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Individuals with pain-related concerns are likely to interpret ambiguous pain-related
information in a threatening manner. It is unknown whether this interpretation bias
also occurs for ambiguous pain-related facial expressions. This study examined whether
individuals who habitually attach a catastrophic meaning to pain are characterized by
negative interpretation bias for ambiguous pain-related facial expressions. Sixty-four
female undergraduates completed an incidental learning task during which pictures of
faces were presented, each followed by a visual target at one of two locations. Participants
indicated target location by pressing one of two response keys. During the learning
phase, happy and painful facial expressions predicted target location. During two test
phases, morphed facial expressions of pain and happiness were added, equally often
followed by a target at either location. Faster responses following morphs to targets at
the location predicted by painful expressions compared to targets at the location predicted
by happy expressions were taken to reflect pain-related interpretation bias. During one
test phase, faces were preceded by either a safe or threatening context cue. High, but
not low, pain-catastrophizers responded faster following morphs to targets at the location
predicted by painful expressions than to targets at the other location (when participants
were aware of the contingency between expression type and target location). When
context cues were presented, there was no indication of interpretation bias. Participants
were also asked to directly classify the facial expressions that were presented during the
incidental learning task. Participants classified morphs more often as happy than as painful,
independent of their level of pain catastrophizing. This observation is discussed in terms
of differences between indirect and direct measures of interpretation bias.

Keywords: painful facial expressions, interpretation bias, indirect measures, incidental learning task, direct

measures, pain catastrophizing

INTRODUCTION
Pain-related behaviors, such as facial expressions, provide infor-
mation about one’s current feelings and situation to others
(Williams, 2002). However, pain behavior can be ambiguous,
not always providing a clear signal of pain or somatic threat
(Pincus and Morley, 2001). Interpreting ambiguous pain signals
in a threatening manner might be adaptive, as it reflects early
threat detection and facilitates fast action when needed (Ohman
and Mineka, 2001). However, in some conditions, such negative
interpretation bias might lose its functional value (Vancleef et al.,
2009). Especially relevant to pain and maladaptive pain respond-
ing is whether negative interpretation bias of ambiguous pain
behavior depends on the meaning attached to pain. It has been
suggested that individuals who habitually attach a catastrophic
meaning to pain perceive others’ pain as more intense, and feel
more distress when observing others in pain than individuals
who catastrophize less about pain (Sullivan et al., 2006; Goubert
et al., 2011). Biased interpretation of ambiguous pain-related

information, such as words related to pain and somatic threat,
has found to be associated with individuals’ levels of pain-related
anxiety, pain catastrophizing, and pain-related fear in healthy
individuals (Pincus and Morley, 2001; Keogh and Cochrane,
2002; McKellar et al., 2003; Vancleef et al., 2009). In the cur-
rent study, we investigated biased interpretation of ambiguous
pain-related facial expressions (i.e., morphed facial expressions
of pain and happiness) in healthy volunteers, taking individual
differences in level of pain catastrophizing into account.

Besides the observer’s level of pain catastrophizing, interpreta-
tion bias regarding others’ pain behavior might also depend on
available context information. It has been shown that the pro-
cessing of facial expressions is influenced by emotional context
information (De Gelder et al., 2006). Furthermore, healthy indi-
viduals’ tendency to classify ambiguous pain-related facial expres-
sions as painful has shown to be especially enhanced when these
expressions are preceded by negative priming words (Yamada
and Decety, 2009). Therefore, a second aim of the current study
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was to examine the influence of physically threatening contex-
tual information on interpretation bias for ambiguous facial
expressions.

Direct measures of interpretation bias, such as direct classifi-
cation tasks, have frequently been used in the study of cognitive
biases related to pain and threat (e.g., Richards et al., 2002; Liossi
et al., 2012), but also have been criticized. One of the problems
with the direct measures is their susceptibility to self-presentation
biases (Nisbett and Wilson, 1977; Hirsch and Mathews, 1997).
Indirect measures of interpretation bias avoid this problem
by inferring interpretations from behavioral response patterns.
Therefore, we applied an indirect task, and more specifically an
incidental learning paradigm (cf. Yoon and Zinbarg, 2008) in
addition to a direct classification task, to examine interpretation
bias for pain-related ambiguous facial expressions. This is the first
published study that uses the incidental learning task to examine
pain-related interpretation bias.

In sum, we hypothesized that healthy individuals, and espe-
cially high pain catastrophizers, interpret morphed facial expres-
sions of pain and happiness in a negative, pain-related manner.
We further hypothesized that this bias will be enhanced when
morphs are presented in a threatening context.

METHODS
PARTICIPANTS
Sixty-four Dutch-speaking female undergraduates from the
University of Leuven took part in this study. Exclusion criteria
were history of chronic pain, presence of acute pain, and uncor-
rected visual problems. Three participants were excluded from
further analyzes because their dataset was incomplete due to tech-
nical problems. The final sample consisted of 61 participants
(mean age = 18.37 years, SD = 0.7).

Groups representing high (n = 29) and low (n = 32) pain
catastrophizers were formed based on the final sample’s median
score (17) on the Pain Catastrophizing Scale (see Sections Pain
Catastrophizing Scale and Apparatus). The high pain catastro-
phizers’ mean PCS score (25.9; SD = 6.3) was in the 9th decile
of norm scores for female, Belgian, Dutch-speaking undergrad-
uate students; the low catastrophizers’ mean PCS score (11.4;
SD = 5.0) was in the 3rd decile of these norm scores (Van Damme
et al., 2000).

The experiment was approved by the ethical committee of the
faculty of psychology, University of Leuven, Belgium. All partic-
ipants took part based on informed consent, in exchange for a
course credit or money (7C).

PAIN CATASTROPHIZING SCALE
Participants completed the Dutch version of the Pain
Catastrophizing Scale (PCS; Sullivan et al., 1995; Van Damme
et al., 2000). The PCS consists of 13 items describing differ-
ent thoughts and feelings that may be associated with pain.
Participants indicate the degree to which they have each of those
feelings or thoughts on a 5-point Likert scale (0 = not at all; 4 =
all the time). We calculated a total PCS score with a range of
0-52 by summing the 13 item scores. Higher total scores reflect
higher levels of pain catastrophizing. In our final sample PCS
total scores ranged between 0-42 (mean = 18.1, SD = 6.3). The

psychometric properties of the Dutch version of the PCS have
been approved for different populations (reported Cronbach’s
Alpha in Dutch-speaking population >0.85, Van Damme et al.,
2000).

