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a control group. Participants in both groups were exposed to pain stimulation;
then, they recalled its intensity twice over a period of time; after a break, they
were again exposed to pain stimulation of the same intensity. The final sample
consisted of 53 participants. The only difference between the experimental group
and the control group was that in the former the pain ratings of other alleged par-
ticipants were presented between the two consecutive pain recalls. These ratings
suggested that other people experienced the same pain as less intense.

Results: The pain ratings derived from other people did not alter the pain mem-
ory; nevertheless, they affected an individual's next pain experience even for a
certain period of time after their presentation. This type of pain-related informa-
tion shaped participants’ subsequent pain experiences regardless of their empa-
thy, conformity, and susceptibility to social influence.

Conclusions: Information on pain derived from other people not only shapes
the response to a novel stimulation but also substantially modifies the subsequent
experience of that stimulation.

Significance: The study demonstrates the importance of social information on
pain and provides evidence that this type of information substantially modifies
the subsequent experience of the same pain. These results suggest that social in-
formation on pain can be used to alleviate pain associated with recurring medical
procedures and thus increase patients' willingness to continue treatment.

This accompanies the following article: Koban L. Social influences on pain beyond the here and now, commentary on Bajcar et al. Eur J Pain. 2023;
27: 319-320. https://doi.org/10.1002/ejp.2077
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1 | INTRODUCTION

Pain memories, like any other memories, become distorted
(Adamczyk et al., 2019). However, the accuracy of pain
memories seems critical for both diagnosis and therapy of
pain. The diagnosis of patients’ condition, the treatment
choice and the assessment of its effects depend on how pa-
tients remember and describe their past pain experiences.
Moreover, pain memories affect an individual's willing-
ness to undergo future painful procedures and influence
other treatment-related decisions (Kahneman et al., 1993;
Redelmeier et al., 2003). Importantly, the memory of pain
determines future pain experiences: previous studies show
that current pain is more closely related to remembered
pain than to experienced pain (Gedney & Logan, 2006;
Noel et al., 2012).

Although pain memories have such important clinical
implications, a relatively small number of studies have
looked at changing them to be more positive. In most pre-
vious studies, children's pain memories were reframed
by discussing participants’ responses to painful proce-
dures, for example, emphasizing their positive behaviours
or adaptive coping strategies (Chen et al., 2000; Marche
et al., 2016; Pickrell et al., 2007). In one previous study,
adult participants were shown pain ratings that were al-
legedly theirs, but in fact they were lower than those they
had given; in the majority of participants, this false feed-
back resulted in an underestimation of past pain (Urban
et al., 2019).

Since showing pain is an effective, evolutionarily
shaped tool for gaining social support in potential threat
situations (Hadjistavropoulos et al., 2011), people are
frequently exposed to others’ verbal and non-verbal pain
manifestations. Previous studies have shown that knowl-
edge of how other people rated pain intensity influences
an individual's pain experience when subjected to the
same pain stimulation (Koban & Wager, 2016; Koban
et al., 2019; Yoshida et al., 2013). When participants were
presented with pain ratings derived from other people indi-
cating that pain was of low intensity, this resulted in them
experiencing less intense pain sensations. Importantly,
social information on pain turned out to be more potent
than learned cues in shaping pain-related expectancies
and thus responses to pain, even when the learned cues
allowed better pain prediction (Koban & Wager, 2016).
The current study aimed to explore whether social infor-
mation on pain can modify the way the pain is recalled
and experienced after a period of time.

There is evidence that memory is susceptible to change
each time it is retrieved (Alberini & Ledoux, 2013). New
information related to existing memories may be incorpo-
rated into memory during this process, leading to the bi-
ased reconstruction of past information. Considering the

plasticity of memory and the importance of the social en-
vironment as a source of information on pain, we hypoth-
esized that providing participants with other people's pain
ratings showing that they had felt less pain would make
participants’ pain memories more positive (H1); pain
memory modified in this way would make subsequent
pain experiences less intense (H2). Participants’ empathy
and tendencies to conform to others and yield to social in-
fluence were controlled for to explore whether they were
related to susceptibility to the social information used in
the study.

2 | MATERIALS AND METHODS

2.1 | Sample size

The sample size was determined based on the within-
between interaction effect size (f = 0.20) derived from a
previous study (Bajcar et al., 2022) that investigated the
effect of other people’s pain ratings on the induction of
placebo hypoalgesia. To detect a significant difference in
pain intensity between the groups, it was estimated that
a minimum sample of 18 participants was required per
group (a = 0.05, 80%, corr = 0.5, within-between inter-
action). However, to account for potential dropouts, a
threshold of 30 participants was set for each group. The
calculation was performed using G*Power 3.1.9.2 soft-
ware (Faul et al., 2007).

