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OBJECTIVE: Effective teamwork and communication are
critical to patient outcomes, and subjective assessment
tools have been studied in predicting team performan-
ces. However, inherent biases remain while using sub-
jective assessment tools. This study hypothesizes that
objective communication features can assess and predict
clinical performance.

DESIGN: Forty 3rd-year medical students participated in
the Acute Care Trauma Simulation as the role of doctor,
teaming up with a nurse confederate and a simulated
patient. Participants conducted postoperative patient
management, patient care diagnoses, and treatment.
Audio from all team members were recorded, speech
variables (e.g., speech duration, number of conversa-
tions, etc.) were extracted, and statistical analyses were
performed to associate communication with clinical
performance.

SETTING: This study was performed at the simulation
center located at Fairbanks Hall, Indiana University
School of Medicine.

PARTICIPANTS: Data from forty 3rd-year medical stu-
dents were collected and analyzed.

RESULTS: Majority (67%) of the communications were
initiated by student. Speech ratio, intensity, and fre-
quency of communications differed when students com-
municate with nurse than with patient (e.g., student
communication to patient had higher intensity than
nurse). Increasing frequency of check-backs between
student and nurse (p < 0.05) and speech duration from
student to patient (p =0.001) positively associated with
student’s clinical performance score.
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CONCLUSION: Objective communication features can
predict medical trainee’s clinical performance and pro-
vide an objective approach for simulation-based trauma
care training. (J Surg Ed 76:1337—1347. © 2019 Associa-
tion of Program Directors in Surgery. Published by Elsev-
ier Inc. All rights reserved.)
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INTRODUCTION

Effective teamwork in healthcare has been a known con-
tributor to positive patient outcomes. "> Communication
contributes to building cohesive healthcare teams and
also influences patient care.”® Studies on healthcare
teams show that teams with frequent communication
among team members achieve higher productivity than
teams with less frequent communication.” According to
the Joint Commission, communication failures are one
of the most frequently identified root causes (30%) of
sentinel events.'”'" In 6 Danish hospitals, 52% of 84
root cause analysis reports cite verbal communication
errors (e.g., misinterpreted information between physi-
cians, especially during handoffs), which provides fur-
ther evidence that effective communication is a major
factor contributing to patient safety.'” Furthermore,
when deconstructing communication failures over
22 hours of audio recorded during 6 high-acuity surgical
procedures, researchers found that communication fail-
ures occurred once every 8 minutes.'’ Studies have
found that communication failures also varied depend-
ing on the phase of the surgery, with 54% of errors
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occurring between incision and closure. Moreover, the
importance of communication in safety is not just lim-
ited to healthcare, but has been frequently shown impor-
tant in other safety critical domains, such as aviation,
military, etc. 1T

Communication is a well-established area of study.
Generally defined as the behavior of reducing uncer-
tainty from one individual to another, it occurs when-
ever there is a need for information processing.'””" In
hospital settings like the emergency department (ED) or
clinical ward, communication can appear in many differ-
ent forms and modalities. Some examples include verbal
(e.g., face-to-face, telephone, radio), nonverbal (e.g., ges-
tures), and literal (e.g., writing and reading).”"** In a
study classifying information-sharing activities among 38
clinicians during 159 patient encounters across 7 sites,
verbal communication (i.e., with patient, staff, or col-
league) contributed to 60% of patient encounter time,
the remaining time included writing, reading, examina-
tion, and other.”” Communication patterns also differ
whether the target audience is a healthcare professional
or patient. Healthcare professionals often use both medi-
cal language and everyday language among themselves
and patients; however, everyday language is the most
frequently used form when communicating between
healthcare professionals and patients.24 In addition to
varying audiences, communication patterns may also
change according to circumstances at the moment,
including time, safety and sterility, resources, roles, and
situation.”’

