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Abstract

In emergency medical procedures, positive and
trusting interaction between followers and leaders
are imperative. That relationship is even more im-
portant when a virtual agent assumes the leader role
and a human assumes the follower role. In order
to manage the human-computer interaction, situa-
tional leadership is employed to match the human
to an appropriate leadership style embodied by the
agent. This paper explores how different leadership
styles can be conveyed by a virtual agent through an
analysis of utterances made by doctors and coordi-
nators during emergency simulations. We create a
corpus which comprises utterances from simulation
videos of medical emergencies. Each utterance is
annotated with a leadership style. After analysing
the agreement among annotators and performing k-
means clustering and latent Dirichlet allocation, we
compile easily-reproducible rules that dictate how
speech should appear in each leadership style for use
in a virtual agent system.

1 Introduction

During an unexpected medical emergency on a re-
mote site without medical experts nearby, the indi-
viduals present must assume the roles of caregivers.
Regardless of whether these amateur caregivers have
medical experience, a leader is necessary to ensure
the procedure is adhered to [1]. We propose a virtual
medical assistant agent to guide the caregivers dur-
ing an emergency in an isolated, remote site. This
virtual agent will be fully equipped with knowledge
of the humans’ capabilities and the medical proce-
dure’s tasks and resources.

While the medical procedure is the priority, also
of great importance is how the agent interacts with
the caregivers in order to create a positive working
relationship [1]. To accomplish this goal, we employ

situational leadership, enabling the agent to commu-
nicate with and guide the caregivers by matching
them with an appropriate leadership style [2].

Situational leadership describes four leadership
styles composed of high or low levels of task (direc-
tion regarding the task) and relationship (socioemo-
tional support) behavior [2]:

1. Directing: high task and low relationship;

2. Coaching: high task and high relationship;

3. Supporting: low task and high relationship;

4. Delegating: low task low relationship.

Despite various studies on the performance of
situational leadership [3], no prior work has been
completed to discover how leadership style might
change vocabulary and syntax, which is what we
explore in this paper. Therefore our work provides
novel contributions to the fields of human behavior,
healthcare, and intelligent virtual agents.

Our SAIBA-compliant agent framework in-
volves text-to-speech, without an emphasis on into-
nation [4], so leadership style must be determined
from text only. We compiled medical leader (coor-
dinator or surgeon) speech into a corpus which were
then annotated with leadership style by four people.
This annotated corpus was then analysed in order to
generate rules regarding agent speech in each of the
four leadership styles.

In this paper, we briefly discuss the state of the
art, we explain how we built our corpus, and we ex-
plain our methods of analysis and results.

2 State of the Art

This work encompasses three main domains: vir-
tual healthcare agents, leadership, and linguistics.
Healthcare agents have been used previously for
training and coaching [5], questionnaires and diag-
nostics [6], and patient monitoring [7]. In these
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systems, agents accept spoken input from patients,
rather than caregivers, and there are clear and fixed
steps in a system in which two-way conversation is
encouraged between the agent and the patient. A
comprehensive review of ECAs in healthcare is also
available from 2018 [8].

A huge amount of research involving ECAs
as leaders investigates agents as tutors or teachers,
where an agent assumes a role of authority and aims
to lead a human through a series of steps [9, 10].
Sometimes, embodied tutors take into account the
prior knowledge of the user as well as the actions
taken by the user throughout the learning experience
[9]. An agent’s personalized content and conversa-
tions have been found to improve user engagement,
improve the quality of speech, provide timely feed-
back during the interaction, provide adaptive train-
ing, and allow for self-reflection [10].

The final component of this research involves
linguistics founded in Speech Act Theory (SAT).
SAT is a theory of linguistics that explores how
words work together to form utterances that perform
actions and is based on communicative or speaker’s
intention and form [11]. While intention and form
are not directly correlated, they are related [12].
For example, certain moods (e.g., imperatives, in-
terrogatives, and indicatives) which can explain a
speaker’s attitude, go hand-in-hand with certain sen-
tence structures. Other work has explored how atti-
tudes manifest in written communication [13].

