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A B S T R A C T

Introduction: Safety checks during ICU handovers are error prone and often affected by stress, particularly time 
pressure. Standardized handover and safety-check procedures are lacking. We hypothesized that time pressure 
would negatively affect error detection and visual behaviour in ICU nurses performing handover safety checks.
Methods: We conducted a randomized eye-tracking study in April 2024 in a simulated ICU setting with a stan
dardized patient and predefined hidden errors. All ICU nurses at our institution were invited to participate. 
Participants were randomized into four groups to assess the effects of time pressure and checklist use on error 
detection and gaze behaviour. The primary outcome was overall error recognition. Secondary outcomes included 
eye-tracking metrics (dwell time, entry time, revisits, and first visual intake duration) across predefined areas of 
interest (AOIs).
Results: Ninety-one ICU nurses were included. Overall, participants missed a median of 4 errors (IQR 3.0–5.0), 
including 3 major (IQR 2.0–3.0) and 2 minor errors (IQR 1.0–2.0). Under time pressure, participants missed 
significantly more errors (median 5.0, IQR 3.0–6.0) than those without time pressure (median 3.5, IQR 3.0–5.0; 
p = 0.002). Checklist availability did not significantly affect error detection, with a median of 4.5 errors missed 
(IQR 3.0–5.0) without a checklist versus 4.0 (IQR 3.0–5.0) with a checklist (p = 0.651). Eye-tracking analysis 
showed that the probability of missing errors was associated with altered gaze behaviour across all AOIs in time- 
pressured groups compared to non-time-pressured groups.
Conclusions: Time pressure significantly impaired error detection during ICU handover safety checks, whereas the 
use of the applied checklist was not associated with a measurable improvement in performance. Eye-tracking 
data demonstrated that time pressure was associated with distinct gaze behaviour patterns, suggesting altered 
visual attention during handovers.
Implications: Time pressure reduces error detection during ICU handovers, underscoring performance vulnera
bility under this condition. Strategies to reduce time pressure and assess checklist usefulness, which may improve 
patient safety, should be validated in further studies.

Introduction

Shift handover is crucial in maintaining continuity of patient care in 
the intensive care unit (ICU). During shift changes or new patient 

admissions, an error-free handover is important for patient safety. 
However, this process can be susceptible to errors including lack of 
communication or the failure to identify wrong drug dosages or tech
nical issues, leading to professional dissatisfaction, increased costs and 
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compromised patient safety [1]. Studies have shown that unstandard
ized handovers and inadequate safety checks result in up to 50% loss of 
information among ICU staff [2,3], potentially with severe consequences 
for patients. Contributing factors to ineffective handovers include 
working under time pressure, interruptions, lack of structured protocols 
or insufficient training [4–6].

Recently, checklists designed to increase safety in the ICU have been 
proposed [7,8]. They have proven effective in improving staff satisfac
tion, information retention, and error reduction under time pressure 
[9–11]. Despite benefits, the implementation and adherence to check
lists remain insufficient and data on potential benefits is lacking [12]. In 
contrast, in surgery, safety checklists have been linked to reductions in 
complications [13,14].

Eye-tracking analyses visual behaviour [15–17] by tracking ocular 
movements using infrared light [15]. Gaze metrics evaluate visual 
behaviour, and studies show eye-tracking can assess visual behaviour in 
ICU settings, offering insights into patient care and potential sources of 
human error, such as during patient extubation or while using machines 
like ventilators [16–20]. Error detection during a shift start safety check 
was linked to distinct nurse gaze behaviour [17]. This study aimed to 
measure eye-tracking data in ICU nurses during a simulated handover 
safety check and evaluate the effect of unexpected time pressure, as well 
as the impact of a checklist on gaze metrics. We hypothesized that gaze 
behaviours and error detection would be influenced by time pressure.

Methods

Study design and study population

This was a prospective, randomized, simulated study conducted at 
the Cantonal Hospital St. Gallen (Switzerland). Participants were adult 
ICU nurses. All ICU nurses were approached and evaluated for inclusion 
in April 2024 (in total 105). The local Ethics Committee approved the 
study protocol (Ethikkommission Ostschweiz, BASEC Nr. 2023-01130, 
approval date: 21.09.2023). The study was conducted in accordance 
with the 1964 Declaration of Helsinki and its subsequent amendments or 
comparable ethical standards.

