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We describe the results of speech patterns analysis
during trauma resuscitation—a complex, error-prone
medical process for treating severely injured patients—
to inform future development of an activity recognition
system that uses different sensors in the environment,
including speech. The goal of the system is to support
teamwork by detecting process deviations and alerting
teams to errors. We contribute to system design and
broader literature by performing human-centered
analysis of speech and characterizing activities that are
challenging to recognize through the speech modality.
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Introduction
Trauma resuscitation involves care providers from
multiple disciplines working together to treat severely
injured patients in a high-risk, fast-paced setting.
Although teams follow a standard evaluation protocol,
errors and deviations are still observed, even among

experienced teams [2]. Our long-term goal is to
support this complex medical teamwork by developing
a decision-support system that would automatically
recognize activities and alert teams to errors in real
time. To date, we have equipped the trauma room in
our collaborating hospital with sensors, including Radio
Frequency Identification (RFID) tags, microphone
arrays and Kinect motion sensors. While activities
performed with objects (e.g., listening to breath sounds
with a stethoscope) can be recognized using RFID tags,
activities without objects (e.g., patient palpation) pose
a challenge for detection and recognition.
Recent studies have focused on activity recognition in
various complex team settings via different modalities
including video recordings [3], sensory cues from
embedded and RFID sensors [1], and computer vision
for identifying body posture, movement and location
[5]. Most recently, speech recognition and natural
language processing techniques have been combined to
develop tools that leverage context-specific grammars
and dictation models to interact with computers [6].
While there has been extensive research in activityand speech recognition, none of these address the need
for using speech as a sensor for automatic activity
recognition in emergency medical settings.
Because trauma teams rely on verbal communication to
request or share information, assign tasks, or confirm
activity completions, speech can be seen as a useful
clue for activity recognition. The challenge, however, is
that trauma team members usually do not call out a
resuscitation activity while it is being performed. The
activities are rather discussed and reported before the
execution, during the planning and preparation, or after
the completion of the activity to report the results. In

this work, we seek to identify speech patterns for all
resuscitation activities to leverage speech as a sensor
for automatic activity recognition. Knowing these
patterns will allow us to identify common keywords and
phrases used before, during and after an activity is
completed, which can in turn be used for keyword
spotting. We conclude by discussing implications and
challenges for using speech in designing a system for
activity recognition during complex teamwork.

Methods
We performed secondary-data analysis on 18 detailed
transcripts and activity logs of actual trauma
resuscitations that were observed over a three-month
period at an urban, teaching hospital in the U.S.
Northeast region. The transcripts were chronological
and included every activity and utterance in the event.
For each activity or utterance, we also had timestamps,
roles performing the action or talking, and roles
towards which the action or speech were directed. For
the purposes of our analysis, we only used transcribed
communications and activities, blocking out the
information about roles or times. Similar to a
microphone in the environment that only picks up the
speech, we used the minimum amount of information
to better understand the constraints and types of clues
that speech offers for activity recognition. We also used
an activity dictionary—a detailed log of activities
developed by medical experts on our team—to ensure
that we correctly matched activities from the
transcripts to those performed by teams.
Data Analysis
We began our analysis by categorizing the activities
from the activity dictionary into “with objects” and
“without objects.” This process of categorizing helped

us identify activities that are performed without any
RFID-tagged objects and depend on other modalities,
like speech, for detection. We then identified the related
speech excerpts in the transcripts and mapped them to
the activities. In the next step, we identified speech
patterns for different activities and extracted most
common keywords for these activities. These keywords
were classified into spoken before, spoken during, and
spoken after the activity was performed. We next
present the findings from this analysis.

examination always starts with a person asking for
patient roll on count “one, two, three.” If the patient is
conscious, they are alerted that a back examination is
being done and the doctor is touching the patient’s
back. The bedside physician then starts palpating down
the patient’s spine continuously asking, “Any pain?” or
“Does it hurt?” at the location of palpation (Line 164,
Figure 1). Sometimes, the physician also mentions
what area they are palpating. The result of the back
examination is reported after it is completed (Line 166,
Figure 1), at which point, the patient is rolled back.

Findings

Figure 1: Speech excerpt for back
examination (Case 007). PTN
denotes the patient.

