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Spatial frequency information and pain expression decoding
Abstract
Spatial frequency (SF) information contributes to the recognition of facial expressions,
including pain. Low-SF encodes facial configuration and structure and often dominates over
high-SF information, which encodes fine details in facial features. This low-SF preference has
not been investigated within the context of pain. In this study we investigated whether perpetual
preference differences exist for low- and high-SF pain information. A novel hybrid expression
paradigm was used, in which two different expressions, one containing low-SF information
and the other high-SF information, were combined in a facial hybrid. Participants are instructed
to identify the core expression contained within the hybrid, allowing for the measurement of
SF information preference. Three experiments were conducted (46 participants in each) that
varied the expressions within the hybrid faces: respectively pain-neutral, pain-fear, and painhappiness. In order to measure the temporal aspects of image processing, each hybrid image
was presented for 33, 67, 150 and 300 ms. As expected, identification of pain and other
expressions was dominated by low-SF information across the three experiments. The low-SF
preference was largest when the presentation of hybrid faces was brief, and reduced as the
presentation duration increased. A sex difference was also found in Experiment 1. For women,
the low-SF preference was dampened by high-SF pain information, when viewing low-SF
neutral expressions. These results not only confirm the role that SF information has in the
recognition of pain in facial expressions, but suggests that in some situations there may be sex
differences in how pain is communicated.
Key words: Pain, Facial expression, Spatial frequency, Hybrid, Presentation duration
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Introduction
Pain is a subjective experience, but also occurs within a social context. Effective pain

communication strategies are needed to elicit help and alert others to potential threats
[48,67,68]. Mechanisms have evolved, including unique nonverbal facial expressions, to
enable observers to detect pain in others [9,18,27,51,58,65]. However, beyond basic
description it is less clear how such expressions are processed, and what information makes the
recognition of pain possible.
One approach is to consider the different sources of information contained within the
face. From a perceptual perspective, the recognition of objects, including faces, can be achieved
by analysing the spatial frequency (SF) information contained within them [7,12,59,65]. HighSF information encodes fine-detailed facial features and abrupt edges, and is used when faces
are viewed close up [7,54,59]. Low-SF encodes large-scale facial configuration and coarse
structures, and is used when viewing objects at distance or in the periphery. Coarse low-SF
information projects to the amygdala [37,66], which is linked to processing social threatening
cues [54] and suffering in others [40,59,65], and also seems to be processed faster than high
SF information [23,39,64]. This has led to the coarse-to-fine processing hypothesis, in which
a coarse description of a face is first formed, followed by the integration of fine details, in order
to produce successful recognition and understanding of facial expressions [23].
Applying this hypothesis to pain, we might expect efficient pain expression decoding
to be based on the preferential processing of low-SF information. It would be adaptive to
quickly process the gist of an expression associated with harm, especially in restricted visual
environments, in order to act quickly. However, only indirect support exists, since low-SF and
high-SF pain faces have typically been presented separately, and not in direct competition
[52,65]. This current study was therefore designed to test the coarse-to-fine hypothesis within
1
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the context of pain, and further our understanding about how people interpret and preferentially
select information to decode painful expressions.
We utilized a novel hybrid expression paradigm [55] that concurrently presents lowand high-SF information from different expressions (e.g. low-SF pain with high-SF neutral),
with choice responses reflecting information preferences during decoding. Related work with
emotional expression hybrids indicates a preference towards coarse low-SF information [55],
although this can depend on the expression combination used, e.g. happiness is more likely to
be perceived in low-SF than anger [34]. Three experiments were planned, in which pain was
paired within different hybrid expression combinations: pain-neutral, pain-fear, pain-happiness.
We hypothesised that low-SF information would be more salient for pain expressions, and at a
similar level to emotional expressions. We also varied stimulus presentation durations, with an
expectation that the low-SF preference would be strongest when hybrids were presented at
relatively short durations. Finally, given that there are sex differences in both recognition of
facial expressions [19,20,30] and perception of pain [28,29,66], we consider male-female
variation. We predicted that females would be more susceptible to the influence of expressions
presented through high-SF, and at faster onset durations.