2.2 | Participants

A total of 77 volunteers took part in the study. We stopped
collecting data when we had tested 60 participants who
gave a first pain intensity rating of 30 or more on the
Visual Analogue Scale (VAS) with a length of 100 mm.
During the experiment, participants were presented with
a pain intensity rating and were told that this was the
average from ratings provided by other people allegedly
subjected to the same painful stimulation. The presented
rating was always lower by 25 points on the VAS than the
rating provided by the participant during the first pain
stimulation. This interval of 25 points was chosen to en-
sure that the difference between the participant's rating
and the presented rating would be noticeable. Therefore,
those who rated the intensity of pain lower than 30 points
on the VAS had to be excluded from the study because
in these cases the intended presentation of a pain rating
from other people was not possible. Thus, 60 participants,
including 34 females (56%), were the relevant sample.
However, before the data analysis, the data from another
seven participants were excluded as they figured out the
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actual aim of the experiment. Therefore, the final sample
consisted of 53 participants. Participants were recruited
by postings on social media and classified advertisement
websites. All participants underwent the screening phase
by means of an internet survey in order to qualify only
mentally and physically healthy people that had no prior
experience with experimentally induced pain and were
not using alcohol, narcotics, painkillers or stimulants
around the time of the study. The use of these substances
might have reduced the possibility of experiencing experi-
mental pain. Data also shows that depression and nega-
tive emotions can lower pain thresholds and affect pain
responses (Carter et al., 2002; Hermesdorf et al., 2016).
Therefore, the Hospital Anxiety and Depression Scale
(HADS) (Zigmond & Snaith, 1983) was included in the
survey to exclude individuals with symptoms of anxiety or
depression. All the characteristics of the participants from
the final sample are presented in Table 1.

The participants were randomly allocated to (1) the
experimental (N = 23) or (2) the control group (N = 30).
They were informed that they would take part in a study
on the perception of thermal pain and would receive pain-
ful thermal stimulation; they were told that they could
withdraw their consent to participate at any time during
the experiment without providing a reason. For their par-
ticipation in the study, they were compensated financially
at the end of the experiment. The study protocol was ac-
cepted by the Research Ethics Committee at the Institute
of Psychology, Jagiellonian University, Krakéw, Poland
(decision number KE/02/06/2017).

2.3 | Stimuli
2.3.1 | Pain stimuli

Two thermal pain stimuli were applied, each of which
lasted 60 s. The stimulus temperature rose from the
baseline temperature (32°C) to the target temperature of
45.5°C with a 10°C/s ramp-up/ramp-down ratio and 60s
plateau. The temperature of the stimuli was set at 45.5°C
for all participants. This temperature was established in a
pilot study that examined 29 participants. The pilot study
aimed to find a temperature that would elicit a sensation
considered painful by most participants yet would not
cause too much discomfort. We achieved this goal as the
average pain intensity rating provided by the participants
in the pilot study was 41 on VAS. What is more, in the
presented study, pain intensity ratings of the first pain
stimulation ranged from 31 to 85 on the VAS with seven
people reporting severe pain (>70; Kelly, 2001). For the
second pain stimulation, intensity ratings varied from 7
to 91 on the VAS with seven participants reporting severe

TABLE 1 Characteristics of participants in each group and in total (means and standard deviations)

HADS

FPQ

A

FMP FM/DP

Age (yo) Height (cm) Weight (kg) General FSP
23) 12F (52%) 11M (48%) 24.22

Gender

Group

+ 24.52+8.37 3.17 £1.78 1.87+2.07

18.44+6.63

68.13+12.99  71.43+18.61 28.48 +7.86

173.70+10.20

+4.63

Experimental (N

73.13+18.25 31.00+8.03 18.60+6.20 23.53+7.53 3.47+£2.05 2.03+2.09

69.50+13.87

173.27+10.93

17F (57%) 13M (43%) 22.90+3.75

=30)

Control (N

72.40+18.25  29.91+7.98 23.96+7.84 23.96+7.84 3.34+1.92 1.96+2.07
0.13 F(1,51) F(1,51)=1.01 F(1,51)=020 F(1,51)

68.91+13.38

0.02 F(1,51)

173.45+10.52

29F (55%) 24 M (45%) 23.47+4.17

All (N = 53)

F(1, 51) = 0.08

0.30

F(1,51) = 1.31

0.11

F(1,51)=1.31 F(1,51)

