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Abstract
Uncertainty is often associated with subjective distress and a potentiated anxiety
response. Occurrence uncertainty, or the inability to predict if a threat will occur, has
rarely been compared experimentally with temporal uncertainty, or the inability to pre-
dict when a threat will occur. The current study aimed to (a) directly compare the
anxiogenic effects of anticipating these two types of uncertain threat, as indexed by
the eyeblink startle response, and (b) assess the relationship between startle response
to occurrence and temporal uncertainty and individual differences in self-reported
intolerance of uncertainty and anxiety. The findings indicated that anticipation during
occurrence uncertainty elicited a larger startle response than anticipating a certain
threat, but anticipation during temporal uncertainty was superior at potentiating startle
blink overall. Additional analyses of the effects of order and habituation further high-
lighted temporal uncertainty’s superiority in eliciting greater startle responding. This
suggests that, while uncertainty is physiologically anxiety provoking, some level of
certainty that the threat will occur enhances the robustness of the physiological anxiety
response. However, self-reported anxiety was equivalent for temporal and occurrence
uncertainty, suggesting that, while defensive responding may be more affected by
temporal uncertainty, people perceive both types of uncertainty as anxiogenic. Indi-
vidual differences in the intolerance of uncertainty and other anxiety measures were
not related to anticipatory startle responsivity during any of the conditions.
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1 | INTRODUCTION

Uncertainty is the inability to determine a situation’s out-
come or to predict the valence, intensity, likelihood, or type
of future stimulus (Carleton, 2012). Anticipating uncertain
potential threat and adjusting cognitively (e.g., planning a
means of response) and physiologically (e.g., fight or flight
response) can be beneficial for the individual, especially
when the threat is imminent and likely to occur (Barlow,
2002; Su�arez, Bennett, Goldstein, & Barlow, 2009). In con-
trast, extreme anxiety is thought to be developed and main-
tained by excessive anticipatory processes in the face of
uncertainty (Grupe & Nitschke, 2013). For example, panic

attacks that occur unpredictably tend to substantially increase
worry about if and when a panic attack will occur, leading to
chronic anxious apprehension (Craske, Glover, & DeCola,
1995). The tendency of anxious individuals to maladaptively
anticipate uncertain threat or negative outcomes has received
substantial attention, with mounting evidence suggesting that
uncertainty is associated with heightened physiological reac-
tivity and increased recruitment of brain regions that support
the expression of arousal and negative affect, such as fronto-
limbic circuits (Grillon, Baas, Lissek, Smith, & Milstein,
2004; Grillon et al., 2006, 2008; Grupe & Nitschke, 2013;
Nelson & Shankman, 2011; Sarinopoulos et al., 2010;
Shankman et al., 2014; Williams et al., 2014). Depending
upon the manipulation, the terms uncertainty and unpredict-
ability are both used in the extant literature (Grupe &
Nitschke, 2013; Lake & LaBar, 2011). While our task
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manipulates predictability of threat, we also use the term
uncertainty in this paper to highlight our central construct of
interest, the anxious anticipation evoked by unpredictability
(Grupe & Nitschke, 2013).

One of the most common paradigms used to measure
response to uncertainty is the NPU task, which compares
threat/fear responses in temporally predictable threat (P),
temporally unpredictable threat (U), and no threat (N) condi-
tions (Grillon et al., 2004). Typically, the defensive startle
blink response is enhanced during the unpredictable condi-
tions (i.e., anxiety-potentiated startle) and during the predict-
able threat conditions (i.e., fear-potentiated startle; Schmitz
& Grillon, 2012). NPU studies of nonanxious subjects have
found an increased startle response to temporally uncertain
aversive events compared to certain threat and safe condi-
tions. The NPU paradigm has also effectively identified
heightened startle response to uncertainty in various anxiety-
related disorders, including panic disorder, posttraumatic
stress disorder, and childhood anxiety disorders (Grillon
et al., 2008, 2009; Williams et al., 2014). Recent evidence
also indicates that the NPU task also has good psychometric
properties (Kaye, Bradford, & Curtin, 2016). Thus, the NPU
paradigm appears to be a useful tool for measuring response
to uncertainty in both anxious and nonanxious populations.

Although there has been a significant amount of research
examining uncertainty, there is still a need to better charac-
terize the anxiogenic impact of various types of uncertainty,
such as the likelihood, timing, or intensity of potential threat.
The majority of studies that have measured uncertainty with
a task manipulation, such as the NPU task, have manipulated
temporal uncertainty (TU), or the inability to predict when
an aversive stimulus will occur (Grillon et al., 2004, 2008;
Lissek et al., 2005; Nelson & Shankman, 2011; Shankman,
Robison-Andrew, Nelson, Altman, & Campbell, 2011). In
contrast, relatively little is known about other aspects of
uncertain threat, such as uncertainty regarding the intensity
or likelihood of the threat occurring. Establishing the relative
aversiveness of these various forms of uncertainty would
inform understanding of the role each plays in the elicitation
of physiological and subjective anxiety, as well as the devel-
opment of both adaptive and maladaptive anxiety. A number
of studies have experimentally manipulated the intensity and
frequency of threat (Bradford, Magruder, Korhumel, &
Curtin, 2014; Chin, Nelson, Jackson, & Hajcak, 2016;
Dunsmoor, Bandettini, & Knight, 2007, 2008; Hsu, Bhatt,
Adolphs, Tranel, & Camerer, 2005; Marlin, Sullivan, Berk,
& Miller, 1979; Monat, Averill, & Lazarus, 1972; Shankman
et al., 2011; Williams et al., 2014). Shankman and colleagues
(2011) found that temporal uncertainty and intensity uncer-
tainty produced significantly larger startle responses than
when the aversive stimulus was predictable in both condi-
tions. Interestingly, this effect was stronger in the temporal
uncertainty condition, highlighting the affective impact of

temporally uncertain threat. Focusing on the uncertainty of
the frequency or likelihood of the aversive stimulus, Chin
and colleagues (2016) found greater startle magnitudes dur-
ing high (75%) reinforcement, or more certain, compared to
low (50%), reinforcement conditions in an associative learn-
ing study assessing response to uncertainty. However, self-
reported intolerance of uncertainty was positively correlated
with increased startle magnitudes only during the 50% rein-
forcement, or more uncertain, condition. These findings sug-
gest that, among individuals who are less tolerant of
uncertainty, not knowing if a threat will occur provokes
increases in anxiety. Overall, by examining the likelihood,
probability, and reinforcement rate of threat, these studies
provide some insight into the nuanced nature of uncertainty
and anxiety and highlight the possible relevance of occur-
rence uncertainty (OU), the inability to determine if (i.e., the
likelihood) an aversive stimulus will occur, for eliciting anx-
ious states (Bradford, Starr, Shackman, & Curtin, 2015; Chin
et al., 2016; Davies & Craske, 2015; Dunsmoor et al., 2007,
2008; Hsu et al., 2005; Monat et al., 1972; Williams et al.,
2014).

