
The Journal of Pain, Vol xxx, No. xx (Month),xxxx: pp xxx–xxx 
Available online at www.jpain.org and www.sciencedirect.com

Original Reports 

Experimental Pain Picture System (EPPS): Development 
and Validation

Maryna Alves,⁎,† Angelos-Miltiadis Krypotos,⁎,‡ Geert Crombez,† and  
Johan W.S. Vlaeyen⁎,§

⁎Research Group Health Psychology, KU Leuven, Leuven, Belgium, †Department of Experimental-Clinical and Health Psychology, 
Ghent University, Gent, Belgium, ‡Department of Clinical Psychology, Utrecht University, Utrecht, the Netherlands, 
§Experimental Health Psychology, Maastricht University, Maastricht, the Netherlands 

Abstract: Pain-related pictures are useful for studying how individuals respond to pain-related 
stimulation. Such pictures can occasionally be found in databases for affective pictures. However, a 
validated database specifically for pain-related pictures is not available yet. In 2 experiments (N = 185 
and 103, respectively), we developed and validated the Experimental Pain Pictures System (EPPS). In 
both experiments, negative valence, arousal, and painfulness ratings were compared between 
neutral-, sad-, and pain-related pictures. The pain-related pictures represented both deep and su
perficial somatic pain. Across the 2 experiments, pain-related pictures were judged as more negative, 
arousing, and painful than neutral pictures and more painful than sad pictures. The final EPPS con
tains 50 pictures of different painful events considered moderately to highly painful by participants. 
The EPPS is a valuable tool for studying pain-related responses, as it gives researchers a choice among 
many validated pictures depicting different types of pain, increasing the comparability between 
studies. 
Perspective: This article presents the validation of the experimental pain pictures system, which 
consists of a set of pain-related pictures. The experimental pain pictures system is composed of 
pictures depicting different types of pain. Participants rated all the pictures as being negative, 
arousing, and painful.
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P ain is a communicative event; it helps to signal 
threats through verbal and non-verbal cues (eg, 
facial expressions, vocal expressions, and body 

posture).1 Not surprisingly, there is a vast interest in the 
study of pain, whether at a fundamental or clinical 
level.

Multiple tools are used in research to study pain. 
Among them, are painful physical stimulation (eg, 
electrocutaneous stimulation or thermal stimulation),2,3

questionnaires (eg, the chronic pain grade ques
tionnaire4 or fear of pain questionnaire5), and pic
tures.6-9

Pain-related pictures are often used in pain research. 
For example, the photograph series of daily activities is 
used to detect which activities are considered harmful 
by patients with low back pain.10,11 Pain-related pic
tures are also useful to understand more basic pain 
mechanisms, like attentional deployment towards 
pain,12-15 and empathy for pain.6-9 Sets of pain-related 
pictures have also been developed in the context 
of pain communication. Walsh and colleagues,1 for 
example, developed a set of pictures containing 
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pain-related body postures, and the Delaware pain da
tabase is a set of pictures of facial expressions of pain.16

Research has shown that pain-related pictures can 
lead to self-reported discomfort/distress and physiolo
gical arousal (ie, heart rate and skin conductance).17,18

Pain-related pictures can also have an impact on the 
experience of pain.6,7 In their study, de Wied and Ver
baten,19 exposed participants to various pictural stimuli. 
Those who saw unpleasant pictures including pain cues 
(eg, injury) showed lower pain tolerance compared to 
participants who were exposed to unpleasant pictures 
without pain cues.

Several studies using pain-related pictures use ad hoc 
selected pictures, often lacking standardization, ham
pering comparison between studies. Other studies use 
pain-related pictures that originate from existing data
bases. To illustrate, various pictures of injuries and ac
cidents that could be used as pain-related stimuli can be 
found in the DIsgust-RelaTed-Images (DIRTI),20 the 
Nencki Affective Picture System,21 and International 
Affective Picture System (IAPS)22 databases. In none of 
these databases the painful aspects of the pictures have 
been evaluated making them not specific enough for 
the study of pain. Therefore, a more general database 
with pain-related pictures depicting different types of 
pain (eg, injuries or headaches) is still needed. Such 
general pain-related pictures database could be used as 
pain-related stimuli and would help in the study of 
various aspects of pain, such as empathy for pain, at
tentional processes of pain, and classical conditioning in 
pain, among others.

In the present study, we validate throughout 2 ex
periments a first set of pain-related pictures meant to 
be used in research. In Experiment 1, we aimed to de
velop and validate a set of pain-related pictures. 
Participants were instructed to classify pictures of 3 
different classes (sad-, neutral-, and pain-related pic
tures) and evaluate these pictures in terms of negative 
valence, arousal, and painfulness. These ratings were 
then used to select the pictures with the highest scores 
in these classes, which were cross-validated in 
Experiment 2. We expected pain-related pictures to be 
judged 1) more negatively than neutral pictures, 2) 
more arousing than sad and neutral pictures, and 3) 
more painful than sad and neutral pictures.

Experiment 1

Methods: Experiment 1
Participants

The exclusion criteria based on self-report were: 1) 
out of the age range of 18 to 35 years old (ie, re
presenting the population of young adults), 2) current 
diagnosis of a psychiatric disorder, 3) diagnosis of other 
severe medical conditions, 4) pregnancy (ie, many pic
tures included in this study can trigger strong disgust 
emotions), 5) recovering from severe psychological or 
physical trauma, 6) advice from a general practitioner to 
avoid stress, 7) hemophobia, and 8) highly sensitive to 

negative content. We recommended subjects who con
sidered themselves highly sensitive to negative content 
to not participate as they may perceive some pictures as 
highly distressing.