53)=0.11

Intergroup differences X* (1, N

0.778

p

0.587

p:

0.654

p:

0.926

p:

0.258

p

0.741

p:

0.716

p:

0.885

p:

p=0258

0.745

p:

(statistics and
p-values)

Abbreviations: A, Anxiety Scale; D, Depression Scale; FPQ, Fear of Pain Questionnaire; FSP, Fear of Severe Pain; FMP, Fear of Minor Pain; FM/DP, Fear of Medical/Dental pain; HADS, The Hospital Anxiety and

Depression Scale.
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pain. In total, 11 participants reported severe pain during
at least one of the two pain stimuli applications. Stimuli
were delivered to the volar surface of the non-dominant
forearm using a thermode of the Pathway Pain & Sensory
Evaluation System (model ATS, Medoc, Israel).

2.3.2 | Pain-related information

Participants from the experimental group were presented
during the pain memory modification phase with the in-
formation about pain ratings allegedly derived from other
people who experienced the same thermal stimulation.
On a black screen, the pain rating delivered by the partici-
pant was shown as a red vertical bar on the VAS. After a
few seconds, the alleged average pain rating of other par-
ticipants (the exact number of participants was not stated)
that had previously taken part in the experiment was pre-
sented as a yellow vertical bar on the same scale. In fact,
it was always 25 points lower than the participant's rating.

2.4 | Measures

2.4.1 | Pain intensity

Pain intensity was rated on the VAS with a length of
100 mm, ranging from ‘no pain’ at the left-hand end to ‘the
most intense pain tolerable’ at the right-hand end.

2.4.2 | Psychological traits

Three questionnaires were applied in order to determine if
there was a relationship between compliance, susceptibil-
ity to social influence, empathy, and the influence of pain-
related information on the memory of pain. The Gudjonsson
Compliance Scale (GCS) (Gudjonsson, 1989) is a self-report
questionnaire that measures compliance (the tendency to
conform to requests made by others). The GCS consists of
20 statements that can be responded to as “True” or “False”;
the global score is calculated as the number of affirmative
responses. The Measure of Susceptibility to Social Influence
(MSSI) (Bobier, 2002) was designed to assess the possible re-
sponsestosocial influence, which are pressure-independence
(Principled autonomy), conformity/compliance (Social
adaptability) and anticonformity (Social friction). The MSSI
consists of 34 items, rated on a 5-point Likert scale; the
global score is calculated as the sum of all subscales. The
Interpersonal Reactivity Index (IRT) (Davis, 1980) was used to
measure trait empathy. The Polish version of this question-
naire (Kazmierczak et al., 2007) contains 21 items divided
into three subscales: Empathic concern, Perspective-taking

and Personal distress, all of which were rated on a 5-point
Likert scale. In order to control for differences in the fear
of pain between groups, the Fear of Pain Questionnaire-II1
(FPQ-IIT) (McNeil & Rainwater, 1998) was applied. FPQ-III
is a 30-item scale that measures the fear of pain divided into
three subscales: Severe Pain, Minor Pain, and Medical Pain,
all of which were rated on a 5-point Likert scale.

2.4.3 | Manipulation check questions

At the end of the study, participants were also asked
what in their opinion the aim of the experiment had
been; how much others' ratings had affected their mem-
ory of pain and their experience of pain; and how hard
they had tried to adjust their pain ratings to the ratings
of other people.

2.4.4 | Filler task

During the first break (between the first pain stimulation
and the first pain recall phases), as a filler task partici-
pants completed three questionnaires that were irrelevant
to the purpose of the study: (1) Vividness of Visual Imagery
Questionnaire (VVIQ) (Marks, 1973); (2) Positive and
Negative Affect Schedule (PANAS) (Watson et al., 1988);
(3) Ten Item Personality Inventory (TIPI-PL) (Sorokowska
et al., 2014).

2.5 | Procedure

Both groups underwent the first pain stimulation, the first
pain recall, the second pain recall and the second pain
stimulation phases. The experimental group additionally
went through the pain memory modification phase, while
the control group did not. The whole experiment lasted
approximately 1h and 15 min; however, participants
spent 30 min of this time in the waiting room and not in
the laboratory. The experimental design is presented in
Figure 1.

