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Conceptual similarity promotes generalization
of higher order fear learning
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We tested the hypothesis that conceptual similarity promotes generalization of conditioned fear. Using a sensory precon-
ditioning procedure, three groups of subjects learned an association between two cues that were conceptually similar, unre-
lated, or mismatched. Next, one of the cues was paired with a shock. The other cue was then reintroduced to test for fear
generalization, as measured by the skin conductance response. Results showed enhanced fear generalization that correlated
with trait anxiety levels in the group that learned an association between conceptually similar stimuli. These findings suggest
that conceptual representations of conditional stimuli influence human fear learning processes.

The idea that many fears originate from an association between
neutral and aversive stimuli has continued to serve as the basis
for influential accounts of human anxiety disorders (Bouton
2002; Mineka and Zinbarg 2006). However, the nexus of many
fears defy a straightforward explanation, since following an aver-
sive experience other stimuli that are indirectly related to the
experience oftentimes become feared as well. In some cases, gen-
eralizing an acquired fear following an emotional learning epi-
sode is predicated on an association between stimuli formed
before the emotional experience occurred. This form of stimulus
generalization is known as sensory preconditioning (SPC) (Brogden
1939; Kimmel 1977; Gewirtz and Davis 2000), and is an important
process whereby the representation of a known stimulus is modi-
fied following a salient experience with a related stimulus.

A typical SPC procedure occurs in three phases: first, subjects
learn to associate two neutral cues—for example, a bell and a light.
Next, one of the cues, say the light, is associated with a biologi-
cally significant unconditioned stimulus (US), which leads to
the development of a conditioned response (CR). The bell is called
the preconditioned stimulus (PS) and the light is called the condi-
tioned stimulus (CS). Finally, the PS is presented alone. Despite
the fact that it has never predicted the US directly, the PS will often
elicit a CR, suggesting that an association was formed during pre-
conditioning between the PS and CS. The majority of SPC studies
have been conducted in nonhuman animals (Brogden 1939;
Rizley and Rescorla 1972). SPC effects have also been reported in
a small number of human fear-conditioning experiments
(White and Davey 1989; Vansteenwegen et al. 2000), but human
research on this topic is very limited relative to experiments using
first-order Pavlovian conditioning procedures. Consequently, the
features that promote fear generalization between previously asso-
ciated stimuli are unknown.

A well-known factor important for classical conditioning
(Rescorla and Furrow 1977) and stimulus generalization overall
is similarity to the CS (Pavlov 1927; McLaren and Mackintosh
2002). Classic experiments of stimulus generalization in animals
(reviewed in Honig and Urcuioli 1981) have revealed orderly
generalization gradients of conditioned responses that track per-
ceptual similarity to the CS along a sensory dimension (e.g.,
Guttman and Kalish 1956). Prior fear-conditioning research has
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demonstrated perceptual-based stimulus generalization in
humans as well (Lissek et al. 2008; Dunsmoor et al. 2009). Yet,
humans frequently acquire information about a salient object
that goes beyond its physical details. Thus, in many cases general-
ization is likely based on other regularities extracted from prior
experience, such as the conceptual or semantic properties of a
stimulus (Maltzman 1977). While the ability to generalize learn-
ing between physically dissimilar objects is not unique to humans
(e.g., Honey and Hall 1989; Herrnstein 1990), humans are partic-
ularly adept at linking objects together on the basis of conceptual
similarity, even in the absence of definable common features
(Medin 1989). However, it is unknown whether the conceptual
relationship between object representations influences general-
ization of higher order fear learning.