We decided to collect data from a sample of healthy 
young adults as it is a population commonly targeted in 
experimental studies.

A sample of 207 participants participated in the on
line study via Prolific (https://www.prolific.co/). Prolific is 
an online platform useful for the rapid recruitment of 
participants as it counts more than 130 thousand per
sons coming from countries members of the 
Organisation for Economic Co-operation and 
Development (OECD) and has more than 250 pre-se
lection filters allowing the recruitment of re
presentative samples. The data of 19 participants were 
excluded due to technical problems and/or missing data 
(ie, did not complete the experiment), and the data of 3 
participants were not included in the analyses due to 
effortless participation (eg, rated all the pictures with 
the same scores or categorized many pictures within the 
same class). In the end, 185 participants were included 
in the final analyses (M = 25.18 years old, SD = 5.41; 128 
men, 56 women, and 1 other).

Participants received 2.50£ as compensation. The 
Social and Societal Ethics Committee of the KU Leuven 
approved this experiment (reg# G-2020-2025).

Materials
Pictures Selection. We selected 300 pictures representing 
3 different classes: pain, sad, and neutral (one-hundred 
pictures per class). The sad pictures were chosen among 
other categories of pictures having a negative connotation 
for 3 main reasons. First, the sad class offers a wide variety 
of pictures of human beings. Second, sad pictures are more 
distinguishable from pain than other negative classes (eg, 
some disgust-related pictures can be considered painful). 
Finally, sadness is a general emotion that can be elicited by 
pictures within the other classes facilitating the collection 
of pictures (eg, anger, regret, or fear).

We selected pictures depicting men or women across 
ages, focusing either on human body parts (ie, a hand, 
back, mouth) or a person executing activities (eg, cooking, 
having a car accident, or crying). Pictures that could be 
perceived as too distressing (eg, pictures of dead bodies or 
ripped body parts) were not included. Free copyright pic
tures were searched via databases or the worldwide web. 
Specifically, ninety-four photographs were taken from the 
Nencki Affective Picture System database,21 24 from the 
DIRTI database,20 and 11 from the IAPS database.22 Ad
ditionally, 94 photographs were chosen from Flickr under a 
creative commons license (https://www.flickr.com/ 
creativecommons/), and 77 from Adobe Stock (https:// 
stock.adobe.com/). To select the pictures, we created a list 
of different types of pain (eg, headache, back pain, or a 
broken bone), and sad moments (eg, loneliness, funeral, or 
breaking-up event) (See Table 1). Next, we selected pictures 
that best represented each pain and sad class element. For 
the neutral class, we selected some pictures with similar 
events to the other classes but with a neutral connotation 
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(ie, a healthy arm was selected in contrast to a broken arm) 
and pictures not depicting any negative connotation. 
Concerning the pain-related pictures, only pictures of 
adults were selected (ie, no children, adolescents, or el
derly). Out of the 100 pain-related pictures, 22 represented 
deep somatic pain (eg, headache or earache), whereas 78 
represented superficial somatic pain, including different 
types of bodily injury (eg, burnt, animal bite, or wound 
with blood). We decided to differentiate and explore the 
difference between the 2 types of pain because the pain in 
the deep somatic pain-related pictures is communicated 
through body posture and facial expression of pain. In 
contrast, the superficial somatic pain-related pictures often 
contain external signs of body injury (eg, blood) which 
could affect the reactivity to the pictures. In 60 of the pain- 
related pictures, the ethnicity of the individuals was not 
recognizable as the pictures depict isolated body parts. 
White individuals were present in 30 pictures, Asian in
dividuals were in 3 pictures, Black individuals in 6 pictures, 
and 1 picture showed a Middle-Easter man. Regarding the 
sex of the persons photographed in the pain-related pic
tures, 42 were male, 24 were female, and 34 were not 
identifiable. The diversity in the pictures was restricted by 

the available copyright-free pictures depicting pain. Forty- 
eight sad pictures presented sad faces in various situations, 
20 represented poverty, 7 depicted mistreatments, and fi
nally, 13 represented physical (eg, funeral), and material 
(eg, burnt house) losses. In the neutral class, 85 pictures 
depicted neutral to happy faces in various daily life situa
tions and 15 pictures represented isolated healthy body 
parts (eg, a hand, an eye, or a foot).

Rating Scales. We used 3 separate 10-point numeric 
scales to rate the pictures in terms of negative valence, 
arousal, and pain (see instructions in Appendix 1). The 
negative valence scale referred to the connotation of 
the picture; the scale ranged from 1 (very positive) to 10 
(= very negative). In the experiment, we used a valence 
scale ranging from 1 (= very negative) to 10 (= very 
positive). However, the scores of negative valence were 
reversed for the analyses to align this scale in the same 
direction as the arousal and pain scale. The arousal scale 
referred to the intensity of the emotion provoked by 
the picture and ranged from 1 (= very weak) to 
10 = (very strong). Such self-reported arousal measure 
has been used previously to validate pictural databases 
(eg, BAPS-Ado23 or DIRTI.20 The pain scale concerned 
the level of pain evoked by the picture and ranged from 
1 (= not painful) to 10 (= very painful).

Procedure
The experiment was programmed in Psychopy (ver

sion 3.00, 2020)24 and was run online via the Pavlovia 
server (https://pavlovia.org/). Participants first read the 
information brochure, gave their informed consent, and 
answered the demographical information questions (ie, 
age and gender). To reduce the duration of the ex
periment and avoid cognitive overload, we divided the 
300 pictures into 4 sets of 75 pictures each (25 per class). 
The 4 sets of pictures were evaluated by respectively 45, 
45, 48, and 47 participants. Participants were randomly 
allocated to one of the four sets of pictures.

