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We describe an initial analysis of speech during team-based medical scenarios and its potential to indicate process delays in
an emergency medical setting. We analyzed the speech of trauma resuscitation teams during cases with delayed
intravenous/intraosseous (IV/10) line placement, a significant contributor to delays during life-saving interventions in trauma
resuscitation. The insights gained from this experiment will contribute towards the design of a clinical decision support system
(CDSS) that will use multiple sensor modalities to alert medical teams to errors in real time. We contribute to the literature by
determining how the intention of each speech line and the sentence can support real-time, automatic detection of delays
during time-critical team activities.

1 INTRODUCTION

Patients treated during trauma resuscitation, the initial phase of treatment after injury, have a higher risk of
morbidity and mortality due to medical errors than other hospitalized patients [2]. Patients who require life-
saving interventions (LSls)—treatments that reduce the probability of premature death among a specified target
population [1]—have an even higher mortality rate [2]. LSIs during trauma resuscitation include procedures
such as intubation (inserting a tube into the airway), blood transfusion, chest tube placement (inserting a tube
to drain air or fluid from the chest), cardiopulmonary resuscitation (CPR), and resuscitative thoracotomy
(invasive access of the chest cavity to control catastrophic blood loss). Timely performance of LSIs plays a
critical role in improving patient outcomes [8]. Understanding the delays that occur during these LSIs and how
teams respond to these delays is critical for designing clinical decision support systems (CDSS).

Prior work in HCl and CSCW research has identified challenges in recognizing speech during medical work
[4], but the underlying speech patterns and structures remain under studied. Our long-term research goal is to
support clinical teamwork during complex workflows by developing a CDSS that will recognize activities and
alert teams to delays in real time. Speech is critical during resuscitation activities, as clinicians communicate to



request tasks, share information, and confirm completion of activities. Understanding the nature of speech,
particularly during LSls, is necessary to inform the design of an effective, user centered CDSS. Prior work has
evaluated the feasibility of detecting clinical activities through speech [3], but it has not yet explored delay
detection.

In this paper, we report our initial analysis of speech associated with delays during LSls performed in 53
pediatric trauma resuscitations. A challenging activity necessary for the success of every LS| during pediatric
trauma resuscitation is the establishment of vascular access, either intravenously (1V) or intraosseously (10) [8].
In our dataset, IV/IO insertion was the most common delayed activity (36% of the cases) and had the longest
delays (mean = 114 seconds). Reducing IV/IO insertion delays could make LSIs more efficient and improve
patient outcomes. We focused our initial analysis on speech surrounding delayed IV/IO placement. Through
this analysis, we have identified patterns of speech associated with delays to assist in delay detection for the
future development of the CDSS.

2 METHODS

2.1 Dataset and Data Preparation

Six members of our research team transcribed audio recordings of actual trauma resuscitations performed
at a pediatric urban teaching hospital in the US Northeast region. During our data collection period (January
2016-December 2019), 122 trauma resuscitations containing one or more LSls occurred. Among these
resuscitations, 53 had video and audio recordings that were available for transcription and analysis after
obtaining patient/caregiver consent. Transcribing each event required up to 10 hours of active listening and to
capture the uttered speech. The transcripts were chronological and included every utterance in the event. Each
transcriber filtered out the blank sections of the audio files. Second, they removed any personal health
information that could identify the patient. They then listened to the audio multiple times to transcribe all speech,
separate overlapping speech, timestamp each speech line, and identify speaker roles.

Next, a clinical researcher with multiple years of trauma resuscitation experience reviewed video recordings
of all 53 cases and identified 122 LS| episodes. We call these episodes “critical windows.” An example of a
critical window is from the moment when the team decided to insert a chest tube to the moment when the team
successfully inserted and secured the chest tube. Next, this same clinical researcher and a medical student
identified delays that occurred during the critical windows. To ensure consistency, we used the following criteria
to determine if a delay occurred: (1) if team members had proceeded to the next phase of the protocol without
completing the previous required, (2) if a team member required prompting to start an activity, (3) if a team
member waited for the completion of the preceding activity before starting their activity, and (4) if a team member
needed a prompt to speed up their performance. Using this approach, the clinical researchers identified 328
activity delays across all 53 cases. Of these 328 delays, 76 were related to IV/IO placement occurring in 14
cases.

