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Research Article

From single-celled organisms to humans, all mobile spe-
cies exhibit approach-avoidance behavior. In humans, 
approach-avoidance behavior is regulated by motivation 
and influenced by emotion (Elliot, Eder, & Harmon-
Jones, 2013); at a more primitive level, it is related to 
instinctive defensive behaviors (Blanchard, Griebel, 
Pobbe, & Blanchard, 2011; McNaughton & Corr, 2004).

Although basic, approach-avoidance behavior shows 
large individual differences. Whereas some people would 
walk into and explore an unfamiliar dark room, others 
would pause and gather more information, and some 
might even flee. What accounts for this behavioral vari-
ability? Prior experience might sway one’s response, but 
the situation in this example offers little information, and 
may not have been encountered previously. Nevertheless, 
a behavioral tendency will be observed. The amygdala is 
a brain structure known for its role in memory, learning, 
and emotion, and it has been implicated in psychiatric 
disorders, including anxiety. In the study reported here, 
we investigated what role the amygdala might play in 
regulating stimulus-independent behavior through a 
default bias to evaluate stimuli positively. We asked 

whether patients with amygdala lesions exhibit an exag-
gerated tendency to approach low-information stimuli.

Research has demonstrated an abnormal tendency to 
approach other individuals, as well as stimuli that are 
normally threatening, in amygdala-lesioned monkeys 
(Klüver & Bucy, 1939), rodents (Choi & Kim, 2010), and 
humans (Feinstein, Adolphs, Damasio, & Tranel, 2011; 
Kennedy, Gläscher, Tyszka, & Adolphs, 2009). These 
findings point to the amygdala as being important in reg-
ulating approach-avoidance behavior. However, the basis 
of this approach tendency is unclear.

On the one hand, the bias may be specifically tuned for 
certain stimuli: Much of what is known about the amyg-
dala’s contribution to cognition and behavior has come 
from studies investigating responses to faces. Single-unit 
amygdala response selectivity has been found for faces in 
humans (Rutishauser et al., 2011) and monkeys (Gothard, 
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Abstract
Approach and avoidance constitute a basic dimension of all animal behavior. Although a large number of studies 
have investigated approach and avoidance elicited by specific sensory stimuli, comparatively little is known about 
default approach biases when stimulus information is absent or reduced. The amygdala is well known to contribute 
to approach and avoidance behaviors in response to specific sensory stimuli; we tested whether the amygdala’s role 
might extend to situations in which stimulus information is reduced. In a novel task, 3 patients with rare bilateral 
amygdala lesions (and control subjects) made approach-related judgments about photos of intact faces and of the same 
faces with all internal facial features occluded. Direct comparisons of the judgments of these stimuli isolated a default 
bias. The patients showed a greater tendency than the control subjects to rate occluded faces as more approachable 
than whole faces. These findings suggest that the amygdala’s role in approach behavior extends beyond responses to 
specific stimuli.
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Battaglia, Erickson, Spitler, & Amaral, 2007), and these 
findings fit with the known connectivity of the amygdala 
with anterior temporal neocortex (Amaral, Price, Pitkänen, 
& Carmichael, 1992), a region containing face-selective 
cells (Perrett, Rolls, & Caan, 1982; Tsao, Freiwald, Tootell, 
& Livingstone, 2006). Lesions of the human amygdala can 
result in a remarkably specific impairment in recognizing 
fear (Adolphs, Tranel, Damasio, & Damasio, 1994; Adolphs 
et  al., 1999; Broks et  al., 1998) and trustworthiness 
(Adolphs, Tranel, & Damasio, 1998) in faces.

On the other hand, the amygdala might contribute to 
stimulus-independent baseline, or default, biases; such 
biases would be similar to the “tonic influence on behav-
ior” theorized more than two decades ago (Amaral et al., 
1992, p. 56). Studies have provided some preliminary evi-
dence that patients with amygdala lesions have a propen-
sity to approach other people or potentially dangerous 
situations regardless of context (Feinstein et  al., 2011; 
Kennedy et al., 2009).

Conceivably, the amygdala could play a role in both a 
face-specific approach bias and a default approach bias. 
When S. M., a widely tested amygdala-lesion patient, 
rated the trustworthiness and approachability of whole 
faces, her evaluations hinted at two distinct processes: 
First, the fact that her judgments increasingly deviated 
from normal judgments as faces became less trustworthy 
suggests an inability to process facial cues to untrustwor-
thiness. Second, there was evidence of a more uniform 
positive bias across all faces irrespective of their per-
ceived trustworthiness (i.e., a global, potentially face-
independent, bias toward trust; Adolphs et al., 1998; see 
Fig. S3 in Additional Results in the Supplemental Material 
available online). In the present study, we attempted to 
explicitly disentangle these two components, while also 
making two improvements to the method in this previous 
work (Adolphs et  al., 1998): using more than a single 
case study and controlling for regression to the mean.