2.5.1 | The first pain stimulation

Participants received one thermal pain stimulus lasting
60 s. Immediately after the end of its application, they
rated the intensity of the experienced pain on the VAS.
Afterwards, participants were asked to complete some
questionnaires as a filler task during the 10-min break
between the first pain stimulation and the first pain
recall.
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First pain stimulation

/

First pain recall

Pain memory modification

Second pain recall

FIGURE 1 Study design: Participants in both groups underwent the first thermal pain stimulation, the first pain recall, the second pain

recall and the second thermal pain stimulation. Additionally, between the first and the second pain recall, participants in the experimental

group underwent the pain memory modification phase (shown on a green background), during which pain ratings provided by the alleged

group of previous participants were presented (as a yellow vertical bar) on the VAS next to participant's rating (as a red vertical bar).

2.5.2 | The first pain recall

After the break, participants were asked to recall the pain
they had experienced during the first pain stimulation and
to rate its intensity on the VAS (as they then remembered it).

2.5.3 | Pain memory modification

Participants from the experimental group were told that
during the 10-min break a computer program had selected
from a database pain ratings given by people similar to
them in terms of gender, age and the results obtained in
the preliminary survey (on the basis of which they quali-
fied for the study). The participants were informed that
we compared how they and people similar to them rated
a stimulus of the same intensity (which meant the same
temperature). Then, the pain ratings provided by the al-
leged group of previous participants were presented on
the screen. The VAS was shown with the participant's rat-
ing marked in red colour (with the description “the red
bar presents your rating”); a few seconds later, the average
rating given by the alleged previous participants in this ex-
periment was presented as a yellow bar next to it (with
the description “the yellow bar presents ratings provided
by others”). However, the rating that was allegedly calcu-
lated from the ratings of other participants was placed 25
points lower on the VAS so the participant's rating was
always higher than others’ average rating (see Figure 1).
Subsequently, participants were informed that there
would be a 30-min break which they would take outside
of the laboratory. They waited in the waiting room next to
the laboratory and were asked not to smoke cigarettes or

consume any caffeinated products. The control group was
designed to control for naturally occurring distortions in
pain memory. Therefore, neither information about par-
ticipant's pain rating nor information about other people's
pain ratings was presented in this group.

2.5.4 | The second pain recall

After the break, participants were asked to recall again
the pain they experienced during the stimulus application
and to rate its intensity on the VAS.

2.5.5 | The second pain stimulation
Participants again received the thermal stimulus of the
same duration and intensity as in the first pain stimulation.
Immediately after the end of its application, they rated the
intensity of pain on the VAS. In the course of the experiment,
participants were not informed that the pain stimulus would
be reapplied. They were also not informed that the second
stimulus would be of the same intensity as the previous one.

Then, participants in both groups were asked what in
their opinion the goal of the study was. In addition, par-
ticipants in the experimental group answered a series of
manipulation check questions.

2.6 | Statistical analyses

Participants were excluded from analyses for the follow-
ing reasons: if any error occurred during the procedure,
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if they terminated the experiment prematurely, if they
realized what the real aim of the study was or if they
rated pain intensity less than 30 on the VAS during the
first pain stimulation. However, they were compared
with the final sample by means of a one-way ANOVA
to check whether these groups differed in terms of basic
characteristics.

Descriptive statistics (means and SDs) were calculated
for the following variables: age, height, body mass, fear of
pain measured by FPQ-III, anxiety and depression mea-
sured by HADS. To investigate whether the experimental
and control groups differed in these variables, a one-way
ANOVA design with “group” (experimental and control)
as a between-subject factor was performed. Moreover, a
chi-squared test was performed to check whether the gen-
der distribution was similar in both groups.

In the main analysis, a repeated-measures ANOVA fol-
lowed by the planned comparison tests was performed on
participants’ VAS ratings. The “group” (experimental and
control) was a between-subject factor, while “rating” (the
first pain stimulation, the first pain recall, the second pain
recall, the second pain stimulation) was a within-subject
factor. Planned comparison tests were performed to com-
pare the following differences in the experimental group
with the same differences in the control group: between
the VAS ratings from the first pain stimulation and the
second pain stimulation; between the first pain stimula-
tion and the first pain recall; between the first pain recall
and the second pain recall; and between the second pain
recall and the second pain stimulation.

To verify whether the first pain experience or pain
memory affected the second pain experience and whether
their impact differed between the groups, a hierarchical
regression analysis was performed. In the analysis, the sec-
ond pain experience was predicted from the main effects
of group, the first pain stimulation, the first pain recall,
the second pain recall (entered in Step 1), and the interac-
tion effects of the first pain stimulation X group, the first
pain recall x group, the second pain recall x group (entered
in Step 2). The “group” variable was dummy coded (exper-
imental = 1, control = 0).