2

Experiment 1: Pain-neutral hybrids
In Experiment 1, we examined whether low- or high-SF pain expressions would be

preferentially perceived when combined with neutral expressions in hybrid faces.
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Methods
2.1.1 Participants
Forty-three healthy adult participants (23 females and 20 males) were recruited from
the University of Bath. The sample had a mean age of 22.07 (SD = 6.14). All participants had
normal or correct to normal vision and reported being pain-free and free from any psychiatric
or neurological conditions.
2.1.2 Design
Participants completed an expression recognition task that employed a mixed-groups
design. The within-groups variables were presentation duration (33 vs. 67 vs. 150 vs. 300 ms)
and low-SF information (pain vs. neutral). There were two types of hybrid face combination in
this experiment (i.e. low-SF pain & high-SF neutral, and low-SF neutral & high-SF pain), the
low-SF expressions of pain and neutral corresponded to the two types of hybrid face,
respectively. A between-groups variable of participant sex (male vs. female) was also included.
The dependent variable was preference towards low-SF expression information in the hybrid
faces.
2.1.3 Stimuli
Hybrid faces are produced by merging one low-SF and one high-SF face, each showing
a different expression [55]. For an example of a hybrid face image, please refer to Figure 1.
The hybrid faces make the direct competition possible by containing two independent
expressions in low-SF and high-SF separately at the same time. In an expression recognition
task, the selected expression accordingly probes which information is preferentially perceived.
For example, one image could be composed of a low-SF component showing pain, and a highSF neutral component, whereas a second image could be reversed, i.e. a low-SF neutral
expression paired with high-SF pain. If the first image is perceived as showing a pain
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expression, the low-SF information is preferentially perceived; whereas if pain is chosen in the
second image, this would suggest a preference for high-SF information.
We utilised the same face expression stimuli as reported in our previous study on SF
information in pain and emotion recognition [65]. The original face images derived from the
STOIC database, which comprised five male and five female actors, displayed a range of
validated facial expressions, including pain [53]. For the purpose of this experiment, the lowSF and high-SF filtered face images of pain and neutral expressions were used to produce the
hybrid face stimuli. The SF filtering of original face images was described earlier [65]. The
hybrid faces were produced by merging a low-SF face and a high-SF face, each showing an
expression of pain or neutral. Thus, two types of hybrid faces were produced – low-SF pain &
high-SF neutral and low-SF neutral & high-SF pain. In each hybrid face, the two expressions
were shown by the same actor, in order to eliminate potential effects of actors’ sex or identity
on the perception of expressions. As each expression was presented by 10 models (five females
and five males) in the original stimulus set, a total of 20 hybrid faces were produced and used
as stimuli in this experiment (i.e. two hybrid combinations × 10 models). The hybrid stimuli
were produced using MATLAB 2013.
------ Insert Figure 1 around here -----2.1.4 Task
The task was designed and controlled using E-Prime professional 2.0. Stimuli were
displayed in their original size of 7.62 × 7.62 cm on a 19" LCD screen with the resolution of
1280 × 1024 pixels and a refresh rate of 60 Hz. Participants’ viewing distance was
approximately 60 cm with a visual angle of 3.63°. This task consisted of 4 sessions, with each
session assigning a presentation duration from a selection of 33, 67, 150, and 300 ms. The
presentation durations of 33 and 150 ms were comparable to that used in the literature
4
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investigating the temporal features of SF preference for natural scene perception [56]. The
presentation duration of 67 ms was close to that used in studies of emotional facial expressions
[55], where a general low-SF preference was found. The fixed presentation duration (i.e. 300
ms) used in our previous study [65] was also included as the longest duration. This is because,
under natural viewing conditions, the average eye gaze fixation is approximately 300 ms
[13,24]. Thus, in this experiment, the presentation durations allowed no more than one fixation
on each hybrid stimulus, which ensures that the responded expression was preferentially
perceived rather than freely selected between the two [21,35].
In each session, participants completed 100 trials, with each hybrid face image (20
hybrid stimulus images in total) appearing five times. In each trial, participants were shown a
fixation cross at the centre of the screen for 500 ms followed by a hybrid stimulus. The hybrid
stimulus was presented one at a time for the given presentation duration of the session and
randomly jittered over ±0.3° to prevent participants from fixating on a particular feature.
Participants were asked to recognise the expression of the face by pressing the corresponding
button on the response box as quickly and as accurately as possible. The buttons were labelled
with pain and neutral.
There was not a correct or incorrect answer in this experiment. The responded
expression probes which type of SF information was preferentially perceived by participants.
For example, when a hybrid stimulus of low-SF pain & high-SF neutral was shown, a response
of pain demonstrated that the low-SF information was perceived in preference to the high-SF
information, in which a neutral expression was shown in this case. A response could be made
within 2000 ms of the onset of the stimulus, after which the trial terminated and moved onto
the next trial with or without a response. A 2000-millisecond limit is recommended for studies
of this type as a reasonable cut-off to minimise the effect of RT outliers [49]. It is also
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considered long enough to allow participants to make manual responses after conscious
processing of a visual stimulus [36,61,62]. A blank screen was displayed for 500 ms prior to
the next trial to reduce any adaptation effect, and then the next trial began with the fixation
cross.
2.1.5 Procedure
Ethical approval was granted by the Department of Psychology Ethics Committee (Ref.
13-161) and the Department of Health Ethics Committee (Ref. EP 13/14 33a) of the University
of Bath for all three experiments. Informed consent was obtained from all participants prior to
participation. Participants, who were first-year psychology students, were awarded one credit
unit for participation, and all other participants were given £5 in return.
The hybrid stimuli within each session were shown in a random order, and the order of
sessions was counterbalanced across participants. Each participant was required to complete
the four sessions with a break scheduled between each one. A practice session of 20 trials
preceded the main task. The hybrid stimuli in practice session were randomly selected from
the 20 hybrid stimulus images for each participant.
2.1.6 Data analysis
One-sample binomial tests (two-tailed, test proportion 50%) were firstly applied to
examine whether expression recognition was driven by low-SF or high-SF information. After
this, the effects of presentation duration, low-SF expression type, and participants’ sex on the
SF information preference were examined. The dependent variable was the preference towards
low-SF expression information. Following the method used by Schyns and Oliva [55], a
preference score was calculated by subtracting the number of high-SF responses from low-SF
responses.
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Data of preference towards low-SF were entered into a 4 × 2 × 2 (Presentation Duration
[33, 67, 150, 300 ms] × Low-SF Expression [pain, neutral] × Participant Sex [female, male])
mixed-groups ANOVA. Simple effects analyses were applied when significant interactions
were found. Post hoc analyses with Bonferroni-type correction were conducted when required,
and the corrected cut-off point for each analysis was calculated following 0.05/the number of
comparison rule (e.g. when there are three comparisons, the corrected cut-off point is 0.05/3 =
0.0167). The significance levels after Bonferroni-type adjustment (p < .05, p < .01, or p < .001)
and the effect sizes (Cohen’s d) are reported for each comparison.