One mechanism by which a default bias could be 
achieved is through sensitivity to ambiguity. When a dan-
gerous stimulus is detected, the amygdala, in conjunction 
with the cortex, must contextually assess the potential 
danger before launching a defensive response (Davis & 
Whalen, 2001). When signals are ambiguous, the amyg-
dala may increase vigilance and the amount of predictive 
information available by lowering sensory thresholds 
(Whalen, 2007). Sensitivity to ambiguity has been found 
across species. In humans, the amygdala is more sensi-
tive to ambiguity than to risk (Hsu, Bhatt, Adolphs, 
Tranel, & Camerer, 2005). In mice and humans, temporal 
unpredictability in stimulus presentation elicits anxious 
behavior and amygdala activity (Herry et al., 2007). When 
stimulus duration is sufficiently long to permit appraisal 
(van der Zwaag, Da Costa, Zürcher, Adams, & Hadjikhani, 
2012), ambiguous fearful faces with direct gaze elicit 

greater amygdala activation, as measured by functional 
MRI (fMRI) in humans, than do unambiguous fearful 
faces with averted gaze (Adams, Gordon, Baird, Ambady, 
& Kleck, 2003). Individual variation in state anxiety cor-
relates with the amygdala’s fMRI response to potentially 
ambiguous neutral faces (Somerville, Kim, Johnstone, 
Alexander, & Whalen, 2004). To our knowledge, we are 
the first to explore whether people with amygdala lesions 
have an abnormal tendency to approach ambiguous 
stimuli.

We tested the hypothesis that amygdala damage pro-
duces a stimulus-independent default bias by directly 
contrasting approach-related judgments for two sets of 
otherwise identical face stimuli: one set with the faces 
intact (whole-face condition) and the other modified 
such that the inner part of the faces was erased (occluded-
face condition; see Fig. 1a). Subjects made trust and 
threat judgments, which are known to be processed rela-
tively automatically during exposure to faces (Willis & 
Todorov, 2006). In the real world, distance (Sinha, Balas, 
Ostrovsky, & Russell, 2006), accessories (e.g., scarves, 
sunglasses), and other objects naturally occlude facial 
features. The same external facial cues (hairline, shape) 
were available for the faces in our two conditions, but 
information from facial features was available only in the 
whole-face condition. We operationalized an approach-
related default bias as a tendency, within subjects, to 
judge low-information, occluded faces as more trustwor-
thy and less threatening than the corresponding whole 
faces. Default-bias scores for both trust and threat judg-
ments were calculated by subtracting whole-face ratings 
from occluded-face ratings (Fig. 1b). These default-bias 
scores for trust and threat were then combined to form 
composite bias scores (Fig. 1c), with more positive scores 
indicating a greater tendency to approach. The consistent 
default bias to approach that we hypothesized for the 
lesion patients would produce greater positive composite 
bias scores in the patients than the control subjects.

Method

Subjects

All subjects gave informed consent or assent (when the 
experiment was completed online) in accordance with a 
protocol approved by the institutional review board of 
the California Institute of Technology.

Amygdala patients.  Selective bilateral damage to the 
human amygdala is extremely rare, but can arise from the 
genetic disease Urbach-Wiethe disease (Hofer, 1973). We 
tested 3 women with bilateral amygdala calcification 
lesions (Fig. S1 in Additional Results in the Supplemental 
Material) caused by this disease. At testing, 2 of the patients, 
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A. M. and B. G., identical twin sisters from rural southern 
Germany, were 36 years of age, were married with chil-
dren, and had been in full-time employment since receiv-
ing their 13 years of education in Germany. The third 
patient, A. P., was American. She was 27 years of age and 
had worked since she obtained her bachelor’s degree. All 
3 patients had an IQ in the average range, as measured by 
the Hamburg-Wechsler-Intelligenztest für Erwachsene 
Revision (A. M.: 101; B. G.: 96; Becker et al., 2012) or the 
Wechsler Abbreviated Scale of Intelligence (A. P.: 98). 
Their lesions were all similarly symmetric and confined to 
the amygdala (A. M.: 1.12 cc bilaterally; B. G.: 1.15 cc;  
A. P.: 0.71 cc). The damage included complete ablation of 
the basolateral amygdala with minor damage of other 
amygdaloid regions, including anterior and ventral cortical 
regions at the rostral level and lateral and medial parts of 
the central nucleus and amygdalo-hippocampal area at the 
caudal level (Fig. S1). All 3 patients were tested individu-
ally in the laboratory.

