
Aus der
Klinik für Anästhesiologie mit Schwerpunkt operative Intensivmedizin (CCM/CVK),

Charité - Universitätsmedizin Berlin

DISSERTATION

Effects of Telemedical Support
on Quality of Emergency Information Retrieval

Considering Offshore Wind Power Infrastructure

Effekte von telemedizinischer Unterstützung
auf die Qualität von Notfallinformationsgewinnung

unter Berücksichtigung von Offshore Windkraftinfrastruktur

zur Erlangung des akademischen Grades
Doctor rerum medicinalium (Dr. rer. medic.)

vorgelegt der Medizinischen Fakultät
Charité - Universitätsmedizin Berlin

von

Philipp Landgraf, M.Sc.

aus Berlin.

Datum der Promotion: 21. Juni 2020



EFFECTS OF TELEMEDICAL SUPPORT ~

Für meine Eltern und meinen Bruder.

PHILIPP LANDGRAF, 10/02/19 I



EFFECTS OF TELEMEDICAL SUPPORT ~ TABLE OF CONTENTS

Table of Contents
Page

Abstrakt 1

Abstract 3

1 Introduction 4
1.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.2 Emergency Telemedicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Emergency Information Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4 Trauma Response Empowerment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.5 Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Additional Details of the Methods and Materials 9
2.1 Fidelity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.1.1 Patient Dimension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.2 Clinical Setting Dimension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.3 Facilities Dimension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.2 Selected Cohorts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.3 Data Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.4 Non-inferiority Trial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3 Additional Details of the Results 17

4 Additional Details of the Discussion 21
4.1 Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.2 Construct Validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.3 Internal Validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.4 External Validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.5 Perspectives for Applications and Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

5 Conclusion 24

Acknowledgments 24

References 25

Appendix 27
Selbstständigkeitserklärung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Anteilserklärung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Journal Ranking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Originalbeitrag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Publikation 1: Landgraf, P, Spies, C, Lawatscheck, R, Luz, M, Wernecke, KD, and Schröder, T. Does

Telemedical Support of First Responders Improve Guideline Adherence in an Offshore Emergency Sce-
nario? A Simulator-Based Prospective Study. BMJ Open 2019;9(8):e027563. doi:10.1136/bmjopen-
2018-027563 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Lebenslauf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Publikationsliste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

PHILIPP LANDGRAF, 10/02/19 II



EFFECTS OF TELEMEDICAL SUPPORT ~ ABSTRAKT

Abstrakt

Einleitung
In Deutschland wird eine Verbesserung der medizinischen Versorgungsqualität mit einer Verbes-

serung von Gesundheit und Langlebigkeit assoziiert. Sie wird allerdings durch ökonomische

und demographische Entwicklungen gefährdet.

In Offshore-Windparks sind diese Gefahren besonders greifbar, da bereits eine groSSe Lücke in

der medizinischen Notfallversorgung besteht.

Telemedizin könnte einen Lösungsansatz darstellen.

In Landgraf et al. [1] haben wir über die Auswirkung telemedizinischer Unterstützung auf den

ersten Teilprozess der Erstreaktion im Notfall berichtet.

Methoden
In simulierten, identischen Windkraftanlagen wurden Teams von zwei medizinischen Laien

(Offshore-Wartungsingenieure) und Teams von zwei medizinischen Fachleuten (Rettungsassis-

tenten) in einem simulierten Offshore-Notfallszenario mit einem simulierten, polytraumatisier-

ten Patienten konfrontiert. Die Teams wurden nach dem Zufallsprinzip in unabhängige Gruppen

eingeteilt (Intervention versus keine Intervention). Die Teams in den Interventionsgruppen

wurden telemedizinisch durch Übertragungstechnik mit Verbindung zu einem entfernten Arzt

unterstützt.

Alle Teams sollten eine Primärbefragung des Patienten durchführen. Mithilfe von Videoaufzeich-

nungen bewerteten Rezensenten ihre in Einheiten aufgegliederte Leistung sowie benötigte Zeit.

Diese Leistungswerte und Zeiten wurden auf Auswirkungen von Fachwissen und telemedizini-

scher Unterstützung untersucht. Kern der Untersuchung war eine Nichtunterlegenheitsprüfung

von unterstützten medizinischen Laien gegenüber nicht unterstützten medizinischen Fachkräf-

ten.

Ergebnisse
36 Offshore-Ingenieure in Zweierteams besetzten 18, 34 Rettungsassistenten in Zweierteams

besetzten 17 simulierte, identische Windkraftanlagen. Nach Randomisierung wurden neun

Ingenieurteams sowie neun Rettungsassistententeams telemedizinisch unterstützt, sodass neun

Ingenieurteams sowie acht Rettungsassistententeams nicht unterstützt wurden. Die Leistung der

unterstützten Ingenieure war besser als die der nicht unterstützten Ingenieure (p < 0.01) und

derjenigen von nicht unterstützten Rettungsassistenten (bei einer Unterlegenheitsschwelle von

einem Leistungspunkt) nicht unterlegen (p = 0.03). Der Unterschied zwischen unterstützten und

nicht unterstützten Rettungsassistenten war nicht signifikant (p = 0.11). Ohne Unterstützung

haben Rettungsassistenten Ingenieure übertroffen (p < 0.01). Unterstützte Gruppen waren

langsamer als nicht unterstützte Gruppen (p < 0.01) [1].
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Fazit

Die erste Reaktion auf medizinische Notfälle in Offshore-Windparks mit erheblich verzögerter

professioneller Hilfe kann durch telemedizinische Unterstützung verbessert werden. Zukünftige

Arbeiten sollten unser Ergebnis in zusätzlichen Szenarien testen und interdisziplinäre sowie

systemische Aspekte untersuchen [1].
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Abstract

Introduction
In Germany, improvement of quality of care is associated with improvement of health and

longevity but threatened in several dimensions by economic and demographic trends. In offshore

wind parks, these threats are particularly tangible with an already large gap of emergency

medical care.

Telemedicine may be an approach to a solution.

In Landgraf et al. [1] we reported on the effect of telemedical support on the first subprocess of

emergency first response.

Methods
In simulated, identical wind power plants, teams of two medical non-professionals (offshore

maintenance engineers) and teams of two medical professionals (paramedics) faced a simulated

polytraumatized patient in a simulated offshore emergency scenario. The teams were random-

ized into independent groups (intervention versus no intervention). Teams in the intervention

groups were telemedically supported by transmission technology with connection to a remote

physician.

All teams were to conduct a primary survey of the patient. Using videorecordings, reviewers

scored their itemized performance and required time. These scores and times were explored for

effects of expertise and telemedical support, culminating in a non-inferiority trial of supported

medical non-professionals against unsupported medical professionals.

Results
36 offshore engineers in teams of two staffed 18, 34 paramedics in teams of two staffed 17

simulated, identical wind power plants. After randomization, nine teams of two engineers as

well as nine teams of two paramedics were telemedically supported, leaving nine teams of

two engineers as well as eight teams of two paramedics unsupported. Supported engineers’

performance was better than that by unsupported engineers (p < .01) and non-inferior (at one

item margin) to that by unsupported paramedics (p = .03). The difference between supported

and unsupported paramedics was not significant (p = .11). “Without support, paramedics

outperformed engineers (p < .01). Supported groups were slower than unsupported groups

(p < .01)” [1].

Conclusion
“First response to medical emergencies in offshore wind farms with substantially delayed

professional care may be improved by telemedical support. Future work should test our result

during additional scenarios and explore interdisciplinary” [1] as well as systemic aspects.
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1 Introduction

We currently sum up a high degree in a multitude of dimensions as high quality of care. The

dimensions vary as expressed by different frameworks for measurement and improvement [2].
In Germany, as an example, improvement of quality of care is associated with improvement

of health and longevity but threatened in several dimensions by economic and demographic

trends [3].

Of these threatened dimensions, clinical quality and therein the concept of clinical effectiveness

links the process of care with quality of care [2]. The very first sub process of emergency first

response is information retrieval.

Of these economic trends, an increase of costs [4] and an optimization of organizational

processes associated with a limitation of caregiver freedom, resources [5] and risk are relevant

to the topic.

Of these demographic trends, an increasing demand for caregivers and a declining number of

physicians [6] are but the tip of an iceberg.

One particularly tangible process illustrates this context: The first response to medical emer-

gencies on offshore wind power plants.

As described in the introduction to Landgraf et al. [1] and more thoroughly in Stuhr et al. [7]
and Durstewitz and Lange [8]: The offshore wind industry is growing, along with a demand

for personnel working off shore who need medical support in emergencies. Traditionally, a

telephone call with emergency services may trigger a rescue with delay depending on dis-

tance, weather and structural inaccessibility. Tantalizingly, high speed network connections are

routinely established for monitoring and control of wind power plants.

Following the economic trend, decreasing unnecessary costs of treatment or rescue, risk of

rescue and optimization of organizational processes are necessary. The costs may increase

with deterioration of a patient due to delays and false decisions. The economically optimal

organizational processes continue a first response that followed medical guidelines and supplied

reliable information relevant to the clinical path planning, selection and preparation.

Following the demographic trend, decreasing demand for physicians is necessary. Utilizing

the time required for rescue, delegating workload altogether and enabling additional remote

support minimize the demand for physicians.

Therefore, we seek a network-based solution to avoid patient deterioration by reducing delays

and false decisions, to enable a first response that follows medical guidelines, to gather reliable

information for the ensuing processes and to spare (physician) resources.

The project Sea and Offshore Safety (SOS project, projekt-sos.charite.de, funded by the Federal

Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMUB),

funding code BMU-41V6169) developed and tested in a simulator study a concept for telemedical
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support in medical emergencies on offshore wind parks. The concept was aimed at improvement

of quality of medical decisions pertaining to rescue urgency, initial treatment and preparation

for further treatment utilizing real time transmission of audio, video and vital-sign data to a

realistically feasible extent.

1.1 Objectives

In Landgraf et al. [1] we investigated whether “real-time teleconsultations for [medical] non-

professional first responders in an emergency scenario improves guideline adherence and

time to treatment surrogative of quality of care. Under the assumption of this scenario being

commonplace for [medical] professionals, we used this group [of paramedics]’ performance as a

benchmark.” Looking only at the very first sub process, that of information retrieval, the primary

metric was a scoring of correctly attained information by teams of participants according to

current emergency first response guidelines.

