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ABSTRACT

This study employed multimodal learning analytics (MMLA) to an-
alyze behavioral dynamics during the ABCDE procedure in nursing
education, focusing on gaze entropy, hand movement velocities, and
proximity measures. Utilizing accelerometers and eye-tracking tech-
niques, behaviorgrams were generated to depict various procedural
phases. Results identified four primary phases characterized by dis-
tinct patterns of visual attention, hand movements, and proximity
to the patient or instruments. The findings suggest that MMLA
can offer valuable insights into procedural competence in medical
education. This research underscores the potential of MMLA to
provide detailed, objective evaluations of clinical procedures and
their inherent complexities.
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1 INTRODUCTION

Measurement and data collection instruments structure how we
gather research data, whereas models and theories structure how we
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define what qualifies as valuable information [48]. Once integrated
into scientific practice, the instruments inspire new theoretical con-
cepts and pave the way for their acceptance within the scientific
community [19]. Learning analytics (LA) involves collecting and an-
alyzing educational data to understand better and improve learning
[10] and multimodal multichannel trace data is suggested to hold
promising potential in providing richer insights into domains of
learning across various educational settings [3]. However, learning
and its processes are complex. Thus, the more comprehensive and
transparent data on learners, environments, and interactions can
be traced [49], the better possibilities of analyses and utilizations
emerge. Utilizing diverse forms and sources of data, in other words,
multiple data modalities [4] can enhance the precision and scope
of understanding learner behaviors in their contexts [14].

Despite the potential for educational research, multimodal and
multichannel data collection presents methodological challenges
such as instrumentation errors, lack of accuracy and replicability,
handling data with varying dimensions (e.g., sampling rates, tempo-
ral alignment), securing internal and external validity, and ensuring
the reliability of measures [3, 52]. Also, when collecting such data,
a major issue with many commercial and proprietary measurement
systems is the lack of financial scalability, methodological trans-
parency, and control over the underlying algorithms used for data
collection and analysis, which can lead to questions about the relia-
bility, validity, and ethics [12, 52]. Open-source technologies and
accessible APIs of hardware instruments can provide promising
approaches for constructing scalable and transparent measurement
systems [e.g., 32]; however, the systems are often in prototyping
stages and might sacrifice accuracy or portability for affordability
[35].

This study represents a case of exploratory experimentation
[6, 13, 45] aiming to construct instrumentation for multimodal mea-
surement and analysis of behavior in the context of nurse education.
Efficient teamwork is essential in health care, and multimodal ap-
proaches to analyze complex dynamical behavior could provide
insight, for example, into collaborative practices between health
care professionals in educational settings and the field [53]. Specif-
ically, this study describes a minimum viable experiment (MVE)
[13] to discover regularities concerning the complex dynamical
behavior of a person conducting a medical ABCDE examination
procedure (see, Section 2.3). The research aims to answer the follow-
ing research question: What elements of the ABCDE procedure can
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be reconstructed from the multimodal hand movement, proximity,
and gaze data by mainly utilizing affordable technology?

2 BACKGROUND

2.1 Multimodal learning analytics

Multimodal learning analytics involves collecting, synchronizing,
and analyzing various high-frequency data sources like video, logs,
audio, and biosensors to study learning in various settings [4].
Different kinds of multimodal multichannel data streams are the key
ingredients of MMLA, and Molenaar et al. [37] categorized them as
physiological, behavioral, and contextual data. Physiological data,
such as heart rate (HR) and electrodermal activity (EDA), have
been associated with, for example, cognitive load management [e.g.,
29] and emotional states [e.g., 51]. Behavioral data obtained, for
example, using eye tracking and wearable motion detectors, can
capture aspects of learners’ activities like movement accuracy and
situation awareness as they engage with learning content [7, 39,
e.g.,]. Contextual data like video recordings, positioning data, and
self-reported measures offer insights into learners’ interactions and
experiences within various environments and learning situations
le.g., 17, 21, 47].

