year-olds, 
10–18 year-olds) and conducted independent samples t-tests on DT%. In 
addition, to evaluate the influence of pediatric anxiety on the results, we 
divided each age bin into healthy youth and youth diagnosed with pe-
diatric anxiety and compared the groups. To further evaluate whether 
age and pediatric anxiety predict DT% among youth, we performed a 
hierarchical regression analysis on DT% in the youth sample (i.e., age <
18). Standardized age in Z-scores and pediatric anxiety as a dummy 
categorical variable were entered into the model as predictors in Step 1, 
and their interaction term was entered into the model in Step 2. 

Finally, because differences between youth and adults in internal 
consistency scores were evident (see Section 3.1.1 below), we conducted 
post-hoc analyses to test whether adults and youth also differed on DT% 
fluctuations (i.e., DT% variance) across matrices (see Macleod et al., 
2019). To this end, we calculated the standard deviation of DT% across 
matrices in specific task-blocks for each participant. Using these data, 
we computed the mean standard deviation for the different groups. An 
independent-samples t-test was then used to examine differences in DT% 
variability between youths (6–18 years) and adults (18–73 years). To 
examine whether DT% variability among youths reflects difficulty in 
staying engaged with the task over time, we also examined the internal 
consistency scores among youth separately for the first and second 
halves of the task. Bonferroni correction for multiple comparisons was 
employed throughout data analysis. All analyses were conducted in 
SPSS, version 28 (IBM Corp., 2021). 

3. Results 

3.1. Reliability 

3.1.1. Internal consistency 
Overall internal consistency of DT% across the sample was Cron-

bach’s alphas = 0.85 and 0.93 for 30 and 60 trials, respectively. Similar 
results were obtained for male and female participants for both 30 trials 
(Cronbach’s alphas = 0.85 and 0.86, respectively) and 60 trials 

Fig. 1. An example of a single trial in the free-viewing matrix task. Face stimuli were taken from the Karolinska Directed Emotional Faces stimulus set.  

3 Since non-facial stimuli were assessed only among unselected participants, 
these were not included in this analysis. 
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Table 1 
Internal consistency for percent dwell-time in the Free-Viewing Matrix Task by stimuli and diagnosis.   

30 Matrices 60 Matrices 

Stimuli contrast Cronbach’s alpha n Cronbach’s alpha n 

Faces     
Angry-Neutral 0.78 569 0.71 65 
Fear-Neutral 0.92 100   
Disgust-Neutral 0.86 371 0.95 141 
Sad-Neutral 0.88 280   
Happy-Neutral 0.84 175   
Angry-Happya 0.67a 28a   

Sad-Happy 0.84 263 0.93 138 
Total Faces 0.85 1786 0.93 344 
Non-Faces     

Alcoholic versus nonalcoholic beverages 0.86 98 0.91b 98b 

High versus low calorie food 0.78c 111c   

Total non-faces 0.79c 209c 0.91b 98b 

Diagnosis Cronbach’s alpha n Cronbach’s alpha n 

Healthy     
Healthy adults     

Angry-Neutral 0.96 27   
Fear-Neutral 0.97 27   
Disgust-Neutral 0.94 19 0.97 19 
Sad-Neutral 0.95 61   
Happy-Neutral 0.86 30   
Sad-Happy 0.93 37 0.96 37 

Healthy children     
Disgust-Neutral 0.52 45   
Angry-Happy 0.69 15   
Sad-Happy 0.58 16   

Non-selected participants     
Angry-Neutral 0.69 459 0.71 65 
Alcoholic-nonalcoholic 0.86 98 0.91b 98b 

High-low calorie food 0.78c 111c   

PTSD     
Angry-Neutral 0.77 36   
Fear-Neutral 0.77 30   
Sad-Neutral 0.90 30   

SAD     
Disgust-Neutral 0.89 181 0.94 84 

MDD     
Sad-Neutral 0.71 55   
Happy-Neutral 0.84 54   
Sad-Happy 0.85 65 0.89 63 

Pediatric anxiety disorders     
Disgust-Neutral 0.68 48   
Angry-Happy 0.65 13   
Sad-Happy 0.54 14   

Note. PTSD = post-traumatic stress disorder, SAD = social anxiety disorder, MDD = major depressive disorder. 
a Based on a single study sample with youth participants only. 
b Calculated for 54 matrices. 
C Calculated for 21 matrices. 

