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ABSTRACT

Purpose: This research sets out to analysis the effect of noise on cognition of nurses
in morning shift by simulating eye tracking in laboratory. Background: National health
center is planning to further improve the current patient safety management system
in the next three years. A policy was made to primarily focusing on the continuous
improvement of the system infrastructure by smoothing the working procedures
and mechanisms and eliminating all related risk factors in the healthcare delivery
system as well as enhancing the overall patient experience during this process. This
project is in line with the National Health Commission’s plan to keep patients safe
by eliminating risk factors in healthcare delivery. Methods: Laboratory simulations
were performed using the DG-3 eye tracker, in which blink rate and pupil area were
used for cognitive analysis. Physiological indexes of nurses were collected by bracelet
equipment. Python and MATLAB language used by researchers to analysis obtained
datainlab. Results: Noise generally reduces workers’ concentration; White noise in the
environment can make workers resistant to complex noises. Conclusion: This study
reveals the effect of noise on cognitive load, which has important significance for
optimizing nursing operation and improving patient safety. This study has made a
major breakthrough in the application of eye tracking technology in the assessment of
cognitive load.
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INTRODUCTION

This research explores the cognitive workload of clinical nurses during
morning rush hours. It focuses on orthopaedic nurses. The study is titled
“Cognitive workload among orthopaedic nurses during the morning rush
hours: results from field survey and lab-simulated eye-tracking evaluation.”
It uses wearable sensors, such as a heart rate monitor, and noise surveys to see
how environmental factors affect nursing operations. The research had two
parts: field surveys at West China Hospital over two months and lab-based
simulations. In the field surveys, we measured ambient noise during different
shifts and used eye-tracking in a simulated hand-eye dexterity test to check
nurses’ cognitive workload. We used Python and MATLAB to process and
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analyze data. The results show that noise usually lowers attention levels.
But moderate noise with a secondary task can help people stay focused.
This suggests that noise can influence cognitive workload and might help
us improve nursing operations and patient safety.

Medical malpractices, such as misdiagnosis, missed diagnosis, and
improper nursing infections, have big social and economic effects. In
orthopaedics, common risks include healing dysfunction and errors in
nursing operations (Ye et al., 2021). The heavy workload and complex
environment of top-tier hospitals like West China Hospital (WCH) make it
important to study nurses’ cognitive workload to reduce medical errors (Qian
et al., 2014). This research looks at how nurses handle cognitive workload
during morning rush hours to reduce these risks.

Morning rush hours at WCH have high noise and multitasking, which
make cognitive workload more demanding. Nurses must care for patients and
teach trainees, which adds more complexity (Cohen et al., 2017). Cognitive
workload is hard to measure directly. Many ergonomic assessment methods,
such as heuristic evaluation, checklists, and posture-focused approaches
(Berlin & Adams, 2017), help spot workplace risks. But modern methods,
just like eye-tracking technology, can provide more precise and quicker ways
to measure cognitive workload, by analysis the eye movement of human.

Former research on ambient noise shows that moderate levels (around
70dB), may improve creativity and thinking by causing slight processing
difficulty, while high levels (about 85dB) can harm cognitive performance
(Mehta, Zhu, & Cheema, 2012). Our study wants to see how noise affects
cognitive workload in a healthcare setting, which is not often studied. Eye-
tracking technology has grown quickly and is used in psychology, education,
and medicine. Studies show that higher cognitive demands link to changes
in eye movement, such as blink rate and pupil size (Biondi et al., 2023). Our
research uses eye-tracking to see how noise affects nurses’ cognitive workload
in simulated tasks. Eye-tracking can show real-time data on attention, and it
is more objective than self-reports (Biondi et al., 2023). If we use eye-tracking
in ergonomic evaluations, we could design work environments that lower
cognitive overload and improve safety and job performance.

Many studies focus on eye-tracking and cognitive workload, but fewer
look at how noise affects cognition in healthcare. Biondi et al. (2023) found
that manufacturing workers’ eye movements change when facing different
cognitive demands. Our study is new because it uses eye-tracking to examine
how noise affects nurses’ cognitive workload. This may guide future research
in healthcare ergonomics.