This study employed an SPC paradigm in a between-subjects
design to examine whether conceptual similarity of preassociated
cues influences fear generalization. Because of our interest in
models of anxiety, fear-relevant stimuli were used. The PSs—a pic-
ture of a spider and a picture of a wasp—were held constant across
the three groups. In the first phase, these PSs were associated with
conceptually related CSs (spider web and wasp nest, respectively),
unrelated CSs (waste drums or hospital corridor, counterbal-
anced), or conceptually mismatched CSs (wasp nest and spider
web, respectively; Fig. 1). Next, one CS (CS+) was paired with
an electrical shock US while the other CS (CS—) was explicitly
unreinforced. Finally, the two PSs were presented alone to test
for generalization of fear responses, measured here as an increase
in SCRs from preconditioning to the generalization test. The
effects of SPC were assessed by comparing increases in the SCR
to the stimulus preassociated with the CS+ (referred to as the
PS+) versus the stimulus preassociated with the CS— (referred
to as the PS—). We hypothesized that SPC effects would be graded
according to conceptual similarity, being strongest in the related
group, intermediate in the unrelated group, and weakest in the
mismatched group. We also hypothesized that conceptually
driven SPC effects would be related to trait anxiety levels, in line
with prior research demonstrating a relationship between anxiety
and fear conditioning (Lissek et al. 2005).

Differential SCRs between the CS+ and CS— provided the
primary index of fear conditioning (Fig. 2). Analysis of the acquis-
ition data revealed a significant effect of stimulus (F; g6, = 160.63,
P < 0.001) and trial (Fs 430) = 16.86, P < 0.001), as well as a signif-
icant stimulus type (CS4, CS—) by ftrial (1-6) interaction
(F(s,430) = 13.68, P <0.001), with a linear and quadratic trend
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Figure 1. Schematic of experimental design. The preconditioned
stimuli (PS)—pictures of a spider and wasp—were held constant across
the three experimental groups. In the first phase of the experiment
(sensory preconditioning), subjects learned the association between the
PS and a conditioned stimulus (CS) that was either conceptually similar,
unrelated, or conceptually mismatched. Subjects were instructed to
predict which image would follow the offset of the PS as quickly and accu-
rately as possible by pressing one of two buttons (counterbalanced
between subjects). The task was intended to be simple to promote a
strong association between the PS and its corresponding CS in all
groups; consequently, all subjects correctly predicted the associated CS
by the end of the preconditioning phase. Subjects were informed that
no shocks would occur during this phase of the experiment, but were
not informed of the PS—CS contingencies. In the next phase of the exper-
iment (fear conditioning), one CS (CS+) was reinforced by an aversive
electrical shock unconditioned stimulus (US) on 100% of trials, while
the other CS (CS—) was never paired with the US. Subjects were informed
at the start of fear conditioning that the task was to identify the image on
the screen as quickly and accurately as possible by pressing one of two
buttons (counterbalanced between subjects). Subjects were informed
that the US would occur, but were not informed of the CS—-US contingen-
cies. For the conceptually similar and mismatched conditions, the CS+
and CS— stimuli were counterbalanced between subjects as either the
spider web or the wasp nest. This ensured that the PS+ and PS— were
also counterbalanced between subjects as either the spider or the wasp.
For the conceptually unrelated condition, the spider and wasp equally
served as the PS+ (and PS—) in this condition as well. The final phase
(generalization testing) immediately followed fear conditioning without
a break, and subjects continued to identify the images on the screen by
pressing one of two counterbalanced buttons as quickly and accurately
as possible. After three PS4+ and three PS— trials, there were two CS+
trials paired with the shock. These “booster” trials were included to
reduce habituation (e.g., Smith et al. 2006; Lim and Pessoa 2008), and
data from these trials were not included in any analyses. Three additional
PS+ and PS— trials followed the “booster” trials.

(P<0.01). There was no main effect of experimental group
(F2,86) = 1.51, P=0.23), or any interactions involving group
(Ps>0.05). As expected, post-hoc-dependent t-tests revealed
that SCRs were overall greater to the CS+ than the CS— as training
progressed, being significant on trials 2-6 (Ps < 0.01). Overall,
fear acquisition was markedly similar among the three learning
groups. The change in SCRs to the PS+ and PS— from precondi-
tioning to the generalization test served as the primary index of
SPC. All trials from the preconditioning phase and the generaliza-
tion test phase were included to calculate this difference score.
ANOVA of the generalization test SCR data, using experimental
group and stimulus type (PS+, PS—) as factors, revealed a main
effect of group, F; 36) = 3.19, P < 0.05, and a main effect of stim-
ulus, Fq 86)=11.37, P < 0.001, as well as an interaction between
stimulus and group, F g6 = 3.17, P < 0.05. Planned two-tailed
t-tests comparing the PS+ and PS— difference scores for each
group revealed a significantly greater increase in SCRs to the
PS+ compared with the PS— in the conceptually similar condi-
tion, fp9)=2.85, P<0.01, and the conceptually unrelated
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condition, fg,=2.87, P<0.01. Thus, the SPC manipulation
was effective in these two groups. In addition, the magnitude of
fear generalization was enhanced in the conceptually similar con-
dition, as revealed by a significantly greater increase in SCRs to the
PS+ in this condition versus the conceptually unrelated condi-
tion, tzg) = 2.38, P < 0.05. Responses to the PS—, however, were
not significantly different, P = 0.11. There was no difference in
SCR scores to the PS4+ and PS— in the conceptually mismatched
condition, f9) =0.09, P > 0.1, suggesting that SPC was ineffec-
tive in this learning group.