Results
2.2.1 Data screening
Data1 were firstly screened to remove trials with responses made within 200 ms or after
2000 ms (1.97% of all trials). The preference score was then calculated for each participant.
No outlier was found, with z-scores lying within an acceptable range, i.e. between -3.29 and
3.29 [60]. The data were approximately normally distributed, with acceptable z-scores of
skewness and kurtosis between -3.29 and 3.29 [8], and were approximately homogeneous (all
Levene’s ps > .05). For factors where sphericity could not be assumed, F-ratios with adjusted
degrees of freedom and p-values are reported.
2.2.2 Analysis of SF preference
One-sample binomial tests (two-tailed; test proportion = 50%) revealed that low-SF
information in expressions were preferentially perceived compared with high-SF information,

1
In this experiment, participants’ response time was recorded for the purpose of data screening only and
not included in the analysis. This is because the task was designated to examine a preference, where extremely
small numbers of responses were expected in some conditions. However, the number of responses (< 20) was not
adequate to produce reliable mean response time in these conditions.
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and that this was found in both female and male participants. These results are presented in
Table 1.
------ Insert Table 1 & 2 here -----Means and SDs of the preference towards low-SF are presented in Table 2. Statistical
analysis revealed a significant main effect of presentation duration, F (2.83, 115.93) = 15.49,
p < .001, η2p = .27. Greater low-SF preference was found for hybrid faces when presented for
33 ms, compared to those presented for 67, 150, and 300 ms (all ps < .05, Cohen’s ds > 0.52).
No other differences were significant (all ps > .10). The main effect of low-SF expression type
was not significant, F (1, 41) < 0.01, p = 1.00.
In terms of sex differences, the main effect of participant sex was not significant, F (1,
41) = 2.60, p = .12. However, a significant interaction was found between low-SF expression
type and participant sex (Figure 2), F (1, 41) = 5.17, p < .05, η2p = .11. Simple effects analysis
revealed significant sex difference in the preference for low-SF neutral expressions, F (1, 41)
= 7.69, p < .01, η2p = .16. Males showed a greater preference to low-SF neutral expressions
than females (Cohen’s d = 0.85). Although there was a general low-SF preference, this result
suggests that males were less likely to perceive the complementary part of high-SF pain than
females. The sex difference for low-SF information was not significant when expressions were
pain-related, F (1, 41) < 0.01, p = .96.
------ Insert Figure 2 around here -----None of the other interactions were significant, all Fs < 2.03, ps > .11.
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Discussion
Experiment 1 found that coarse low-SF information is preferred over the fine-detailed
high-SF information for decoding of both pain and neutral expressions. This low-SF preference
is modified by the presentation duration – the preference towards low-SF expressions was
largest when hybrid faces presented briefly and reduced as the presentation duration increased.
Although there was a general low-SF preference, there was also a sex difference in the
way that high-SF pain information modifies this effect. Specifically, we found that when the
low-SF information contains neutral expressions, this preference is reduced when the
competing high-SF information is pain-related. However, this pain-related effect was only
found in females. This suggests that females may be more sensitive to the fine details associated
with pain in others.
It is of course possible that the effects found in Experiment 1 represent a general
emotionality preference rather than a specific effect associated with pain. We, therefore,
decided to conduct two additional experiments, with different hybrid expression pairings. We
chose to pair pain with fear and happiness, as we have previously showed that these two
expressions are respectively perceived to be very similar, and very different, from pain [65]. In
Experiment 2, we examined whether pain expressions presented with either low-SF or high-SF
information would be preferentially perceived when combined with fear expressions in the
hybrid faces. Fear expressions are perceived to be similar to pain in terms of both valence and
arousal levels [65], and so we predicted that low-SF information would elicit a general
perceptual preference. We also expected this effect to be attenuated in females when the highSF information was related to pain.

