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Abstract
Background: This study aimed to assess the effects of performing chest compressions
(CCs) while calling emergency medical services (EMS), compared with performing CCs
without simultaneously making an EMS call, and to explore participants’ experiences
during both scenarios. Methods: We conducted a mixed-methods experimental study
using a within-subjects repeated-measures design in a simulated environment at the
Faculty of Health Sciences, University of Ljubljana. A total of 75 healthcare students
participated in the study, and each participant performed CCs in two scenarios: (1)
while communicating with a dispatcher during an EMS call and (2) without makiJanng
a call. CC quality was measured using the Resusci Anne Quality Cardiopulmonary
Resuscitation (QCPR) manikin (Laerdal Medical, Norway) and QCPR Learner app,
with overall quality summarized using the QCPR score (0–100%). Semi-structured
interviews were conducted immediately after the scenarios to explore participants’
experiences, which were divided into intrinsic and extrinsic factors. Results: In
simulated cardiac arrest, CC quality was better when the rescuer was not simultaneously
calling EMS. Participants’ median CC depth (65 mm vs. 70 mm; Z = −6.21, p
< 0.001) and chest recoil (29% vs. 80%; Z = −5.01, p < 0.001) were reduced
when participants communicated with the dispatcher. CC rate and total number of
compressions remained comparable, whereas pause durations were slightly longer
during the call (0.6 s vs. 0.1 s; Z = −3.09, p = 0.002). Qualitative findings revealed that
participants experienced more intrinsic (such as physical and psychological strain) than
extrinsic factors, which included environmental and communication-related obstacles.
Conclusions: Performing CCs while talking on a smartphone with EMS reduces CC
quality and increases both physical and mental effort.
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1. Introduction

Early recognition of cardiac arrest and timely activation of
emergency medical services (EMS) are essential steps in the
chain of survival [1–3]. Among these actions, prompt EMS
activation is regarded as the second most crucial factor influ-
encing outcomes in out-of-hospital cardiac arrest (OHCA) [2–
4]. The European Resuscitation Council (ERC) guidelines for
adult basic life support (BLS) recommend that, after ensuring
the area is safe, the rescuer should check the victim’s respon-
siveness, call EMS, and activate the speaker or hands-free
option on their phone, or ask someone nearby to make the call.
The rescuer should then immediately begin cardiopulmonary
resuscitation (CPR) with assistance from the dispatcher if the
victim is not breathing or is breathing abnormally [3].
Dispatcher-assisted CPR (DA-CPR) is endorsed by the

American Heart Association (AHA) and the ERC as a vital
component of the chain of survival [5]. It allows dispatchers

to provide real-time CPR instructions to bystanders, thereby
improving early intervention during OHCA. DA-CPR is also
a key element of the ERC’s System Saving Lives bundled
approach, which emphasizes coordinated system-level
strategies to improve outcomes [3]. DA‑CPR improves
patient outcomes in OHCA, significantly increasing the
likelihood of bystander-initiated CPR [5, 6]. Evidence from
systematic reviews and meta-analyses indicates that DA‑CPR
improves neurologically intact survival, return of spontaneous
circulation, and survival to hospital discharge or 30-day
survival. These benefits are most evident when CPR is
initiated promptly. While it may not always achieve the same
outcomes as CPR performed by a trained bystander, DA‑CPR
remains an effective intervention for improving patient
outcomes and facilitating early resuscitation in OHCA. Wang
et al. [7] highlight its importance in increasing bystander CPR
rates, survival, and neurological outcomes.
Despite its proven benefits, several barriers hinder the ef-
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fective delivery of DA-CPR. A recent review identified psy-
chological hesitation, physical limitations, language barriers,
and communication issues, such as callers hanging up before
receiving CPR instructions, as major obstacles to initiating
CPR [8, 9]. Strategies to overcome these barriers include
improved dispatcher training, simplified instruction protocols,
video-assisted guidance, system-level improvements such as
centralized call handling, and community-based initiatives to
enhance CPR education [8, 9]. Some researchers have also
proposed practical solutions, such as performing one-handed
CCs while simultaneously calling EMS to reduce delays in
initiating CPR [10]. However, many of these barriers, particu-
larly psychological stress, physical strain, communication dif-
ficulties, and technical challenges associated with smartphone
use, directly relate to the increased cognitive load and mul-
titasking demands placed on rescuers during DA-CPR. These
factors may compromise compression quality when the rescuer
must perform CCs while simultaneously communicating with
the dispatcher.
Despite the proven impact of DA-CPR on improving sur-

vival rates after OHCA, the challenge of simultaneously call-
ing EMS while performing CCs remains a concern. Therefore,
this study aims to assess the effects of performing CCs while
calling EMS compared with performing CCs without simul-
taneously making an EMS call, and to explore participants’
experiences during both scenarios.