STIMULUS MATERIALS
Pictorial face stimuli
Pictorial face stimuli were presented during the incidental learn-
ing task (see Section Incidental Learning Task) and the direct
classification task (see Section Direct Classification Task). Colored
photographs (height 6 cm × width 4.5 cm) of happy and painful
facial expressions from 54 actors (30 male; young Caucasian
adults and racially congruent to the participants) were obtained
from two databases (Roy et al., 2007; Langner et al., 2010). On
all photographs, head and eye-gaze were directed forward and the
head filled most of the picture. All images had the same size and
the relative size of head was the same for all images. Non-facial
features were removed and replaced with a uniform gray back-
ground, because this information might distract from expression
processing (Nusseck et al., 2008).

A pilot study with 20 female undergraduates (mean
PCS = 17.7, SD = 5.9; mean age = 18.4, SD = 0.6) from
the same population as the experimental sample (but who did
not take part in the actual experiment) was conducted to select
the face stimuli. During this pilot study, participants rated 180
face stimuli on four different scales (Simon et al., 2008): the
intensity of happiness in the expression on a 6-point Likert
scale (0 = not happy at all; 5 = extremely happy), the intensity
of pain in the expression on a 6-point Likert scale (0 = not
painful at all; 5 = extremely painful), the extent of pleasantness
of the expression on a 9-point Likert scale (−4 = extremely
unpleasant; 4 = extremely pleasant), and the extent of arousal of
the expression on a 9-point Likert scale (−4 = completely calm;
4 = extremely aroused). Based on these ratings (data provided
in Table S1, online only), 16 painful and 16 happy expressions
from 32 actors (16 females; eight male and eight female actors
expressed pain; the other half of the actors expressed happiness)
were selected to be presented as prototype (unmorphed) expres-
sions during the actual experiment. Sixteen morphed expressions
were created by morphing the pictures of 16 painful and 16
happy expressions from 16 other actors (all white Caucasians;
eight females), using Fanta-Morph software (Delux, 3.4.21 ).
More specifically, for each actor, a painful expression was paired
with a happy expression. For each of the resulting 16 pairs,
the software produced 60 frames (transition from painful to
happy expression) from which five different frames were selected,
each consisting of a similar amount (percentage) of painful and
happy expression. In the process of creating and selecting the
morphs 10 experts in the coding of facial expressions (FACS
coding) were asked for their independent opinion and expert
view. They were asked to select for each of the 16 pairs the most
ambiguous morph out of the five created morphs and to rate its
perceptual quality on a 5-point Likert scale (0 = Very poor, 4 =
Very good). The morphs selected by at least half of the experts,
as being the most ambiguous morph for that specific pair, and

1http://www.fantamorph.com
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with sufficient quality (mean rating = 3.66, SD = 0.35) were
selected for the present study. Examples of the selected stimulus
materials are presented as Supplementary Materials (Figure S1;
online only).

Finally, all participants of the actual experiment rated at
the end of the experimental lab session the ambiguity of all
facial stimuli that were presented during the interpretation bias
tasks (see Section Procedure) on a 100 mm VAS (1 = “min-
imum level of ambiguity” anchored on the left, 10 = “maxi-
mum level of ambiguity” anchored on the right). Morphs were
rated as more ambiguous (mean = 6.15, SD = 1.9) than happy
expressions [mean = 1.34, SD = 0.6, t(60) = 20.55, p < 0.001]
and painful expressions [mean = 1.57, SD = 0.7, t(60) = 18.86,
p < 0.001]. There was no significant difference between high and
low pain catastrophizers’ rating of ambiguity in morphed expres-
sions [High PCS: mean = 6.18, SD = 1.9; Low PCS: mean =
6.11, SD = 1.8; t(59) = 0.13, p = 0.9]; happy expressions [High
PCS: mean = 1.43, SD = 0.7; Low PCS: mean = 1.26, SD =
0.4; t(59) = 1.18, p = 0.2] and painful expressions [High PCS:
mean = 1.46, SD = 0.7; Low PCS: mean = 1.66, SD = 0.8; t(59) =
1.05, p = 0.3].

Context cues
Context cues were presented during the incidental learning task
(see Section Incidental Learning Task). Context cues were 16 col-
ored photographs (height 4 cm × width 6 cm) of which eight
of them depict a hand in a physically threatening situation, and
eight a hand in a nonthreatening situation as obtained from a
database developed by Jackson et al. (2005). Threatening and
non-threatening context cues were matched in terms of position-
ing and background. This selection was based on threat ratings
on a 10-point Likert scale as provided with the original database
(by Jackson et al., 2005). For the threat-related photos, threat rat-
ings were between 5.6 and 7.5 (mean = 6.22, SD = 0.67) and for
non-threatening photos less than 0.18 (mean = 0.06, SD = 0.04).
Examples of contextual cues are presented as Supplementary
Materials (Figure S2; online only 2).

INTERPRETATION BIAS TASKS
Incidental learning task
General. The incidental learning task (cf. Yoon and Zinbarg,
2008) consisted of three phases: a learning phase and two testing
phases (Figure 1). During the learning phase, unmorphed painful
and happy expressions were presented one by one, followed by
a target at one of two predefined locations. Expression type pre-
dicted the target’s location and participants were expected to learn
this association. During the testing phases, morphed facial expres-
sions were presented in addition the unambiguous happy and
painful expressions. The rationale behind the incidental learn-
ing task is that following the presentation of a morphed facial
expression, participants respond faster to targets at the location
predicted by painful expressions if they interpreted the expres-
sion as painful. On the other hand, they are expected to respond
faster to targets at the location predicted by happy expressions
if they interpreted the morphed expression as happy. So, faster
reactions following morphed expressions to targets at the loca-
tion predicted by painful expressions in comparison with the

location predicted by happy expressions were taken as indicative
of pain-directed interpretation of morphed facial expressions.

