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Abstract
Background Social modeling has the capacity to shape 
treatment outcomes, including side effects.
Purpose This study investigated the influence of social 
modeling of treatment side effects, gender, and partici-
pant empathy, on side effects of a placebo treatment.
Methods Ninety-six participants (48 females) com-
pleted a study purportedly investigating the influence 
of modafinil (actually placebo) on alertness and fatigue. 
The participants were randomly seated with a male or fe-
male confederate and saw this confederate report experi-
encing side effects or no side effects. Participant empathy 
was assessed at baseline. Changes in modeled and gen-
eral symptoms, and misattribution of symptoms, were 
assessed during the session and at 24-hr follow-up.
Results During the experimental session, seeing side 
effect modeling significantly increased modeled symp-
toms (p = .023, d = 0.56) but not general or misattrib-
uted symptoms. Regardless of modeling condition, 
female participants seated with a female model reported 
significantly more general symptoms during the session. 
However, response to social modeling did not differ sig-
nificantly by model or participant gender. At follow-up, 

the effect of social modeling of side effects had general-
ized to other symptoms, resulting in significantly higher 
rates of modeled symptoms (p = .023, d = 0.48), general 
symptoms (p = .013, d = 0.49), and misattributed symp-
toms (p = .022, d = 0.50). The experience of modeled 
symptoms in response to social modeling was predicted 
by participants’ levels of baseline empathy.
Conclusions Social modeling of  symptoms can increase 
the side effects following treatment, and this effect 
appears to generalize to a broader range of  symp-
toms and symptom misattribution over time. Higher 
baseline empathy seems to increase response to social 
modeling.

Keywords  Symptoms • Side effects • Placebo • Nocebo • 
Social modeling.

Introduction

The experience of unpleasant symptoms or side effects 
following medical treatment is exceptionally common. 
Recent evidence indicates that between 40% and 100% 
of all side effects are caused by “non-specific” factors 
associated with the treatment context, rather than by 
the active ingredients in the treatment itself  [1]. A large 
proportion of reported side effects are thought to be 
due to the nocebo effect: the experience of unpleasant 
physical symptoms or outcomes in response to an inert 
agent (e.g., a placebo treatment), caused by psycholog-
ical mechanisms including negative expectations [2, 3]. 
While rates vary by treatment and disease, as many as 
75% of placebo-treated patients in randomized con-
trolled trials report unpleasant side effects, with many 
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such patients withdrawing from studies because of these 
symptoms [4]. Some of these reported symptoms may 
also be commonly experienced physical symptoms that 
are misattributed to the treatment, for example head-
aches, back pain, fatigue, and sleep difficulty [5, 6]. The 
experience of treatment side effects (whether they are 
causally related to the treatment or not) results in patient 
distress, increased use of medical services, and treatment 
nonadherence or discontinuation [3, 7].

Social modeling of treatment outcomes has emerged 
as an important contributor to the formation of both 
placebo and nocebo effects [8, 9]. In contrast to no-
cebo effects, placebo effects are the beneficial effects of 
a treatment, caused not by the drug itself  but by psy-
chological mechanisms (including positive expectations) 
that are elicited through the treatment context [10, 11]. 
Seeing others’ response to treatment can influence the 
viewer’s expectations about how effective the treatment 
is, and conversely, the modeling of adverse events can 
influence expectations about treatment side effects and 
cause an increase in nocebo responding [12]. Research 
has explored this question both in pain paradigms [13–
15] and other experimental setups involving either pla-
cebo medications, ointments, or exposure to other inert 
agents described as being potentially harmful [16–19]. 
Viewer expectations appear to mediate the influence of 
social information on the nocebo effect [20], although 
social modeling can contribute to nocebo effects when 
the modeling occurs outside of conscious awareness by 
subliminally viewing a model’s facial expressions in re-
sponse to painful stimuli [21].

Social modeling also occurs on a wider scale when 
the media’s coverage of health scares increases reported 
symptoms over a large section of the population. This 
has been shown in a study of adverse event reporting fol-
lowing a change in the formulation of thyroid medica-
tion, where following television news stories of patients’ 
adverse symptoms to the new medication formulation, 
the rates of reporting of adverse reactions increased dra-
matically [22]. Media coverage of specific side effects 
was matched by those symptoms being reported in the 
following month’s adverse reaction reports, suggesting a 
close alignment between the type of symptom modeled 
and the response in the viewer [23].

The social modeling of symptoms is also implicated 
as an important method of transmission in cases of 
mass psychogenic illness (MPI; [24]). One such inci-
dent occurred in Melbourne Airport in 2005, where 57 
people became ill after a “gas leak” [25]. The episode 
started with a dramatic index case of a woman fainting 
in a visible central location, which was later attributed 
to stress and lack of food. Subsequent victims reported 
feeling generally unwell, with some feeling faint and nau-
seous. Most casualties were female staff  who worked in 
the airport terminal, and symptoms spread via line of 

sight, sound, and information, rather than by direct con-
tact. Extensive testing of both the airport and patients 
could not find evidence of any toxic agent, and most 
symptoms resolved rapidly once patients left the build-
ing. MPI symptoms are thought to occur through noce-
bo-like processes driven by social modeling, negative 
expectations, and to heightened anxiety [24]. As seen in 
the Melbourne Airport incident, MPI episodes are more 
common in closed social settings and are often set off  
by a dramatic initial case of someone falling sick. The 
symptoms are transmitted mostly by line of sight or 
communication from the initial case and usually resolve 
relatively quickly. Reviews of MPI have identified that 
women are more likely to be affected than men [26], sug-
gesting that women may be more influenced by the mod-
eling of symptoms in their social environment.

