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Abstract

Predictability is an important characteristic of threat that impacts defensive motivation and
attentional engagement. Supporting research has primarily focused on actual threat (e.g., shocks),
and it is unclear whether the predictability of less intense threat (e.g., unpleasant pictures)
similarly affects motivation and attention. The present study utilized a within-subjects design and
examined defensive motivation (startle reflex and self-reported anxiety) and attention (probe N100
and P300) in anticipation of shocks and unpleasant pictures during a no, predictable, and
unpredictable threat task. This study also examined the impact of predictability on the P300 to
shocks and late positive potential (LPP) to unpleasant pictures. The startle reflex and self-reported
anxiety were increased in anticipation of both types of threat relative to no threat. Furthermore,
startle potentiation in anticipation of unpredictable threat was greater for shocks compared to
unpleasant pictures, but there was no difference for predictable threat. The probe N100 was
enhanced in anticipation of unpredictable threat relative to predictable threat and no threat, and the
probe P300 was suppressed in anticipation of predictable and unpredictable threat relative to no
threat. These effects did not differ between the shock and unpleasant picture trials. Finally, the
P300 and early LPP component were increased in response to unpredictable relative to predictable
shocks and unpleasant pictures, respectively. The present study suggests that the unpredictability
of unpleasant pictures increases defensive motivation, but to a lesser degree relative to actual
threat. Moreover, unpredictability enhances attentional engagement in anticipation of, and in
reaction to, both types of threat.
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The identification of potential threat is critical for survival. Predictability is an important
characteristic that impacts threat detection (e.g., predictable threat is easier to identify and
prepare for relative to unpredictable threat) and has been suggested to differentiate the states
of fear and anxiety (Barlow, 2000; Davis et al., 2010; Grillon et al., 2004). Fear is associated
with predictable threat and elicits behavioral responses of fight, flight, or immobilization,
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whereas anxiety is associated with unpredictable threat and elicits hypervigilance and
defensive preparedness. The distinction between fear and anxiety has been examined in the
laboratory using a no, predictable, and unpredictable threat (NPU-threat) task (Schmitz &
Grillon, 2012). In the no threat condition, participants are safe from threat. In the predictable
threat condition, threat is signaled by a short duration cue. In the unpredictable threat
condition, threat is unsignaled and can happen at any time. Across all three conditions
acoustic probes are administered to elicit the startle eye blink reflex as an indicator of
defensive motivation. Multiple studies have found that the startle reflex is potentiated (i.e.,
increased) in anticipation of predictable and unpredictable threat relative to no threat
(Grillon et al., 2004; Moberg & Curtin, 2009; Nelson & Shankman, 2011), and startle
potentiation is greater for unpredictable threat relative to predictable threat (Gorka et al.,
2016; Nelson et al., 2015). These results suggest that the anticipation of threat elicits
defensive motivation, which is further augmented when the threat is unpredictable.

The anticipation of threat also impacts measures of attention, and this was recently
demonstrated using event-related potentials (ERPs) during the NPU-threat task. Specifically,
Nelson et al. (2015) examined the probe N100 and P300 to acoustic startle probes while
anticipating no, predictable, and unpredictable electric shocks. The probe N100 is a negative
deflection in the ERP that peaks approximately 100 ms after the onset of the probe at
frontocentral electrodes and indexes early perceptual processing of auditory stimuli. The
probe N100 is enhanced while viewing unpleasant relative to pleasant and neutral pictures
(Cuthbert et al., 1998). The probe P300 is a positive deflection in the ERP that peaks
approximately 300 ms after the onset of the probe at centroparietal electrodes and indexes
attention toward the startle probe. The probe P300 is suppressed when viewing pleasant and
unpleasant pictures relative to neutral pictures due to increased attention allocated to the
motivationally salient foreground picture (and subsequently decreased attention to the startle
probe) (Bradley et al., 2006; Cuthbert et al., 1998; Schupp et al., 1997). In Nelson et al., the
probe N100 was enhanced in anticipation of unpredictable shocks relative to predictable
shocks and no shocks (which did not differ), and the probe P300 was suppressed to a
comparable degree in anticipation of both predictable and unpredictable shocks relative to
no shocks. These results suggest that unpredictable threat uniquely enhances early
perceptual processing, whereas threat in general (irrespective of predictability) engages later
attentional resources.

A key theoretical question is whether there is a threshold for which unpredictability impacts
emotional reactivity (Mineka & Kihlstrom, 1978; Staub et al., 1971). In other words, it is
important to understand whether unpredictability influences emotional reactivity for even
mild to moderate forms of threat. One possibility is that unpredictability is inherently salient
and impacts motivation and attention across all threat to a comparable degree. A second
possibility is that the impact of unpredictability on motivation and attention varies based on
threat intensity. This theoretical issue also has important methodological implications as
many studies use different types of threat, but it is rarely known whether they elicit similar
or different patterns of emotional reactivity. This issue is particularly important for clinical
research where one type of aversive stimulus may not be feasible with certain populations
(e.g., shocks cannot be used with children and adolescents) or elicits ceiling level responses
that potentially obscure condition or group differences (Bradley et al., 2005).
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The NPU-threat task has been employed using a variety of aversive stimuli, including shocks
(Bradford et al., 2013; Grillon et al., 2004; Nelson & Shankman, 2011; Shankman et al.,
2013), noises (Nelson & Hajcak, 2017; Schmitz et al., 2011), airblasts (Chamberlain et al.,
2013; Grillon et al., 2004), and a breathing occlusion (Schroijen et al., 2016). In one of the
few investigations that included multiple aversive stimuli, Grillon and colleagues (2004)
used a between-subjects design to examine the startle reflex in anticipation of predictable
and unpredictable airblasts and shocks. Results indicated that the startle reflex was
potentiated during the predictable and unpredictable threat conditions relative to the no
threat condition for both types of aversive stimuli, but startle potentiation was greater for
shocks relative to airblasts.