EXPERIMENT SETTING AND DATA COLLECTION

This study focused on clinical nurses’ cognitive workload and how it is
affected by ambient noise. To measure the workload directly, eye-tracking
technology was used along with a field survey. Four nurses wore Huawei
bracelets during their work shifts for one month to track their heart rate,
pressure index, and blood oxygen saturation. The field survey gathered
information about the hospital’s layout, architecture, and noise levels.
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Figure 1: Noise distribution line comparison diagram.

The basis and logic to using eye-tracking technology is that it can provide
information about the eye structure and movement, such as the pupil,
blinking, and focusing of the wearer very efficiently and accurately, and
this information may directly reflect the current cognitive workload of the
wearer. In our study, the DG-3 eye-tracking device was used to measure
participant’s pupil size, eye fixation position, duration of eye fixation, blink
duration, and blink frequency. These parameters served as a foundation for
subsequent analyses aimed at quantifying the cognitive load experienced by
subjects during operative tasks
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Figure 2: DG-3 Eye tracker structure (DG-3 Eye tracker manual).

The lab experiment used the O’Connor Finger Dexterity Test to measure
cognitive pressure during tasks with different levels of difficulty. We used
computation questions to give participants a certain amount of cognitive
stress and were very much in line with what nurses would do in a real setting.
They need to communicate with patients while performing operations, and
our computational problems can simulate the real scenes that happen to
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them in the hospital, to obtain the most realistic data to analysis the factors
that nurses may make mistakes. We focused on reproducing a room of
orthopaedic department in our laboratory, and 1:1 reproduction of the
procedures and equipment that nurses operate in the department. In this
endeavour, we procured a medical trolley mirroring the dimensions and
stature of those utilized at West China Hospital to replicate the dressing
change and infusion operation. A corresponding script to simulate the
conversational exchanges during the operation. To intensify the impact of
infusion or dressing changes on the cognitive system, we integrated two
hand dexterity test pads presenting a distinct level of complexity in two
drawers of the trolley that we brought earlier. Employing a stochastic
selection process, we analyze their cognitive performance at different levels
of difficulty, especially when they are affected by noise.

Given that we obtained the ambient noise during the quiet period and the
ambient noise during the non-quiet period of the hospital, we set up a control
group and an experimental group of noise. The control group followed the
noise level of the quiet period, while the experimental group performed the
corresponding operation in a noisy environment. To refine our analysis of
cognitive impact, we developed another control subsets and put them into our
experiment. This group was given simple math problems (i.e., addition and
subtraction of 2-digit numbers). We controlled the cognitive stress received
by the participants during the operation by controlling whether or not the
mental problem was given to them, which enabled us to evaluate their
cognitive stress responses via eye-tracking technology, thereby quantifying
the influence on cognitive performance. As a result, our experiment generated
four distinct groups to evaluate the impact of noise and calculation problems.
The four categories were:

I. Control Group A: No ambient noise and no calculation tasks.

II. Control Group B: Ambient noise present without calculation tasks.
III. Experimental Group A: No ambient noise with calculation tasks.
IV. Experimental Group B: Both ambient noise and calculation tasks.

DATA PROCESSING AND ANALYSIS

Based on literature search and scientific evidence, an individual’s degree
of fatigue or concentration may be reflected by the blink rate, that
is, as the fatigue degree increases, the concentration degree decreases.
We hypothesized that to increase concentration and maintain working
performance, individuals may increase the frequency of blinking to relieve
fatigue and to achieve the effect of refocusing the individual’s attention.

In the data obtained by the eye tracker, if the Boolean value of whether or
not the gaze is true, it is considered that the volunteer’s gaze falls within the
working area, and its visual field data is normal, so other data are usually
reasonable. On this basis, the data used to determine whether the blink state
is the height of the pupil and the width of the pupil. As the height and width of
eyeballs are affected by the eye state of volunteers, all on the existence of such
circumstances, the eyeball area is regarded as the product of eyeball width
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and eyeball height, and during the experiment, if the product is significantly
lower than a certain threshold, the volunteer is identified as blinking at that
point in time. Therefore, to facilitate subsequent data analysis, this step will
obtain the eye area of each volunteer during each unit time of time.