The main experimental task was divided into two 
phases: classification and evaluation phase. These two 
phases were separated by a 60-sec break. During the 
classification phase, each of the 75 pictures was dis
played at the center of the screen. At the bottom of the 
screen were 3 words representing the following classes: 

Table 1. List of Pain and Sad Events Depicted in 
the EPPS 
PAINFUL EVENTS SAD EVENTS

Headache/migraine Arrestment
Back pain Loneliness
Earache People crying
Animal bite Beggar
Ankle pain Bullying
Knee pain Psychiatric institutionalization
Wrist pain Child abandon
Medical pain/Visceral pain Dismiss
Injury from a bike or a car accident Child abuse
Shoulder pain Drug addiction
Chest pain People fleeing
Genital pain Death
Wounds Poverty
Sunburnt Homeless
Burnt Cancer
Broken nose Breaking-up
Toothache Fight
Throat pain Unsanitary housing
Frozen bite Defeat
Broken bone House fire
Injection Domestic abuse
Cramp Famine
Firearm shoot Funeral
Stab wound Flood
Cut War
Heart attack Sad face
Necrosis Landfill scavenger
Tongue bite Capitivity
Childbirth
Stitches
Uterine contractions
Bruises
Black eyes
Amputation
Aphthous ulcer

Figure 1. Example of a trial in the classification phase. 
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pain, sad, and neutral (see Fig 1 for an example of a trial 
of the classification phase). The position of each class 
was randomized across trials. On each trial, we in
structed participants to carefully look at each picture 
and select one class that best matched the picture (see 
instructions in Appendix 1). The responses were col
lected using a mouse click. The pictures remained on the 
screen until a response was given. During the evaluation 
phase, each picture that had been previously presented 
was displayed again 3 times on the center of the screen, 
accompanied each time by one of the following scales: 
negative valence, arousal, or pain scale. The stimuli re
mained on the screen until a response was given.

Statistical Analyses
The data were analyzed with R.25 The first step in our 

analyses was to calculate the classification score for each 
picture by attributing a score of 1 when the picture was 
classified according to the predefined class and 0 if not. 
Next, we calculated the mean score of the classification 
for each picture. Only those pictures that matched the 
predefined classes by at least 80% of the participants 
were for subsequent inferential analyses. This pre
selection was made to reduce the variability in ratings 
that pictures not representative of their classes could 
generate (eg, a sad picture identified as being pain-re
lated by 40% of the participants would lead to higher 
scores of painfulness among these participants).

The second step in our analyses was to test our hy
pothesis following a multiverse analysis procedure that 
increased the transparency and validity of our results.26

In other words, we conducted multiple analyses to show 
that our results are not test-depended.

First, differences in painfulness, negative valence, and 
arousal were analyzed with a factorial permutation test 
analysis using the ezPerm function from the ez package 
for R.27 The ezPerm function is a non-parametric 
equivalent to the traditional analysis of variance 
(ANOVA), designed to be robust against violation of the 
normality and homoscedasticity assumptions. The per
mutation principle is a bootstrap process that re
peatedly resamples the data (ie, 1,000 permutations), 
and calculates a statistic for each resampled dataset to 
form an empirical distribution for that statistic.28 The F- 
statistic reported here is equivalent to the classical 
ANOVA, however, the P-value denoted as pperm comes 
from the permutational test and is the probability of 
obtaining an F-statistic as extreme in our 1,000 per
muted samples. The class (sad, pain, and neutral) was 
included in the ANOVA as a within-subjects factor, and 
gender (women and men) as a between-subjects factor. 
The gender other was not included in this analysis be
cause of the low number of participants in this class 
(n = 1). Investigating the effect of gender on the rating 
of pictures was not the main objective of this study; 
however, this factor was included in the analyses be
cause this is the usual analytical procedure in database 
validation (eg, IAPS).22 Next, for the post hoc analyses, 
we conducted bootstrap pairwise contrasts (ie, 1,000 

resamplings). As in the permutational test, we report 
for the post hoc the pboot that is the P-value coming 
from the distribution of the 1,000 resampled t-test. We 
used non-parametric because the homogeneity of var
iances assumption required to run parametric tests was 
unmet (Appendix 2).

Second, we analyzed the differences between the 
different types of pain with a factorial permutation test 
with negative valence, arousal, and painfulness as de
pendent variables and type (deep somatic pain and su
perficial somatic pain) as the within-subjects factor. We 
conducted bootstrap pairwise contrasts to follow up on 
this test.

Third, we used the Spearman Rank Correlation test to 
explore associations among age, negative valence, 
arousal, and painfulness. The association was con
sidered strong when r ≥ .60, moderate when 
.40  <  r  <  .60, and weak when r ≤ .30.29

Supplementary tests were run to verify the reliability 
of our results. Specifically, we first analyzed the mean 
score of ratings of the pictures. To perform these ana
lyses, we separately calculated a mean score of arousal, 
negative valence, and painfulness and the corre
sponding standard deviation for each picture. We 
compared the scores with a non-parametric Robust 
ANOVA with the classes (pain, sad, and neutral) and 
ratings (arousal, painfulness, and negative valence) as 
between-subject factors. The results of this test are in 
line with the results of the analyses mentioned above 
and can be found in Appendix 3. Next, we analyzed the 
data using the mixed effect models of the lmerTest 
package.30 The negative valence, arousal, and painful
ness scores were the dependent variables. The variables 
age, gender, and class were set as fixed effects and 
subjects as random effects. To select the best model to 
fit our data, we created 8 different models for each 1 of 
the dependent variables. Each model was composed of 
a specific combination of predictors. Finally, we ran a 
model comparison and selected the model with the 
lowest akaike information criterion (see Appendix 4 for 
more details). Finally, we conducted a cluster analysis 
using the k-means function from the stats package.25

The cluster analysis allows us to verify if pictures from 
the same class are similar as it groups items sharing si
milar patterns. We used negative valence, arousal, and 
painfulness scores to cluster our initial pool of 300 pic
tures (Appendix 5).