3 Compiling the Corpus

The corpus contains coordinating nurse or doctor
speech from various emergency room simulation
videos and some previous literature. The speech was
split by complete utterance (294 total), separated by
change of speaker and change of situation state (e.g.,
before a patient receives an IV and after). These ut-
terances were then separated by segment (375 to-
tal) designated by a single subject-verb pair [14].
Each utterance, sentence, and segment (referred to
as strings from now on) was labeled with its gram-
matical mood (situational syntactic expression; our
corpus contains the imperative, interrogative, and in-
dicative moods), whether the string was direct or in-
direct (whether its literal meaning differed from its
implied meaning) [11], and its speech acts [15].

Four annotators were chosen: one woman and

three men, ages 21-29, all native English speakers
from the US and Ireland, and each with a minimum
education level of some college. None had medical
experience, ensuring that the results of our analysis
are applicable to novice caregivers.

The annotators were given the following infor-
mation: (i) the definitions of task and relationship
behavior, (ii) the definitions of each leadership style
as explained in the introduction, and (iii) a list of
the original descriptors for each leadership style [2].
Annotators were asked to assign a leadership style to
each string in the corpus. The order of strings was
randomized for each annotator to ensure that it did
not have any effect.

4 Pattern Analysis

In order to find the linguistic rules that separate each
leadership style from the others, we search for pat-
terns among the annotations. Because this work is
not semantic in nature, we do not apply methods
such as word embeddings or bag-of-words models
[16, 17]. In this section, we discuss the analysis
methods we used and the results.

4.1 Agreement Analysis

The Fleiss kappa statistic representing the agree-
ment among annotators on the entire corpus was
0.415 (p-value<0.05), indicating moderate agree-
ment (127 strings total were agreed-upon) [18].
Before understanding what string elements led to
agreement, we grouped the annotations by low and
high task behavior (directing and coaching together
and supporting and delegating together). The Fleiss
kappa value then jumped to 0.570 (p-value < 0.05).
When grouped by low and high relationship behav-
ior (directing and delegating together and coach-
ing and supporting together), the kappa dropped to
0.362 (p-value < 0.05). These results indicate that
annotators agree more on indicators of task behav-
ior than those of relationship behavior and imply
that indicators of relationship behavior may be more
unique to individual followers.

We analyzed several speech characteristics to
understand what elements lead to a consensus of
leadership style. Using context from the situations
in which speech occurs, we determined whether the
string was direct or indirect; an indirect string may
have literal and implied meanings that differ while
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Table 1: The Fleiss kappa values of strings that only included one mood each, for a total of 328 strings (73
imperatives, 44 without let; 76 interrogatives; 178 indicatives). The overall kappa value is 0.404.

Imperatives Interrogatives Indicatives
all with “let” without “let”

Directing 0.187* 0.000 0.274* -0.008 0.264*
Coaching 0.217* -0.008 0.326* 0.126* 0.374*

Supporting -0.043 -0.036 0.256* 0.075 0.310*
Delegating 0.111 0.094 0.010 0.097 0.547*

*p-value < 0.05

direct strings’ literal and implied meanings are the
same. [11]. The Fleiss kappa for direct strings was
0.377, and the kappa for indirect strings was 0.193.
When separated by assigned leadership style, the an-
notators had far more agreement when it came to
direct strings except for when coaching leadership
was assigned (kappa = 0.265, p-value < 0.05). This
is likely due to the strings that use the interrogative
mood yet aim to direct the follower to do something.
In cases such as these, the form does not match the
intention, and so they are indirect.

We also analysed the agreement in terms of
mood (see the Fleiss statistics in Table 1). The anno-
tation results indicate that an imperative containing
“let” is often interpreted differently in English than
imperatives with other verbs (e.g., “Let’s go home”
vs “Go home”; the first implies that the speaker is in-
volved whereas the second does not imply involve-
ment by the speaker [11]). Imperatives with “let”
are more ambiguous than those without, as shown
by the kappa value, implying that leadership speech
should generally avoid imperatives using “let”.