2. Methods

2.1 Study design
In May 2024, we conducted a mixed-methods experimental
study using a within-subjects repeated-measures design in a
simulated environment at the Faculty of Health Sciences, Uni-
versity of Ljubljana. Seventy-five healthcare students partic-
ipated in a within-subjects design and performed CCs in two
scenarios: (1) while communicating with a dispatcher during
an EMS call and (2) without an EMS call. Quantitative data
were collected using the Resusci Anne Quality Cardiopul-
monary Resuscitation (QCPR) Skill Guide manikin (Laerdal,
Norway), connected to a smartphone (Samsung Galaxy A35,
Seoul, South Korea), with data stored via the QCPR Learner
app (version 7.0.0, Laerdal Medical, Stavanger, Norway). The
QCPR manikin automatically recorded all quantitative CPR
performance parameters, including chest compression depth,
rate, total number of compressions, chest recoil, and pause du-
ration. Qualitative data were obtained through semi-structured
interviews exploring participants’ experiences, perceptions,
and challenges during the scenarios. The reporting of the study
adheres to the extensions of the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement,
as outlined in the Reporting Guidelines for Health Care Simu-
lation Research [11].

2.2 Participants
Healthcare students enrolled in the practical first aid exercises
during the 2023–2024 academic year at the University of
Ljubljana, Faculty of Health Sciences, were invited to par-
ticipate in the study. A convenience sampling method was

applied due to the accessibility of participants. The recruitment
process was conducted in person during scheduled classes,
where students were informed verbally about the purpose,
procedures, and voluntary nature of the study. To minimize
coercion, the invitation was extended by course instructors
who were not involved in student assessment. No incentives
or compensation were provided for participation. Inclusion
criteria were informed consent, being at least 18 years of age,
and having the ability to perform adult BLS on a manikin
(e.g., without physical limitations or injury). Our study had no
exclusion criteria. Out of a total of 84 eligible participants, 75
took part in the study. Nine participants declined to participate,
citing reasons such as a cold, a knee or wrist injury, or lack of
access to a smartphone.

2.3 Procedure
The research consisted of three parts (Fig. 1). Part 1 and Part
2 assessed CC quality with and without simultaneous EMS
communication. All quantitative parameters (see outcome
measures) were automatically recorded by the QCPR manikin
and stored via the QCPR Learner app. Part 3 involved semi-
structured interviews to explore participants’ subjective expe-
rience.

2.3.1 Part 1: CC performance during an EMS
call
Participants were provided with instructions and presented
with the following simulation scenario:
“You are on the third floor of the Faculty of Health Sciences,

University of Ljubljana. Upon entering the hallway of office
K313, you notice a man, approximately 40 years old, lying on
the floor. He is unresponsive and not breathing. There is no
Automated External Defibrillator (AED) available”.
In this scenario, the participant was alone and was therefore

required to initiate the EMS call and start CCs. Participants
used their own mobile phones, having confirmed beforehand
their familiarity with the speakerphone function, while the
dispatcher always used a smartphone, specifically a Huawei
P30 Lite (Huawei Corporation, Shenzhen China). Instead of
calling the EMS number, participants placed the call to the
dispatcher’s phone (with the number written on a note next to
the manikin, as participants had been informed beforehand).
After approximately five seconds, the call was answered

by a trained individual in a neighbouring room acting as the
dispatcher. The individual portraying the dispatcher had par-
ticipated in a brief educational visit to the Ljubljana medical
dispatch center. The dispatcher asked a series of prepared
questions, adjusting them as needed based on the flow of
the conversation. Communication between the dispatcher and
the rescuer was designed to be continuous, without silent
periods. The dispatcher guided the conversation throughout
the scenario, asking additional and follow-up questions, such
as the location of the victim, which room or floor they were
in, whether anyone else was present to assist, and confirm-
ing details of the situation. As soon as the student stopped
speaking, the dispatcher immediately asked another question,
ensuring a continuous, minute-long interaction. If a participant
did not respond or remained silent for more than one second,
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FIGURE 1. Flow diagram of study design.

for example, due to focusing on compressions, hesitation, or
not hearing the question, the dispatcher immediately repeated
the prompt or asked a new question to avoid variability in
silence duration. The dispatcher also used active coaching
and encouraging phrases, such as “keep going”, “you’re doing
great”, and “the ambulance is on its way”, which can motivate
bystanders and influence CC quality (“push hard”, “push fast”)
[12].