An important caveat to Grillon et al. (2004) was that both airblasts and shocks represent
actual physical threat. However, not all threat provides immediate danger. For example,
emotional pictures are another type of stimuli that have been shown to engage fundamental
motivational systems and are commonly used in psychophysiological research. There is
robust evidence that viewing unpleasant pictures enhances the startle reflex (Lang, Bradley,
& Cuthbert, 1990); although research has indicated that the anticipation of shocks elicits
greater startle potentiation relative to viewing unpleasant pictures (Bublatzky et al., 2013;
Greenwald et al., 1998; Lissek et al., 2007). The anticipation of unpleasant pictures also
potentiates the startle reflex (Dichter et al., 2002; Larson et al., 2007; Lipp et al., 2001;
Nitschke et al., 2002; Sabatinelli et al., 2001); however, to date the NPU-threat startle task
has not been examined using unpleasant pictures. Pictures are particularly advantageous as
they are flexible stimuli, and specific subtypes can be used to examine emotional reactivity
to personally relevant phobic or even pleasant content. The present study applied a within-
subjects design to examine defensive motivation (startle reflex and self-reported anxiety) and
attention (probe N100 and P300) during shock and unpleasant picture versions of the NPU-
threat task. In addition, the NPU-threat task has been identified as having several potential
strengths, including good psychometric properties (Kaye et al., 2016; Nelson et al., 2015).
The present study further tested this notion by examining Cronbach’s alpha, which is an
estimate of reliability, across the different versions of the NPU-threat task.

Finally, it is important to note that the NPU-threat task has almost exclusively been used to
examine motivation and attention in anticipation of predictable and unpredictable threat.
However, predictability has also been shown to impact emotional reactivity to the actual
aversive stimulus. For example, one study found that aversive pictures that were preceded by
an uncertain valence cue, relative to a certain valence cue, elicited greater skin conductance
response and self-reported negative mood (Grupe & Nitschke, 2011). Similarly, a recent
study found that neutral and aversive pictures that were preceded by an uncertain valence
cue, relative to a certain neutral or certain aversive cue, produced a greater P2 and late
positive potential (LPP) response (Dieterich, Endrass, & Kathmann, 2016). To further
investigate the impact of predictability on emotional reactivity to the actual aversive
stimulus, the current study also measured ERP responses elicited by shocks and unpleasant
pictures during the NPU-threat task.

We hypothesized that the startle reflex and self-reported anxiety would be potentiated in
anticipation of predictable and unpredictable threat relative to no threat, the probe N100
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would be enhanced in anticipation of unpredictable threat relative to predictable threat and
no threat, and the probe P300 would be suppressed in anticipation of predictable and
unpredictable threat relative to no threat. We also hypothesized that threat-potentiated
responding would be greater for the shock relative to unpleasant picture trials. For the ERP
responses to the aversive stimuli, we examined the P300 to the shocks (Yamaguchi &
Knight, 1991) and the LPP to the unpleasant pictures (Hajcak et al., 2014). The LPP is a
sustained positive deflection of the ERP signal that begins as early as 200 ms after stimulus
onset and persists throughout stimulus presentation. The LPP is posited to index sustained
attention and elaborative processing of salient visual information and is larger while viewing
pleasant and unpleasant stimuli relative to neutral stimuli (Cuthbert et al., 2000; Hajcak &
Olvet, 2008; Olofsson et al., 2008). We hypothesized that the P300 to shocks and LPP to
unpleasant pictures would be greater when the aversive stimuli were delivered with
unpredictable relative to predictable timing.

The sample included 76 introduction to psychology students from Stony Brook University
who participated for course credit. Exclusion criteria were an inability to read or write
English. The sample was college-aged (M= 19.53, SD = 1.88), 51.3% female, and
ethnically/racially diverse, including 21.1% Caucasian, 9.2% Black, 56.6% Asian, 10.5 %
Latino, and 2.6% ‘Other’. All participants provided written informed consent, and the
research protocol was approved by the Institutional Review Board at Stony Brook
University.

Stimuli were administered using PSYLAB (Contact Precision Instruments, London, United
Kingdom). Acoustic startle probes were 40-ms duration, 103-dB bursts of white noise with
near-instantaneous rise time presented binaurally through headphones. Electric shocks were
400-ms in duration and administered to the wrist of the participant’s nondominant hand.
Shock intensity was determined ideographically using a work-up procedure for each
participant (see below). Unpleasant pictures were from the International Affective Picture
System (IAPS; Lang, Bradley, & Cuthbert, 2008) and included threat and mutilation scenes.
1 pictures that were presented during the predictable (valence: M= 2.13, SD= 0.60; arousal:
M=6.67, SD=0.68) and unpredictable (valence: M=2.11, SD = 0.46; arousal: M= 6.44,
SD = 0.51) threat conditions did not differ in valence or arousal (ps > .48). All pictures were
presented for a duration of 1-s, and no picture was ever repeated for a given participant.

After electrode placement, participants were seated in a chair approximately 2-ft from a 19-
in computer monitor. Participants first completed a 180-s baseline habituation task during
which four acoustic startle probes were administered.

liaps pictures included threat (2811, 6242, 6244, 6250, 6350, 6510, 6560, and 9425) and mutilation (3000, 3030, 3051, 3071, 3100,
3110, 3170, and 3266) content.
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The NPU-threat task was a variant of that used by Grillon and colleagues (Schmitz &
Grillon, 2012) and has been described elsewhere (Nelson et al., 2015). In the present study,
participants completed two versions of the task (counterbalanced), one with shocks and the
other with unpleasant pictures as the aversive stimuli. Prior to completing the shock version
of the task, shock intensity was determined using a work-up procedure where participants
received increasing levels of shock, until they reached a level they described as highly
annoying but not painful (maximum shock level was 5-mA). The mean shock level across
the entire sample was 2.20 mA (5D = 0.88). The shock electrodes were attached to the
participant’s wrist only during the shock version of the task and not during the baseline
habituation phase or the unpleasant picture version of the task. Instructions were provided
prior to the beginning of both the shock and unpleasant picture versions of the task,
regardless of whether it was administered first or second.