At the center of this question, the one-sided null hypothesis of no equivalence H0 : ∆ ≤ δ,

where ∆ is the difference of the means of performance by supported medical non-professionals

versus unsupported professionals with δ = −1 as the chosen non-inferiority margin, is tested

against the hypothesis of one-sided equivalence H1 : ∆ > δ; The difference in performance

being greater than −1 item or in other words supported non-professionals being not inferior to

unsupported professionals.

The secondary metric was time required for this retrieval. Moreover, inter-rater reliability in

rating the correctness of information retrieval per team, the correctness per information item

and required time were reported.

In this synopsis (German “Manteltext”1), current perspectives on telemedicine and information

retrieval, additional details of the employed methods, findings, their applications and further

research questions are reported2. The order and structure of this report follows closely that of

Landgraf et al. [1] while avoiding repetition of published material except where necessary for

coherence.

1.2 Emergency Telemedicine

According to Perednia and Allen [9], “TELEMEDICINE can be broadly defined as the use

of telecommunications technologies to provide medical information and services. [...] this

definition includes medical uses of the telephone, facsimile, and distance education”. The

efforts reported by Hudson and Parker [10] in 1973, therefore, are some of the earliest efforts

to telemedically support medical professionals by more expert medical professionals.

1This is the translation according to https://promotion.charite.de/en/procedure/regulations_2017/dissertation/,
accessed 02.08.19 11:02 GMT+2.

2In accordance with https://promotion.charite.de/en/procedure/regulations_2017/dissertation/, accessed
02.08.19 11:02 GMT+2.
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As Zachrison et al. [11] report, “In 2016, telemedicine was used in most US emergency depart-

ments (58%)”. The reasons for this trend are summarized by Culmer et al. [12] in a review

of 1564 abstracts concerning prehospital telemedicine: “[C]ost was comparable or less than

controls. Care quality was also found to be in line with or slightly preferable to face-to-face care

with some advantages in response time and quality. Patients and providers were satisfied with

the systems.” This strengthened prehospital link of the chain of emergency survival enables the

entire chain to achieve best results [13]. Some of this benefit may be due to “pervasiveness

of informational and communicational information, [and][...] universal access to updated

information”[14] as well as the reduced delays [12].

To maximise this reduction of delays, pervasiveness and universality of access to information

along the chain of survival, the very first link - the patient and bystander - would also need to

be telemedically supported. For most medical scenarios, this empowerment works well [15],
often reducing false decisions and unnecessarily triggered chains [16].

Between actually low urgency scenarios of a patient themselves still conversing with a remote

physician and probably fatal scenarios of a patient being unresponsive which have been invest-

igated as use cases of telemedicine [12, 15], there are medical scenarios in which delay and

reliable information could be decisive.

The polytraumatized patient considered by Landgraf et al. [1] is one of these scenarios. Dis-

tance, lack of physician resources but high speed network connection corroborate its potential

usefulness for telemedicine research.

1.3 Emergency Information Retrieval
The initial step of first response should be to gather information about the patient [17] following

the Airway, Breathing, Circulation, Disability, Exposure (ABCDE) scheme and the Symptoms,

Allergies, Medications, Past medical history, Last oral intake, Events (SAMPLE) patient history

survey.

An incompleteness of this information was found by Stiell et al. [18] in 32.2 % of 1002 emergency

department visits. Of these 32.2 %, 34.1 % had been brought in by an ambulance. More recently,

Mashoufi et al. [19] found in their review on medical data quality reports between 2000 and

2015 that completeness, accuracy, consistency and accessibility were rated as low as 30% in

the completeness dimension.

In consequence, patients about whom the information was incomplete stayed an average of 1.2

hours longer in the emergency department [18]. On the other hand, “For each 1-hour reduction

in [information] access time, visit length was 52.9 minutes shorter, the likelihood of imaging was

lower [...], the likelihood of admission was 2.4 percentage points lower, and average charges

were $1187 lower (P ≤ .001 for all)”[20]. Furthermore, Janakiraman et al. [21] report on

an inverse correlation of information quality with length of stay, 30-day readmission rate and

likelihood of an additional physician being sought.

PHILIPP LANDGRAF, 10/02/19 6
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In summary, high quality - particularly complete - information may be relevant for decreasing

time and physician requirements with a plausible increase in patient safety [22]. Therefore,

these are metrics chosen by Landgraf et al. [1].

1.4 Trauma Response Empowerment

The scope of empowerment considered in this work includes only giving confidence and enabling

control of a situation. It does not consider giving legal power or permission as neither is a

limiting factor during simulation based research.

Bakke et al. [23] report on a majority of medical non-professional bystanders performing

first aid in a majority of trauma cases observed in Norway. They did not report on quality of

information retrieval or timeliness but did find a higher quality of first aid given by trained

bystanders compared to untrained ones.

Training, therefore, empowers bystanders to perform aspects of first aid.

Latifi et al. [24] report on telepresence support by trauma surgeons improving quality of care

by rural hospital staff for trauma patients.

From a consistency of improvement across levels of training, it follows that telemedicine may

additionally empower bystanders even with training.

The offshore engineers considered here receive regular first aid training. In Landgraf et al. [1]
we assume an improvement in information retrieval to signify an empowerment to retrieve

information due to telemedical support.

1.5 Simulation

Within this work, simulation refers to the artificial representation of a simplified model of reality

and its evolution. As an example, we may model an emergency scenario as a set of starting

and boundary conditions with a limited number of possible trajectories and therefore a very

finite realism - we refer to the model’s extent of reproduction of reality / fit for purpose as

fidelity [25]. Some of the functions of the human patient in this example are emulated, such as

reacting to a stimulus, exhibiting vital signs according to a patient state model or anchoring

participants in the emergency mindset.

This technique can be employed in education to great success [26]. Building on this experience,

immersive simulations can enable rapid reproduction of rare and risky situations and process

intervals which in turn enables prospective investigation - assuming the simulation is valid. One

example highlighting this assumption is reported by Slakey et al. [27]; Models of real adverse

outcomes were simulated to reveal more system errors and how complex decisions were made

than conventional root cause analysis. The authors insist on the validity of the model (construct

validity), that findings were due to the intervention (internal validity) and adequate to inform

improvement of the real system (external validity) as has been shown for the transferability of
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skills. This validity remains a weakness of the technique and sustains it as a topic of research

[28, 29].

The reproduction of rare and risky situations and process intervals, however, may justify this

limitation where patient safety is concerned [25].

PHILIPP LANDGRAF, 10/02/19 8
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2 Additional Details of the Methods and Materials

As compiled by Lamé and Dixon-Woods [25], an observed situation could be modeled to

evaluate candidate interventions. Here, the situation is the offshore emergency, the candidate

intervention is telemedical support and the evaluation is a prospective, controlled simulation

study. In the simulation study, qualitative findings supported by quantitative data “collected

either in real time or through use of video recordings”[25] would be generalized and validated

in a multicenter study.

The topic of this work is only the first part of the simulation study with data collected using

video recordings, quantitative and qualitative analyses and generalization perspectives.

2.1 Fidelity

To immerse participants into a reproduction of a rare and risky situation, the real situation was

modeled in three dimensions of simulation fidelity [30] as was practical within the scope of the

SOS project: The patient, the clinical setting and the facilities.

2.1.1 Patient Dimension

To emulate a conscious, polytraumatized patient convincingly enough, the following simplifica-

tions were chosen3:

Externally, the shape, size and weight approximated that of a healthy male, while the surface

material, consistency and mobility did not. Affixed to one arm and one leg were textured rubber

phantoms of an open fracture and a severe burn, respectively. See figure 2.1 for an overview.

Internally, the palpability of radial and carotid pulses, interfaces with an arbitrary pulse oximetry

sensor, for five-lead electrocardiography, defibrillation and intermittend non-invasive blood

pressure monitoring were reproduced

Functionally, basic eye lid activity, pupillary light reflex, chest excursion, carbon dioxide ex-

haustion, heart and lung sounds but neither temperature, nor skin tone variation, nor facial

expression, nor bleeding were emulated. Moaning, interactive speech and cognition were

enacted and projected by audio transmission into the mannequin’s head.

2.1.2 Clinical Setting Dimension

In any emergency, following the primary assessment in the ABCDE order [17], a secondary,

history assessment covering the SAMPLE questions should be conducted alongside a survey of

vital signs and where applicable the Onset, Provocation, Quality, Radiation, Severity and Time

(OPQRST) pain assessment.

3Features not currently technically feasible were not considered and therefore left out of this list.
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Fig. 2.1: The mannequin within the simulation area marked by tape models the space available in an offshore
wind power plant. Black rectangles are used to protect identities of involved individuals. The picture was taken by
one of the authors of Landgraf et al. [1], permission to use was given.

In a polytraumatized patient, primary and secondary assessment would lead into a rapid trauma

assessment to identify life threats (bodycheck) and then into prioritized diagnostic or therapeutic

actions. By repeating the same assessments, insight into status trends would be gained.

Taking advantage of the reproducibility of boundary conditions and to improve variable isolation,

the process the project members would follow was cut into five sequential subprocesses. The first

subprocess included the ABCDE scheme, the SAMPLE history and vital sign survey. The following

subprocesses covered the bodycheck, polytrauma treatment, intraosseous drug administration

and finally recording and transmitting a 12-lead electrocardiogram.

The scope of this work is only the first subprocess.

2.1.3 Facilities Dimension

The facilities in an offshore wind power plant are marked by confined space, often grated floors,

fall hazards, electrocution hazards, moving parts and fire hazards. Taking full advantage of

simulation to avoid any of these hazards, while adding comfort and enabling voluntary and

safe participation, only the space was confined as shown in figure 2.1.