2.3.2 Part 2: CC performance without an EMS
call
In the second scenario, an assistant had already called EMS
and retrieved an automated external defibrillator (AED). The
participant was then left alone to perform CCs for one minute,
as in the previous scenario, but without the need to call EMS.
A 5–10-minute rest period was provided between scenar-

ios, with additional rest allowed if needed. All participants
completed scenarios in a fixed order, starting with the EMS-
call scenario, followed by the scenario without a call. This
order was chosen because participants had previously practiced
only CPR techniques without EMS communication in a class-
room setting; therefore, we aimed to first assess performance
under the less familiar, more complex scenario with EMS
calls, followed by the more familiar scenario without a call.

This approach helped standardize the procedure and ensured a
meaningful comparison between the two conditions.

2.3.3 Part 3: semi-structured interviews

Immediately after completing the second scenario, each par-
ticipant took part in an individual semi-structured interview
to obtain qualitative data. The Consolidated Criteria for Re-
porting Qualitative Research (COREQ) guidelines were fol-
lowed to ensure a consistent process throughout the study
[13]. Interviews were based on a semi-structured question-
naire developed from a literature review and refined after pilot
interviews, and were specifically designed ad hoc for this
study. Anonymity and a quiet environment were ensured. The
interviews were conducted in person by co-author JK, ensuring
direct, face-to-face interaction with the participants. Each
interview was recorded using a Sony IC digital voice recorder
(Sony Group Corporation, Tokyo, Japan) or Olympus WS-
832 digital voice recorder (Olympus Imaging Corporation,
Tokyo, Japan), lasted an average of five minutes, and was
subsequently transcribed verbatim inMicrosoft 365Word (Mi-
crosoft Corporation, Redmond, WA, USA) and anonymized.
The interviewees’ names were replaced with code numbers,
such as U1 representing participant number 1. The transcripts
were reviewed by listening to the audio recordings with VLC
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media player (version 3.0.20, VideoLAN, Paris, France), and
minor corrections were made as needed. Transcripts were not
returned to participants for feedback, and no repeated inter-
viewswere conducted. The interview guide explicitly explored
emotional responses such as stress, anxiety, fear, uncertainty,
sense of responsibility, perceived security, motivation, and
mental overload experienced during both scenarios.

2.3.4 Qualitative data analysis
Three researchers, JK (registered nurse in emergency depart-
ment, MSc candidate), NF (male associate professor, regis-
tered nurse in intensive care unit, and PhD in Biomedical Tech-
nology), and EDŠ (female associate professor and teaching
assistant with a PhD in Biomedicine) performed qualitative
content analysis on the interview transcripts. The qualitative
data were analyzed inductively using a three-step coding pro-
cess. Each transcript was read, qualitatively coded, reviewed,
and labelled using inductive content analysis [14]. Themes and
categories were not predetermined but emerged from the data
through successive stages of open, axial, and selective coding.
In the first stage, open coding was conducted to identify

and label key ideas within the interview transcripts. During
axial coding, related codes were grouped into broader cate-
gories, and relationships among them were explored. Finally,
selective coding integrated these categories into central themes
that represented participants’ overall experiences and the main
findings of the study. Data were independently coded, and any
discrepancies were discussed and resolved through consensus.
An agreement was reached through iterative discussion and
refinement of the coding framework. Data saturation was
achieved by analyzing the complete set of interview tran-
scripts from all participants in the quantitative phase, ensuring
comprehensive coverage of relevant themes. All analyses
were conducted using Microsoft Excel 365 (version 2401,
Microsoft Corporation, Redmond, WA, USA). The Sankey
diagrams were created using SankeyMATIC, a free online tool
(https://sankeymatic.com/), and refined by Inkscape v.1.4.2
software (Inkscape Project, USA).

2.4 Outcome measures
Primary outcomes were components of CCs: CC depth (50–
60 mm), CC rate (100–120 compressions per minute), total
number of CCs, chest recoil (0–100%), and pause duration
without compressions (seconds). The secondary outcome was
a total QCPR score, ranging from 0% to 100%, automatically
generated by the QCPR Learner app (version 7.0.0, Laerdal
Medical, Norway) and integrating individual performance pa-
rameters including compression depth, rate, recoil, and pauses
(interval without compressions), into a single overall score
reflecting overall adherence to recommended CPR guidelines.
More detailed information about the software’s scoring algo-
rithm is available on the Laerdal Medical website (Laerdal
Medical, Norway) [15]. Tertiary outcomes were qualitative
data presented in categories, subcategories, and codes.