Aside from the Chin and colleagues (2016) study, how-
ever, occurrence uncertainty has rarely been studied in
humans; therefore, it is not yet well established how impact-
ful occurrence uncertainty is for eliciting state anticipatory
anxiety, nor what role it plays in the development of chronic
and clinical anxiety. Although temporal uncertainty and
occurrence uncertainty are similar in the underlying assump-
tion that threat is more salient when it is not predictable, fur-
ther research is needed to determine whether temporal and
occurrence uncertainty are equally anxiety provoking. To the
best of our knowledge, only two studies to date have directly
compared temporal and occurrence uncertainty experimen-
tally (Davies & Craske, 2015; Monat et al., 1972). Davies
and Craske (2015) manipulated both temporal and occur-
rence uncertainty and found that startle blinks were largest in
the most certain (100% reinforcement, temporally predict-
able) and most uncertain (50% reinforcement, temporally
unpredictable) conditions. Notably, this task differed from
the typical NPU in a few ways. First, the temporal predict-
ability manipulation was a between-groups design; one group
received only temporally predictable shocks and the other
only temporally unpredictable shocks. As a result of this
unique between-subjects design, the temporally unpredict-
able group did not receive a certain threat condition. There-
fore, the authors were unable to directly compare either type
of uncertain threat with certain threat. Their design also used
a much longer anticipation period (30–60 s) than the typical
NPU task (6–10 s; Grillon et al., 2004, 2006, 2009; Moberg
& Curtin, 2009; Nelson & Shankman, 2011). Thus, we
sought to directly compare temporal uncertainty and occur-
rence uncertainty with certain threat (and safety) in a within-
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subject design using anticipation period timing more similar
to typical NPU designs.

Monat and colleagues’ design also differed from the
standard NPU in two key ways. First, they used a relatively
long anticipation period and found that, depending on the
modality used and when anxiety was assessed, there were
marked differences in the potency of temporal and occur-
rence uncertainty. For example, although they found that
temporal uncertainty elicited a larger anxiety response (skin
conductance and relax-tension ratings) than occurrence
uncertainty early in their task’s anticipation period, occur-
rence uncertainty produced a larger anxiety response (skin
conductance, heart rate change, and relax-tension ratings)
later in the anticipation period. While understanding res-
ponses to enduring periods of uncertainty is important, this
design also complicates interpretation because sensitivity to
uncertainty may vary depending on how distant or imminent
the threat is likely to be. Second, their design was con-
founded by the fact that in the temporal uncertainty condi-
tions participants always received the shock after 3 min had
transpired, which was the same time that the certain and
occurrence uncertainty shocks were delivered. Thus, the tem-
poral uncertainty became somewhat certain after the partici-
pant experienced repeated trials. Our study was designed to
eliminate this confound by varying the time of delivery of
the shock in the temporal uncertainty condition.

In sum, because of uncertainty’s potential role in the
development of anxiety problems, there is a clear need to
address this gap in the literature and further clarify what
types of uncertainty are most anxiety provoking (Carleton,
Collimore, & Asmundson, 2010; Carleton et al., 2012;
Dugas, Buhr, & Ladouceur, 2004; Grupe & Nitschke, 2013).

1.1 | The current study

The current study directly compared anxiety elicited by tem-
poral and occurrence uncertainty by measuring the magni-
tude of the startle blink response and self-reported anxiety
while participants were under threat of potential shock in
four brief anticipation conditions: (a) temporal uncertainty,
or uncertainty as to when a potential threat would occur; (b)
occurrence uncertainty, or uncertainty as to if a potential
threat would occur; (c) certain threat, or absolute certainty a
threat would occur at a given time; and (d) safe, in which no
aversive stimulus occurred. Replicating and extending prior
work, we predicted that the startle response during the antici-
pation period would be significantly potentiated during
uncertain conditions (occurrence and temporal) compared to
predictable threat and safe conditions, and that the startle
response would be significantly larger during the anticipation
period for certain threat compared to safe trials (Grillon
et al., 2004, 2006, 2008; Shankman et al., 2011). Based on
findings from Chin and colleagues (2016) that more certain

(75% reinforcement) threat elicited larger startle responses
compared to less certain (50% reinforcement) threat, we pre-
dicted that temporal uncertainty would elicit more anticipa-
tory anxiety (i.e., larger startle response) than occurrence
uncertainty. We predicted that self-reported anxiety during
the different conditions would show the same pattern, great-
est during temporal uncertainty, followed by occurrence
uncertainty, certain threat, and safety. We also measured
relationships between anticipatory anxiety during uncertain
(occurrence and temporal) and certain threat with self-
reported intolerance of uncertainty, state anxiety, trait anxi-
ety, negative affect, and worry.

In addition to our primary research question comparing
the anxiogenic effects of anticipation of temporal and occur-
rence uncertainty, we examined whether physiological anxi-
ety carries over into the safe period following threat, and
whether this differs as a function of type of uncertain threat.
To do so, we altered the standard NPU task to isolate the
anticipation and intertrial interval (ITI) periods. In most stud-
ies using the NPU paradigm, the aversive stimulus during
unpredictable threat is explicitly unpaired from cue stimuli
and can occur at any time, whereas during predictable threat,
the aversive stimulus will never occur during the ITI
(Grillon, 2002; Grillon et al., 2004, 2008; Nelson & Shank-
man, 2011; Shankman et al., 2011). In the current study, the
aversive stimulus occurred only at the end of an anticipation
period and never during the ITI. This allowed us to test phys-
iological anxiety elicited both by anticipation of uncertain
threat, whether that anxiety carries over into the safe ITI peri-
ods in these conditions, and whether any carryover differs as
a function of type of uncertainty.