Understanding and monitoring communication can
offer insight into healthcare providers’ abilities to
deliver safe and effective patient care. Several tools and
measurement constructs have been proposed to quan-
tify communication, identify patterns that impact out-
comes, and guide team training in healthcare. For
example, the Team Strategies and Tools to Enhance
Performance and Patient Safety (TeamSTEPPS) is
one tool that has been widely used to improve team
performance and has demonstrated positive effects on
patient outcomes.”“*® TeamSTEPPS is a comprehensive
multiphase teamwork intervention that focuses on
leadership, situation monitoring, mutual support,
communication, and communication is one of the
TeamSTEPPS competencies.”” Another tool is the Com-
munication Assessment Tool-Team (CAT-T), designed
to assess team communications; however, the tool simi-
larly relies on subjective evaluation (i.e., 5-point
response scale, from 1= poor to 5 = excellent).”'?"%!
Communication assessment is also emphasized in the
area of interprofessional nontechnical skills.**>* Similar
to the previous tools, nontechnical skills assessment
tools assess communication with behavioral anchors
used by expert raters as reference points. However,

like other tools, a key limitation is the dependency on
subjective Likert scales.”*>

Subjective rating tools are limited by several inherent
biases. In medical education, systemic rater errors have
been observed and include biased ratings due to halo
effects, severity, central tendency, leniency, logical error,
inattention, restriction of the range, etc.’® For example,
subjective evaluation by raters tended to result in a posi-
tive/leniency bias, meaning higher scores were given to
persons even they performed poorly; low severity on
evaluations from expert to novice or vice versa; and other
serious shortcomings that were usually ignored.”” In addi-
tion, common in all the aforementioned tools for assess-
ing communication, there are limitations in scalability
due to the need for trained experts to perform the evalua-
tions.”” Due to the recognized impact of communication
on patient care and limitations of the currently available
subjective assessment tools, there is a need to identify
objective and scalable approaches to assess and evaluate
healthcare providers’ communication.

Sensing-based approaches may overcome some limita-
tions of current assessment tools by providing objective
and potentially automated communication assessments.
Several studies have used sensors to measure communi-
cation in team-based interpersonal interactions.’” Audio
sensors have been used to infer communication pat-
terns, nurses’ personality, and team-workload distribu-
tion.””** Previous work has shown that continuous
audio streams can estimate social interaction patterns
through wearable devices,”” and techniques have been
proposed (e.g., Latent Semantic Analysis) to assess team
communication by transforming raw speech into textual
input.”>** One of the most common uses of audio sen-
sors in healthcare is for content-analysis to complement
field observations.** These studies capture audio to mea-
sure the usage of content-based communication events,
distinguish between verbal or nonverbal communica-
tion, and quantify frequency and duration of communi-
cation events. However, many of these approaches still
rely on an analyst to code the data, and few studies have
investigated the ability of audio metrics that can be auto-
matically processed from audio recordings (e.g., speech
intensity, duration, rate, etc.) to help access clinical per-
formance.

Our research team is therefore working on identifying
more objective and continuous assessments of nontechni-
cal performance in the clinical environment using audio
sensors that can ultimately facilitate targeted perfor-
mance-enhancing interventions. Toward this goal, this
study aimed to (1) identify communication features and
patterns that can be derived from audio data-streams and
represent healthcare provider’s communication behavior
and (2) assess whether objectively obtained communica-
tion features are associated with clinical performance.
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METHODS
Study Participants

This research complied with the American Psychological
Association Code of Ethics and was approved by the
Institutional Review Board at Indiana University (IRB:
#1611105172). Informed consent was obtained from
each participant. Participants were recruited from one
academic medical institution, and each participant pro-
vided informed consent to allow for audio and video
recording of scenario-based simulations. These Acute
Care Team Simulations (ACTS) served as a summative
assessment of medical student performance after they
had completed their general surgery clerkship rotation.

Study Procedure

Each ACTS scenario took place in a state-of-the-art simu-
lation center located at Fairbanks Hall, Indiana Univer-
sity School of Medicine. This simulation center was
designed to educate multidisciplinary healthcare pro-
viders through the replication of multiple facets of the
patient care environment including a fully functional
operating room environment and intensive care unit
rooms that can be controlled entirely by a simulation
technologist using a computer system. This design
allowed healthcare providers to engage in immersive
simulated patient care scenarios and learn safe practices
for actual patient care.