2.5 Statistical analysis
Statistical analysis was performed using IBM® SPSS® Statis-
tics (version 29) (International Business Machines Corpora-

tion, Armonk, NY, USA) and Microsoft Excel (2007) (Mi-
crosoft Corporation, Redmond, WA, USA). As each partici-
pant completed both scenarios, all data were treated as paired.
A power analysis using G*Power (version 3.1.9.7, Heinrich
Heine University Düsseldorf, Düsseldorf, NRW, Germany) for
the Wilcoxon signed-rank test indicated that a minimum of 34
participants was required (assuming a medium effect size, r
= 0.3, α = 0.05, and 80% power). Our study exceeded this
requirement, with a total of 75 participants. Primary outcomes
were CC depth, rate, chest recoil, pause duration, and total
QCPR score. Data normality was assessed using the Shapiro-
Wilk test, and paired comparisons were performed using the
Wilcoxon signed-rank test, with a Bonferroni correction for
multiple outcomes (adjusted α = 0.01). Non-parametric data
are presented as median (IQR), with paired differences, ef-
fect sizes (r), and 95% confidence intervals reported where
appropriate. Statistical significance was set at p < 0.05 unless
otherwise adjusted.

3. Results

Out of a total of 84 participants, 75 took part in the study,
with the majority being women (n = 59), aged between 19 and
27 years. The mean age of the participants was 20.1 years
(±1.5). Physiotherapy students comprised of 36% (n = 27)
of the participants, followed by midwifery students (31%; n
= 23). The remaining participants were students of sanitary
engineering (13%; n = 10), orthotics and prosthetics (12%;
n = 9), and dental laboratory prosthetics (8%; n = 6). All
participants had previously practiced adult BLS as part of
training exercises at the University of Ljubljana, Faculty of
Health Sciences, and the majority (92%) had completed a first
aid course for motor vehicle drivers, which includes adult BLS
training.

3.1 Effects of dispatcher communication on
chest compression performance
Participants’ CC performance differed between the two
scenarios, namely communicating with the dispatcher versus
performing CCs without dispatcher interaction. Participants
showed lower median CC depth and reduced chest recoil
percentages when communicating with the dispatcher, while
the number of compressions and CC rate were largely
unaffected. Pause durations were slightly longer during
DA-CCs (Table 1).
The median QCPR score was 82.0% (IQR: 54.5–95.5) when

participants communicated with the dispatcher while perform-
ing CCs, compared to 93.0% (IQR: 74.0–99.0) when partici-
pants performed CCs without dispatcher communication. This
difference was statistically significant (Z = −0.22, p = 0.001,
r = 0.49, paired difference = −11%, 95% confidence interval
(CI) (−15.0, −7.0)).

3.2 Qualitative analysis of participants'
experiences
Qualitative analysis revealed that participants reported more
intrinsic factors (n = 430) than extrinsic factors (n = 253)
influencing their experiences during CCs, both when commu-
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TABLE 1. Primary chest compression performance outcomes.

Outcome measure
CCs with dispatcher
communication

(n = 75)

CCs without dispatcher
communication

(n = 75)

Paired
difference

Z p-value r 95% CI

Depth–MED (IQR)
(mm) 65.3 (60–70) 70.4 (65–75) −5.1 −6.21 <0.001 0.71 −6.2, −4.0

Depth–MED (IQR)
(% of CCs in target
depth range)

100.0 (96.0–100.0) 100.0 (100.0–100.0) −4.0 −4.99 <0.001 0.69 −6.0, −3.0

Rate–MED (IQR)
(CCs min−1) 121.7 (110–133) 122.2 (112–135) 1.5 −0.38 0.706 0.04 −2.0, 5.0

Rate–MED (IQR) (%
of CCs in target rate
range)

25.0 (2.0–74.5) 22.0 (0.5–95.0) 1.0 −1.26 0.206 0.15 −5.0, 6.0

Recoil–MED (IQR)
(%) 29.0 (7.0–87.5) 80.0 (30.0–99.0) −51.0 −5.01 <0.001 0.65 −60.0, −42.0

Duration of pause–
MED (IQR) (s) 0.6 (0–1.5) 0.1 (0–0.5) 0.5 −3.09 0.002 0.36 0.2, 0.8

Number of CCs–
MED (IQR) 119.2 (110–130) 121.5 (112–135) −2.0 −1.21 0.225 0.14 −5.0, −3.0

CCs: chest compressions; MED (IQR): median (interquartile range); Pause: average interruption duration (s); Paired difference:
median difference between conditions; Z: Wilcoxon signed-rank test statistic; p: significance; r: effect size; 95% CI: 95%
confidence interval of paired difference. All comparisons used the Wilcoxon signed-rank test with Bonferroni correction.

nicating with the dispatcher and when performing CCs without
dispatcher communication (Figs. 2,3).