2 | METHOD

2.1 | Participants

Fifty-one undergraduate students from the University of
Wisconsin-Milwaukee completed the study for course extra
credit and a $15 Amazon gift card. Participants were at least
18 years old, proficient in English, and had no visual or hear-
ing impairments (corrected vision was acceptable). Data
were collected from 51 participants with a final sample size
of 42 (30 female; Mage5 20.8, SDage5 0.71). Four partici-
pants were dropped due to data collection errors, two due to
file corruption, and three were classified as nonresponders
for the startle eyeblink response (Bradford et al., 2015). All
participants provided written informed consent. Prior to
conducting the study, a power analysis was conducted to
determine the required sample size. Assuming a small to
moderate effect size (partial h25 .37) from Nelson and
Shankman’s (2011) study, a power of 0.95 and alpha of 0.05
yielded a required sample size of 31. A post hoc power
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analysis with a total sample size of 42 and a small effect size
(partial h25 .29) yielded a power of 0.94.

2.2 | Materials and procedure

2.2.1 | Procedure

Prior to the start of the task, participants underwent a shock
threshold work-up to determine the level of electrical stimu-
lation to be used throughout the task and completed a startle
habituation procedure. Next, participants completed two runs
of four blocks of the certain-uncertain threat task. Each block
contained trials from one condition: certainty (C), occurrence
uncertainty (OU), temporal uncertainty (TU), or safe (S).
Physiological defensive responding (i.e., physiological anxi-
ety) was measured as the magnitude of eyeblink responses to
acoustic startle probes during the anticipation and ITI peri-
ods. At the end of each block, participants rated their level of
subjective anxiety. After finishing the task, participants com-
pleted questionnaires assessing intolerance of uncertainty,
anxiety, and worry.

2.2.2 | Shock administration

Participants first completed a shock work-up to identify an
individually titrated painful, but tolerable, level of electrical
stimulation (i.e., a shock) to be used throughout the experi-
ment. Shocks were delivered using Psychlab’s SHK1 Pain
Stimulation Shocker (Contact Precision Instruments, Cam-
bridge, MA). Stimulation was delivered via two sensors
placed approximately 2 in. above the right ankle (using
double-sided tape and conductive gel). Participants were told
that they would receive a mild electric shock and would be
asked to rate it from 1 to 10, 1 being didn’t feel anything,
and 10 being painful, but tolerable. The goal was to work up
to a level that the participant subjectively rated as a 10: pain-
ful, but tolerable. Once that shock level was established,
shock was set at that level for the duration of task; the partic-
ipant could increase or decrease the level at any point in the
study if they became too uncomfortable or habituated to the
shock. One participant increased their shock level from 100
to 120 units (1.96 mA to 2.35 mA) during a break because
they habituated to the shock. Their data were included in
analyses. All other participants maintained their initial shock
level.

2.2.3 | Startle habituation

Once the shock work-up was completed, participants then
began a startle habituation procedure. Consistent with past
research, this process was used to habituate the participants
to the startle probes to prevent biased (excessively large)
startle responses in the first few trials of the task (Blumenthal

et al., 2005). Two sensors were applied below the left eye to
measure the startle response. This response was measured
while participants were presented nine 50 ms, 102 dB white
noise startles through Bose noise-cancelling headphones.
There was an 8–12 s ITI between each startle probe. Immedi-
ately after startle habituation, participants began the task.

2.2.4 | Occurrence uncertainty versus
temporal unpredictability task

To create an anticipation period prior to delivery of the elec-
trical stimulation (or lack thereof), participants viewed “load-
ing bars” that slowly filled over the course of the anticipation
period. These loading bars and associated instructions speci-
fied whether the trial was safe or there was a threat of shock
during or at the end of the anticipation period. The task was
blocked by condition, and the start of each trial featured a
cue slide that explicitly stated which of the four conditions
the participant was currently completing. The condition cue
was replaced by a fixation cross after the anticipation period
ended. Each trial’s anticipation period consisted of a loading
bar that filled over the course of up to 10 s (Figure 1). The
four conditions included (a) certain threat (C), with a shock
always occurring at the end of the loading bar (10 s); (b)
temporal uncertainty (TU), with a shock always occurring at
a random time between 2 s and 10 s during the loading bar’s
random filling (i.e., the bar “jumped” from spot to spot con-
tinuously); (c) occurrence uncertainty (OU), with a 50%
chance of a shock occurring at the end of the loading bar
(10 s); and (d) safe (S), with no shocks throughout or at the
end of the loading bar anticipation period (10 s).

The task included eight blocks, each of which contained
five trials of a single condition, for a total of 40 trials, 10 per
condition. Similar to the Schmitz and Grillon (2012) NPU task,
we used two counterbalanced run orders: TU-S-C-OU-OU-C-
S-TU and OU-C-S-TU-TU-S-C-OU. There was a 5-min break
in between the first and second half of the blocks (after four
blocks). Each trial lasted for a maximum of 35 s and contained
one startle probe during the loading bar anticipation period and
one during the ITI, which varied between 9 s and 24.5 s. There
were a total of 12 startle probes per condition, six during the
bar, and six during the ITI, for a total of 48 startle probes over-
all (Table 1). Each startle probe was timed in such a way that
there would always be at least 10 s between startle probes and
at least 10 s following the aversive event (i.e., shock) to avoid
the possibility of participants desensitizing to the startle probe
(Grillon et al., 2008). Shock was delivered in each of the tem-
poral uncertainty (TU) and certain (C) trials and in 50% of the
occurrence uncertainty (OU) trials, and no shocks were deliv-
ered during the safe (S) trials. Thus, there was a maximum of
15 shocks per run and 25 shocks overall (Table 1). Shocks
were never delivered during the ITI of any condition.
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2.2.5 | Eyeblink startle collection

Peak raw startle eyeblink amplitudes were the primary
dependent variable, consistent with previous startle eyeblink
investigations (Bradford et al., 2015; Grillon et al., 2004,
2009; Nelson, Hajcak, & Shankman, 2015; Nelson & Shank-
man, 2011). Startle response data were measured using a
BioNomadix 2Ch EMG Receiver (Biopac Systems, Goleta,
CA) from two 4-mm Ag/AgCl sensors placed below the left
eye, over the orbicularis muscle. One sensor was placed
1 cm below the pupil and the other 1 cm toward the outer
canthi of the left eye. The ground sensor was placed in the
center of the forehead. Blinks were recorded and processed
using Biopac’s Acqknowledge software according to guide-
lines presented by Blumenthal and colleagues (2005). Eye-
blink startle EMG was filtered online using a 5–500 Hz
band-pass filter, filtered offline using a 28 Hz high-pass filter

(4th order Butterworth), rectified, and filtered offline using a
30 Hz low-pass filter (4th order Butterworth). Peak ampli-
tudes were measured in the 20–200 ms time window follow-
ing the white noise startle probe. Trials were rejected if there
was greater than a6 40 lV deflection in the 50-ms baseline
period. Blinks were visually inspected and were removed
from analyses if the startle response did not begin and end
within the 20–200 ms time window. An average of 5.61
(SD5 0.46) startle responses per condition were used for
analysis. The number of trials dropped during the ITI period
significantly varied by condition, F(3, 123)5 3.872, p< .02,
hp
25 .086, such that more OU trials were dropped compared

to C trials, p< .05. Rejected trials during the anticipation
period did not vary by condition. Participants were deter-
mined to be nonresponders (N5 3) if mean startle response
was below 5 lV (Bradford et al., 2015). Raw startle blink
amplitudes are reported. The findings were not different for
T scores, so those are not presented here.