Healthy comparison subjects.  Eighty-one age-, gen-
der-, and education-matched control subjects with no 
current mental-health diagnoses were tested. This group 
included 61 Americans (mean age = 30.5 years, SD = 8.0 
years) and 20 Germans (mean age = 35.1 years, SD = 6.1 
years). The Americans were recruited through Amazon’s 
Mechanical Turk, and the Germans were recruited 
through e-mails forwarded to acquaintances of the 
authors’ German colleagues. All control subjects com-
pleted the experiment using Qualtrics, an online survey-
hosting platform, under conditions that were otherwise 

identical to those of the laboratory sessions at which the 
lesion patients were tested.

Sample size.  For our control group, we decided to test a 
sample (N = 81) larger than the samples that have been 
investigated in previous approach-withdrawal research 
(e.g., N = 46 in Adolphs et al., 1998). Previous approach-
withdrawal research on patients with amygdala lesions has 
typically been in the form of single case studies; here, we 
report results for 3 patients. We present their results both as 
individuals and as a small group, and report bootstrap anal-
yses comparing them statistically with the control group.

Stimuli

Our original stimulus set consisted of 34 high-resolution 
color images (16 females and 18 males, 20 to 50 years of 
age, who were instructed to adopt natural poses) show-
ing essentially neutral facial expressions. The photo-
graphs were all taken with the same camera, at the same 
angle with controlled lighting and in front of the same 
plain background. After image capture, the images were 
luminance matched on each RBG channel, using the 
SHINE toolbox (Willenbockel et  al., 2012). These 34 
luminance-matched images were used in the whole-face 
condition. To create the stimuli for the occluded-face 
condition, we placed an oval mask over each face, adjust-
ing the mask so that no inner facial features were visible 
(Fig. 1). All 68 images were resized so that the interocular 
distance for all images was constant. All faces were unfa-
miliar to the subjects.

a b

c

Default-Bias 
Score

(Trust or Threat)
– =

Occluded-Face 
Rating

(Trust or Threat)

Whole-Face
 Rating 

(Trust or Threat)

Composite
Bias Score

Trust Default-
Bias Score

Threat Default-
Bias Score– =

Whole Face Occluded Face

Fig. 1.  Illustration of the stimuli and calculation of bias scores. As illustrated in (a), each face was shown both intact (whole-face condition) 
and with the internal portion of the face erased (occluded-face condition); the occluded faces contained less information than the whole 
faces. Subjects rated how trustworthy and threatening each face was. For each face, for each subject, a default-bias score (b) was calcu-
lated by subtracting the rating of the whole face from the rating of the occluded face. Thus, positive default-bias scores for trust indicated 
a tendency to find occluded faces more trustworthy than whole faces; negative default-bias scores for threat indicated a tendency to find 
occluded faces less threatening than whole faces. A composite bias score was calculated by subtracting the default-bias score for threat 
from the default-bias score for trust, so that the two measures had the same directionality (c). Thus, larger positive composite bias scores 
indicated a greater tendency to approach faces in the occluded- compared with the whole-face condition (i.e., judgment that occluded faces 
were more trustworthy and less threatening than whole faces).
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Experimental design

Subjects indicated the degree to which they found the 
person depicted in each image threatening or trustwor-
thy. Response options on the 6-point scale were “strong 
no,” “no,” “weak no,” “weak yes,” “yes,” and “strong yes.” 
The directionality of the rating scale was counterbal-
anced across subjects. The task was self-paced. The 
occluded stimuli were always presented first; in separate 
blocks, subjects rated these stimuli for trust and threat, 
with the order of the two blocks counterbalanced across 
subjects. Next, subjects rated the whole faces for trust 
and threat, again in separate blocks with block order 
counterbalanced across subjects. Within each of the four 
blocks—two stimulus conditions (occluded, whole) × 2 
judgments (trust, threat)—all 34 facial images were pre-
sented in randomized order. We note that it would have 
been preferable for the presentation order of the whole- 
and occluded-face blocks to be counterbalanced or ran-
domized, but counterbalancing was not possible with a 
patient sample of 3, and without a much larger stimulus 
set, it would have been difficult to control for unintended 
memory effects if the order were randomized. Although 
our design included a fixed presentation order for whole- 
and occluded-face blocks, the same order was used for 
both subject groups, and presentation order therefore did 
not affect conclusions regarding our main question of 
interest—whether within-subjects differences in ratings 
between the stimulus conditions differed between the 
subject groups.

German translations

For the German subjects, the entire experiment was 
translated into German: “threatening” was translated as 
“bedrohlich” (English translations: “menacing,” “omi-
nous”); “trustworthy” was translated as “zuverlässig” 
(English translations: “reliable,” “trustworthy”). The trans-
lations were independently verified by five bilingual 
German-English speakers (100% agreement).

