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Startle habituation is present in all startle studies, whether as a dependent variable, discarded habituation block,
or ignored nuisance. However, there is still much that remains unknown about startle habituation, including the
following: (1) what is the nature of the startle habituation curve?; (2) at what point does startle habituation
approach an asymptote?; and (3) are there gender differences in startle habituation? The present study investi-
gated these three questions in a sample of 94 undergraduates using both traditional means-based statistical
methods and latent curve modeling. Results provided new information about the nature of the startle habituation
curve, indicated that the optimal number of habituation trialswith a 100 dB startle stimulus is 13, and showed that
females display greater startle reactivity but habituate toward the same level as males.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The acoustic startle eyeblink response is a defensive reflex that occurs
in reaction to an intense and sudden stimulus (Blumenthal et al., 2005;
Koch, 1999; Landis and Hunt, 1939; Yeomans et al., 2002). Thousands
of studies have used startle modulation to investigate both basic and
applied processes. For example, affective-valence modulation paradigms
involve measuring startle reactivity in the context of an emotionally
evocative foreground (e.g., a picture of food or a spider). This paradigm
has provided unique insight into emotional abnormalities in internaliz-
ing, externalizing, psychotic, and autism spectrum disorders (Dichter
et al., 2010; Patrick et al., 1993; Vaidyanathan et al., 2009a, 2009b; Yee
et al., 2010). Similarly, prepulse inhibition of startle has been employed
extensively to investigate information processing in a range of disorders
(Braff et al., 1992; Swerdlow et al., 2008).

1.1. Group differences in startle habituation

Several studies have employed a third form of startle modulation,
startle habituation. In learning and memory research, habituation has
been defined as a “behavioral response decrement that results from re-
peated stimulation and that does not involve sensory adaptation/sensory
fatigue or motor fatigue” (p. 136, Rankin et al., 2009; see also Thompson,
2009). Additionally, Thompson and colleagues described several specific
characteristics that connote habituation (Rankin et al., 2009; Thompson,
partment, University of North
nited States. Tel.: +1 704 657
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2009). Despite decades of startle habituation research, we note that few
of these habituation characteristics have been specifically examined in
startle research and few studies have controlled for the potential contri-
butions of sensory and motor fatigue to startle reactivity decrements
across stimulus presentations. Nevertheless, startle habituation tradi-
tionally has been conceptualized as an index of sensorimotor gating in
psychiatric populations (see Braff and Geyer, 1990). For example, studies
have found diminished habituation in association with schizophrenia
(Braff et al., 1992; Ludewig et al., 2003;Meincke et al., 2004), schizotypal
personality disorder (Cadenhead et al., 1993), bipolar depressive disor-
der (Perry et al., 2001), posttraumatic stress disorder (Kozaric-Kovacic
et al., 2011), panic disorder (Ludewig et al., 2005), and children with a
parental history of alcoholism (Grillon et al., 1997). On the other end
of the spectrum, LaRowe et al. (2006) found that faster habituation was
associated with extraversion. In contrast to these studies, several investi-
gations have failed to find diminished habituation in association with
schizophrenia (Hasenkamp et al., 2010; Perry et al., 2002), attention-
deficit hyperactivity disorder (Ornitz et al., 1997), suicidality and major
depressive disorder (Quednow et al., 2006), bipolar disorder (Rich et al.,
2005), or anxiety disorders (Ross et al., 1989; Hoenig et al., 2005).

One potential explanation for these discrepancies is the limitations of
the methods used to quantify startle habituation. Many of these studies
measured small blocks of startle-alone trials (i.e., between two and six
trials) before and after large blocks of prepulse inhibition trials (i.e., 18
to 36 trials). Other studiesmeasured startle-alone trials thatwere embed-
ded in prepulse inhibition blocks (e.g., Cadenhead et al., 1993; Rich et al.,
2005). A minority of studies examined only startle-alone reactivity over
the course of several trials (LaRowe et al., 2006; Ornitz et al., 1996,
1997; Ross et al., 1989; Schicatano and Blumenthal, 1995, 1998). Regard-
less of thehabituationmethod,most studies condensed several individual
startle trials into blocks and ameanwas calculated for each block. T-tests
or analyses of variance (ANOVAs) were then performed to determine if

http://dx.doi.org/10.1016/j.ijpsycho.2013.01.010
mailto:slane@unc.edu
http://dx.doi.org/10.1016/j.ijpsycho.2013.01.010
http://www.sciencedirect.com/science/journal/01678760