Learning phase (Figure 1; left panel). During the learning phase,
each trial started with a black central fixation cross on a gray
background and two square position markers (black frames,
1 × 1 cm), one at the left and one at the right of the fixation
cross. The inner edge of the target position-marker distanced
12 cm (horizontal axis) from the fixation cross. The fixation cross
was presented for 500 ms and then replaced by an unambiguous
happy or painful facial expression. This expression was presented
for 675 ms and was immediately followed by a target letter “H”
(0.85 × 0.85 cm). For half of the participants, (1) happy expres-
sions were followed by a target at the left side of the fixation cross
in 80% of the trials (i.e., location predicted by happy expressions)
and at the right side in 20% of the trials (i.e., location predicted
by painful expressions) and (2) painful expressions were followed
by a target at the right of the fixation cross in 80% of the trials
(i.e., location predicted by painful expressions) and at the left side
in 20% of the trials (i.e., location predicted by happy expressions).
For the other participants, right target location was predicted by
happy expressions and left target location by painful expressions.
Participants’ task was to indicate on each trial the target’s position
as quickly and accurately as possible, by pressing the correspond-
ing key on the response box (i.e., left key to left target; right key
to right target). So, for half of the participants the left key was
associated with responses to targets at the location predicted by
happy expressions and the right key with responses to targets at
the location predicted by painful expressions; for the other par-
ticipants this mapping was reversed. As soon as a response was
given, or after 3000 ms, the screen was refreshed and the next trial
was started. The learning phase consisted of two blocks, each con-
sisting of 32 trials (16 happy and 16 painful expressions). Each
individual expression was presented twice, once during each trial
block. Trials were presented in a different random order for each
participant.

Test phase without context cues (Figure 1; middle panel). The
test phase without context cues was similar to the learning phase,
except that 16 morphed expressions were presented, equally often
followed by a target at the left or the right side of the screen—
together with eight happy expressions, always followed by a target
a the location predicted by happy expressions during the learn-
ing phase, and with eight painful expressions, always followed
by a target a the location predicted by painful expressions dur-
ing the learning phase. These painful and happy expressions were
randomly chosen from the 32 expressions that were presented
during the learning phase and were the same for all participants.
The trials with painful and happy expressions served as additional
learning/retention trials. The test phase without context cues con-
sisted of one block with 32 trials (16 morphs, eight happy, eight
painful). Each individual expression was presented once. Trials
were presented in a different random order for each participant.

Test phase with context cues (Figure 1; right panel). The test
phase with context cues only differs from the one without context
cues in that after 500 ms, the fixation cross was first replaced by a
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FIGURE 1 | Typical trial configuration for the learning and testing phases of the incidental learning task.

context cue (i.e., picture of hand in either a threatening or non-
threatening situation). After 675 ms, the context cue was replaced
by the facial expression. The rest of the trial was the same as for
trials during the test phase without context cues. The test phase
with context cues consisted of two blocks, each consisting of 32
trials (16 morphs, eight happy, eight painful). Each individual
expression was presented twice, once preceded by a threatening
cue and once by a non-threatening cue. Trials were presented in a
different random order for each participant.

Direct classification task
Each trial of the direct classification task (Liossi et al., 2012)
started with a fixation cross at the center of the computer screen.
The cross was presented for 500 ms and then replaced by a
happy, painful, or morphed facial expression. Each facial pic-
ture was presented for 675 ms and then replaced by two Dutch
words, one besides the other, representing the two choice alterna-
tives (“Painful” and “Happy”). All 32 photos that were presented
during the testing phases of the incidental learning task were pre-
sented once, in a different random order for each participant.
Participants’ task was to indicate whether the facial expression was

a happy or a painful one, by pressing the spatially corresponding
response key on the response box. The position of the choice alter-
natives on the screen, and so the assignment of the response keys,
was counterbalanced between participants. A higher number of
morphs classified as painful than as happy is considered to reflect
a negative interpretation bias.

APPARATUS
Task presentations, and logging of button presses were controlled
by a Dell Optiplex 755 computer (OS: windows XP; 2 GB RAM;
Intel Core2 Duo processor at 2.33 GHz; ATI Radeon 2400 graph-
ics card with 256 MB of video RAM), running Affect 4.0 software
(Spruyt et al., 2010) and connected to a 19” CRT DELL moni-
tor (75 Hz vertical refresh rate; refresh duration: 13.3 ms/frame,
image resolution 1280 × 1024), and a two button response box
(via parallel port).

PROCEDURE
Participants were individually tested in a dimly lit testing room.
They were informed that the experiment targeted the relation-
ship between concentration and performance and signed the
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informed consent form. They were seated in front of the com-
puter screen (viewing distance ≈ 60 cm). So the visual angle of
the facial expressions to be presented on the computer screen
was ∼5.7◦ (vertically) and ∼4.3◦ (horizontally), and of the con-
text cues ∼3.8◦ (vertically) and ∼5.7◦ (horizontally). Participants
positioned their hands on the response box, with their right index
finger on the right response key and the left index finger on the left
response key.

Then instructions for the incidental learning task were given.
Participants were not informed about the to-be-learned associ-
ations. They were informed that the task would be followed by
questions regarding the faces presented during the experiment. If
all instructions were clear, the incidental learning task was started,
with the learning phase followed by the two test phases (one with-
out and one with context cues). The order of the test phases
was counterbalanced between subjects. After each block of trials
there was a short break during which participants were given the
opportunity to relax and close their eyes for a minute.

After completion of the incidental learning task, the follow-
ing questions were presented one by one: (1) What different facial
expressions did you see? (2) During the previous task you saw pic-
tures of hands in different situations. Those situations can be divided
into two or more general categories. To what different categories did
the observed situations belong? (3) When a HAPPY face was pre-
sented, did the letter “H” more often appear on the right, more often
on the left, or as often on either location? and (4) When a PAINFUL
face was presented, did the letter “H” more often appear on the right,
more often on the left, or as often on either location? Whether par-
ticipants were aware of the to-be-learned contingency between
cue type (expression) and target location was derived from their
answers to the third and fourth question.

After this assessment, all participants performed the direct
classification task. Since performing the direct classification task
could influence learning during the incidental learning task, the
order of incidental learning task and direct classification task was
not counterbalanced.

Finally, participants were asked to rate the ambiguity of the
facial stimuli used in both interpretation bias tasks. See also
Section Pictorial Face Stimuli.

Two days after the lab session, participants were invited by
Email to complete as soon as possible but within 2 days via
a secure online survey system a battery of questionnaires (EFS
online survey), including demographical questions (e.g., age) and
the Dutch version of the PCS. As soon as they had completed
the questionnaires, participants received their compensations.
When the data of all participants were collected, participants
were informed about the experimental details and the aims of the
study.