During the generalization test, subjects were asked to iden-
tify the PS+ and PS— as quickly and accurately as possible.
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Figure 2. Behavioral results. (A) Differential mean skin conductance
responses (SCR) during fear conditioning revealed acquisition of con-
ditioned fear that was markedly similar across the three experimental
groups. (B) Fear generalization was calculated as the change in SCRs
from pre- to post-fear conditioning to the PS+ and PS—. The change in
SCRs was significantly greater to the PS+ than the PS— in the conceptu-
ally similar and unrelated groups, but there was no difference in responses
between the PS4+ and PS— in the conceptually mismatched group.
Responses to the PS+ were significantly enhanced in the conceptually
similar versus conceptually unrelated condition, while responses to the
PS— were not different across these groups. (C) Reaction times (RT) to
identify the PS+ and PS— were significantly faster in the conceptually
similar group versus the other two conditions. RT data from one subject
from the conceptually unrelated condition was lost due to a technical
issue. Error bars reflect standard error of the mean (SEM). *P < 0.05,
**P<0.01.
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Analysis of the reaction time data demonstrated a main effect
of group, F(3 g5y = 7.40, P < 0.01, but no effect of stimulus type
and no interaction between stimulus and group. Post-hoc
Bonferroni-corrected t-tests revealed that subjects in the concep-
tually similar condition exhibited faster RTs than subjects in the
conceptually unrelated and conceptually mismatched conditions
(Ps < 0.005).

To explore the relationship between anxiety levels and
higher order fear learning, trait anxiety levels were correlated
with fear generalization to the PS+. In the conceptually similar
condition, a significant correlation was found between fear gener-
alization to the PS+ and trait anxiety levels, rg) = 0.36, P < 0.05
(Fig. 3). In contrast, correlations with SCRs to the PS— were not
significant, r;g) = 0.25, P> 0.05, suggesting that anxiety levels
were not associated with a general increase in arousal. We also
examined whether the pre- to post-conditioning change in SCRs
to the PS+ were related to the level of fear conditioning (calcu-
lated as the differential SCR between the CS+ and CS—), and
found that these measures were not significantly related, rs) =
0.10, P > 0.05.

The results of the present experiment provide novel evidence
that higher order fear learning in humans is influenced by
the conceptual similarity of conditional cues. SPC effects were
verified in both the conceptually similar and unrelated groups
(PS4 > PS— responses), but the magnitude of responding to the
PS+ was greater in the conceptually similar group relative to the
unrelated group. Moreover, RTs were faster during the fear gener-
alization test in the conceptually similar group relative to the
other groups, and only in this group was there a positive correla-
tion between fear generalization to the PS+ and trait anxiety.
Subjects who learned the association between conceptually mis-
matched stimulus pairs showed only nonselective increases in
SCRs during the generalization test. These findings were not
attributable to group differences in initial fear learning or baseline
responding. Altogether, the results support the hypothesis that
conceptual relationships among stimuli modulate generalization
of conditioned fear behaviors in humans.