56 S.T. Lane et al. / International Journal of Psychophysiology 88 (2013) 55–63
startle reactivity was significantly lower in later blocks compared
to earlier blocks. If there was a significant difference, then startle
habituation was said to have occurred.

These means-based analyses have three major limitations that
make it difficult to describe or find significant differences in startle
habituation. First, these methods often artificially condense startle
habituation (e.g., the mean of the first six trials is compared to the
mean of the second six trials). Important changes may happen during
startle habituation from trial to trial; condensing several trials into a
single block accordingly discards potentially important information
(cf. MacCallum et al., 2002). Groups may differ on startle habituation
in important but subtle ways that condensation into means may
mask.

Second, a closely related limitation is that traditional methods
for evaluating mean differences are not well-equipped to describe
startle habituation in detail. Specifically, these methods may be able
to detect that habituation has occurred, but they are less able to describe
specific rates of habituation or how rates of habituation change across
trials or individuals. The minority of studies that employ long blocks of
startle habituation trials (e.g., Ornitz et al., 1996; Ross et al., 1989;
Schicatano and Blumenthal, 1998) may be able to overcome this limi-
tation with post hoc tests that can describe patterns of data. Howev-
er, these contrasts often have restrictive assumptions (Maxwell and
Delaney, 2004) that startle habituation data may not always meet.
Moreover, although such contrasts can detect if a specific pattern exists
(e.g., linear, quadratic), they are less able to describe the specific nature
of that contrast (e.g., what type of quadratic pattern). For example, it
could be possible that individuals high and low in trait fear would
both show a quadratic startle habituation pattern; however, low fear in-
dividuals might display a substantial drop in startle reactivity across the
first few trials, whereas high fear individuals might display a much
more gradual (though still quadratic) pattern. An ANOVA would de-
scribe these patterns as essentially the same (i.e., significant habituation
with a quadratic slope), but latent curve modeling (LCM) would be
more likely to detect the important differences between these two
groups. Thus, a more detailed account of startle habituation with a
more appropriate statistical technique would provide more insight
into the nature of group differences in startle habituation.

Third, means-based techniques that artificially group startle trials
into blocks may confound differences in startle habituation (i.e., slope)
with differences in initial startle reactivity (i.e., intercept). Individuals
who display higher initial startle reactivity may have farther to fall
to reach a startle reactivity asymptote. This would result in a steeper
startle habituation curve that is an artifact of initial startle reactivity.
More fine-grained statistical methods may be able to more effectively
model this slope/intercept relationship and to avoid this potential
confound.

1.2. Latent curve modeling

To address the limitations of means-based analyses, we will utilize a
more recently developed method of analysis known as latent curve
modeling. This is an advanced structural equation modeling approach
based on the assumption that there is an underlying (i.e., latent)
trajectory for a variable and that repeated measurements allow for the
estimation of that trajectory (Bollen and Curran, 2006; Meredith and
Tisak, 1984, 1990). For startle habituation data, this technique would
establish a latent habituation trajectory that allows for a continuous
model of startle habituation. Latent curve modeling would also provide
statistical information on the nature of habituation (e.g., rate of change
throughout the trajectory) and how exogenous variables affect habitu-
ation (e.g., gender). In sum, latent curve modeling overcomes the limi-
tations of means-based techniques noted above. Moreover, latent curve
modeling has additional advantages over means-based methods, in-
cluding the following: (a) allowing continuous exogenous variables;
(b) separating intercept and various slope factors; (c) permitting the
prediction of the habituation trajectory with exogenous variables; and
(d) including participants who are missing data on one or more habitu-
ation trials.

