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Introduction: Although the importance of facial expressions for good doctor-
patient communication is widely acknowledged, empirical evidence supporting
this notion is scarce. We used a fine-grained, anatomically-based measure to
investigate which facial expressions are displayed in (simulated) doctor-patient
consultations and whether these can predict communication quality.

Methods: Fifty two medical students engaged in simulated doctor-patient
consultations with standardized patients (SPs) and their facial expressions were
analyzed using the Facial-Action-Coding-System (FACS). The quality of the
communication was rated by SPs, medical students, and by communication
experts. SPs also rated their level of comfort.

Results: The predominant facial expression being displayed by medical students
was smiling. Medical students’ smiling positively predicted the communication
quality and level of comfort experienced by SPs. In contrast, smiling had little
effect on medical students’ self- and expert-assessments of communication
quality. Smiling of medical students significantly predicted patient level of
comfort and perceived quality of communication. This predictive power was
found for genuine and for social smiles as well as for smiles displayed during
speaking and during listening.

Discussion: Smiling seems to be a robust non-verbal behavior that has the
potential to improve doctor-patient communication. This knowledge should be
taken into consideration in medical training programs.

KEYWORDS

doctor-patient communication, facial expression, non-verbal communication, patient
satisfaction, medical students

1 Introduction

The significance of effective communication between medical practitioners and
patients has gained increasing recognition in the past decades (1-5). Patients who perceive
the communication as good and trustworthy exhibit higher adherence to treatment (6),
remain with the same doctor for longer (7), experience fewer complications (8), and have
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better health outcomes (9). Given this importance, training of
communication skills has been implemented in medical curricula
in recent years (10-13). Most communication curricula focus on
teaching both verbal (e.g., verbal mirroring, use of plain language)
as well as nonverbal skills [e.g., body posture, eye contact (14—
18)]. According to Argyle non-verbal behavior serves the purpose
to express emotions, interpersonal attitudes and one’s personality
which helps to establish and maintain interpersonal relations
(19). Despite the common understanding that nonverbal aspects
also play an important role in doctor-patient communication
(5, 20), empirical evidence supporting this notion is rather
scarce. For example, in a recent review article on empathetic
behaviors in doctor-patient communication, non-verbal behaviors
were not considered in the included studies (21). There is only a
handful of studies investigating the effect of nonverbal behavior
on communication outcomes, which found that physicians who
keep open body positions, maintain symmetrical arm postures
and establish eye contact, are perceived as more empathic and
competent (16, 22, 23).

Regarding the most prominent nonverbal behavior, namely
facial expressions, evidence also points toward a significant
association with patient satisfaction (15, 18, 24). Here, especially
smiling seems to be relevant (24-27). Typically, facial expressions
of the doctor or medical student (during simulated or real
consultations) are assessed rather holistically using one-
dimensional observer ratings of “facial expressiveness,” or of
17, 18, 28). For
instance, one study rated medical students’ facial expressions

individual expressions, such as smiling (15,

as either “bad” or “good” (28), whereas in another study facial
expressivity and the frequency of smiling were rated on 7-point
scales (17). Thus, although previous studies point toward an
association between facial expressions (especially smiling) and
communication outcomes, this evidence is not based on thorough,
fine-grained, anatomically-based measures of facial expressions,
such as the Facial Action Coding System (FACS) (29). The FACS
measures visually distinguishable facial movements, which are
called Action Units (AUs). FACS has the advantage of allowing
an objective, detailed and comprehensive description of facial
behavior that is less prone to subjective interpretation compared
to other systems (30) such as the Maximally discriminative facial
movement coding system (31).

To fill this gap, we used the FACS as a thorough methodology
approach to investigate the following research questions, namely

(i) which facial expressions are displayed in doctor-patient
consultations and

(ii) which facial expressions play an important role in predicting
the outcome of doctor-patient consultations.

To accomplish this objective, medical students engaged in a 7-
min consultation with a standardized patient (SP). Our study offers
thus a significant contribution beyond previous research. Firstly,
the context of the conversation could be held constant, unlike
in real-world appointments where topics, needs and questions
vary between patients. Secondly, SPs underwent training how
to rate the quality of conversation and level of comfort, in
order to reduce variability between SPs. Lastly, the study was
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conducted in a specialized video laboratory equipped to capture
high-resolution facial videos, thus allowing for detailed analysis
of facial expressions. We used the Facial Action Coding System
(FACS) by Ekman et al. (29), which is recognized as the gold
standard to analyze facial expressions (32).