For the shock version (see Figure 1), the task included three within-subjects conditions: no
shock, predictable shock, and unpredictable shock. Text at the bottom of the screen informed
participants of the current condition by displaying “no shock”, “shock at 17, or “shock at any
time”. Each condition lasted 75-s, during which a 5-s visual countdown (i.e., the cue) was
presented four times. The interstimulus interval (i.e., time between countdowns during the
75-s condition) ranged from 9 to 15-s during which only the text describing the condition
was on the screen. In the no threat condition, no shocks were delivered. In the predictable
threat condition, participants received a shock every time the countdown reached 1. In the
unpredictable threat condition, shocks were administered at any time. Startle probes were
presented both during the countdown (1 to 4-s following countdown onset) and interstimulus
interval (5 to 12-s following interstimulus interval onset). The time intervals between shocks
and subsequent startle probes were always greater than 10-s to ensure that subsequent probes
were not affected by prior shocks.

For the unpleasant picture version, the task also included three within-subjects conditions:
no unpleasant picture, predictable unpleasant picture, and unpredictable unpleasant picture.
Text at the bottom of the screen informed participants of the current condition by displaying
“no unpleasant picture”, “unpleasant picture at 1”, or “unpleasant picture at any time”.
Timing and duration for the unpleasant picture version were identical to the shock version of
the task.

For each version of the task (shocks and unpleasant pictures), there were two presentations
of each 75-s condition (no threat, predictable threat, unpredictable threat), during which the
countdown appeared four times. Participants received startle probes during three out of four
countdowns and interstimulus intervals. Conditions were presented in one of the following
orders (counterbalanced): PNUPNU or UNPUNP. Participants completed the opposite
condition order for shock and unpleasant picture versions (e.g., PNUPNU for shocks and
UNPUNP for unpleasant pictures or UNPUNP for shocks and PNUPNU for unpleasant
pictures). All participants received 16 electric shocks (8 during the predictable shock
condition and 8 during the unpredictable shock condition), viewed 16 unpleasant pictures (8
during the predictable unpleasant picture condition [4 threat and 4 mutilation] and 8 during
the unpredictable unpleasant picture condition [4 threat and 4 mutilation]), and heard 72
startle probes (12 during no shocks, 12 during predictable shocks, 12 during unpredictable
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shocks, 12 during no unpleasant pictures, 12 during predictable unpleasant pictures, and 12
during unpredictable unpleasant pictures) during the countdown and interstimulus interval
(with an equal number of startle probes occurring during the countdown and interstimulus
interval).

At the end of each version of the task, participants rated how anxious they felt during the
countdown and interstimulus interval of each condition on a scale ranging from 1 (not at all)
to 7 (extremely). At the end of the entire experiment, participants reported whether they
disliked the shocks or unpleasant pictures the most.

EMG Recording and Processing

Startle eye blink electromyography (EMG) was recorded using PSYLAB and measured
from two 4-mm sintered Ag/AgCl electrodes placed over the orbicularis oculi muscle
beneath the left eye. EMG activity was sampled at 1000 Hz and filtered between 30 and 500
Hz. Offline, EMG activity was rectified in a 200 ms window, beginning 50 ms before the
onset of the startle probe, and a 6-point running average was applied to the rectified data to
smooth out sharp peaks. Peak amplitude of the startle reflex was determined in the 20 to
150-ms time frame following the startle probe onset relative to baseline (i.e., average EMG
activity in the 50 ms preceding the startle probe onset). Blinks were scored as nonresponses
if EMG activity during the 20 to 150-ms post-probe time frame did not produce a blink peak
that was visually differentiated from baseline activity. Blinks were scored as missing if the
baseline period was contaminated with noise, movement artifact, or if a spontaneous or
voluntary blink began before minimal onset latency and thus interfered with the probe-
elicited blink response. The present study examined blink magnitude (i.e., averages include
values of 0 for nonresponse trials) as it is a more conservative estimate of the startle
response (Blumenthal et al., 2005).

EEG Recording and Processing

Continuous electroencephalography (EEG) was recorded using an elastic cap with 34
sintered Ag/AgCl electrodes placed according to the 10/20 system. Electrooculogram (EOG)
was recorded using four additional facial electrodes: two placed approximately 1 cm outside
of the right and left eyes and two placed approximately 1 cm above and below the right eye.
Data were recorded using the Active Two system (BioSemi, Amsterdam, Netherlands). The
EEG was digitized with a sampling rate of 1024 Hz using a low-pass fifth order sinc filter
with a half-power cutoff of 204.8 Hz. A common mode sense active electrode producing a
monopolar (nondifferential) channel was used as recording reference.

EEG data were analyzed using Brain Vision Analyzer (Brain Products, Gilching, Germany).
Data were referenced offline to the average of left and right mastoids, band-pass filtered (0.1
to 30 Hz), and corrected for eye movement artifacts (Gratton et al., 1983). A semiautomatic
procedure was employed to detect and reject artifacts. The criteria applied were a voltage
step of more than 50 PV between sample points, a voltage difference of 300 pV within a
trial, and a maximum voltage difference of less than 0.50 pV within 100-ms intervals. These
intervals were rejected from individual channels in each trial. Visual inspection of the data
was then conducted to detect and reject remaining artifacts.

Psychophysiology. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nelson and Hajcak

Page 7

Startle probe-locked epochs were extracted with a duration of 1200 ms, including a 200 ms
pre-stimulus and 1000 ms post-stimulus interval. The 200 ms pre-stimulus interval was used
as the baseline. Separate grand averages were conducted for each level of stimulus (shocks
vs. unpleasant pictures), condition (no threat, predictable threat, unpredictable threat), and
cue (countdown vs. interstimulus interval), producing 12 different ERP averages. Similar to
previous studies measuring startle probe ERPs (Nelson et al., 2015), the probe N100 was
scored as the average activity at FCz (where it was maximal) between 90 and 130 ms, and
the probe P300 was scored as the average activity at Pz (where it was maximal) between 260
and 320 ms.