MMLA is expected to produce relevant, accountable, and ac-
tionable representations and interpretations while respecting the
privacy of the stakeholders [2, 14]. For this purpose, the use of inter-
pretable and hyperparameter-free predictive models can produce
minimal overhead, maximizing methodological transparency; an
example of such a method is the Extreme Minimal Learning Ma-
chine (EMLM) with full data as reference points and Mean-Absolute-
Sensitivity (MAS) to estimate the feature importances [33]. Ouhaichi
et al. [40] review concluded four trending themes of the MMLA
research: 1) addressing different contexts of learning, 2) focusing on
self-regulated and collaborative learning processes, 3) encapsula-
tion of multisensory affections from heterogeneous data, and 4) use
of modern tools and methods for data analysis. Specifically, MMLA
research conducted in real educational contexts, in other words, in
the wild, is suggested to hold the potential for providing person-
alized learning experiences [35]. Regarding MMLA, this research
aims to integrate behavioral data from hand movement, proximity,
and eye-tracking utilizing scalable and transparent approaches to
facilitate research of collaborative learning processes in the wild.

2.2 Behavioral dynamics in health care

Eye-tracking has become an instrumental tool in the medical field,
for example, understanding cognitive load and assessing practi-
tioner efficiency. Tokuno et al. [47] reviewed cognitive load assess-
ment tools in surgical education, revealing a range of subjective and
objective measures. Subjective tools included questionnaires like
the NASA Task Load Index (NASA-TLX), while objective measures
encompassed physiological parameters like heart rate variability,
gaze entropy, gaze velocity, and pupil size. Also, gaze metrics have
been utilized to assess non-technical skills like situation aware-
ness in health care [e.g., 7]. Ahmadi et al. [1] evaluated the mental
workloads of Intensive Care Unit (ICU) nurses during their 12-hour
shifts, focusing on how stress impacts their eye movement metrics.
Their results suggested that periods of high stress seem to be asso-
ciated with increased eye fixations and gaze entropy and decreased

Heilala et al.

saccade duration and pupil diameter. Wright et al. [50] utilized
mobile eye-tracking to analyze visual attention patterns during an
ultrasound-guided anesthesia procedure to differentiate between
proficiency levels of practitioners. Their results showed that ex-
perienced medical professionals had fewer visual fixations, spent
less time on the procedure, and exhibited less visual entropy, sug-
gesting that eye-tracking can offer objective measures for assessing
procedural competence and distinguishing expertise levels.

Proxemics—the study of how humans perceive and use space—and
examinations of body movements can provide useful information
on behaviors in medical education. Already Momen and Fernie
[38] utilized a wireless Sony game controller’s hardware, including
a 3-axis accelerometer, to identify six nursing activities around a
patient to improve hand hygiene prompts. By attaching five sen-
sors to a nurse’s body and analyzing the movements, the research
found that the 1-Nearest Neighbour classifier was the most effec-
tive in identifying the activities. Morita et al. [39] used Bluetooth
accelerometers and optical position tracking to examine microsur-
gical technical skills. Fernandez-Nieto et al. [17] pointed out the
importance of spatial abilities in nursing, especially in effective
team interactions and clinical procedures. Using indoor positioning
sensors, their research transformed raw positioning data from nurs-
ing education classes into meaningful proxemics constructs like
co-presence in interactional spaces, socio-spatial formations, and
presence in spaces of interest with the aim of facilitating nurses’
reflection, learning, and professional development in simulation-
based training. However, indoor positioning systems often require
stationary installations bound to a specific space.

Overall, the multimodal analytical advancements in medical ed-
ucation emphasize the importance of real-time assessment and its
challenges. Cloude et al. [9] considered metacognition and self-
regulation in clinical reasoning and argued that medical education
faces challenges in effectively analyzing learning during activi-
ties, as most educational settings utilize intermittent assessments
that miss real-time information on knowledge, skills, and abili-
ties, highlighting a need for approaches like MMLA. Furthermore,
based on an MMLA implementation in nursing education, Martinez-
Maldonado et al. [35] pointed out that MMLA systems need to be
trustworthy and address data incompleteness while balancing high-
quality data capture with portability and affordability of sensors
and consider users’ concerns about potential distractions and in-
convenience due to being monitored.