To date, research exploring the impact of model and 
viewer gender on nocebo effects has been equivocal. In 
some studies, female participants paired with a female 
model demonstrated enhanced nocebo effects [16, 17]; 
however, these studies included only a female model. In 
another, nocebo effects were enhanced following mode-
ling by a male confederate compared with a female [14]. 
Across all three of these studies, face-to-face modeling 
was used. A  follow-up to the study by Mazzoni et  al. 
[18] also found that social modeling increased symptom 
reporting, and that both male and particularly female 
participants reported more symptoms in the presence of 
a same-gender confederate, independent of social mode-
ling. Understanding whether the model or viewer gender 
influences nocebo effects following social modeling will 
add to current understanding of MPI episodes, in par-
ticular why such episodes seem to disproportionately 
affect women.

Participant empathy has also been indicated as a con-
tributing factor to placebo and nocebo effects following 
face-to-face social modeling [14, 27] but not when mod-
eling is via video [13]. To date, the influence of empathy 
on the experience of nocebo effects in response to social 
modeling has been examined only in pain paradigms, 
and it is unclear whether these effects extend to other 
symptom reports. Empathy is commonly assessed using 
the Interpersonal Reactivity Index (IRI; [25]), which 
comprises four facets of empathy: empathic concern, per-
sonal distress, perspective taking, and fantasy. Empathic 
concern is primarily linked with heightened placebo 
effects, whereas nocebo hyperalgesia has been linked 
with personal distress [14, 27]. Further investigation of 
these different aspects of empathy has the potential to 
aid understanding of underlying mechanisms of social 
modeling, for example, whether nocebo effects are pri-
marily facilitated by feelings of sympathy for the model 
(as in empathic concern) or the experience of heightened 
personal distress in response to viewing someone else 
experience unpleasant symptoms [28]. Understanding 
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how heightened empathy influences responses to social 
modeling may also inform strategies for reducing nocebo 
effects, for example, relaxation or stress reduction in the 
case of heightened personal distress.

The current research aims to investigate the impact of 
social modeling of side effects on symptoms experienced 
following placebo treatment, the role of participant and 
model gender in this process, as well as trait viewer em-
pathy. To assess whether the effect of social modeling is 
specific to the symptoms reported by the confederate, 
the study also assessed the influence of social modeling 
on specifically modeled symptoms. To date, research has 
primarily investigated the influence of social modeling 
either on specific pain outcomes or socially modeled 
symptoms alone. This does not allow for investigation 
of the possibility that social modeling may influence a 
broader range of symptoms than just those that are spe-
cifically modeled. Therefore, in this study, we specific-
ally investigated whether modeling also affected general 
symptoms and the misattribution of symptoms.

Methods

Design

Potential participants were invited to take part in re-
search investigating the effectiveness of the intranasal 
delivery of two different doses of modafinil (a cognitive 
enhancing or “smart” drug) in improving alertness and 
cognitive performance. All nasal sprays delivered as part 
of the study were placebos (isotonic saline solution). The 
research was approved by the University of Auckland 
Human Participants Ethics Committee (reference 
number 016206). Written informed consent to participate 
in the study as described to participants was obtained be-
fore participants took part in the experimental protocol. 
Because deceptive information was provided about the 
study, participants were fully debriefed after the com-
pletion of data collection, including all 24-hr follow-up 
assessments. This was done to maintain the integrity of 
the study and to minimize the risk that other potential 
participants might be made aware of the true study aims 
and procedures by a participant who had already been 
debriefed. During the debriefing, participants received 
information about the true nature and aims of the study 
and the need for deception. Participants were given the 
opportunity to ask questions and to withdraw their data 
if  they wished. No participants chose to withdraw their 
data after debriefing.

Participants

Participants were 96 adults recruited from the wider 
University of Auckland community and included 

undergraduate and postgraduate students, as well as 
staff. Because the impact of both participant and model 
gender was under investigation in the current research, 
an equal number of male and female participants were 
recruited (n = 48 each). Based on previous research, it 
was estimated that a total sample size of 94 participants 
was needed to detect a 40% increase in symptom report-
ing following social modeling, based on achieving power 
of 0.8 with an alpha level of .05 using a negative bino-
mial regression analysis and accounting an R2 of  .65 
from the other predictors [14, 25, 29].