Aversive stimulus-locked epochs were also extracted with a duration of 1200 ms, including a
200 ms pre-stimulus and 1000 ms post-stimulus interval. The 200 ms pre-stimulus interval
was used as the baseline. Separate grand averages were conducted for predictable and
unpredictable aversive stimuli. For shocks, the P300 was scored as the average activity at Pz,
(where it was maximal) between 250 and 350 ms. The LPP has been shown to consist of
multiple temporal segments that reflect different aspects of emotional processing. For
example, the early portion of the LPP (between 300 and 600 ms) has been suggested to
index relatively automatic increases in selective attention, while the later portion of the LPP
(between 600 and 1000 ms) is associated with more sustained and elaborate processing of
the stimulus (Hajcak et al., 2014; Hajcak & Olvet, 2008). Therefore, for unpleasant pictures
the LPP was scored as the average activity at Oz and Pz (where it was maximal) and
segmented into separate early (300 to 600 ms) and late (600 to 1000 ms) components.

Data Analysis

Five participants were excluded from the startle reflex analyses for having less than 50%
useable trials (7= 71). One participant was excluded from the probe N100 and P300
analyses for having less than 50% useable trials (7= 75). One participant was excluded from
the self-reported anxiety analyses because they did not complete the ratings (7= 75).

Data were analyzed using a Stimulus (shocks vs. unpleasant pictures) X Condition (no
threat, predictable threat, unpredictable threat) X Cue (countdown vs. interstimulus interval)
repeated measures analysis of variance (ANOVA). Separate analyses were conducted for
each measure of defensive motivation (startle reflex and self-reported anxiety) and attention
(probe N100 and P300). Cronbach’s alpha for the startle reflex and probe N100 and P300
was measured as a function of the number of trials. The P300 to the shocks was examined
using a one-way repeated measures ANOVA with condition (predictable threat vs.
unpredictable threat) as the within-subjects factor. The LPP to the unpleasant pictures was
examined using a Condition (predictable threat vs. unpredictable threat) X Time (early LPP
vs. late LPP) repeated measures ANOVA. Greenhouse-Geisser epsilons (G-Ge) are reported
for repeated measures analyses where assumptions of sphericity were violated. All analyses
were conducted in IBM SPSS Statistics, Version 22.0 (Armonk, NY, USA).
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Results

Aversive Stimuli

More participants reported disliking the shocks (7= 60, 78.9%) compared to the unpleasant
pictures (n= 16, 21.1%), (75) = 16.77, p< .001.2

Startle Reflex

Figure 2 (top) displays the startle reflex means (and standard errors) across the different
aversive stimuli, conditions, and cues. The startle reflex was greater during the shock relative
to unpleasant picture trials, A1, 70) = 25.33, p<.001, npz = .27, and also differed across the
threat conditions, A2, 140) = 62.26, p< .001, G-Ge = .73, npz = .47, such that the startle
reflex was greater during the unpredictable threat relative to the predictable threat, A1, 70) =
54.18, p<.001, n,? = .44, and no threat conditions, A1, 70) = 82.44, p< .001, np? = .54,
and the startle reflex was greater during the predictable threat relative to the no threat
condition, A1, 70) = 16.50, p<.001, npz =.19. There was also a main effect of cue, A1,

70) =10.18, p< .01, npz =.13, which was qualified by a Stimulus X Cue interaction, A1,
70) = 24.44, p< .001, np2 = .26, and there was a Stimulus X Condition interaction, A2, 140)
=15.90, p<.001, G-Ge = .80, an =.19. The Stimulus X Cue interaction was followed-up
by conducting separate repeated measures ANOVAs for each level of stimulus. For shocks,
the startle reflex was greater during the countdown relative to the interstimulus interval, A1,
70) =24.94, p<.001, an =.26. For unpleasant pictures, the startle reflex did not differ
across the countdown or interstimulus interval, A1, 70) = 0.44, ns.

To follow-up the Stimulus (shocks vs. unpleasant pictures) X Condition (no threat,
predictable threat, unpredictable threat) interaction, separate repeated-measures ANOVAS
were conducted for predictable threat vs. no threat (i.e., Stimulus [shocks vs. unpleasant
pictures] X Condition [no threat vs. predictable threat]) and unpredictable threat vs. no threat
(i.e., Stimulus [shocks vs. unpleasant pictures] X Condition [no threat vs. unpredictable
threat]). For the predictable threat analyses, the startle reflex was greater during the
predictable threat relative to the no threat condition, A1, 70) = 16.50, p< .001, T1p2 =.19,
but this did not differ between shock and unpleasant picture trials, A1, 70) = 1.09, ns. For
the unpredictable threat analyses, there was a Stimulus X Condition interaction, A1, 70) =
23.11, p<.001, npz = .25, such that the startle reflex was greater during the unpredictable
threat relative to the no threat condition for unpleasant picture trials, A1, 70) = 31.72, p<.
001, npz = .31, but this increase was greater for shock trials, A1, 70) = 75.90, p < .001, an
= .52,

The follow-up analyses to the Stimulus X Condition interaction collapsed across the
different levels of cue (i.e., countdown and interstimulus interval). While there was no