When a person blinks, the eyelid will drop at a very rapid rate and block the
pupil, and the identifiable pupil area exposed will drop sharply. Therefore,
compared to the pupil area data when the eye is open, the pupil area data
when the eye is blinked will be very small, and even drop by one or two orders
of magnitude. Therefore, for a set of pupil area data, the pupil area during
blinking will be much lower than the average and can be identified as an
outlier. If these outliers are eliminated, the minimum value of the remaining
value is the minimum value of the pupil area of the open eye state. But that’s
not the only way to confirm blinking. Due to equipment reasons, the eye
tracker may not be able to identify the pupil in the squinting state, so we
need to find the point in time when the data suddenly drops and exclude
outliers.
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Figure 3: A comparison of the distribution of eye area data on the time scale before
and after the exclusion of outliers.

Based on the above table, confirm the number of outliers that are removed
and the corresponding serial number. The number of outliers represents
the number of times the volunteer blinked during the experiment, and the
corresponding serial number can confirm the blink time and calculate the
blink frequency and time interval. Only four of these columns are needed to
analyze the blink rate of each volunteer in response to noise interference in
different situations. Finally, we collected the required data in the new table
and corresponded them according to the serial number of the volunteers. The
result is shown in the figure.
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Table 1. Extract the part of the experimental data that is valid or awaiting data analysis.

Number No Noise 2:Noise 3:No 4: Noise

and But No Noise But and

Question Question Question Question
1 0.15 0.17 0.175 0.225
2 0.082258065 0.116129032 0.125 0.264
3 0.143023256 0.365 0.546774194 0.477631579
4 0.154285714 0.40862069 0.403448276 0.294444444
5 0.395454545 0.375 0.28 0.44375
6 0.285 0.2765625 0.3890625 0.435483871
7 0.204 0.219642857 0.215217391 0.247826087
8 0.114285714 0.478125 0.468181818 0.390909091
9 0.326086957 0.189473684 0.422727273 0.272727273
10 0.331034483 0.35625 0.385714286 0.492
11 0.1078125 0.19 0.326086957 0.275
12 0.407692308 0.416129032 0.45 0.320454545
13 0.216 0.268421053 0.457894737 0.332608696
14 0.170833333 0.128571429 0.135483871 0.075
15 0.239285714 0.275 0.192857143 0.228571429
16 0.3225 0.332608696 0.428571429 0.323684211
17 0.45 0.694444444 0.573913043 0.613043478
18 0.099 0.063829787 0.153846154 0.127941176
19 1.365789474 1.990909091 0.455357143 0.744827586
20 0.225 0.430263158 0.304054054 0.204
21 0.6375 0.423913043 0.53125 0.741666667
22 0.27112767 0.104150135 0.28957529 0.285344696

Based on the data in the above table, we obtained the line chart of the
blink rate of each volunteer in the four groups of experiments to obtain the
general rule of the influence of noise on the concentration degree of workers.
After the data capture is completed, the first thing to confirm is whether the
impact of noise on the concentration of workers is significant. We compare
the changes in the blink rate of the same volunteers in each experiment. If
the blink rate of volunteers increases with the increase of noise interference,
then we believe that noise will accelerate the fatigue state of volunteers and
further reduce the concentration degree of volunteers.

We calculate the proportion of volunteers that meet our expectations.
The characteristic of these volunteers was that with the increase of noise
interference, the blink rate increased and the working state decreased. The
final value is 72.7%, that is, 70% or more of the volunteers apply to the rule
that “the increase in the size and complexity of noise will lead to the
acceleration of the decline of workers’ attention degree”, which is fit for our
forecast. Therefore, we believe that the experimental results are significant
and have a certain universality.

To describe the experimental results more intuitively, we printed the blink
rate of the volunteers participating in the experiment as line charts. The
purpose of this step is to achieve the effect of the trend line of blink rate
in the above square bar chart and to visually observe the changing trend of
the data of each volunteer for further analysis.
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Figure 4: A line chart of comparing blink rate data from all four groups of volunteers.