1.3. Startle habituation blocks

The majority of startle studies present a startle habituation block
designed to have participants approach a startle reactivity asymptote
before the experimental portion of the study (e.g., affective-valence
startle modulation or prepulse inhibition blocks). The major goal of
these blocks is to reduce variance in the data caused by startle habitua-
tion rather than the independent variables (cf. Blumenthal, 1997).
There is a wide range in the number of trials in startle habituation
blocks across studies. Some studies do not report a habituation block,
but others have reported habituation blocks consisting of one (Braff
et al., 1992; Cadenhead et al., 1993; Hoenig et al., 2005; Grillon et al.,
1997), three (e.g., Csomor et al., 2006, 2008; Franklin et al., 2009a,
2010), four (e.g., Glenn et al., 2011), six (e.g., Schachinger et al., 2008),
nine (e.g., Grillon and Charney, 2011), or ten (e.g., Grillon and Morgan,
1999) startle stimuli. The wide range of startle habituation block trials
demonstrates a lack of empirically-based number of trials for habituation
blocks. It is possible that one trial is sufficient to reach an asymptote,
but it is also possible that a block of ten trials is insufficient to reach an
asymptote. In the present study we will examine this question with a
variety of statistical techniques. Our specific focus will be demonstrating
the strengths of the latent curve model, as we believe the latent curve
model better corresponds the process of habituation.

1.4. The present study

We pursued three major goals in the present study. The first was to
utilize latent curve modeling to provide new information about the
nature of startle habituation. We aimed to address basic questions
such as: How does initial startle reactivity (i.e., intercept) covary with
the trajectory (i.e., slope) of startle habituation? Is there a substantial
amount of individual variability in startle habituation or does everyone
follow a very similar pattern?What exactly does startle habituation look
like from trial to trial? The second goal was to employ bothmeans-based
and latent curve modeling techniques to establish an empirical basis for
the number of trials that should be used to have most individuals reach
a startle reactivity asymptote.

Our final goal was to examine potential gender differences in startle
habituation. There is some evidence that females display higher startle
reactivity compared to males (e.g., Blumenthal and Gescheider, 1987;
Della Casa et al., 1998; Kofler et al., 2001 [though note that this study
did not find differences for reactivity measured from the orbicularis
oculi]); however, many studies have not found gender differences for
startle reactivity or startle habituation (e.g., Ludewig et al., 2003;
Quednow et al., 2006; Swerdlow et al., 1993). It is possible that there
are no gender differences in startle reactivity, but it is also possible
that these differences have been too subtle for traditional methods
to detect. Overall, the present study has the potential to provide new
insights into a phenomenon present in all startle studies — startle
habituation.

2. Method

2.1. Participants

The participants were 96 undergraduate introductory psychology
students who participated in order to partially fulfill a class research
requirement. Data from two participants were discarded because
their average startle magnitude level was more than three standard
deviations above the mean. The final sample size was 94, with 51
males and 43 females. The age range was 18–21 years, with a mean
of 18.74 years. Ethnically, 69.6% of the participants self-identified as
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Caucasian, 17.4% as African-American, 5.4% as Latino, 1.1% as Asian,
and 6.5% as Other.

2.2. Procedure

All procedures were approved by the institutional review board of
the University of North Carolina at Chapel Hill. The participants were
seated alone in a sound-attenuated room. The participants signed
consent forms and filled out a questionnaire assessing demographics,
hearing difficulties, and medication status (see below). Following
recommended procedures for startle eyeblink (see Blumenthal et al.,
2005), the participants were then prepared for psychophysiological
data collection. The area of skin underneath the left eye and the left tem-
ple was cleaned with an alcohol swab. Two electromagnetically-shielded
In Vivo Metric (Ag/AgCl, 11 mm outer diameter, 4 mm inner diameter
contact surface) surface recording electrodes were affixed to the skin
overlaying the orbicularis oculi muscle. The first electrode was placed in
line with the participant's pupil, below the eyelid; the second electrode
was placed approximately 15 mm to the right of the first, and slightly
above. The ground electrode was placed on the left temple. The partici-
pants then had Sennheiser PX200 headphones placed over their ears.