Patient and public involvement

No patients were included in this study. All participating ICU nurses 
gave informed consent.

Simulation room and built-in errors

The simulation room was equipped with a LifeCast Body Simulation 
mannequin (London, UK). The setup included vital sign monitoring and 
devices such as lines, syringe pumps, a ventilator and compression 
stockings (Fig. 1). A handover sheet included a summary of the patient's 
medical condition. The patient was a 65-year-old male hospitalized for 
sepsis and moderate ARDS resulting from Influenza A pneumonia, 
requiring non-invasive respiratory support and antibiotics. His condi
tion worsened, mandating scheduling of a computed tomography (CT). 
The patient had comorbidities including hypertension, coronary heart 
disease, type 2 diabetes mellitus, peripheral vascular disease, and COPD 
(Gold 2B). He also had allergies (penicillin, latex). The setup is shown in 
Fig. 1.

We incorporated five critical and five minor errors. All errors were 
based on previous safety hazards from Critical Incident Reporting Sys
tem (CIRS). Errors were classified as critical when considered potentially 
lethal and minor if the potential harm was not immediate (Table 1).

Procedure

Participants performed a shift handover safety check while being 
observed by eye-tracking. After receiving the case and instructions, they 
were randomly assigned to one of four groups: (1) no time pressure/no 
checklist, (2) time pressure/checklist, (3) time pressure/no checklist, or 
(4) no time pressure/checklist. Randomisation was done by drawing 
colour-labelled tags from an opaque bag, with 25 tags per group drawn 
sequentially to ensure equal group sizes. Recordings began after a three- 
point calibration of the eye-tracking glasses. Checklist-assigned partic
ipants received the checklist and preparation time before starting and 
were instructed to use it during handover (Supplementary Fig. 1), but its 
use was not mandatory. The German checklist was developed using the 

Fig. 1. Pre-specified Areas of Interest (AOI). Blank (1), Case Sheet & Prescription (2), Infusion & Air bubbles (3), Central venous line (4), IV Cannula (5), Stockings 
(6), Nutrition (7), Transducer (8), Pressure bag & Arterial line (9), Monitor (10), Ventilation pressure & tidal volume (11), Ventilator (12).
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Functional Resonance Analysis Method (FRAM) [21,22] and involved 
our head nurse. Participants had ten minutes to complete the task. Time- 
pressure groups were unexpectedly told after five minutes that only one 
minute remained because the patient needed the CT. Participants did not 
know they were in a time-pressure group until this notice, to reflect real- 
life sudden time constraints. Recognized errors were communicated to 
the study team. After recording, participants completed a questionnaire 
(Supplementary Table 1).

Data collection

We recorded eye-tracking data using the SMI Eye Tracking Glasses 2 
Wireless System (Sensomotoric Instruments, Germany). This system 
captures the angle of view with an accuracy of 0.5◦ and records the scene 
at a resolution of 960x720 px at 30 frames per second (fps). Raw data 
was analyzed using SMI Be-Gaze 3.7 software. Error recognition by 
participants was noted and documented by the study team. In relation to 
the built-in errors, we pre-defined 10 specific areas of interest (AOIs) for 
the eye-tracking gaze analysis: monitor, respirator, ventilation pressure 
and tidal volume, arterial line, transducer, nutrition, stockings, intra
venous cannula, central venous catheter, and infusion (Fig. 1). Fixations 
on the handover sheet and prescription, as well as irrelevant fixations 
(such as floor, surroundings, ceiling) were categorized as either 'case 
sheet & prescription' or 'blank,' respectively, and were excluded from the 
analysis (Fig. 1).

Outcomes

We hypothesized that time pressure might impact error detection 
and visual behaviour during the handover. Moreover, the impact of the 
checklist on error detection and visual behaviour was assessed. The 
primary outcome was the error detection rate during the shift start 
safety check assessing the impact of time pressure and the use of the 
checklist. As secondary outcomes, we compared specific eye-tracking 
metrics including dwell time (cumulated time spent on an AOI), entry 
time (time to first fixation of an AOI), revisits and first visual intake 
duration on different AOIs. We further computed error probability 
depending on gaze metrics by means of a linear mixed model analysis.