9
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3

Experiment 2: Pain-fear hybrids
Methods

3.1.1 Design
The same mix-groups design was used as in Experiment 1. The only one difference was
that the hybrid faces combined expressions of pain and fear. The within-groups variables were
presentation duration (33 vs. 67 vs. 150 vs. 300 ms) and low-SF expression (pain vs. fear). The
between-groups variable was participant’s sex (male vs. female). The dependent variable was
preference towards low-SF expressions.
3.1.2 Participants
An additional forty-three healthy adult participants (23 females and 20 males) were
recruited to complete the Experiment 2. The sample had a mean age of 25.74 (SD = 5.58). The
exclusion criteria for recruitment and the payment information were the same as in Experiment
1.
3.1.3 Stimuli & Task
The same expression recognition task was used as in Experiment 1, with the only
difference being that participants were asked to recognise whether the face stimulus was
showing a pain or a fear expression. The hybrid stimuli were produced using the same method
as described in Experiment 1, resulting in 20 hybrid faces: low-SF pain & high-SF fear and
low-SF fear & high-SF pain, each presented by 10 models.
3.1.4 Data analysis
The same data analysis methods were used as in Experiment 1.
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Results
3.2.1 Data screening
Data were screened to remove trials with responses made within 200 ms or after 2000
ms (2.47% of all trials). The score of preference was calculated for each participant by
subtracting the number of high-SF responses from low-SF responses. No outliers were found.
The data were normally distributed and were approximately homogeneous.
3.2.2 Analysis of SF preference
One-sample binomial tests (two-tailed; test proportion = 50%) revealed that most
expressions were perceived in terms of the low-SF information. However, there was one
exception: for hybrid faces containing low-SF fear & high-SF pain, female participants did not
show significant low-SF (53%) preference over high-SF (47%) when presented for 300 ms.
The results are presented in Table 3.
------ Insert Table 3 & 4 here -----Means and SDs of the score of preference in each condition are presented in Table 4.
Statistical analysis revealed a significant main effect of presenting duration, F (3, 123) = 14.86,
p < .001, η2p = .27. As before, participants exhibited the greatest low-SF preference with
presenting time of 33 ms than 67, 150, and 300 ms (all ps < .01, Cohen’s ds > 0.53); and greater
preference was also found between 67 ms and 300 ms (p < .05, Cohen’s d = 0.49).
The main effect of expression was not significant, F (1, 41) = 0.22, p = .64. No significant
sex difference was found, F (1, 41) = 0.56, p = .46. None of the interactions was significant,
all Fs < 0.86, ps > .46.
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Discussion
Similar to Experiment 1, Experiment 2 found a preference towards low-SF in the
detection of both pain and fearful information from facial expressions, and again the size of the
preference was reduced as the presentation duration increased. In addition, women seemed to
detect the high-SF pain information as often as the competing low-SF fear, when the hybrid
faces were presented at the longest presentation duration (i.e. 300 ms). However, this effect
was not observed for men.
Experiment 3 examined whether pain expressions presented in either low-SF or highSF information would be preferentially perceived when combined with a very different
expression, namely happiness.