Analysis

Rescaling German subjects’ scores.  To control for 
cultural and language differences between the two 
nationalities, we minimally rescaled all German subjects’ 
ratings with a fixed offset. The average trust rating across 
all faces (whole and occluded) and all control American 
subjects was subtracted from the average trust rating 
across all faces and all German control subjects; the value 
of this difference between the two groups was subtracted 
from every German trust rating, including the ratings of 
the 2 German lesion patients. German subjects’ threat rat-
ings were rescaled following the same procedure. The 
rescaling factors were small: 0.429 for trust ratings and 

−0.188 for threat ratings. Given that there were no mean 
differences between American and German control sub-
jects after rescaling (see Fig. S2 in Additional Results), we 
pooled the data from these control groups in all subse-
quent analyses.

Note that the rescaling does not affect the derived bias 
scores discussed later, which constitute our main effects 
of interest. Those bias scores were calculated as within-
subjects rating differences and consequently were not 
affected by group-level manipulations applied uniformly 
to individuals’ scores.

Defining default bias.  For each type of judgment, we 
calculated a default-bias score (Fig. 1b) for each face by 
subtracting the whole-face rating from the occluded-face 
rating for that face. Positive scores for trust judgments 
and negative scores for threat judgments represented a 
default approach bias.

Calculating composite bias scores.  For each face, we 
calculated a composite bias score for each subject by 
subtracting that subject’s threat bias score from his or her 
trust bias score (Fig. 1c). A mean negative composite bias 
score across subjects indicated that a face was avoided in 
the occluded-face condition relative to the whole-face 
condition (occluded-avoided face), receiving higher 
threat and lower trust ratings in the occluded than in the 
whole condition. A mean positive composite bias score 
across subjects indicated that a face was approached in 
the occluded-face condition relative to the whole-face 
condition (occluded-approached face), receiving lower 
threat and higher trust ratings in the occluded than in the 
whole condition. To determine the consistency of the 
directionality of approach bias between trust and threat 
judgments, we overlaid plots of control subjects’ mean 
trust and threat bias scores as a function of rank order of 
the faces’ mean composite bias scores (Fig. 2a). These 
plots demonstrated that trust and threat default biases 
moved together in a consistent fashion.

Comparing patients with control subjects.  Each 
individual patient’s composite bias scores were qualita-
tively compared with those of control subjects by over-
laying the patient’s composite bias scores for the faces on 
a plot of the 95% confidence interval (CI) of the control 
subjects’ mean composite bias scores for the faces.

In addition, we took a quantitative approach to com-
paring the lesion patients and control subjects, estimating 
how the 3 lesion patients would compare with 3 people 
randomly drawn from the general population. Separately 
for (a) all faces, (b) occluded-avoided faces, and (c) 
occluded-approached faces, we built a bootstrapped 
population estimate from 100,000 bootstrap samples of 3 
randomly sampled control subjects’ average bias score. 
To remove any statistical dependency between the face 
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classification and comparison of control subjects’ and 
patients’ scores, on each bootstrap iteration we reclassi-
fied faces as occluded-avoided or occluded-approached 
according to the mean bias score of the 78 control sub-
jects who were not randomly sampled on that bootstrap 
iteration.

Testing for a difference in general approach ten-
dency between occluded and whole faces.  To disen-
tangle the contributions of occluded-face and whole-face 
ratings to the default approach bias we found, we sepa-
rately calculated an approach-related positivity score (cf. 
Norris, Gollan, Berntson, & Cacioppo, 2010), the trust 
rating minus the threat rating, for each whole and 
occluded face. A positive positivity score indicated a gen-
eral approach tendency (i.e., the face was more trustwor-
thy than threatening), whereas a negative positivity score 
indicated avoidance (i.e., the face was more threatening 
than trustworthy). We used bootstrap resampling to com-
pare patients’ and control subjects’ positivity scores for 
whole and occluded faces.

Results

Results are fully detailed in this section and are summa-
rized in Table 1 to quickly orient readers to our findings.

Comparison of lesion patients’ and 
control subjects’ composite bias scores

We tested for a default approach bias in our amygdala-
lesion patients by exploring whether they tended to 
approach occluded face stimuli more than whole face 
stimuli, relative to our control subjects. As already noted, 
we first confirmed the validity of our composite bias 
score. Control subjects’ trust and threat bias scores moved 
together in an expected manner (Fig. 2a), such that faces 
that tended to be rated as more trustworthy when 
occluded were also rated as less threatening when 
occluded, and vice versa.