Table 2 
Test-retest for percent dwell-time on the relatively negative stimuli in The Free-Viewing Matrix Task by stimuli and by diagnosis.  

Stimuli MDT%-test (SD) MDT%-retest (SD) r (p) n 

Faces     
Angry-Neutral 50.71 (10.92) 49.04 (11.45) 0.86 (< 0.001) 101 
Fear-Neutral 50.90 (10.79) 49.25 (11.38) 0.72 (< 0.001) 100 
Disgust-Neutral 45.92 (8.92) 45.94 (8.70) 0.77 (< 0.001) 98 
Sad-Neutral 49.8 (10.69) 49.53 (11.70) 0.84 (< 0.001) 101 
Sad-Happy 46.76 (7.13) 46.86 (7.98) 0.83 (< 0.001) 41 
Faces Overall 49.11 (10.27) 48.30 (10.71) 0.78 (< 0.001) 442 

Non-Faces     
Alcoholic - nonalcoholic beverages 51.53 (7.42) 50.71 (8.04) 0.86 (< 0.001) 17  

Diagnosis MDT%-test (SD) MDT%-retest (SD) r (p) n 

Healthy 42.24 (13.62) 41.78 (13.58) 0.94 (< 0.001) 50 
Non-selected 51.59 (7.32) 50.71 (8.04) 0.86 (< 0.001) 17 
PTSD 55.64 (6.09) 53.99 (7.05) 0.81 (< 0.001) 37 
SAD 47.81 (6.38) 47.18 (7.47) 0.62 (< 0.001) 32 

Note. PTSD = post-traumatic stress disorder, SAD = social anxiety disorder. All t-tests examining the differences between MDT%-test and MDT%-retest yielded non- 
significant results (all p’s > .05). 
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(Cronbach’s alphas = 0.94 and 0.92, respectively). Internal consistency 
was 0.86 for adults and 0.65 for youth. Internal consistencies of DT% by 
stimuli contrasts and psychiatric diagnoses are presented in Table 1. 

3.1.2. Test-retest reliability 
Overall one-week test-retest reliability was r(213) = 0.89, p < .001, 

(see Fig. 2A), with similar results obtained for male and female 

participants (r(76) = 0.89 and r(137) = 0.89), respectively. No signifi-
cant difference was noted between the mean DT% of the first (MDT% =

48.10, SD = 9.84) and second (MDT% = 47.61, SD = 9.71) measurement 
(t(212) = − 1.48, p = .14, d = 0.10, CI = − 0.03, 0.24). Test-retest re-
sults per stimuli contrasts and diagnoses, as well as the corresponding 
means and SDs of the test and retest sessions, are presented in Table 2. 

Fig. 2. Panel A: correlation between DT% in the first and second sessions for test-retest reliability; Panel B: DT% on threatening faces by diagnosis, error bars 
represent standard errors; Panel C: DT% on sad faces by diagnosis, error bars represent standard errors; Panel D: correlation between DT% on relatively negative 
stimuli and age; Panel E: DT% on relatively negative stimuli by age group, error bars represent standard errors. Note. DT% = percent dwell-time; PTSD = post- 
traumatic stress disorder. Threat = angry, fearful, or disgusted faces. Percent dwell-time was calculated as the proportion of dwell time on the relatively nega-
tive stimuli in the matrix relative to the sum of dwell-time on the negative and non-negative stimuli in the matrix. † = p < .10; * = p < .05; *** = p < .001; 
**** = p < .0001. 
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3.2. Psychopathology and DT% 