The participants had a mean age of 21  years 
(SD = 2.92), ranging from 18 to 36. Most of the partic-
ipants identified as being of Asian (59%) or European 
(27%) ethnicity, with a smaller proportion identifying as 
Maori or Pacific Island (6%) and other (7%) which pri-
marily comprised Middle Eastern participants. Inclusion 
criteria required participants to be aged 18 years or over 
and to be able to read and write in English. Potential 
participants were excluded in line with the cover story if  
they had any conditions (including blood pressure over 
140/90  mmHg or heart rate over 100 bpm at baseline) 
or were taking any medications that contraindicated the 
use of modafinil. Participants were reimbursed NZ$50 
for their time. Participants were also asked to complete a 
24-hr online follow-up to assess symptoms and attribu-
tion of these symptoms as side effects. In total, 93 par-
ticipants (97%) completed the 24-hr follow-up, although 
the three participants who did not were all male and in 
the no modeling control condition.

Procedure

Participants attended a 1-hr experimental session at a 
Clinical Research Centre associated with the University 
of Auckland School of Medicine and a 10-min online 
follow-up questionnaire 24-hr after their experimental 
session. Participants were provided with a Participant 
Information Sheet containing information about the 
study, as well as verbal information about the research. 
Participants provided written informed consent to take 
part in a study of modafinil. In line with this informa-
tion, participants’ blood pressure and heart rate were 
measured twice at baseline (before and after baseline 
questionnaire completion).

Participants were block randomized by gender to be 
seated with either a male or female confederate and to 
view the confederate report experiencing side effects 
(modeling condition) or no difference (control condi-
tion) after ostensibly taking the same treatment as the 
participant. Random assignment to conditions was car-
ried out by a researcher not otherwise involved in the 
study, using the random number generator function 
in Microsoft Excel. The experimenter was blind to the 
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participants’ assigned condition during recruitment, 
booking, and baseline procedures but because of the 
study design was aware of assigned condition after the 
modeling procedure took place. Until the modeling pro-
cedure, only the confederate was aware of the partici-
pant’s group randomization, and allocation concealment 
was achieved using opaque envelopes that were opened 
by the confederate only once the participant had started 
the study session with the primary experimenter. The ex-
perimenter followed a study script for all participants to 
keep each session consistent, blood pressure and heart 
rate measures were taken using an automatic ambula-
tory blood pressure monitor, and participants completed 
all questionnaires in pen and paper format without the 
input of the experimenter.

Participants completed a baseline questionnaire 
assessing their physical symptoms, trait empathy, alert-
ness and fatigue, and demographic information. They 
were then given standardized information about the 
study nasal spray (described as modafinil), including 
that the effect of modafinil would be to increase wake-
fulness and cognitive function and reduce tiredness. 
Participants were informed that modafinil use can result 
in adverse effects, and that common side effects include 
nausea, headache, nervousness, anxiety, rhinitis, diar-
rhea, back pain, insomnia, dizziness, and dry mouth, as 
well as increasing heart rate and blood pressure (infor-
mation from actual modafinil drug information sheets). 
After this, participants self-administered one spray into 
each nostril and were taken to a waiting area for 10 min 
(the duration of time they were informed it would take 
the modafinil to have an effect).

Participants were seated with either a male or female 
model (confederate) in the waiting area after taking the 
nasal spray, and this model was already present when 
participants arrived. The model was described as being 
another participant who was also taking part in the 
study that day. Participants were additionally randomly 
assigned to either the control condition or the side effect 
modeling condition. Approximately 7 min into the wait-
ing period, the experimenter asked first the confederate 
and then the participant, how they were feeling after 
taking the modafinil spray. In the control condition, the 
confederate reported feeling “fine” and “not really any 
different.” In the side effect modeling condition, the con-
federate reported “not feeling so great” and that they 
were experiencing a headache and dizziness. Following 
the modeling procedure, the participant was returned to 
the study room to continue the experimental session.

Once back in the study room, the experimenter 
explained and conducted the cognitive tests. Blood 
pressure and heart rate were measured again immedi-
ately before and after the cognitive test administration. 
Finally, participants completed the post-medication 
questionnaire, including an assessment of any symptoms 

experienced and whether the participant attributed these 
symptoms as being side effects of the modafinil medi-
cation, as well as questions about alertness and fatigue. 
Participants completed a 24-hr follow-up questionnaire 
over the internet the following day, which again asked 
about any symptoms they had experienced since com-
pleting the experimental session and whether they attrib-
uted these as being modafinil side effects.

Materials and Measures

Models

The models in the study were one male and one female 
who were the same age (mid 20s), with similar hair color, 
build, and were both of European ethnicity. The mod-
els underwent training before the study and memorized 
brief  scripts for each scenario to ensure consistency in 
their responses in both the side effect modeling and the 
neutral control conditions. In addition to this, the mod-
els met at least once a week during the study to recali-
brate their responses. The study experimenter, who was 
present for the modeling procedure, also provided them 
with regular feedback to enhance intermodel and intra-
model consistency.