2.2.1. Stimulus presentation
Similar to many prepulse inhibition studies (which account for the

majority of startle habituation studies, see above), the participants
were presented with background noise for three minutes in the
absence of other stimuli and this noise remained on throughout the
session (cf. Blumenthal et al., 2006). The participants were then
administered 21 startle stimuli. Intertrial intervals varied randomly
between 13 s and 25 s.

2.2.2. Stimuli
Background noise was 70 dB SPL(A) broadband (20 Hz–20 kHz)

noise. Startle stimuli were 50 ms 100 dB SPL(A) broadband noises
with a rise/fall time of b1 ms. Stimulus intensities were calibrated
with steady-state signals presented through headphones and mea-
sured with a sound pressure level meter. All of the stimuli were
generated in Adobe Audition 3.0 and presented with SuperLab Pro
4.0.

2.2.3. Data collection and scoring
The raw EMG signals were measured by the surface recording elec-

trodes. These signals were amplified with a Biopac EMG amplifier and
sampled at 1000 Hz with a Biopac MP150 workstation, filtered online
with a passband of 28–500 Hz, rectified, and then smoothed with a
five-sample boxcar filter. Data analyses were based on the smoothed
EMG data. Trials on which no response was found were assigned a
value of zero. Trials with intrusive spontaneous blinks (2.68%) were
omitted from analysis.

2.3. Data analytic plan

2.3.1. Startle eyeblink magnitude
Startle eyeblink magnitude was quantified by the difference

between the peak and the onset voltage of the smoothed EMG with-
in awindow of 20–150 ms after the onset of the stimulus. Consistent
with the scoring methods of the lab of Dr. Terry Blumenthal,
response onset was determined by trained researchers. Startle mag-
nitude was calculated for each trial for each participant. Across the
participants, magnitude was averaged for each trial, resulting in 21
conditions.

2.3.2. Means-based analyses
To examine how startle reactivity looks across 21 trials we plotted

the means and standard errors of all 21 trials. We then investigated
the point at which startle habituation reaches an asymptote by testing
whether a given trial is significantly different from all following trials
(e.g., trial 13 compared individually to trials 14 through 21). The
asymptotic point was quantified as the point at which a given trial
is no longer significantly different from any later trials. We then
employed a within-participants analysis of variance (ANOVA) to
detect and provide information about startle habituation. Because
this analysis was specifically designed to examine habituation, it only
included trials during which significant habituation occurred (as deter-
mined by the prior asymptote analysis). Consistent with recommenda-
tions (Jennings, 1987), we employed Greenhouse–Geisser degrees of
freedom in order to diminish the effect of any violations of sphericity
and to reduce the chance of Type I error.
2.3.3. Latent curve modeling
All latent curve analyses were conducted with Mplus version 6.1.

First, we employed a freed loading latent curve model to examine
the degree of total change across the 21 trials. With this analysis,
we employed an alternative method of determining the point at
which startle habituation approaches an asymptote. Second, we fit
increasingly complex latent curve models to startle habituation data
until we arrived at the model that best reproduced the underlying
growth trajectory of habituation. Increasingly complex models add
additional factors to the model. For example, a linear model includes
factors for intercept and linear slope whereas a quadratic model
includes factors for intercept, linear slope, and quadratic slope. Similar
to themeans-based analyses, these analyses only included trials through
which startle habituation occurs (i.e., until habituation approaches
asymptote). Based on a visual inspection of startle mean patterns across
trials, we began by fitting a linear model and then progressed to a
quadratic model. From these analyses, we examined the association
between intercept and slope, and examined individual variability in
intercept and slope. These latter analyses informed whether the model
would benefit from including exogenous variables, such as gender.