The SCR findings are in line with the few previous investiga-
tions that have employed higher order fear learning procedures in
humans (White and Davey 1989; Vansteenwegen et al. 2000;
Hosoba et al. 2001; Gottfried and Dolan 2004). For instance,
Vansteenwegen et al. (2000) observed SPC effects using pairs
of affectively neutral faces and found that generalization was
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Figure 3. Correlations between fear generalization and trait anxiety
scores for subjects in the conceptually similar condition. The change in
SCRs to the PS+ from pre- to post-fear conditioning were positively cor-
related with trait anxiety scores (r=0.36, P< 0.05), whereas trait
anxiety was not significantly related to the change in SCRs to the PS—.
There was no relationship observed between fear generalization and
trait anxiety in the conceptually unrelated or conceptually mismatched
groups.
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reduced when the PS+ was “preextinguished”—that is, when
the PS was presented alone following preconditioning but prior
to the fear conditioning phase. Therefore, a necessary condition
for SPC may be an expectation that the PS portends delivery of
the CS. In accord with this suggestion (Vansteenwegen et al.
2000), a PS and CS that are conceptually similar might serve to
strengthen the interstimulus connection formed during precon-
ditioning, which in turn facilitates fear generalization resulting
from first-order fear learning. A similar process of stimulus belong-
ingness has been posited to guide first-order fear conditioning in
humans and nonhuman animals (Seligman 1970). For instance,
in human fear conditioning fear-relevant CSs (e.g., snakes and spi-
ders) appear to enter into an association with aversive electrical
shocks more easily than fear-irrelevant CSs (e.g., flowers and
mushrooms) (Ohman 2009). Importantly, SPC effects were
observed in the conceptually unrelated condition as well, albeit
at a lower magnitude. This finding suggests that conceptual simi-
larity does not selectively induce generalization but rather enhan-
ces generalization to preassociated stimuli. Interestingly, SPC
effects were not selective to the PS+ for the mismatched group,
showing that conceptual relationships set boundary conditions
for subsequent learning. The nonspecific form of fear generaliza-
tion observed in the mismatched group may be attributed to
two sources of generalization—sensory preconditioning and con-
ceptual similarity—that operate in parallel on PS+ and PS — repre-
sentations. In this group, responses to the PS— are likely due to
the conceptual relationship with the CS+, while responses to
the PS+ are likely due to higher order fear learning processes
resulting from SPC.

It is important to note that the relationship between objects
in the conceptually similar condition was assumed to be concep-
tual in nature because these object pairs (e.g., spider and spider
web) are characteristically associated (Medin 1989). However, it
is also likely that these objects have frequently co-occurred in
the learning history of our participants, and thus participants
have been “preconditioned” prior to participation in this experi-
ment. It is well known that experience shapes conceptual knowl-
edge structures, so the effects observed likely include priors from
both conceptual knowledge and direct learning history. If possi-
ble, future studies should attempt to dissect these influences, for
instance by examining participants who have no direct prior
experience with the stimuli. Because the CS+ and PS+ are
assumed to be preassociated prior to the start of the experiment,
it would also be interesting to determine whether a fear general-
ization paradigm that did not include an explicit preconditioning
phase would yield comparable results, similar to studies that
present perceptually varying stimuli following, but not prior to,
acquisition training (e.g., Guttman and Kalish 1956).

The neural mechanisms supporting SPC effects have been
explored predominately in rodents. These investigations have
revealed that the hippocampus and surrounding regions are
important for SPC, as lesions to the hippocampus (Talk et al.
2002), perirhinal cortex (Nicholson and Freeman 2000), CA1l
(Port et al. 1987), and surrounding fibers (Port and Patterson
1984) block the effects of SPC while leaving classical conditioning
intact (Port and Patterson 1984; Port et al. 1987). Associative
learning models have implicated the hippocampal region as crit-
ical for several forms of conditioned learning that involve the rep-
resentation of conditional stimuli (e.g., Gluck and Myers 1993;
Schmajuk et al. 1996). SPC effects that include the transfer of
fear value likely involve the amygdala as well (Gewirtz and
Davis 2000), though the precise role of the amygdala in cognitive
processes that involve higher order stimulus representations
remains to be elucidated (Killcross et al. 1997; Mesulam 1998).
In terms of the present findings, fear generalization between
related object concepts may require integration between the
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amygdala, hippocampus, and posterior cortical areas important
for coding the perceptual and conceptual properties of objects
(Martin 2007). Future studies will be needed to resolve the role
of corticolimbic structures in human fear generalization.