Physical Symptoms

Participants’ self-reported experience of 38 physical 
symptoms was assessed at baseline, post-medication, 
and 24-hr follow-up using a modified version of the 
Generic Assessment of Side Effects scale [30] with add-
itional common physical symptoms [9]. Symptoms from 
the original scale that were unlikely to be experienced 
over a short time duration (e.g., diarrhea, insomnia) 
were removed. Participants were asked to rate their ex-
perience of each of the listed symptoms over the pre-
vious 20 min (baseline), since taking the modafinil spray 
(post-medication) and since leaving the study session 
(24-hr follow-up). Symptoms were rated on a scale from 
0 (not present) to 3 (severe). Participants were also asked 
(at post-medication and follow-up) whether they attrib-
uted any symptoms they had experienced as being medi-
cation side effects.

To assess possible nocebo symptoms that participants 
experienced after taking the modafinil (placebo) spray, 
scores were created reflecting the total number of mod-
eled (headache and dizziness) and general (other non-
modeled) symptoms that increased (either because they 
were new or had increased in intensity) between baseline 
and post-medication and baseline and 24-hour follow-up. 
Scores reflecting the number of misattributed symptoms 
at both post-medication and follow-up were also calcu-
lated by summing the number of unchanged symptoms 
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(i.e., those symptoms that were rated the same at baseline 
as they were at either post-medication or follow-up) that 
participants subsequently attributed to the medication. 
Because the misattribution of modeled symptoms hap-
pened infrequently (in 5.2% and 3.2% of participants at 
post-medication and at follow-up, respectively), modeled 
and general misattributed symptoms were combined as 
one outcome variable, primarily comprised of misattrib-
uted general symptoms.

This strategy to assess misattribution processes was 
chosen for two reasons. First, while the placebo spray 
contained no active ingredient, new and increased inten-
sity symptoms were likely caused by a nocebo process 
resulting from treatment administration, thus attributing 
these symptoms to the treatment was in line with par-
ticipants’ subjective experiences. In contrast, attributing 
symptoms that were already present at baseline demon-
strates a clearer case of misattribution. Second, to attrib-
ute a symptom to a particular cause, the symptom must 
first be experienced. Thus, the total number of symptoms 
that participants attribute to the treatment is necessarily 
closely linked to the total number of symptoms reported 
(in the current study, rs = .64 to .94, ps < .001), making it 
difficult to tease apart attribution and nocebo symptom 
processes. Additional analyses assessing the impact of 
modeling and gender on the number of attributed symp-
toms (modeled and general) show an identical pattern 
of results to new and increased intensity symptoms 
reported below. The attribution of unchanged symptoms 
to the placebo treatment offers a clearer insight into at-
tribution processes alone.

Empathy

In line with previous social modeling literature [13, 14], 
participant empathy was assessed using the IRI [31]. This 
scale comprises four subscales of seven items each, with 
a total of 28 items. Participants rate each item on a five-
point Likert-type scale ranging from “does not describe 
me well” to “describes me very well.” All four subscales 
were used in the current study: empathic concern, per-
spective taking, personal distress, and fantasy. Previous 
research has found associations between placebo effects 
following social modeling and the empathic concern 
subscale of the IRI. After reverse coding of relevant 
items, scores for each subscale were calculated by sum-
ming participant responses, with higher scores reflecting 
higher empathy in each domain.

Heart Rate and Blood Pressure

Participant heart rate and blood pressure were assessed 
using an iHealth wireless blood pressure monitor. 
Assessments were carried out at baseline (before and 
after baseline questionnaire completion) and post-test 

(immediately after the final test and again 5 min later). 
A  mean of the two baseline and two post-test meas-
urements for heart rate, systolic blood pressure, and 
diastolic blood pressure was calculated and used in sub-
sequent analyses.

Alertness and Fatigue

In line with the cover story, participants’ self-reported 
levels of alertness and fatigue were assessed at baseline 
and again post-test using the vigor and fatigue subscales 
from the Profile of Mood States questionnaire [32]. 
There were no significant effects of social modeling, or 
participant or model gender, or any interactions between 
these factors, on alertness (ps > .23) or fatigue (ps > .24) 
after participants took the placebo spray.

Statistical Analysis

All statistical analyses were carried out using SPSS ver-
sion 22. The influence of social modeling condition, par-
ticipant gender, model gender on symptom outcomes 
(modeled, general, and misattributed symptoms), and 
their interactions were assessed using negative binomial 
regression with maximum likelihood estimation. This 
approach was chosen because these outcomes comprised 
count data (i.e., the number of modeled and general 
symptoms that were new or increased in intensity, and 
the number of symptoms that remained unchanged but 
were misattributed to the placebo treatment). Significant 
interaction effects were followed up with Bonferroni-
corrected pairwise tests. Negative binomial regression 
was also used to assess the influence of trait empathy 
on symptom outcomes. The interaction term between 
social modeling condition and each empathy subscale 
was entered into the model, with significant interaction 
effects indicating that trait empathy regression slopes 
were significantly different between the two modeling 
conditions. Where this interaction was significant, in-
dividual regression slopes for each modeling condition 
were examined. Heart rate and blood pressure outcomes 
were assessed using 2 × 2 × 2 (condition by partici-
pant gender by model gender) Analysis of Covariance 
(ANCOVA) analyses controlling for respective baseline 
scores. An alpha level of 0.05 was used.