The advantage of an offshore wind power plant being connected to a high speed network for

monitoring, control and maintenance was reproduced to enable usage of telemedical techno-
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logy. A vital sign monitor able to transmit vital signs (monitor; corpuls-3 with corpuls.web, GS

Elektromedizinische Geräte G. Stemple GmbH, Kaufering, Germany) and a system of audio

headset, head-mounted camera and hand held camera (commlink; Frontline Communicator,

MDAI mobile solutions GmbH, Wolfratshausen, Germany) enabled support by a remote phys-

ician. The used technology’s feasibility was an additional endpoint of the SOS project and

had been deemed plausible among project members. Its application was intended to increase

fidelity in comparison to mock-ups. Telemedical technology was only made available to the

intervention group.

The availability of a standard emergency case was also reproduced after plausibility had been

confirmed among project members.

Typical offshore protective gear was not modeled to avoid distraction and frustration of parti-

cipants, examination gloves are part of a standard emergency case.

2.2 Selected Cohorts

Among the SOS project stakeholders and their networks, two cohorts stood out as relevant to

the selected use case:

Offshore Maintenance Engineers are typically the patients and bystanders when offshore emer-

gencies do occur. They share exceptional health as this is an eligibility criterion for their work.

They share a language and large fields of experience because they have worked as colleagues

at one of the project partners. Much of this experience is in efficiently, effectively and cau-

tiously acting and following manual instructions and structuredly overcoming challenges. They

routinely participate in life support training but are generally medical non-professionals.

Paramedics are typically among the first responders to medical emergencies, routinely conduct-

ing primary and secondary assessments, selecting and being an essential link of the chain of

survival. Like the engineers, they too worked as colleagues at one employer and efficiently,

effectively and cautiously care for patients until a physician arrives or assist them thereafter,

often overcoming acute challenges. They have completed and regularly refresh extensive

emergency medicine training and are state-certified emergency medicine professionals.

From these, volunteers were paired up into teams of two and randomized by lot into a total

of four independent groups of teams: Medical non-professionals with or without and medical

professionals with or without support4. Figure 2.2 illustrates this process. Neither may be

representative of larger cohorts.

4 Please find additional information in [1], [31] and [32].
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Fig. 2.2: “Flow diagram of the simulator study. Randomization into groups, half of them supported by a remote
physician via a telemedically enabled monitoring unit and bidirectional commlink. One team dropped out due to
illness.” Figure (modified to show team size) and caption from Landgraf et al. [1].

2.3 Data Processing

Prior to the validation of metrics, measurement and the validation and analysis of data4,

the recordings from two perspectives on the simulation space and the telemedical support

workstation were combined into a single, synchronous video perspective with the addition of a

stop watch to improve consistency, precision and accuracy of time ratings as shown in figure

2.3.

These videos, approximately six hours in length, were redundantly and securely stored and

reviewers individually introduced to quantifying performance and duration by the author4.

The checklist in table 2.1 had been compiled by co-authors within the SOS project prior to

the simulator study4. “In operationalizing the ERC guidelines, all applicable Good ReseArch

for Comparative Effectiveness (GRACE) principles (graceprinciples.org) were considered. The

checklist reliability and validity were probed in two test simulations. No efforts were undertaken

to validate the duration metric.” [1] This checklist was used by both reviewers. Their filled-out

checklists were programmatically aggregated into a master sheet and organized into structures

compatible with SPSS 24 (IBM, Armonk, USA), EquivTest (StatCon GmbH, Witzenhausen,
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Fig. 2.3: Two perspectives on the simulation space (top), one perspective on the telemedical support workstation
(bottom) and a stop watch (bottom left). Black rectangles are used to protect identities of involved individuals.
The picture was taken by one of the authors of Landgraf et al. [1], permission to use was given.

Germany) and nQuery Version 8.4.0.0 (Stat. Solutions Ltd. & South Bank, Crosses Green, Cork,

Ireland), respectively.

The comparisons of groups as shown in figure 2.4 and described below were reported on

in Landgraf et al. [1] (enumeration changed to better distinguish the main objective from

explorative tests).

Fig. 2.4: Mapping of test indizes (vertical axis) to tested groups (horizontal axis) to indicate which groups
were compared in which test. Where two tests compared the same groups, they compared different measures
(performance or required time).
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Index Performance item Description of correct result
1 Patient conscious Yes
2 Patient orientated At least one information retrieved: name, location, time
3 Glasgow Coma Scale 14-15
4 Does the patient breathe normally? No
5 Respiratory rate 18-22 breaths per minute
6∗ Respiratory rate correctly surveyed Counted for 20 seconds or using monitoring device
7 Radial and if not carotid pulse Both pulses perceptible
8∗ Radial pulse correctly surveyed By palpation

9∗ Blood pressure correctly measured
Unsupported: Cuff placed correctly, stethoscope used in
Riva-Rocci fashion
Supported: Cuff placed correctly

10 Blood pressure
Unsupported: Korotkoff sound inaudible
Supported: 110/60 mmHg using monitoring device

11 Blood pressure normal
Unsupported: Unclear evidence
Supported: Yes

12 Symptoms Patient was asked
13 Allergies Patient was asked
14 Medication Patient was asked
15 Past medical history Patient was asked
16 Last meal Patient was asked
17 Environment / Course of accident Fall from 4 m height after burning lower leg

Tab. 2.1: “Checklist of itemized performance quality attributes as used by the remote physician and for evaluation
per team and scenario. They are ordered according to the sequence the authors would perform them in.”
“∗ Item not asked at the end of the scenario but observed in the video material.”
Table and caption from [1].

The main objective of the study consisted in testing the one-sided hypothesis

a. Performance by supported engineers compared to unsupported paramedics is not inferior

using the confidence interval inclusion method as well as Schuirmanns one-sided test at 5 %

significance level with a 1 item (δ = −1) non-inferiority margin.

Beside the (confirmative) test of the main hypothesis, the following tests in the area of explor-

ative testing were performed:

“Average rater rating of number of items correctly performed per team (itemized perform-

ance) was analyzed with two-sided exact Mann-Whitney U tests for independent [groups][...]
comparing

b. supported against unsupported engineers [as well as][...] supported against unsupported

paramedics,

c. unsupported engineers against unsupported paramedics,

d. supported engineers against supported paramedics and
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e. supported engineers against unsupported paramedics. [...]

Average rater measurement of scenario duration was evaluated using [two-sided exact Mann-

Whitney U tests for independent groups][...] comparing

f. supported against unsupported engineers [as well as][...] supported against unsupported

paramedics,

g. unsupported engineers against unsupported paramedics,

h. supported engineers against supported paramedics and

i. supported engineers against unsupported paramedics.

[Bonferroni-Holm-adjustment of the 5 % significance level was applied in each family of multiple

comparisons5 without additional tools.]

Finally, [...] [t]he number of teams per group who, by average rating, correctly performed each

item was analyzed descriptively. [...]

Inter-rater reliability was estimated using average intraclass correlation coefficients in a two-

way random-effects model for absolute agreement [...]. Quantile-quantile plots and minima in

proportionate positive inter-rater agreement were explored.” [1]

Output from all tools was added to the master sheet, as were data from interviews with project

participants about their demographics, experience and evaluation of the applied technology.

Only summative data were included in Landgraf et al. [1]. This master database was closed

and submitted to clinical monitoring for archiving.

2.4 Non-inferiority Trial

The non-inferiority test looks for a test sample (supported non-professionals) performing no

worse than a reference sample (unsupported professionals) by a defined margin. This margin

should be defined prior to data analysis and medically justified. Usually, it is referred to as a

margin of clinical importance.

As shown in figure 2.5, a test sample performed no worse than a reference sample by an amount

of clinical importance, if the defined non-inferiority (lower equivalence) margin δ is smaller

than the lower confidence interval limit. If a defined upper equivalence margin were also

considered (in a two-sided test of equivalence instead of a one-sided test of non-inferiority),

equivalence would be claimed if the confidence interval were covered by the equivalence

interval.

5Each family (tests of performance and tests of required time) contained six tests; The five reported here plus
the comparison of unsupported engineers versus supported paramedics which was of no interest being a matter
of course.
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90 % confidence interval of the difference

upper equivalence marginlower equivalence margin

confidence

lower limit upper limit

non-inferiority

equivalence interval

Fig. 2.5: Relationship of equivalence interval from lower equivalence margin δ < 0 to upper equivalence margin
−δ and confidence interval from lower limit to upper limit visualized along an axis for ∆ = µ1 − µ2, where
µ1 and µ2 are means of independent samples. Testing inferiority H0 : ∆ ≤ δ against one-sided equivalence
(non-inferiority) H1 :∆> δ using Schuirmann’s single one-sided test results in non-inferiority for lower confidence
interval limits greater than the lower equivalence margin.

The probability of a type II error in testing for one-sided equivalence decreases (the power

increases) with a diminution of the non-inferiority margin (lower equivalence bound) and/or a

reduction of the common standard deviation (growth of effect size as well as diminishment of

the confidence interval of the underlying difference of means).

Technically, the protocol followed in Landgraf et al. [1] in accordance with Chow and Liu [33]
is an inferential, univariate, single one-sided t-test of equivalence for two independent samples

of unequal size assuming equal variance (Schuirmann’s “single one-sided test”). Furthermore,

the confidence interval inclusion method for testing equivalence was used. We know from Liu

and Weng [34] that the two-sided test, that is a one-sided test with a lower equivalence margin

and another one-sided test with an upper equivalence margin, is robust against small deviations

from normal distribution.
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3 Additional Details of the Results

Except where declared otherwise, all citations in this section are from [1].

The sample sizes resulting from the recruitment and randomization into four groups of teams is

visualized in figure 2.2.

“Medians (Md), 95% confidence intervals of medians [as [lower limit, upper limit]][...], 1- /
2-sided exact significance (p) and effect size (d) are reported” where meaningful.

Significance after family-wise Bonferroni-Holm-adjustment of the 5% significance level is

denoted (∗).