We have identified three types of patterns based on our
analysis of speech during trauma resuscitation:
activities with a definite speech pattern, activities
distinctly reporting the numerical results, and activities
reporting the results with specific keywords.
Activities with a Definite Speech Pattern
Activities with a definite speech pattern use specific
speech attributes that clearly indicate what activity is
being performed. We have identified several such
activities, including the back examination, neurological
exam, pupil examination and breathing assessment. In
the interest of space, here we provide details about the
first two activities.

Figure 2: Speech excerpt for
neurological exam (Case 001).
PTN denotes the patient.

Back Examination: This activity does not involve any
objects and is typically performed during the secondary
patient survey, once the initial (primary) evaluation is
completed and major injuries had been identified and
managed. The patient is first rolled on their side and
the bedside physician then performs the exam by
palpating the patient’s back. Figure 1 shows an
example of a conversation before, during and after
back examination. We have found that back

Neurological Exam: This is another activity that does
not use any objects. Figure 2 shows an excerpt for
calculating Glasgow Coma Score (GCS), a value that
indicates the patient’s neurological status by measuring
verbal, eye and motor functions. This activity is part of
the initial patient survey to gauge the severity of an
acute brain injury, if any. If the patient is conscious and
obeying commands, the exam starts with a question
directed to the patient, typically asking for their name
or the weekday to assess their verbal skills (Line 42,
Figure 2). There may be other questions about date of
birth or if they remember anything about the accident
(Lines 45, 50, Figure 2). These questions are followed
by requests to move extremities (e.g., “move your
toes” or “squeeze my hand”) to assess their motor
abilities (Line 61, Figure 2). In several cases, we
observed that pupil examination was done along with
the neurological exam or immediately following (Lines
52, 53, Figure 2) as a parallel activity with an object.
We discuss overlapping activities later in the paper.
As illustrated in the above examples, we have found
that the activities in this category use the same lines of
speech with a little or no variation before, during and

after the activity is completed. The common keywords
for these activities are shown in Table 1.
Activities Distinctly Reporting Numerical Results
Activities distinctly reporting numerical results do not
follow a definite pattern of speech, but could be
recognized by the specific way the values are reported.
We have identified many activities including blood
pressure (BP) check, exposure assessment, oxygen
saturation, and heart rate/pulse rate check. We use the
first two activities to illustrate this pattern.

Figure 3: Speech excerpt for
blood pressure check (Case 008).
PTN denotes the patient.

Figure 4: Speech excerpt for
exposure assessment (Case 002)

Blood Pressure (BP) Check: This activity is performed
multiple times throughout the resuscitation process.
Blood pressure is checked to assess circulation and it
involves multiple objects including stethoscope and BP
monitors. Figure 3 shows a speech excerpt for this
activity. We observed that the blood pressure values
are sometimes accompanied by identifier words such as
“BP” or “blood pressure” or “manual” or “cuff” (Line 53,
Figure 3). There are also examples of blood pressure
values reported without any identifiers, but these
usually follow a request, (e.g., “what is the blood
pressure?”), which could instead act as an identifier
(Lines 86, 182, 245, Figure 3). Blood pressure is also
often reported with other vitals, like heart rate and
oxygen saturation (Line 122, Figure 3). The unique
feature of the blood pressure value is that it always has
a set of two numbers separated by the word “over”
(Lines 126, 176, Figure 3).
Exposure Assessment: Similar to BP check, this activity
is performed multiple times throughout the process
using thermometer. During this activity, the patient’s
temperature is measured and environmental exposures
are reviewed. Figure 4 shows a speech excerpt for this

activity. Temperature values are sometimes
accompanied by “temperature” or “temp” or preceded
by a request for temperature (Line 173, Figure 4). We
also observed that the temperature was the only
numerical value that could be a decimal number.
Although these activities do not use a definite speech
pattern or specific keywords, it would still be possible to
recognize these activities by their unique way of
reporting numbers.
Activities Reporting the Results with Specific Keywords
Activities with specific keywords for reporting the
results typically use less speech to no speech before or
during the activity. Several activities fall into this
category, including abdomen and pelvis examination,
ear examination, chest examination, peripheral pulse
check and central pulse check. We use the first two
activities to exemplify this pattern.
Abdomen and Pelvis Examination: This activity does not
involve any objects. The patient’s abdomen and pelvic

Before

During

After

Back
Examination

Neurological
Examination

turn, roll, on my count,
one two three, back,
exam, hurts
does it hurt, squeeze,
spine, press, up and
down, lower thoracic

no speech

open your eyes, what
is your name, what is
your date of birth,
squeeze my hand,
wiggle your toes, move
your hand, lift your leg
roll back, count, one two GCS, glasgow coma
three, gross, ecchymosis, score, values
step offs, vault, prostate,
tenderness

Table 1: Common keywords/phrases for back examination and
neurological examination.

area are visually inspected and palpated to identify any
injuries, and the results are reported once the activity
is completed (Lines 57, 70, 72, Figure 5).