RESULTS
INCIDENTAL LEARNING TASK
Data preparation
Trials with incorrect responses were excluded from final analyzes.
Trials with correct responses deviating more than 2.5 SDs from
the individual’s mean correct RT (per phase) were considered RT
outliers and were also excluded. Percentages of excluded responses
(% incorrect responses based on all responses; % RT outliers

based on all correct responses) are reported at the beginning of
each section, for each phase separately. The reported analyzes are
on mean correct RTs after exclusion of outlier responses.

Learning phase
During the learning phase, 4.2% of the responses were excluded
(1.7% incorrect responses; 2.5% RT outliers). Mean RTs (Table 1,
top rows) were subjected to an ANOVA with expression type
(2: painful vs. happy) and target location (2: location predicted
by painful expressions vs. location predicted by happy expres-
sions) as within-subjects factors and PCS group (2: high vs.
low) as between-subjects factor. As expected, there was a sig-
nificant expression type × target location interaction, F(1, 59) =
18.0, p < 0.001, η2

p = 0.23, suggesting that participants learned
the association between expression type and target location.
Following painful expressions, RTs were significantly faster to
targets at the location predicted by painful expressions than to
targets at the location predicted by happy expressions, t(60) =
4.1, p < 0.001, Cohen’s d = 0.8. Following happy expressions,
RTs were somewhat faster to targets at the location predicted
by happy expressions than to targets at the location predicted
by painful expressions, though non-significantly so, t(60) = 1.0,
p = 0.3, Cohen’s d = 0.01. There was no other significant effect,
indicating that the learning effect did not depend on participants’
level of catastrophizing.

Since a number of learning theorists emphasize the impor-
tance of contingency awareness (e.g., Mitchell et al., 2009), we
decided to include contingency awareness as a between subjects
factor in the analyzes. This enables us to test whether learning the
association between target location and type of facial expressions
is influenced by the awareness of the contingencies between both
stimuli. Forty-three participants of the final sample answered
both the third and fourth awareness check question (see Section
Procedure) correctly and were categorized as contingency aware
(24 low-PCS; 19 high-PCS). The other participants answered
both questions incorrectly and were categorized as contingency-
unaware (8 low-PCS; 10 high-PCS)2. Adding awareness (2: cue-
target contingency aware vs. unaware) as a between-subjects fac-
tor to the ANOVA with expression type, target location, and PCS
group as factors revealed a significant interaction between expres-
sion type and target location, F(1, 59) = 15.6, p < 0.001, η2

p =
0.21, that was no further modified by level of pain catastrophizing
and/or awareness. Although the three-way interaction between
expression type, target location, and awareness did not reach sig-
nificance, F(1, 57) < 0.02, p = 0.96, η2

p < 0.001, the interactions
between awareness and expression type and between awareness
and target location did, F(1, 57) = 5.0, p = 0.02, η2

p = 0.08 and

F(1, 57) = 8.3, p = 0.005, η2
p = 0.13, respectively.

Therefore, we conducted the above mentioned ANOVA per
contingency-awareness group. Contingency-aware participants

2Contingency aware and unaware participants did not significantly differ in
pain catastrophizing, as suggested by a univariate ANOVA with PCS group
(2: high vs. low PCS) and awareness (2: cue-target contingency-aware vs.
contingency-unaware) as between-group factors and PCS total score as depen-
dent variable [main effect awareness: F < 1; PCS group × awareness: F < 1;
main effect of PCS group F(1, 57) = 89.2, p < 0.001, η2

p = 0.61].
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Table 1 | Mean reaction times (ms; mean ± s.e.m.)a for each phase of the incidental learning task, separately for those scoring low and high on

the Pain Catastrophizing Scale (PCS) and separately for those who were aware and unaware about the to-be learned contingency between

expression and target location.

Phase Context cue Expression Target location Groups

Contingency aware Contingency unaware

Low PCS High PCS Low PCS High PCS

n = 24 n =19 n = 8 n = 10

Learning n/a Painful Location predicted by
painful faces, not by happy
faces

345.6 ± 12.3 353.8 ± 13.9 315.3 ± 21.4 349.7 ± 19.1

Location predicted by happy
faces, not by painful faces

364.4 ± 14.4 368.8 ± 16.2 370.6 ± 24.9 392.0 ± 22.3

n/a Happy Location predicted by
painful faces, not by happy
faces

364.0 ± 14.1 373.2 ± 15.8 316.6 ± 24.4 344.5 ± 21.8

Location predicted by happy
faces, not by painful faces

351.5 ± 12.6 353.8 ± 14.2 323.1 ± 21.9 365.7 ± 19.6

Test without
Context Cues

n/a Morph Location predicted by
painful faces, not by happy
faces

329.4 ± 8.7 320.1 ± 12.9 293.9 ± 17.3 330.9 ± 15.4

Location predicted by happy
faces, not by painful faces

322.1 ± 15.1 347.9 ± 17.0 306.8 ± 18.6 323.8 ± 16.7

Test with
Context Cues

Non-threatening
cues

Morph Location predicted by
painful faces, not by happy
faces

343.7 ± 11.2 340.9 ± 12.5 328.0 ± 17.9 357.6 ± 16.0

Location predicted by happy
faces, not by painful faces

353.4 ± 14.8 342.7 ± 16.7 329.7 ± 17.3 365.1 ± 15.3

Threatening
cues

Location predicted by
painful faces, not by happy
faces

344.6 ± 12.1 335.1 ± 13.6 324.2 ± 18.7 347.9 ± 16.7

Location predicted by happy
faces, not by painful faces

341.7 ± 12.6 330.2 ± 14.2 317.3 ± 14.9 348.2 ± 13.3

aOnly correct RTs after exclusion of outlier responses were included.

showed the expected interaction between expression type and tar-
get location F(1, 42) = 13.5, p = 0.001, η2

p = 0.24, indicating that
they learned the association between expression type and target
location. Following painful expressions, they were significantly
faster to targets at the location predicted by painful expressions
than the other location t(42) = 2.6, p = 0.01, Cohen’s d = 0.4.

Following happy expressions, they were significantly faster to tar-
gets at the location predicted by happy expressions than the other
location, t(42) = 2.0, p = 0.05, Cohen’s d = 0.3. There was no
other significant interaction or main effect Fs < 1, ps > 0.5.