2.2.6 | Subjective ratings

At the end of each block, participants completed short sub-
jective ratings to gauge their emotions during the task. They
were asked to rate on a scale of 1 to 7 how anxious they felt
during the preceding block of trials and how aversive the
electrical stimulation felt during that block. These subjective
ratings were used as a manipulation check to determine if the
electrical stimulation was perceived as aversive, consistent
with previous research using an NPU paradigm (Nelson &
Shankman, 2011).

FIGURE 1 Example of the four task condition anticipation periods while loading bars are filling. (a) Certainty (C). Participants were shocked when
the bar completely filled (100% purple). (b) Temporal uncertainty (TU). Participants were always shocked (100%), but the shock could occur at any time
while the bar is filling. (c) Occurrence uncertainty (OU). Participants may or may not have been shocked (50% shock rate) when the bar completely filled.
(d) Safe (S). Participants were not shocked at any point during the trial. Shocks were never presented during the ITI for any condition

TABLE 1 Task conditions

Condition
Bar
length Trials Shocks Startles

Certainty (C) 10 s 10 10 12

Temporal uncertainty (TU) 2 s–10 s 10 10 12

Occurrence uncertainty (OU) 10 s 10 5 12

Safe (S) 10 s 10 0 12

Total 40 25 48

Note. C5 certain shock, certain time; TU5 certain shock, uncertain time;
OU5 uncertain shock, certain time; S5 no shock (safe).
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2.2.7 | Intolerance of uncertainty

The Intolerance of Uncertainty scale (IUS; Buhr & Dugas,
2002; Freeston, Rh�eaume, Letarte, Dugas, & Ladouceur,
1994) was used to measure participants’ level of intolerance
of uncertain threats, situations, and outcomes with a total
score and two factors validated by Sexton & Dugas (2009):
“uncertainty has negative behavioral and self-referent implica-
tions” and “uncertainty is unfair and spoils everything.” The
IUS has good test-retest reliability at a 5-week interval
(r5 .74), excellent internal consistency (a5 .94), and good
internal and external validity with measures of anxiety,
depression, and worry (Buhr & Dugas, 2002). Our sample’s
IUS total scores ranged from 31 to 96 (M5 63.31,
SD5 17.15). The 12-item version of the IUS (Carleton, Nor-
ton, & Asmundson, 2007), which includes the prospective IU
and inhibitory IU factors, was also used in order to fully cap-
ture individual differences in intolerance of uncertainty. The
12-item version of the IUS has excellent internal consistency
(a5 .91), and good internal and external validity with meas-
ures of anxiety, depression, and worry (Carleton et al., 2007).
Our sample’s IUS-12 total scores ranged from 13 to 45
(M5 28.38, SD5 8.02).

2.2.8 | Anxiety, worry, and negative affect

The trait scale of the State-Trait Anxiety Index (STAI-T) was
used to measure participants’ level of trait anxiety (Spielberger,
1970), with scores that ranged from 20 to 64 (M5 39.76,
SD5 8.85). The STAI-T has good test-retest reliability
(r5 .76–.84), excellent internal consistency (a5 .86–.92), and
adequate internal and external validity (Barnes, Harp, & Jung,
2002; Spielberger, 1970). The Penn State Worry Questionnaire
(PSWQ) was administered to measure participants’ trait worry,
and has been shown to have excellent test-retest reliability
(r5 .74–.93), excellent internal consistency (a5 .86–.95), and
good internal and external validity (Brown, Antony, & Barlow,
1992; Meyer, Miller, Metzger, & Borkovec, 1990; Molina &
Borkovec, 1994). Our sample’s PSWQ scores ranged from 23
to 69 (M5 48.52, SD5 11.57). The negative affect subscale of
the Positive and Negative Affect Schedule (PANAS-NA) was
used as a measure of negative affect (Watson, Clark, & Telle-
gen, 1988), with scores that ranged from 10 to 36 (M5 13.88,
SD5 4.95) in our sample. The PANAS-NA has good test-
retest reliability (r5 .84–.87), good internal consistency
(a5 .85), and good internal and external validity with meas-
ures of depression, anxiety, and stress (Crawford & Henry,
2004; Watson et al., 1988).

2.2.9 | Data analysis

To understand whether the startle responsivity during uncer-
tain conditions differed from that during certain and safe

conditions, and which uncertain condition was more anxiety
provoking, we conducted a one-way repeated measures anal-
ysis of variance (ANOVA) with condition as a factor (TU,
OU, C, S) on startle responses during the anticipation period.
An ANOVA of the same design was also calculated for the
ITI period. We also computed threat potentiation difference
scores (TU-S, OU-S, C-S) and conducted a one-way
ANOVA comparing threat potentiation for the three threat
conditions during the anticipation period. For the self-report
data, we calculated a one-way repeated measures ANOVA
with condition as a factor (TU, OU, C, S) for the end-of-
block subjective anxiety ratings. A second identical ANOVA
was conducted for ratings of shock aversiveness. All follow-
up comparisons for each ANOVA were Bonferroni cor-
rected, such that reported p values are products of the raw p
value and the number of comparisons (as implemented in
SPSS; Bland & Altman, 1995).

In order to understand individual differences in respon-
sivity to uncertain threat, bivariate correlations were com-
puted for the relationship between intolerance of uncertainty
(IUS), trait anxiety (STAI-T), worry (PSWQ), negative affect
(PANAS-NA), and the anticipation startle response during
certain and uncertain conditions.

3 | RESULTS

3.1 | Self-reported anxiety
and shock aversiveness

Repeated measures ANOVAs were conducted to determine
whether the shock manipulation influenced self-reported anx-
iety and shock aversiveness (pain). For self-reported anxiety,
there was a main effect of condition, F(3, 120)5 67.41,
p< .0001, hp

25 .628. Pairwise comparisons revealed that
participants rated feeling more anxious in the TU and OU
conditions (no difference between these conditions) than in
the S condition and C condition, which in turn was rated as
more anxiety provoking than the S condition, ps< .001 (Fig-
ure 2). Results also indicated a main effect of condition on
shock-related self-reported shock aversiveness, F(3, 120)5
167.46, p< .0001, hp

25 .807. Participants reported signifi-
cantly less shock-related pain in the S condition compared to
all threat conditions, ps< .0001 (Figure 2). There were no
significant differences among the threat conditions, ps> .18.