Generally, interrogative strings were not agreed
upon. The strings that annotators most agreed upon
were indicatives that were ultimately labeled as con-
taining delegating leadership.

As shown in Table 2, not all kappa values are
significant, and some are likely low because the
speech acts are not distributed evenly throughout the
corpus. Speech acts offer, support, request informa-
tion, and respond do not show up often within the
corpus, which indicates that they would not often
present themselves during a medical procedure, al-
though there is a possibility that this is due to the
size of the corpus. Regardless, it is clear that cer-
tain speech acts belong in certain leadership styles
by examining the agreement statistics.

4.2 Agreement Between Individuals

We then explored whether there were any patterns
in how annotators rated leadership style in terms of
age/work experience and gender. The Fleiss kappa
statistic for just the male annotators was 0.433 (p-val
< 0.001), which is not much higher than the over-
all kappa statistic of 0.415. The kappa for the three
annotators aged 27-29 with significant work experi-
ence was 0.387 (p-val < 0.001), indicating that gen-
der and age/work experience had no effect on per-
ceptions of leadership style.

When the annotators’ ratings were grouped by
task behavior, the agreement among men was 0.536
(p-value < 0.001), and when grouped by relation-
ship behavior, the kappa was 0.397 (p-value <
0.001) - higher than the overall kappa when rat-
ings were grouped by relationship behavior. This
might suggest that indicators of relationship behav-
ior could change depending on gender. However,
the agreement is still rather low, which again points
to relationship behavior being very individual.

When the responses from the older annotators
with more work experience were grouped by task
behavior, the kappa is 0.56 (p-value < 0.001). When
grouped by relationship behavior, the kappa is 0.312
(p-value < 0.001).

More research is needed to understand how in-
dividuals perceive relationship behavior and how
varying levels of task and relationship behavior in-
fluence a follower’s performance during a task.

While we gathered some valuable insights from
examining the annotated corpus statistically, we per-
formed clustering to discover further patterns be-
tween each leadership style.
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Table 2: The Fleiss kappa values of strings containing each speech act. Totals refers to the number of strings
labeled with that speech act.

Instruct Inform Offer Request information Respond Support

Directing 0.427* 0.294* -0.081 -0.031
Coaching 0.531* 0.396* -0.500 -0.207* 0.593*

Supporting -0.016 0.099* -0.500 -0.088 -0.204 0.455*
Delegating 0.180* 0.555* -0.029 -2.04 -0.138

Totals 168 138 1 42 15 11

*p-value < 0.05

4.3 Clustering

The corpus is first limited to only the strings that
were agreed upon by all four annotators in terms
of leadership style, leaving 127 strings. Each
string was part-of-speech (POS) tagged with Stan-
ford CoreNLP. The POS-tagged strings with the
words removed as well as the strings without POS-
tags are clustered separately using k-means [17].
The similarity measure used here is cosine similarity
which determines the cosine between two vectors.
The process involves (i) identifying common se-
quences of words within a group and (ii) represent-
ing each string by a numeric vector composed of 0s
and 1s based on the presence of each of those com-
mon words or phrases in that particular string [16].
This method is similar to a bag-of-words model in
that word order does not matter.

The goal is to identify patterns among the
agreed-upon strings and then check whether those
patterns are indicative of one leadership style. The
sum of squared differences (SSD) is used to deter-
mine the number of optimal clusters. The strings are
then clustered with k-means into the optimal num-
ber of clusters based on the presence of common se-
quences within each string as explained above. The
leadership style present in each cluster and the com-
mon sequence(s) that define each cluster then define
the linguistic rules for each leadership style.