We hypothesize that the facial expressions displayed by the
medical students during the consultations impact the quality of the
communication as well as the patients® level of comfort. Especially,
facial expressions of positive emotions [e.g., AU 12 (zygomaticus
major)] should predict better communication outcomes.

2 Materials and methods

2.1 Participants

A total of 52 medical students from the third semester of
the medical faculty at the University of Augsburg (Germany)
participated in the study. We used G*Power (33) to estimate the
sample size. Assuming a medium-to-large effect size (f* = 0.25),
a significance level of o = 0.05 and a power of 0.80, resulted
in a sample size of 42 participants. Given that some individuals
are stoic in their facial expressions, we increased the sample size
to 52 to ensure enough variability in facial expressiveness. The
sample included 40 female and 12 male participants (mean age:
21.96 years, SD: 3.08). Thus, we have a clear gender bias in
our sample, with mostly female participants, which could affect
the outcome. However, the sex distribution of the participants
did not differ significantly from the sex distribution of the
corresponding semester (Chi* =2.79, p = 0.095), showing that this
sex imbalance is a true representation of the sampled population of
medical students. The sex distribution of the participants did not
differ significantly from the sex distribution of the corresponding
semester (Chi* = 2.79, p = 0.095). Students received study credits
for their participation. All participants were informed of how
recordings will be used (FACS coding of their expression) and
stored (on a secure server with restricted access) and provided
written informed consent. The study protocol was approved by the
ethics committee of the University of Bamberg.

2.2 Materials and procedure

The study was conducted in a laboratory equipped with
modern video technology suitable for recording conversations
and analyzing them offline. A general overview over the study
procedure is shown in Figure 1.

After signing the consent form, medical students were asked to
engage in a simulated medical consultation lasting approximately
7min with a SP. The selection process of SPs involved an
interview and two basic training workshops. SPs (N = 5) were
selected based on good communication skills, their ability to
provide constructive feedback, ability to take directions and their
ability to memorize scripts and respond to different scenarios
in role play exercises. They learned the case history, lifestyle,
family background, personality, affective state and symptoms of
the patient they are portraying based on a detailed case script.
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FIGURE 1
Overview of the study (A) and the data collection setup (B) as well as the predictor and outcome variables for the statistical analyses (C). Only the
medical consultation [setting depicted in (B)] was recorded on video. SP, Standardized Patient; FACS, Facial Action Coding System; AU, Action Unit;
BGR, Berlin Global Rating; MISS, Medical Interview Satisfaction Scale.

Moreover, non-verbal response patterns (e.g., body posture, facial
expressions) and appropriate emotional responses were developed
and practiced in order to maintain realism and standardization.
As a last step, SPs practiced with a communication expert,
to finetune the role. All SPs had acting experiences. The SPs
received extensive training for their role. They played the
role of a parent of a 3-month-old child who needed to be
vaccinated. The SP acted as being slightly anxious about the
vaccination and sought medical advice. In this scenario, the third
semester medical students were instructed to apply the following
communication techniques: conversation structuring and empathic
communication (e.g., active listening, paraphrasing). Four high-
resolution cameras (Panasonic, Model: AW-HE40S) were used to
capture the face or the whole body of the medical student or the
SP, respectively.

After the medical consultation, both the medical student
and the SP independently evaluated the medical students’
communication quality using standardized questionnaires
described below. After data collection, four experts who are
faculty members involved in teaching the communication
curriculum (called communication experts in the remainder)
watched the video recordings and evaluated the medical
students’ communication quality. Prior to this, all experts
discussed the scoring criteria using example videos in a two-hour
training session. Interrater reliability (Intraclass Correlation
Coeflicient, ICC) between experts was evaluated using 9 randomly
selected videos which were rated by all four experts. We found
good interrater reliability between experts (see exact values in
Section 2.4.1).
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2.3 Predictor

The student’s face was recorded on video throughout the
medical consultation. Facial responses were quantified using the
Facial Action Coding System (FACS), a fine-grained anatomically
based system that is considered the gold standard for facial
expression analyses (34). The FACS is based on the anatomical
analysis of facial movements and distinguishes 44 different Action
Units (AUs) produced by a single muscle or a combination of
muscles. FACS also incorporates AU 50 to indicate incidences
when a person is speaking (29). A certified FACS coder identified
the duration and intensity (measured on a 5-point scale) of
the different AUs. The coder was qualified through successful
completion of an examination administered by the system’s
developers. To calculate interrater reliability, 30 seconds of
20% of videos were additionally FACS coded and the Ekman-
Friesen formula (35) was used to compute reliability, reaching
90.5% agreement between FACS codes, which compared favorably
to previous studies (35). FACS coding was performed using
specialized software, namely the Observer Video-Pro (Noldus
Information Technology). Given the enormous time it takes to
manually FACS code (it took approximately 20h to FACS code
one 7-min medical consultation), only the facial expressions
of the medical students were FACS coded. The FACS coder
was blind to the outcome variables (communication quality
and level of comfort ratings). For further analyses, intensity
and duration values of each AU will be multiplied (product
term) and AUs will be averaged to form composite scores of
facial expressions.
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2.4 Outcomes

The simulated doctor-patient communication was evaluated
using standardized questionnaires and rating scales (see below) that
were filled out by the medical students, SPs and communication
experts. Both the quality of the communication as well as the level
of comfort felt by the SPs were assessed.