2.3 The ABCDE approach

Healthcare professionals utilize various standard procedures when
diagnosing patients. In this study, we focus on one such proce-
dure that goes by the acronym ABCDE, which stands for Airway,
Breathing, Circulation, Disability, and Exposure. It refers to a sys-
tematic protocol primarily used in emergency medicine but applies
to other healthcare areas [46]. It serves as a universal approach for
patient assessment and directs medical professionals, particularly
nurses, in conducting an efficient and comprehensive assessment
of a critically ill patient’s condition [42]. The completion of the
assessment involves five stages consisting of different simultaneous
and continuous assessment and treatment steps [46]. The proce-
dure starts with an airway assessment to ensure the patient has a
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clear breathing passage. The patient’s respiratory rate and quality
are then examined during the breathing analysis. The patient’s
blood pressure and heart condition are evaluated during the cir-
culation inspection. In the disability stage, neurological function
is examined, typically through a quick assessment of the patient’s
responses. The final step involves a prompt but thorough examina-
tion of the patient’s body to look for any additional symptoms of
disease or trauma. The main aim of the ABCDE approach is that
healthcare professionals can accurately prioritize treatments and
interventions by consistently following a protocol that simplifies
complex clinical situations, allowing them to establish common
situational awareness among the medical team and save valuable
time [46].

Despite the wide use of the ABCDE approach in various clinical
settings, Schoeber et al. [42] found that healthcare professionals’
theoretical knowledge of the approach varies based on the pro-
fessionals’ type of department, profession category, and age. The
result suggests a need to more closely examine the underlying in-
dividual differences beyond theoretical knowledge. For example,
eye-tracking has been successfully used in evaluating the medical
professionals’ performance in the ABCDE approach. Fernandez-
Méndez et al. [16] utilized eye-tracking to study how lifeguards
performed the ABCDE approach. They found that the lifeguards’
performance was misaligned with multimodal data: none of the life-
guards completed the approach correctly, but most of their visual
fixations during the assessment procedure were shared between the
essential areas for the approach, indicating that eye-tracking could
be a valuable method for evaluating the performance of medical
procedures. Lee et al. [31] utilized eye-tracking, log data, and self-
reported cognitive load measurements to assess the performance
of the ABCDE approach between experts and novices in a medical
simulation game. Their results indicated that experts outperformed
novices regarding speed, accuracy, and cognitive load, associated
with higher prior knowledge.

3 MATERIALS AND METHODS

3.1 Experimental setting

Two nurse educators specialized in critical care conducted the
ABCDE procedure on an actor patient. The experiment was con-
ducted in a classroom, simulating a real medical examination room
with real medical equipment and a hospital bed (Figure 1). An ac-
tor patient played the role of a patient who had arrived from an
appendectomy, a common surgery operation. The task of the partic-
ipating nurses was to conduct the ABCDE procedure for evaluating
the patient’s condition. The participant was required to work close
to the patient’s bed and utilize the instrument table positioned 6
meters away from the center of the hospital bed. Multimodal mea-
surement was used to record the participants’ hand movements,
gaze dynamics, and proximity data. Both participants performed
the procedure twice, and the data were collected for the initial and
repeated experiments.

3.2 Apparatus

The measurement system (Figure 2) consisted of wireless and wired
sensors and recording devices connected to a Raspberry Pi 4 (8 GB)
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Figure 1: Experimental setting where the point of interest
(POI) indicates the reference point for proximity estimation.
The gray area indicates an area close to the patient, whereas
the blue area is a specific area far from the patient.

microcomputer that served as a hub for collecting and synchroniz-
ing the data streams and forwarding them to a recording laptop
through the Lab Streaming Layer (LSL). The system’s architectural
design is aimed at being extendable for adding additional mea-
surement instruments and scalable for measuring multiple subjects.
Apart from the eye-tracking device, the other devices were relatively
affordable and accessible and utilized open-source technologies. In
this study, the system was capable of real-time measurement and
synchronization of five data modalities: hand movements using
wireless accelerometers, proximity estimation based on Bluetooth
Low Energy (BLE) signal, eye tracking using Tobii Pro Glasses 3,
video recording and discrete markers used for real-time annotation.
Markers were used as a reference point for evaluating the latency of
each individual measurement device. In general, the highest latency
of the system was assessed to be approximately 50 ms. Wearable
accelerometers and the eye tracker were wireless, allowing free and
safe movement of the participants.