4

Experiment 3: Pain-happiness hybrids
Methods

4.1.1 Design
The same mixed-groups design was used as described in Experiments 1 and 2. The only
difference was the hybrid faces combined pain and happiness expressions.
4.1.2 Participants
An additional forty-three healthy adult participants (23 females and 20 males) were
recruited into Experiment 3. The sample had a mean age of 23.30 (SD = 4.71).
4.1.3 Stimuli & task
In this experiment, stimuli comprised of two hybrid combinations: low-SF pain & highSF happiness and low-SF happiness & high-SF pain. Participants were asked to indicate
whether the face stimulus displayed a pain expression or a happiness expression.
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4.1.4 Data analysis
The same data analysis methods were used as in the previous two experiments.

Results
4.2.1 Data screening
One female participant was excluded from further analysis due to missing responses.
Data were screened to remove trials with responses faster than 200 ms or slower than 2000 ms
(2.35% of all trials). No outliers were found in preference scores, and the data were normally
distributed and homogeneous. Final data for this experiment were from a sample of 42
participants (22 females and 20 males).
4.2.2 Analysis of SF preference
One-sample binomial tests (two-tailed; test proportion = 50%) revealed that low-SF
expression information was perceived in preference to those high-SF information in all
conditions, by both female and male participants. The results are presented in Table 5.
------ Insert Table 5 & 6 here -----Means and SDs of the score of preference towards low-SF expressions in each condition
are presented in Table 6. Statistical analysis revealed a significant main effect of presentation
duration, F (3, 120) = 21.22, p < .001, η2p = .35. As before, the low-SF preference was greater
when hybrid faces were presented for 33 ms than 67, 150, and 300 ms (all ps < .05, Cohen’s
ds > 0.45); and greater low-SF preference for 67 ms than 150 and 300 ms (both ps < .01,
Cohen’s ds > 0.55).
The main effect of low-SF expression was significant, F (1, 40) = 20.49, p < .001, η2p
= .34. This indicated a greater low-SF preference when the low-SF expression depicted
happiness compared to pain (p < .001, Cohen’s d = 0.71).
13
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A significant interaction was also found between presentation duration and expression
hybrid type (Figure 3), F (2.46, 98.34) = 4.05, p < .05, η2p = .09. Simple effects analysis
revealed that the effect of presentation duration was not significant when low-SF expression
depicted pain, F (3, 38) = 1.21, p = .32. However, a significant effect of presentation duration
was found when low-SF information depicted happiness, F (3, 38) = 11.91, p < .001, η2p = .49.
Greater low-SF preference for happiness was found at 33 and 67 ms, when compared to 150
and 300 ms (all ps < .01, Cohen’s ds > 0.54). Simple effects analysis also revealed a significant
effect of expression type when presentation durations were at 33, 67, and 300 ms (all Fs > 6.28,
ps < .05, η2ps > .13). A greater low-SF preference was found when the low-SF expression was
happiness compared to pain (all ps < .05, Cohen’s ds > 0.39). No significant difference was
found when the presentation duration was set at 150 ms (p = .06).
------ Insert Figure 3 around here -----No significant sex difference was found, F (1, 40) = 0.61, p = .44. None of the other
interactions were significant, all Fs < 1.50, ps > .22.

Discussion
While the results of Experiment 3 suggested a preference towards low-SF information
for both pain and happiness expressions, a greater low-SF preference was elicited by happiness
compared to pain. Interestingly, when the competing high-SF was showing happiness, the
preference towards low-SF pain was no longer modified by the presentation duration. More
interestingly, these findings were observed for both male and female participants, suggesting
no sex difference.

14

Spatial frequency information and pain expression decoding
5

General discussion
This study confirmed that the different perceptual information contained within facial