As visualized in figures 3 and 4 of Landgraf et al. [1]:

a. “Schuirmann’s one-sided test rejects the null hypothesis of non-equivalence. Thus, non-

inferiority of supported non-professionals’ to unsupported professionals’ performance within

the specified equivalence bounds (difference of means less than or equal one item correctly

performed) can be claimed.”

supported non-professionals (n= 9) Md = 11.50 [10.50, 13.50]

unsupported professionals (n= 8) Md = 11.75 [ 9.25, 12.50]

Schuirmann one-sided test at 5 % significance with a 1 item margin p = .03∗

Group supported
non-professionals

unsupported
professionals

Mean 11.8333 10.6875

Standard Error (Mean) 0.5892 0.9398

Geometric Mean 11.7135 10.3237

Median 11.5000 11.7500

Standard Deviation 1.7677 2.6583

Variance 3.1250 7.0669

Min 9.0000 5.5000

Max 14.0000 13.0000

Range 5.0000 7.5000

n 9 8

Common standard deviation σ 2.22998

Tab. 3.1: “Descriptive statistics of the groups of supported non-professionals and unsupported professionals [...].
Common standard deviation was estimated by pooling standard deviations of both groups.” The unit is items
correctly performed except for n which counts the teams in each group. Table and caption from Landgraf et al.
[31].

The common standard deviation (see table 3.1) is calculated as

s2 =
(n1 − 1)s2

1 + (n2 − 1)s2
2

n1 + n2
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where s2
1 and s2

2 are sample variances from samples with n1 and n2 observations. The (1−α)-
confidence interval for the difference of means µ1 −µ2 is defined as

P

�

X 1 − X 2 − tα/2, d f

√

√ s2

n1
+

s2

n2
≤ µ1 −µ2 ≤ X 1 − X 2 + tα/2, d f

√

√ s2

n1
+

s2

n2

�

= 1−α

with X 1 and X 2 denoting arithmetic means of samples and tα/2, d f the quantile of the t-

distribution with d f = n1 + n2 − 2 degrees of freedom.

In one-sided equivalence testing, the (1− 2α)-confidence interval is to be used [35]. In other

words, we may calculate the confidence interval for α= 10% or 1−α= 90%.

The corresponding 90%-confidence limits for the difference of means in our example are

therefore given as

X 1 − X 2 − tα/2, d f

√

√ s2

n1
+

s2

n2
= −.7522 (lower limit)

and

X 1 − X 2 + tα/2, d f

√

√ s2

n1
+

s2

n2
= 3.0438 (upper limit)

The lower confidence limit is above the non-inferiority margin (δ = −1), therefore one-

sided non-inferiority has been directly proved by confidence interval inclusion. Moreover,

Schuirmann’s one-sided test rejects the null-hypothesis of non-equivalence with p = .0330.

b. “Supported outperformed unsupported participants. This intervention effect was statistically

significant among non-professionals but not among professionals.”

unsupported non-professionals (n= 9) Md = 4.50 [ 3.50, 7.50]

supported non-professionals (n= 9) Md = 11.50 [10.50, 13.50]

Two-sided exact Mann-Whitney U test for independent measures d = 3.13, p < .01∗

unsupported professionals (n= 8) Md = 11.75 [ 9.25, 12.50]

supported professionals (n= 9) Md = 13.00 [12.00, 14.00]

Two-sided exact Mann-Whitney U test for independent measures d = .86, p = .11

c. “Performance differences due to medical expertise is statistically significant in unsupported

groups; professionals correctly performed twice as many items as non-professionals.”

unsupported non-professionals (n= 9) Md = 4.50 [ 3.50, 7.50]

unsupported professionals (n= 8) Md = 11.75 [ 9.25, 12.50]

Two-sided exact Mann-Whitney U test for independent measures d = 2.25, p < .01∗
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d. “With telemedical support, this difference was not statistically significant.”

supported non-professionals (n= 9) Md = 11.50 [10.50, 13.50]

supported professionals (n= 9) Md = 13.00 [12.00, 14.00]

Two-sided exact Mann-Whitney U test for independent measures d = .54, p = .29

e. “No statistical evidence was found that unsupported professionals outperformed supported

non-professionals.”

supported non-professionals (n= 9) Md = 11.50 [10.50, 13.50]

unsupported professionals (n= 8) Md = 11.75 [ 9.25, 12.50]

Two-sided exact Mann-Whitney U test for independent measures d = .38, p = .46

f. “Participants who were supported required significantly more time compared with unsuppor-

ted participants.”

unsupported non-professionals (n= 9) Md = 6.55 [ 4.38, 8.55]

supported non-professionals (n= 9) Md = 11.87 [ 9.25, 13.05]

Two-sided exact Mann-Whitney U test for independent measures d = 1.95, p < .01∗

unsupported professionals (n= 8) Md = 4.38 [ 3.92, 7.08]

supported professionals (n= 9) Md = 7.62 [ 7.05, 9.50]

Two-sided exact Mann-Whitney U test for independent measures d = 1.62, p < .01∗

g. “Without telemedical support, no statistical evidence was found for either group being faster.”

unsupported non-professionals (n= 9) Md = 6.55 [ 4.38, 8.55]

unsupported professionals (n= 8) Md = 4.38 [ 3.92, 7.08]

Two-sided exact Mann-Whitney U test for independent measures d = .75, p = .16

h. “In supported groups, non-professionals took more time.”

supported non-professionals (n= 9) Md = 11.87 [ 9.25, 13.05]

supported professionals (n= 9) Md = 7.62 [ 7.05, 9.50]

Two-sided exact Mann-Whitney U test for independent measures d = 1.40, p = .01∗

i. “Supported non-professionals required more time than unsupported professionals.”

supported non-professionals (n= 9) Md = 11.87 [ 9.25, 13.05]

unsupported professionals (n= 8) Md = 4.38 [ 3.92, 7.08]

Two-sided exact Mann-Whitney U test for independent measures d = 3.10, p < .01∗

“Non-professionals without support likely surveyed consciousness (item 1), pulse rate (8), symp-

toms (12) and environment (17) correctly (see figure 5 [in Landgraf et al. [1]]). Professionals
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in the intervention group more often correctly surveyed respiration (4-6) and food intake (16)

but less often manually surveyed radial pulse (7-8).”

The sample sizes were not a result of statistical power calculations, as “knowledge of the

feasibility and acceptability of the intervention, design, procedures, measurability of effects and

estimation of precision” [1] was not yet gained. Instead, limited by the SOS project’s resource

budget, it was chosen as large as possible. In the post-hoc power analysis for the non-inferiority

test, we determined a power of 22.26% for the one-sided, two-group t-test of equivalence in

means, assuming an expected mean difference of 0, a one-sided significance level of 5%, a

lower limit equivalence margin of −1 and a common standard deviation of 2.23.

“Inter-rater reliability was estimated using average intraclass correlation coefficients in a two-

way random-effects model for absolute agreement (ICC(2,2)), 95% confidence intervals are

reported” [1] in brackets as [lower limit, upper limit]. The reliability of scores per item

(ICCppi(2,2) = .66 [.52, .74]) was lowest, followed by that of scores per team (ICCppt(2,2) =
.71 [−.10, .90]) with that of required time (ICCtpt(2,2) = .99 [.98, .99]) being the highest.

Essential to this positive effect was the feasibility of the support concept and technology

application.
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4 Additional Details of the Discussion

4.1 Findings

In summary, “[s]upported non-professionals performance was non-inferior to that by unsup-

ported professionals [...] [T]he telemedically supported non-professionals performed more

items correctly than unsupported non-professionals [, they][...] performed slightly more items

correctly than unsupported professionals.[...] The performance of additional items required

additional time [which][...] does not necessarily delay rescue.” [1]

This is a positive effect of telemedical support on the correctness and completeness of information

retrieval and a negative effect on time required. However, “more accurate first response could

expedite triggering the appropriate rescue chain, which is independently associated with greater

survival [36] and plausibly reduce on-scene time [37]. During a support gap pertaining to

the remoteness and accessibility of offshore wind farms, even slow information collection

may significantly improve outcome if it is reliable and available to alert and involve relevant

specialists especially before arrival of a rescue team [38–40]” [1].

Due to the reference count limit of this work, comparisons of these results with the literature

remain only in Landgraf et al. [1]. In summary, no qualitative discrepancies were found.

Due to resource constraints on the SOS project, the sample size per group was less than twelve,

the rule of thumb for pilot studies [41]. The post-hoc power considerations were published

alongside descriptive statistics [31] for future investigators’ reference.

The high inter-rater reliability on duration suggested there being no systematic error. A detailed

analysis of outliers in observed proportion of positive agreement between the raters [32] yielded

findings on internal and external validity with implications for increasing internal and external

validity in future study designs.

4.2 Construct Validity

As described in Landgraf et al. [1], efforts were made to validate the clinical setting and facilities

dimensions. The patient dimension was constrained by technology availability, similar in most

simulation based research and education [26] and seems to be secondary in relevance [25].

The high score by medical professionals suggests the scenario was common to them. It was

used to scale the metrics to resolve group differences and substantiate construct validity. The

small, albeit potentially life-saving, effect the intervention had among the benchmark cohort

of medical professionals confirms that telemedical support can further empower even trained

professionals.

For medical non-professionals, a medical emergency scenario should be uncommon. Construct

validity was probed in stakeholder and participant interviews and maximized by introducing

the scenario designers thoroughly to the real environment and real scenario to be modeled [1].
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4.3 Internal Validity

Controlling for team performance undue to the intervention was attempted by randomization

by lot. A pre-post scoring without intervention could have added to confidence in the effect

of this randomization but was not within the scope of the SOS project. Instead, simply the

largest sample size available within tight resource constraints on the project was included. The

intervention effect was therefore possibly superposed with non-intervention effects, the standard

deviations high, the post-hoc power low. However, our results were statistically significant.

These superposed non-intervention effects, therefore, did not obfuscate intervention effects.

Findings on inter-rater reliability for performance per team and per item suggest that disagree-

ment stems from “an emerging frame of reference in which the raters’ interpretations became

consistent, [...] differences in raters’ prioritization of accuracy of deductions versus precision

of adherence to instructions or guidelines, [...] differences in raters’ understanding of item

dependencies” [32]. These hidden variables in rater experience, expertise and interpretation

should either be charted for isolation or homogenized. The homogenization might be achievable

through repetition as a non-linear learning curve seemed to be visible among the raters but

was not investigated due to the small sample size. A discussion among raters may homogenize

but it is neither clear which biases would thereby spread, nor does this seem easily measurable.