During ACTS, the manikin features pulse and breath-
ing sounds among other physiological features, which
can be manipulated according to the details of the simu-
lation scenario. Each ACTS session involved a team con-
sisting of one medical student (i.e., all students were on
their surgery clerkship rotation during their 3rd year of
medical school), a nurse confederate, and a simulation
technologist controlling the manikin (SimMan 3G, Laer-
dal Medical, Wappingers Falls, NY). The technologist
acted as the participant and his voice was heard through
the manikin. Students were randomized into 1 of 6 sce-
narios: (1) Motor vehicle accident shock, (2) Pneumo-
thorax, (3) Hyponatremia, (4) Leg compartment
syndrome, (5) Pulmonary embolism, and (6) Heparin-
Induced Thrombocytopenia.

These 6 scenarios captured the range of care manage-
ment from patient arrival to the ED, postoperative
patient management, patient care diagnoses, and treat-
ment. Each scenario averaged approximately 10 minutes
in length. Typical tasks performed by the medical stu-
dent in every scenario included: completing a patient
assessment, determining a diagnosis, and identifying an
appropriate treatment. Medical students were in charge
of the patient’s care and they were expected to commu-
nicate with both the simulated patient and nurse to

deliver correct patient care safely and effectively. Based
on the medical student’s actions, a simulation technolo-
gist manipulated the patient’s health (i.e., improve,
remain the same, or worsen) under the guidance of an
experienced faculty observer. Each student performed 1
scenario. At the end of each scenario, the medical
student’s clinical performance was rated by the same
nurse confederate, who had extensive experience with
ACTS assessments.

Data Collection

Audio from each healthcare team member and patient
was recorded throughout the scenario. Voice recorders
(Zoom H1, Zoom, Inc, Hauppauge, NY) were placed in
the participant’s pocket, and a lapel microphone (R@DE
smartLav+ Microphone, R@DE Microphones, Silver
Water, NSW, Australia) was attached to the scrub or
jacket collar of the student, nurse, and patient. Although
more intrusive than audio recordings from a video
recorder, this approach allowed better localization of
audio source, noise cancelling, and <1-minute setup
time. Video recordings with 3 room views (i.e., patient
view, overhead view, and a view of patient vitals) were
collected using the cameras (Panasonic WV-CS574, Pana-
sonic, Kadoma, Osaka Prefecture, Japan) built into the
simulation center (B-Line Medical, Washington, DC).
These were used as needed to verify and interpret audio
observations.

Data Analysis

Communication Variables

Communication patterns were analyzed by a trained
study researcher listening and annotating the recordings.
The assessments focused on “check-backs,” part of the
closed-loop communication (CLC) strategy according to
Hargestam et al. that consists of 3 elements”’: (1) call-
out, (2) check-back, and (3) closed-loop. First, the con-
versation initiator transmits a message as either with a
question or statement (call-out). Then, the receiver
acknowledges the message with a response to the initia-
tor (check-back). Lastly, the response from the receiver
should be verbally verified by the initiator to complete
CLC. In this study, closed-loop communication was
excluded because the principles of CLC were not part of
the standard medical curriculum, hence they were not
expected to utilize this form of specialized communica-
tion. Accordingly, only call-out and check-back were
analyzed, and any verbal response is considered as a
check-back. For example, if person A transmitted a mes-
sage to person B, and person B provided a response to A
with a message, then a check-back was recorded. In
another example, person A transmitted a message and
person B responded with a question as follows:
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”

Person A: “Can I have .. .?
Person B: “Do you mean .. .?”

In this example, there was a verbal response from per-
son B to A, and at the same time, person B transmitted a
new message. Our study considered person B’s response
a check-back, and a call-out from person B to A. In sum-
mary, conversations in the present study were classified
using the following categories:

(1) Communication initiated with a question followed
by a response,

(2) Communication initiated with a statement (i.e., non-
question) followed by a response,

(3) Communication initiated with a question followed
by no response, and

(4) Communication initiated with a statement followed
by no response.