expressions is preferentially selected when decoding pain. Using a novel hybrid expression
task, conflicting low- and high-SF information was combined to test whether perceptual
preferences for pain were more likely to be driven by low-SF information. Not only was this
low SF-preference confirmed, but a similar pattern was found for the core emotions of fear and
happiness, as well as neutral expressions.
This is first time that a low-SF perceptual preference has been found for pain
expressions, and moves away from simple description to show how observers preferentially
select, and subsequently, interpret information contained in facial expressions. These results
are consistent with previous investigations into the recognition of emotional expressions using
hybrid images [34,55], as well as broader conceptual approaches to perception that suggest
coarse (low-SF) information plays an important role at an early stage of image decoding, and/or
when environments are ambiguous or of low quality (e.g. low light, at a distance) [1,26,56].
Since not all perceptual environments are clear and unambiguous, it is evolutionarily adaptive
for low-SF information playing an advantageous role in expression recognition, including pain,
under perceptually competitive or challenging conditions. If low-SF information can still be
used to quickly generate the gist of the expression or object being viewed, this would allow the
observer to efficiently consider the possible actions and intensions of others, and act
accordingly. Only when expressions are presented with less ambiguity or there is a need for
more sophisticated processing, fine-detailed information contained within high-SF is allowed
to enter perceptual awareness.
These results directly build upon the work reported by Wang et al. [65], by confirming
the relevance of perceptual information when observing expressions of pain. Interestingly, the
15
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original study demonstrated that whilst both low-SF and high-SF information was used for
decoding expressions of pain, low-SF information was particularly relevant for pain
expressions [65]. However, the current study found that low-SF dominates for all expressions
considered. Whilst this might seem contradictory, there was an important difference in the tasks
used. Wang et al. [67] presented images in either low- or high-SF information and asked to
identify the expression, whereas in the current study, these alternative types of perceptual
information were placed in direct competition with each other, and a forced choice response
required. What this suggests is that while low- and high-SF can be used to identity pain, when
in visually competitive and/or ambiguous situations low-SF information dominates perceptual
choices. That this low-SF information preference was not limited to pain in the current study
suggests a general processing preference for low-SF information when conflicting information
is presented.
There was, however, one notable situation where high-SF information about pain
seemed to reduce this general low-SF preference. Amongst women, when low-SF expressions
were either neutral or related to fear with a longer presentation duration (300 ms), then highSF pain information seemed to dampen down, or reduce, this low-SF preference effect. Though
there was still a low-SF preference, the high-SF pain features seemed to ‘break through’ and
enter women’s visual perception in competitive situations (i.e. hybrid faces). This is
particularly interesting, as it suggests that detailed information within pain-related expressions
may in some circumstances enter perceptual awareness more in females than males. It may be
related to females’ sensitivity to pain signals [28,29], which lead to a greater awareness of pain
in others also (e.g. greater pain-related empathy). This suggests that there may be sex
differences in pain recognition, which have generally not been reported in previous research.
This could again be due to the hybrid paradigm used here, which goes beyond simple
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expression recognition, and examines perceptual preferences under ambiguous and competitive
visual conditions.
Although the fine details of pain expression might dampen down the low-SF preference
in women, this effect was limited in Experiment 2 to slower presentation durations, and not
found at all in Experiment 3, where the hybrid expressions contained happiness. Interestingly,
in Experiment 3, we found a greater low-SF preference elicited by happiness when compared
to pain expressions – an expression difference that was not found for either neutral (Experiment
1) or fear (Experiment 2). Previous research has also tended to find a dominance for happinessrelated expressions [6,34]. For example, Laprevote et al. [34] found that while the perception
of expression was dominated by the low-SF component in hybrid faces, a greater low-SF
preference was found for happiness than anger expressions [34]. This suggests that, when
compared with a negative expression (e.g. pain or anger), happiness was preferentially
perceived in low-SF information.
We also considered whether the preference of SF information would be modified by
the presentation duration of hybrid faces. Across all three experiments, participants’ perceptual
preference towards low-SF information was most prominent during the faster presentation
trials and somewhat reduced as the presentation durations increased. However, as with the sexrelated effect reported above, the one exception to this was when examining the pain-happiness
hybrids in Experiment 3. Here, when pain was in the low-SF component and happiness the
high-SF, the preference towards low-SF pain was not affected by the presentation duration.
The increased presentation duration did not make the high-SF happiness more visible when the
paired expression was pain, perhaps because happiness captures perception at even early phases
of object recognition. Temporal features have been examined in other studies of hybrid facial
expressions [10,11,55], suggesting that early exposure may indeed result in a preference for
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low-SF information, presumably, because there is a faster, more direct, neural pathway [39,64].
Why happiness would be an exception to this is currently unclear.
Although the hybrid paradigm has been successfully used to study the preference of SF
information in the perception of various visual stimuli, including objects [35,37,43], scenes
[2,41,42,56], and face-related information (e.g. gender and expression [10,11,31–
34,46,47,55,69]), the appearance of hybrid faces is unusual and different from that of a normal
face. However, the advantage of this experimental approach is that it allows us to address basic
conceptual questions, with careful control of extraneous variability, which would simply not
be possible in the ‘real word’. A related concern is that the original images were posted by
actors instead of genuine expressions. While the usage of well controlled, validated posted
prototypical expressions is common and successful in this type of research [3–
5,14,27,44,50,58,63], we should be very careful when extending the findings and apply to the
perception of facial expressions in the naturalistic environment. It is undoubtedly important to
investigate the decoding of pain using genuine, spontaneous facial expressions as stimuli in the
relevant studies.
In terms of future directions, it would be interesting to explore more real-world questions,
e.g. the usage of SF information when decoding dynamic expressions. In reality, both of our
visual percept and the expressions change in time, and whether low-SF or high-SF information
would be preferentially used to analyse a pain face at different levels of expressiveness and
different stages of perception. Whilst it is difficult to draw direct practical implications from
experimental studies of this type, they suggest that low-SF information would be particularly
useful when detailed information is difficult to obtain. Examples here would be when
expressions are viewed from a distance, in low level visual environments (e.g., at night) or
when detailed features are naturally obscured, such as in the case of age-related changes in the
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face. Indeed, facial wrinkles and folds develop in the course of aging and can make facial
expressions of older aged individuals more difficult to decode [15–17,22,25,38]. This seems to
be due to the expressiveness of these age-related facial features, which interferes with the
emotional facial actions. For example, neutral displays of older age faces have been perceived
as showing sadness, happiness or anger, depending on the feature of wrinkles and folds, which
in turn could lead to misinterpretations of emotional expressions [16,17,22,38]. These agerelated changes are mainly encoded in fine-detailed high-SF information [40,45,57]. Therefore,
when perceptual conditions are challenging, it would seem adaptive if observers could decode
pain expressions based on preferential processing of low-SF facial information, and less
affected by high-SF features as this may introduce an expressive signal and render pain
expressions more ambiguous.
In sum, the three experiments confirmed that low-SF information has a perceptual
advantage, preferred by observers over high-SF when viewing expressions of pain. An efficient
decoding process of pain expressions is suggested, in which the characteristic information (i.e.
low-SF) is preferentially perceived and presumably effectively analysed. The preference of SF
information is modified by time – low-SF preference was largest when the presentation was
brief, and reduced as the presentation duration increased. It seems that when decoding pain
expressions, we first notice the overall structural features of pain conveyed by coarse low-SF
information, and the fine-detailed high-SF information is integrated at a later stage. Moreover,
there are possible sex differences in the way how pain expressions are recognised, e.g. women
may be more sensitive to pain-related fine details than men in some situations, in particular
when viewing faces in ambiguous conditions.
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Figure Captions