Statistics

Data were modeled by means of generalized linear mixed-effects 
models with a logistic link, considering the presence of a mistake in 
an AOI as dependent variables, and the eye-tracking measurements as 
fixed effects while accounting for subject and AOI as random effects. 
Logarithmical transformations were employed for non-normally 
distributed effects. p-Values for individual fixed effects were obtained 
by means of a likelihood ratio test. Statistical analysis was performed via 
a fully scripted data management pathway using the R Environment for 

Statistical Computing Version 4.4.1. A two-sided p < 0.05 was consid
ered to indicate significance.

Results

Due to organizational reasons (leave, sickness, holiday), a total of 91 
from 105 ICU were included, of whom 74 (81%) were female. No nurse 
declined to participate. Demographical data is shown in Table 2.

Occurrence of critical and minor errors

Every participant missed at least one error (Table 3). Participants 
missed a median of 4 errors (IQR 3.0–5.0) with a median of 3 major 
errors (IQR 2.0–3.0) and 2 minor errors (IQR 1.0–2.0). Comparing 
overall error rates, we observed significant differences between groups 
(group without checklist & with time pressure: 5.0 (IQR 3.5–6.0), group 
with checklist & with time pressure: 5.0 (IQR 3.2–6.0), group with 
checklist & without time pressure: 3.0 (IQR 3.0–4.0), group without 
checklist & without time pressure: 4.0 (IQR 3.0–5.0), p = 0.018).

The introduction of time pressure significantly influenced error rates, 
independent of checklist use (Table 3). Participants under time pressure 
committed a median of 5.0 (IQR 3.0–6.0) overall errors, which was 
notably higher compared to the median of 3.5 (IQR 3.0–5.0) observed in 
participants without time pressure (p = 0.002). This effect was also 
evident in the rates of critical and minor errors, independent of checklist 
use. For critical errors, the median was 2.0 (IQR 2.0–3.0) in the groups 
without time pressure and 3.0 (IQR 2.0–3.0) in the groups with time 
pressure (p = 0.010). Similarly, minor errors were more frequent in the 
groups with time pressure (median 2.0, IQR 1.0–3.0) compared to the 
groups without time pressure (median 1.0, IQR 1.0–2.0, p = 0.029).

The availability of the checklist was not associated with an impact on 
error rates (Table 3). Independent of time pressure, the overall error rate 
was a median of 4.5 (IQR 3.0–5.0) in groups without a checklist, 
compared to a median of 4.0 (IQR 3.0–5.0) in groups utilizing a 
checklist, with no statistical significance observed (p = 0.651). Simi
larly, no notable differences were identified in critical or minor errors. 
The median number of critical errors was 2.0 (IQR 2.0–3.0) in groups 
without a checklist, compared to 3.0 (IQR 2.0–3.0) in groups with a 
checklist (p = 0.957). For minor errors, the median was 2.0 (IQR 
1.0–2.8) in groups without a checklist, compared to 2.0 (IQR 1.0–2.0) in 
groups with a checklist (p = 0.449), independent of time pressure 
(Table 3).

Gaze metrics on all errors

The specific eye-tracking data on entry time (ms), revisits (n), first 
visual intake duration (ms) and dwell time (ms) on all pre-specified AOIs 
corresponding to the pre-defined errors are detailed in Supplemental 
Fig. 2-5.

Error detection analysis

In the mixed model analysis considering all errors (major and 
minor), the odds ratio of committing or missing an error was 1.82 (95% 
CI 1.27 – 2.60, p = 0.001) for participants that were exposed to time 
pressure, and 0.92 (95% CI 0.64 – 1.31, p = 0.648) for participants using 
the checklist. The odds ratios for major errors were 1.80 (95% CI 1.18 – 
2.80, p = 0.009) in the time pressured population and 1.02 (95% CI 
0.66–1.58, p = 0.930) for the groups using checklists, for minor errors 
1.82 (95% CI 1.09 – 3.06, p = 0.023) and 0.81 (95% CI 0.49 – 1.36, p =
0.433). Specific eye tracking gaze metrics differed between the four 
subgroups (Supplemental Fig. 2-5). In the two time pressure exposed 
subgroups, overall dwell time on all AOIs was 4138.88 ms (95% CI 
383.67 – 7894.10) shorter compared to the whole cohort (p = 0.031), 
while the same effect was not noted for the two groups using a checklist 
(overall dwell time − 505.91 ms, 95% CI − 4261.12 – 3249.31, p =

Table 1 
Critical and minor errors.