Contingency unaware participants also showed an interac-
tion between expression type and target location, F(1, 17) = 4.8,
p < 0.04, η2

p = 0.22 [superseding a main effect of target loca-

tion, F(1,17) = 12.6, p = 0.002, η2
p = 0.43]. Following painful

expressions, they were faster to targets at the location predicted
by painful expressions than the other location, t(17) = 3.48,
p = 0.003, Cohen’s d = 0.8. Following happy expressions, they
seemed to be faster to targets at the location predicted by happy

expressions than the other location. However, this difference did
not reach statistical significance, t(17) = 1.63, p = 0.12, Cohen’s
d = 0.4.

In sum, these analyzes suggest a clear learning of the predictive
value of expressions type, at least in contingency aware partici-
pants. The results suggest a less pronounced learning of the pre-
dictive value of expressions in contingency unaware participants.

Test phase without context cues
During the test phase without context cues, 2.2% of the responses
were excluded (0.3% incorrect responses; 1.9% RT outliers).
Mean RTs (Table 1, middle-rows) to targets following morphed
expressions were subjected to an ANOVA with target location (2:
location predicted by painful expressions vs. location predicted by
happy expressions) as within-subjects factor and PCS group (2:
high vs. low) as between-subjects factor. This analysis revealed no
significant effects, Fs(1, 59) < 3.3, ps > 0.7, η2

ps < 0.05. There was
no significant correlation between interpretation bias score (i.e.,
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mean RT to targets at the location predicted by happy expressions
minus mean RT to targets at the location predicted by painful
expressions) and total PCS score, r(61) = 0.14, p = 0.27.

Adding awareness (2: cue-target contingency-aware vs.
unaware) as between-subjects factor to the ANOVA with target
location and PCS group as factors revealed a significant 3-way
interaction between target location, PCS group, and awareness,
F(1, 57) = 6.9, p = 0.01, η2

p = 0.09. There was no other significant
interaction or main effect Fs < 1.6, ps > 0.2.

For each awareness group separately, mean RTs to targets
following morphed expressions were subjected to an ANOVA
with target location and PCS group. For participants who were
contingency aware, there was a significant interaction between tar-
get location and PCS group, F(1, 41) = 7.9, p = 0.007, η2

p = 0.16

[main effects: target location F(1, 41) = 2.7, p = 0.11, η2
p = 0.06;

PCS group F(1, 41) < 1]. In line with this finding, in contingency
aware participants there was also a significant positive corre-
lation between interpretation bias score and total PCS score,
r(43) = 0.34, p = 0.02, suggesting that higher levels of pain catas-
trophizing are associated with a more negative interpretation of
ambiguous pain-related facial expressions.

As can be seen in Figure 2, among contingency aware
participants, high pain-catastrophizers responded faster to tar-
gets at the location predicted by painful expressions as com-
pared to targets at the location predicted by happy expressions,
t(18) = 2.36, p = 0.03, Cohen’s d = 0.34, suggesting biased inter-
pretation toward painful expressions. Low pain-catastrophizers
showed no such a difference in their responses t(23) = 1.21,
p = 0.24, Cohen’s d = 0.15. Figure 2 also suggests that among

contingency aware participants, high catastrophizers, as com-
pared to low catastrophizers, were especially slow to targets at
the location predicted by happy expressions (Cohen’s d = 0.35)
and that there was no such group difference in responses to tar-
gets at the location predicted by painful expressions (Cohen’s
d = 0.17). However, for neither target location, the group dif-
ference reached statistical significance [painful faces: t(41) = 0.54,
p = 0.59; happy faces: t(23.6) = 1.04, p = 0.31, equality of vari-
ances not assumed]. For participants who were unaware of
the contingency, the ANOVA with target location and PCS
group revealed no significant effects, F(1,16)s < 2.6, ps > 0.13,

η2
ps > 0.14. This group showed also no significant correlation

between interpretation bias score and PCS score, r(18) = 0.2,
p = 0.15.

Test phase with context cues
During the test phase with context cues, 2.8% of the responses
were excluded from analysis (0.3% incorrect responses; 2.5% RT
outliers). Mean RTs (Table 1, lower rows) to targets following
morphed expressions were subjected to an ANOVA with target-
location (2: location predicted by happy expressions vs. location
predicted by painful expressions) and context cue (2: threatening
vs. non-threatening) as within-subjects factors and PCS group (2:
high vs. low) as between-subjects factor. Overall, responses were
slower following non-threatening cues than following threatening
cues, F(1, 59) = 6.0, p = 0.017, η2

p = 0.09. There were no other

significant effects: Fs(1, 59) < 2.5, ps > 0.1, η2
ps < 0.04. Including

awareness as additional factor revealed no further significant
effects.

FIGURE 2 | Mean reaction time of participants scoring relatively

low and high on the Pain Catastrophizing Scale (PCS) to

targets following morphed expressions at the location predicted

by painful and happy expressions (∗p < 0.05, there was no

trend or other significant difference) (error bars represent

s.e.m.).
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DIRECT CLASSIFICATION TASK
The prototype happy and painful faces were 100% correctly cat-
egorized. The number of morphs classified as painful or happy
were subjected to an ANOVA with classification (2: classified as
painful vs. happy) as within-subject factor and PCS group (2: high
vs. low) as between-subjects factors. This analysis revealed a sig-
nificant main effect of classification, F(1, 59) = 41.5, p < 0.001,
η2

p = 0.4, but no effect of PCS group [main effect PCS group:
F(1, 59) < 1; PCS group × classification: F(1, 59) < 1]. As can be
seen in Table 2, morphs were categorized nearly twice as often
as happy than as painful, irrespective of pain catastrophizing
level. There was no significant correlation between the percent-
age of morphed expressions classified as painful (vs. happy) and
total PCS score, r(61) = 0.1, p = 0.5. There was also no sig-
nificant correlation between interpretation bias scores on the
incidental learning task and percentage of morphed expressions
classified as painful on the direct classification task, neither over-
all r(61) = −0.04, p = 0.8, nor per PCS group or contingency
awareness group rs < 0.1, ps > 0.6.