3.3 Focus and perceived quality of CCs
without EMS call

Most participants who performed CCs without calling EMS
reported that they could focus solely on the quality of the
compressions. However, many also expressed concern about
whether they were performing the CCs correctly. Participant
U38 noted, “Since I wasn’t thinking about the information
I needed to give the dispatcher, I was more focused on the
compressions, and they felt more exhausting”. Similarly, par-
ticipant U47 reflected, “I wondered if the personwould survive.
Am I doing the compressions right? Is something wrong?”
Many participants also remarked that a single minute of per-
forming CCs felt very long. For example, participant U33
stated, “It dragged on, and pain and fatigue became noticeable
much quicker”, while participant U76 added, “One minute felt
much longer to me”. Some participants felt uncomfortable
being alone and missed having assistance. Participant U12
shared, “I was alone, and the silence was uncomfortable”, and
participant U32 explained, “Since someone else was making
the call and fetching the AED, I knew the survival chances were
higher, but I was also afraid something might go wrong while
I was alone”. Overall, participants described CPR without
calling for help as stressful and exhausting, with the feeling
that the responsibility for the victim’s survival rested heavily
on their shoulders.

3.4 Distraction and multitasking during
EMS calls
Most participants reported that the call distracted them from
performing CCs. Participant U3 mentioned, “During the con-
versation, you don’t really have time to even think that you’re
tired”; while participant U31 added, “Calling at the same time
is distracting, and I couldn’t focus on how deep and fast I was
compressing”. Additionally, participants emphasized that it
was challenging to perform multiple tasks simultaneously and
that they focused more on the call than on performing CPR.
Participant U35 noted, “It’s hard to concentrate on doing CCs
and listening on the phone at the same time”, and participant
U10 shared, “I focused more on the call than on the actual
resuscitation”. Some participants expressed concern about
providing information to the dispatcher, as they were afraid of
saying something wrong or omitting important details. On the
other hand, some participants felt a sense of security from the
dispatcher during the call and felt better because they didn’t
feel alone. Participant U68 stated, “It was a little stressful
to think about my answers to the rescuer, but their presence
and instructions helped me stay more focused and not dwell so
much on the situation”, while participant U40 added, “I didn’t
feel alone; the dispatcher’s support was helpful”.

3.5 Obstacles affecting chest compression
performance
Participants identified several obstacles during CCs, including
the phone call, communication with the dispatcher, physical
limitations, multitasking, inappropriate clothing and acces-
sories, feelings of solitude, and environmental distractions.
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FIGURE 2. Sankey diagram illustrating participants’ extrinsic factors affecting the performance of chest compressions
with and without dispatcher communication. CPR: Cardiopulmonary Resuscitation.

FIGURE 3. Sankey diagram illustrating participants’ intrinsic factors affecting the performance of chest compressions
with and without dispatcher communication. CPR: Cardiopulmonary Resuscitation.

The most common obstacle was loose hair obstructing vision,
followed by issues with glasses. Participant U71 stated, “I was
bothered by my glasses, as they kept sliding down my nose,
and my hair, which was covering my face”. The next most
common obstacle was the poor audibility of the dispatcher.
Some participants paused CCs to adjust the phone’s volume,
while others continued compressions despite struggling to hear
the dispatcher clearly. Participant U42 remarked, “I couldn’t
hear the phone well and had to pause briefly because of it”,

while participant U55 added, “I had to turn up the speaker on
my phone”, and participant U78 noted, “The low volume of the
phone was a hindrance during resuscitation, as I couldn’t hear
the person on the other end”.
Another obstacle identified by participants was the phone

call itself and the ongoing conversation with the dispatcher,
as they had to do two things at once, making it harder to
focus on CCs: participant U66 explained, “The call distracted
me in the sense that I couldn’t concentrate as much on the
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compressions”. In addition to the call, participants were also
bothered by jewelry, which pressed against their skin, caus-
ing discomfort and pain. Two participants were hindered by
necklaces that bounced during compressions and hit them in
the face: participant U36 noted: “My hair got in my face,
and the necklace was hitting me in the face”, while participant
U42 added, “The necklace bothered me as it bounced against
my face”, and participant U57 shared: “I was hindered by my
wristwatch (pressing against my wrist)”.

3.6 Facilitators and strategies to improve
performance
Participants identified several facilitators that improved CC
performance, including guidance from the dispatcher, remov-
ing jewelry, wearing appropriate clothing, tying up hair, and
using specific CC techniques. Participant U22 noted, “The
call helped me, I could ask if there was something I didn’t
know”. Jewelry can press against the skin during CCs and
cause discomfort, while glasses often slip down the nose:
participant U68 shared: “It helped when I removed my watch,
glasses, and rolled up my sleeves”. For many women, tied-up
hair was especially helpful: participant U45 noted, “Nothing
was bothering me; it helped that my hair was tied up and my
clothes were fitted enough not to get in the way”.