In the ACTS scenarios, communication could originate
from 3 potential sources (i.e., student, nurse, and
patient). This resulted in a total of 6 combinations (.e.,
only two-way communications were measured in this
study): student to nurse, student to patient, nurse to stu-
dent, nurse to patient, patient to student, and patient to
nurse. Although rare, when there was three-way com-
munication, for example, both nurse and patient
responding to student’s message, it was classified by the
content of whom the message initiator was speaking to.
The number of check-backs, also known as the fre-
quency of communications, was calculated from all 6
two-way combinations at the 4 different categories listed
above. This analysis was completed by a research team
member using custom Microsoft Excel software to anno-
tate while listening to the audio recordings.

Audio Processing
In addition to decomposing the full audio files into seg-

scenarios were also extracted using Praat software.*®
Since ACTS scenarios were focused on assessing medical
students’ clinical performance, this study concentrated
on the student’s audio features and communication fre-
quency with the patient and nurse. For this study, a com-
munication event (or segment) was defined by each
change in medical students’ communication target
(nurse or patient). Figure 1 demonstrates an example of
a series of 3 communication events from the student to
the nurse and patient; the first communication event
during the first 34 seconds was between the student and
the nurse. The background noise of patient/nurse audio
have been filtered. In each of the three-communication
events, the following variables of medical students’
audio were calculated: (1) speech duration: the total
time the student spoke to nurse or patient, (2) speech
ratio: the percentage of time medical students spoke
during a communication event, (3) speech intensity:
loudness, and (4) speech rate: speech speed or pace.

Clinical Performance

Medical students’ ACTS performance was evaluated by
the nurse confederate who participated in all the scenar-
ios and sessions. Clinical performance was rated using a
100-point Visual Analogue Scale (VAS) from 1 =unac-
ceptable for their level to 100 = outstanding for their
level. Validity evidence for this type of performance

assessment in medical education is presented
elsewhere.”
Statistical Analysis

All statistical analyses were performed on Minitab. *®
t Tests were performed to identify differences in audio
variables between student to nurse and student to
patient. Pearson’s correlation was used to determine
associations between individual audio variables and per-
formance. Regression analysis with forward stepwise
variable selection was performed to determine statisti-
cally (alpha = 0.05) significant audio predictors for clini-

ments as mentioned previously, audio features from the cal performance. Furthermore, two-way random
Student Student to Student
to Nurse Patient to Nurse
A 1 |
I L1 |1 1
00:00:00  00:00:34 00:01:26 00:04:57

FIGURE 1. An example of student’s audio and separated communication events.
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TABLE 1. Averoge Duration and Clinical Score of Each Scenario

Scenario Participated Clinical Score Clinical Score
Students Average Standard Deviation

Motor vehicle accident shock 8 62.8 28
Pneumothorax 7 65.1 25
Hyponatremia 7 76.4 13.1

Leg compartment syndrome 6 71.3 26.2
Pulmonary embolism 6 72 17.8
Heparin-Induced Thrombocytopenia 6 45 25.9

intraclass correlation (ICC) coefficients were calculated
for the video analysis for agreement and consistency.
Five random cases were tested for reliability, where the
raters labeled question/nonquestion communications
following with/without check-backs. ICC scores within
the range of 0.21 to 0.40 were interpreted as fair, 0.41 to
0.60 as moderate, 0.61 to 0.80 as substantial, and 0.81 to
1.00 as almost perfect agreement.*”

RESULTS

All 40 participants completed the study. The frequency
of each scenario and clinical performance score is
shown in Table 1. Frequency across scenarios was not
uniform as participation in the study was voluntary and
randomly assigned.

Average frequency of communication segments per
scenario were as follows: 39 segments initiated by medi-
cal students, 11 segments initiated by nurse, and 5 seg-
ments initiated by patient. Figure 2 summarizes the
conversations with (Fig. 2a) and without (Fig. 2b)
response from initiator to receiver. The nodes represent
each individual role in the simulation, and the thickness
of the arrows represents the proportion of communica-
tions over all scenarios. The direction of the arrow head
represents initiator to receiver relationship. The majority
of conversations with response (Fig. 2a) were initiated

S

(a)

from the student (67%). Conversations initiated by the
patient were the least frequent. Five percent of commu-
nication from the medical students did not receive a
response from either the nurse or the patient (Fig. 2b).
Only 1% of the communication resulted in medical stu-
dents not responding to the nurse or patient (Fig. 2b).