In order to express the results more intuitively and orderly, it is also
necessary to obtain the general trend of each set of data. We graph all data in
each set in order to further analysis the trend within different set and compare
each set with others. The trend is presented in the figure below. It can be
clearly seen that the first type of data accounts for a relatively high proportion
and most people’s data in a similar range. However, the proportion of the
second and third types of data is relatively low, and the distribution of the
third type of data is chaotic, which is speculated to be caused by the error of
the experimental process or the error of the eye tracker data due to squinting

or the equipment itself.

Figure 5: A comparison diagram of the four sets of experiments with all the samples

after excluding outlier data and error data.
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The first and second sets of data were compared to represent the blink rate
change of workers from a noiseless environment to a working environment
with ambient noise. The first and third sets of data were compared to
represent the blink rate change of workers from a noiseless environment to
a working environment with questioning noise. The second and fourth sets
of data were compared, representing the blink rate change of the worker
from the environment with ambient noise to the working environment with
both ambient noise and questioning noise. The third and fourth sets of data
were compared, representing the blink rate change of workers from the
environment with questioning noise to the working environment with both
ambient noise and questioning noise. We use the percentage of fatigue level
change within each individual. And we calculate and import these data into
an EXCEL table for observation. The final table is shown below.

Table 2: Noise distribution line comparison diagram.

Situation 1: From  Situation 2: From  Situation 3: By Situation 4: There
a noiseless a noiseless ambient noise is a noisy
environment to a environment to a environment environment
no-noise no-noise There is ambient There is ambient
environment environment noise and there is  noise and there is
Ambient noise, Question Asked noise to ask noise to ask
environmental Noise questions questions
transformation Environment Shift  Environmental Environmental
shifts shifts
Proportion of 66.67% 80.95% 61.90% 42.86%
individuals with
increased fatigue
levels
Percentage of 33.33% 19.05% 38.10% 57.14%
individuals with
reduced fatigue
levels
CONCLUSION

e Finding 1: Noise generally reduces the concentration of workers.
The results of the experiment showed that in about 70% of the workers,
while performing the same type of work when the noise of the work
environment became louder and more complex, the workers blinked
more frequently. This also means that for workers in the operation
process, the loss of energy will be intensified, that is, they will enter
the fatigue state at a faster rate. Moreover, in the process of the worker
experiment, we summarized the correct rate of each volunteer’s answer
to the simple two-digit addition and subtraction problem. Under the
complex noise, the volunteers’ answer accuracy decreased significantly,
and some low-level mistakes occurred. These experimental phenomena
also imply that the effect of noise on the concentration of workers is
significant and can worsen the mental state of workers.

e Finding 2: White noise of environmental noise can make workers have a
certain resistance to more complex noise to a certain extent.
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Noise is not always a negative factor. For groups with high daily work
pressure, they often need some white noise assistance when falling asleep,
such as the sound of rain, blowing, ASMR, and so on.

Imagine the following scenario: if a person plays a low white noise at the
head of the bed before falling asleep, then if a larger noise occurs suddenly in
the process of falling asleep, such as the sound of a neighbor knocking over
a chair, then because the white noise gives the sleeping person resistance to
noise, then the sudden sound of knocking over a chair will not make him
have a larger reaction, such as waking up or frightening.

This theory is also reflected in this experiment. For a considerable number
of volunteers, the statistical graph of blink rate showed a line graph that rose
first and then fell. The blink rate of the volunteers who played the ambient
noise of the hospital during the operation was significantly higher than that
in the noiseless environment. Of course, this turn can only show that the
noise has a negative effect on it. However, the blink rate of the volunteers
who were exposed to ambient noise and had to answer questions decreased
compared to the volunteers who were exposed to no ambient noise and only
had to answer questions, and most of them answered the questions correctly.
This seemingly irregular line illustrates the conclusion: white noise of ambient
noise can make workers have a certain resistance to more complex noise, in
other words, white noise can help workers resist complex noise.
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