4. Discussion

Our results, although derived from a simulated cardiac arrest
scenario, indicate that it is more effective for one rescuer
to focus on performing CCs while other bystanders handle
the EMS call. However, in both scenarios, the mean CCs
depth (~65–70 mm) and rate (~120/min) slightly exceeded the
current ERC 2025 recommendations for adult BLS (depth:
50–60 mm; rate: 100–120/min), suggesting that participants
generally compressed harder and faster than recommended.
Notably, when participants performed CCs without simulta-
neously speaking to the dispatcher, they demonstrated better
compression depth, improved chest recoil, and higher overall
QCPR scores. Performing CCs while communicating with the
dispatcher also led to longer pauses between compressions.
This finding is particularly relevant, as minimizing interrup-
tions in CCs is a key determinant of high-quality CPR and
patient survival; even brief interruptions can reduce overall
CPR effectiveness [16]. Together, these findings provide
further insight into the ongoing debate regarding whether to
prioritize calling EMS or initiating CPR first [17]. Current
International Liaison Committee on Resuscitation (ILCOR)
recommends that EMS activation and CPR initiation should
happen simultaneously whenever possible.
The qualitative findings revealed that participants experi-

enced more intrinsic than extrinsic factors when performing
CCs, both with and without dispatcher communication. A
recent review showed that psychological barriers, such as
reluctance or hesitation, are more prevalent in DA-CPR than
physical barriers, such as bystanders’ physical limitations [9].
This aligns with our findings, in which participants reported
psychological and emotional responses, including stress, fear,
and uncertainty. Notably, while some participants reported

experiencing stress, while others perceived the task as men-
tally undemanding. This difference reflects inter-individual
variation in how rescuers appraise the emotional and cognitive
demands of DA-CPR. Performing CCs while simultaneously
interacting with a dispatcher can be experienced either as
stressful or as a straightforward procedural task, depending
on the individual. As a result, rescuers may face significant
acute mental stress when performing CPR [18]. Therefore,
implementing debriefing sessions after both training exercises
and real-life CPR events is crucial to mitigate the potential risk
of post-traumatic stress disorder [19].
Performing CCs while speaking to the dispatcher represents

a form of multitasking in which the rescuer must divide at-
tention between answering questions and maintaining high-
quality CPR. A recent study has shown that multitasking, such
as simultaneously communicating with the dispatcher while
performing CCs, leads to lower-quality CPR, as the rescuer’s
focus is split between providing information and maintaining
the CPR [20]. Some evidence suggests that Generation Z
nursing students may be more proficient at multitasking [21,
22]. However, multitasking skills vary among individuals and
may not generalize to all older generations. Previous studies
have shown that older adults often exhibit lower confidence
and willingness to use smartphones in emergency situations,
partly due to unfamiliarity with digital interfaces and lower
perceived usefulness of such technologies [23, 24]. These
differences highlight the importance of tailoring dispatcher-
assisted CPR interventions and digital training tools to ac-
commodate varying levels of technological familiarity across
age groups. Our study suggests that, when possible, one
rescuer should immediately begin performing CPR while a
second person contacts EMS to provide necessary information.
Although this sequence was not directly evaluated in our study,
it represents a practical interpretation of our findings, given
the challenges participants faced with multitasking. In real-
life situations, once the call to EMS has been initiated, the
phone can be placed on the ground near the victim, allowing
the dispatcher to continue guiding the rescuer while another
bystander retrieves an AED. However, this approach may
present practical challenges. In many countries [24], AEDs are
stored in locked cabinets, despite AHA recommendations that
AEDs be clearly visible and readily accessible without locks
[25]. This practice often requires the dispatcher to provide a
code to unlock the cabinet, potentially causing delays in the
emergency response.
High-quality CC requires significant physical exertion, and