3.2.1. Percent dwell-time on threat content 
Three groups provided data for this analysis: healthy participants 

(n = 50, MDT% = 43.05, SD = 13.96), patients with PTSD (n = 37, MDT% 
= 55.23, SD = 5.64), and patients with SAD (n = 193, MDT% = 46.94, SD 
= 8.20) – see Fig. 2B. The three groups differed significantly in DT% (F 
(2) = 19.07, p < .001, η2 = 0.12, CI = .06,.19). Follow-up analyses 
indicated that DT% on threat faces was larger among participants with 
PTSD compared to healthy participants, t(68) = − 5.58, p < .001, 
d = − 1.09, CI = − 1.54, − 0.63, and that DT% on threat faces was larger 
among participants with SAD compared to healthy participants at a 
trend-significance level, t(58) = − 3.47, p = .06, d = − 0.40, CI = − 0.72, 
− 0.09. DT% on threat faces was larger among participants with PTSD 
compared to participants with SAD, t(228) = 5.88, p < .001, d = 1.06, 
CI = 0.69, 1.42. 

3.2.2. Percent dwell-time on dysphoric content 
Three groups provided data for this analysis: healthy participants 

(n = 98, MDT% = 42.95, SD = 12.37), participants with MDD (n = 122, 
MDT% = 47.70, SD = 6.77), and participants with PTSD (n = 37, MDT% =

54.50, SD = 8.26) – see Fig. 2C. A significant difference in DT% emerged 
between the three groups, F(2) = 20.81, p < .001, η2 = 0.14, CI 
= .07,.22. Follow-up analyses indicated a significant difference between 
healthy participants and participants with MDD, t(143) = − 3.4, 
p < .001, d = − 0.49, CI = − 0.76, − 0.22, and PTSD, t(97) = − 6.26, 
p < .001, d = − 1.01, CI = − 1.41, − 0.61. DT% on dysphoric faces 
among participants with either MDD or PTSD was larger compared to 
healthy participants. Participants with PTSD had larger DT% on 
dysphoric faces compared to participants with MDD, t(157) = − 5.10, 
p < .001, d = − 0.95, CI = − 1.33, − 0.57. 

3.3. Age and DT% 

Fig. 2D depicts a scatterplot of DT% on relatively negative stimuli as 
a function of age. Age inversely associated with DT%, r(1442) = − 0.21, 
p < .001, such that as age increases, dwelling on negative stimuli de-
creases. Moderation analysis indicated that psychopathology moderated 
the effect of age on DT% (b = 0.0005, SE = 0.0002, p = .003). Partici-
pants without diagnosis exhibit stronger relation between age and DT% 
relative to those diagnosed with a psychopathology (b = - 0.002, SE =
0.0003, p < .0001 and b = − 0.001, SE = 0.003, p = .0001, respectively). 

Independent samples t-test indicated that DT% on relatively negative 
stimuli was larger among youth (n = 118, MDT% = 52.99, SD = 4.94) 
than among adults (n = 1445, MDT% = 48.75, SD = 7.79), t(159) = 8.50, 
p < .001, d = 0.56, 95 % CI = 0.31, 0.69. Dividing the youth sample into 
younger children (6–9 year-olds) and older children (10–18 year-olds) 
showed that DT% on relatively negative stimuli was larger among 
younger children (n = 71, MDT% = 53.74, SD = 5.62) than among older 
children (n = 47, MDT% = 51.85, SD = 3.42), t(115) = 2.28, p = .02, 
d = 0.39, 95 % CI = 0.02, 0.76. Dividing each of the youth groups into 
children with and without pediatric anxiety indicated no difference in 
DT% between healthy children and children with pediatric anxiety 
among 6–9 year-olds, and a difference among 10–18 year-olds, t(45) =
2.43, p = .02, d = 0.71, 95 % CI = 0.12, 1.30 (See Fig. 2E). Results of 
hierarchical regression analysis on DT% among youth with age and 
pediatric anxiety as predictors are presented in Table S3. 

Additional analyses revealed that the variability in DT% in task- 
blocks conducted by youth (M = 20.02, SD = 5.31) was larger relative 
to this variability in adults, (M = 15.85, SD = 6.02), t(2121) = 8.74, 
p < .001, d = 0.70, CI = 0.54, 0.86. Internal consistency among youth 
was low for both halves of the task (Cronbach’s alphas =.44 and.47 for 
the first and second halves, respectively). 