......... WOATBbISS e @ @

N
: @ micro:bit |1 BLE
| : _: micro:bit
: 3 |i.-BLE™
: @ micro:bit | :
@ Tobii Pro | :
: Glasses 3 I'r-- wifi ...__ |
.......................... 3 RPi — LSL —] laptop
En video, |— LsL ]
markers

Figure 2: An overview of the apparatus used to measure and
record all five data streams.

Hand movement. The micro:bit is a small, versatile, affordable,
and programmable open-source ARM-based microcontroller in-
tended for educational and learning purposes, focusing on teach-
ing children the fundamentals of programming and electronics. It
includes a variety of sensors, input and output options, and an
environment for block-based programming. For example, the mi-
cro:bit contains a built-in 3-axis accelerometer that can detect mo-
tion, orientation, and tilt. Promoting the constructionist approach
by encouraging building interactive projects and engaging with
technology, the micro:bit facilitates hands-on learning and fosters
creativity and problem-solving skills (Austin et al., 2020). Micro:bit
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has been used in several studies relating to computing education
(e.g., Andersen, 2022). However, to our knowledge, it has not been
utilized as a measurement device for scientific work. This study
aimed to pilot and evaluate micro:bit as a scientific instrument.
Thus, two micro:bit devices were connected to an add-on shield
to enable battery power and wireless wristband use. The devices
were attached to the wrists of the participants. The built-in 3-axis
accelerometer measured hand movements with a sampling rate of
40 Hz. Devices sent the raw accelerometer signal values using BLE
connection to a third micro:bit connected to the RPi receiver.

Proximity. Spatial behavior in terms of proximity was measured
using the Received Signal Strength Indicator (RSSI) of the accelerom-
eters, which were connected using BLE to the third micro:bit serving
as a receiver. RSSI in Bluetooth technology is a metric that quan-
tifies the power level of a received radio signal. It is commonly
used to estimate the distance between devices, as signal strength
typically decreases with increasing distance. By employing wire-
less Bluetooth-based instruments and RSSI, researchers can utilize
proximity-based methods [e.g., 36]. RSSI values can be influenced
by various factors, such as environmental conditions and obstacles
that interfere with radio waves [e.g., 27]. In this study, no signifi-
cant structures were interfering with the Bluetooth signal. Thus,
the raw RSSI signal values between hand movement sensors and
the receiver were used, and the signal was calibrated based on the
closest and farthest distance to the point of interest (POI). The third
receiver micro:bit was placed on the chest of the actor patient, serv-
ing as the POI (Figure 1). The farthest point was chosen to be the
table containing some of the medical instruments the participants
had to use in the procedure. The experiment was designed spatially
so that the participant moved mainly around the patient’s bed and
between the bed and the medical instrument table.

Gaze. Tobii Pro Glasses 3 eye tracking device (sampling rate
50 Hz) was used to record participants’ eye movements. The raw
signal was the (x, y) coordinate of the participants’ gaze in the
visual measurement plane of the device. The coordinate values
were continuous and in [0, 1]. Blinks were coded as missing values
because they caused interruptions in the measurement signal. Tobii
Pro Glasses 3 API was used to communicate with the eye-tracking
device. The synchronization of the accelerometer and eye-tracking
signals was verified by asking the subject to fixate gaze on a sta-
tionary point and perform a slow vertical head movement while
the micro:bit was attached to the forehead of the subject wearing
the eye-tracking glasses. For example, a similar approach has been
used to synchronize eye-tracking and motion-capture systems [5].
Figure 3 shows the synchronized vertical head movement (up and
down) measured using the micro:bit and the slowly changing verti-
cal eye movement when fixating on a stationary point. The use of
raw gaze signals in this study allowed context-free analysis without
the need to define areas of interest (AQI).

