SUPPLEMENTAL STUDY
Study 3
The primary aim of Studies 3a and 3b was to bolster the reliability of the findings from the first two studies. We therefore replicated Study 1 (in Study 3a) and Study 2 (in Study 3b) with different stimuli as cues. We simplified the design from four cue categories resulting from the combination of valence and arousal by choosing only two categories in which these two were confounded: Arousing negative stimuli vs. non-arousing neutral stimuli. Based on the idea that goal-relevant stimuli create attentional biases (Vogt et al., 2010) and the reasoning that all people have the goal to detect and thereby avoid threat (as signaled by angry faces) we expected more attentional bias to such threatening stimuli than to neutral object (but see Puls & Rothermund, 2017). Although there is mixed evidence whether only anxious or also non-anxious people show such attentional biases to threat stimuli (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & Van Ijzendoorn, 2007; Mogg & Bradley, 1998; Williams, Mathews, & MacLeod, 1996) we reasoned that overall there should be attentional bias in an unselected sample of (anxious as well as non-anxious) participants. We thought that maximizing the differences both in valence and relevance might produce clearer differential attention grabbing than the more complex IAPS pictures used in Studies 1 and 2.
Method
Sample. For both studies, students of different majors were recruited on campus for a short study on reaction speed. The final samples consisted of N = 92 for Study 3a (45 men and 47 women ranging in age from 17 to 54, M = 22.04, SD = 5.32) and N = 80 for Study 3b (28 men and 52 women ranging in age from 18 to 49, M = 25.86, SD = 6.27). All participants received a compensation of 4 Euros.
Stimuli. We cropped ten Caucasian male angry faces from the Radboud Face Database (Langner, Dotsch, Bijlstra, Wigboldus, Hawk, Van Knippenberg, 2010) from the neckline to the top as relevant stimuli and used ten neutral objects as irrelevant stimuli[footnoteRef:1]. [1:  Specifically, these were 200x200 pixel cutouts from frontal shots with central gaze and an angry facial expression of the individuals 03, 05, 07, 09, 15, 20, 23, 24, 30, 71 as relevant stimuli and 200x200 pixel version of neutral objects (IAPS picture with the numbers 6150, 7006, 7009, 7030, 7031, 7034, 7052, 7058, 7059, and 7235) as irrelevant stimuli.] 

Design. In both studies, there were either negative arousing or neutral non-arousing (cue content) cues that were presented on either the left or the right side of the screen (cue location), followed by either an “n” or a “u” as target (target identity) on the left or the right side of the screen (target location). Participants were randomly assigned to either locate or identify the target (task condition). The full design thus had one between-subjects factor (task condition: location vs. identification) and four within-subjects factors (cue content, cue location, target identity, target location). The central factor of cue validity resulted from the interaction of cue location and target location, which was asymmetrically combined in Study 3a and symmetric in Study 3b.
Protocol. The design was identical to Studies 1 and 2 with the exception that instead of four cue content classes we now had only two. As the total number of trials remained identical, there were twice as many trials per cue content condition as before. We realized a valid to invalid trials ratio of 75:25 in Study 3a (as in Study 1) and of 50:50 in Study 3b (as in Study 2).
Data preparation. We applied the same criteria for excluding too slow responses and non-fitting participants form the diffusion model analyses as in the previous studies. In Study 3a 0.15% - 1.80% of all latencies (0.81% on average) were set to missing between participants. In Study 3b, 0% - 1.65% of trials (0.79% on average) were affected by this. In both studies, the parameters of the diffusion model analyses were estimated as in Studies 1 and 2 (see Appendix 2 for a more detailed description).
Results
Mean Latencies. Contrary to expectations, there was again no effect of the type of cue (cue content: negative arousing vs. neutral) in either task condition or overall (Table Suppl.1; Table Suppl.2, Table Suppl.3)[footnoteRef:2] when there was an asymmetric relation between valid (75%) and invalid (25%) trials (Study 3a). Nevertheless, as in previous studies invalid trials were generally slower than valid trials, but this effect was differently large for the two tasks as indicated by the interaction of cue validity and condition (Table Suppl.2) The cue validity effect was thus somewhat larger in the identification task than in the location task (Table Suppl.3, Figure Suppl.1a). [2:  Note, however, that error rates seem to have been affected. Independent of the cue diagnosticity, error rates were lowest if negative arousing cues served as valid cues. At present, these findings are unexpected and could only be made sense of post-hoc. Although this may raise suspicion whether there is an attentional bias for arousing stimuli, previous research has suggested that effects on accuracy are (in contrast to effects on latency) likely driven by voluntary, that is endogenous, attention (Prinzmetal, McCool, & Park, 2005). This would be well in line with our results that localization tasks are predominantly driven by top-down voluntary attention. Why this is also the case when valid and invalid cues are distributed symmetrically is currently unclear. ] 