2\We also examined whether participants who disliked shocks vs. unpleasant pictures the most differed on the startle reflex, probe
N100, or probe P300. To this end, we conducted a Stimulus (shocks vs. unpleasant pictures) X Condition (no threat, predictable threat,
and unpredictable threat) X Cue (countdown vs. interstimulus interval) X Group (disliked shocks vs. unpleasant pictures the most)
mixed-measures ANOVA with stimulus, condition, and cue as within-subjects factors and group as the between-subjects factor. For the
probe N100, there was a Stimulus X Condition X Group interaction, A2, 146) = 3.68, p> .05, npz =.05; however, follow-up analyses
indicated no significant differences between groups. For the probe P300, participants who disliked shocks the most had greater P300
suppression across all stimuli, conditions, and cues relative to those who disliked unpleasant pictures the most, A1, 73) = 4.81, p<.
05, np® = .06. There were no group differences for the startle reflex.
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Stimulus X Condition X Cue interaction, A2, 140) = 1.29, ns, we nonetheless conducted
additional post-hoc analyses where we separately examined the predictable threat
countdown and interstimulus interval. The startle reflex was greater during the predictable
threat countdown relative to the no threat countdown during both the shock, A1, 70) =
10.25, p< .01, np? = .13, and unpleasant picture trials, A1, 70) = 5.02, p< .05, n? = .07,
but the predictable countdown threat-potentiated startle did not differ between the shock and
unpleasant picture trials, A1, 70) = 1.51, ns. Furthermore, the startle reflex was greater
during the predictable threat interstimulus interval during the unpleasant picture trials, A1,
70) = 4.10, p< .05, npz = .06, but not the shock trials, A1, 70) = 2.60, 7s.

Participants were randomly assigned to complete either the shock (7= 37) or unpleasant
picture (7= 34) variant of the NPU-threat task first (with the other variant occurring
second). To examine whether task order impacted the startle reflex, we conducted a Stimulus
(shocks vs. unpleasant pictures) X Condition (no threat, predictable threat, unpredictable
threat) X Cue (countdown vs. interstimulus interval) X Task Order (shock trials first vs.
unpleasant picture trials first) mixed-measures ANOVA, with stimulus, condition, and cue as
within-subjects factors and task order as the between-subjects factor. Results indicated
Stimulus X Task Order, A1, 69) = 15.25, p<.001, np2 =.18, and Condition X Task Order
interactions, A2, 138) = 4.18, p< .05, npz = .06, which were qualified by a Stimulus X
Condition X Task Order interaction, A2, 138) = 13.37, p< .001, np2 =.16. To follow-up this
interaction, separate Stimulus X Condition repeated-measures ANOVAs were conducted for
participants who completed the shock trials first and those who completed the unpleasant
picture trials first.

As shown in Figure 3, for participants who completed the shock trials first (and unpleasant
picture trials second), during the shock trials the startle reflex was greater during the
unpredictable threat condition relative to the predictable threat, A1, 36) = 11.16, p< .01, npz
= .24, and no threat conditions, A1, 36) = 22.96, p< .001, npz =.39, and the startle reflex
was greater during the predictable threat relative to the no threat condition, A1, 36) = 10.69,
p<.01, Tlp2 =.23. During the unpleasant pictures trials the startle reflex was greater during
the unpredictable threat condition relative to the predictable threat, A1, 36) = 11.01, p< .01,
an =.23, and no threat conditions, A1, 36) = 16.87, p< .001, npz = .32, but the startle
reflex did not differ between the predictable threat and no threat conditions, A1, 36) = 2.91,
ns. For participants who completed the unpleasant picture trials first (and shock trials
second), during the unpleasant picture trials the startle reflex was greater during the
unpredictable threat condition relative to the predictable threat, A1, 33) = 4.20, p< .05, npz
=.11, and no threat conditions, A1, 33) = 14.47, p< .001, npz = .31, and the startle reflex
was greater during the predictable threat relative to the no threat condition, A1, 33) =7.02, p
<.05, npz =.18. During the shock trials, the startle reflex was greater during the
unpredictable threat condition relative to the predictable threat, A1, 33) = 57.48, p<.001,
e’ = .64, and no threat conditions, A1, 33) = 65.41, p<.001, 1,? = .67, and but the startle
reflex did not differ between the predictable threat and no threat condition, A1, 33) = 0.86,
ns.
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Figure 4 displays the startle probe N100 waveforms (left) and three-dimensional rendered
scalp distributions (right) across the different conditions. The probe N100 differed across the
threat conditions at a trend level, A2, 148) = 2.66, p< .08, np2 =.04. Planned follow-up
analyses confirmed that the N100 was enhanced during the unpredictable threat condition
relative to the predictable threat, A1, 74) = 4.46, p< .05, npz = .06, and no threat conditions,
A1, 74) = 3.98, p< .05, np2 = .05, but the probe N100 did not differ between the no threat
and predictable threat conditions, A1, 74) = 0.09, ns. The probe N100 enhancement during
the unpredictable threat relative to the predictable threat and no threat conditions did not
differ between shock and unpleasant picture trials, A2, 148) = 0.50, ns, and was not
moderated by task order, A2, 146) = 2.68, 7s.

Figure 5 displays the startle probe P300 waveforms (left) and three-dimensional rendered
scalp distributions (right) for the different conditions. The probe P300 was reduced during
the shock (M= 14.96 pV, SD = 8.69) relative to unpleasant picture trials (M= 17.49 pV, SD
=7.30), A1, 75) = 5.66, p< .05, npz =.07. The probe P300 also differed across the threat
conditions, A2, 148) = 6.12, p< .01, such that the probe P300 was suppressed during the
predictable threat, A1, 74) = 10.84, p< .01, an =.13, and unpredictable threat conditions,
H1,74)=7.15, p< .01, T1p2 =.09, relative to the no threat condition, but the probe P300
suppression did not differ between the predictable and unpredictable threat conditions, A1,
74) = 0.16, ns. The probe P300 suppression during the predictable and unpredictable threat
conditions relative to the no threat condition did not differ between the shock and unpleasant
picture trials, A2, 148) = 0.85, ns, and was not moderated by task order, A2, 146) = 1.96, ns

Self-Reported Anxiety

Table 1 displays self-reported anxiety means and standard deviations across the different
aversive stimuli, conditions, and cues. Self-reported anxiety was greater during shock
relative to unpleasant picture trials, A1, 74) = 38.29, p<.001, np2 = .34, and also differed as
function of threat predictability, A2, 148) = 191.08, p< .001, G-Ge =.75, an =.72, such
that anxiety was greater during the unpredictable threat condition relative to the predictable
threat, A1, 74) = 104.32, p< .001, npz =.59, and no threat conditions, A1, 74) =242.97, p
<.001, an = .77, and anxiety was greater during the predictable threat relative to the no
threat condition, A1, 75) = 157.23, p< .001, npz =.68.