Figure 1: Example images used in the experiments. The image on the left represents low-SF
pain and high-SF neutral, whereas the image on the right comprises of low-SF neutral & highSF pain information. The original images are obtained from the STOIC database [53], and the
hybrid images are reproduced with permission from Frederic Gosselin.
Figure 2: Female and male participants’ preference towards low-SF expressions when pain
and neutral were presented in the low-SF component in hybrid faces in Experiment 1 (error
bars reflect SEM).
Figure 3: Mean preference towards low-SF expressions when pain and happiness were
presented in the low-SF component in hybrid faces with each presenting duration in
Experiment 3 (error bars represent SEM).
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Table 1 Percentage of responses based on low-SF and high-SF information, and the result of the binomial test (two-tailed; test proportion = 50%)
for each hybrid face combination in each condition by female and male participants in Experiment 1 (pain-neutral hybrids).

Female
(n = 23)

33 ms
67 ms
150 ms
300 ms

Low-SF
73%
70%
66%
62%

Male
(n = 20)

33 ms
67 ms
150 ms
300 ms

71%
69%
67%
67%

Low-SF pain & high-SF neutral
High-SF
Exact p
Cohen’s g
27%
< .001
0.23
30%
< .001
0.20
34%
< .001
0.16
38%
< .001
0.12
29%
31%
33%
33%

< .001
< .001
< .001
< .001

0.21
0.19
0.17
0.17

Low-SF
68%
59%
54%
59%
81%
76%
73%
75%

Low-SF neutral & high-SF pain
High-SF
Exact p
Cohen’s g
32%
< .001
0.18
41%
< .001
0.09
46%
.012
0.04
41%
< .001
0.09
19%
24%
27%
25%

< .001
< .001
< .001
< .001

0.31
0.26
0.23
0.25
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Table 2 Mean (SD) of the preference score towards low-SF information in hybrid faces for female and male participants in Experiment 1 (painneutral hybrids).
Female
(n = 23)