2.4.1 Communication quality
2.4.1.1 Berlin Global Rating (BGR)

The BGR scale was developed by Hodges and Mcllroy
(36) and has been validated in German by Scheffer, showing
good psychometric properties (37). We chose the BGR because
it is frequently used to evaluate the quality of doctor-patient
communication, especially in educational settings (38, 39).
Moreover, the BGR is easily applicable due to its simple structure:
4 aspects are measured, namely empathy, coherence, verbal,
and non-verbal communication. Each aspect is assessed with
one item on a 5-point Likert scale. At both ends of the scale,
descriptions of positive and negative examples are provided. For
instance, the positive example for non-verbal communication
states: “The student consistently engages the patient through
non-verbal expression or encourages their participation in the
conversation.” Notably, specific non-verbal behaviors such as
smiling are not evaluated. An average BGR score was computed
across the 4 aspects.

The BGR was filled out by SPs, medical students as well as
communication experts.

2.4.1.2 Grade

In addition to the BGR, the communication experts graded
the student’s performance based on a grading scheme, ranging
from 1.0 (best) to 5.0 (worst) in 0.3 increments. The students were
expected to apply communication techniques such as conversation
structuring, and empathic communication and the application of
these techniques was graded.

Interrater reliability (Intraclass Correlation Coefficient, ICC)
between experts (11 videos were rated by all four experts) showed
moderate to good agreement between experts (ICCgyrage = 0.85;
ICCpgr = 0.77) (40).

2.4.2 Assessment of level of comfort (MISS)

The Medical Interview Satisfaction Scale (MISS-21) was used
to assess SP’s level of comfort during the medical consultation.
We chose this scale because it is widely used to assess patient
satisfaction in consultations and has shown good psychometric
properties (reliability and validity) (41, 42). We used a shortened
version with 7 items of the “rapport” and “communication
comfort” subscales (items 6, 8, 9, 10, 11, 12, 14 of the MISS-
21 were selected) which were more suitable for our simulated
medical consultation (e. g., “The doctor gave me a chance to say
what was really on my mind.”). Items that were not applicable to
our simulated consultation (e.g., “I'm unsure whether the doctor’s
treatment will be worth the effort”) were therefore excluded. Each
item was rated on a 5-point Likert scale.
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2.5 Statistical analysis

2.5.1 Description of facial expressions displayed
by the medical students [research question (i)]

a. Repertoire of facial movements: In a first step, we wanted to
find out which AUs are displayed more consistently by medical
students in a patient-doctor consultation. To this aim, we
selected only those AUs that were displayed on average for at
least 10 seconds across the 7 min consultations (which equals
approximately to 2.5% of consultation time) to filter-out less
frequent and thus, less relevant AUs. The “2.5% threshold” was
chosen as a very liberal threshold [other studies used 5% (43)]
in order not to miss any AUs that might be of importance.

b. Facial expressions during speaking and listening: We used
paired t-tests to investigate whether medical students™ facial
expressions differed depending on whether they were speaking
or listening (44). This has not been previously analyzed in
doctor-patient communication.

2.5.2 Analysis of predictors of communication
outcomes [research question (ii)]

Given that we assessed several outcome measures, we
first examined correlations between outcome measures using
Pearson correlation.

For our main hypothesis, namely if medical students’ facial
expressions can predict communication outcomes, we used linear
regression analyses. Composite scores of facial expressions were
entered as predictors and regression analyses were conducted
separately for each outcome measure (see below). Sex was
included as a dummy variable in all analyses to control for its
potential effects.

a. Communication Quality: The mean BGR rating of each rater
group (SPs, medical students, communication experts) served
as outcome measure for three separate regression analyses.
Furthermore, the grade assigned by the communication
experts was used as another outcome measure for an
additional regression analysis.

b. Level of comfort: Level of comfort was only assessed by SPs
using MISS. Thus, one regression analysis was conducted, with
SPs comfort levels as the outcome variable.