Communications were further analyzed by type (ques-
tion or statement), completion of a check-back, and
roles, for example, student to nurse, student to patient,
nurse to patient, etc. (Fig. 3). The ICC analysis for label-
ing type and check-back resulted in 0.859 and 0.879 for
agreement and consistency, respectively. These coeffi-
cients fell in into the range of 0.81 to 1.00, which indi-
cate significant reliability.

The most frequent type of communication was stu-
dent to nurse questions with check-back (Fig. 3a). Out
of an average 16 student-to-nurse questions per scenario
(Fig. 3a and ©), 99% received a check-back from the
nurse. About 2.6% of questions from nurse or patient did
not receive a student’s check-back.

For statements, medical students received check-
backs from the nurse 91% of the time. However, student
statements to the patient received check-backs least fre-
quently at 75% per scenario. Comparing across roles,
communication between nurse and patient were the
least frequently observed regardless of conversation
type (question vs. statement) or occurrence of check-
backs.

—_—<10%
— 10%
I 5%
I 0%
-

(b)

FIGURE 2. link analyses of proportion of inferpersonal communications observed between the feam members (link widths are scaled fo frequency): (a) with

checkback [response), [b) without checkback [response].

Journal of Surgical Education ¢ Volume 76 /Number 5 ® September/October 2019 1341



25 ¢ 8
20 F
l I
- 15
g I
= 4r
10 l
I ' | |
S F
0 [ 1 [ I L 0
Student - Student - Nurse - Nurse - Patient- Patient- Student - Student - Nurse - Nurse - Patient- Patient-
Nurse Patient Patient Student Student Nurse Nurse Patient Patient Student Student Nurse
(a) Question with check-back (b) Statement with check-back
2 4
3
- N
= =
31 32
Qo Q
0 [ 0 I 1

Student - Student - Nurse - Nurse -
Nurse Patient Patient Student

(¢) Question no check-back

Patient - Patient -
Student  Nurse

Student - Student - Nurse - Nurse - Patient- Patient-
Nurse Patient  Patient Student Student Nurse

(d) Statement no check-back

FIGURE 3. Interpersonal communications among student, nurse, and patient of all cases. (a) Initiated questions with a check-back (response). (b) Initiated
statements with a check-back [responsel. (c) Initiated questions without a check-back (responsel. (d) Initiated statements without a check-back (response.

Findings from the audio processing are shown in
Table 2. Comparison of speech features between stu-
dent to nurse and student to patient showed that student
audio features differed depending on whether s/he was
speaking to the patient or nurse. On average, communi-
cation to patient was 3 dB louder (p < 0.05) than nurse,
speech ratio to patient was 5% more than nurse (p <
0.05), and more questions and statements with check-
back were directed to nurse (p < 0.05). Speech duration
and speech rate were not statistically different whether
the student was communicating with the nurse or
patient.

Features derived from the audio recordings showed sig-
nificant correlation to performance scores. Out of all the
audio features, the strongest relationship with respect to
performance score was the positive association
(Pearson’s p =0.493, p =0.001) between frequency com-
munication initiated by the student (regardless of state-
ment or question or to which team member) as shown in
Figure 4. Frequency of communication between student
and nurse (with check-back) were also significantly corre-
lated with performance (p=0.456, p=0.003), while
speech duration between student to nurse approached
but did not reach significance (p = 0.294, p = 0.0606).

TABLE 2. Comparison Between Student fo Nurse and Student to Patient With Significant Differences Indicated

To Nurse To Patient
Speech Measurables Mean Mean SD tValue p Value
Speech duration (s) 65.77 20.67 61.92 22.85 0.86 0.40
Speech ratio 0.21 0.06 0.26 0.07 -5.01 <0.001
Speech intensity: average (dB) 59.6 3.66 62.56 2.54 -6.7 <0.001
Speech rate (syllable/second) 2.48 2.47 0.58 0.14 0.89
Question and statement with check-backs 19.33 16.58 5.03 2.62 0.01

Bolded pvalues indicated stafistically significant variable [p < 0.05).
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FIGURE 4. Correlation between frequency of communications and clinical performance.