4.4 External Validity

The same findings on inter-rater reliability for performance per team and per item suggest that

disagreement also stems from “simulation artifacts causing participants to behave differently in

an artificial setting than they might in reality” [32]. In detail, one of thirty five teams clearly

behaved unrealistically. While this is no evidence for the realism of the behavior of all other

teams, this outlier’s singularity may point to variability in the participants being the primary

and insufficient simulation fidelity being the secondary cause.

Confirming immersion of participants in the simulation would corroborate the chosen fidelity

but was not within the scope of the SOS project. In previous unpublished projects, immersion

proved difficult to reliably measure so that a confirmation thereby seemed to be an uncertain

prospect.

The higher scores among the benchmark cohort of medical professionals suggests a transferability

of skills and experience to the simulation. Pending evaluation in a multicenter trial [25], this

applicability of skills and experience to the simulation may plausibly hold vice versa and for

intervention effects.

PHILIPP LANDGRAF, 10/02/19 22



EFFECTS OF TELEMEDICAL SUPPORT ~ DISCUSSION

4.5 Perspectives for Applications and Research

Currently, quality of healthcare gains priority over its constituents6 even in public discourse[42].
In shifting the priority from infrastructure and utilization toward availability, transparency and

avoidance of outcome irrelevant utilization, this reprioritization is in progress.

Telemedical concepts use high speed networks to decouple availability of care from that of health-

care infrastructure and by design increase transparency, information quality and manageability,

optimizing many subsequent processes [12].

In Landgraf et al. [1] we reported that medical non-professionals, through a telemedical

concept, were non-inferior to medical professionals at performing the first step of emergency

response. Distinguishingly, the non-professionals in this scenario being closer to the scene,

their response could begin with less delay although it might take longer. Thus, this telemedical

support exemplifies quality of information retrieval improvement achieved without additional

healthcare infrastructure or local personnel.

For our special use case, after insubstantial technological improvements, this telemedical support

seems applicable and may improve emergency response.

Interesting examples of subsequent investigations would be:

• How do these cohorts perform at different tasks if they are telemedically supported? In other

words: What is the range of scenarios where medical non-professionals are non-inferior to

medical professionals?

• How do these cohorts perform compared to different cohorts?

• What are limitations and challenges to transferability of these findings for real situations and

how should we improve simulation fidelity?

• What are limitations and challenges to implementability of telemedical support concepts?

Particularly, what are legal requirements for remote treatment7 through bystanders?

In short, this concept needs to be tested under less extreme and less artificial boundary conditions,

for different cohorts and scenarios. Additional aspects, implications and implementability of

this concept require investigation. Findings therefrom could shape telemedical concepts for

rural and otherwise remote settings. In a far vision, these concepts could build more confidently

on supported non-professionals covering the last mile or first link of the chain of survival and

perhaps even gaps in general and specialist healthcare everywhere.

6Depending on the framework of quality, time to treatment, access to expertise, regain of life skills and many
more constitute a summative quality.

7Legalization of exceptional direct remote diagnosis and treatment was consented by the board of the German
Medical Association (translation of “Vorstand Bundesärztekammer”) in March 2018.
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5 Conclusion

This synopsis is meant to supply a reader of Landgraf et al. [1] with additional perspectives

on telemedicine and information retrieval, additional details of methods, findings and their

applications and prospects.

“The investigated telemedical support of offshore engineers during the initial survey of a

simulated emergency benefited guideline adherence and required additional time.” [1] The

performance by supported medical non-professionals was not inferior to that by unsuppor-

ted medical professionals. In other words, emergency information retrieval and emergency

information quality were improved by telemedical support.

Therefore, “first response to medical emergencies during construction and maintenance of

offshore wind farms with substantially delayed professional care may be improved by telemedical

support.” [1]

Further research questions concern the generalizability and transfer of methods and findings.

Together with the original publication and its supplements, this work commences the estab-

lishment of simulator-based homogenization of intervention boundary conditions and scalable,

video-based quantification of performance and inter-rater reliability among the supervisors’

research groups.
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Abstract
Objective  To investigate, in a simulator-based prospective 
study, whether telemedical support improves quality of 
emergency first response (performance) by medical non-
professionals to being non-inferior to medical professionals.
Setting  In a simulated offshore wind power plant, duos 
(teams) of offshore engineers and teams of paramedics 
conducted the primary survey of a simulated patient.
Participants  38 offshore engineers and 34 paramedics 
were recruited by the general email invitation.
Intervention  Teams (randomised by lot) were supported by 
transmission technology and a remote emergency physician 
in Berlin.
Outcome measures  From video recordings, performance 
(17 item checklist) and required time (up to 15 min) were 
quantified by expert rating for analysis. Differences were 
analysed using two-sided exact Mann-Whitney U tests for 
independent measures, non-inferiority was analysed using 
Schuirmann one-sided test. The significance level of 5 % 
was Holm-Bonferroni adjusted in each family of pairwise 
comparisons.
Results  Nine teams of engineers with, nine without, 
nine teams of paramedics with and eight without support 
completed the task. Two experts quantified endpoints, 
insights into rater dependence were gained. Supported 
engineers outperformed unsupported engineers (p<0.01), 
insufficient evidence was found for paramedics (p=0.11). 
Without support, paramedics outperformed engineers 
(p<0.01). Supported engineers’ performance was non-
inferior (at one item margin) to that by unsupported 
paramedics (p=0.03). Supported groups were slower than 
unsupported groups (p<0.01).
Conclusions  First response to medical emergencies in 
offshore wind farms with substantially delayed professional 
care may be improved by telemedical support. Future work 
should test our result during additional scenarios and explore 
interdisciplinary and ecosystem aspects of this support.
Trial registration number  DRKS00014372

Introduction
Context
During construction and maintenance of 
offshore wind farms, medical support has to be 

available to teams as small as three maintenance 
engineers.1 Emergency rescue was performed 
in 70 of 319 medical support cases in four 
German offshore wind farms between 2008 and 
2012. Most rescues were triggered by accidents 
and respiratory or intestinal illness.2 Medical 
response teams may take more than 90 min to 
arrive due to distance (up to 200 km), weather 
and structural inaccessibility.1 3 Delay of neces-
sary treatment or rescue due to misjudgement 
may plausibly result in lasting damage or loss of 
life for patients and psychological trauma for 
first responders or unnecessary risk and costs 
for the rescue teams.4 Furthermore, in both 
scenarios ‘rescue required and arriving quickly’ 
and ‘low urgency, relief under way’, immediate 
assessment and treatment may be warranted2 5 
and reduce on-scene time of medical services.6

Telemedicine
Various teleconsultations between medical 
professionals were reported in recent years to 
benefit quality of care.7–11

Telemedical support may already be 
provided by the medical professionals 
to non-professionals off shore,12 but the 
effects on quality of care by non-profes-
sionals are only clear for cardiopulmonary 

Strengths and limitations of this study

►► This telemedical intervention applied in a simulated 
offshore emergency scenario was feasible.

►► The chosen methods were adequate in resolving 
the hypothesised effects. Despite improved validity 
and reliability, generalisability of our findings may be 
limited.

►► Telemedical support improved layman performance 
to being non-inferior to that by paramedics with rel-
evance for current medical service challenges.
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resuscitation.13 14 We hypothesised that real-time tele-
consultations for non-professional first responders in an 
emergency scenario improves guideline adherence and 
time to treatment surrogative of quality of care. Under 
the assumption of this scenario being commonplace for 
professionals, we used this group’s performance as a 
benchmark.

Methods and materials
Summary
In a simulated scenario, two participants were to survey 
vital data of a simulated polytraumatised colleague. The 
intervention groups (half of the non-professional and 
professional teams) had a telemedically enabled vital data 
monitoring unit (corpuls-3 with ​corpuls.​web, GS Elektro-
medizinische Geräte G. Stemple, Kaufering, Germany) 
and were supported by a remote physician by means of a 
communication device (Frontline Communicator, MDAI 
mobile solutions, Wolfratshausen, Germany). Guideline 
adherence in terms of the number of correctly performed 
checklist items and, as indicative of time prior to treatment, 
required time for the initial survey were adjudicated using 
video recordings of the scenario.

Patient and public involvement
Offshore engineers were involved in the study design, 
scenario validation, recruited as participants, debriefed and 
interviewed about their participation and for feedback on 
the study design and telemedical intervention.

Subject pool
To compare the effect of the intervention on groups with 
different medical expertise, after receiving positive ethics 
committee vote (Ethikkommission—Ethikausschuss 1 
am Campus Charité Mitte, EA1/181/13), offshore main-
tenance engineers working with the industrial partner 
(EWE Energie AG, Oldenburg, Germany) and paramedics 
working with the Berlin Fire Department were recruited 
through a general email invitation. Responders were eligible 
for participation if they gave personal informed consent to 
participate, confirmed they were healthy, fit, proficient in 
German, understood that they would be videotaped and 
evaluated. The engineers were paired up into teams with 
at least one member with offshore emergency response 
officer (50 hours) or higher medical training. These teams 
were randomised by lot into intervention and control 
groups. The paramedics were likewise paired up into teams 
and the teams likewise randomised by lot into intervention 
and control groups. All participants were familiarised with 
devices (particularly simulators) to be used ahead of time.

Sample size and power calculations
Without knowledge of the feasibility and acceptability of 
the intervention, design, procedures, measurability of 
effects and estimation of precision, the calculation of neces-
sary sample size was not possible. The number of partici-
pants was, therefore, generally justified by practical needs 

of the project, acknowledging the interindividual and intra-
individual variability as well as psychosociological processes 
under described circumstances. From the data this explora-
tion yielded, the post hoc power was calculated (see online 
supplementary A) to advise future research.

Experimental set-up
The paramedics participated in a seminar room at 
Charité in Berlin and the engineers in a seminar room 
in Oldenburg.

A standard emergency case15 was available within the 
simulation area. It contained among other items gloves, 
stethoscope, blood pressure cuff and diagnostic penlight.