Additionally, Pearson correlation coefficients (r) were
calculated in the experimental group to explore the rela-
tionships between the differences in the VAS ratings in
the first pain stimulation and in the second pain stimula-
tion; between the first pain recall and the second pain re-
call; and between any of the questionnaires’ scores (GCS,
MSSI, IRI) and the answers to the manipulation check
questions.

The alpha level was set at 0.05 for rejection of the null
hypothesis in all statistical analyses. Bonferroni correction
was used in the correlational analyses to control for mul-
tiple comparisons. All the analyses were conducted using

STATISTICA data analysis software, version 13 (StatSoft
Inc.).

3 | RESULTS

Throughout the data collection, the data from 24 par-
ticipants were excluded from the data analyses (see
Participants section). The one-way ANOVA confirmed
that the excluded persons did not differ from the analysed
sample in terms of basic characteristics. The final sample
for the analyses consisted of data obtained from 53 partici-
pants (23 in the experimental group and 30 in the control
group). The one-way ANOVA revealed that there were no
significant differences between groups (experimental and
control) in gender, age, height, body mass, fear of pain,
anxiety and depression (participants’ characteristics are
presented in Table 1).

3.1 | Main analysis

The repeated measures ANOVA on the VAS ratings re-
vealed a statistically significant main effect of “rating”
(Fis, 153 =30.41, p <0.001, #*, =0.37) and a statistically
significant “rating” x “group” interaction (F3 ;53 =4.70,
p <0.004, 172p =0.08). No significant main effect of “group”
(Fq1, 51 =0.20, p = 0.653, 7°, <0.01) was found.

The between-group planned comparison showed that
the difference between the first pain stimulation and
the second pain stimulation in the experimental group
was significantly higher than the same difference in the
control group (F;, 51y =4.47, p = 0.011, ;72p =0.08). The
means indicate that the second pain rating was lower than
the first pain rating in the experimental group, while re-
mained at similar level in the control group (Table 2). This
result confirms the influence of the pain ratings presenta-
tion on participants’ second pain stimulation. The differ-
ence between the second pain recall and the second pain
stimulation appeared to be significantly higher in the con-
trol group than in the experimental group (F; s5;) =6.98,
p = 0.039, ;72p =0.12). The means indicate, that in both
groups, the second pain stimulation was rated higher than
the second pain recall, however, the change was more con-
siderable in the control group. Furthermore, the groups
did not differ significantly in the magnitude of the differ-
ence between the first pain stimulation and the first pain
recall (F(; 5;)=2.49,p=0.121, nzp =0.05) and between the
first pain recall and the second pain recall (F(;, 5, =0.76,
p=0.387, an =0.01) (Figure 2). These results indicate that
pain memories were not modulated by the presentation
of other people's pain ratings (H1), therefore the change
in pain sensation throughout the experiment could not
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TABLE 2 Descriptive statistics for first pain stimulation, first pain recall, second pain recall, second pain stimulation VAS ratings and questionnaires’ scores in each group and in total

(means and standard deviations)

VAS ratings

MSSI

IRI

Second

Second recall stimulation

First

First recall

stimulation

PD EC GCS PA SA SF

PT

Gr.

BAJCAR ET AL.

+ 40.22+6.04 8.00+3.50 55.87+8.08 31.26+8.09 25.43+4.84 51.61+15.69 45.00+20.55  32.52+23.59  39.74+21.55

22.00+7.08

35.26+4.10

Experimental

23)

N

Control (N
All (53)

47.03+18.06
43.87+19.79

0.83 F(1,51)=1.80

27.40+£17.44

36.53+16.54
40.21+18.69

25.07 +£4.87 50.00+15.51

33.33+6.80
32.43+7.39

54.67+7.71

8.90+3.80

8.51+3.67
0.15 F(1,51)=0.78 F(1,51)=0.30 F(1,51)=1.03 F(1,51)=0.08 F(1,51)=0.14 F(1,51)=2.76 F(1,51)

39.57+6.24

22.77+3.87

33.43+£3.80

=30)

29.62+20.29

+ 25.23+4.81 50.70+15.46

55.19+7.82

39.85+6.10

22.43+5.45
FQ,51)=281 F(1,51)=025 F(,51)

34.23+4.00

Intergroup

0.186

p:

0.368

p:

0.103

p:

0.711

p:

0.786

p:

0.316

p:

0.584

p:

0.381

p:

0.704

p:

0.616

p:

0.010

p:

differences

(statistics and

values)

p:

Abbreviations: EC, empathic concern; GCS, Gudjonsson Compliance Scale; IRI, interpersonal reactivity index; MSSI, measure of susceptibility to social influence; PA, principled autonomy; PD, personal distress; PT,

perspective taking; SA, social adaptability; SF, social friction; VAS, visual analogue scale.