Low-SF pain & high-SF neutral
Low-SF neutral & high-SF pain

33 ms
23.13 (19.25)
17.35 (22.50)

Male
(n = 20)

Low-SF pain & high-SF neutral
Low-SF neutral & high-SF pain

20.25 (26.13)
29.25 (13.33)

67 ms
19.39 (20.55)
8.91 (24.30)

150 ms
15.26 (18.95)
3.70 (21.21)

300 ms
11.35 (17.87)
8.83 (20.07)

17.95 (23.75)
24.65 (19.51)

16.45 (24.78)
22.30 (16.61)

15.90 (24.90)
24.15 (16.28)
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Table 3 Percentage of responses based on low-SF and high-SF information, and the result of the binomial test (two-tailed; test proportion = 50%)
for each hybrid face combination in each condition by female and male participants in Experiment 2 (pain-fear hybrids).

Female
(n = 23)

33 ms
67 ms
150 ms
300 ms

Low-SF
66%
60%
56%
59%

Male
(n = 20)

33 ms
67 ms
150 ms
300 ms

67%
62%
62%
58%

Low-SF pain & high-SF fear
High-SF
Exact p
34%
< .001
40%
< .001
44%
< .001
41%
< .001
33%
38%
38%
42%

< .001
< .001
< .001
< .001

Cohen’s g
0.16
0.10
0.06
0.09

Low-SF
63%
60%
57%
53%

0.17
0.12
0.12
0.08

67%
62%
60%
59%

Low-SF fear & high-SF pain
High-SF
Exact p
37%
< .001
40%
< .001
43%
< .001
47%
.050
33%
38%
40%
41%

< .001
< .001
< .001
< .001

Cohen’s g
0.13
0.10
0.07
0.03
0.17
0.12
0.10
0.09
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Table 4 Mean (SD) of the preference score towards low-SF information in hybrid faces for female and male participants in Experiment 2 (painfear hybrids).
Female
(n = 23)

Low-SF pain & high-SF fear
Low-SF fear & high-SF pain

33 ms
15.00 (13.75)
12.61 (14.56)

Male
(n = 20)

Low-SF pain & high-SF fear
Low-SF fear & high-SF pain

16.20 (18.67)
16.80 (22.37)

67 ms
9.26 (14.34)
9.91 (15.88)

150 ms
5.74 (13.99)
6.22 (15.34)

300 ms
8.35 (13.91)
2.87 (18.48)

12.00 (19.77)
11.80 (20.20)

11.65 (18.26)
9.85 (19.90)

7.20 (19.03)
8.55 (25.18)
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Table 5 Percentage of responses based on low-SF and high-SF information, and the result of the binomial test (two-tailed; test proportion = 50%)
for each hybrid face combination in each condition by female and male participants in Experiment 3 (pain-happiness hybrids).

Female
(n = 22)

33 ms
67 ms
150 ms
300 ms

Low-SF
66%
61%
60%
57%

Male
(n = 20)

33 ms
67 ms
150 ms
300 ms

65%
68%
67%
65%

Low-SF pain & high-SF happiness
High-SF
Exact p
Cohen’s g
34%
< .001
0.16
39%
< .001
0.11
40%
< .001
0.10
43%
< .001
0.07
35%
32%
33%
35%

< .001
< .001
< .001
< .001

0.15
0.18
0.17
0.15

Low-SF
82%
78%
70%
68%
86%
79%
72%
72%

Low-SF happiness & high-SF pain
High-SF
Exact p
Cohen’s g
18%
< .001
0.32
22%
< .001
0.28
30%
< .001
0.20
32%
< .001
0.18
14%
21%
28%
28%

< .001
< .001
< .001
< .001

0.36
0.29
0.22
0.22
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Table 6 Mean (SD) of the preference score towards low-SF information in hybrid faces for female and male participants in Experiment 3 (painhappiness hybrids).
Female
(n = 22)

Low-SF pain & high-SF happiness
Low-SF happiness & high-SF pain

33 ms
15.32 (17.63)
31.82 (13.33)

Male
(n = 20)

Low-SF pain & high-SF happiness
Low-SF happiness & high-SF pain

14.05 (19.21)
33.40 (10.62)

67 ms
10.32 (17.28)
27.18 (12.82)

150 ms
10.09 (18.82)
19.50 (12.02)

300 ms
6.77 (19.19)
17.27 (16.80)

17.10 (16.39)
26.80 (14.63)

15.75 (16.86)
20.05 (19.59)

13.80 (13.10)
19.90 (16.89)