Results Experiment 1
Classification Ratings

The classification analysis showed that 209 pictures 
(69.67%) were correctly classified by at least 80% of the 
participants. Among the final set 91, 82, and 36 pictures 
belonged to the neutral, pain, and sad class, respec
tively. Fig 2 presents a 3-D graph of the mean scores of 
negative valence, arousal, and painfulness for each 1 of 
the 209 pictures. The graph shows distinct separations 
among the means of the 3 variables, suggesting good 
discrimination between the different picture classes.
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Negative Valence, Arousal, and Painfulness: 
Factorial Permutation Test
Negative Valence Ratings. The permutation factorial 
test revealed a main effect of class, F(2, 180) = 1097.18, 
pperm <  .001 (Fig 3, Table 2), no main effect of gender, F 
(2, 179) = 2.22, pperm = .108, and a significant 
gender*class interaction, F(4, 180) = 6.49, pperm = .003. 
Participants rated pain-related pictures as being more 
negative than neutral pictures, t(180) = 40.50, pboot 

= .002 (estimate = 3.77, 95% bootstrap confidence 

interval (CI) [3.59, 3.95]). Sad pictures were also rated 
more negatively than neutral pictures, t(180) = 39.42, 
pboot = .002 (estimate = 3.67, 95% bootstrap CI [3.49, 
3.87]). No difference was found between sad and pain- 
related pictures for the negative valence ratings, t 
(180) = 1.08, pboot = .32 (estimate = .10, 95% bootstrap 
CI [−.09, .29]). Negative valence scores among classes 
depended on gender: women judged sad pictures more 
negatively than men, t(180) = 3.03, pboot = .002 
(estimate = .45, 95% bootstrap CI [.17, .71]). No 
difference was found between gender for neutral 
pictures, t(180) = −1.73, pboot = .09 (estimate = −.26, 
95% bootstrap CI [−.56, .04]), or pain-related pictures, 
t(180) = 1.49, pboot = .10 (estimate = .21, 95% bootstrap 
CI [−.03, .46]).

Arousal Ratings. Arousal scores differed between 
classes, F(2, 180) = 56.42, pperm <  .001 (Fig 3, Table 2), 
but we found no significant evidence for a difference 
between gender, F(2, 179) = 1.87, pperm = .16. The 
class*gender interaction was not significant, F(4, 
180) = 2.48, pperm = .09. Post hoc analyses showed that 
pain-related pictures are rated as more arousing than 
neutral pictures, t(180) = 6.03, pboot = .002 
(estimate = 1.00, 95% bootstrap CI [.64, 1.31]). Sad 
pictures were also rated as more arousing than 
neutral pictures, t(180) = 6.32, pboot = .002 (estimate = 
1.05, 95% bootstrap CI [.70, 1.39]). No difference was 
found between sad and pain-related pictures for 
arousal, t(180) = −2.95, pboot = .76 (estimate = −.05, 
95% bootstrap CI [−.39, .27]).

Painfulness Ratings. For painfulness, we found a 
significant main effect of the class, F(2, 180) = 833.20, 
pperm <  .001 (Fig 3, Table 2), a main effect of gender, F 
(2, 179) = 5.01, pperm = .02, and a significant 
class*gender interaction, F(4, 180) = 4.88, pperm = .01. 
The results showed that pain-related pictures are more 
painful than neutral pictures, t(180) = 32.45, pboot = .002 
(estimate = 4.85, 95% bootstrap CI [4.59 5.10]), and sad 
pictures, t(180) = 9.86, pboot = .002 (estimate = 1.47, 95% 
bootstrap CI [1.14, 1.81]). Sad pictures were also rated as 
more painful than neutral ones, t(180) = 22.59, pboot 

= .002 (estimate = 3.37, 95% bootstrap CI [3.07, 3.66]). 
The permutational test showed a significant effect of 
the gender. However, the post hoc analyses showed 
that this effect is small and leading no significant 
difference between women and men for the 
painfulness ratings, t(179) = 1.64, pboot = .07 
(estimate = .38, 95% bootstrap CI [−.03, .85]). The post 

Figure 2. 3-D graph for the mean ratings per picture for ne
gative valence, arousal, and painfulness in Experiment 1.

Figure 3. Interaction plot between the class (sad, pain, and 
neutral) and rating (negative valence, arousal, and painfulness) 
for Experiment 1. Error bars denote standard errors.

Table 2. Mean Scores and Standard Deviation 
Per Class for Experiment 1 

NEGATIVE VALENCE AROUSAL PAINFULNESS

MEAN SD MEAN SD MEAN SD

Pain 6.95 1.54 5.77 2.43 6.68 2.36
Sad 6.88 1.50 5.81 2.25 5.21 2.50
Neutral 3.13 1.99 5.81 2.57 1.179 1.50
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hoc analyses for the class*gender interaction revealed 
that women rated sad pictures as being more painful 
than men, t(180) = 3.03, pboot = .001 (estimate = .45, 95% 
bootstrap CI [.17, .70]). No difference between women 
and men was found for the painfulness rating of 
neutral, t(180) = −1.73, pboot = .09 (estimate = −.26, 
95% bootstrap CI [−.57, .03]), or pain-related pictures, 
t(180) = 1.49, pboot = .09 (estimate = .21, 95% bootstrap 
CI [−.06, .44]).