Video and markers. The video recorder setup consisted of a laptop
and a webcam. The webcam stored the raw video file on the laptop’s
local hard drive and sent the video stream’s frame numbers over
LSL to the recording laptop. Synchronized frame numbers enabled
the synchronization of the video with other multimodal data. Also,
the laptop was used to send and synchronize keyboard markers
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Figure 3: Synchronized head movement (acc_x) and eye move-
ment (gaze_y)

over LSL for live annotation of the experiment. Markers were used
to sequence the multimodal data according to the steps and phases
of the ABCDE procedure. Synchronized video and markers served
as ground truth for validating the analysis results.

3.3 Analysis procedure

To reduce the incoherence in the RSSI signal, proximity was opera-
tionalized based on the strongest signal of the accelerometers in
the right hand (rh) and left hand (lh) for each time point ¢, RSSI?,
= max(RSSIih, RSSIih). Based on the calibration measurements in
the experiment, the signal was discretized as a binary variable to
indicate the time points when the participant was working beside
the patient and beside the medical instrument table. A missing
value suggested that the participant was located somewhere in the
intermediate space. Hand movements were operationalized using
the velocity of the movement. Before calculating velocity, the signal
was preprocessed by applying a Savitzky—-Golay filter for denoising
[24, 41].

Entropy provides a useful metric for understanding the degree
of variability, disorder, or unpredictability in the studied data or
system. For example, entropy has been used to examine the de-
velopment of attention to faces [18] and webpage aesthetics [20].
Stationary gaze entropy reflecting the overall spatial dispersion
of gaze was used to operationalize gaze dynamics between explo-
rative (i.e., wider gaze dispersion) and exploitative (i.e., limited
gaze dispersion) phases where lower entropy is interpreted to indi-
cate more exploitative, spatially focused, and coherent visual focus
[18, 22, 30, 44].

In the context of information theory, entropy quantifies the un-
certainty or randomness of a set of outcomes or events. Entropy
can be quantified using the Shannon entropy [43], defined as the
average Shannon information content of an outcome [34]. In other
words, it quantifies the average amount of information needed to
describe an outcome from a random variable following a given
probability distribution. Measured gaze data concerns two coor-
dinate variables. Using the logarithm base 2, Shannon entropy is
measured in bits [43] and the joint entropy of two variables is [34]:

H(x.y) = ZreX,yey P(x.y) logy priry.
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Raw gaze signal was preprocessed using cubic spline imputa-
tion [e.g., 18] to deal with the missing coordinate values caused by
blinks. A probability distribution of the continuous gaze measure-
ment signal was needed for calculating the joint entropy. To create
a probability distribution of the continuous gaze measurement sig-
nal, the data was discretized into equally sized bins representing
the state space of gaze behavior. In other words, the discretization
divided the measurement plane of the eye tracker as a 100 x 100
matrix, each cell depicting the probability of gazing at that section
of the visual plane during a specific time period. Entropy was calcu-
lated for a sliding window of 5 seconds. To evaluate the robustness
of the approach, different discretization group sizes (i.e., 10, 25, 50,
75) and sliding windows (i.e., 2, 3, 4, 6) were tested. However, the
results were qualitatively the same.

The measurements were visualized using a behaviorgram, a
graphical representation that visually depicts patterns of behavior,
interactions, or activities over time. Like exploratory data analysis,
visual analytics aims to uncover knowledge and acquire insight
from complex data sets [11]. Behaviorgrams can be used in visual
analytics to understand the behavior of individuals or groups in
contexts such as psychology and human-computer interaction [e.g.,
8]. The custom extended behaviorgram (Figure 4) presented in this
study exploits dimensional stacking and the dense pixel technique
[25, 26] to visualize temporal relationships of all the measured
dimensions.