Critical Errors Minor Errors

1 Prescription error: Continued enteral 
nutrition despite imminent tracheal 
intubation

6 Risk of iatrogenic leg ischaemia: TED 
stockings used in peripheral artery 
disease

2 IV line error: Antibiotics infusion line 
filled with gas bubbles

7 Loss of pressure in arterial pressure 
bag

3 Medication error: Co-Amoxicillin 
despite allergy against Penicillin

8 False positioning of patient, lying flat 
instead of upper body 30◦

4 Monitoring error: Arterial line 
transducer positioned to low

9 Risk of infection: central line 3 way 
valve not closed

5 Ventilator error: False Ventilator setting 
(tidal volume and inspiratory pressure 
too high)

10 IV Cannula left inserted inside a vein 
after disconnected

Overview of the pre-defined 5 critical and 5 minor errors based on the in- 
hospital Critical Incident Reporting System (CIRS).
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0.792). The time pressure subgroups had less revisits on all AOIs (− 0.50, 
95% CI − 1.00 – − 0.01, p = 0.047), while the groups with checklist did 
not show a significant effect (− 0.34, − 0.83 – 0.16, p = 0.184). There 
was no significant effect on entry time and first visual intake duration in 
the time pressure group nor the groups with checklists (entry time (ms): 
time pressure groups: 2236.87, 95% CI − 26073.40 – 21599.65, checklist 
9675.05, 95% CI − 14175.19 – 33525.29), first visual intake duration 
(ms): time pressure groups: 10.06, 95% CI − 29.56 – 49.68, checklist: 
12.60, 95% CI − 27.02 – 52.22) (Supplemental Fig. 2-5).

The probability of committing errors in relation to specific eye- 
tracking parameters (dwell time, entry time, revisits, first visual intake 
duration) on all AOIs were differentially associated between the time 
pressure exposed groups and to the groups without time pressure. Spe
cifically, for participants experiencing time pressure, the log-odds for 
committing an error increased by 3.7e-05 [95% CI, 2.4e-06– 7.9e-05] for 
every millisecond of prolonged dwell Time, whereas participants not 
experiencing time pressure presented an exactly inverse association with 
decreasing log-odds for errors when presenting a prolonged dwell Time 
on an AOI. In other words, a dwell Time of 15 s in the time pressure 
group would translate to a predicted probability of 86 [95% CI 80–90] % 
of committing an error, whereas the same dwell time would only lead to 
a 76 [95% CI 69–82] % probability of committing an error in the group 

without time pressure. Similarly, the time pressure group presented 
increased log-odds (4.1e-06 [95% CI, − 7.8e-07–9.1e-06]) of committing 
an error for every millisecond delay in entry time as opposed to the 
groups without time pressure. Furthermore, for every AOI revisit, time 
pressured participants had 1.41 [95% CI, 0.97 – 2.03] increased log odds 
of committing an error as opposed to participants without time pressure. 
This means, that whereas a time pressured participant revisiting an AOI 
4 times would have a predicted probability of committing an error of 92 
[95% CI 80–97] %, a participant without time pressure would have only 
a predicted probability of 75 [95% CI 63–83] % for the same number of 
revisits. Finally, also the first visual intake duration was associated with 
differentially increased log-odds of committing a mistake (0.0015 [95% 
CI, − 0.0013 – 0.0044]) for every millisecond in the time pressure group, 
whereas the effect was inverse for participants without time pressure 
(Fig. 2).

Questionnaire

Participants reported that the eye tracker mildly interfered with 
performance (median 2.0, IQR 0.0–4.0) and minimally restricted 
mobility (median 1.0, IQR 0.0–3.0). Self-reported time pressure was 
moderate (median 4.0, IQR 2.0–6.0) with no group differences (p =
0.990). Thus, time pressure did not increase perceived stress. Among 
participants with a checklist, perceived usefulness was low, with 18% (n 
= 4) and 22% (n = 5) rating it as “rather not helpful.”