3.2 | Eyeblink startle response:
Anticipation period

A within-subject ANOVA was conducted to examine the
effect of condition during the bar anticipation period. Results
revealed a main effect of condition, F(3, 123)5 16.34,
p< .0001, hp

25 .285. Pairwise comparisons indicated that
startle responses during the TU anticipation period were
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significantly larger than those for the OU, C, and S condi-
tions, ps< .0001 (Figure 3). Startle responses were also
larger during the OU anticipation period compared to the C,
p< .012, but not S anticipation periods, p5 .44. Startle
response did not differ for C and S anticipation periods,
p> .99.

In a second ANOVA, we examined whether startle
response potentiation (threat minus safe) differed between
the three threat anticipation conditions. There was a main
effect of condition, F(2, 82)5 21.99, p< .0001, hp

25 .349.
As with the raw amplitude findings, startle response potentia-
tion (threat minus safe) during the TU anticipation period
was significantly larger than during the OU and C condi-
tions, ps< .002. Startle response potentiation during the OU
anticipation period was significantly greater than the C
anticipation period, p< .005.

3.3 | Eyeblink startle response: ITIs

An ANOVA comparing the four conditions was conducted
for the ITI period to examine potential physiological anxiety-
related carryover effects into the always-safe intertrial inter-
val. There was a significant main effect of condition, F(3,
123)5 3.10, p< .05, hp

25 .070. Post hoc tests indicated that
there was a trend toward a greater startle response during the
TU block ITIs, compared to during C block ITIs, p5 .051

(Figure 3). However, this trend failed to survive correction
for multiple comparison. No other conditions were different
from each other after correction, ps> .20.

3.4 | Habituation and order effect startle
analyses: Anticipation period

The omnibus ANOVA revealed a surprising null finding, the
lack of greater startle response during the anticipation period
for certain threat compared to safety. We examined whether
this may be due to an order effect. To test this, we ran a Con-
dition (TU, OU, C, S) 3 Order (2 orders) 3 Half (first, sec-
ond) mixed model ANOVA on startle blink magnitudes from
the anticipation period (i.e., Order 1, Half 1; Order 1, Half 2;
Order 2, Half 1; and Order 2, Half 2). As expected, based on
the initial ANOVA, which did not incorporate order or half
as factors, we found a main effect for condition, F(3, 114)5
16.62, p< .001, hp

25 .304. Post hoc tests indicate that the
initial pattern of findings remains: startle responses during
TU were larger than those during OU, C, and S, ps< .01;
startle responses during OU were larger than startle during
C, p< .01, but not S, p5 .085; and C startle was not larger
than S startle, p> .05. There was also a main effect of
half, F(1, 38)5 56.45, p< .001, hp

25 .598, such that blinks
across all conditions were larger during the first than second

FIGURE 2 (a) Shock pain ratings recorded at the end of each block. (b) Anxiety ratings recorded at the end of each block. Comparisons were Bonfer-
roni corrected. C5 certain; OU5 occurrence uncertainty; TU5 temporal uncertainty; S5 safe. *p< .0001

FIGURE 3 (a) Raw startle blink amplitudes during the anticipation period (while loading bars are filling). (b) Raw startle blink amplitudes during the
ITI period (always safe). Comparisons were Bonferroni corrected. C5 certain; OU5 occurrence uncertainty; TU5 temporal uncertainty; S5 safe.
*p< .05; **p< .0001;1p5 .051
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half of the task, p< .001. There was no main effect of order,
F(1, 38)5 0.44, p> .51, hp

25 .011.
In addition to these main effects, there was also a signifi-

cant three-way interaction between condition, half, and order,
F(3, 114)5 8.06, p< .001, hp

25 .175. This interaction indi-
cated that the main effect of condition we observed in the ini-
tial ANOVA (not collapsed across order and half) may be
due to the order of conditions and habituation across the
task. To decompose the three-way interaction, four ANOVAs
examining the main effect of condition were conducted for
each half (first, second) of both orders. Each of these four
ANOVAs yielded a main effect of condition, Fs> 3.89,
ps< .04; however, the pattern differed depending upon the
order of the conditions (order) and time during the task
(half). We first present the results for each of the four
ANOVAs, then briefly summarize the key patterns that
emerged when considered jointly.

The main effect of condition in the first half of Order 1
(TU-S-C-OU), F(3, 54)5 10.298, p< .001, hp

25 .364, was
due to larger startle responses during the TU condition than
all other conditions, ps< .02 (Figure 4a). The main effect of
condition for the second half of Order 1 (OU-C-S-TU), F(3,
60)5 3.889, p< .05, hp

25 .163, was driven by significantly
larger startle blinks during TU compared to C, p< .005
(Figure 4a), but not OU or S, ps> .15. Moving to Order 2,
the condition main effect for the first half (OU-C-S-TU),
F(3, 60)5 6.662, p< .005, hp

25 .250, indicated that startle
response during the OU condition was significantly larger

than that during the C and S conditions, ps< .05 (Figure 4b).
While mathematically TU was larger than C and S, these
comparisons did not reach statistical significance (ps> .07).
TU and OU did not differ, p> .99. Lastly, the main effect of
condition for the second half of Order 2 (TU-S-C-OU), F(3,
60)5 9.266, p< .005, hp

25 .317, was due to significantly
larger startle responses during TU than OU and C, ps< .05,
and approaching significance over the S condition, p5 .053
(Figure 4b).

Considered in aggregate, three key patterns emerge from
these four ANOVAs. First, we continued to find that certain
threat (C) was not significantly greater than safe conditions
(S), ps> .65, regardless of order or half. Thus, the lack of
startle potentiation for certain threat versus safety was not
due to order or habituation effects. Second, across order and
time, temporal uncertainty (TU) generally produced the most
robust potentiation of startle. With the exception of one
Order 3 Half combination (Order 2, first half), TU startle
responses were significantly larger in general (although not
larger than all other conditions in every ANOVA, see follow-
ing paragraph). This further supports the strongly anxiogenic
properties of TU. Lastly, in contrast to temporal uncertainty,
occurrence uncertainty (OU) only led to potentiation of star-
tle compared to C and S in one of the four ANOVAS, during
the first half of Order 2, ps< .05. In this order, OU was the
first condition presented (OU-C-S-TU). Thus, the initial find-
ing that OU elicited greater startle blink than certain threat
and safety may have been due to an order effect.