4. Discussion 

The current, large, multisite, international study examined the reli-
ability of the DT% index derived from performance on the eye-tracking- 
based matrix task, and its association with a variety of psychopathol-
ogies and age. Results indicate acceptable internal consistency and test- 
retest reliability in adults across the analyzed contrasts and psychopa-
thologies, but lower internal consistency scores in youth. Analyses 
further suggest that relative to healthy participants, participants diag-
nosed with different psychopathologies had larger DT% on relatively 
negative content. Finally, DT% on relatively negative stimuli inversely 
correlated with age. 

For adult participants, the obtained overall internal consistency and 
test-retest coefficients for the DT% index reveal acceptable values for 
estimating population effect sizes and comparing groups in research 
(Bland & Altman, 1997; Bonett & Wright, 2015; Lohr, 2002; Nunnally & 
Bernstein, 1994). When using 60 matrices the Cronbach’s alpha values 
surpass the recommended standard of 0.90 that is considered acceptable 
for individual classification (Bland & Altman, 1997; Bonett & Wright, 
2015; Nunnally & Bernstein, 1994). Together, the current results suggest 
that the DT% index has an acceptable reliability for group (when using 
30 or 60 matrices) and individual (when using 60 matrices) measure-
ments. Studies evaluating the reliability of RT-based indices of attention 
allocation revealed mostly unacceptable internal consistency and 
test-retest coefficients (e.g., Brown et al., 2014; Eide et al., 2010; Evans 
et al., 2018; Macleod et al., 2019; Molloy & Anderson, 2020; Price et al., 
2015; Schmukle, 2005; Spanakis et al., 2018; Staugaard, 2009). These 
limited psychometric properties of RT-based indices of attention allo-
cation posed a critical barrier to advancement in research on attention 
mechanisms in psychopathology, and specifically on examination of 
change in attention allocation patterns following treatment. The 
acceptable reliability of the DT% index derived from the matrix task can 
help overcome this barrier and may also be used to evaluate the 
magnitude of change in attention allocation from pre- to post-treatment. 
Future studies could further establish the threshold for meaningful 
changes in DT% scores, indicating what is the minimal change that can 
be confidently attributed to treatment effect (Vaz et al., 2013). 

The current study suggests lower internal consistency of the DT% 
index in youth than in adults. Although this internal consistency is still 
higher than that of most traditional RT-based indices of attention allo-
cation among youth (Brown et al., 2014; Price et al., 2015), it is still 
below what would be deemed acceptable for both group means research 
and individual assessments (Bland & Altman, 1997; Bonett & Wright, 
2015; Lohr, 2002; Nunnally & Bernstein, 1994). Importantly however, 
the matrix task was applied with youth participants only using 30 tri-
als/matrices. The current analyses suggest that the observed lower 
reliability of the DT% index in youth cannot be attributed to reduced 
engagement or boredom with the task in this population. First, internal 
consistency was similar for the first and second halves of the task trials. 
Second, increasing the number of trials from 15 to 30 increased internal 
consistency from ~0.45 to ~0.65. As results in adults indicate that 
doubling the number of trials from 30 to 60 increases reliability from 
0.86 to 0.93, future studies with youth could consider utilizing 60 
matrices rather than 30. If a similar increase in internal consistency 
would be achieved, it could drive the internal consistency in youth into 
the acceptable range for group means research (Bland & Altman, 1997; 
Bonett & Wright, 2015; Nunnally & Bernstein, 1994). However, an in-
crease in the number of trials should also be considered in light of the 
capacity of young participants to comply with elevated task demands. 
Our exploratory analyses also suggest that within-person DT% vari-
ability is greater among children than among adults, which may ac-
count, at least in part, for the observed difference in internal consistency 
between these age groups (Macleod et al., 2019). Considering the 
potentially higher variability of the DT% index in youth, future studies 
could evaluate the utility of dynamic measures of attention bias, such as 
attention bias variability (Alon et al., 2023; Todd et al., 2022, 2023), in 
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measuring attention biases among youth. 
The present study also revealed that as age increases DT% on rela-