DISCUSSION
The primary objective of this study was to investigate whether
healthy individuals, especially those with higher levels of pain
catastrophizing, show a negative interpretation bias for ambigu-
ous pain-related facial expressions. Secondly, the effect of
threatening contextual information on individuals’ interpreta-
tion of ambiguous expressions was evaluated. Interpretation
bias was assessed using an indirect as well as a direct
measure.

The results can be summarized as follows. First, following
morphed expressions during the incidental learning task, and
only among contingency-aware subjects, individuals with rel-
atively high levels of pain catastrophizing responded faster to
targets appearing at the location predicted by painful expressions
than to targets at the location predicted by happy expressions,
while this was not the case for the low pain catastrophizers.
High pain catastrophizers were also slower in reacting to tar-
gets at the location predicted by happy expressions and slightly
faster to targets at the location predicted by painful expressions,
although neither of these two differences reached standard lev-
els of statistical significance. Second, when contextual cues were
included in the incidental learning task, there was no indication
of interpretation bias. Overall responses were slower following
presentation of non-threatening contextual cues than threatening

Table 2 | Classifications of the 16 morphed expressions during the

direct classification task separately for those scoring low and high on

the Pain Catastrophizing Scale (PCS).

Low PCS High PCS

n = 32 n = 29

Mean number of expressions
classified as painful (±SD)

5.5 ± 2.9 5.4 ± 3.1

Mean number of expressions
classified as happy (±SD)

10.2 ± 2.8 10.4 ± 3.2

contextual cues. Third, independent of their level of catastrophiz-
ing, participants classified the morphed facial expressions more
often as happy than as painful.

The response pattern as shown by high catastrophizers during
the incidental learning task can be taken to reflect a threat-related
interpretation bias toward pain. This finding is in line with pre-
vious research showing that negative interpretation of bodily
sensations is associated with higher levels of catastrophizing in
healthy individuals (Vancleef and Peters, 2008). It is suggested
that negative interpretation bias plays a role in the development
of pain-related problems as seen in individuals with high levels of
pain-related catastrophizing (Pincus and Morley, 2001).

It is noteworthy that in our study, the interpretation bias effect
was observed only among participants with relatively high lev-
els of pain catastrophizing who also reported awareness of the
association between expression type and target location. Modern
accounts of associative learning (Mitchell et al., 2009) and eval-
uative conditioning (Kattner, 2012), assume that contingency
awareness is a prerequisite for learning to occur, and our find-
ings are in line with this assumption. However, further studies
are needed to further evaluate the effect and importance of
contingency-awareness during incidental learning paradigms.

Our study extends previous research in at least two ways. First,
it shows catastrophizing-related differences in interpretation of
morphed painful expressions. Previous studies on pain-related
interpretation bias primarily focused on the biased processing of
ambiguous words related to pain and somatic threat (Edwards
and Pearce, 1994; Pincus et al., 1994). The few studies on biased
interpretation of ambiguous pain-related expressions (Yamada
and Decety, 2009; Liossi et al., 2012) did not take into account the
individual differences in the interpretation of ambiguous expres-
sions in a pain-free population, and used only direct measures of
interpretation.

Second, this study is to our knowledge the first in apply-
ing both an indirect and a direct measure to examine pain-
related interpretation bias for the same stimulus material, in
the same sample, and during the same session. Interestingly,
those indirect and direct measures seemed to reveal different out-
comes. During the direct classification task, participants classified
morphed expressions more often as happy, suggesting a biased
interpretation toward happy expressions independent of pain
catastrophizing. This finding is in line with some previous obser-
vations, for example of mothers directly classifying ambiguous
painful-happy expressions more often as happy than as painful
(Liossi et al., 2012). In the incidental learning task, interpreta-
tion bias depended on subjects’ level of catastrophizing (more
negative interpretation of ambiguity among high catastrophizers
and neutral interpretation among low catastrophizers). Structural
differences between the direct classification task and the indi-
rect incidental learning task might help to explain differences
in results. Differences might for example be due to the partic-
ipant’s level of control on the outcome of the to-be-measured
bias. The outcome of direct measures are directly based on partic-
ipants’ response, while in the indirect measures the responses will
be derived from performance behavior (De Houwer and Moors,
2010). In experiments with direct measures it is easier for par-
ticipants to be aware of the goal of research, as compared to
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those with indirect measures. Being aware of crucial stimuli dur-
ing direct measures does more likely change the subjects’ attribute
which might influence the performance during the task. Further
research is needed to systematically study structural differences
between direct and indirect measures of interpretation bias, the
precise mechanisms that underlie them, and the characteristics of
the interpretation biases that are captured.

When contextual cues preceded the expressions in the inciden-
tal learning task, there was no indication of expression-related
and/or catastrophizing-related differences between responses to
targets following morphed expressions at all. This observation
corroborates to a certain extent a previous finding showing that
healthy individuals’ sensitivity to the presence of pain in ambigu-
ous facial expressions is independent from the affective value
of a prime (Yamada and Decety, 2009). However, the results of
this previous study also showed that, in contrast to the present
findings, the tendency to actually classify ambiguous pain-related
facial expressions as painful is especially enhanced when these
expressions are preceded by negative priming words. One possible
but speculative explanation is that in the current study incidental
learning effects were overridden by masking/priming effects by
the contextual cues. Note that including contextual cues resulted
in overall slower reaction times to targets and increased variance
(Table 1). Finally, perceived direction of threat may have an influ-
ence on the priming of expressions by contextual cues. This is an
interesting avenue for future studies to consider the effect of dif-
ferent pain reference frames (self vs. other) between contextual
cues and ambiguous pain stimuli on interpretation bias.