Results

At baseline, 88% of participants reported experiencing 
one or more symptoms, with a mean of 3.82 symptoms 
(SE = 0.31). The most commonly reported symptoms at 
baseline were drowsiness (47%), dry mouth (35%), and 
fatigue (32%). Only 12% of participants reported head-
ache, and 7% reported dizziness at baseline. After taking 
the placebo nasal spray, 95% of participants reported at 
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least one symptom (M = 4.25, SE = 0.32), with head-
ache (25%) and dizziness (26%) increasing markedly, 
while fatigue and drowsiness (25% and 28%, respect-
ively) decreased in line with the cover story. At 24-hr 
follow-up, 81% of participants reported one or more 
symptoms (M = 5.15 symptoms, SE = 0.66), with head-
ache (27%) and dizziness (23%) still elevated from base-
line, and fatigue (36%) and drowsiness (38%) the most 
commonly reported symptoms. Other symptoms that 
showed marked increases following placebo adminis-
tration included nausea, chest pain, heart palpitations, 
abdominal pain, tremor or shaking, blurred vision, and 
numbness or tingling sensations.

Post-Medication Modeled Symptoms

There was a significant effect of side effect modeling on 
increases in modeled symptoms of headache and dizzi-
ness, χ2(1) = 6.77, p = .009 (Fig. 1). Seeing the model re-
port these side effects resulted in larger increases in these 
specific symptoms in the social modeling condition (M 
= 0.57, SE = 0.12) compared with the neutral control 
condition (M = 0.20, SE = 0.07; d = 0.56). Neither par-
ticipant gender (p = .12), model gender (p = .67), nor 
interactions between these factors (ps > .05), signifi-
cantly influenced the modeled symptom outcomes.

Post-Medication General Symptoms

There was no significant effect of social modeling on 
general symptoms, χ2(1)  =  1.57, p  =  .21. However, the 
effect of participant gender on new or increased inten-
sity general symptoms was significant, χ2(1)  =  8.52, 
p =  .004. Female participants experienced significantly 
more symptoms (M  =  2.79, SE  =  0.30) than males 
(M = 1.71, SE = 0.22; d = 0.59). There was also a signifi-
cant interaction between participant and model gender, 
χ2(1) = 6.03, p = .014. Independent of the social mode-
ling condition they were assigned to, female participants 

seated with a female model experienced significantly 
more general symptoms (M = 3.46, SE = 0.49) than ei-
ther male participants seated with the same female model 
(M = 1.41, SE = 0.27; d = 0.74, p < .001) or female par-
ticipants seated with a male model (M = 2.25, SE = 0.37; 
d = 0.40, p = .048).

Post-Medication Misattributed Symptoms

Neither modeling, participant gender, nor model gender 
had a significant influence on misattribution of symp-
toms as side effects during the study session, ps >  .10. 
There was, however, a significant interaction between 
participant and model gender, χ2(1)  =  7.76, p  =  .005. 
Female participants seated with a female model misat-
tributed significantly more symptoms as medication side 
effects (M = 0.83, SE = 0.20) than either male participants 
seated with the same female model (M = 0.17, SE = 0.09; 
d = 0.86, p = .003) or female participants seated with the 
male model (M = 0.29, SE = 0.12; d = 0.74, p =  .021). 
Male participants seated with the male model (M = 0.54, 
SE = 0.16) misattributed significantly more symptoms as 
side effects than male participants seated with the female 
model (d = 0.58, p =  .044). There were no other inter-
action effects (ps > .54).

Follow-Up Modeled Symptoms

At follow-up, participants in the side effect modeling 
group were, again, significantly more likely to have expe-
rienced new or increased-intensity modeled symptoms 
(M = 0.53, SE = 0.12) compared with those in the neutral 
control condition (M = 0.20, SE = 0.07), χ2(1) = 5.20, 
p = .023, d = 0.48 (Fig. 2, left panel). Neither participant 
gender alone, model gender alone, nor the interaction of 
any of the factors, was a significant predictor of modeled 
symptoms at follow-up (ps > .05).

Follow-Up General Symptoms

At 24-hr follow-up, side effect modeling also had a sig-
nificant influence on the number of new or increased in-
tensity general symptoms, χ2(1) = 6.22, p = .013 (Fig. 2, 
center panel). Participants who experienced side effect 
modeling during the study session reported signifi-
cantly more of these symptoms at follow-up (M = 3.51, 
SE = 0.63) than participants in the neutral control group 
(M = 1.78, SE = 0.37; d = 0.49). There was also a signifi-
cant effect of participant gender, χ2(1) = 6.91, p = .009. 
Independent of social modeling condition, female par-
ticipants reported significantly more general symptoms 
(M = 3.58, SE = 0.63) than males (M = 1.75, SE = 0.36; 
d = 0.51). There were no other significant main or inter-
action effects (ps > .06).

Fig. 1. Bar graph showing the mean (SE) number of new or 
increased intensity modeled symptoms of headache and dizziness 
in the neutral control and side effect modeling groups. **p < .01.
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Follow-Up Misattributed Symptoms

There was a significant effect of social modeling on symp-
tom misattribution at 24-hr follow-up, χ2(1) = 5.277, p = .022 
(Fig. 2, right panel). Participants in the side effect modeling 
condition (M = 0.68, SE = 0.12) misattributed significantly 
more symptoms to the placebo medication than those in 
the neutral control group (M = 0.31, SE = 0.09; d = 0.50). 
There were no other significant main or interaction effects 
on symptom misattribution at follow-up (ps > .09).