The central axis of the behaviorgram represents temporal hand
movement velocities as an accelerograph. The accelerograph is
asymmetrical concerning the central line, the lower part represent-
ing the right hand and the upper part representing the left hand.
Color coding of the accelerograph exploits the dense pixel tech-
nique, a sort of heatmap that depicts higher RSSI signal strength
in a brighter color, indicating higher proximity to the POI. The ac-
celerograph’s upper temporal segment illustrates the participant’s
binary position (i.e., beside the patient, beside the instrument ta-
ble). The lower segment depicts the gaze entropy, where the mean
entropy was set as the threshold for marking a segment as denot-
ing low entropy (i.e., more coherent and spatially focused visual
perception). Furthermore, the extended behaviorgram was reduced
to a more simplified behaviorgram (Figures 5 and 6). The simpli-
fied behaviorgram captures proximity and combines the dimension
of hand movement and gaze entropy, specifically illustrating the
participant’s behavioral dynamics concerning the patient. Behav-
iorgrams were discretized into broad behavioral phases based on
video observation and marker annotations.

4 RESULTS

Based on visual analytics, the expected steps in the ABCDE proce-
dure, and validation according to video recordings and annotations,
behaviorgrams were found to consist of four phases (Figures 5 and
6). In Phase [, the nurse retrieved medical instruments and attached
them to the patient, which involved hand movements close to the
patient while maintaining high visual focus when handling the
instruments. Phase II consisted of monitoring respiration frequency
by observing the patient’s chest, confirming visually other vital
signs from the medical monitor (Ila), and using a stethoscope to
auscultate the patient’s chest (IIb). In phase II, the nurses were
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positioned either close to the patient or in the intermediate space
between the patient and the instrument table. Phase II corresponds
to the Breathing assessment in the ABCDE approach, and it is char-
acterized by high visual attention as measured using gaze entropy
because the tasks require focusing on the patient and the monitor.
Phase Ila involved only visual observations without hand move-
ments, and in Phase IIb, some hand movements can be seen in the
behaviorgram because of the use of a stethoscope.

The latter part of the ABCDE procedure (Phase III) involved
fetching instruments from the instrument table and performing
small examination operations close to the patient (e.g., measuring
body temperature and giving medication). Thus, Phase III corre-
sponds to the Circulation, Disability, and Exposure assessments in
the ABCDE approach, and it is characterized by changes in proxim-
ity and alternating hand activity combined with low gaze entropy
(i.e., coherent visual perception). Phase IV consisted of retrieving
a checklist and reviewing the patient’s condition according to the
list. The phase was characterized by changes in proximity, a few
short periods of hand movements, and visual focus.

Accelerographs representing hand movement velocity showed
specific dynamical patterns based on the phases of the ABCDE
procedure. The preparation (Phase I) involved attaching medical
instruments to the patient, which is seen as a continuous period
of high hand movements in all behaviorgrams. Specifically, hand
disinfection was clearly shown as having high peaks in velocity
and a higher distance from the patient because it was performed at
the instrument table. For example, Nurse 1 performed three hand
disinfections in Phase III in the repeated experiment (Figure 5b).
On the other hand, the phases where the nurse mainly observed
the patient’s condition visually were characterized by low hand
activity (Phase IIa, IIb, and IV).

5 DISCUSSION AND CONCLUSION

The results of this study underscore the potential of using multi-
modal learning analytics in understanding behavioral dynamics
in the medical field. Utilizing relatively affordable technology and
visual analytics, the research was able to trace the different phases
of the ABCDE procedure and discern the behavioral patterns asso-
ciated with each phase. The clear co-occurrence of hand movement
activity, gaze entropy, and spatial location across various stages
suggest that these metrics provide insights into the dynamics of the
procedure. Notably, the low gaze entropy indicated periods of con-
sistent visual perception throughout the procedure, suggesting that
medical professionals frequently alternate between explorative and
exploitative gazes, especially during intricate procedures. This is
particularly significant when considering the importance of visual
attention in medical tasks and how it can influence the outcome of
procedures.