Leveraging all communication metrics to determine
the relationship between communication and perfor-
mance, a forward stepwise regression approach identi-
fied significant predictors of performance. The stepwise
selection removed variables that may be collinear, and
stepwise selection result can be seen in Table 3. The
final model resulted with an R-squared value of 0.61.
With increasing frequency of statements from student
to nurse that received check-backs resulted in improved
performance (p < 0.05). Similarly, increased frequency
of questions from student to nurse that received check-
backs improved performance (p < 0.001). Variables
describing conversation without check-backs (i.e., com-
munication that received no response from the other
individual) were not predictive of performance. For
speech features, duration of speech directed toward the
patient also had positive association (p < 0.001) with
performance. Although not statistically significant,
increasing speech intensity to patient (p=0.07) and

TABLE 3. Resulting Model From Stepwise Regression of Speech
Features to Predict Clinical Performance

Terms Coef pValue
Constant 77.7 0.266
Student to nurse with check-back (Q) 3.268 <0.001
Nurse to student with check-back (Q) 1.23 0.154
Student to nurse with check-back (NQ) 2.52 0.037
Nurse to student with check-back (NQ) -1.39 0.203
Patient to nurse with check-back (NQ) 4.49 0.059
Speech ratio overall -112.8 0.1

Student to nurse speech Intensity 1.72 0.115
Student to patient speech Duration 0.586 0.001
Student to patient speech Intensity -3.02 0.065
Q, communication started with question; NQ, communication sfarted with

sfatement.
Bolded pvalues indicated stafistically significant variable [p < 0.05).

speech ratio (p=0.10) were also associated with
improved performance.

DISCUSSION

Communication is widely known to impact clinical per-
formance, and the findings of this study explored quanti-
tative communication metrics that predict clinical
performance in a team-based healthcare simulation. Sev-
eral speech features were significantly associated with
clinical performance, thus, the results of the study sup-
port our first hypothesis that communication features
can be derived from audio data to further understand
healthcare providers’ communication behavior. The first
approach distinguished communication by roles that ini-
tiated the dialogue, intent of the communication (i.e.,
statement or question), and by whether check-backs
were observed was based on previous work in the clini-
cal literature.’” Our results suggest that medical students
tended to direct more questions to the nurse rather than
the patient, included questions such as asking the nurse
for the patient’s current status and requesting equip-
ment. However, the main communications from student
to patient were statements, which primarily focused on
stating the causes of the patient’s symptoms and com-
municating the care plan. In addition to interprofes-
sional communication, patient communication is
another area of major focus for medical education, train-
ing, and practice. Studies have shown that it is important
for patients to receive unambiguous statements from
healthcare providers during the diagnostic process,
appropriate treatments can then be conveyed pre-
cisely.”' According to closed-loop communication, this
ensures a clear understanding regarding clinical informa-
tion, and this information is shared among healthcare

Journal of Surgical Education ¢ Volume 76 /Number 5 ® September/October 2019 1343



providers before conducting appropriate patient care.’”
Results showed conversations with no response from
patient to student were commonly detected, which was
likely the result of the variety of symptoms and condi-
tions presented in the different scenarios. For example,
repeated examination by the student may be causing
severe pain to the patient, and thus resulted in no
response from the patient.

In seeking additional insight into communication, our
results from medical students’ speech features showed
that several audio metrics yielded a significant outcome
in comparison between students to nurse and students
to patient. Although the audio recordings revealed that
the students spent less time talking to the patient than
to the nurse, the difference in speech duration was not
significant statistically. Speech ratio was calculated
based on the speech duration of the student during each
conversation segment, where higher speech ratio from
student to patient could indicate less action and thinking
time, and a smaller speech ratio from student to nurse
could indicate that there were more hands-on examina-
tions of the patient and time spent making clinical deci-
sions. Another observation was that medical students
spoke with a higher volume to the patient than to nurse.
In a study of patient satisfaction, a greater satisfaction
was reported when physician was speaking in a higher
volume to the patients.’” It is unclear why this phenom-
enon was observed; however, we hypothesize that medi-
cal students were trying to communicate clearly with a
patient who may be in physiological or psychological
distress, or who they are not familiar with vs. a team
member who they have worked with throughout their
training. It is also possible that the lack of facial expres-
sions of the manikin may have also influenced student
behavior.