There were also Stimulus X Condition, A2, 148) = 31.15, p< .001, T1p2 =.30, Stimulus X
Cue, A1,74)=4.41, p< .05, np2 = .06, and Condition X Cue interactions, A2, 148) = 4.19,
p<.05 G-Ge =.91, an = .05, which were qualified by a Stimulus X Condition X Cue
interaction, A2, 148) = 7.40, p< .001, Tlp2 =.09. To follow-up the Stimulus (shocks vs.
unpleasant pictures) X Condition (no threat, predictable threat, unpredictable threat) X Cue
(countdown vs. interstimulus interval) interaction, separate repeated-measures ANOVAS
were conducted for predictable threat vs. no threat (i.e., Stimulus [shocks vs. unpleasant
pictures] X Condition [no threat vs. predictable threat] X Cue [countdown vs. interstimulus
interval]) and unpredictable threat vs. no threat (i.e., Stimulus [shocks vs. unpleasant
pictures] X Condition [no threat vs. unpredictable threat] X Cue [countdown vs.
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interstimulus interval]). This approach provides separate statistical tests of whether self-
reported anxiety potentiation in anticipation of predictable threat and unpredictable threat
differed as a function of the aversive stimulus.

For predictable threat, there were main effects of stimulus, A1, 74) = 20.56, p < .001, np2
= .22, condition, A1, 74) = 157.23, p< .001, an = .68, and cue, A1, 74) = 18.56, p< .001,
np? = .20, and Stimulus X Condition, A1, 74) = 35.12, p<.001, np? = .32, and Stimulus X
Cue interactions, A1, 74) = 6.99, p< .01, np2 = .09, which were qualified by a Stimulus X
Condition X Cue interaction, A1, 74) = 10.82, p< .01, an =.13. Follow-up Condition X
Cue repeated measures ANOVAs were conducted separately for shock and unpleasant
picture trials. For shock trials, there were main effects of condition, A1, 74) = 186.30, p<.
001, npz =.72,and cue, A1, 74) =22.81, p<.001, npz = .24, which were qualified by a
Condition X Cue interaction, A1, 74) = 10.09, p< .01, npz =.12. Results indicated that self-
reported anxiety was greater during the no threat countdown relative to the no threat
interstimulus interval, A1, 74) = 7.33, p< .01, an =.09, and this increase was greater
during the predictable threat countdown relative to the predictable threat interstimulus
interval, A1, 74) = 19.74, p< .001, np2 =.21. For unpleasant picture trials, self-reported
anxiety was greater during the predictable threat relative to the no threat condition, A1, 74)
=63.79, p<.001, T1p2 = .46, but this did not differ as a function of cue, A1, 74) = 0.39, 7s.

For unpredictable threat, there were main effects of stimulus, A1, 74) = 26.66, p< .001, T1p2
= .27, condition, A1, 74) = 242.97, p< .001, npz =.77,and cue, A1, 74) = 4.82, p< .05,
npz = .06, which were qualified by a Stimulus X Condition interaction, A1, 74) = 41.10, p
<.001, T]p2 =.36. Follow-up analyses indicated that, for unpleasant picture trials, self-
reported anxiety was greater during the unpredictable threat relative to the no threat
condition, A1, 74) =104.92, p< .001, an = .59, and this increase was greater for shock
trials, A1, 74) = 285.35, p< .001, ny? = .79.

Cronbach’s Alpha

Figure 6 displays Cronbach’s alpha values for the startle reflex (top row), probe N100
(middle row), and probe P300 (bottom row) during shock (left column) and unpleasant
picture (right column) trials as a function of the number of trials. Cronbach’s alpha values
were interpreted using the following ranges: excellent (> .90), good (.70-.90), moderate (.
50-.70), and poor (< .50). The startle reflex was in the excellent range and the probe N100
was in the good range, and this was similar across shock and unpleasant picture trials. The
probe P300 was in the good range for shock trials but moderate range for unpleasant picture
trials. All three measures across both shock and unpleasant picture trials reached relatively
stable Cronbach’s alpha values by the fourth trial. These analyses suggest that the startle
reflex and probe N100 and P300 achieved acceptable Cronbach’s alpha values across the
shock and unpleasant picture trials.

P300 to Shocks

Figure 7 displays the waveforms (left) and three-dimensional rendered scalp distribution
(right) for the P300 to predictable and unpredictable shocks. The P300 to shocks was greater
for unpredictable relative to predictable shocks A1, 74) = 45.32, p<.001, an =.38.
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P300 and LPP to Unpleasant Pictures

Figure 8 displays the waveforms (left) and three-dimensional rendered scalp distribution
(right) for the LPP to predictable and unpredictable unpleasant pictures. Results indicated a
main effect of time, A1, 74) = 71.11, p<.001, np2 = .49, which was qualified by a
Condition X Time interaction, A1, 74) =9.82, p< .01, npz =.12. The Condition X Time
interaction was followed-up by conducting separate repeated measures ANOVAs for each
level of time. The early LPP component (i.e., 300 to 600 ms) was greater for unpredictable
relative to predictable unpleasant pictures, A1, 74) = 7.84, p< .01, an =.10. In contrast, the
late LPP component (i.e., 600 to 1000 ms) did not differ between the threat conditions, A1,
74) = 0.32, ns. These results suggest that the unpredictable, relative to predictable, timing
produced a transient increase in the LPP to unpleasant pictures.