When there were as many valid as invalid trials (Study 3b) the same analyses showed a cue validity effect (Table Suppl.4), but separate ANOVAs per task condition revealed that this was significant in the identification condition but not in the location condition (Table Suppl.5; Figure Suppl.1b). Again, cue content did not interact with cue validity in either of the two conditions, but had a main effect in the identification task, that was only marginally significant in the location task (Table Suppl.5). In both cases, however, neutral stimuli provoked longer latencies (Figure Suppl.1b). Thus, the intuitive selection of presumably attention-grabbing stimuli failed. We were, however, more interested in the underlying processes of cue validity effects as a function of task, a question we again addressed with diffusion modelling.
Diffusion Modelling. We investigated the decision criterion (zr) as a function of cue location. Such a shift was present for the location task when cue location was diagnostic for target location (i.e., when 75% of trials were valid, Study 3a), F(1, 45) = 65.92, p < .001, ηp2 = .59, but was clearly diminished when cue location became undiagnostic (i.e., when 50% of the trials were valid, respectively invalid, Study 3b), F(1, 39) = 13.42, p = .001, ηp2 = .26 (Figure Suppl.2b). Again, as cue location can never be diagnostic for target identity, there was no shift in decision criteria for the identification task, independent of whether cue validity was asymmetrical (Study 3a) or symmetrical (Study 3b), Fs < 1.
In contrast, in the identification task, non-decisional processes t0 that best represent distraction by or attention to a stimulus that is irrelevant for the actual task were greater for invalid trials (i.e., trials in which cue and target location were different) than valid trials. This effect, however, did not occur in the location task (Figure Suppl.2c). Specifically, there was an interaction of cue location and target location on t0 in the identification condition of Study 3a, F(1, 45) = 164.94, p < .001, ηp2 = .79, as well as Study 3b, F(1, 39) = 24.78, p < .001, ηp2 = .39, whereas there was none in the location condition ps > .386.
Discussion
Studies 3a and 3b largely replicated the results of the first two studies and, thus, bolster the reliability of the notion that the nature of the task in spatial cueing paradigms determines which process drives the cue validity effect. Evidence for this comes from two sources. (a) Diffusion modelling suggests that an asymmetric proportion of more valid than invalid trial creates a shift in decision criteria (zr) for the location task. As cue location effectively becomes a diagnostic indicator of target location, participants make use of this information by adjusting their decision criterion towards locating the target on the side where the cue appeared. In contrast, in the identification task there can be no diagnostic connection between cue location and target identity. Nevertheless, participants need longer for invalid than valid trials. This delay in response time is most likely an effect of actual attention to the cue, as modelled in the non-decisional parameter (t0) in the diffusion model. (b) If the above is true, it follows that the cue validity effect should largely disappear in a location task when there is an equal balance of valid and invalid trials, whereas the identification task should be unaffected. This was indeed what we observed.
We again did not find that more attention was located to motivationally relevant than irrelevant stimuli. At present it is unclear why this was the case but we urge to interpret this finding with caution. It is indeed a common finding that only anxious individuals exhibit an attentional bias in the form of slower disengagement from threatening stimuli like anger expressions (Bar-Haim et al., 2007; Fox et al., 2002; Mogg & Bradley, 1998; Williams et al., 1996; Yiend & Mathews, 2001). Furthermore, it has to be noted that the stimuli were chosen as relevant, respectively irrelevant based on face validity more than proper pilot testing. Specifically, we did not control for low-level features like color and luminance. In hindsight it becomes apparent that the angry faces are all somewhat similar in tone and color. This may have created a situation where they were visually less salient than the colorful neutral objects despite the fact that their content was theorized to be more psychologically relevant or salient.