Statistical defined as alpha < 0.05.
Assumptions of non-collinearity and normality were checked

significance was

and were acceptable for the regression models. R (version 4.1.0)
using R studio (version 1.1.463) was used for the statistical analyses.

3 Results

3.1 Repertoire of facial movements being
displayed by the medical students [research
question (i)]

Supplementary Table S1 gives an overview on the duration

of all 44 FACS Action Units. Out of all AUs, only eight AUs
were displayed on average for at least 10 seconds across the
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TABLE 1 Facial expressions of the medical students: AUs displayed on average for at least 10 seconds across the 7 min consultation.

Action Units  Description Mean duration % of occurrence during the
(in seconds) + ~7 min. conversation
AU 01" Inner brow raiser frontalis 22.04 4 33.03 5.22
AU 02° Outer brow raiser frontalis 20.48 + 30.95 4.85
AU 04° Brow lowerer corrugator supercilli 12.09 & 17.59 2.86
AU 06? Cheek raiser and lid compressor | orbicularis oculi 28.30 & 64.30 6.70
AU 072 Lid tightener orbicularis oculi 85.05 & 74.86 20.15
AU 12% Lip corner puller zygomatic major 116.13 £ 98.09 27.51
AU 25° Lips part orbicularis oris muscle 45.19 & 31.81 10.71
AU 26° Jaw drop orbicularis oris muscle 35.02 +27.04 8.29

*We combined these AUs into a composite score of “smiling.” ®These AUs were combined into a composite score of “other facial expressions.”

AU 12

Lip Corner Pull

FIGURE 2

Examples of our extracted two categories of facial expressions displayed by the medical students. (A) Smiling, (B) other facial expressions.

02

row Raiser

7 min medical consultation (see Table 1). Following the evidence
from previous studies, three AUs reported in Table 1 constitute a
“smile” namely AUs 06, 07, and 12 (45, 46). Ekman et al. (47)
distinguished between two types of smiles, a Duchenne and a non-
Duchenne smile. Duchenne smiles (“genuine” or “felt” smiles), are
characterized by the contraction of the zygomatic major muscles
(AU 12), eliciting an elevation of the corners of the mouth,
and the simultaneous contraction of the orbicularis oculi muscles
(AUs 06, 07). Non-Duchenne smiles (social smiles) often only
include the contraction of the zygomatic major muscles (AU 12).
To provide further insight into the nature of the smile of the
medical students, we analyzed how often AU 12 was displayed
together with AUs 06 and/or AU 07. Our results show that in
50.42% of the time, AU 12 was accompanied by AU 06 and/or
AU 07. This indicates that medical students displayed genuine
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as well as social smiles (with comparable occurrences) during
the consultation.

For further analyses, we divided the AUs in Table I into
two categories of facial expressions: a smiling expression (AUs
06, 07, 12) and a rest category of “other facial expressions”
(AUs 01, 02, 04, 25, 26) (see examples in Figure 2). For those
two categories of AUs composite scores were calculated by
multiplying the intensity and duration values of each AU
(creating a product term) and then averaging these product
terms across the relevant AUs to form composite scores. This
method provides a measure that accounts for the intensity and
duration of multiple AUs. Since the data had strongly positively
skewed distributions and heterogeneous variances, we transformed
the composite scores using a square-root transformation
(sqrt) (48).
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50 p < 0.001

N w P
o o o

Facial Expression (sqrt composite score)
>

smiling
other facial expressions

p <0.001

listening speaking

FIGURE 3

Medical students’ facial expressions while listening and while speaking. Distribution of sqrt composite scores of smiling (AUs 06, 07 and 12) and other
facial expressions (AUs 01, 02, 04, 25, and 26) are displayed as violin graphs, with the dashed horizontal lines indicating the mean. p-values represent
statistical differences between speaking compared to listening intervals (paired t-tests).

listening speaking

3.1.1 Facial expressions during speaking and
listening

Speaking times (AU 50) were approximately equal between SPs
and medical students, with medical students speaking on average
for 3:40min (SD = 48 sec.) and SPs speaking on average for
3:18 min (SD = 33 sec.). Paired t-tests showed that medical students
smiled significantly less when listening compared to speaking [t(s)
= —7.22; p < 0.001) but displayed significantly more other facial
expressions when listening compared to speaking [t(s;) = 6.31; p <
0.001] as can be seen in Figure 3.

3.1.2 Summary for research question (i)

In sum, we found that especially smiling was displayed
frequently by medical students, with comparable displays of
genuine and social smiles. Besides smiling, movements of the
eyebrows as well as opening of the mouth formed the second
category of facial expressions (other facial expressions). While
smiling was displayed more frequently when the medical students
were speaking, “other facial expressions” were more prominent
during listening segments.