The overall lack of human behavioral research on SPC is
somewhat surprising, given that influential conditioning-based
models of anxiety have incorporated higher order fear learning
processes to explain the etiology of several anxiety disorders
(Rachman 1991; Davey 1992; Bouton et al. 2001; Mineka and
Zinbarg 2006). Here, we observed an effect of trait anxiety on
fear generalization within the conceptually similar condition,
such that subjects with high anxiety expressed a greater increase
in SCRs to the PS+ following fear conditioning. The ability to
acquire and express conditional fears has long served as a model
for clinical anxiety disorders (Watson and Rayner 1920; Eysenck
1976), and prior studies have indicated that clinically anxious
subjects express broad generalization of conditioned fear
responses (Lissek et al. 2010) and fail to limit fear behaviors to
conditioned stimuli (reviewed in Lissek et al. 2005). Trait anxiety
could mediate higher forms of fear learning through several proc-
esses, such as expectancy biases (Chan and Lovibond 1996) and
heightened threat appraisal (Macleod and Cohen 1993), which
could lead to the detection of generalized danger signals that
are only indirectly related to the feared US. Future studies should
examine whether clinical anxiety disorders are associated with a
broadening of SPC effects, even in cases where the preassociated
stimuli are less conceptually related.

Subjects were 113 healthy young adults. Data from 24 sub-
jects was not included in the final analysis due to a lack of meas-
urable SCR (n=28) or a lack of differential fear conditioning
SCRs between the CS+ and CS— (n = 15). Removing these partic-
ipants from analysis is justified because the study goal was to
determine how fears generalized in individuals who acquired a
differential fear response (i.e., evidence of fear learning was an
inclusionary criterion). Data from one subject was excluded due
to normalized fear generalization SCR scores that were 3 standard
deviations from the group mean. The remaining 89 subjects (30
female; mean age = SEM: 19.05 £ 0.1; age range 18-23) were
randomly assigned to the conceptually similar, conceptually un-
related, or conceptually mismatched conditions. Subjects com-
pleted the Spielberger State-Trait Anxiety Inventory (STAIL
Spielberger 1983) and a questionnaire assessing attitudes toward
spiders (Klorman et al. 1974) and wasps. The wasp questionnaire
was a slightly modified version of the validated spider question-
naire. All subjects fell below the exclusionary criterion of phobia
scores, set at within 1 SD from the mean of patients with a specific
phobia for spiders (Fredrikson 1983).

All images were pilot rated for valence and arousal, and
matched for luminance and contrast. The hospital and waste bar-
rel pictures were obtained from the International Affective Picture
System (IAPS: #7520, #7079) (Lang et al. 2008). The experimental
design is depicted in Figure 1. Details concerning the electrical
stimulation and SCR analysis are described elsewhere
(Dunsmoor et al. 2009). In brief, the electrical shock US was deliv-
ered to the right wrist and managed with the BIOPAC STM200
module (BIOPAC Systems) and set to a level deemed by each sub-
ject as “highly annoying, but not painful.” SCRs were recorded
from the middle phalanx of the second and third digits of the
left hand using Ag/AgCl electrodes connected to the BIOPAC
MP150 system (BIOPAC System, Inc.) at 200 Hz and scored with
AcgKnowledge software (BIOPAC Systems, Inc.). SCRs were con-
sidered related to the stimulus presentation if the trough-to-peak
response (1) occurred at least 1 sec after stimulus onset, (2) lasted
between 0.5-5.0 sec, and (3) was >0.02 microsiemens (pnS). A
response that did not meet these criteria was scored as zero.
SCRs were square-root transformed for normalization. For analysis
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of fear generalization, mean SCRs to the PS+ and PS— during the
preconditioning phase were subtracted from mean SCRs to the
PS+ and PS— during the generalization test for each subject.
Statistical analysis included 3 x 2 repeated-measures ANOVA
with experimental group (conceptually similar, conceptually
unrelated, conceptually mismatched) as a between-subjects factor
and stimulus type (CS+ and CS —, or PS+ and PS—) as a within-
subjects factor. Planned two-tailed f-tests were conducted to
examine a priori hypotheses and to determine differences
between the stimulus types where appropriate. Results from stat-
istical analyses were considered significant at an « level of 0.05.
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