References
Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & Van Ijzendoorn, M. H. (2007). Threat-related attentional bias in anxious and nonanxious individuals: a meta-analytic study. Psychological Bulletin, 133, 1-24. doi:10.1037/0033-2909.133.1.1
Langner, O., Dotsch, R., Bijlstra, G., Wigboldus, D. H. J., Hawk, S., & Van Knippenberg, A. (2010). Presentation and validation of the Radboud Face Database. Cognition and Emotion, 24, 1377-1388. doi:10.1080/02699930903485076
Prinzmetal, W., McCool, C., & Park, S. (2005). Attention: Reaction time and accuracy reveal different mechanisms. Journal of Experimental Psychology: General, 134, 73-92. doi: 10.1037/0096-3445.134.1.73
Puls, S., Rothermund, K. (2017). Attending to emotional expressions: no evidence for automatic capture in the dot-probe task. Cognition & Emotion. Advanced Online Publication. doi: 10.1080/02699931.2017.1314932
Vogt, J., De Houwer, J., Moors, A., Van Damme, S., & Crombez, G. (2010). The automatic orienting of attention to goal-relevant stimuli. Acta Psychologica, 134, 61-69. doi:10.1016/j.actpsy.2009.12.006
Voss, A., Nagler, M., & Lerche, V. (2013). Diffusion Models in Experimental Psychology. Experimental Psychology, 60, 385–402. doi:10.1027/1618-3169/a000218 
Voss, A., & Voss, J. (2007). Fast-dm: A free program for efficient diffusion model analysis. Behavior Research Methods, 39, 767-775. doi:10.3758/BF03192967
Williams, J. M. G., Mathews, A., & MacLeod, C. (1996). The emotional Stroop task and psychopathology. Psychological Bulletin, 120, 3-24. doi:10.1037/0033-2909.120.1.3

A DIFFUSION MODEL OF CUEING EFFECTS - SUPPLEMENTS	1


	Table Suppl.1

	Errors (in %) and Response Latencies for Correct Trials (in milliseconds) as a Function of Cue Characteristics and Task Condition in Studies 3a and 3b.

	
	Study 3a
	
	Study 3b

	
	Location Task
(n = 46)
	
	Identification Task
(n = 46)
	
	Location Task
(n = 38)
	
	Identification Task 
(n = 40)

	
	%error
	M
	SD
	
	%error
	M
	SD
	
	%error
	M
	SD
	
	%error
	M
	SD

	Cue Characteristic
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Valid Unarousing Neutral
	26.71
	380.73
	92.50
	
	16.79
	577,27
	98,84
	
	31.25
	405.91
	126.86
	
	7.06
	673.01
	96.19

	Valid Arousing Negative
	3.81
	377.17
	86.46
	
	10.62
	573,44
	101,46
	
	4.38
	404.01
	122.81
	
	6.00
	659.82
	98.24

	Invalid Unarousing Neutral
	26.71
	455.49
	130.15
	
	16.79
	709,73
	137,32
	
	31.25
	431.06
	162.82
	
	7.06
	718.72
	109.04

	Invalid Arousing Negative
	28.29
	455.41
	105.46
	
	16.11
	702,65
	140,16
	
	31.84
	411.45
	149.42
	
	6.81
	711.30
	108.56

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




	Table Suppl.2
	
	
	