FIGURE 4 (a) Raw startle blink amplitudes during the anticipation period (while loading bars are filling) of Order 1. (b) Raw startle blink amplitudes
during the anticipation period of Order 2. The blocks are presented, in order, to show habituation within and across each order as a way to understand the
significant three-way interaction between condition, half, and order. Comparisons were Bonferroni corrected. C5 certain; OU5 occurrence uncertainty;
TU5 temporal uncertainty; S5 safe. *p< .05
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3.5 | Habituation and order effect startle
analyses: ITI

A Condition (TU, OU, C, S) 3 Order (2 orders) 3 Half
(first, second) mixed model ANOVA on startle blink magni-
tudes from the ITI period was run to examine habituation
across blocks and any potential condition order effects during
the ITI period. Results indicated that there was a main effect
of condition, F(3, 120)5 3.288, p< .05, hp

25 .076, and half,
F(1, 40)5 26.83, p< .001, hp

25 .401, such that startle dur-
ing TU was greater than during C, p< .05, and startle during
the first half was greater than during the second half of the
task, p< .001. There were no significant interactions,
ps> .25.

3.6 | Habituation and order effect analyses
for self-reported anxiety

In light of the significant interaction of Condition 3 Order
3 Half for the anticipation period startle blink data, we were
also curious as to whether the subjective anxiety ratings may
also be impacted by the effects of order and time. To test
this, we ran an identical Condition (TU, OU, C, S) 3 Order
(2 orders) 3 Half (first, second) mixed model ANOVA on
self-reported anxiety. The test revealed a main effect for con-
dition, F(3, 117)5 72.38, p< .001, hp

25 .650. The pattern of
findings was identical to that from the ANOVA collapsed

across order and half, such that self-reported anxiety during
TU was greater than anxiety during C and S, ps< .001, anxi-
ety during OU was greater than during C and S, ps< .001,
anxiety during C was greater than during S, p< .001, and
anxiety during TU and OU did not differ, p> .14. There was
also a main effect of half, F(1, 39)5 11.46, p< .005,
hp
25 .227, such that anxiety ratings across all conditions

were higher during the first than second half of the task,
p< .005. There was no main effect of order, F(1, 39)5 0.19,
p> .66, hp

25 .005. All follow-up comparisons were Bonfer-
roni corrected.

In addition to these main effects, there was also a signifi-
cant interaction between condition and order, F(3, 117)5
3.62, p< .03, hp

25 .085, and a three-way interaction bet-
ween condition, half, and order, F(3, 117)5 3.56, p< .03,
hp
25 .084. To deconstruct the three-way interaction, four

ANOVAs examining the main effect of condition were con-
ducted for each half of both orders (i.e., Order 1, Half 1;
Order 1, Half 2; Order 2, Half 1; and Order 2, Half 2)
(Figure 5). All four ANOVAs yielded a main effect of condi-
tion, Fs> 15.93, ps< .001. While the existence of the Con-
dition 3 Order 3 Half interaction does indicate some order
and time effects, in general across all four ANOVAs, subjec-
tive anxiety was highest for both types of uncertainty, fol-
lowed by certain threat, and all threat conditions tended to
elicit more anxiety than safety. In all four ANOVAs, anxiety
ratings during both types of uncertain threat (TU and OU)

FIGURE 5 Anxiety ratings recorded at the end of each block of Order 1 (a) and Order 2 (b). The blocks are presented, in order, to show habituation
within and across each order as a way to understand the significant three-way interaction between condition, half, and order. Comparisons were Bonferroni
corrected. C5 certain; OU5 occurrence uncertainty; TU5 temporal uncertainty; S5 safe. *p< .05
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were significantly larger than S, ps< .005. Certain threat
anxiety ratings were also larger than S in all of the order-half
combinations, ps< .001, except Order 2, Half 1 (OU-C-S-
TU), in which it did not reach statistical significance,
p5 .076. Anxiety ratings during OU were also larger than
during C in all order-half combinations, ps< .05, except
Order 2, Half 1 (OU-C-S-TU), p> .99. In comparison, TU
anxiety ratings were significantly larger than those during C
in Order 1, Half 2 (OU-C-S-TU), and Order 2, Half 1 (OU-
C-S-TU), ps< .02, but failed to reach statistical significance
in the other two combinations, ps> .14. Lastly, TU ratings
were significantly larger than OU ratings in only Order 2,
Half 1 (OU-C-S-TU), p< .01. All follow-up comparisons
were Bonferroni corrected.

3.7 | Relationships between
anticipation period startle responding
and self-report indices

There were no significant correlations between startle
response for any condition (aggregated across half and each
half separately) with self-reported intolerance of uncertainty,
including the total score and the two factors from both the
27-item version and 12-item version of the IUS, ps> .19.
There were also no significant correlations between intoler-
ance of uncertainty and startle response potentiation (threat
minus safe difference scores) for any of the threat conditions,
ps> .73. Finally, there were no significant correlations bet-
ween measures of anxiety (STAI-T), worry (PSWQ), and
negative affect (PANAS-NA) with startle response or threat-
minus-safe startle potentiation for any condition, ps> .05.

4 | DISCUSSION

The current study examined the anxiogenic effects of the
anticipation of occurrence uncertainty and temporal uncer-
tainty. We directly compared temporal uncertainty to occur-
rence uncertainty, finding that temporal uncertainty was
superior in eliciting anxiety-potentiated startle responsivity.
The findings support the extant literature indicating that
uncertainty associated with not knowing when an aversive
event will occur (temporal uncertainty) is a particularly
potent elicitor of physiological anxiety (Grillon, 2008;
Grillon et al., 2004, 2008, 2009; Nelson & Shankman, 2011;
Shankman et al., 2011). Our results further reinforce the anx-
iogenic properties of uncertainty more broadly. Although
startle responsivity during occurrence uncertainty was
smaller than that for temporal uncertainty and not signifi-
cantly larger than that for the safe condition, it was signifi-
cantly larger than when anticipating certain threat. However,
order effect analyses revealed that occurrence uncertainty
startle responsivity was only larger than certain threat when

it was the first condition of the task. This suggests that occur-
rence uncertainty is not robust to order effects and is more
susceptible to habituation across the task. However, partici-
pants report experiencing both temporal and occurrence
uncertainty as equally anxiety provoking, and more anxiety
provoking than certain threat. Thus, occurrence uncertainty,
an understudied type of uncertainty, also appears to be an
important aspect of uncertainty relevant for evoking anxiety.
Somewhat unexpectedly, we found that anticipatory startle
response during certain and safe conditions was not different
(although subjective ratings of the two conditions did differ).
Although these findings were not anticipated, this lack of dif-
ference was consistent for both orders and across the dura-
tion of the task. Finally, we did not find strong evidence for
the carryover of physiological anxiety after the end of the
anticipation period in any condition, nor did we find that
startle blink during anticipation of uncertain threat was asso-
ciated with self-reported intolerance of uncertainty, trait anxi-
ety, worry, and negative affect.