Each patient’s composite bias scores were compared 
with the control subjects’ mean bias scores (Figs. 2b–2d): 
Overall, the patients’ bias scores indicated a heightened 
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Fig. 2.  Construction of composite bias scores and comparison of control subjects’ and patients’ composite bias scores. The graph in (a) shows the 
81 control subjects’ mean trust and threat bias scores. Given that the directionality of the trust and threat judgments was consistent, the two bias 
scores were combined to form composite bias scores. The graphs in (b) through (d) show the individual patients’ composite bias scores; for pur-
poses of comparison, the control subjects’ mean composite bias scores, from (a), are shown as well. In all the graphs, the face stimuli (x-axis) have 
been rank-ordered according to the control subjects’ mean composite bias score. The vertical dashed lines represent the boundary between faces 
with a negative composite bias score (which tended to be avoided more in the occluded-face relative to the whole-face condition) and faces with a 
positive composite bias score (which tended to be approached more in the occluded-face relative to the whole-face condition).
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tendency to approach faces in the occluded condition 
(this bias was not driven by a heightened tendency to 
avoid faces in the whole-face condition, as patients’ rat-
ings of whole faces did not differ from control subjects’ 
ratings; see Table 2). Each patient’s mean bias score was 
higher than that of the control subjects (M = 0.59, SD = 
0.76): Compared with the control subjects’ mean score, 
A. P.’s mean score was 0.46 SD higher, A. M.’s mean score 
was 0.85 SD higher, and B. G.’s mean score was 1.28 SD 
higher.

Further confirming that the patients had a general bias 
to rate occluded faces as more trustworthy and less 
threatening than whole faces, our bootstrap analysis 
showed that the patients’ composite bias scores were 
indeed higher than the control subjects’; only 7.6% of the 
bootstrap samples of control subjects had mean bias 
scores that exceeded the mean bias score of the patients 
(Fig. 3a). In addition, the patients’ and control subjects’ 
averages were strongly distinct (d = 1.13), with nonover-
lapping 95% CIs, [0.90, 1.59] and [0.43, 0.76], respectively. 
The difference between the two groups was weaker 
when the analysis was restricted to those faces that con-
trol subjects had a bias to approach in the occluded con-
dition (Fig. 3c); for this subset of the faces, 15.8% of the 
bootstrap samples of control subjects had mean bias 
scores that exceeded the patients’ mean, and the group 
averages were only moderately distinct (d = 0.74), with 
95% CIs of [0.84, 1.20] for control subjects and [1.19, 1.74] 
for patients. As expected, however, the between-groups 
difference was more pronounced for those faces that 
control subjects had a tendency to avoid in the occluded 
condition (Fig. 3b); for these faces, a mere 1.9% of the 
bootstrap samples of control subjects had mean bias 

scores that exceeded the patients’ mean, and the two 
groups’ averages were strongly distinct (d = 1.53), with 
95% CIs of [−0.81, −0.37] for control subjects and [0.04, 
1.22] for patients.

To test the possibility that these effects were driven by 
regression to the mean (i.e., that the amygdala-lesion 
patients’ ratings were simply noisier, or more random, 
than the control subjects’), we estimated random boot-
strapped distributions from samples of 3 artificial control 
subjects with random composite bias scores (built from 
raw trust and threat scores evenly distributed on the 
6-point scale). Building a control distribution from ran-
dom scores (i.e., noise) strengthened the separation of 
the control subjects’ distribution and patients’ mean bias 
scores for all faces (Fig. 3a) and occluded-approached 
faces alone (Fig. 3c), as the random distributions moved 
below the actual distributions for control subjects, which 
increased the separation between the control subjects’ 
and patients’ means. Although this increased separation 
was not observed for the occluded-avoided faces (Fig. 
3b), the patients’ default bias for those faces was particu-
larly strong. Thus, regression to the mean is an unlikely 
explanation. In conclusion, the abnormal ratings given 
by the 3 patients with amygdala lesions are unlikely to 
have arisen simply from noisier ratings.

Finally, a more subtle possibility is that the 3 amygdala 
patients did not give globally noisier ratings, but gave 
random ratings specifically in the most difficult stimulus 
condition (i.e., for the occluded faces only). To test if this 
could have produced our data, we next derived synthetic 
mean default-bias scores by subtracting actual whole-
face ratings of the patients from chance occluded-face 
ratings (i.e., 3.5, with a fixed bias offset for the German 

Table 1.  Summary of the Information Provided in Figures 2 Through 5 and Table 2

Figure 2a: This figure illustrates how composite bias scores were derived by combining separate trust and threat default-bias 
scores, which moved in opposite directions: Faces that tended to be trusted in the occluded condition were not found 
threatening in that condition, and faces that tended to not be trusted in the occluded condition were found to be threatening 
in that condition.

Figures 2b–2d: These graphs show that for each face, patients’ composite bias scores tended to be more positive than control 
subjects’ composite bias scores. That is, the patients exhibited an enhanced default approach bias.

Figure 3: This figure presents the results of the bootstrap analysis comparing 3 randomly sampled control subjects’ mean 
composite bias score with the patients’ actual mean score. It shows that patients had a stronger default approach tendency for 
all faces, and especially for faces that control subjects tended to avoid in the occluded condition.