Empathy

Male and female participants’ IRI subscale scores were 
compared using independent samples t-tests. Female 
participants had significantly higher scores for empathic 
concern (Mf = 10.66, SEf = 0.26; Mm = 9.56, SEm = 0.29), 
t(142) = −2.83, p = .005 and personal distress (Mf = 7.17, 
SEf = 0.42; Mm = 5.86, SEm = 0.35), t(137.23) = −2.39, 
p  =  .018. On the fantasy subscale, females also had 
higher scores, but this difference did not reach signifi-
cance (Mf = 11.75, SEf = 0.49; Mm = 10.47, SEm = 0.46), 
t(142) = −1.90, p = .059. Male and female participants 
did not differ significantly on the perspective taking sub-
scale, (Mf = 14.38, SEf = 0.37; Mm = 13.93, SEm = 0.39), 
t(142) = −0.83, p = .407.

Negative binomial regression analyses were carried 
out to assess the influence of participant empathy on 
response to social modeling. Separate analyses were con-
ducted for modeled symptoms, general symptoms, and 
misattributed symptoms reported during the session and 
at the 24-hr follow-up. The interaction between social 
modeling condition and each of the four IRI subscales 
were entered into each model, with significant interac-
tions indicating that the regression slopes in the control 
and social modeling conditions differed (Table 1).

During the session, the influence of perspective taking 
on modeled symptoms differed significantly between the 
social modeling and control conditions. In the control 
condition, perspective taking did not influence modeled 
symptoms, B = 0.13, Wald 95% confidence interval (CI) 
(−0.06, 0.33), p  =  .17, whereas in the social modeling 
condition, participants’ trait perspective taking signifi-
cantly predicted their experience of modeled symptoms, 
B = 0.21, Wald 95% CI (0.06, 0.36), p = .006. The influ-
ence of personal distress on other symptoms and misat-
tributed symptoms also differed significantly between 
the social modeling conditions. In the control condition, 
personal distress did not influence either general symp-
toms, B = 0.04, Wald 95% CI (−0.03, 0.11), p = .25, or 
misattributed symptoms, B = 0.05, Wald 95% CI (−0.09, 
0.18), p  =  .51. Personal distress significantly predicted 

Fig. 2. Bar graphs showing the mean (SE) number of new or increased intensity modeled (left), general (center), and misattributed 
(right) symptoms in the neutral control and side effect modeling groups at 24-hr follow-up. *p < .05.

Table 1 Table Showing the Wald Chi-Square Statistics (p-values) for Interactions Between Social Modeling Condition and Empathy

Modeled Symptoms General Symptoms Misattributed Symptoms

Post-medication

 Empathic concern 0.53 (0.77) 5.93 (0.052) 3.38 (0.19)

 Perspective taking 8.21 (0.017) 4.08 (0.13) 3.69 (0.16)

 Personal distress 0.14 (0.93) 6.86 (0.032) 8.02 (0.018)

 Fantasy 1.07 (0.59) 0.84 (0.66) 4.56 (0.10)

Follow-up

 Empathic concern 0.35 (0.84) 2.00 (0.37) 5.22 (0.07)

 Perspective taking 6.90 (0.032) 0.84 (0.66) 0.04 (0.98)

 Personal distress 1.97 (0.37) 1.07 (0.59) 0.68 (0.71)
 Fantasy 3.52 (0.17) 1.56 (0.44) 2.78 (0.25)

Bold values indicate significance at p < .05.
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both the experience of general symptoms, B = 0.09, Wald 
95% CI (0.02, 0.16), p =  .018, as well as misattributed 
symptoms, B = 0.16, Wald 95% CI (0.05, 0.28), p = .006, 
in response to social modeling of side effects.

At 24-hr follow-up, only the influence of perspective 
taking on modeled symptoms differed significantly be-
tween the social modeling conditions. In the control con-
dition, personal distress did not predict the experience 
of modeled symptoms, B = 0.03, Wald 95% CI (−0.16, 
0.23), p =  .73. In contrast, in the social modeling con-
dition, participant perspective taking was a significant 
predictor of modeled symptoms, B = 0.18, Wald 95% CI 
(0.05, 0.32), p = .009.

Heart Rate and Blood Pressure

Participants were told that the modafinil spray they were 
taking could have the additional side effects of raising 
blood pressure and heart rate. There was not a significant 
effect of social modeling on systolic blood pressure, F(1, 
87) = 1.28, p = .26, d = 0.20. However, there was a sig-
nificant interaction between social modeling and model 
gender, F(1, 87) = 6.45, p = .013, d = 0.55 (Fig. 3). Side 
effect modeling by the female model resulted in signifi-
cantly higher systolic blood pressure (M = 114.79 mmHg, 
SE  =  1.25) than in the neutral control group with the 
same female model (M  =  110.20  mmHg, SE  =  1.25; 
p = .012, d = 0.55). In comparison to the female model, 
side effect modeling by the male model resulted in lower 
systolic blood pressure (M = 111.19 mmHg, SE = 1.25; 
p  =  .044, d  =  0.46). There were no other significant 
main or interaction effects for systolic blood pressure 
(ps > .21). There were no significant main or interaction 
effects of social modeling, participant gender, or model 
gender on diastolic blood pressure (ps > .13).