As shown in figures  1 and 2, supported teams were 
additionally given a monitoring device to survey nonin-
vasive blood pressure, blood oxygen saturation and ECG 
(corpuls-3) and a two-way audio and one-way video trans-
mission device (Frontline Communicator). Both devices 
connected wirelessly to the remote physician in an office at 
Charité. The remote physician had at his disposal a check-
list containing: the items in table  1, reminders to advise 
the teams to use gloves and advice on finding non-invasive 
blood pressure cuff and stethoscope inside the emergency 
case.

Five anaesthesiologists with expertise in prehospital 
emergency medicine and in conducting simulation work-
shops volunteered as remote physicians at Charité. They 
telemedically supported intervention groups.

A clothed human patient simulator (Emergency Care 
Simulator, CAE Healthcare, Mainz, Germany) lay on the 
floor inside the simulation area. Two of the authors took 
turns operating the simulator, using a microphone to speak 
as though from the simulator’s mouth. This simulator had 
controllable eye lids, interfaced with arbitrary peripheral 
oxygen saturation (SpO2) clips, emulated 5 channel ECG, 
pupillary light reflex, radial and carotid pulses, chest excur-
sion and breathing sounds. A phantom fracture was fixed to 
its arm and a phantom burn to its lower leg.

Two perspectives on the simulation area and one on the 
remote physician were video recorded for adjudication by 
two experts in prehospital emergency medicine.

Scenario: Retrieve vital data
The team was described to be on maintenance mission in a 
specific offshore wind park, inside a power plant marked by 
the simulation area. A colleague among the team of three 
(the human patient simulator) had fallen from 4 m height. 
To increase immersion, the simulator kept moaning and 
calling for pain relief.

Each team of two participants was given the task of only 
collecting vital signs, patient history and ’anything that 
might help a medic’.

Scenario validation
The representative scenario designers (two of the authors) 
conducted unstructured literature reviews on most 
common emergencies and causes of death in offshore 
settings, unstructuredly interviewed offshore maintenance 

 on S
eptem

ber 12, 2019 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2018-027563 on 27 A
ugust 2019. D

ow
nloaded from

 

PHILIPP LANDGRAF, 10/02/19 33



EFFECTS OF TELEMEDICAL SUPPORT ~ APPENDIX

3Landgraf P, et al. BMJ Open 2019;9:e027563. doi:10.1136/bmjopen-2018-027563

Open access

Figure 1  Flow diagram of the simulator study. Randomisation into groups, half of them supported by a remote physician via a 
telemedically enabled monitoring unit and bidirectional commlink. One team dropped out due to illness.

engineers and wind power plant operators and discussed 
typical emergencies,2 response and treatment with the 
typical rescuers. These typical rescuers were paramedics 
working at the offshore rescue headquarters and physicians 
working at the receiving hospital department. Moreover, 
both of them visited an onshore wind power plant, attained 
helicopter hoist certification and survival at sea certifica-
tion and visited an offshore wind power plant by helicopter 
hoist.

All offshore wind power plant construction company 
representatives at the consortium meetings informally 
confirmed the validity of the experimental set-up.

Supervision
Every participant and remote physician was given a briefing 
in writing and a 2-hour introduction to the technology to be 
used. Additionally, a moderator recounted for each team 
the scenario and task using scripted sentences at the begin-
ning of the scenario. Any side-tracking due to problems 
with the telemedical equipment was dealt with in technical 
timeouts. Any action beyond the given task was halted to be 
performed in a later scenario.

Data acquisition
A checklist (see table 1) of correct–incorrect–unclear items 
was preliminarily designed to operationalise adherence to 
European Resuscitation Council (ERC) guidelines16 by two 
anaesthesiologists (two of the authors). Notably, the Airway, 
Breathing, Circulation, Disability, Exposure approach 
therein is applicable for all emergencies. A total of 14 out 
of 17 items (82 %) were asked directly after a team claimed 
to have collected all relevant information. Supported teams 
were to confer with their remote physician, the combined 
knowledge being the endpoint. Perspective-synchronised 
recordings of the scenario, remote physician and ques-
tioning constituted the data for review. One of the authors 
and an independent peer adjudicated all scenarios, classi-
fying items as correctly/incorrectly performed or unclear 
and measured scenario duration without timeouts.

Metrics validation
In operationalising the ERC guidelines, all applicable Good 
ReseArch for Comparative Effectiveness principles (​grace-
principles.​org) were considered. The checklist reliability 
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Figure 2  Schematic experimental set-up for control (continuous line) and intervention groups (dotted line): participants and 
simulator in the simulation area were video recorded from two angles, the remote physician from one angle. All groups had a 
standard emergency case but intervention groups additionally had audio–video communication (commlink) with and vital data 
transmission (monitor) to a remote physician.

and validity were probed in two test simulations. No efforts 
were undertaken to validate the duration metric.

Under the assumption that professional first responders 
adhere to guidelines well and deliver high quality of care, the 
checklist item scoring range is calibrated to resolve group 
differences. Differences in required time are expected to be 
clearly resolved and will not be scaled.

Data validation
Inter-rater reliability was estimated using average intraclass 
correlation coefficients (ICC) in a two-way random-effects 
model for absolute agreement (ICC (2,2)), 95 % CIs are 
reported ([·,·]). Quantile-quantile plots and minima in 
proportionate positive inter-rater agreement were explored. 
Please see online supplementary B for details.

Data analysis
Average rater rating of number of items correctly 
performed per team (itemised performance) was anal-
ysed with two-sided exact Mann-Whitney U test for inde-
pendent measures (2sU) comparing
1.	 Supported against unsupported engineers and sup-

ported against unsupported paramedics.
2.	 Unsupported engineers against unsupported para-

medics.
3.	 Supported engineers against supported paramedics.
4.	 Supported engineers against unsupported paramedics.

Additionally,
5.	 Non-inferiority of the performance by supported en-

gineers compared with unsupported paramedics was 

analysed using Schuirmann one-sided test at 5 % sig-
nificance with a one-item margin (SOST).

Average rater measurement of scenario duration was 
evaluated using 2sU comparing
6.	 Supported against unsupported engineers and sup-

ported against unsupported paramedics.
7.	 Unsupported engineers against unsupported para-

medics.
8.	 Supported engineers against supported paramedics.
9.	 Supported engineers against unsupported paramedics.

Finally,
10.	 The number of teams per group who, by average 

rating, correctly performed each item was analysed 
descriptively.

Medians (Md), 95 % CIs of Md ([·,·]), absolute z-value 
(z), 1-/2-sided exact significance (p) and effect size (d) 
are reported.

The significance level of 5 % was Holm-Bonferroni 
adjusted in each family of pairwise comparisons: Perfor-
mance, non-inferiority and duration. Adjusted signifi-
cance is denoted (∗).

All tests were conducted using SPSS V.24 (IBM) 
where possible and EquivTest (StatCon, Witzenhausen, 
Germany) otherwise.

Results
After drop-outs due to illness, 36 off-shore maintenance 
engineers (medical non-professionals, 32 male and 4 
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Table 1  Checklist of itemised performance quality attributes as used by the remote physician and for evaluation per team and 
scenario

Index Performance item Description of correct result

1 Patient conscious Yes

2 Patient orientated At least one information retrieved: name, location, time

3 Glasgow Coma Scale 14–15

4 Does the patient breathe normally? No

5 Respiratory rate 18–22 breaths per minute

6* Respiratory rate correctly surveyed Counted for 20 s or using monitoring device

7 Radial and if not carotid pulse Both pulses perceptible

8* Radial pulse correctly surveyed By palpation

9* Blood pressure correctly measured Unsupported: Cuff placed correctly, stethoscope used in Riva-Rocci fashion
Supported: Cuff placed correctly

10 Blood pressure Unsupported: Korotkoff sound inaudible
Supported: 110/60 mm Hg using monitoring device

11 Blood pressure normal Unsupported: Unclear evidence
Supported: Yes

12 Symptoms Patient was asked

13 Allergies Patient was asked

14 Medication Patient was asked

15 Medical history Patient was asked

16 Last meal Patient was asked

17 Environment/course of accident Fall from 4 m height after burning lower leg

They are ordered according to the sequence the authors would perform them in.
*Item not asked at the end of the scenario but observed in the video material.

female, aged Md = 41, IQR = [32, 47]) and 34 paramedics 
(medical professionals, 30 male and 4 female, aged Md = 
36, IQR = [27, 45]) participated in the study. All engineers 
had taken at least first aid (16 hours) training refreshed Md 
= 12, IQR = [9, 16] months prior. All paramedics had at least 
2 years of work experience and regular first aid training. 
Figure 1 illustrates the study design with final sample sizes.

Inter-rater reliability was estimated for performance 
per team ICCppt(2,2) = 0.71 [−0.10, 0.90], required time 
per team ICCtpt(2,2) = 0.99 [0.98, 0.99] and performance 
per item ICCppi(2,2) = 0.66 [0.52, 0.74].

Scaling the item–score relationship to 100 % (a differ-
ence of one item translates to a difference by one perfor-
mance score) resolves group differences sufficiently.

Effects of both experimental conditions on perfor-
mance rating and time in minutes required to complete 
the scenario (average across raters) are condensed in 
figure 3 and shown in figure 4.
a.	 Supported outperformed unsupported partici-

pants. This intervention effect was statistically sig-
nificant among non-professionals but not among 
professionals.

b.	 Performance differences due to medical expertise is 
statistically significant in unsupported groups; pro-
fessionals correctly performed twice as many items 
as non-professionals.

c.	 With telemedical support, this difference was not sta-
tistically significant.

d.	 No statistical evidence was found that unsup-
ported professionals outperformed supported 
non-professionals.

e.	 Moreover, SOST rejects the null hypothesis of 
non-equivalence. Thus, non-inferiority of support-
ed non-professionals’ to unsupported profession-
als’ performance within the specified equivalence 
bounds (difference of means less than or equal one 
item correctly performed) can be claimed.

f.	 Participants who were supported required significantly 
more time compared with unsupported participants.

g.	 Without telemedical support, no statistical evidence 
was found for either groupbeing faster.

h.	 In supported groups, non-professionals took more 
time.

i.	 Supported non-professionals required more time 
than unsupported professionals.

j.	 Non-professionals without support likely surveyed 
consciousness (item 1), pulse rate (8), symptoms 
(12) and environment (17) correctly (see figure 5). 
Professionals in the intervention group more often 
correctly surveyed respiration (4–6) and food intake 
(16) but less often manually surveyed radial pulse 
(7-8).
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Figure 3  Median (Md) performance ratings and required time in minutes with 95 % CIs of Md with results for performance 
rating tests A–E and required time tests F–I rounded to two decimal places. X indicates tested pairs of groups (size indicated 
by n) of unsupported (control) and supported (intervention) engineers (medical non-professionals) and paramedics (medical 
professionals). Tests are two-sided exact Mann-Whitney U test for independent measures (2sU) or Schuirmann one-sided test 
at 5 % significance with a one-item margin (SOST). Typical denotation of the statistic of 2sU tests is z, that of SOST is t and 
typical denotation of effect size is d. Adjusted significance (p value) is indicated by ∗. (a) Note that SOST tests for an effect 
being smaller than the margin.