Figure 4: This figure provides a parametric visualization of the bias shown in Figure 3. To test whether patients’ bias resulted from 
a specific difficulty in rating occluded faces, we generated synthetic bias scores derived from patients’ actual whole-face ratings 
and random occluded-face ratings. These synthetic scores were lower, not higher, than control subjects’ composite bias scores; 
therefore, the patients’ enhanced default bias relied on their abnormally positive evaluation of occluded faces.

Figure 5: This figure presents the results of the bootstrap comparison of control subjects’ and patients’ approach-related positivity 
scores (trust rating minus threat rating) for whole and occluded faces separately. It shows that all subjects had a bias to 
approach occluded faces more than whole faces, but also confirms that this bias was greatly enhanced in the patients.

Table 2: This table provides the 3 patients’ individual ratings and bias scores, the 95% confidence intervals of the control subjects’ 
mean ratings and bias scores, and a summary of how the patients compared with the control group.
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patients). The composite scores derived from these syn-
thetic default-bias scores tended to be lower than control 
subjects’ composite bias scores (Fig. 3), once again going 
in a direction opposite to that seen for the actual ratings 
given by the amygdala-lesion patients, which were higher 
than control subjects’ ratings.

Binary classification of faces as occluded-avoided 
(Fig. 3b) or occluded-approached (Fig. 3c) indicated that 
the patients’ default approach bias, operationalized as 
composite bias scores, was strongest for faces avoided by 
control subjects in the occluded condition. We visualized 
how the patients differed from control subjects in 
response to each face by overlaying the patients’ mean 
composite bias score for each face on a plot of control 
subjects’ rank-ordered mean composite bias scores 

(Fig.  4). The patients’ scores were smoothed with a 
10-face moving average to improve visualization of the 
general parametric trend. Although the patients tended to 
have higher bias scores than control subjects across all 
faces, the patients’ bias scores became less distinct from 
control subjects’ as control subjects’ composite bias 
scores increased. We also plotted synthetic bias scores 
derived by subtracting the patients’ actual raw scores for 
whole-face stimuli from chance occluded-face ratings 
(Fig. 4). Unlike the patients’ bias scores, these synthetic 
bias scores were not higher than control subjects’—in 
fact, they were lower. These results once again indicate 
that the deviation of the patients’ bias scores from control 
subjects’ bias scores was indeed driven by abnormal, but 
consistent, occluded-face ratings.
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Fig. 3.  Comparison of patients’ mean composite bias scores with bootstrapped distributions of control subjects’ scores. The density 
plots show bootstrapped estimates of the distribution of 3 randomly sampled control subjects’ mean composite bias scores for (a) 
all faces (n = 34), (b) occluded-avoided faces (n = 9), and (c) occluded-approached faces (n = 25), with the 3 patients’ actual mean 
bias score overlaid. (Occluded-avoided and occluded-approached faces were identified by the mean composite bias score of the 
78 control subjects not included on a given bootstrap iteration.) The individual patients’ mean scores are indicated along the x-axes. 
The percentage of bootstrap samples in which the control subjects’ mean score was higher than the patients’ mean is indicated 
on each plot. As a test against regression to the mean, random bootstrapped control distributions, built from samples of 3 artificial 
control subjects with random composite bias scores (built from raw trust and threat scores evenly distributed on the 6-point scale), 
are overlaid on each plot, with the mean of each distribution indicated by a vertical line through that distribution. As a test of the 
contribution of occluded-face ratings to the patients’ enhanced default bias, operationalized as higher composite bias scores, a syn-
thetic mean composite bias score for the patients was derived from synthetic default-bias scores created by subtracting the patients’ 
actual whole-face ratings from chance occluded-face ratings. The patients’ mean synthetic composite bias score is indicated along 
the x-axis of each plot.
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Approach-related positivity scores for 
whole- and occluded-face stimuli

Examination of positivity scores (positive for faces that 
were approached, i.e., that had stronger trust than 
threat ratings) for both classes of stimuli (whole and 
occluded faces) confirmed that the observed default 
bias was driven by greater positive evaluations of 
occluded faces. Approach-related positivity scores were 
higher in the occluded-face condition than in the 
whole-face condition in both control subjects and 
patients (Fig. 5). Although control subjects’ positivity 
scores (trust minus threat rating for each face) exhib-
ited a shift from relatively neutral evaluations of whole 
faces (M = 0.063) to positive evaluations of occluded 
faces (M = 0.656), p = 5.90 × 10−10, the increase in posi-
tivity scores for occluded compared with whole faces 
was markedly greater in the patients (whole faces: M = 
0.373; occluded faces: M = 1.618), p = .0199. These 
results are inconsistent with alternative explanations of 
the default bias, such as that it arises from negative 
whole-face evaluations in combination with neutral 
occluded-face evaluations.