It should also be noted that, in contrast to means-based analyses,
latent curve models do not have to drop an entire participant if they
are missing data on one or more trials. This is because these models
use data from each trial to estimate the latent trajectory of habituation
and this process does not require data from all trials (thoughmore data
points permit a more effective estimation). Provided that the missing
data are random, direct maximum likelihood techniques are automati-
cally employed to minimize the difference between the observed and
the reproduced covariance structures. In order to evaluate the model
fit, we employ two standard indices of fit from the literature of structur-
al equation models. The first is the comparative fit index (CFI), which
compares the present model to the baseline model where all variances
are free parameters and all covariances are zero (Bentler and Bonett,
1980). For this index, fit levels above .90 are considered acceptable
(Hu and Bentler, 1995). The second is the root mean square error
of approximation (RMSEA), which is an absolute fit index that mea-
sures discrepancy per degrees of freedom (Steiger, 1990). For this
index, fit levels below .10 are considered acceptable (Browne and
Cudeck, 1993).
2.3.4. Gender
We investigated the effect of gender on startle habituation with

both means-based and latent curve methods. First, we conducted a
mixed ANOVA (gender×time) to test for interaction and main
effects of gender on startle habituation. Pending significant effects,
post hoc tests explored the nature of the effects. Second, we
regressed the growth factors on gender in the best-fitting latent
curve model of startle habituation. This allowed for a test of the
effects of gender on startle habituation intercept and slope. Unlike
means-based analyses, latent curve modeling analyzed intercept
and slope effects independently.
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3. Results

3.1. Means-based analyses

3.1.1. Plot of startle habituation
As shown in Fig. 1, startle reactivity increased from trial 1 to trial 2

(cf. Swerdlow and Talledo, 2009). Thereafter, reactivity decreased
precipitously for about 10 trials and then appeared to level off.

3.1.2. Asymptote detection
A within-participants ANOVA across the 21 trials revealed that trial

13 was the last trial that demonstrated a significant difference from
the previous trial, F(1, 63)=4.86, p=.03. Further analyses across trials
13–21 showed that no trial after 13 was significantly different from the
magnitude value of trial 13. Accordingly, these analyses indicated
that startle habituation only occurred from trials 2 to 13 (note: startle
reactivity increased from trials 1 to 2). Consequently, habituation
analyses below were only conducted on trials 2 to 13.

3.1.3. Account of habituation
A within-participants ANOVA across trials 2 to 13 revealed a signif-

icant effect of trial on startle reactivity, F(7.94, 587.839)=12.94,
pb .001. A follow-up contrast effect indicated that habituation fits a
quadratic pattern, F(1, 74)=11.92, p=.001. It should be noted that
this analysis dropped 19 participants due to the ANOVA requirement
that all participants have data for each trial to be included in the
analyses.

3.1.4. Effect of gender
A mixed ANOVA (trial×gender) revealed a significant interaction

effect of trial and gender on startle reactivity, F(8.12, 576.40)=2.06,
p=.04. Females start with higher startle reactivity than males, but
the groups begin to converge after several trials. After employing the
Benjamini–Hochberg correction for multiple comparisons (Benjamini
and Hochberg, 1995), there were no gender differences following
the significant difference observed at trial 7, t(90.305)=3.12, p=.02.
Importantly, the between-subjects effect of gender was not significant,
p=.20. Similar to the above analyses, this analysis also dropped 19
participants.
Fig. 1. Startle magnitud
3.2. Latent curve modeling

3.2.1. Asymptote detection
A freed loading latent curve model indicated that 0% of total habitu-

ation accrued by the second trial, 6.1% by the third trial, 61.7% by the
ninth trial, and 87.5% by the thirteenth trial. That is, of the total change
that occurred during the process of habituation, 87.5% of the total
change had occurred by the 13th trial. Thereafter, additional trials
provided only minor increases in habituation (see Table 1). This result
is an additional clarification on the previous finding that no trial after
13was significantly different from 13. Similar tomeans-based analyses,
thismodel suggested that 13 trialsmay be the optimal length of a startle
habituation block.

3.2.2. Account of habituation — linear model
The linearmodel fit the data poorly,χ2(73)=148.62, pb .001, CFI=

.92, RMSEA=.11. The CFI value indicates moderate model fit (Hu and
Bentler, 1995), and the RMSEA indicates poor fit (Browne and Cudeck,
1993). This model revealed a significant fixed effect of both the inter-
cept and slope factors, indicating that the starting point and rate of
linear change over time are both significantly different from zero. In
other words, this model quantifies that startle reactivity began above
zero and that habituation did occur across trials. The fixed effect of the
slope indicated that startle reactivity decreased by .23 mV each trial.
This model also indicated significant individual variability in the inter-
cept and slope factors, meaning that individuals varied in both the
starting point of their trajectory of habituation and the rate of change
over time. Additionally, unlike the means-based analyses, this model
did not drop any participants from the analyses.