A similar pattern of results was found for heart rate. 
There was not a significant main effect of social modeling 
on heart rate, F(1, 87) = 0.74, p = .39, d = 0.20, nor were 
there effects of participant or model gender (ps > .60). 
There was a significant interaction between social 

modeling and model gender, F(1, 87) = 5.84, p =  .018, 
d  =  0.51 (Fig.  3). Side effect modeling by the female 
model resulted in significantly higher heart rate readings 
(M = 72.79 bpm, SE = 1.17) than with the same female 
model in the neutral control condition (M = 68.96 bpm, 
SE = 1.17; p = .023; d = 0.51) or side effect modeling by 
the male model (M = 69.36 bpm, SE = 1.17; p = .041, 
d = 0.46). There were no other main or interaction effects 
(ps > .18).

Discussion

Social modeling clearly can be an important influence on 
the experience of treatment side effects. Social modeling 
of side effects increased reported adverse symptoms in 
viewers. This effect was specific to modeled symptoms 
over the short term, but generalized by follow-up to also 
impact general symptoms and increased the likelihood 
that symptoms would be misattributed to the treat-
ment. At both time points, female participants reported 
significantly more new or increased intensity general 
symptoms. In addition, female participants seated with 
a female model were the highest reporters of these symp-
toms, and misattributed significantly more unchanged 
symptoms as being medication side effects, but only dur-
ing the study session. Empathy appears to have played a 
role in the modeling process, with perspective taking and 
personal distress scores predicting modeled and other 
symptomatic outcomes, respectively, during the study 
session, and perspective taking alone predicting modeled 
symptoms at 24-hr follow-up.

Although social modeling increased reported side 
effects, and female participants seated with a female 
model showed heightened reporting of general symp-
toms, there were no interactions between social mode-
ling condition and either model or participant gender. 
These results indicate that the female participants were 
not significantly more susceptible to the effects of social 
modeling nor was the female confederate more effective 
in transmitting symptoms to the viewers. An interaction 

Fig. 3. Bar graph showing the mean (SE) systolic blood pressure (left) and heart rate (right) in the neutral control and side effect mode-
ling groups with male and female models. *p < .05.
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between social modeling and model gender was seen in 
participants’ objectively assessed physiological treat-
ment side effects, namely blood pressure and heart rate. 
Participants were informed that side effects of the medi-
cation included both increased heart rate and blood pres-
sure. Those participants who viewed the female (but not 
the male) model report that treatment side effects were 
significantly more likely to show this response. Women 
are typically more emotionally expressive than their male 
counterparts [33]. While not assessed, the female model 
in the study may have expressed higher levels of dis-
tress when reporting symptoms, resulting in heightened 
viewer physiological responses [34]. The differences in 
the objective physiological outcomes and the subjective 
symptom reports could point to two distinct types of in-
formation being modeled. First, the emotional content 
of the message containing threat information, which was 
more effectively displayed by the female model. Second, 
the informational content of the message, including the 
specific symptoms reported as well as likelihood of side 
effects. This information may increase nocebo symptoms 
by increasing attention toward and expectations of pos-
sible side effects.

The current study extends previous work by inves-
tigating the role of social modeling of side effects in a 
medication-use context and outside of a pain paradigm. 
It is also novel in assessing side effect responding in three 
domains—specifically modeled symptoms, other general 
symptoms, and unchanged yet misattributed symptoms. 
Previous research has generally not made such distinc-
tions—either grouping all symptoms together or exam-
ining only modeled symptoms and often not considering 
the role of attribution. The results with regard to spe-
cific symptoms are in line with previous research which 
indicates that social modeling results in increased nocebo 
effects soon after the social modeling procedure [13, 14, 
16, 17]. Similar to results reported by Mazzoni et al. [18], 
female participants seated with a female model reported 
symptoms at significantly higher rates, regardless of so-
cial modeling condition. Being seated with another fe-
male may have similar effects to being seated in front of a 
mirror, which has been shown to increase internal self-fo-
cus and, thus, symptom reporting in women only [35]. 
The results of the current study and those of Mazzoni 
et al. [18] indicate that the episodes of MPI may be more 
likely to affect women in part because groups comprised 
primarily of women experience more physical symptoms. 
Women seated with another woman in the current study 
also misattributed more unchanged symptoms to the 
placebo treatment, indicating that similar misattribution 
processes may also contribute to MPI episodes.