8- Experimental group
- Control group

B *%

60— n 1
T 554 1
& 50+
+
£ 454
£ 40-

)
£ 354
o
g 30
254
20 T T T —
2 ™ A o
4\5‘? ,\‘c,\‘e 1’(\6‘6 2N °

FIGURE 2 Between-group planned comparisons of mean

pain and pain memory VAS ratings. The difference between

the first pain stimulation and the second pain stimulation in

the experimental group was significantly higher than the same
difference in the control group. The difference between the second
pain recall and the second pain stimulation was significantly higher
in the control group than in the experimental group. *p <0.05,

#p <0.01.

be caused by altered memory of pain (H2). Hence, both
of our hypotheses were not confirmed. Table 2 presents
the means and standard deviations for the first pain stim-
ulation, the first pain recall, the second pain recall, the
second pain stimulation VAS ratings, and questionnaires’
scores. Figure S1 presents the distribution of VAS ratings
in the experimental and control groups for the first pain
stimulation, first pain recall, second pain recall, and sec-
ond pain stimulation.

3.2 | Regression analysis and
correlations

The first step of the hierarchical regression analysis
confirmed that the second pain stimulation differed be-
tween the groups ( =—0.28, p = 0.008), indicating that
participants from the experimental group experienced
lower pain relative to the control group. Moreover, the
first pain stimulation predicted the second pain stimu-
lation (f/ = 0.38, p = 0.004) above and beyond the other
predictors. Similarly, the association between the second
pain recall and the second pain stimulation was close to
reaching a significance level (# = 0.30, p = 0.055), while
controlling for the other predictors. The second step of the
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TABLE 3 Results of the hierarchical regression analysis, in which second pain experience was predicted from the main effects of group,
first pain stimulation, first pain recall, second pain recall (entered in Step 1), and the interaction effects of first pain stimulation x group, first

pain recall x group and second pain recall x group (entered in Step 2)

B t p
Step 1
Group —0.28 —2.75 0.008
First pain 0.38 3.06 0.004
First recall 0.15 0.94 0.353
Second recall 0.3 1.97 0.055
Step 2
Group —0.25 —0.65 0.517
First pain 0.38 2.01 0.051
First recall 0.14 0.52 0.604
Second recall 0.33 1.4 0.17
Group X First pain —0.02 —0.03 0.973
Group x First recall 0.02 0.04 0.968
Group x Second recall —0.04 —0.12 0.903

R Adj. R? F P
0.55 0.51 14.62 <0.001
0.55 0.48 7.84 <0.001

TABLE 4 Results of correlational analysis of the changes in VAS ratings due to experimental manipulation and either questionnaires’

scores or answers to manipulation check questions (Pearson's r)

IRI

PT PD EC

Change in pain sensation ratings 0.21 0.28 0.06

(first pain stimulation and second
pain stimulation difference)

Change in pain memory ratings —-0.27 —-0.23 —0.26

(pain first pain recall and second
pain recall difference)

MSSI

GCS PA SA SF MCQlL MCQ2 MCQ3
039 021 044 003 004 —0.05  —0.10
014 —004 025 002 =028 —0.17 =012

Note: After Bonferroni correction, none of the correlation coefficients reached the required significance threshold.

MCQ1 = How much did the other persons’ pain ratings affect the way you remembered the pain?

MCQ2 = How much did the other persons’ pain ratings affect your pain sensation?

MCQ3 = How much did you try to adjust your pain intensity ratings to the other persons' ratings?

Abbreviations: EC, empathic concern; GCS, Gudjonsson compliance scale; IRI, interpersonal reactivity index; MCQ, Manipulation check question; MSSI,
measure of susceptibility to social influence; PA, principled autonomy; PD, personal distress; PT, perspective taking; SA, social adaptability; SF, social friction,

VAS, visual analogue scale.

model showed that all interaction effects included in the
model were insignificant, indicating that the relationship
between the first pain stimulation, the first pain recall, the
second pain recall and the second pain stimulation was
not moderated by the group. Moreover, the results showed
an increase in R*> =0.00 (p = 0.999) after including the in-
teraction to the model. The full results of the regression
analysis are presented in Table 3.