4.1 | Disentangling temporal
and occurrence uncertainty

To the best of our knowledge, there have been only two
other studies that directly compared occurrence uncertainty
and temporal uncertainty, also doing so with nonclinical stu-
dent samples (Davies & Craske, 2015; Monat et al., 1972).
Davies and Craske found that the conditions with the most
certainty (100% reinforcement, temporally predictable) and
the most uncertainty (50% reinforcement, temporally unpre-
dictable) elicited the largest startle responses. Unlike their
study, we did not include a combined temporal and occur-
rence uncertainty condition (50% reinforcement, temporally
unpredictable), so we were unable to test whether this com-
bined uncertainty also elicited larger startle responding in a
within-group design. However, it should be noted that startle
responses during their temporal uncertainty condition (100%
reinforcement, temporally unpredictable) did not differ from
the combined temporal and occurrence uncertainty condition,
thus it is possible that temporal uncertainty may be the key
element driving defensive responding. Results from Monat
and colleagues’ study showed that early in their task’s antici-
pation period (first 60 s), temporal uncertainty produced a
larger, sustained anxiety-related response (measured by skin
conductance and retrospective relax-tension ratings) than
occurrence uncertainty, as well as certain and safe condi-
tions. In contrast, they found that, just prior to the end of the
anticipation period (last 60 s), occurrence uncertainty pro-
duced a larger anxiety-related response than temporal uncer-
tainty (measured by skin conductance, heart rate change, and
relax-tension ratings), supporting our assertion that, although
temporal uncertainty produces a robust sustained anxiety
response, occurrence uncertainty also elicits anxiety.
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Our finding that defensive startle blink responding is
enhanced in uncertain conditions in which the threat will def-
initely occur (as is the case for TU) is consistent with find-
ings that temporal and spatial proximity (i.e., increased
likelihood/certainty) trigger a more potent anxiety response.
Indeed, previous literature examining the time course of
physiological anticipatory anxiety has shown that, during
anticipation of an aversive stimulus, threat potentiation of
startle blink is not evident until just prior to the onset of the
threat; in other words, the physiological anticipatory anxiety
dramatically increases as the threat becomes more temporally
certain to occur (Grillon, Ameli, Goddard, Woods, & Davis,
1994; Grillon, Ameli, Merikangas, Woods, & Davis, 1993).
Nonhuman animal research has also supported the assertion
that a defensive response pattern is governed by the physical
distance of the threat, such that anxiety (e.g., defensive freez-
ing) is initially produced in the presence of distal threat, and
significantly increases as the threat becomes more imminent
(Blanchard, Yudko, Rodgers, & Blanchard, 1993; Bolles &
Fanselow, 1980; Davis, Walker, Miles, & Grillon, 2010;
Fanselow, 1986). Thus, enhanced signaling that a threat is
likely to occur, yet temporally unpredictable, and is increas-
ingly imminent as time passes (e.g., temporally uncertain
shock), may elicit defensive responding more strongly than
introducing uncertainty about whether it will occur, particu-
larly in nonanxious individuals.

Interestingly, participants’ self-reported anxiety at the
end of each block indicated that anticipating both types of
uncertain shock felt equally anxiety provoking, and more
anxiety provoking than anticipating certain threat. Thus, our
results suggest that uncertain timing of threat may be espe-
cially anxiogenic for robust “primitive” physiological defen-
sive responding, while both types of uncertain threat are
experienced subjectively the same. Although a lack of coher-
ence in self-report and physiological responding may seem
unusual, the evidence for consistency among multimethod
measures of emotion is actually mixed (Grillon et al., 2009;
Mauss, Levenson, McCarter, Wilhelm, & Gross, 2005).
Moreover, this inconsistency of self-report and startle respon-
sivity is common among NPU and uncertainty-related studies
(Chin et al., 2016; Grillon, Levenson, & Pine, 2007; Grillon
et al., 2008, 2009; Shankman et al., 2011).

Four possible methodological considerations should be
taken into account. First, an alternate interpretation of the
distinction between temporal uncertainty and occurrence
uncertainty is that the significantly larger startle responsivity
in the temporal uncertainty condition is merely the result of
more aversive shocks being delivered in that condition, that
is, shock sensitivity (Chin et al., 2016; Davis, 1989). How-
ever, it does not seem that a greater number of shocks is
always associated with greater startle blink responding. In
fact, Bradford and colleagues (2014) showed that having
more shocks (15) in a 100% probability condition produced

less anticipatory startle responsivity than having fewer
shocks (3) during a 20% probability condition with the num-
ber of trials held constant. These results, coupled with previ-
ous findings suggesting that occurrence uncertainty and
temporal uncertainty produce unique physiological and self-
reported anxiety-related responses (Davies & Craske, 2015;
Monat et al., 1972), suggest that the observed difference in
startle responsivity between these two types of uncertainty is
not due to the difference in the quantity of shocks.

Second, our analyses indicate that the difference between
temporal and occurrence uncertainty is in part explained by
the order and time during the task when each uncertain con-
dition was presented. Order and time effects clearly influ-
enced startle responding to occurrence uncertainty. In
contrast, startle response during temporal uncertainty was rel-
atively robust regardless of when it was presented during the
task. Therefore, it is clear that, although occurrence uncer-
tainty is susceptible to timing and order effects, startle
responsivity during the anticipation of temporally uncertain
threat is more reliable.

Third, the visual uniqueness of the temporal uncertainty
loading bar (i.e., jumping around unpredictably instead of
gradually) may make it difficult to determine whether the TU
results are due to this or the temporally uncertain threat itself.
There is evidence that motion induces bradycardia, suggest-
ing increased attention to movement (Simons, Detenber,
Roedema, & Reiss, 1999). However, increased attention is
associated with inhibition of startle (Bradley, Codispoti, &
Lang, 2006; Bradley, Cuthbert, & Lang, 1993), suggesting
that the greater startle blink response to TU occurred despite
potential attention-related dampening of startle blink.