A number of limitations should be acknowledged when inter-
preting the current findings. First, the present sample was female.
Previous studies showed that there is a relationship between nega-
tive interpretation bias and measures of pain-related anxiety only
among females and not males (Keogh et al., 2004). In this first
study on catastrophizing-related interpretation bias for ambigu-
ous pain-related facial expressions, with the incidental learning
task, we wanted to avoid any influence of gender and therefore
chose for a female-only sample. However, we also recognize that
using a relatively homogeneous, female-only student sample lim-
its the generalizability of results. It would therefore be valuable for
further research to also consider samples of balanced gender and
different age groups to strengthen the external validity of the find-
ings. Replication of a similar experimental approach in a clinical
sample would help us to understand the role of interpretation bias
in chronic pain and dysfunctional pain behavior. Second, to test
the main hypothesis of this study we only included painful-happy
morphs. In order to study the content-specificity of the observed
effects, other emotionally ambiguous expressions, such as morphs
between happy expressions and expressions of negative emotions
(e.g., anger, sadness) might be included. Third, pictorial face stim-
uli were carefully chosen and created based on ratings as delivered
with the original databases, ratings by an independent group of
participants drawn from the same population as the current sam-
ple, and ratings by experts in facial coding. The created morphs
were also rated as ambiguous by the participants of the actual
experiment (see Section Pictorial Face Stimuli). Future studies
might prefer to use stimuli that are selected based on ratings in a
bigger and more diverse sample, also taking individual differences

among raters into account. It would also be valuable for future
studies to have participants themselves rate intensity of emotions
in the facial expressions and to also take into account other facial
cues (e.g., age, race, sex). As an alternative approach, in order
to avoid pre-selection of ambiguous stimuli based on subjec-
tive ratings, one might present morphs with different intensities
of expressions and use a signal detection approach (as in Liossi
et al., 2012) or derive psychophysical functions to examine the
relationship between negative interpretation bias in ambiguous
pain-related expressions and pain catastrophizing.

Taken together, to our knowledge this study is the first study
that used an incidental learning task (in addition to a direct clas-
sification task) to investigate pain-related interpretation bias, and
more specifically interpretation bias for ambiguous facial expres-
sions in catastrophizing. The observed biased interpretation of
ambiguous pain-related expressions is relevant in the context
of observational learning and its presumed role in the develop-
ment of pain problems. It has for example been suggested that
a pain-related interpretation of ambiguous pain signals, as for
example expressed by the behavior of others, is associated with
the acquisition of pain-related fear in response to that painful
expression (Goubert et al., 2011). Recent research shows that
pain-free participants who observe others immersing their hand
in assumed cold water, before performing the same immersion
task themselves, express more pain-related fear and expect more
unpleasant and intense pain when the color of the water is asso-
ciated with painful rather than with neutral facial expressions
(Helsen et al., 2012). This acquisition process is likely to be medi-
ated by the interpretation of the model’s expression. Further
research is warranted to test these presumed causal mechanisms
systematically.

ACKNOWLEDGMENTS
Ali Khatibi is supported by a grant from International Relations
Office of the University of Leuven, Belgium. The contribu-
tion of Johan W. S. Vlaeyen and Martien G. S. Schrooten
was supported by the Odysseus Grant “the Psychology of
Pain and Disability Research Program” funded by the Research
Foundation—Flanders (FWO Vlaanderen, Belgium). Martien G.
S. Schrooten is also supported by a career-building research
position at Örebro University, Sweden. Linda M. G. Vancleef is
sponsored by VENI Grant nr. 451-09-026 of the Netherlands
Organization for Scientific Research (NWO).

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://www.frontiersin.org/journal/10.3389/fpsyg.
2014.01002/abstract

REFERENCES
De Gelder, B., Meeren, H. K., Righart, R., van den Stock, J., van de Riet, W.

A., and Tamietto, M. (2006). Beyond the face: exploring rapid influences of
context on face processing. Prog. Brain Res. 155, 37–48. doi: 10.1016/S0079-
6123(06)55003-4

De Houwer, J., and Moors, A. (2010). “Implicit measures: similarities and dif-
ferences,” in Handbook of Implicit Social Cognition: Measurement, Theory, and
Applications, eds B. Gawronski and B. K. Payne (New York; London: Guilford
Press), 176–193.

www.frontiersin.org September 2014 | Volume 5 | Article 1002 | 9

http://www.frontiersin.org/journal/10.3389/fpsyg.2014.01002/abstract
http://www.frontiersin.org/journal/10.3389/fpsyg.2014.01002/abstract
http://www.frontiersin.org
http://www.frontiersin.org/Emotion_Science/archive


Khatibi et al. Pain-related interpretation bias for facial expressions

Edwards, L. C., and Pearce, S. A. (1994). Word completion in chronic pain: evi-
dence for schematic representation of pain? J. Abnorm. Psychol. 103, 379–382.
doi: 10.1037/0021-843X.103.2.379

Goubert, L., Vlaeyen, J. W. S., Crombez, G., and Craig, K. D. (2011). Learning about
pain from others: an observational learning account. J. Pain 12, 167–174. doi:
10.1016/j.jpain.2010.10.001

Helsen, K., Goubert, L., Peters, M. L., and Vlaeyen, J. W. S. (2012). Observational
learning and pain-related fear: an experimental study with colored cold pressor
tasks. J. Pain 12, 1230–1239. doi: 10.1016/j.jpain.2011.07.002

Hirsch, C. R., and Mathews, A. (1997). Interpretative inferences when reading
about emotional events. Behav. Res. Ther. 35, 1123–1132. doi: 10.1016/S0005-
7967(97)00069-7

Jackson, P. L., Meltzoff, A. N., and Decety, J. (2005). How do we perceive the pain
of others? A window into the neural processes involved in empathy. Neuroimage
24, 771–779. doi: 10.1016/j.neuroimage.2004.09.006

Kattner, F. (2012). Revisiting the relation between contingency awareness
and attention: evaluative conditioning relies on a contingency focus.
Cogn. Emot. 26, 166–175. doi: 10.1080/02699931.2011.565036

Keogh, E., and Cochrane, M. (2002). Anxiety sensitivity, cognitive biases, and the
experience of pain. J. Pain 3, 320–329. doi: 10.1054/jpai.2002.125182

Keogh, E., Hamid, R., Hamid, S., and Ellery, D. (2004). Investigating the effect of
anxiety sensitivity, gender and negative interpretative bias on the perception of
chest pain. Pain 111, 209–217. doi: 10.1016/j.pain.2004.06.017

Langner, O., Dotsch, R., Bijlstra, G., Wigboldus, D. H. J., Hawk, S. T., and Van
Knippenberg, A. (2010). Presentation and validation of the radboud faces
database. Cogn. Emot. 24, 1377–1388. doi: 10.1080/02699930903485076

Liossi, C., White, P., Croome, N., and Hatira, P. (2012). Pain-related bias in the
classification of emotionally ambiguous facial expressions in mothers of chil-
dren with chronic abdominal pain. Pain 153, 674–681. doi: 10.1016/j.pain.2011.
12.004