Using the timestamps, we marked the speech related to I1V/IO delays in the corresponding transcripts and
determined whether the speech lines were uttered before delays, during delays, or after delays were remedied.
Through this analysis, we identified 2,625 speech lines, 840 occurring during delays and 1,785 during non-
delayed activities.



Table 1: Intention Labels and Associated Activity Stage

Intention Label Activity Stage
Assess need for an activity Before
Request to perform an activity Before
Request clarification or more information on an assigned activity Before
Interact with patients about an activity Before
Query patients or request them to perform an action During
Request information on progress of an activity During
Report progress of an activity During
Request to modify or terminate an ongoing activity During
Report results of an activity performance After
Request clarification or more information on an activity performance After
Assess results of an activity performance After

2.2 Data Analysis

Three researchers (a human-centered computing researcher and two medical students, all trained in the
basics of trauma resuscitation) reviewed all speech lines and labeled them with one of 11 intention labels
adapted from prior classifications of trauma team communications [6] (Table 1). Each label aligns with an
“activity stage” to indicate whether the speech line occurred before, during, or after the activity performance.
We analyzed speech lines associated with both delayed and non-delayed activities to find whether the speech
differs between the two groups to aid in delay detection. We noted the sentence type using four categories
(normal, negative, interrogative, and imperative) to investigate whether questions, commands, or negative
words like “no” or “not” occurred more frequently during delayed activities.

To ensure consistency in data coding researchers reviewed and discussed speech lines from an older
dataset to practice coding. Next, the human-centered computing researcher labeled all speech lines in our
dataset, while the medical students each labeled 50% of speech lines. After labeling a subset of four cases, we
compared the labels of the researchers. The results showed a moderate agreement with an interrater reliability
score of 0.56 (Cohen’s Kappa). The researchers reviewed disagreements and discussed the correct labels.
Most disagreements were for intention labels with similar functions. For example, “request clarification” and
“request information” were often swapped as “report progress” and “report results.”

After discussion and recalibration, the researchers completed the remaining 10 cases and the recalculated
interrater reliability showed near perfect agreement with a score of 0.86 (Cohen’s Kappa). To determine if the
speech during delayed activities had the same distribution of intention labels and sentence types as speech
during non-delayed activities differed, we conducted a Chi-square goodness of fit test. We then performed a
two-sample t-test to compare the differences of the proportions per individual intention label. For all statistical
tests, we used an alpha of 0.05.



Table 2: Summary Statistics for Intention Labeling

Speech Lines during

Speech Lines during

Intention Label delays routine work P-Value
(n =840) (n=1,785)
Assess need for activity 17 (2.02%) 67 (3.75%) 0.01875*
Assess result of an activity performance 3(0.36%) 14 (0.78%) 0.21008
Interact with patient about an activity 13 (1.55%) 57 (3.19%) 0.00748*
Query patients or request them to perform an action 4 (0.48%) 12 (0.67%) 0.27975
Report progress of an activity 263 (31.31%) 475 (26.61%) 0.00623*
Report results of an activity performance 122 (14.52%) 275 (15.41%) 0.55273
Request clarification or information on an activity performance 53 (6.31%) 126 (7.06%) 0.47705
Request clarification or more information on an assigned activity 9 (1.07%) 41 (2.30%) 0.01579*
Request information on progress of an activity 31 (3.69%) 85 (4.76%) 0.20891
Request to modify or terminate an ongoing activity 78 (9.29%) 95 (5.32%) 0.00013*
Request to perform an activity 173 (20.60%) 327 (18.32%) 0.16525