Correlational analysis revealed that the differences in
VAS ratings between the first pain stimulation and the
second pain stimulation as well as between the first pain
recall and the second pain recall did not correlate with
the GCS, MSSI and IRI scores (each of their subscales
separately). These results indicate that participants’ lev-
els of empathy, compliance, and susceptibility to social

influence were not associated with either the change in
pain or the pain memory ratings induced by pain-related
information derived from others. Similarly, the differences
in VAS ratings between the first pain stimulation and the
second pain stimulation and between the first pain recall
and second pain recall did not correlate with the answers
to the manipulation check questions (obtained correlation
coefficients are presented in Table 4).

4 | DISCUSSION

The most important finding from this study is that the ex-
perience of pain may be altered by pain ratings derived
from other people. Moreover, others' pain ratings have
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been shown to affect an individual's pain experience even
for a certain period since their presentation. This type of
pain-related information affected participants’ subsequent
pain experiences regardless of their empathy, conformity
and susceptibility to social influence; however, it did not
influence their pain memory.

In previous studies, the memory of pain was modified
mainly by exposing participants to misleading informa-
tion regarding their past pain-related behaviours (Chen
et al., 2000; Marche et al., 2016; Pickrell et al., 2007; Urban
et al., 2019). However, people are susceptible to pain sig-
nals provided by others: observing another person's re-
sponses to pain can shape the observer's pain sensations
(Goubert et al., 2011). Previous studies proved that in the
presence of a person who demonstrated tolerance to pain,
people experiencing pain reported less pain, experienced
reduced physiological arousal (Craig & Prkachin, 1978),
and displayed less pronounced non-verbal pain behaviours
(Prkachin & Craig, 1985). Thus, observing another person
experiencing pain affected different pain-related responses
in the observer. Recent studies have shown that individual
perception of pain can be influenced merely by showing
how other people previously subjected to the same painful
stimulation have rated its intensity (Koban & Wager, 2016;
Yoshida et al., 2013). Observing the pain ratings derived
from others may generate specific pain-related expectan-
cies in the observer that affect the perception of upcom-
ing pain (Koban et al., 2019). Unlike previous studies in
which this type of pain-related information preceded the
pain experience (Koban & Wager, 2016; Koban et al., 2019;
Yoshida et al., 2013), in the current study this information
followed the pain experience, which allowed us to investi-
gate whether it could alter the memory of pain.

Regardless of the study group, the initial pain was re-
membered as less intense than it actually was. This result
is in line with previous findings showing that acute pain
associated with a positive event (e.g. giving birth, sports
activity) tends to be underestimated (Babel et al., 2015,
2018). Some research data suggests that this may also apply
to pain induced during an experiment, that is, an event in
which a person participates voluntarily (Babel, 2017; De
Pascalis et al., 2008; Fors & Gotestam, 1996).

The obtained results did not confirm the hypothesis
that the memory of pain changes as a result of information
on pain derived from other people. It appears that one rea-
son for the lack of this effect may be the nature of the pain
induced in the participants. If the memory of experimen-
tal pain tends to fade naturally over time, the information
on pain provided to participants may not have signifi-
cantly differed from their actual pain expectancies. There
is some evidence that information from external sources
may have a greater effect on an individual if it is incongru-
ent with their expectancies (Stangor & McMillan, 1992). It

is assumed that this kind of information needs to be more
deeply elaborated to justify the perceived incongruence
and, therefore, might be better remembered.

The obtained results may also be due to the nature of
the pain information provided to participants. In the cur-
rent study, participants were informed that other people
felt less pain than they did. This information might be
less relevant to participants than information suggesting
that the same pain was perceived by others as more in-
tense. The relevance of cues suggesting pain exacerbation
has been demonstrated in placebo studies which showed
that nocebo hyperalgesia was easier to elicit than placebo
analgesia (Colloca et al., 2010). Moreover, information
suggesting pain exacerbation could abolish previously in-
duced placebo analgesia (Benedetti et al., 2003) and even
reverse the effects of analgesics (Aslaksen et al., 2015;
Bingel et al., 2011). On the other hand, the upward infor-
mation about other people's judgements that was used in
another experimental study to alter the memory of the
frequency of somatic and psychological symptoms was
also shown to be ineffective (Merckelbach et al., 2018).
However, it cannot be ruled out that information on pain
from external sources would affect the memory of less-
predictable acute pain. Information related to an experi-
ence that elicited severe arousal and negative affect may
be better attended, encoded, and therefore better remem-
bered (Kensinger, 2009).