3.2 Prediction of communication outcomes
[research question (ii)]

Given that we assessed multiple communication outcome
measures from three different groups to evaluate “communication
quality,” we first investigated correlations between the different
outcome measures. We found significant correlations between BGR
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expert and BGR medical student ratings (r = 0.34, p = 0.01) as well
as between BGR expert and BRG SPs ratings (r = 0.42, p < 0.01). In
contrast, the students’ and SPs’ BGR ratings were not significantly
correlated (r = 0.01, p = 0.93). The grade assigned by the experts
correlated significantly with all three BGR-ratings (BGR experts:
r =091, p < 0.01; BGR students: r = 0.28, p = 0.04; BGR SPs: r
=047, p < 0.01).

To address our primary aim of examining the predictive
potential of facial expressions on communication outcomes, we
used three-stage hierarchical multiple regression analyses with the
enter method (see Table 2). This approach allowed us to introduce
variables at each stage guided by theoretical considerations (49, 50),
and to control for confounding factors such as sex. Thus, in the
first stage of the hierarchical regression, we included sex as a
control variable to account for its potential impact. In the second
stage, we introduced smilingsqt, based on preliminary evidence
suggesting its relevance in medical conversations (26, 51, 52). In
the final stage, we added the composite-scoresq,t for other facial
expressions to evaluate their additional contribution to predicting
communication outcomes.

3.2.1 Communication quality

Controlling for sex, medical students’ smilingsq,¢ significantly
predicted the BGR ratings of the SPs [F(, 49y = 9.83, p < 0.001],
accounting for 28.6% of the variance. The more a medical student
smiled during the consultation, the better the communication
quality was rated by the SP. Introducing the composite-scoresq
for the other facial expressions, further improved the predictive
power (change in R* being significant, p = 0.013) and explained
an additional 8.7% of variance [F3 4g) = 9.53, p < 0.001].
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TABLE 2 Results of the hierarchical regression analyses.

Predictor Standardized beta
Quality assessment BGR SP 1 Sex (control variable) 0.22 1.59 0.048 -
2 Smilingsq —0.52 —4.05*** 0.286*** 0.234***
3 Other facial expressionsq. —0.32 —2.58* 0.373*** 0.087*
Med. Student 1 Sex (control variable) —0.04 —0.29 0.002 -
2 Smilingsqr 0.00 0.03 0.002 0.000
3 Other facial expressionsqrt 0.09 0.58 0.008 0.006
Com. Expert 1 Sex (control variable) —0.03 —0.20 0.001 -
2 Smilingsq —0.24 —1.61 0.051 0.050
3 Other facial expressionsq. 0.01 0.052 0.051 0.000
Grade Com. Expert 1 Sex (control variable) —0.01 —0.09 0.000 -
2 Smilingsqr —-0.33 —2.28* 0.096° 0.096*
3 Other facial expressionsqrt —0.058 —0.39 0.099 0.003
Level of comfort (MISS) SP 1 Sex (control variable) —0.22 —1.61 0.049 -
2 Smilingsq 0.41 3.00** 0.197** 0.148**
3 Other facial expressionsq. —0.01 —0.09 0.197 0.000

‘e 19 JapIauyds

B40"uISIa13UOL)

Facial expressions (smiling and other facial expressions) served as predictors. Analyses were conducted separately for the different outcome variables (quality assessment and level of comfort). “Sex” was entered as a control variable. ***p < 0.001, **p < 0.01, *p <
0.05,-p > 0.1,%p = 0.085.
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TABLE 3 Comparison of the effects of genuine-smilegqt vs. social-smilesqt on SPs’ communication assessment.

Stage Predictor Standardizedbeta t R* AR? ‘
Standardized patient Quality assessment (BGR) 1 Sex (control variable) 0.22 1.59 0.048 -
2 Genuine-smilegq —0.46 —3.48** 0.237** 0.189**
1 Sex (control variable) 0.22 1.59 0.048 -
2 Social-smileqr —0.36 —2.44* 0.151* 0.103*
Level of comfort (MISS) 1 Sex (control variable) —0.22 —1.61 0.049 -
2 Genuine-smilegq 0.39 2.83** 0.183** 0.134**
1 Sex (control variable) —0.22 —1.61 0.049 -
2 Social-smileqr 0.35 2.20* 0.150* 0.100*
#p < 0.01,*p < 0.05.
TABLE 4 Comparison of the effects of smiling-while-speakingsqrt vs. smiling-while-listeningsq,« on SPs’ communication assessment.
Stage Predictor standardizedbeta t R? AR? ‘
Standardized patient Quality assessment (BGR) 1 Sex (control variable) 0.22 1.59 0.048 -
2 Smiling-while-speakingqt —0.54 —4.39"** | 0.316*** | 0.268***
1 Sex (control variable) 0.22 1.59 0.048 -
2 Smiling-while-listeningsq —0.48 —3.54%** 0.241** 0.194***
Level of comfort (MISS) 1 Sex (control variable) —0.22 —1.65 0.049 -
2 Smiling-while-speakingq 0.38 2.81** 0.181*** 0.132**
1 Sex (control variable) —0.22 —1.65 0.049 -
2 Smiling-while-listeningsq 0.44 3.18** 0.211** 0.162**