Types of Pain: Factorial Permutation Test
Within the pain class, pictures can be divided into 2 

subclasses: deep somatic pain (eg, headaches) and su
perficial somatic pain (eg, finger cut). The results show 
that superficial somatic pain-related pictures have been 
rated more negatively, F(1, 182) = 280.9, pperm <  .001, 
more arousing, F(1, 182) = 109.2, pperm <  .001, and more 
painful, F(1, 182) = 176.3, pperm <  .001 than deep so
matic pain-related pictures (see Table 3 for mean 
scores).

Associations Among Negative Valence, Arousal, 
Painfulness, and Age

The results (Table 4) indicated that the more arousing 
or/and painful a picture is, the more negatively the 
picture is judged. We also found a positive correlation 
between painfulness and arousal indicating that pic
tures rated as highly painful are also more arousing. We 
found no any evidence that age was related to negative 
valence, arousal, or painfulness.

Discussion: Experiment 1
In Experiment 1, we aimed to develop a set of pain- 

related pictures. As expected, pain-related pictures 
were evaluated as more negative and arousing than 
neutral pictures and more painful than sad and neutral 
pictures. However, this study has some limitations. The 

first limitation concerns the instructions for the pain 
scale. We asked participants to rate the painfulness of 
the pictures without specifying the physical/bodily 
nature of the pain, which could explain the painfulness 
scores in the sad class. The second limitation is the se
lection of pictures. Several pictures did not reach a high 
classification score, indicating that they were not re
presentative of their classes (ie, more specifically, 18 
pain-related pictures, 9 neutral pictures, and 64 sad 
pictures were not representative of their classes).

Due to the above mentioned limitations, we con
ducted a second experiment. In Experiment 2, we 
modified the instruction for the painfulness scale and 
explicitly asked participants to rate the pictures ‘phy
sical/bodily’ pain aspects. We specified the bodily/phy
sical nature of the pain to avoid confusion between sad 
and pain-related pictures as there is a linguistic overlap 
between sadness and painfulness. This overlap is ma
terialized by some ‘sadness-pain concepts’ such as 
heartache, broken heart, or hurt feelings that are as
sociated with specific sad situations (eg, the death of a 
loved one or a breakup) and to specific body 
parts (eg, chest or heart).31 To tackle the second lim
itation, we selected pictures of Experiment 1 with the 
highest classification scores.

Experiment 2

Methods: Experiment 2
Participants

We recruited 115 participants via the Prolific online 
platform (https://www.prolific.co/). The exclusion cri
teria were the same as in the previous experiment, and 
none of the participants had participated in Experiment 
1. Technical problems led to the exclusion of data from 
6 participants, while 6 other participants' data were 
excluded due to missing data. One hundred and 3 par
ticipants were included in the analyses (M = 24.25 years 
old, SD = 4.96; 66 men, 35 women, and 2 others). 
Participants received compensation of 2.50£ for their 
participation in the experiment. The Social and Societal 
Ethics Committee of the KU Leuven approved this study 
(reg# G-2020-2025).

Materials
Pictures Selection. In the first experiment, several 
pictures did not reach a high classification score, 
meaning that some pictures did not represent their 
classes. To tackle this limitation, we selected the 150 
pictures with the highest mean classification scores (50 
pictures per class) from the set of Experiment 1. To have 
good variability among the pictures of the same class, if 
multiple similar pictures reached a high classification 
score, we selected only 1 of them (eg, if 2 pictures 
showing a toothache were among the 50 having the 
highest score of classification, we selected only 1 of 
them and replaced the other by the 51st picture). The 
set of pain-related pictures contains 9 pictures of deep 
somatic pain and 41 superficial somatic pain. The sad 

Table 3. Mean Scores and Standard Deviation 
Per Type of Pain for Experiment 1 

NEGATIVE VALENCE AROUSAL PAINFULNESS

MEAN SD MEAN SD MEAN SD

Deep 
somatic pain

6.30 1.57 5.12 2.39 5.93 2.33

Superficial 
somatic pain

7.22 1.45 6.13 2.39 7.09 2.27

Table 4. Spearman Rank Correlation Between Age, 
Negative Valence, Arousal, and Painfulness for 
Experiment 1 

VALENCE AROUSAL PAINFULNESS

Valence
Arousal .095
Painfulness .694 .406
Age -.0001 -.017 -.018
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class includes 24 pictures of sad faces in different 
situations, 18 pictures of poverty, 2 of mistreatments, 
and finally, 6 pictures of physical and material losses (eg, 
funerals or burnt houses). The neutral class includes 
46 pictures of neutral to happy faces (eg, working, 
fishing, camping), and 4 isolated healthy body parts (eg, 
torso, lips, hands).

Among the pain-related pictures, the ethnicity of in
dividuals was not clearly recognizable in 35 pictures, 
Black individuals were presented in 2 pictures, Asian 
individuals in 2 pictures, White individuals in 10, and 
Middle Eastern man in 1 picture. The sex of individuals 
was represented as follows: 21 male, 10 female, and 19 
unidentifiable (ie, body parts).

Ratings. We used the same negative valence and 
arousal scales as in Experiment 1. However, for the 
painfulness scale, we explicitly asked participants to 
report the bodily/physical pain associated with the 
picture ranging from 1 (= not painful) to 10 (= very 
painful).

Procedure
The procedure of this experiment was the same as the 

previous one. The experiment started with reading and 
signing the informed consent and was followed by the 
classification and evaluation phase. The pictures were 
divided into 2 sets of 75. Both sets were validated by 51 
and 52 participants, respectively.