our results showed that rescuers frequently experienced pain,
exhaustion, and fatigue. Owing to this physical strain, it is rec-
ommended that rescuers rotate every two minutes to maintain
the effectiveness of CPR and ensure consistent CC quality [25].
Rotationmay also help alleviate the perception that time passes
slowly during CPR, as many participants reported that even
one minute felt prolonged. Interestingly, while CPR is often
a team-based activity, research shows that individuals spend
approximately two-thirds of their waking hours in solitude
[26]. This contrast highlights the psychological transition
required when moving from solitary activities to high-stakes,
teamwork-based emergencies. Our findings suggest that train-
ing should incorporate scenarios simulating this shift, allowing
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participants to practice rapid adaptation to time pressure, mul-
titasking, and collaborative decision-making. Such approaches
may enhance mental readiness and confidence, consistent with
ERC 2025 guidelines thar emphasize teamwork and structured
communication during resuscitation [27]. Previous research
has demonstrated that effective leadership, mutual monitoring,
and clear communication among team members significantly
improve resuscitation performance [28]. Despite our par-
ticipants having previous CPR training, they still expressed
concerns and doubts about their performance. To address
this gap, brief and frequent CPR training sessions should be
implemented, perhaps through smartphone games [20] or CPR
kiosks [29, 30] that are available around the clock. These
methods can help regularly refresh CPR knowledge and skills.
Among the extrinsic factors affecting CCs’ performance,

participants frequently reported that long hair falling onto their
faces was distracting during CCs. Therefore, ensuring hair
is secured may help improve comfort and focus during CPR.
Similarly, some participants noted that jewelry or wristwatches
occasionally caused discomfort or impeded effective CCs.
Adapting by removing or adjusting such accessories, when
feasible, could help maintain comfort and performance during
resuscitation. Although vibration-guided CPR devices worn
on the wrist have shown benefits during hands-only CPR [31],
it may be necessary to consider removing bulky wristwatches
before performing CCs for comfort and optimal performance.
Similar challenges occur when the rescuer is wearing items,
such as goggles (especially sunglasses), snow gloves, and
other gear. Serin and Caglar (2021) reported that protective
masks, other than surgical masks, used as personal protective
equipment, increase rescuer fatigue during CPR and negatively
impact the quality of CCs. However, their use remains essen-
tial in certain situations [32].
Our research aligns with previous findings [33] that mobile

smartphone-related issues can disrupt the DA-CPR process
and create barriers to effective communication. Participants
in our study experienced problems such as poor audio quality,
low speaker volume, and forgetting to activate the speaker
function. Similarly, Michiels et al. [34] (2021) reported that
language comprehension difficulties or phone-related issues
such as poor reception, unidentified speaker, or use of a land-
line can hinder DA-CPR communication. Among callers from
Slovenia instructed to use speaker mode, a small percentage
were unable to do so due to a lack of skills [35]. Steensberg
et al. [24] (2017) reported that less than half of bystanders
were unable to activate the speaker function. Given these
challenges, adult BLS training should emphasize on proper
mobile smartphone usage, including how to make hands-free
emergency calls, with particular focus on training older adults.
Birkenes et al. [36] (2013) found that more than fifty percent
of older bystanders could activate the speaker function. Older
individuals have expressed a willingness to learn how to recog-
nize emergencies and use modern technology to contact EMS
[37].
In our study, the dispatcher was identified as a key external

factor influencingCPRperformance. Dispatchers provided not
only practical guidance but also emotional support, offering a
sense of security to the rescuers. They played an essential role
in encouraging and motivating the callers, particularly during

moments of emotional distress, and were often instrumental in
providing instructions on the correct speed and depth of CCs
[38]. These findings are consistent with recent work high-
lighting the dyadic interaction between caller and dispatcher
during DA-CPR, demonstrating how communication patterns
influence both emotional regulation and CPR performance
[23]. The presence of another person, even a dispatcher
over the phone, was often mentioned as a key external factor
positively influencing their ability to perform CPR. This aligns
with the findings of Idland et al. [39], who reported that
callers using video streaming felt that the dispatcher was “sort
of in the room with me”, emphasizing how real-time visual
guidance can enhance perceived support and confidence during
emergency calls. Similarly, recent findings by Imbriaco et
al. [8] further highlight the crucial emotional dimension of
DA-resuscitation, showing that dispatcher empathy and calm
verbal tone can improve caller cooperation, reduce panic, and
enhance the overall quality of bystander CPR performance.
However, dispatchers were also perceived as a source of dis-
traction. Participants reported increased physical and mental
strain when communicating with dispatchers, particularly in
terms of maintaining focus and high-quality CC simultane-
ously.
Future manikin studies should incorporate simulated dis-