¥ p < 0.001, *p < 0.01.

Facial expressions of the medical students were not related to
their own BGR (see Table 2). Neither smilingsqrt [F(249) = 0.04,
p = 0.958], nor entering the composite-scoresq for the other facial
expressions did significantly explain any variation in the students’
BGR ratings [F(3 4g) = 0.14, p = 0.935].

Experts BGR ratings were not significantly predicted by either
smilingsqrt [Fo49) = 1.32, p = 0.277], nor by entering the
composite-scoresqt for the other facial expressions into the model
[F(348) = 0.86, p = 0.468] (see Table 2). In contrast, there was a
trend toward a significant prediction of expert grades by smilingsqt
[F,49) = 2.60, p = 0.085], with smiling accounting for 9.57%
of variations in the grade. Entering the composite-scoresqr for
the other facial expressions did not significantly increase in the
predictive power [F(3 43y = 0.153, p = 0.698].

In sum, medical students smiling was a better predictor of
communication quality compared to the “other facial expression”
category. We controlled for “sex” in all models and found that “sex”
had no significant impact on communication outcomes.

3.2.2 Level of comfort

Regarding the level of comfort felt by the SPs, the hierarchical
multiple regression revealed that smilinggq significantly predicted
the MISS scores [F(3 49) = 5.99, p = 0.005], accounting for 19.7% of
the variation in comfort level. Entering the composite-scoresqt for
the other facial expressions did not lead to a significant increase in
explained variance [F(j 4g) = 0.01, p = 0.927].
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In sum, medical students smiling was a better predictor of
level of comfort compared to the “other facial expression” category.
Again, sex was not a significant predictor.

3.2.3 Predictive power of different types of smiles
(genuine/social & during listening/speaking)

Given the significant association between medical students’
smiles and SPs outcome ratings, we wanted to further investigate
this association by testing whether it played a role if these were
genuine vs. social smiles and whether smiles were displayed while
the medical students were speaking vs. listening. To this aim, linear
regression analyses were performed: Smiling-while-speakingsq
or smiling-while-listeningsq;t and genuine-smilessq,e or social-
smilessqr¢ served as predictors and the quality of communication
or level of comfort reported by SPs served as outcomes. Again, we
controlled for “sex.”

Genuine/social (see Table 3): Both genuine, as well as social
smiles significantly predicted the SPs quality assessment (BGR
ratings). However, genuine smiles explained significantly more
variance compared to social smiles [p(Likelihood-Ratio, one-
sided) = 0.021]. The SPs comfort ratings (MISS score) could
also be significantly predicted by both genuine and social smiling,
with neither model explaining significantly more variance in the
outcome [p(Likelihood-Ratio, one-sided) = 0.112].

Listening/speaking (see Table 4): Both smiling while speaking
and listening significantly predicted the SPs quality assessment
(BGR ratings). However, smiling during speaking explained
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significantly more variance in the outcome compared to listening
[p(Likelihood-Ratio, one-sided) = 0.049]. The SPs comfort ratings
(MISS score) could also be significantly predicted by both
smiling during speaking, as well as during listening, with neither
model explaining significantly more variance in the outcome
[p(Likelihood-Ratio, one-sided) = 0.159].

In sum, genuine smiles proved to be especially powerful in
predicting SPs communication assessment. In order to better
visualize these findings, scatterplots depicting the associations
between the different types of smiling (genuine/social &
outcomes

during  listening/speaking) and communication

(BGR ratings/MISS scores) can be found in Figure 4.

3.2.4 Summary for research question (ii)

Especially smiling plays an important role in predicting the
outcome of doctor-patient consultations, when considering the
perspective of the SP. More frequent displays of smiling (both
genuine and social) let to more positive ratings of communication
quality and level of comfort. Facial expressions were less likely to
predict communication outcomes assessed by the medical students
themselves and by the communication experts.