	
	

	Analysis of Variance for response latencies as a function of cue content, cue validity and task condition in Study 3a

	
	df(effect)
	df(error)
	F
	ηp2
	p

	
	Between-Subjects Effects
	
	

	Condition
	1
	90
	101.61
	.53
	< .001

	
	Within-Subjects Effects
	
	

	Validity
	1
	90
	245.32
	.73
	< .001

	Cue Content
	1
	90
	1.58
	.02
	.211

	Validity * Cue Content
	1
	90
	0.00
	.00
	.984

	
	Between-x-Within Interactions
	
	

	Validity * Condition
	1
	90
	16.85
	.16
	< .001

	Cue content * Condition
	1
	90
	0.40
	.00
	.531

	Validity * Cue content * Condition
	1
	90
	0.32
	.00
	.574

	
	
	
	
	
	




	Table Suppl.3
	
	
	
	
	

	Analysis of Variance for response latencies in Study 3a separate for task conditions

	
	df(effect)
	df(error)
	F
	ηp2
	p

	Location Condition
	
	
	
	
	

	Validity
	1
	45
	91.16
	.67
	< .001

	Cue Content
	1
	45
	0.18
	.00
	.678

	Validity * Cue Content
	1
	45
	0.18
	.00
	.677

	Identification Condition
	
	
	

	Validity
	1
	45
	154.16
	.77
	< .001

	Cue Content
	1
	45
	2.06
	.04
	.159

	Validity * Cue Content
	1
	45
	0.14
	.00
	 .706















[bookmark: _GoBack]
	Table Suppl.4
	
	
	
	
	

	Analysis of Variance for response latencies as a function of cue content, cue validity and task condition in Study 3b

	
	df(effect)
	df(error)
	F
	ηp2
	p

	
	Between-Subjects Effects
	
	

	Condition
	1
	76
	115.72
	.61
	< .001

	
	Within-Subjects Effects
	
	

	Validity
	1
	76
	11.80
	.13
	 .001

	Cue content
	1
	76
	9.44
	.11
	.003

	Validity * Cue Content
	1
	76
	0.68
	.01
	.411

	
	Between-x-Within Interactions
	
	

	Validity * Condition
	1
	76
	2.92
	.04
	.091

	Cue content * Condition
	1
	76
	0.00
	.00
	.948

	Validity * Cue Content * Condition
	1
	76
	2.64
	.03
	.108

	
	
	
	
	
	




	Table Suppl.5
	
	
	
	
	

	Analysis of Variance for response latencies as a function of cue content and cue validity in Study 3b separate for task conditions

	
	df(effect)
	df(error)
	F
	ηp2
	p

	Location Condition
	
	
	
	
	

	Validity
	1
	37
	1.19
	.03
	.282

	Cue content
	1
	37
	2.87
	.07
	.099

	Validity * Cue Content
	1
	37
	1.72
	.04
	.198

	Identification Condition
	
	
	

	Validity
	1
	39
	17.12
	.31
	< .001

	Cue Content
	1
	39
	12.81
	.25
	.001

	Validity * Cue Content
	1
	39
	0.99
	.03
	 .325




Figure Suppl.1


Figure Suppl.1. Response latencies in ms for correct trials in a) Study 3a (25% invalid trials) and b) Study 3b (50% invalid trials) as a function of cue content, cue validity and task condition. Error bars represent SEMs.
Figure Suppl.2




Figure Suppl.2. Diffusion model parameters in Studies 3a and 3b: a) shift in decision criteria zr as a function of cue location and task condition, and b) the duration of nondecisional processes t0 as a function of cue location, target location and task condition. Error bars represent SEMs.
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