Figure 4  Itemised performance rating and time required by a team to finish the scenario: unsupported (control) and 
telemedically supported (intervention) groups with breakdown into medical non-professionals (non-) and professionals (prof.).

Discussion
In a crucial information collection phase of emergency care, 
the telemedically supported non-professionals performed 
more items correctly than unsupported non-professionals 
(see figure 4). The authors hypothesise that, because the 
scenario was subjectively immersive and the live video feed 
subjectively very helpful, this effect would also occur if real 
medical emergencies were similarly supported. Supported 
non-professionals’ performance was non-inferior to that 
by unsupported professionals. As can be seen in figure 4, 
supported non-professionals performed slightly more items 
correctly than unsupported professionals. This could be 
life-saving in environments of no or substantially delayed 
professional medical response.17

Among professionals, less impact on performance was 
observed (see figure 4). This confirms our assumption of 
this phase of emergency care being commonplace.

The performance of additional items required addi-
tional time (see figure  4). While in onshore scenarios 
(eg, cardiac arrest in King Country, Washington, USA 
excluding Seattle) professional help would probably 
have arrived during the scenario duration,18 helicopter 
emergency medical services in rural scenarios would not 
(~30 min to arrival).19 20 In remote cases, the required 
time does not necessarily delay rescue. On the contrary, 
more accurate first response could expedite triggering 
the appropriate rescue chain, which is independently 
associated with greater survival21 and plausibly reduce 
on-scene time.6 During a support gap pertaining to the 
remoteness and accessibility of offshore wind farms, even 
slow information collection may significantly improve 
outcome if it is reliable and available to alert and involve 
relevant specialists especially before arrival of a rescue 
team.8 22 23 Non-professionals need to and, as our results 
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Figure 5  Distribution of number of teams who correctly 
performed an item (description in table 1) averaged across 
raters. Medical non-professionals versus professionals with 
breakdown into unsupported (control) and telemedically 
supported (intervention) groups.

show, could be able to bridge this gap with telemedical 
support.

Neither participants nor remote physicians were experi-
enced in telemedicine. The authors suppose, after reviewing 
frequent misunderstandings, that training and hands-on 
experience would optimise communication, reducing the 
increase in required time.

The observed benefit in information completeness 
(see figure 5) may be crucial.24 In agreement, Rörtgen et 
al25 found significantly increased completeness only of 
survey of symptoms, allergies and medication from the 
SAMPLE mnemonic among physician-paramedic teams 
(EMS teams) in supported groups. The same research 
group reported in Skorning et al26 that EMS teams with 
telemedical support significantly outperformed those 
without support in surveying allergies from the SAMPLE 
mnemonic. Moreover, analgosedation prior to cardiover-
sion, synchronicity of shocks and adequate medication for 
intubation were improved by telemedical support. Cathlabs 
were significantly more often and trauma centres more 
quickly informed.

Unsupported non-professionals correctly surveyed 
consciousness, heart rate, symptoms and environment 
correctly (see figure 5). This may plausibly be due to the 
first aid or emergency response officer course all but two 
non-professionals had taken at most 2 years (Md = 12, IQR 
= [9, 16] months) prior. With telemedical support, surveys 
by non-professionals and professionals were more complete 
excepting only the notably low score in breathing related 
items 4–6 and item 8 (radial pulse palpated). In agreement, 

real-time provider feedback alone during surgery seems to 
improve checklist compliance.27

The low scores in breathing related items 4–6 may in 
part be due to raters’ different interpretation of deviation 
from actually simulated vital data and from guidelines. 
These different interpretations manifest in correlation 
coefficients for performance per item being lower than for 
performance or time per team and are therefore discussed 
in depth in online supplementary B. The authors hypothe-
sise that remaining room for improvement is a compound 
need-for-training and remote physician effect requiring a 
larger sample to be explored.

Item 8 on radial pulse palpation having been rated less 
often correctly performed for supported groups seems to 
stem from only one rater judging the correct result (pulse 
rate) integral to the correct measurement (see online 
supplementary B). However, with support, most teams used 
the networked monitoring device to attain a pulse rate 
result.

Our results imply that telemedically supporting 
non-professionals could be more than a fallback option: 
It could viably expand the continuum of care beyond the 
reach of specialised staff.

Limitations
Like Branzetti et al,28 we designed a checklist ourselves. 
Unavoidably, our own choice of scenario, metric and data 
validation efforts may be biassed.

Results concerning offshore engineers may not be 
representative for non-professionals in general; offshore 
engineers are highly trained and relatively proficient in 
emergency first response, following technical instructions 
and manual tasks.

We did not isolate the effect of variations in the inter-
vention design (such as only monitoring device vs only 
communication device vs both, different remote physicians 
or different communication strategies) for lack of sample 
size. We know only that a visual reminder alone would be 
unlikely to achieve the observed effect on quality of care. 
The impact of visual reminders on guideline adherence 
(quality of care), displayed on a phone during cardiac 
arrest first response, was not statistically significant while the 
impact by medical expertise was.29 An audio–video instruc-
tion on a phone or big screen seems to improve at least 
some aspects of resuscitation performance30–32 and trained 
laymen phone support outside of emergencies seems to 
improve only some risk behaviour.33

Moreover, we resolved neither intrateam effects, nor 
team versus individual performance.

The non-inferiority margin of one item was chosen after 
the scenarios had been conducted but before scenario 
recordings had been processed based on medical expertise. 
It should have been selected prior to possible bias by trial 
experience, which had not been considered.

The simulator operator, facilitator, remote physician and 
video adjudicator roles were assigned based on availability, 
not randomisation. No one person could have taken on 
more than one of these roles at a time and bias in the results 
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was minimised by averaging with an independent review 
(see online supplementary B on data validation). Random 
assignment of independent persons without any rotation 
into one of the other roles would have been preferable but 
was not feasible in our hospital context.

Remote physician unfamiliarity with an uncommon 
scenario would have been realistic.34 On the other hand, 
our scenario was common (as the small impact of our inter-
vention on medical professionals confirms). Moreover, 
detailed checklists for both common and less common 
scenarios would also be realistic.

In Skorning et al,26 ‘two faculty investigators using (…) 
scoring items (…) had to reach common decisions’. In 
contrast, we used ratings by one of the authors and an inde-
pendent peer to probe reliability, learn about df and reduce 
bias (see online supplementary B). The quality of care 
under investigation, however, is distorted by the simulation 
setting, the scenario artificiality, the recording modality and 
the projection onto items. During the transformation from 
input (care) to output (scores) via video recording and 
adjudication, fit between video and item confounded the 
relationship between quality of care and score. The choice 
of experts with similar backgrounds plausibly reduced but 
failed to eliminate this factor fully (see online supplemen-
tary B). Training experts to a level of agreement first, as 
done by Branzetti et al,28 seems to be a sensible effort at 
reduction of room for interpretation.

The scenario has been designed as a compromise 
between investigative goals and safety as is known to serve 
training purposes well.28 The offshore boundary conditions 
restricted space, limited resources, fibre internet, medical 
devices and supplies and standard emergency case were 
reproduced based on first-hand observation by the scenario 
designers and are also reported by Stuhr et al.2 3 Most imag-
inable offshore situational conditions, such as high stress 
levels, cumbersome clothing, extreme weather, blood every-
where and emotional involvement, were not or not entirely 
reproduced, as they were expected to add inhomogeneous 
effects requiring additional power for isolation. To confirm 
homogeneity of immersion, the perception of the simula-
tion environment should have been rigorously investigated 
but was not, because simulation of the kind employed by 
us has been found to be a sufficiently valid surrogate for 
scenarios otherwise impossible to observe consistently.35 36 
Blinding was not feasible. Setting effects and expectations 
may have distorted the results. For the non-professionals 
who are luckily unlikely to have ever encountered a poly-
traumatised patient but also for the professionals who 
working in Berlin are unlikely to have first-hand experience 
of an offshore wind power plant.

Perspectives
The chosen offshore scenario is distinguished from more 
common scenarios, such as in urban environments, by 
magnitude of consequences of rescue decisions and of the 
supply gap. Performance difference in medically advanced 
scenarios and feasible equipment scope are relevant subse-
quent questions. Considering the prevalence of hypoxia 

prior to intubation by emergency medical services reported 
by Sunde et al,37 the disagreement as well as the imperfect 
scores by supported teams in breathing-related items are 
important findings to be investigated closely. The unsup-
ported versus supported decision-making process in the 
context of risk for the patient, risk for the rescue teams 
and of potential health economic outcomes are of great 
interest.38 39 Particularly, first aid response rate among 
offshore personnel40 41 may be increased. The technolog-
ical implementation (Such as [12] or ​ghc-​tech.​de.) and 
business models (Such as ​gmn-​bremen.​de.) are topics of 
investigation. While support of medical professionals is 
gaining momentum, emerging onshore telematics infra-
structure, assessment and communication best practices 
should be adapted to offshore use cases. Effective training 
and guidelines for remote physicians warrant comparative 
analyses. With increasingly complex and invasive medical 
tasks, differences in immediate and latent psycholog-
ical responses with or without telemedical support gain 
importance.