4 Discussion

The research question we aimed to answer was two-fold,
namely, to investigate (i) which facial expressions are displayed
by medical students during simulated doctor-patient consultations
and (ii) whether these affect the communication outcome. We
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found that the most prominent facial expression was “smiling,”
with increased rates of smiling during speaking compared to
episodes of listening. Moreover, the degree of smiling (both during
listening and speaking as well as genuine and social smiles) could
significantly predict communication outcomes rated by the SP.

4.1 Repertoire of facial expressions
displayed by medical students during the
consultation

We observed that the predominant category of facial
expressions displayed by medical students during the simulated
patient-doctor interaction was smiling, with AU 12 (Lip corner
puller/zygomatic major) being the most prominent facial
movement (on average displayed for almost 2min during the
7-min simulated consultation). Notably, about 50% of zygomatic
major activity (AU 12) coincided with orbicularis oculi activity
(orbit tightening, AU 06 and/or AU 07). According to Ekman et al.
(29, 46) this combination is regarded as indicative of a sincere or
authentic smile (Duchenne smile). Conversely, zygomatic major
activity alone (non-Duchenne smile) (45) is typically associated
with smiles more consciously generated for social reasons (47, 53).
Thus, our finding suggests that half of the smiles displayed by
medical students may be socially motivated and occurred with
similar frequencies while speaking (55%) and while listening (46%).

Smiles (regardless of being accompanied by orbicularis oculi
activity) are associated with compassion, empathy, and friendliness
(51). Furthermore, they play a crucial role in fostering trust, as
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individuals tend to place greater trust in those who smile compared
to those who do not (54) and thus, smiles can serve as a social
bonding agent or a social glue (55, 56). Additionally, the act of
smiling can initiate emotional contagion, creating a shared sense
of happiness between both parties (57). Consequently, the smiles
of medical students in the simulated medical consultations may
indicate their inclination to establish a reliable and positive patient-
doctor relationship.

To further understand the nuances of medical students’
smiles, we compared the frequency of facial expressions when
medical students were speaking vs. listening. Medical students
exhibited significantly more smiles when they were actively
speaking compared to listening. It is possible that medical students
accompanied their verbal expressions by smiling as means of
conveying warmth, empathy, and a positive and supportive
communication environment. Moreover, when they were listening,
they may have been more focused on processing information and
understanding the SPs. Thus, the act of listening might be encoded
in a different set of non-verbal cues. Indeed, we found that besides
smiling, medical students also displayed other AUs (AUs 01, 02, 04,
25, 26). Even though it is challenging to attribute specific meaning
or affect labels to these AUs, previous findings suggest that AUs
01, 02, and 04 are linked to interest (58, 59) or attentive listening.
Therefore, these facial expressions might potentially also serve as
important non-verbal cues contributing to the establishment of a
trustworthy relationship.

4.2 Prediction of communication outcomes

When investigating the power of facial expressions to predict
communication outcomes, we found notable variations depending
on who was evaluating the communication. This is probably due
to the diverse perspectives held by SPs, medical students, and
communication experts in evaluating the medical consultations.
As has been previously shown, each evaluator holds a unique
viewpoint that influences their assessment (66), for example
SPs have been found to be less strict when rating students
performance (60).

Communication evaluated by SPs: We identifled a strong
association between the facial expressions of medical students
and SPs evaluation of the communication quality. Both smiling
and other facial expressions significantly contributed to the
regression model, explaining together approximately 37% of the
variance in communication quality. This suggests that the more
a medical student displayed smiling along with other facial
expressions, the better was the communication quality rated by
the SP. This finding fits well with a previous study that used
photos of physicians that differed with regard to the degree
of smiling and found that physicians who are smiling were
rated as being more competent (25, 26). Regarding SPs level
of comfort, medical students’ smiling significantly predicted SPs’
level of comfort, whereas other facial expressions did not have
an additional impact. The significant association between smiling
and SPs level of comfort aligns with the notion that a warm,
welcoming, and trustful demeanor, as conveyed through smiling,
can positively influence patient perceptions (26, 51, 52). Moreover,
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the significance of smiling in influencing patients level of comfort
is supported by Mast et al. (24) study, where the frequency of
smiling (smiles were simply counted by observers, with no in-depth
facial analyses) predicted patient satisfaction. Similarly, Wong
et al. (27) demonstrated that hindering patients from observing
smiles due to doctors wearing face masks had a significant
negative effect on perceptions of empathy. Notably, our study
differs from these previous studies as the first to systematically
code smiling using the Facial Action Coding System (FACS);
which allows for a nuanced, reliable and valid analysis of facial
expression (35).