Discussion

This study examined error detection during simulated handovers. 
Our results support the hypothesis that time pressure was associated 
with missing errors, while the use of a checklist did not improve error 
detection.

Stress is a major contributing factor for medical errors [23] and can 
arise from time pressure, interruptions, and distractions, all of which 
impair cognitive performance and error detection. We induced time 
pressure due to its relevance in fast-paced ICU workflows and to reflect 
clinical reality, where unexpected events often reduce available time. 
This stressor was preferred over other heterogeneous stressors that are 
difficult to implement consistently in an eye-tracking study. Time 
pressure decreased error detection for both critical and minor errors, 
consistent with prior research showing that time pressure narrows 
attention, increases inattention, and impairs working memory [23–26]. 
The missing of both minor and clinically relevant errors indicates that 
time pressure reduces overall situational awareness rather than shifting 
prioritization to life-threatening conditions. Clinically, this failure to 
detect errors in high-risk environments could compromise patient safety 
and increase adverse events or mortality. These results highlight the 
need for strategies to minimize stress from time pressure. However, 
simulations of time pressure (which cannot be eliminated fully in ICUs) 

Table 2 
Baseline characteristics of included participants (n = 91).

No checklist, time pressure 
(n ¼ 23)

Checklist use, time pressure 
(n ¼ 22)

Checklist use, no time pressure 
(n ¼ 23)

No checklist use, no time 
pressure (n ¼ 23)

Female Sex 17 (74%) 18 (82%) 21 (91%) 18 (78%)
Work Role ​ ​ ​ ​
ICU nurse with managerial 

function
8 (35%) 2 (10%) 3 (13%) 4 (14%)

Certified ICU nurse 1 (4%) 1 (5%) 1 (4%) 3 (13%)
ICU nurse student 14 (61%) 19 (86%) 18 /78%) 15 (65%)
Intermediate care (IMC) nurse 0 (0%) 0 (0%) 1 (4%) 1 (4%)
General professional experience 

(years)
12.0 (10.0–23.5) 12.2 (6.1–24.0) 15.0 (11.2–20.0) 20.0 (11.5–28.5)

ICU experience (years) 8.0 (4.5–17.0) 4.0 (3.0–20.0) 12.0 (3.0–14.5) 15.0 (4.0–23.5)
ROI (Room of Improvement) 

experience
13 (57%) 10 (45%) 16 (70%) 13 (57%)

Data are presented as numbers (percentages) and median [interquartile range], as appropriate.

Table 3 
Occurrence of critical and minor errors.

Overall

Number of all missed errors 
(critical and minor) *

4.0 (3.0, 5.0) ​ ​

Number of missed critical 
errors*

3.0 (2.0, 3.0) ​ ​

Number of missed minor 
errors*

2.0 (1.0, 2.0) ​ ​

Checklist Groups without 
checklist

Groups with 
checklist

P- 
value

Number of all missed errors 
(critical and minor) *

4.5 (3.0, 5.0) 4.0 (3.0, 5.0) 0.651

Number of missed critical 
errors*

2.0 (2.0, 3.0) 3.0 (2.0, 3.0) 0.957

Number of missed minor 
errors*

2.0 (1.0, 2.8) 2.0 (1.0, 2.0) 0.449

​ Groups without 
time pressure

Groups with 
time pressure

P- 
value

Number of all missed errors 
(critical and minor) *

3.5 (3.0, 5.0) 5.0 (3.0, 6.0) 0.002

Number of missed critical 
errors*

2.0 (2.0, 3.0) 3.0 (2.0, 3.0) 0.01

Number of missed minor 
errors*

1.0 (1.0, 2.0) 2.0 (1.0, 3.0) 0.02

Data presented as median [interquartile range]. * Refers to the median number 
of missed errors per participant. A missed error was defined as a safety hazard 
that was not recognized by the participant.

I. Chau et al.                                                                                                                                                                                                                                     Intensive & Critical Care Nursing 95 (2026) 104394 

4 



could offer learning opportunities, allowing practice in decision-making, 
error detection, and teamwork without risk to real patients.