In our study, pain ratings from other people were
found to affect participants' subsequent pain experience.
Participants provided with information that the pain they
had previously experienced was rated by other people as
less intense felt less pain when the same stimulus was ap-
plied again after a delay. This result aligns with previous
studies showing the importance of social information in
shaping responses to pain (Koban & Wager, 2016; Koban
etal., 2019; Yoshida et al., 2013). However, while previous
studies showed that this type of pain-related information
influences how a novel pain stimulus is experienced, the
current study demonstrated that it could alter subsequent
responses to the same pain stimulus. Moreover, the effect
of such information can occur even after a delay: in the
present study, it was observed half an hour after the in-
formation on pain was presented. In order to determine
the predictors of the different outcomes observed in both
groups, we performed a hierarchical regression analysis.
The results of this analysis confirmed the main ANOVA
outcome showing that participants in the experimental
group experienced less pain during the subsequent stimu-
lation than those in the control group. However, this anal-
ysis did not reveal any differences in the predictors of the
effects obtained in each group, showing that the first pain
experience predicted the response to the subsequent pain
in both groups. It should be emphasized that the sample
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size in this study was calculated for ANOVA purposes and
might not be sufficient for hierarchical regression analy-
sis. Thus, this lack of differences can result from the un-
derpowered sample.

The finding of this study has important implications
for clinical practice. Patients deal with a wide variety of
social information about pain. It seems that directing pa-
tients' attention to information provided by people who
experienced less pain associated with the relevant treat-
ment could be beneficial in reducing their pain associated
with this treatment, thus maintaining their involvement
in therapy. On the other hand, it seems crucial to protect
people suffering from pain against information suggesting
that other people perceived the same pain as more intense
or unpleasant. This is especially important in the light of
previous data showing that upward suggestions may be
more effective than downward suggestions in shaping re-
sponses in those who receive them (Colloca et al., 2008;
Merckelbach et al., 2018).

Significantly, information on pain provided by other
people affected subsequent pain experiences in partic-
ipants from the experimental group, regardless of their
conformity and susceptibility to social influence. This re-
sult may be supported by previous findings indicating that
in addition to influencing the participants' ratings, this
type of manipulation may also cause changes in their neu-
rophysiological responses (Koban et al., 2019). Similarly,
the changes in pain experience were not related to par-
ticipants’ empathy. This result is in line with previous
research suggesting that empathy contributes to changes
in pain sensations when a person who is experiencing
pain and rates its intensity is observed directly (Hunter
et al., 2014).

To the best of our knowledge, this research is the first
to investigate the impact of pain information provided by
others on shaping pain memories and subsequent pain ex-
periences. The detailed screening procedure made it pos-
sible to control for many potential confounders, such as
age, mood, or health problems. The numbers of women
and men in both groups were balanced, which seems to
be important in the light of the existing data on the role
of sex differences in pain perception (Racine et al., 2012).
Moreover, the scales allegedly presenting pain ratings de-
rived from other participants were based on the individu-
al's initial pain report, thus making them more realistic.
The individual differences were measured to determine
whether they were related to susceptibility to the social
information used in the study.

Some limitations of the current study should be ac-
knowledged and addressed in future studies. First, the
pain was examined in a laboratory setting; therefore, the
results of this study should be generalized to the clinical
population with caution. However, it seems that social

information concerning pain may be much more effec-
tive in altering clinical pain, which is less predictable
and controllable than experimentally induced pain. The
evidence for this is provided by placebo studies showing
that patients benefit from placebo treatment to a greater
degree than healthy individuals (Forsberg et al., 2017).
Second, the variables relied on self-reports, since there
are no objective markers of nociception or pain (Cowen
et al., 2015; Mouraux & Ianetti, 2018). Third, the sample
size was calculated for the needs of the main analysis,
that is, the within-between interaction. The number of
participants was sufficient to fulfil the principal aims of
the study, but it might not have been enough to detect
a significant effect in the correlation analysis, especially
when the Bonferroni correction for multiple compari-
sons was used. Fourth, for ethical reasons, participants
were only presented with information that suggested
that other people had felt less pain than they did. Thus,
the study design does not allow answering the question
of the effects produced by social information suggesting
that the past pain was perceived as more painful by oth-
ers. Fifth, because the study design required the inclusion
of participants who gave a first pain intensity rating of 30
or more on the VAS, these results might refer in particu-
lar to those who are sensitive to pain.

In conclusion, the present findings show the impor-
tance of social information on pain. This type of informa-
tion not only shapes the response to a novel stimulation
but also substantially modifies the way the same pain
stimulation is experienced after a period of time. These
results may have important clinical implications. It seems
that pain-related information provided this way can be
used to improve the functioning of patients who undergo
painful medical procedures regularly. It can alleviate pain
associated with subsequent medical procedures and thus
increase patients' willingness to continue treatment. Since
pain is a social experience, further investigation into the
role of social cues in these processes seems warranted.
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