More generalized effects of social modeling on symp-
toms appeared only at the 24-hr follow-up assessment. 
This may indicate that specific expectations about 

modeled symptoms were formed soon after social 
modeling, whereas more generalized negative expecta-
tions about treatment developed over a longer period. 
Exposure to social modeling may have contributed to 
more general recall that the medication carried a risk 
of side effects, such that participants remembered this 
broad threat information at follow-up, in addition to or 
instead of information about specifically modeled symp-
toms [36]. General negative expectations contribute to 
the experience of adverse effects of medical treatments—
patients who hold negative beliefs about medicines (e.g., 
that medicines do more harm than good) report signif-
icantly more treatment side effects than those who hold 
more positive beliefs [37]. Similarly, patients who believe 
that they are particularly sensitive to the effects of med-
icines also experience more treatment side effects [38]. 
Such general negative beliefs, as well as heightened anx-
iety, may have also contributed to the misattribution of 
unrelated symptoms to the placebo treatment [39, 40]. 
However, expectations about treatment outcomes were 
not assessed in the current study, and future research 
would benefit from investigating both expectations 
about specific side effects, as well as more general nega-
tive beliefs about medicines.

In line with previous research using a pain paradigm, 
viewer empathy was associated with increased symptom 
reporting [14]. While the current study points to a driv-
ing role of perspective taking in increased reporting of 
modeled symptoms both during the study session and 
at the 24-hr follow-up, previous research found that per-
sonal distress predicted increased pain in response to 
social modeling. In the current study, the personal dis-
tress component of empathy also significantly predicted 
increased general and misattributed symptoms during 
the study session. However, as these symptoms were 
not elevated above the control condition at this time 
point, the role of personal distress in driving symptom 
experience following social modeling remains unclear. 
Perspective taking in the context of empathy relates to 
the tendency of an individual to more readily experi-
ence a situation from the viewpoint of others [28]. This 
appears to have contributed to participants’ experi-
ence of modeled symptoms in response to seeing them 
reported by the confederate in the current study. It may 
be that the activation of the mirror neuron system in re-
sponse to social modeling may facilitate the experience 
of these same symptoms in the viewer [41]. However, this 
has yet to be formally investigated.

The influence of social modeling on participants’ heart 
rate and blood pressure diverge from the results relating 
to symptom reporting. At the start of the experimental 
session, participants were warned that the physiological 
side effects of the medication included elevated heart 
rate and blood pressure. Social modeling of side effects 
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by the female confederate—regardless of the gender of 
the participant—resulted in increased participant heart 
rate and blood pressure. These findings provide evidence 
for a physiological nocebo-like effect in response to so-
cial modeling. In previous studies where participants 
were told that the treatment they received would act to 
decrease heart rate and blood pressure, this decrease was 
subsequently realized [16, 42]. This provides preliminary 
evidence that the treatment context can either increase or 
decrease these physiological parameters, depending on 
the information provided. However, why this response 
occurred only in response to the female model in the 
current study is unclear, and the effects of the individual 
models cannot be ruled out.

The current study is limited by the lack of a no treat-
ment control group. Such a group would have enabled the 
assessment of the presence and extent of a nocebo effect. 
In addition, the design of the study meant that the ex-
perimenter was present during the social modeling pro-
cedure and, thus, was not blind to group assignment after 
this point. However, the experimenter was blind to group 
assignment for all baseline procedures and assessments, 
assessment of symptoms was carried out using a pen-
and-paper questionnaire completed by the participant 
without the input of the experimenter, and heart rate 
and blood pressure were assessed using automatic blood 
pressure monitors requiring no interpretation on the part 
of the experimenter. Only one model of each gender was 
employed in this study. While this provided consistency 
and reduced variance in appearance and other behav-
iors, it raises the question of whether the results might 
be somewhat model-specific or whether they would gen-
eralize to other models. Previous similar studies have 
included the social modeling of at least four different 
symptoms [16–18], and the current study results may 
have been influenced by the use of a less intense modeling 
procedure involving the confederate reporting only two 
symptoms. The use of a placebo nasal spray rather than a 
tablet may have influenced participants’ beliefs about the 
strength of the treatment and thus the study outcomes. 
A systematic investigation of the influence of the route 
of treatment administration and the number of modeled 
symptoms, would provide important contributions to the 
nocebo and social modeling literature.

The results of the current study demonstrate that 
social modeling has a specific effect on modeled symp-
toms in the short term but that these effects generalize to 
other general symptoms, as well as increase the misattri-
bution of unchanged symptoms, over a longer duration. 
Social modeling can occur in face-to-face circumstances 
in interactions with friends and family, through social 
media and other online sources (including patient sup-
port websites) and through the news media [12, 23, 43]. 
These results highlight the importance of considering the 
potential for observation of others and communication 

between participants in clinical trial designs, and the 
need to minimize these factors to achieve accurate results 
about treatment effects. In the context of medical care, 
social modeling processes have the potential to influence 
the overall symptom burden experienced by patients, and 
may contribute to additional care-seeking, unnecessary 
medications to manage symptoms, reduced quality of 
life, and treatment nonadherence or discontinuation [3]. 
The current results highlight the importance of devel-
oping strategies to minimize the impact of learning 
about other peoples’ unpleasant side effects on symptom 
experience, and of doing so before the influence of social 
modeling generalizes to a broader range of symptoms 
and to symptom misattribution.
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