Results separated by judgment and 
stimulus type

Our analyses thus far were performed on a default bias 
defined as a tendency to give both higher trust ratings 
and lower threat ratings to occluded faces than to whole 
faces. Although the composite bias scores provided the 
most comprehensive way to present our results, separate 
trust and threat biases obviously contributed to the over-
all bias. We therefore also performed bootstrap compari-
sons of control subjects’ and patients’ mean trust and 
threat biases for whole and occluded faces separately 
(Table 2). These comparisons confirmed that the patients’ 
observed approach bias was driven by abnormal ratings 
of occluded faces. As a group, the patients’ whole-face 
ratings were not different from those of the control sub-
jects, which was somewhat unexpected given the previ-
ous finding that patient S. M. (who also has bilateral 
amygdala lesions from Urbach-Wiethe disease, albeit 
lesions that are more substantial than those of any of our 
3 patients) gave abnormally high trustworthiness judg-
ments to whole faces (though a different set of faces than 
the ones used in the present study; Adolphs et al., 1998). 
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as occluded-avoided lie to the left of the vertical dashed line; occluded-approached faces lie to the 
right. Also shown are mean synthetic bias scores, derived by subtracting the patients’ actual raw 
scores for whole-face stimuli from chance occluded-face ratings and smoothing with a 10-face mov-
ing average.
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To verify that this discrepancy between S. M. and our 
amygdala-lesion patients was not driven by differences in 
the stimulus sets, we tested 2 of our patients (A. M. and 
B. G.) on the original stimuli from the experiment with S. 
M. Although the judgments of A. M. and B. G. tended to 
deviate from those of control subjects, especially for the 
faces control subjects avoided most (Fig. S3 in Additional 
Analyses), these patients exhibited only a weak trend to 
rate whole faces more favorably (i.e., as less threatening 
and more trustworthy) than control subjects, as S. M. had. 
Unfortunately, S. M. was not available for testing on our 
new task, and A. P. was not available for testing on the 
original task used by Adolphs et al. Results from the data 
available indicate that the default bias observed in this 
study results primarily from the patients’ enhanced posi-
tive evaluation of the occluded-face stimuli.

Discussion

By comparing ratings of whole and occluded faces, we 
found that 3 patients with rare selective bilateral amyg-
dala lesions exhibited a significantly enhanced default 
approach bias relative to control subjects. Specifically, the 
increase in trust ratings and decrease in threat ratings in 
the low-information, occluded-face condition, compared 
with the whole-face condition, was greater for the 
patients than for the control subjects.

Consider again our example situation of walking into 
a dark room. The normal response to an ambiguous 

situation is risk assessment (Blanchard et al., 2011); given 
insufficient information to determine whether a threat is 
present, one should pause and gather more information 
before proceeding. Our patients’ ratings indicated that 
they would simply enter the room, whereas at the other 
end of the spectrum, anxious individuals might flee the 
dark room before gathering further evidence. Future 
experiments exploring individual differences (e.g., trait 
and state anxiety, perceived dominance, history of expo-
sure to physical and social threat or betrayal) will be 
important to both validate our task and determine what 
factors beyond amygdala damage relate to heightened 
approach tendencies. It is worth noting that a few of our 
control subjects had an approach bias similar to that of 
the patients; future studies are needed to determine the 
cause of these individual differences.

In humans, given a lack of stimulus information, an 
exploratory tendency may normally promote a default 
approach bias, the positivity offset predicted for evalua-
tion of low-information stimuli in the evaluative space 
model (Norris et al., 2010). This positivity offset is similar 
to the increase in approach-related positivity scores (trust 
minus threat ratings) in the occluded-face condition com-
pared with the whole-face condition in the present study 
(Fig. 5). We observed this shift in positivity scores in both 
control subjects and patients, but it was enhanced in the 
patients.

Although patients’ approach ratings were higher than 
control subjects’, the patients were not completely 
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indiscriminate: Their judgments differed more in degree 
than in direction (Table 2). Future work should test 
whether their enhanced approach bias extends to (a) 
other classes of degraded stimuli and (b) the real world. 
If our 3 patients, like S. M. (Feinstein et al., 2011; Kennedy 
et al., 2009), were shown to exhibit abnormal proxemic 
(i.e., personal space) behavior and a tendency to 
approach real threatening stimuli (e.g., snakes), this 
would further corroborate a default approach bias. 
Preliminary testing has confirmed that B. G. has abnor-
mally small personal space and fear responses (D. P. 
Kennedy & J. Feinstein, personal communication, August 
21, 2014). Testing subjects’ actual behavior is crucial, as 
compensatory processing may allow them to give explicit 
ratings that are more “correct” than their real-world 
behavior would be: For example, although S. M. abnor-
mally approached actual snakes without showing any 
fear, beforehand she verbally insisted that she “hates” 
snakes and “tries to avoid them” (Feinstein et al., 2011, p. 
34).