Statistical Analyses
We followed the same analytical procedure as in 

Experiment 1. Furthermore, to test any differences be
tween the results of Experiments 1 and 2, we compared 
the mean ratings of both experiments using a factorial 
permutation test with negative valence, arousal, and 
painfulness, as dependent variables, class (pain, sad, and 
neutral) as within-subjects factor and experiment 
(Experiment 1 and Experiment 2) as between-subjects 
factor. For this analysis, we selected exclusively the 
pictures of Experiment 1 that were selected for 
Experiment 2. This analysis was conducted to quantify 
the difference in terms of negative valence, arousal, and 
painfulness ratings between experiments 1 and 2. As in 
Experiment 1, we also conducted supplementary ana
lyses that can be found in Appendixes 3, 5, 6, and 7 (ie, 
mixed model analyses, cluster analysis, and ANOVA of 
the mean scores ratings).

Results: Experiment 2
Classification Ratings

From the 150 initial pictures, 133 (88.66%) were cor
rectly classified by at least 80% of the participants, of 
which 50, 49, and 35 were pain-related, neutral, and sad 
pictures, respectively. Only pictures correctly classified 
were included in the remaining analyses.

Fig 4 shows a 3-D graph for the mean scores of the 
negative valence, arousal, and painfulness for the 133 
pictures selected in this experiment.

Negative Valence, Arousal, and Painfulness: 
Factorial Permutation Test
Negative Valence Ratings. The permutation factorial 
test revealed a main effect of class, F(2, 96) = 560.09, 
pperm <  .001 (Fig 5, Table 5), and a main effect of 
gender, F(1, 95) = 3.68, pperm = .03. The class*gender 
interaction was not significant, F(4, 96) = .84, pperm = .42. 
The post hoc analyses show that neutral pictures are 
rated less negatively than pain-related pictures, t(96) = 
27.97, pboot = .002 (estimate = 4.30, 95% bootstrap CI 

Figure 4. 3-D graph for the individuals’ ratings of negative 
valence, arousal, and painfulness in Experiment 2.

Figure 5. Interaction plot between the class (sad, pain, and 
neutral) and rating (negative valence, arousal, and painfulness) 
for Experiment 2. Error bars denote standard errors.
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[3.99, 4.62]), and sad pictures, t(96) = 26.79, pboot = .002 
(estimate = 4.12, 95% bootstrap CI [3.83, 4.40]). No 
difference was found between sad and pain-related 
pictures for the negative valence, t(96) = 1.18, pboot = .19 
(estimate = .18, 95% bootstrap CI [−.10, .49]). The post 
hoc analyses did not show a difference between women 
and men for the negative valence, t(95) = 1.18, pboot = .30 
(estimate = .28, 95% bootstrap CI [−.27, .85]).

Arousal Ratings. For the arousal ratings, we found a 
main effect of the class, F(1, 96) = 58.24, pperm <  .001 
(Fig 5, Table 5), no main effect of gender, F(1, 95) = .41, 
pperm = .60, and a significant class*gender interaction, F 
(4, 96) = 5.67, pperm = .01. Pain-related pictures were 
considered more arousing than neutral pictures, t 
(96) = 6.22, pboot = .002 (estimate = 1.40, 95% bootstrap 
CI [.96,1.846]). Sad pictures were also rated more 
arousing than neutral ones, t(96) = 5.20, pboot = .002 
(estimate = 1.17, 95% bootstrap CI [.73, 1.59]). No 
significant difference was found between pain and 
sad pictures for arousal, t(96) = 1.02, pboot = .30 
(estimate = .23, 95% bootstrap CI [−.21, .633]). For the 
latter, men judged neutral pictures more arousing than 
women, t(96) = −2.22, pboot = .01 (estimate = −.74, 95% 
bootstrap CI [−1.40, −.14]). No difference was found 
between women and men for the rating of pain-related 
pictures, t(96) = −.05, pboot = .99 (estimate = −.02, 95% 
bootstrap CI [−.66, .70]), and sad pictures, t(96) = .64, 
pboot = .47 (estimate = .20, 95% bootstrap CI [−.41, .83]).

Painfulness Ratings. The factorial permutation test 
shows a main effect of the class, F(2, 96) = 443.96, pperm 

<  .001 (Fig 5, Table 5), no main effect of gender, F(2, 
95) = 1.113, pperm = .30, and a significant class*gender 
interaction, F(4, 96) = 4.50, pperm = .015. Pain-related 
pictures were considered as being more painful than 
sad, t(96) = 13.40, pboot = .001 (estimate = 3.09, 95% 
bootstrap CI [1.63, 2.49]), and neutral pictures, t 
(96) = 22.41, pboot = .001 (estimate = 5.17, 95% 
bootstrap CI [4.75, 5.55]). Sad pictures were also rated 
more painful than neutral ones, t(96) = 9.01, pboot = .001 
(estimate = 2.08, 95% bootstrap CI [1.63, 2.49]). Women 
rated sad pictures as being more painful than men, t 
(96) = 2.20, pboot = .021 (estimate = .90, 95% bootstrap CI 
[.08, 1.78]). The rating for pain-related pictures, t 
(96) = .28, pboot = .79 (estimate = .10, 95% bootstrap CI 
[−.59, .80]), or neutral pictures, t(96) = −.69, pboot = .42 
(estimate = −.16, 95% bootstrap CI [−.55, .26]), did not 
differ between gender.

Deep Types of Pain: Factorial Permutation Test
Deep somatic pain and superficial somatic pain were 

again rated differently. The results show that superficial 
somatic pain-related pictures have been rated more 
negatively, F(1, 96) = 121.3, pperm <  .001, more arousing, 
F(1, 96) = 112, pperm <  .001, and more painful, F(1, 
96) = 188.2, pperm <  .001 than deep somatic pain-related 
pictures (see Table 6 for mean scores).