Lastly, statistical methods were performed to identify
the relationships between measured variables and per-
formance scores. A statistically significant variables had
a positive relationship with their scores. The frequency
of communication with nurse and patient yielded a high
correlation with performance score (Fig. 4) compared
with other communication variables: for example,
speech duration, communication from student to nurse
with check-backs. Students with a higher communica-
tion frequency had higher performance scores and may
suggest that medical students asked questions to gather
more information about the patient, to further identify
the patient’s symptoms with learned knowledge.
Accordingly, statement-initiated conversations were
later made by medical students to conduct correspond-
ing treatments (e.g., think-aloud), which therefore
resulted in a positive patient outcome. In addition to cor-
relation, a predictive model that related these variables
with performance was developed. The result from the

stepwise regression model showed that there were 9 fac-
tors, resulting an R-squared value of 0.61. Communica-
tions from student to nurse with check-backs was
especially significant in the regression model, which
also suggests a strong correlation between frequency
communication and performance score. From the
regression model, the number of both question and
statement events between student and nurse was signifi-
cant, but not the frequency of conversation with
patients. Rather, the duration speaking to patients was
more predictive of performance.

Though clinical performance is known to be depen-
dent on personal knowledge, communication is clearly a
significant factor that contributes to clinical perfor-
mance. Indeed, medical students’ performance differed
according to measured audio variables. Thus, the objec-
tive audio variables have the potential to augment clini-
cal training and assessment. These variables may be
useful in evaluating healthcare providers’ communica-
tion in team-based simulations and the relationship of
communication variables and healthcare providers’ per-
formance in the clinical setting.

This study contains limitations which are important to
note. First, although the sample size of the study (40 par-
ticipants) was adequate, this study was not designed to
test participant characteristics such as gender, age, or
ethnicity. Given that these demographic factors may
affect speech behaviors, future study participant recruit-
ment needs to focus on gender, age, and ethnicity to
assess their impact on communication features. In this
simulation, limited communication was observed
between nurse and patient, which could be due to the
simulation setting that medical students were the main
evaluation subject, being tested by the nurse confeder-
ate and the manikin patient controlled by a technologist.
Although the participants were simulating hospital roles,
the diagnostic process, environment, and equipment
were identical to real hospital settings. For the fre-
quency of communications, check-back is only one part
of close-loop communication where the receiver accepts
the message and acknowledges its receipt; however in
this study, any verbal response was accepted as a check-
back. Future work should explore the more rigorous def-
inition of check-back.

Six different scenarios were randomized across partici-
pants, and each diagnostic process was different across
all scenarios. Furthermore, each scenario was different
and thus resulted in different diagnostic process, medical
examinations, and treatments. Some scenarios may
require more hands-on examinations, causing a longer
silence in the segment which resulted in a smaller speech
ratio. Despite these differences, several speech metrics
were significant suggestion that the approach using com-
munication features for assessment can be generalizable
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across a variety of clinical case scenarios, communication
across a variety of clinical case scenarios.

Finally, the statistical models were generated through
stepwise regression, but due to the richness of continu-
ous audio recordings and features, future research with
more robust statistical approaches may provide addi-
tional insights on the relationship between audio met-
rics and performance.

CONCLUSION

Effective communication in healthcare settings is impor-
tant in enhancing team performance and providing posi-
tive patient outcomes. By analyzing interpersonal
communication among medical student, nurse, and
patient during a simulated clinical scenario using audio
recordings this study demonstrated the feasibility of
quantifying communication features and patterns among
participants. Importantly, the results showed that the
frequency of student communication with the nurse and
patient predicted their clinical performance during the
scenarios. Our future work will focus on discovering
improved communication metrics, and an improved sta-
tistical modeling of performance.
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