Integrating multimodal data into a behaviorgram revealed dis-
tinct visual patterns based on the different phases of the ABCDE
procedure. The results showed that preparation for the procedure,
breathing assessment, Circulation/Disability/Exposure phase, and
review phase could be identified. Different periods of eye-hand
coordination can be distinguished when combining gaze entropy
with information from the accelerograph (i.e., high hand activity
and high visual focus, low hand activity and high visual focus).
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the differentiation between manual and observational phases of the
procedure. The proximity measure captured the movement of the
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Figure 6: Behaviorgrams of Nurse 2
nurse between the patient and the instrument table. In general, mul-

timodal behaviorgrams and results based on visual analytics could
be linked with actual behavioral dynamics during the procedure.



Linking hand movement, proximity, and gaze data

The results highlight that multimodal multichannel data collec-
tion approaches could and should be examined for validity before
feeding the data to complex machine learning and artificial intel-
ligence algorithms. Before engaging with more complex analysis
techniques, it can be helpful to utilize visual analytics to examine
the potential patterns in the data. Such an approach could assist
in validating the measurement procedures and facilitating trans-
parency of the more complex analyses. The results provided initial
evidence of validity and reliability: results aligned with visual ana-
lytics and observed behavior in marker-annotated video recordings
for both the initial and repeated examinations for both subjects.
In other words, the results showed evidence of within-subject and
between-subjects similarity.

The multimodal multichannel measurement in this study utilized
relatively affordable technology (i.e., Raspberry Pi, micro:bit), en-
abling the techniques to be scaled for multiple subjects. The results
showed that micro:bit has the potential to produce accurate multi-
modal measurement data while Raspberry Pi functions as a record-
ing device. The expensive part of the instrumentation was the eye-
tracking device; however, more affordable devices are potentially
being introduced to the market as technology advances. Scalable
and transparent measurement and analysis of behavioral dynam-
ics can enable research in the wild, which refers to approaches to
studying and understanding human behavior and technology inter-
actions in real-world, everyday settings, as opposed to controlled
lab environments [23, 35]. For example, such approaches can en-
able research in medical situations where an observer can not enter
the room of a patient [e.g., 15]. Furthermore, Kolbe and Boos [28]
pointed out the limitations of traditional team research methods
in healthcare, which often focus on static descriptions rather than
dynamic team processes over time. They suggested that more pro-
found insights into the intricacies of teamwork can be achieved by
adopting methodological approaches that consider dynamics, such
as event- and time-based observations, social sensor-based mea-
surement, and micro-level coding. Thus, potential applications of
the approach presented in this research could include the analysis
of situation awareness, professional noticing, joint visual attention
in collaborative tasks, understanding the dynamics of patient care,
and exploring how medical instruments are handled in real-world
scenarios. These insights could inform training programs, process
improvements, and even technology design for healthcare contexts.
However, it is worth being aware of and clearly defining the limits
and scope of the multimodal approaches; in other words, “noting
one’s paradigm’s relatively well-marked perimeter is a hallmark
of sound and responsible science” [48, p. 288]. In conclusion, this
research adds value to medical education by emphasizing the impor-
tance of integrating multimodal measures to understand medical
professionals’ behavior during standard procedures comprehen-
sively.

5.1 Limitations and future research

Like other similar studies implementing an exploratory approach,
this study can be criticized due to its lack of a control group and the
generalisability of the results. Furthermore, while behaviorgram
provides a comprehensive overview of behavior over time, it does
not capture nuanced processes underlying specific actions. Finally,
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the study utilized a very small sample size, and the generalizability
of the results to other medical procedures beyond the ABCDE
approach remains to be explored. Future studies need to utilize
more comprehensive analysis techniques and delve deeper into the
individual differences among professionals and how these might
influence the observed behaviors. Furthermore, the critical issue
for future work is to examine how to bridge observed behavioral
dynamics with cognitive functions and outcomes.
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