Associations Among Negative Valence, Arousal, 
Painfulness, and Age

The results (Table 7) indicate that the negative va
lence negatively correlates with arousal and pain. As the 
pain rating of a picture increased, so did its arousal and 
negative valence scores. The painfulness and arousal 
scores are positively correlated. No correlations were 
found between the age and the negative valence rat
ings, or between age and arousal, nor between age and 
painfulness.

Experiments Comparison
When looking into the negative valence, results re

vealed no main effect of the experiment, F(2, 
279) = .024, pperm = .95, and no significant class*experi
ment interaction, F(2, 280) = .62, pperm = .50. As ex
pected, results show a main effect of the classwhen 
analyzing the data of the 2 experiments together, F(2, 
280) = 1721.64, pperm <  .001. Pain-related pictures were 
rated more negatively than neutral, t(281) = −51.28, 
pboot = .001 (estimate = −4.38, 95% bootstrap CI [−4.56, 
−4.2]), and sad pictures, t(281) = 3.58, pboot = .001 (esti
mate = .306, 95% bootstrap CI [.14, .48]). Sad pictures 
were also rated more negatively than neutral ones, t 
(281) = −47.70, pboot = .001, (estimate = −4.07, 95% 
bootstrap CI [−4.2, −3.9]).

Our findings indicate a similar pattern of results for 
arousal scores. No main effect of the experiment, F(2, 

Table 5. Mean Scores and Standard Deviation 
Per Class for Experiment 2 

NEGATIVE VALENCE AROUSAL PAINFULNESS

MEAN SD MEAN SD MEAN SD

Pain 7.10 1.67 6.21 2.26 6.84 2.52
Sad 6.91 1.49 5.93 2.26 3.68 2.70
Neutral 2.80 1.99 4.76 2.57 1.64 1.46

Table 6. Mean Scores and Standard Deviation 
Per Type of Pain for Experiment 2 

NEGATIVE VALENCE AROUSAL PAINFULNESS

MEAN SD MEAN SD MEAN SD

Deep 
somatic pain

6.19 1.39 4.77 2.26 5.24 2.42

Superficial 
somatic pain

7.29 1.66 6.49 2.42 7.14 2.42

Table 7. Spearman Rank Correlation Between Age, 
Negative Valence, Arousal, and Painfulness for 
Experiment 2 

NEGATIVE VALENCE AROUSAL PAINFULNESS

Negative valence
Arousal .181
Painfulness .545 .445
Age .019 .045 .037
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280) = .018, pperm = .95, or significant experiment*class 
interaction, F(2, 279) = 2.09, pperm = .136, but a sig
nificant main effect of the class, F(2, 280) = 89.41, pperm 

<  .001. Neutral pictures were rated as less arousing than 
pain-related pictures, t(281) = −8.92, pboot = .001, (esti
mate = −1.22, 95% bootstrap CI [−1.48, −.93]), and sad 
pictures, t(281) = −6.66, pboot = .001, (estimate = −.91, 
95% bootstrap CI [−1.17, −.64]). Pain-related pictures 
were seen as being more arousing than sad pictures, t 
(281) = 2.25, pboot = .03, (estimate .30, 95% bootstrap CI 
[.05, .57]).

Regarding the painfulness ratings, we found a main 
effect of the experiment, F(2, 279) = 2.09, pperm <  .001, a 
main effect of the class, F(2, 280) = 1298.58, pperm 

<  .001, and a significant experiment*class interaction, F 
(2, 220) = 23.53, pperm <  .001. Pain-related pictures were 
rated as more painful than neutral, t(281) = −40.32, 
pboot = .001, (estimate = −5.30, 95% bootstrap CI [−5.51, 
−5.08]), and sad pictures, t(281) = 17.67, pboot = .001, 
(estimate = 2.32, 95% bootstrap CI [2.03, 2.58]). Sad 
pictures were also rated as more painful than neutral 
ones, t(281) = −22.64, pboot = .001, (estimate = −2.97, 
95% bootstrap CI [−3.23, −2.74]).

The general rating for painfulness in Experiment 1 
was higher than in Experiment 2, t(284) = 3.28, pboot 

= .003, (estimate = .62, 95% bootstrap CI [.24, 1.01]). The 
class*experiment interaction shows higher scores of 
painfulness for sad pictures in Experiment 1 compared 
to Experiment 2, t(281) = 6.46, pboot = .001, (estimate =  
1.48, 95% bootstrap CI [.99, 1.95]). We found no dif
ference between the 2 experiments for neutral, t 
(281) = .79, pboot = .44, (estimate = .10, 95% bootstrap CI 
[−.17, .35]), or pain-related pictures, t(281) = 1.54, pboot 

= .15, (estimate = .29, 95% bootstrap CI [−.12, .66]).

Discussion: Experiment 2
Experiment 2 was conducted to confirm and cross- 

validate a set of pain-related pictures. We obtained the 
same pattern of results as in Experiment 1. Pain-related 
pictures were rated as more negative, arousing, and 
painful than neutral pictures. Pain-related pictures only 
differ from sad pictures in terms of painfulness showing 
that pain-related pictures were more painful than sad 
ones. Specifying the physical nature of the pain de
creased the painfulness ratings for sad pictures, how
ever, sad pictures were still judged as more painful than 
neutral ones.

General Discussion
This study aimed to develop and validate a set of pain- 

related pictures destinated to be used in future research. 
To achieve our aim, we compared the negative valence, 
arousal, and painfulness aspects of pain-related pictures to 
neutral and sad pictures. The statistical analyses revealed a 
similar pattern of results across the 2 experiments: neutral 
pictures were evaluated as less negative and less arousing 
than pain-related pictures; no differences were found be
tween pain and sad pictures for arousal and negative va
lence ratings; pain-related pictures were rated as more 

painful than neutral or sad pictures. Collectively, all the 
items composing the final set of pain-related pictures were 
judged as moderately to highly painful by participants in 
both experiments.