3.2.3. Account of habituation — quadratic model
The inclusion of the quadratic growth factor significantly improved

model fit (see Fig. 2). Specifically, the likelihood ratio test indicated a
significant decrement in χ2 moving from the linear to the quadratic
model, Δχ2(1)=12.69, pb .001. The indices of model fit also improved
moving to the quadratic model, χ2(72)=135.94, pb .001, CFI=.94,
RMSEA=.097. The CFI improved, and the RMSEAnow indicatesmoder-
ate model fit. In addition to the significant fixed effect of the intercept
and linear slope, this model revealed a significant fixed effect of the
e across 21 trials.



Table 1
Proportion of total change for each trial.

Trial Proportion of change p value

2 0 –

3 .061 .520
4 .268 .004
5 .292 .001
6 .505 b .001
7 .640 b .001
8 .675 b .001
9 .617 b .001
10 .567 b .001
11 .691 b .001
12 .783 b .001
13 .875 b .001
14 .848 b .001
15 .921 b .001
16 .963 b .001
17 .934 b .001
18 .968 b .001
19 1 b .001
20 1 b .001
21 1 b .001
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quadratic factor, which explained the trajectory curvature. More specif-
ically, the inclusion of the quadratic factor allows us to more precisely
quantify the nature of change over time present in habituation. That
is, the initial slope value is− .48, indicating that the slope of the tangent
line to the curve at time=0 is negative, or the curve is decreasing.

The inclusion of the quadratic factor allows us to assess the change
in this rate of change over time. Therefore, the positive quadratic
value of .02 tells us that the slope is less steep at each successive
time point; in other words, the curve is beginning to flatten. Thus,
where the linear model provides a picture of change as monotonically
decreasing, the quadratic model clarifies this by providing information
regarding how the change slows over time. The level of curvature did
not vary significantly across individuals, though significant individual
variability was still observed in the intercept and linear slope factors
(see Fig. 3). This indicates that the variance in the quadratic trajectory
across participants does not deviate sufficiently to provide room
for exogenous variables (e.g., predictor variables, group variables) to
Fig. 2. Sample and estimated
account for variance in the quadratic factor underlying the trajectory.
The R2 values indicate that the quadratic model provides a good fit to
the data, with the underlying growth factors explaining 60% to 74% of
the variability in the trajectory of startle habituation. In contrast to
means-based analyses, this analysis did not drop any participants
from the analyses. We do not pursue a cubic model because, as a
symmetric polynomial form, it would not be well-suited for capturing
the dramatic initial change and the slower monotonic decrease present
in the full trial-by-trial course of habituation.

3.2.4. Intercept and slope association
There was a strong negative association between intercept and

slope, r=− .70, pb .001, with higher intercepts being associated
with steeper slopes (see Fig. 4). In other words, higher initial startle
reactivity was associated with a more dramatic habituation curve.

3.2.5. Effect of gender
As shown in Fig. 5, analyses revealed a significant effect of gender on

the intercept, with females displaying a higher intercept (z=−2.20,
p=.028). The linear slope factor demonstrated a significant amount
of individual variability, but the effect of gender on the slope factor
only trended toward significance (z=1.79, p=.07). Given the lack of
variability in the quadratic slope factor, we could not examine whether
gender had a significant effect on the level of curvature in the trajectory
of habituation.