Lastly, as noted previously, we did not find the typically
observed enhancement of startle blink to certain threat com-
pared to safe conditions. Although our design is consistent
with the standard NPU task in terms of the duration of the
cue period, number of startles, and timing of startles, our
design differs from the standard NPU task in another signifi-
cant way. Our task has more uncertain trials (occurrence
uncertainty plus temporal uncertainty) compared to certain
and safe trials than typical NPU studies, which tend to have
either an equal number of trials across conditions (Chin
et al., 2016; Gorka, Lieberman, Phan, & Shankman, 2016;
Gorka, Nelson, & Shankman, 2013; Gorka et al., 2017; Nel-
son, Bishop, Sarapas, Kittles, & Shankman, 2014; Nelson &
Hajcak, 2017; Nelson & Shankman, 2011; Nelson et al.,
2015; Schmitz & Grillon, 2012; Shankman et al., 2011) or
more safe trials compared to certain and uncertain trials (Bal-
lard et al., 2014; Grillon et al., 2004, 2006, 2009, 2016;
Kaye et al., 2016; Moberg & Curtin, 2009). The increased
uncertainty and reduced safety across our task may have con-
tributed to the failure to observe a difference in startle
between certain threat and safe conditions.
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4.2 | Individual differences in intolerance
to uncertainty and anticipation of different
types of uncertain threat

Individual differences in the intolerance of uncertainty may
be relevant for the way an individual differentially responds
to temporal uncertainty and occurrence uncertainty. How-
ever, the findings thus far are mixed. For example, in the
Chin and colleagues (2016) study, intolerance of uncertainty
was positively correlated with startle response during the
more uncertain condition (similar to our occurrence uncer-
tainty), rather than the less uncertain condition. This suggests
that the more intolerant a person is of uncertainty, the stron-
ger their anxiety-potentiated startle response is to uncertainty
regarding the likelihood a threat will occur. In contrast, Nel-
son & Shankman (2011) found that intolerance of uncer-
tainty was negatively correlated with startle response during
the uncertain condition, and perceived control mediated this
effect. However, in our study, individual differences in the
intolerance of uncertainty did not differentially affect how an
individual physiologically responded to uncertainty regarding
the likelihood or timing of threat. Indeed, intolerance of
uncertainty, and related constructs of anxiety, worry, and
negative affect, did not correlate with startle responsivity in
any of the uncertain or certain threat conditions. Our sample
showed sufficient variability on these individual difference
measures, suggesting that restriction of range was not a fac-
tor. It is also possible that we did not observe associations
with anxiety-related individual differences because of the
nature of this modified NPU task. The short, isolated antici-
pation periods may not provide enough time for any physio-
logical nuances reflecting mounting intolerance of
uncertainty to emerge. More research is needed to understand
how individual differences in self-reported intolerance of
uncertainty may influence differential anxious anticipation
responsivity in the face of different types of uncertainty.

4.3 | Carryover of anxiety

In a secondary analysis, we did not find much evidence
across conditions for the carryover of threat-related startle
blink-measured anxiety into the ITI period, when the task
was safe. Startle responsivity during the temporal uncertainty
condition was greater than that during the certain threat con-
dition; however, there were no other significant simple com-
parisons. Although there may have been a small carryover
effect for the temporal uncertainty condition (relative to cer-
tain threat), the overall findings suggest that our task isolated
the ITI period from the anticipation and made it effectively
safe. It should be noted, however, that startle blink ampli-
tudes were assessed fairly late in the ITI (at least 10 s, if a
shock occurred) to prevent shocks from corrupting the startle
response. Overall, fear-potentiated startle to uncertain threat

therefore may only reflect transient anxiety, dissipating once
the individual either experiences the threat or knows they are
in a safe environment and thus minimizing the potential for
carryover effects (Grillon et al., 1993; Mobbs et al., 2007;
Shankman et al., 2011).

4.4 | Conclusion

The anticipation of uncertain threat is a strong elicitor of
acute anxiety. Temporal uncertainty resulted in greater antici-
patory anxiety than certain threat, consistent with the large
body of research that uncertain threat tends to elicit anxiety
(Bradford et al., 2014; Grillon et al., 2004, 2008; Grupe &
Nitschke, 2013; Nelson & Shankman, 2011; Nelson et al.,
2015; Schmitz & Grillon, 2012; Shankman et al., 2011). Our
results further highlight the potency of the anticipation of
potential threat and underscore its importance as a key com-
ponent in the elicitation of anxiety (Bitsios, Philpott, Lang-
ley, Bradshaw, & Szabadi, 1999; Grupe & Nitschke, 2013;
Monat et al., 1972; Sarinopoulos et al., 2010). Our results
also suggest that, although the uncertainty regarding the
occurrence of a threatening stimulus is subjectively perceived
as more anxiogenic than predictable threat, a temporally
unpredictable but certain-to-occur threat elicits more potent
physiological anticipatory anxiety (i.e., startle blink respond-
ing), at least when threat is imminent.

Additional research is needed to further characterize the
aspects of uncertainty that are most relevant for the experi-
ence of anxiety, both subjectively and physiologically.
Future investigations should focus on the anticipation period
as a means for manipulating the expectation about a future
stimulus, such as the length of the anticipation period (Hef-
ner, Moberg, Hachiya, & Curtin, 2013), the time at which
anxiety is measured, or the impact of participant control over
the degree of uncertainty of the threat. For example, examin-
ing anxiety-relevant responses (i.e., startle amplitude) at dif-
fering temporal distances from the threat would be important
to disentangle fear from anxiety, a distinction that may be
relevant for uncertainty research (Davis et al., 2010). Our
findings also highlight the importance of examining the order
of uncertain conditions in threat-of-shock studies. Uncertain
threat may be a delicate construct that is especially suscepti-
ble to changes in timing, order, and other methodological
changes. Uncertain threat may also be experienced differ-
ently depending on the type (e.g., TU vs. OU) and the mea-
surement used (e.g., startle response vs. retrospective anxiety
ratings).

Overall, the findings of the current study provide insight
into how varying aspects of uncertainty may be related to
anticipatory anxiety, and highlight the particularly potent
anxiogenic impact of temporal uncertainty. Ultimately, such
work will continue to provide more information about uncer-
tainty’s role in the anticipation of threat and further support
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its potential role in the development and maintenance of anx-
iety (Barlow, 2000; Foa, Zinbarg, & Rothbaum, 1992;
Mineka & Kihlstrom, 1978).
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