Discussion

The present study examined defensive motivation and attention in anticipation of two
different types of predictable and unpredictable threat (i.e., shocks and unpleasant pictures).
Overall, the startle reflex and self-reported anxiety were potentiated in anticipation of both
types of threat relative to no threat, and this increase was greater for unpredictable compared
to predictable threat. In addition, the probe N100 was enhanced in anticipation of
unpredictable threat relative to both predictable threat and no threat, and the probe P300 was
suppressed in anticipation of predictable and unpredictable threat relative to no threat. The
startle reflex and probe N100 and P300 results replicated Nelson et al. (2015) across both
shock and unpleasant picture trials.

However, there were also notable differences in defensive motivation and attentional
engagement during the shock and unpleasant picture trials. First, shocks elicited a greater
overall startle response—and greater unpredictable threat-potentiated startle; there was no
difference in predictable threat-potentiated startle between the shock and unpleasant picture
trials. Second, shocks also elicited greater overall self-reported anxiety and greater
predictable and unpredictable threat-potentiated self-reported anxiety. Third, shocks
produced a smaller overall P300 response, but P300 suppression (i.e., the relative decrease in
the probe P300 during threat relative to no threat trials) did not differ as a function of
aversive stimulus or predictability. Finally, unpredictable, relative to predictable, timing
enhanced the P300 to shocks and early LPP to unpleasant pictures.

The present study suggests that unpredictability impacts defensive motivation in anticipation
of actual threat and visual threat, but to different degrees. While previous research has
reported startle potentiation in anticipation of unpleasant pictures (Dichter et al., 2002;
Larson et al., 2007; Lipp et al., 2001; Nitschke et al., 2002; Sabatinelli et al., 2001), the
images in these studies were presented with consistent or predictable timing. The current
results provide novel evidence that manipulating the temporal predictability of unpleasant
pictures further potentiates the startle reflex, and indicates that unpredictability enhances
defensive motivation for even lower threshold, less noxious aversive stimuli (Mineka &
Kihlstrom, 1978; Staub et al., 1971). However, results indicated an interaction between
unpredictability and the type of threat, such that unpredictable shocks were a more potent
elicitor of defensive mativation compared to unpredictable unpleasant pictures. There were
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key differences between shocks and unpleasant pictures that likely contributed to this pattern
of results. For example, shocks were a source of actual physical threat, while the unpleasant
pictures represented visual or symbolic threat (Lissek et al., 2007). In addition, a larger
proportion of participants reported disliking the shocks the most (78.3%) compared to the
unpleasant pictures (21.7%), and participants reported greater overall anxiety during the
shock relative to unpleasant picture trials. This study suggests that more intense aversive
stimuli are associated with increased effects of unpredictability on the startle reflex.

The startle reflex was also potentiated in anticipation of predictable threat (albeit to a lesser
degree compared to unpredictable threat) and this did not differ between the shock and
unpleasant picture trials. However, there are two important caveats to these findings. First,
during the unpleasant picture trials, the startle reflex was potentiated during both the
predictable threat countdown and interstimulus interval, although participants were only in
danger during the countdown. An important methodological issue might explain this pattern
of results. Specifically, a different unpleasant picture was presented during each predictable
threat countdown, and this might have introduced an element of uncertainty or
unpredictability during the predictable threat interstimulus interval (i.e., participants did not
know what specific picture would be presented next). This differs from the shock trials,
where the same shock was presented during each predictable threat countdown and there
was no startle potentiation during the predictable threat interstimulus interval. Future NPU-
threat studies that employ unpleasant pictures should consider using a more homogenous
category of pictures to reduce this element of uncertainty during the predictable threat
condition. Second, the order in which participants completed the different versions of the
NPU-threat task (i.e., shock version first vs. unpleasant picture version first) impacted startle
potentiation to predicable threat. Specifically the startle reflex was only potentiated during
the predictable threat condition when the NPU-threat task variant was administered first
(irrespective of the type of aversive stimulus), but the startle reflex was always potentiated
during the unpredictable threat condition (irrespective of the type of aversive stimulus or
task order). In a previous investigation of startle habituation during the NPU-threat task, we
found that the startle reflex during the predictable threat condition was greater than the no
threat condition at the beginning of the task, but did not differ by the end of the task (Nelson
et al., 2015). Together, these studies suggest that the startle reflex in anticipation of
predicable threat habituates by the end of a single task administration.

The startle probe ERPs provided a neural indicator of attentional engagement during the
NPU-threat task that was separate from the startle reflex measure of defensive motivation. In
replication of Nelson et al. (2015), the probe N100 was uniquely enhanced while
anticipating unpredictable (but not predictable) threat, whereas the P300 was suppressed for
both unpredictable and predictable threat. Importantly, these results did not differ as a
function of the type of aversive stimulus. To date, a number of different stimuli have been
shown to produce probe P300 suppression, including emotional pictures (Bradley et al.,
2006; Cuthbert et al., 1998; Schupp et al., 1997), emotional sounds (Keil et al., 2007),
cigarette cues (\Versace et al., 2010), and a breathing mask during an interoceptive challenge
(Alius et al., 2015). Although the current study provides initial evidence that the potential
for threat in general, and not necessarily the #ype of threat, impacts the allocation of
attentional resources, only two different aversive stimuli (shocks and unpleasant pictures)
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were compared. Future studies should continue to examine whether the anticipation of other
types of aversive stimuli (e.g., airblasts, noises) similarly elicit comparable attentional
engagement.

All three psychophysiological measures demonstrated acceptable Cronbach’s alpha values
across both shock and unpleasant picture trials. Cronbach’s alpha for the startle reflex and
probe N100 were similar across the different aversive stimuli. In contrast, Cronbach’s alpha
for the probe P300 was better during the shock relative to unpleasant picture trials, although
both were in the acceptable range. As previously mentioned, shock level was determined
ideographically, but participants were presented with the same set of standardized unpleasant
pictures. Shocks also elicited a greater overall startle reflex, self-reported anxiety, and P300
suppression. It is possible that this ‘stronger situation” (Cooper & Withey, 2009; Lissek et
al., 2006) elicited a more uniform pattern of attentional engagement across the shock trials,
while the ‘weaker situation’ elicited by the unpleasant pictures produced greater variability
in the probe P300. Nonetheless, these results add to growing evidence that measures of
defensive motivation and attention during the NPU-threat task have good to excellent
psychometric properties (Kaye et al., 2016; Nelson et al., 2015).