tively negative stimuli decreases. This result is consistent with the 
notion of a positivity bias among older adults (Isaacowitz et al., 2006; 
Reed et al., 2014), namely, an age-related increase in the tendency to 
prefer positive over negative information. It is also consistent with the 
‘moderation model’ of attentional bias suggested by Field and Lester 
(2010), proposing that attention bias toward negative information 
characterizes all young children, and that this bias is reduced with age as 
a function of cognitive, emotional, and social development. These 
age-related changes in attention to negative stimuli carry implications 
for both measurement and treatment development for younger age 
groups. 

DT% on threat- or dysphoric-related stimuli differed between 
healthy and psychiatrically diagnosed participants (PTSD, SAD, and 
MDD). The acceptable reliability of the DT% index point to a potential 
utility in generating population-wide distribution of attention bias 
scores. Such distribution norms could be used to identify patients suit-
able for attention-related intervention within the framework of preci-
sion medicine (Rodebaugh et al., 2016). Thus far, the poor reliability of 
RT measures hindered the possibility of creating pre-specified norms to 
select participants or patients based on their pre-treatment attention 
bias scores (e.g., Eldar et al., 2012; Hsu et al., 2021; Lazarov, 
Suarez-Jimenez, Abend et al., 2019). From this perspective, the 
acceptable reliability of the DT% index could generate interest in 
renewed attempts to use pre-treatment attention bias scores as a selec-
tion criterion. For example, population wide, age stratified, norms 
would allow offering ABM treatment only to patients with meaningful 
baseline attentional bias. 

Some limitations of the current analyses should be considered. First, 
our test-retest data (n = 213) relies on an adult only sample. This calls 
for additional research on test-retest reliability of the DT% index in 
youth. Second, test-retest evaluation in the current study was examined 
over one week. Research using longer retest durations could be infor-
mative. Third, the number of participants in the PTSD group is relatively 
small. While this sample size is sufficient for internal consistency cal-
culations (Bujang et al., 2018), additional research using larger samples 
of this population would be valuable. Fourth, the current results 
demonstrate that the DT% index reliably assesses the relative time 
participants spend on negative information (i.e., sustained attention). 
However, the DT% index itself does not clarify whether this sustained 
attention reflects deficits in engagement with or disengagement from 
negative stimuli. These more fine-grained processes could be better 
assessed exploring first-fixation measures from the Matrix task (i.e., first 
fixation latency, location, and dwell time) or by using other designated 
tasks such as engagement vs. disengagement tasks (Grafton & MacLeod, 
2014; Sanchez et al., 2013). Finally, the current study focused on the 
reliability of the DT% attention index and its relation to psychopathol-
ogy and age. Future studies could also test convergent and discriminant 
validity. 

5. Conclusions 

Basic research of attention-related processes in psychopathology and 
clinical treatments such as ABM, CBT, and SSRIs, which potentially 
target attentional processes, is dependent on reliable and stable mea-
surement tools of disorder-relevant attention. The current evidence of 
the reliability of the DT% attention allocation index derived from the 
matrix task provides one such platform. The internal consistency and 
test-retest reliability of the DT% index suggest that how one attends to 
the presented stimuli in the matrix task may reflect a trait-like charac-
teristic. The data further suggests that such trait-like characteristics 
differentiate participants with certain psychiatric disorders from healthy 
controls. Importantly, data from clinical trials further suggest that gaze- 
contingent attention bias modification protocols are effective in 
normalizing aberrant DT% patterns in patients (Arad et al., 2023; 

Lazarov et al., 2017; Shamai-Leshem et al., 2020), warranting additional 
clinical research and treatment development. Finally, the current results 
suggest that the free-viewing matrix task may provide a viable platform 
for population wide performance norms for specific stimuli contrasts. 
The creation of such norms could result in reliable criteria differenti-
ating between normal attention allocation patterns and those charac-
terizing specific psychopathologies, a key component toward 
personalized ABM interventions. 
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