patcher conversations with real dispatchers, as done in our
study and others [20]. This approach provides learners with a
realistic experience and offers valuable insights into the types
of questions dispatchers need to include in their protocols. One
study found that bystanders often feel they are being asked
irrelevant questions, which they believe delays the arrival of
EMS [34]. However, this perception is inaccurate. Dispatchers
must follow a structured protocol to gather all essential infor-
mation before effectively assisting the rescuer and victim. In
practice, when a dispatcher receives a call from a bystander
without a healthcare background, they adhere to established
indexes [40–42]. Typically, if CCs are already being per-
formed, the dispatcher may instruct the caller to reassess the
victim’s breathing, as this can help determine whether CPR
is truly indicated. Studies show that among victims who re-
ceived bystander CPR, a portion was later determined by EMS
personnel not to be in cardiac arrest upon assessment [43].
For this reason, the AHA [25], the Netherlands Resuscitation
Council [44], and the ERC guidelines from 2025 [3] prioritize
calling EMS after checking the victim’s responsiveness, then
breathing assessment and initiation of CPR as instructed by the
dispatcher. Importantly, the same adult BLS instructor also
trains bystanders during BLS courses [45].
This study has several limitations. First, it was conducted

as a simulated setting using a manikin in a controlled en-
vironment, which differs significantly from real-world CPR
situations. The observed mean CC depth and rate slightly
exceeded the current ERC 2025 guidelines for adult BLS
[3]. This may be partly explained by manikin calibration,
as the Resusci Anne QCPR Skill Guide manikin can slightly
overestimate compression depth depending on its setup and
placement on the floor. Additionally, participants, as primarily
healthcare students, may have over-performed, consciously
or unconsciously aiming to achieve what they perceived as
“ideal” CPR quality during a supervised simulation. Such ten-
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dencies are common in simulation studies, where participants
may exert greater effort than in real-life scenarios. In actual
scenarios, factors such as background noise from traffic or by-
standers can interfere with dispatcher-assisted communication.
Furthermore, all participants had prior CPR training, which
limits the generalizability of findings to untrained laypeople
or the general population.
Although the one-minute CPR duration does not fully repli-

cate a real-life OHCA situation and represents a limitation, it
allowed us to focus on the effects of continuous dispatcher
guidance without the confounding influence of physical fa-
tigue. This controlled setting ensured that differences observed
in CC quality were primarily attributable to the intervention
itself rather than extraneous factors, thereby enabling a clearer
understanding of the impact of dispatcher-assisted instructions.
The fixed order of scenarios may have influenced participants’
performance and emotional responses. All participants per-
formed the EMS-call scenario first, followed by the scenario
without a call. This order was chosen for standardization
and to introduce the more complex task first, however, it
may have introduced learning effects, fatigue, or emotional
habituation. A further limitation is that both scenarios were
performed in a fixed order, which may have introduced order-
related biases such as learning, adaptation, or fatigue effects.
Although the within-subject design reduces inter-individual
variability, it does not eliminate the possibility that partici-
pants’ performance in the second scenario was influenced by
prior exposure to the first. The crossover design might have
mitigated these effects and reduced participants’ awareness
of how the emergency call condition influenced their perfor-
mance. Although participants had previously practiced CPR
on a manikin, this practice did not include the full simula-
tion scenario, and residual anxiety may still have affected
performance. The presence of an assistant in the CC-only
scenario may have introduced confounding factors, such as
social support or reduced cognitive load, which could have
influenced performance. Therefore, the results should be inter-
preted as associations rather than causal effects. Additionally,
participants’ recollections during the interviewsmay have been
affected by recall bias, as they might remember the second
scenario more clearly or confuse their feelings between the
two conditions. Future studies should consider randomizing
the order of scenarios to minimize these effects. Finally,
the study focused exclusively on hands-only CPR; including
rescue breaths in future research may yield different outcomes
and provide a more comprehensive understanding of rescuer
performance across diverse BLS procedures.

5. Conclusions

Our study highlights the complexity of performing CCs during
DA-CPR in a simulated cardiac arrest scenario. Although it is
ideal for CPR to begin immediately while another bystander
contacts the EMS, our findings show that multitasking during
resuscitation negatively impacts CC quality. Specifically,
CC depth and total QCPR scores were significantly lower
when participants performed compressionswhile communicat-
ing with the dispatcher, while CC rate showed no significant
difference. Participants also demonstrated longer pauses and

reduced chest recoil under dual-task conditions. In addition to
physical exertion, psychological factors played an important
role in influencing rescuer performance. Adequate training,
especially in the use of smartphones and multitasking, as
well as conducting debriefings after CPR, may help improve
various outcomes. Finally, communication with the dispatcher
is crucial for guidance but can also introduce distractions,
suggesting the need for optimized protocols. These findings
suggest that current DA-CPRprotocolsmay need refinement to
reduce cognitive overload and minimize interruptions caused
by communication demands. Dispatcher instructions should
therefore be optimized to support rescuers without compro-
mising CC quality, especially during the critical first min-
utes of resuscitation. Future research should explore longer
CPR durations, inclusion of rescue breaths, randomized study
designs, and evaluation in more realistic OHCA settings to
further validate these findings and improve the generalizability
of results.
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