McKellar, J. D., Clark, M. E., and Shriner, J. (2003). The cognitive specificity of asso-
ciative responses in patients with chronic pain. Br. J. Clin. Psychol. 42, 27–39.
doi: 10.1348/014466503762841995

Mitchell, C. J., De Houwer, J., and Lovibond, P. F. (2009). The propositional nature
of human associative learning. Behav. Brain Sci. 32, 183–198. discussion: 198–
246. doi: 10.1017/S0140525X09000855

Nisbett, R. E., and Wilson, T. D. (1977). Telling more than we can know: verbal
reports on mental processes. Psychol. Rev. 84, 231–259. doi: 10.1037/0033-295x.
84.3.231

Nusseck, M., Cunningham, D. W., Wallraven, C., and Bulthoff, H. H. (2008). The
contribution of different facial regions to the recognition of conversational
expressions. J. Vis. 8, 1–23. doi: 10.1167/8.8.1

Ohman, A., and Mineka, S. (2001). Fears, phobias, and preparedness: toward
an evolved module of fear and fear learning. Psychol. Rev. 108, 483–522. doi:
10.1037/0033-295X.108.3.483

Pincus, T., and Morley, S. (2001). Cognitive-processing bias in chronic pain: a
review and integration. Psychol. Bull. 127, 599–617. doi: 10.1037/0033-2909.127.
5.599

Pincus, T., Pearce, S., McClelland, A., Farley, S., and Vogel, S. (1994). Interpretation
bias in responses to ambiguous cues in pain patients. J. Psychosom. Res. 38,
347–353. doi: 10.1016/0022-3999(94)90039-6

Richards, A., French, C. C., Calder, A. J., Webb, B., Fox, R., and Young, A. W.
(2002). Anxiety-related bias in the classification of emotionally ambiguous
facial expressions. Emotion 2, 273–287. doi: 10.1037/1528-3542.2.3.273

Roy, S., Roy, C., Fortin, I., Ethier-Majcher, C., Belin, P., and Gosselin, F. (2007). A
dynamic facial expression database. J. Vis. 7, 944. doi: 10.1167/7.9.944

Simon, D., Craig, K. D., Gosselin, F., Belin, P., and Rainville, P. (2008). Recognition
and discrimination of prototypical dynamic expressions of pain and emotions.
Pain 135, 55–64. doi: 10.1016/j.pain.2007.05.008

Spruyt, A., Clarysse, J., Vansteenwegen, D., Baeyens, F., and Hermans, D. (2010).
Affect 4.0: a free software package for implementing psychological and psy-
chophysiological experiments. Exp. Psychol. 57, 36–45. doi: 10.1027/1618-
3169/a000005

Sullivan, M. J. L., Bishop, S. R., and Pivik, J. (1995). The pain catastrophizing scale:
development and validation. Psychol. Assess. 7, 524–532. doi: 10.1037/1040-
3590.7.4.524

Sullivan, M. J. L., Martel, M. O., Tripp, D. A., Savard, A., and Crombez, G. (2006).
Catastrophic thinking and heightened perception of pain in others. Pain 123,
37–44. doi: 10.1016/j.pain.2006.02.007

Vancleef, L. M. G., and Peters, M. L. (2008). Examining content specificity of nega-
tive interpretation biases with the Body Sensations Interpretation Questionnaire
(BSIQ). J. Anxiety Disord. 22, 401–415. doi: 10.1016/j.janxdis.2007.
05.006

Vancleef, L. M. G., Peters, M. L., and De Jong, P. J. (2009). Interpreting
ambiguous health and bodily threat: are individual differences in pain-related
vulnerability constructs associated with an on-line negative interpretation
bias? J. Behav. Ther. Exp. Psychiatry 40, 59–69. doi: 10.1016/j.jbtep.2008.
03.004

Van Damme, S., Crombez, G., Vlaeyen, J. W., Goubert, L., Van Den Broek, A., and
Van Houdenhove, B. (2000). De pain catastrophizing scale: psychometrische
karakteristieken en normering. Gedragstherapie 33, 209–220.

Williams, A. C. (2002). Facial expression of pain: an evolutionary account. Behav.
Brain Sci. 25, 439–455. doi: 10.1017/S0140525X02000080

Yamada, M., and Decety, J. (2009). Unconscious affective processing and empa-
thy: an investigation of subliminal priming on the detection of painful facial
expressions. Pain 143, 71–75. doi: 10.1016/j.pain.2009.01.028

Yoon, K. L., and Zinbarg, R. E. (2008). Interpreting neutral faces as threatening is a
default mode for socially anxious individuals. J. Abnorm. Psychol. 117, 680–685.
doi: 10.1037/0021-843X.117.3.680

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 30 April 2014; accepted: 22 August 2014; published online: 17 September
2014.
Citation: Khatibi A, Schrooten MGS, Vancleef LMG and Vlaeyen JWS (2014) An
experimental examination of catastrophizing-related interpretation bias for ambigu-
ous facial expressions of pain using an incidental learning task. Front. Psychol. 5:1002.
doi: 10.3389/fpsyg.2014.01002
This article was submitted to Emotion Science, a section of the journal Frontiers in
Psychology.
Copyright © 2014 Khatibi, Schrooten, Vancleef and Vlaeyen. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | Emotion Science September 2014 | Volume 5 | Article 1002 | 10

http://dx.doi.org/10.3389/fpsyg.2014.01002
http://dx.doi.org/10.3389/fpsyg.2014.01002
http://dx.doi.org/10.3389/fpsyg.2014.01002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Emotion_Science
http://www.frontiersin.org/Emotion_Science
http://www.frontiersin.org/Emotion_Science/archive

	An experimental examination of catastrophizing-related interpretation bias for ambiguous facial expressions of pain using an incidental learning task
	Introduction
	Methods
	Participants
	Pain Catastrophizing Scale
	Stimulus Materials
	Pictorial face stimuli
	Context cues

	Interpretation Bias Tasks
	Incidental learning task
	General
	Learning phase (Figure 1; left panel)
	Test phase without context cues (Figure 1; middle panel)
	Test phase with context cues (Figure 1; right panel)

	Direct classification task

	Apparatus
	Procedure

	Results
	Incidental Learning Task
	Data preparation
	Learning phase
	Test phase without context cues
	Test phase with context cues

	Direct Classification Task

	Discussion
	Acknowledgments
	Supplementary Material
	References