4. Discussion

Startle habituation is a phenomenon present in all startle modulation
studies. Some studies examine it as a dependent variable, others use star-
tle habituation blocks in an attempt to prevent it from adding noise to
prepulse inhibition or affective valence startle modulation blocks, and
many others ignore it. The present study provides new information
about startle habituation that has the potential to advance the study of
it as a dependent variable and to establish empirical guidelines for the
length of habituation blocks. Specifically, the present results advance
knowledge about the nature of the startle habituation curve, suggest
that 13 trials are the optimal length of startle habituation blocks, and clar-
ify that females display greater initial startle reactivity but habituate
means across trials 2–13.

image of Fig.�2


Fig. 3. Estimated individual curves for 10 random individuals.
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similarly to males. In general, compared to means-based methods, latent
curve models provided more flexible analyses, revealed finer-grained
information about habituation, and retained all participants in each anal-
ysis. Findings are discussed in greater detail below.

Fig. 1 provides a view of startle habituation across 21 trials. Startle
habituation increased from trial 1 to trial 2, consistent with the early
work in habituation (Groves and Thompson, 1970). Strikingly, startle
reactivity did not recede to trial 1 level until trial 6. The common
technique of condensing startle habituation trials into blocks may
have made it more difficult for most prior studies to detect this effect;
however, we note that at least one prior study has obtained a similar
finding (Swerdlow and Talledo, 2009). The explanation for this effect
remains unclear; however, it may be that participants anticipate
Fig. 4. Scatterplot of intercep
and attend more to the second stimulus after experiencing the first
stimulus.

It is also clear from Fig. 1 that startle reactivity appears to
approach an asymptote around trial 13. Both means-based and latent
curve analyses indicated that the vast majority of habituation occurred
between trials 2 and 13 (87.5%; see Table 1). This suggests that the
optimal length of startle habituation blocks is around 13 trials. This
number is in stark contrast to the typical number of trials included in
these blocks— three or fewer. In the present study, only 6.1% of habitu-
ation occurred by the third trial. The present results also indicate
that studies that use less than 6 trials (i.e., most studies) may actually
sensitize participants to startle stimuli because reactivity was greater
on trials 2–5 than on trial 1. Overall, these analyses indicated that
t and linear slope values.

image of Fig.�3
image of Fig.�4


Fig. 5. Sample and estimated means by gender.

Table 2
Advantages of applying LCM to startle habituation data.

Continuous modeling of habituation over time
Detailed quantitative information about trajectory of habituation
Dissociation of intercept and slope growth factors underlying habituation
Incorporation of polynomial growth factor for nonlinear trajectory of habituation
Directly test fit of competing models for identifying optimal functional form
Direct prediction of growth factors using covariates
Robust against missing data caused by missing trials
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even the longest startle habituation blocks that some studies have
employed (e.g., 10 in Grillon andMorgan, 1999) fall short of the optimal
length. The inclusion of more trials in startle habituation blocks may
substantially reduce the amount of noise in startle modulation studies,
helping to clarify prepulse inhibition or affective valence modulation
effects.

The latent curve analyses provided new information on several
basic aspects of startle habituation. First, these analyses empirically
demonstrated that a quadratic curve best fits startle habituation
data. This information goes beyond means-based quadratic contrast
effect analyses. Specifically, these analyses did not simply connect the
dots trial-by-trial (as in means-based analyses); rather they estimated
a continuous latent trajectory of habituation. The linear growth factor
revealed the average decrease in startle reactivity across each trial be-
tween trials 2 and 13 (i.e., .23 mVper trial). The quadratic growth factor
went beyond this information to quantify the nature of the habituation
curve (i.e., an initial slope of the tangent line to the curve of − .48 that
flattens out at the rate of .02 per trial). To our knowledge, this is the
first quantitative description of the startle habituation curve. Studies
examining group differences in startle habituation may utilize this
finer-grained information to more effectively describe and find differ-
ences between groups. In terms of between group differences, the
ANOVA did not detect a between-subjects effect of gender. Though
the ANOVA did detect an interaction effect of gender and trial, the effect
of gender on the intercept factor within the LCM precisely clarified the
nature of this interaction. Latent curvemodeling also had the advantage
of including every participant in each analysis whereas means-based
analyses often dropped a substantial number of participants (e.g., 19).
This approach provided amore complete and detailed account of startle
habituation (Table 2).