In contrast, error detection in the checklist groups was similar to the 
control group. Standardized handovers and checklists have long been 
advocated to mitigate errors [2,3]. Of 91 participants, 89 supported 
implementing a checklist. Although not routinely used, checklists can be 
effective in ICU settings and handovers by improving information 
retention [26–31] and contributing to continuity of care [32]. The lack 
of advantage in our checklist group may reflect inadequate training or 
limited acceptance, which was presented without prior training. Only 9 
of 45 participants found it useful. Despite benefits, checklist uptake re
mains low, highlighting the need for training and engagement [33–36]. 
Notably, all 91 participants were willing to engage in checklist training. 
Future studies should examine whether different checklist designs or 
implementation approaches yield different results. Eye-tracking enables 
precise assessment of visual patterns and may support developing user- 
friendly checklists.

Our previously published study demonstrated that error recognition 
during handover checks is linked to distinct gaze metrics [17]. Here, we 
observed a correlation between specific gaze metrics and time pressure. 
Participants under time pressure had shorter dwell times, meaning they 
spent less time on a given area of interest (AOI), which resulted in more 
missed errors. Additionally, they had fewer revisits, making them less 
likely to recheck an AOI, further contributing to error omission. Revisits 
serve as a surrogate for rechecking and control glances [37,38], 
explaining the negative correlation between revisits and error detection. 
We were able to add to emerging evidence that the probability of 
committing or missing an error was dependent on distinct eye tracking 
metrics. We used eye-tracking to observe ICU nurses’ visual attention 
during handover aiming to better understand whether the addition of 

time pressure or checklist use influences their gaze behaviour. While 
conventional observations are prone to bias due to the Hawthorne effect, 
where individuals alter their behaviour when aware of being observed 
[39], eye tracking provides objective insights into gaze patterns [40,41]. 
Whether it is in the care of ICU patients, complex procedures such as 
airway management, interaction with medical devices or medication 
verification processes [15–17,20,41], eye tracking offers advantages 
that can be used in future studies.

Our study has several strengths, including a large sample size and 
scenarios based on real events, creating conditions close to clinical re
ality. However, limitations must be acknowledged. First, the simulated 
setting may have reduced perceived realism [42], although introducing 
hidden errors in real patients would have been unethical and imprac
tical. Second, only time pressure was examined as a stressor. Oher fac
tors such as noise, interruptions, and fatigue were excluded due to 
difficulties in standardization and measurement. Despite differing gaze 
patterns, self-reported time pressure did not differ between groups, 
likely reflecting the highly subjective nature of stress perception, which 
may be influenced by factors such as prior clinical experience and 
baseline stress tolerance. As these were not controlled for, inter- 
individual variability may have attenuated group differences. In addi
tion, subjective ratings of time pressure might not fully capture task- 
related cognitive load or momentary stress experienced during critical 
phases of task execution, also in simulated settings.

Future studies should identify stressors that affect both performance 
and subjective stress perception.

Although the head nurse contributed to checklist development, 
acceptance was very low, likely due to limited training and short 
preparation time, which may have reduced familiarity, usage and 
perceived usefulness, indicating insufficient implementation. Moreover, 

Fig. 2. Probability of error for groups with and without time pressure exposure. Panel a: dwell time (ms), Panel b: Entry time (ms), Panel c: Revisits (n), Panel d: First 
visual intake duration (ms).
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participants were unaware of the potential checklist use before they took 
part in the study and the checklist might not have been very user- 
friendly, all limiting familiarity with the checklist. Especially low fa
miliarity thus might have mainly contributed to low checklist uptake. 
Future research should evaluate strategies for effective checklist or 
guideline implementation to maximise uptake and utility. Finally, the 
checklist used in this pilot study was not formally validated. The results 
derived from the checklist should thus be interpreted with caution, as 
they might not be generalizable and necessitate further validation.

In conclusion, our findings indicate that error detection during shift 
handovers of ICU nurses were adversely affected by time pressure. The 
use of our checklist did not appear to have an impact on error detection. 
Eye-tracking data indicated that time pressure was associated with 
distinct gaze behaviour patterns.
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