Conclusion
The investigated telemedical support of offshore engineers 
during the initial survey of a simulated emergency bene-
fited guideline adherence and required additional time. 
First response to medical emergencies during construction 
and maintenance of offshore wind farms with substantially 
delayed professional care may be improved by telemedical 
support.
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Supplement [31]
Supplement A: Post-Hoc Power

Post-hoc power was calculated for the non-inferiority test e using nQuery Version 8.4.0.0 (Stat. Solutions
Ltd. & South Bank, Crosses Green, Cork, Ireland). Results are shown in table 2, input values are listed in
table 3. Descriptive statistics (see table 3) were calculated using EquivTest (StatCon GmbH, Witzenhausen,
Germany).
The nQuery output was:

When the sample sizes in the groups are 9 and 8, a two group one-sided 0.05 significance level t-
test will have 22.26 % power to reject the null hypothesis that the test [(performance of supported
non-professionals)] is inferior to the standard [(performance of unsupported professionals)] in
favor of the alternative hypothesis that the treatment [(support of non-professionals)] is non-
inferior [(to no support of professionals)], assuming that the expected difference in means is 0, a
non-inferiority margin of 1 and the common standard deviation is 2.23.

realistic optimistic

Test Significance Level, α (one-sided) 0.050 0.050

Non-Inferiority Limit Difference ∆0 1.000 1.000

Expected Difference, ∆1 0.000 0.000

Difference of Deltas, ∆0 −∆1 1.000 1.000

Common Standard Deviation, σ 2.230 1.770

Effect Size, δ = |∆0 −∆1| /σ 0.448 0.565

Power (%) 22.26 [80] 29.65 [80]

Group 1 Sample Size, n1 9 [63] 9 [40]

Group 2 Sample Size, n2 8 [63] 8 [40]

Sample Size Ratio, n2/n1 0.889 [1] 0.889 [1]

Total Sample Size, N = n1 + n2 17 [126] 17 [80]

Table 2: Post-hoc power calculation results for test e using model MTE0U-1 / Two Group t-test of Non-Inferiority in Means
Unequal n’s. The realistic power calculation assumes the common standard deviation σ found by pooling the two underlying
standard deviations (see table 3). The optimistic power calculation assumes the smaller of the two underlying standard devi-
ations (that of the group of supported non-professionals). To achieve a power of 80 % with σ = 2.230 and sample size ration
n2/n1 = 1, a total sample size of 126 would have been required. With a σ = 1.770 and sample size ration n2/n1 = 1, a total
sample size of 80 would have been required.

Group
supported

non-professionals

unsupported

professionals

Mean 11.8333 10.6875

Standard Error (Mean) 0.5892 0.9398

Geometric Mean 11.7135 10.3237

Median 11.5000 11.7500

Standard Deviation 1.7677 2.6583

Variance 3.1250 7.0669

Min 9.0000 5.5000

Max 14.0000 13.0000

Range 5.0000 7.5000

n 9 8

Common standard deviation σ 2.22998

Table 3: Descriptive statistics of the groups of supported non-professionals and unsupported professionals also used in test e
(see results in figure 3). Common standard deviation was estimated by pooling standard deviations of both groups.
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Supplement [32]
Supplement B: Data validation

Programmatically, data size, format, consistency and
range were validated, batch total and logic checks
(an item can be either correctly, incorrectly or un-
clearly performed, item dependencies should corre-
spond with their ratings) performed.
Quantile-quantile plots are shown in figure 7. No
normal distribution is discernible, supporting the
choice of non-parametric tests. Tests for distribu-
tion were deemed superfluous hereafter.
To stress the validity of the data used for analy-
sis, the plausibility of rater disagreement on perfor-
mance is investigated hereafter. The authors hope
that this investigation may guide methodical im-
provements of subsequent studies.

Agreement Outlier Discussion

Because marginal totals for agreement on perfor-
mance are imbalanced in the corresponding contin-
gency table, Cohen’s Kappa (sensitive to this imbal-
ance to the point of paradoxical behavior) was not
calculated. Uni-directional proportions of agreement
(ppos, pneg), their sum weighted by proportions of
total ratings (p0) and prevalence- and bias-adjusted
kappa (PABAK, K = 2p0 − 1) were calculated per
team and per item, instead (see figure 6).
Outlying teams: Minima in proportionate positive
agreement on performance were identified for one
supported and one unsupported team of non-profes-
sionals (ppos = .48 and ppos = .40) and for one team

of unsupported professionals (ppos = .36). No other
proportionate positive agreement on team perfor-
mance undercut ppos = .61.
The team of unsupported non-professionals spent
nearly eight minutes trying to survey blood pres-
sure, pulse rate and pupillary light reflex, then de-
cided they had finished the task. This leaves very
few items for the raters to agree on, some of which
were repeatedly performed but not consistently cor-
rectly. The team of unsupported professionals de-
cided they had completed the task after less than
three minutes, not actually performing most of the
surveys. This misunderstanding by participants,
whether and to what extent activities were expected
to be performed in a simulation setting, opened
room for rater disagreement. The team of supported
non-professionals, while performing most items, left
out arguably critical steps such as in asking for
the last meal not asking for the exact time. As
another example, in measuring the breathing rate,
they counted for too short a time, straying from the
correct value by an arguably relevant amount. This
room for interpretation may have been particularly
large during the first recordings to be rated, when
clarity of the frame of reference was only beginning
to evolve.
Items of disagreement: Among professionals, pro-
portionate positive agreement on items 3-6, 8, 16
and 17 undercut ppos = .63.
Among non-professionals, that on items 4, 6, 8, 10,
11, 16 and 17 undercut the same threshold.
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Figure 6: Overview of inter-rater agreement on skewed data per team. Inter-rater agreement on items rated correctly or
incorrectly performed by professionals or non-professionals: prevalence- and bias-adjusted kappa (PABAK, K), the proportion
of observed agreement p0, which is the sum of observed proportion of positive agreement ppos and observed proportion of
negative agreement pneg weighted by positive and negative ratings per reviewer and team. In a range of [0, 1], higher means
more inter-rater agreement. Highlighted and labeled agreement dimensions characterize score dimensions used for quantitative
analysis.
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Item 3 concerns the Glasgow-Coma-Scale. No team
of unsupported non-professionals but all teams of
unsupported professionals at least attempted to sur-
vey this item. In contrast, all supported teams at-
tempted to survey it. Thus, the room for disagree-
ment on correct performance was reduced for non-
professionals. The interpretation of correct perfor-
mance seems to have ranged from accepting an intu-
itive close-enough estimation to accepting only ac-
curately deduced scores, hence the low agreement.
Item 4 concerns normal breathing. One rater rated
normal breathing and rate (item 5) independently
with the rate being more often correctly surveyed:

• Items 4 and 5 were differently rated in 7 out
of 15 teams who correctly performed either.

• In 6 of these 7, item 5 was rated as correctly
performed without item 4 being rated as cor-
rectly performed.

The other rater rated ”normal” as more often cor-
rectly performed:

• Both items were rated differently in 4 out of
6 teams who correctly performed either.

• Only in 1 out of these 4 teams was item 5
rated as correctly performed without item 4
having been rated so.

Conclusions should not be drawn from this tiny
sample, a difference in interpretation of ”normal”
among raters seems to be hinted at.
Item 5 concerns the breathing rate. Raters agreed
less on teams of professionals, of whom nearly twice
as many surveyed the item at all compared with
non-professionals. Among this higher number of po-
tentially correctly performed items, the aforemen-
tioned difference in interpretation of arguably rel-
evant deviation from the simulated rate may be
dominant. Closely related is item 6 concerning cor-
rectness of respiratory rate measurement : One rater
rated the measurement correctly performed in 14,
the other in only 5 teams. The authors hypothe-
size that the raters prioritized minimal measure-
ment duration differently.
In item 8 on correctly surveying radial pulse, like
in item 6, one rater rated the survey correctly per-
formed in 32, the other in only 11 teams. The au-
thors hypothesize that the correct result of the mea-
surement was for only one rater integral to the item.
However, this result might not have been attained

once the rate was available from the ECG in inter-
vention groups. Supported were only 2 out of the 11
teams who correctly performed palpation. Of all 18
supported teams, the same rater rated 13 as having
tested for radial and carotid pulse (item 7). If the re-
sult from palpation were not integral to the correct
survey, 11 supported teams of non-professionals and
professionals would have been rated as not having
correctly performed palpation.
On items 10 and 11 concerning blood pressure and
whether it is normal, proportionate positive rater
agreement on non-professionals was low. Particu-
larly, raters disagreed on correct performance by 6
supported and 3 unsupported teams. In 5 of the
supported teams, the monitoring device measured
a blood pressure lower than the simulator was pro-
grammed to output and the threshold criterion for
rating the item correctly performed. One rater there-
fore did not mark these items correctly performed.
The remaining supported team never notified the
remote physician of the blood pressure, which one
rater therefore deemed not measured, not knowing
that the remote physician had received the mea-
surement result from the monitoring device. Among
the unsupported teams, one simulator malfunction,
one supposition on normal blood pressure without
measurement and one case of incorrectly performed
item 9 (correctness of measurement) created uncer-
tainty for the raters.
Item 16 concerns asking about the last food intake.
One rater rated it as incorrectly performed 10 times
more often than the other, each time because the
exact time of the last meal had not been inquired
after. Only the general time of day had been asked
after, which the other rater deemed sufficient.
Item 17 concerning the course of accident was rated
differently for 24 teams. The rater who rated the
item these 24 times incorrectly performed noted
down for 22 of these teams that the exact height of
the fall of the patient had not been explicitly asked
after. In 8 of these 24 teams, the burn that caused
the fall had been left out of the course of accident.
The other rater rated less accurate courses of acci-
dent as correct item performance in all of these 24
teams.
In conclusion, the rater disagreement seems to stem
from

1. simulation artifacts causing participants to be-
have differently in an artificial setting than
they might in reality,

2. an emerging frame of reference in which the
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raters’ interpretations became consistent,

3. differences in raters’ prioritization of accuracy
of deductions versus precision of adherence to
instructions or guidelines,

4. differences in raters’ understanding of item
dependencies.
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Figure 7: Quantile-quantile plots for every investigated group.
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