In addition to the anticipation of threat, predictability also impacted attentional processing of
the actual aversive stimuli. Specifically, the P300 to the shocks and unpleasant pictures were
enhanced when presented with unpredictable, relative to predictable, timing. This finding is
consistent with previous investigations demonstrating that the P300 is larger for unexpected
stimuli (Donchin, 1981) and a broader literature on the impact of unpredictability on
enhanced sensory and attentional processing of aversive stimuli (Carlsson et al., 2006;
Dieterich et al., 2016). Together, the startle probe and aversive stimulus ERP results suggest
that unpredictability heightens motivated attention both in anticipation and during
processing of threat.

The present study had several limitations that should be taken into consideration. First, the
sample consisted of college undergraduates, which may limit the generalizability of the
results to other populations (e.g., children, clinical populations). Second, the present study
focused on temporal predictability, but there are other characteristics that can be uncertain or
unpredictable (e.g., ambiguity of content) that warrant future investigation. Third, the
unpleasant pictures consisted of threat and mutilation pictures, some of which are not
appropriate for children or adolescents. Future studies should attempt to replicate these
findings using other visual stimuli (e.g., angry and scared faces). Finally, the present study
focused on the impact of predictability on aversive stimuli; however, appetitive stimuli can
also vary in temporal predictability. Future research might leverage the flexibility of
emotional pictures and compare the impact of predictability on the anticipation of pleasant
and unpleasant pictures.

In conclusion, the present study found that predictable and unpredictable shocks and
unpleasant pictures elicited a similar pattern of defensive motivation (startle reflex and self-
reported anxiety) and attentional engagement (probe N100 and P300). However, shocks,
relative to unpleasant pictures, were a more potent elicitor of defensive motivation,
particularly for unpredictable threat. In addition, unpredictability enhanced attentional
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processing of both aversive stimuli. There has been a growing emphasis in psychological
science to establish the psychometric properties of measures used in between-subjects
analyses (Hajcak & Patrick, 2015). This study adds to this important effort and supports the
utility of the NPU-threat task in measuring different Negative Valence System constructs
(i.e., acute threat and potential threat) across multiple units of analysis (i.e., startle reflex,
probe N100 and P300, self-reported anxiety). This study provides novel evidence that
different types of aversive stimuli produce comparable attention engagement, but more
aversive threat elicits greater defensive motivation when it is temporally unpredictable.
Future studies should continue to examine these critical issues across additional measures
(e.g., TMRI), aversive stimuli (e.g., unpleasant noises), and elements of unpredictability (e.g.,
intensity).
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Figure 1.
Schematic of the shock version of the no, predictable, and unpredictable threat (NPU-threat)
task. Each condition (no threat, predictable threat, and unpredictable threat) was presented
twice during the task. The unpleasant picture version of the NPU-threat task was identical
expect that an unpleasant picture was presented for 1-s instead of receiving a shock. CD =
> countdown; ISI = interstimulus interval.
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Figure2.

Startle magnitude across different levels of stimulus (shocks vs. unpleasant pictures),
condition (no threat, predictable threat, unpredictable threat), and cue (countdown vs.

interstimulus interval). Error bars represent standard error. CD = countdown; ISI =

interstimulus interval; N = no threat; P = predictable threat; U = unpredictable threat.
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Figure 3.

Startle magnitude across different levels of stimulus (shocks vs. unpleasant pictures),
condition (no threat, predictable threat, unpredictable threat), and cue (countdown vs.
interstimulus interval) for participants who completed shock trials first (top) and unpleasant
picture trials first (bottom). Error bars represent standard error. CD = countdown; ISI =
interstimulus interval; N = no threat; P = predictable threat; U = unpredictable threat.
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Figure 4.
ERP waveforms at FCz (left) and scalp distribution (right) for the probe N100 across the

different conditions. Data were collapsed across the countdown and interstimulus interval
phases of each condition and the shock and unpleasant picture trials. The shaded regions

shows the segment (90 to 130 ms) where the N100 was scored. CD = countdown; ERP =

event-related potential; ISI = interstimulus interval; ms = milliseconds; N = no threat; P =
predictable threat; U = unpredictable threat.
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Figureb.
ERP waveforms at Pz (left) and scalp distribution (right) for the probe P300 across the

different conditions. Data were collapsed across the countdown and interstimulus interval
phases of each condition and the shock and unpleasant picture trials. The shaded regions
shows the segment (260 to 320 ms) where the P300 was scored. CD = countdown; ERP =
event-related potential; ISI = interstimulus interval; ms = milliseconds; N = no threat; P =
predictable threat; U = unpredictable threat.
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Figure 6.

Cronbach’s a for the startle reflex (top row), probe N100 (middle row), and probe P300
(bottom row) for shock (left column) and unpleasant picture (right column) trials as a
function of the number of trials across different levels of condition (no threat, predictable
threat, unpredictable threat) and cue (countdown vs. interstimulus interval). CD =
countdown; ISI = interstimulus interval; N = no threat; P = predictable threat; U =
unpredictable threat.
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Figure7.
ERP waveforms at Pz (left) and scalp distribution (right) for the P300 to the shocks across

the different conditions. The shaded region shows the segment (250 to 350 ms) where the
P300 was scored. ERP = event-related potential; ms = milliseconds; P = predictable threat;
U = unpredictable threat.
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Figure8.
ERP waveforms at pooling of Oz and Pz (left) and scalp distribution (right) for the LPP to

the unpleasant pictures across the different conditions. The shaded region shows where the
early LPP component was scored (300 to 600 ms). ERP = event-related potential; LPP = late
positive potential; ms = milliseconds; P = predictable threat; U = unpredictable threat.
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