Common sequences were found by defining the
length of the sequence and the number of times
that sequence needed to exist among the agreed-
upon strings. Clustering with k-means was per-
formed (see Figure 1), and the resulting clusters that
contained a single (or nearly a single) leadership
style were examined. The common sequences that
formed the clusters and were found to be present
in only one leadership style are listed in Table 3).

Figure 1: The SSD at optimal k when the raw strings
and POS tags only from agreed-upon strings are
clustered. The legend gives the number of words or
POS terms that form the sequence and the number of
times that sequence had to be in the 127 agreed-upon
strings for it to be considered a common sequence.

Sometimes, a POS sequence corresponded to a sin-
gle sequence of raw words; in these cases, the words
themselves are in the table instead of the POS tags.

4.4 Analysis of Individual Annotations

Analyzing the agreed-upon strings is useful for find-
ing characteristics of speech that might be uni-
versally recognized, but we also must account for
differences between the annotators. Using latent
Dirichlet allocation (LDA), we explore each annota-
tor’s assignment of leadership style [19]. Sequences
of raw words did not yield meaningful results, so se-
quences of three POS tags were used to find impor-
tant and distinct groups. An initial assessment using
LDA on the agreed-upon strings resulted in many of
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Table 3: A list of rules generated by clustering on the agreed-upon strings’ POS tags. When a sequence of POS
tags tended to be a set of specific words, only the specific words were included.

Directing Coaching Supporting Delegating
Directness Direct Direct, Indirect Direct Direct

Mood Imperatives without
“let”, Indicatives

Interrogatives, Indicatives Indicatives Indicatives

Speech acts instruct instruct, inform, support support inform

Keywords “We need to, “I
want you to”,
“Carry on with”

“please”, “Okay, can someone”,
“for me, please”, “as well, please”,
“Please, can we”, “Can you please”,
“You can”

“Okay, thank
you”

“I see that”, “It
looks like”

POS tags MD PRP VB, PRP MD VB VBZ IN PRP$

the same sequences that were produced by cluster-
ing. Only some of our results are discussed here.

The first annotator that we examine is female,
age 26, with significant work experience. The most
represented POS sequence for strings labeled with
directing and coaching leadership was VB DT NN
(e.g., “check the pulse”). Strings containing the for-
mer were labeled with high-task behavior (directing
or coaching) by all annotators, indicating agreement
on task behavior when that sequence is used.

Annotator 1 assigned directing leadership to se-
quence VB JJ PRP (e.g., “make sure you”). Strings
containing the former were also labeled with high-
task leadership (directing or coaching) by all anno-
tators except for the male annotator aged 21 with
less work experience, who labeled them as having
delegating leadership.

She assigned coaching to strings with the se-
quence VB PRP VB, which entirely corresponded
to “let’s” + verb. Other annotators assigned these
strings styles 1-3, which confirms the lack of agree-
ment when “let” is used. If we were tailoring our
virtual agent’s speech to this annotator in particular,
we would use the word “let” to begin utterances with
high task and high relationship behavior.

The male annotator aged 21 with limited work
experience seemed to assign leadership style that
did not match the assignments by the other annota-
tors the most. The most representative sequence of
strings he assigned with supporting leadership was
PRP VBP DT (e.g., “we have a”, “I am a”). The
other annotators assigned these strings leadership
styles 1-4. This annotator clearly identifies an intro-
ductory statement as well as the use of “we” as being
an indicator of high relationship behavior, which is

not true for the other annotators.
Findings such as these demonstrate how even

further personalization of the agent’s communica-
tion might be necessary to correspond to an individ-
ual’s definition of task and relationship behavior.

5 Conclusions

Using our annotated corpus of medical leader
speech, we have identified linguistic rules for each
leadership style. These rules determine what kinds
of utterances a leader should make depending on the
appropriate leadership style. This work is intended
to be used in a dialogue manager for a virtual med-
ical assistant who guides human caregivers during a
medical procedure. The agent must communicate in
a manner appropriate to the caregiver. By designing
the agent’s speech according situational leadership
rules, we believe that the agent is able to establish a
positive working interaction with the caregivers.
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