Figure 5: Speech excerpt for
abdomen and pelvis examination
(Case 003). PTN denotes the
patient.

Ear Examination: This activity is performed to check
injuries in patient’s ears using an otoscope. As shown in
Figure 6, when the patient’s ears are examined, the
results are reported using specific keywords, e.g., “TMs
[tympanic membranes] clear” or “clear bilaterally.”
As illustrated in the examples, these activities use less
speech, but they can be recognized using the specific
keywords found in verbal result reports. Common
keywords for these activities are shown in Table 2.

Design Implications and Challenges
Figure 6: Speech excerpt for ear
examination (Case 012). PTN
denotes the patient.

Figure 7: Speech excerpt for
blood pressure check using
Doppler (Case 017)

This paper describes the preliminary findings from
speech analysis of trauma resuscitation transcripts to
leverage speech as a sensor for automatic activity
recognition. We have found three types of speech
patterns that could be incorporated into the design of
an activity recognition system. Here we discuss a few
design implications.
We have identified commonly used keywords for
activities before, during and after their completion.
These keywords could be used for constructing
narrative schemas for resuscitation activities [4]. First,
for each of the resuscitation activity, all possible
“standard” narrative schemas could be constructed and
built into the system. The system would then
dynamically construct narrative schemas at runtime
and continuously compare them to the “standard”
schemas to recognize the activity. Furthermore, once
the activity has been recognized, the system could also
detect potential process deviations. For some of the

resuscitation activities, we also found common phrases
that are used before the activity is started. The
narrative schemas along with the commonly used
phrases could be used to indicate the beginning of the
activity, completion status of activities, and time to
complete the activities, thus supporting better decision
making process. Also, the pattern with a distinct way of
reporting numerical results not only indicates the
completion of the activity, but also the outcome of the
activity.
Next, we turn to the design challenges for using speech
as a sensor for automatic activity recognition. First,
several of these activities are almost always
overlapping. It is challenging to recognize the activity
when there are interleaved requests without a clear
speech attribute. Second, in our analysis, we used
transcripts that were previously transcribed by a
human. However, in a real-world scenario, there will be
microphones in the trauma room and on people
performing activities. Occasionally, important parts of
the conversation could be missed for various reasons,
like technical difficulties, people talking in a low voice,
or too many people talking at the same time. It is
difficult to recognize the activity if the missed part of

Before
During

After

Abdomen and Pelvis
Examination
pelvis stability, belly,
hurt, press
no speech
abdomen, distended,
non distended, soft,
belly, pelvis, stable,
seatbelt, pulse,
abrasion, tender, DP,
fracture, intact

Ear Examination
no speech
left ear, right ear
bilateral TM, clear,
blood, bleeding, wax

Table 2: Common keywords for abdomen and pelvis
examination and ear examination.

the conversation is the sole indicator of the activity. For
example, if the word “over” in “154 over 94” (Line 176,
Figure 3) is skipped, there is no other indicator of this
statement being a BP value. Third, at times, different
devices may be used for examination. Because
reporting values changes based on the device, it will be
challenging to recognize the activity since the pattern
to report the result varies. For example, in Figure 7, we
see that the blood pressure was reported as a single
value rather than the standard, value-over-value when
a Doppler was used. Although these cases do not
happen often, it is important to consider these
anomalies for the design purposes.
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Conclusion
This work describes our initial findings from a speech
analysis to leverage speech as one of many sensors for
automatic activity recognition in an emergency medical
setting. We have identified three types of patterns for
verbalizing the resuscitation activities, and discussed
implications and challenges for designing a speechbased, automatic activity recognition system. Through
ongoing research, we continue to explore how speech
could be combined with additional modalities like video,
computer vision, and other sensors to support the
future development of a decision-support system for a
complex medical setting such as trauma resuscitation.
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