It is important to note that smiling can be interpreted
differently by the recipient based on the situational context. For
instance, while an intensive, genuine smile during a greeting may
be perceived as welcoming, the same smile during a patient’s report
of their concerns may be considered inappropriate. Therefore,
we analyzed whether the type of smile (genuine vs. social) and
whether the smile was displayed during speaking or listening
had differential effects on SPs assessment of the communication.
We found that medical students’ smiling during both speaking
and listening as well as genuine and social smiles all significantly
predicted communication quality and the level of comfort.

Communication evaluated by medical students: Neither smiling
nor the other facial expressions significantly predicted how medical
students rated their own communication performance. This result
is unexpected, as one might assume that smiling is linked to feeling
more comfortable and secure during interaction, or that smiling
leads to more confidence due to facial feedback mechanisms (61,
62). However, the effects of facial feedback are small, short lasting
(63) and heterogeneous, potentially having a greater impact on
emotional experience than on structured assessment.

Communication evaluated by experts: While facial expressions
of medical students could not predict experts evaluation of
the communication quality using the BGR, smiling significantly
predicted the grade assigned to the communication performance.
Nonetheless, the degree of explained variance was also relatively
small. Communication experts watched video recordings capturing
the whole body of the medical student and the SPs and thus,
were less able to perceive facial expressions but focused more on
formal aspects of the communication. Therefore, it may not be
surprising that we did not observe strong effects of the medical
students’ facial expressions on the nuanced quality assessment by
the communication experts.

4.3 Limitations

While simulated doctor-patient interactions allowed for
controlled assessments, it may not fully capture real-world patient
experiences and clinical complexities. As such, the applicability
of these results to actual clinical settings may vary, as real
patients’ needs and expectations can differ significantly. While
smiling may enhance patient comfort in some clinical situations,
it might be less suitable in more challenging or serious clinical
discussions. Moreover, although we found that SPs perceived
higher conversation quality and comfort when medical students
displayed more smiles, this does not necessarily guarantee that
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the conversation was objectively effective, e.g., in terms of patient
comprehension or adherence to treatment recommendations. As
we conducted our study with SPs, we could not assess whether
patients comprehended medical information effectively. Therefore,
it remains unknown whether the improved perceived conversation
quality correlated with better patient understanding and decision-
making. Furthermore, our study is limited regarding sample size
and sample diversity, which might limit the generalizability of
our findings. With 40 women and only 12 men we have a
highly unbalanced sex distribution in our sample, which may
have affected the power to detect potential sex differences. Thus,
we cannot exclude that our findings mainly apply to female
doctors. Given that sex differences in smiling have been found,
with females smiling more frequently especially in social settings
(64) and females’ smiles being perceived as more genuine and
trustworthy compared to males’ (65) it is possible, that smiling
might be less relevant or less advantageous for male doctors.
Moreover, our sample was too small to explore potential differences
depending on whether medical students and SPs were of the
same or different sex, which might also have impacted smiling
patterns (56). Furthermore, we only focused on facial expressions
of the medical students due to the enormous time it takes to
FACS-code the data (20h to code one medical student). It is
crucial to acknowledge, however, that facial expressions are a
result of a dynamic interaction between doctor and patient and
are perceived simultaneously alongside other verbal and non-
verbal cues. By isolating only facial expressions of the medical
students, we cannot capture the complex interplay of doctor-
patient interactions.

5 Conclusions

We have shown that (i) smiling is the most frequent
facial expression displayed by medical students in a simulated
doctor-patient interaction. Reasons for this frequent display
of smiling might be to convey warmth, empathy, and a
positive and supportive communication environment for the
patient. Along this notion, we could also show (ii) that smiling
significantly predicted how the SPs rated the interaction.
Future studies should try to assess facial expressions in real
clinical settings to see whether smiling is also the predominant
emotional facial expression displayed by doctors or whether
the type of facial expression depends on the clinical setting
and type of consultation or type of medical procedure.
Smiling might be effective and be appropriate only in certain
clinical settings.

Our findings suggest that smiling can be an efficient method for
clinicians to build a positive and comfortable environment for their
patients. Interestingly, it seems to be of little impact whether these
smiles are displayed during speaking or during listening or whether
these smiles represent genuine or social smiles to elicit these
positive effects. Thus, medical training programs should highlight
the impact of positive facial expressions on patient outcomes and
use role-playing exercises with SPs to learn how to use “smiling”
appropriately in different clinical settings (e.g., while smiling might
be positive in some settings, it must be balanced in more serious
discussions, such as delivering bad news).
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