Participants judged superficial somatic pain-related pic
tures as more negative, arousing, and painful than deep 
somatic pain ones. The difference between deep and su
perficial somatic pain-related pictures can be explained by 
former pictures containing depictions of external harm, 
such as blood or bruises. However, deep somatic pain-re
lated pictures were still considered painful, negative, and 
arousing. The explanation for this finding is that pain can 
be communicated non-verbally via facial expressions or/and 
body posture, even in the absence of external injury.1,32

Faces seemed to play an essential role in the painfulness 
ratings. For example, a picture of an isolated arm in a 
plaster cast was not recognized as painful, whereas a si
milar picture showing a man entirely with a leg in plaster 
was considered highly painful. The ability to recognize pain 
faces is already present in early childhood15,33 and probably 
has an adaptive role as it signals the presence of a threat. 
Not surprisingly, individuals tend to pay more attention to 
facial expressions of pain than to neutrals ones.34 Besides 
the facial expression, body postures relating to pain (ie, 
specific body postures that an individual in pain can take) 
are another good indicator of pain and pain intensity.35 In 
all the deep somatic pain pictures, specific body postures of 
pain were depicted (eg, a man sited on the ground holding 
his knee or a woman holding her neck). In sum, the pain- 
related body postures and facial expressions could explain 
the negative valence and arousal ratings for the deep so
matic pain-related pictures.

When considering the effect of gender on the rating of 
pain-related pictures, our results did not indicate a differ
ence between women and men for the negative valence, 
arousal, or painfulness in either experiment. This finding 
suggests that women and men rated pain-related pictures 
similarly in both experiments. The literature on gender 
differences in visual pain recognition and evaluation pre
sents contradictory evidence.36,18,35 Preis and Kroener- 
Herwig18 reported in their study that women rated pictures 
as more painful than men, whereas in the study of Walsh 
and colleagues35 no difference between participants’ sex 
was reported for the pain evaluation.

Unexpectedly, sad pictures were judged as somewhat 
painful in both experiments. In Experiment 1, the nature of 
pain was not mentioned in the instruction of the painful
ness scale. In Experiment 2, we instructed participants to 
rate the physical/bodily pain depicted by the pictures, de
creasing the painfulness ratings for the sad pictures. 
Despite this modification of instructions, sad pictures were 
still considered more painful than neutral ones. These sad 
pictures illustrated events such as a funeral or a woman 
crying in front of a burnt house, for example. Even when 
subjects were asked to evaluate the physical pain of pic
tures, sad pictures without any signs of bodily harm, injury, 
or sickness were considered painful. The painfulness scores 
of sad pictures could be due to the contrast between sad 
pictures (that induce a negative affect, like the pain-related 
pictures) and neutrals (inducing rather a positive affect). A 
similar contrast effect is reported by Herzog and 
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collaborators,37 who asked participants to rate the level of 
dyspnea in individuals depicted via positive, neutral, ne
gative, and dyspnea-related pictures. Participants attrib
uted higher scores of dyspnea to negative (not dyspnea- 
related) pictures compared to positive and neutral ones. 
Accordingly, the painfulness scores of sad pictures can be 
explained by sad pictures being perceived as more painful 
when being in compared to neutral pictures. Another ex
planation for the painfulness ratings of sad pictures could 
be the overlapping between facial expressions of pain and 
sadness. It has been shown that pain and sadness share 
some facial action units (eg, brow lower or jaw drop).38

Furthermore, some sad pictures that we selected show 
complex scenarios (eg, poverty) which could trigger emo
tions other than sadness, such as anger, fear, or frustration. 
Sadness is a complex emotion that can be decomposed into 
more nuanced feelings like guilt, hopelessness, grief, 
shame, or fear.31,39 Nevertheless, primary purpose of in
cluding the sad class was to serve as a negative control for 
the pain class, and this objective was met.

Our study has some limitations. First, we conducted 
both experiments online, which reduced the control 
over the experimental conditions in which the task was 
completed. To prevent possible biases, we took several 
precautions. We excluded participants who took an 
extended time to complete the experiment or 
showed effortless performance. Nevertheless, the clear 
concordance between the results of the 2 experiments 
increases our confidence that the data are reliable. 
Second, we collected a limited amount of demographic 
information about participants (ie, gender and age), 
and we have no information about other factors such as 
socio-economic background, race, or medical history 

that impact how individuals perceive the pictures. Third, 
the set of pictures contains mainly pictures of acute pain 
and was validated by a group of healthy individuals 
making the EPPS less relevant for clinical populations. 
Fourth, we did not match the pictures between the 
different classes in terms of the complexity of the pic
tures (eg, colors or luminosity) which could influence 
the perception of the pictures. Finally, we did not 
measure the inter-rate reliability when selecting the 
first pool of pictures, which could have impacted on the 
clustering of pictures (eg, some pictures might not be 
well representative of their respective classes). To ad
dress this limitation, we included only pictures with a 
classification score of at least 80% in the analyses.

Conclusions
In conclusion, pain-related pictures have been used in 

the literature, but no validated database containing 
various types of pain existed yet. The present study fills 
this gap by testing the face validity and reliability of a 
set of 50 pain-related pictures, which is available on 
request for research purposes. We hope that the wide 
use of this dataset will prove invaluable in under
standing pain.

Appendix A. Supporting information
Supplementary data associated with this article can 

be found in the online version at doi:10.1016/j.jpain. 
2023.06.014.
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