Differences among the amygdala-lesion patients need 
to be explained. Amygdala damage can prompt two dis-
tinct approach processes—a default bias and a face- 
specific bias—which can operate simultaneously. Remov-
ing facial-feature information from our stimuli allowed us 
to observe a default bias while working within the gen-
eral category of facial stimuli. Across all subjects, 
responses to facial features were variable, and the 
patients’ whole-face ratings were similar to those of con-
trol subjects. In contrast, S. M.’s ratings of whole faces 
were different from control subjects’ (Adolphs et  al., 
1998). This deviation between S. M. and the patients in 
the current study is in line with the heterogeneity of 
impairments reported in cases of bilateral amygdala dam-
age (Adolphs et al., 1999; Hamann et al., 1996; Siebert, 
Markowitsch, & Bartel, 2003; van Honk, Terburg, Thorn-
ton, Stein, & Morgan, in press), and may reflect compen-
satory processing (Becker et  al., 2012; Scheele et  al., 
2012). S. M.’s impairment in evaluating whole faces hints 
at progressive amygdala damage (impairment), which is 
expected in Urbach-Wiethe disease (Appenzeller et al., 
2006) and which may encompass more, and different, 
amygdala nuclei than in other cases of Urbach-Wiethe 
disease (van Honk et al., in press).

Although patients’ differences in a face-specific deficit 
need to be further explored and explained on the basis 
of precise anatomical differences, the present study 
focused on isolating a stimulus-independent effect that 
will clearly interact with responses to facial features in 
influencing approach-avoidance behavior. However, 
across the entire stimulus set, a general default approach 
bias could be observed independently of specific 
responses to facial features.

Mechanistically, the patients’ approach bias may 
relate to a specific deficit related to disrupted vigilance 

(Davis & Whalen, 2001; Whalen, 2007), a possibility 
compatible with the idea that the amygdala launches a 
defensive behavioral response to coincident sensory 
and contextual danger signals (Freese & Amaral, 2009). 
However, the patients’ approach bias can be explained 
by a more general mechanism of amygdala function. 
The possibility that the amygdala plays a general role 
in processing salience and self-relevance (Cunningham 
& Brosch, 2012; Harrison & Adolphs, 2015; Sander, 
Grafman, & Zalla, 2003) is compatible with a wide 
array of findings regarding the amygdala. The amyg-
dala contributes to both negative and positive rein-
forcement (Murray, Izquierdo, & Malkova, 2009) and 
processes positively and negatively valenced stimuli 
(Anderson et al., 2003; Hamann, Ely, Hoffman, & Kilts, 
2002). In rats (Hatfield, Han, Conley, Gallagher, & 
Holland, 1996) and nonhuman primates (Izquierdo & 
Murray, 2007; Málková, Gaffan, & Murray, 1997), baso-
lateral amygdala lesions interfere with reinforcer 
devaluation, such that an animal will indiscriminately 
approach devalued food items, an effect similar to our 
patients’ default approach bias. Hypothetically, the 
basolateral nucleus, which is damaged in our patients, 
updates the value of a stimulus (Murray et al., 2009). 
All of these findings indicate that the amygdala con-
tributes more than merely a role in detecting threats, 
and instead processes any stimuli of high relevance.

A salience, or relevance, explanation not only is compat-
ible with our observed default bias but also accounts for 
prior findings in amygdala-lesion patients. For example, 
amygdala lesions inhibit proper orienting to stimuli (Spezio, 
Huang, Castelli, & Adolphs, 2007), which in turn results in 
a diminished ability to experience (Feinstein et al., 2011) or 
recognize (Adolphs et al., 2005) fear. Proper orienting can 
lead to recovery of this ability: S. M. correctly identified fear 
in facial stimuli after being given explicit top-down instruc-
tion to look at the eyes (Adolphs et al., 2005).

Our finding of an enhanced default approach bias in 
amygdala-lesion patients suggests a further role for the 
amygdala in setting a default for what is potentially rele-
vant or salient. This default normally prevents individuals 
from approaching situations that may be threatening 
while simultaneously permitting exploration of those sit-
uations. In our patients, this balance is shifted. Similarly, 
in psychiatric disorders featuring dysregulation of the 
amygdala (e.g., anxiety disorders—Davis, 1992; Etkin & 
Wager, 2007; autism—Baron-Cohen et al., 2000; Castelli, 
Frith, Happé, & Frith, 2002; Dalton et al., 2005), stimuli 
are not evaluated correctly as a result of shifted baseline 
biases as well as under- and overweighting of the threat, 
social importance, and relevance of stimuli.

In summary, contrasting judgments of occluded and 
whole faces, we uncovered a default approach bias fol-
lowing bilateral amygdala damage. Future research is 
needed to test for a default approach or avoidance bias 
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in psychiatric disorders in which the amygdala is impli-
cated, to develop implicit tests of approach bias in order 
to circumvent potential compensatory mechanisms, and 
to devise tests that can provide a clearer mechanistic 
account of our findings.
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