3 FINDINGS

3.1 Speech Intentions during Activity Delays

We observed a significant difference in the distribution of intention labels between speech during delayed
and non-delayed activities, X2 (10, n =2625), p < .001. More speech lines with the intentions “report progress
of an activity” and “request to modify or terminate an activity” could be heard during delays than during non-
delayed activities (Table 2). Although “report progress of an activity” was the most common intention label in
both categories (delayed = 26.61%, non-delayed = 31.31%), the clinical team would more frequently report
progress during delays. For example, in cases where the team had made multiple 1V/IO insertion attempts
during delays, a clinician would report “I'm trying to get a line in.” The clinical team also requested team
members to modify actions or terminate activities nearly twice as often during delays than during non-delayed
activities than (9.29%, 5.32%), e.g., “slow down your compressions” or “use another line, use another line.”
During delayed activities, the clinical team requested changes or terminations more frequently than during non-
delayed activities. The frequency of this intention label could indicate when delays occur. During delays, the
clinical team assessed need for activities, interacted with patients less, and requested clarification or more
information about an assigned activity significantly less often than in non-delayed activities (Table 2).

3.2 Sentence Types during Activity Delays

The distribution of sentence type did not differ between speech occurring during delays and speech during
non-delayed activities, X2 (3, n =2625), p = 0.086. About five percent of speech lines were negative sentences,
indicating that something was incorrect or that personnel could not accomplish a task. Most negative sentences
occurred while activity was being performed (75%) and when clinicians were reporting progress of an activity
(62%), such as “this 10 is not working.” Eighteen percent of the speech lines were imperative sentences.
Imperative speech lines occurred while activities were being performed and were intended to modify or
terminate an activity (e.g., “yeah, try a PIV then”). Twenty percent of the sentences were interrogative



sentences. Almost all of these speech lines were requesting information (e.g., “is the IV on the left not
working?”). Lastly, 57% of speech lines were normal sentences, which were most often either reporting progress
of an activity (e.qg., “significant blood in the mouth”) or reporting results of an activity (e.g., “we got the second
line”).

4 CONCLUSION

Through this analysis, we found a significant difference in speech patterns in speech associated with delays
vs. speech during non-delayed work. During delays, the clinical team less frequently interacted with patients,
talked about assessing need for activities, assessed results for activity performances, and requested for
clarification. Rather, clinicians more frequently issue requests for modifications or terminations of activities and
for the team to perform activities during delays. By identifying these intentions, a system would be able to detect
when delays are likely occurring. When clinicians frequently discuss modifying or terminating activities, the
system could recognize that a delay is occurring and issue alerts to the clinical team. Further speech analysis
is needed to determine how the structures of speech lines relate to the intention labels and delays.

The distribution of sentence type was not significantly different between speech during delayed and non-
delayed activity. Negative sentences, questions, or commands were not strong indicators of delays. Sentence
type did align with activity stages, suggesting that this speech pattern can be used for activity stage recognition.
CDSS would also need to recognize the activity stage and use this input to accurately determine whether a
delay is occurring. Further research should investigate how speech patterns differentiate between intention
labels since sentence type does not. For example, how does speech differ when clinicians are requesting
modifications or terminating activities versus when just requesting to perform an activity or reporting progress?

Our findings suggest the following challenges in future work. First, our transcribers were humans who were
able to rewind and re-listen to parts of speech that were not initially clear. In a real-time, critical speech lines
and key words could be omitted due to technical difficulties, quiet speech, or too many people speaking
simultaneously. Second, the intention label coding was challenging due to its subjective nature. However,
through discussion and training protocols, we were able to establish high inter-rater reliability. Third, this study
was our initial analysis of speech during non-delayed work, and we found that 8.6% speech-lines did not fit into
one of the 11 predefined intention labels. Over the course of the analysis, we discovered new labels that could
have fit some speech lines during non-delayed activities, such as “confirming information or request” or
“personnel inquiry.” These new labels would not have changed analysis of speech lines during delays. Future
work should incorporate the new intention labels to investigate whether this difference between speech during
delayed activities and speech during non-delayed activities continues.

We will continue to characterize speech during additional life-saving interventions, such as intubation, blood
transfusion, and CPR. In addition, we will explore how speech could be combined with modalities such as video,
computer vision, and other sensors to support the automatic delay detection in a complex medical setting such
as trauma resuscitation.
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