Second, these analyses quantitatively demonstrated that there
was little individual variation in the quadratic growth factor (though
there was significant variability in the intercept and linear growth
factors). This indicated that most individuals followed a quadratic
habituation pattern so closely that there was little room to bring in
exogenous variables to account for variations in this pattern. Third,
these analyses showed that there is a strong negative correlation be-
tween startle habituation intercept and slope (see Fig. 4). This relation-
ship indicated that higher initial startle reactivity was associated with a
steeper slope of startle habituation. This result raises the possibility
that group differences in startle habituation rates (i.e., slope) may some-
times be an artifact of groupdifferences in initial startle reactivity (i.e., in-
tercept). Individualswith certain traits or states that tend to be associated
with higher startle reactivity may display steeper habituation slopes;
however, these individuals may not possess any of the neurological or
psychological abnormalities that are sometimes associated with abnor-
mal startle habituation (e.g., psychosis). Instead, they may simply have
“farther to fall” in terms of startle reactivity; this potential highlights the
strength of the LCM's ability to control for initial reactivity. Means-
based analyses were unable to parse intercept and slope differences,
precluding the investigation of intercept and slope associations. Overall,
latent curve analyses proved to be effective for obtaining unique
and valuable information about startle habituation with its specific
parameterization of change over time.

As noted above, findings have been mixed regarding the effect of
gender on startle reactivity and habituation. The present means-
based analyses showed that there was a significant interaction effect
of gender and trial on startle reactivity (see Fig. 5). Specifically,
females appeared to have higher initial startle reactivity, but gradually
approached the reactivity level of males. Latent curve analyses clarified
this finding by parsing intercept and slope effects. Results indicated that
females tend to have higher initial startle reactivity, but habituate
toward the same level as males (see Fig. 5). This finding may help to
explain some of the mixed findings on gender differences in startle.
The present results indicate that studies that assess gender differences
over the first few trials will be more likely to obtain significant differ-
ences. Including a large number of trials in such an investigation
would obscure these initial differences as females gradually approach
the startle reactivity levels of males. These results suggest that studies
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hoping to avoid a gender effect on startle reactivity would benefit from
including startle habituation blocks that are around 13 trials long.

Although the present investigation advanced knowledge on startle
habituation, these results should be interpreted in light of the limita-
tions of the present study. First, it is unclear howwell the present results
would generalize beyond the present startle stimulus characteristics
(i.e., 100 dB, white noise, 50 ms duration, instantaneous rise/fall time,
etc.). Given that more intense startle stimuli tend to induce greater
initial startle reactivity, we speculate that more intense stimuli may be
associated with steeper habituation slope. A preliminary investigation
using both 100 and 105 dB stimuli supported this pattern and showed
that startle reactivity habituated to a similar asymptote in both stimulus
conditions (Franklin et al., 2009b). Stimuli that tend to evoke less startle
reactivity (e.g., less intense, more restricted spectral composition, slower
rise/fall times) may generate flatter slopes and necessitate fewer trials to
reach habituation; future studies are needed to test these possibilities.

Second, it is unclear if these results would generalize to habituation
assessed pre-post or during experimental blocks of prepulse inhibition
or affective valence startle modulation. Indeed, Blumenthal (1997)
showed that habituation may vary based on some of these factors.
Future studies may benefit from investigating the nature of habituation
across a variety of methods. Third, we examined gender as an exoge-
nous factor that may contribute to startle habituation differences,
but there are many other potentially important factors. Future studies
may benefit from employing latent curve analyses to examine associa-
tions between startle habituation and factors such as fear, attention,
psychotic disorders, and anxiety disorders.

The present study advanced knowledge on several aspects of startle
habituation. Results clarified the nature of the startle habituation curve,
indicated that 13 trials are the optimal length of startle habituation
blocks, demonstrated that there is a strong relationship between initial
startle reactivity and startle habituation slope, and showed that gender
differences in startle reactivity appeared to be confined higher initial
startle reactivity in females. Analyses also revealed that latent curve
modeling provided a more detailed, powerful, and flexible method
of investigating startle habituation. Future studies may benefit from
building on the present results to further clarify the nature of startle
habituation and its relevance to factors such as psychopathology.
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