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Abstract

Command and control are critical components of emergency management when dis-
aster strikes. Command posts act as a support system within the command chain for
leaders, and the performance of these teams is essential for the successful opera-
tion. This paper presents the findings of a scoping review on the performance of
command posts, identifying six performance factors: scenario, resilience, situational
awareness, decision making, team structures and teamwork, and operational execu-
tion. Furthermore, this paper presents objective indicators for performance meas-
urement in three dimensions: process, effectiveness, and efficiency. Additionally, it
provides insights and methodologies for evaluating command post exercises.

Keywords Command and control - Command post - Exercise - Performance

1 Introduction

Disasters, major fires, and the defuse of unexploded artillery left over from World
War II in urban areas are just a few examples of situations in which first responders
establish coordinating committees. In Germany, police, fire fighters, rescue services,
customs and comparable organizations are known as authorities and organizations
with security tasks (Behorden und Organisationen mit Sicherheitsaufgaben, BOS).
These coordinating committees are known in technical jargon as command and
control (C2) teams or command posts—the German term is “Stab”. Their task is to
collect information, evaluate that information, and prepare decisions to support the
incident commander in ambiguous or dynamic incidents.
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Command and control teams are particularly active when many responders from
different organizations are on scene or when many incident sites are occurring, for
example, as a result of severe weather events. The command posts consist of expe-
rienced managers who support the incident commander. The German emergency
management doctrine ’Dienstvorschrift 100’ (DV100) (Ausschuss Feuerwehrange-
legenheiten, Katastrophenschutz und zivile Verteidigung (AFKzV) 1999) distin-
guishes between the operational level (“operativ-taktisch”) and the administrative
level (“politisch-administrativ”), with both holding equal power under the command
of the administrative head (“Hauptverwaltungsbeamter”). Operational command
posts are primarily staffed by fire department personnel.

1.1 Rationale

The frequency of deployment of command posts within the German emergency
management system is not completely determined (Ronnfeldt 2012) and depends
on the frequency of incidents and the cause for the deployment of the emergency
management authority. However, the statistics for the deployments are missing.
According to Lamers (2016), there is an annual frequency of one exercise and
approximately five training sessions for command posts at the district level in North
Rhine-Westphalia (one of the 16 German states). Following this estimate, it can
be concluded that the deployment of a command post at the district level is highly
irregular and ad hoc, occurring only once every few years. The irregular deployment
and limited daily involvement require consistent training in the necessary skills. The
development of competence in crisis management is considered a knowledge gap, as
managers lack the necessary skills in case of an emergency (Cerqueira et al. 2017).
In the field of civil protection and emergency management, practical experience is
of great importance (Hufschmidt and Dikau 2013). To maintain the required level
of expertise, the team members receive initial and advanced training courses and
participate in practical exercises. Simulation events and the subjecting of individu-
als to progressive stress is a suitable technique for training individuals for leadership
selection (Cerqueira et al. 2017). Furthermore, exercises can provide valuable opera-
tional experience for staff (Mitschke and Karutz 2017).

Exercises are defined as “the process to train for, assess, practise, and improve
performance in an organization” (DIN EN ISO 22300 2021). This publication will
focus on the assessment aspect of exercises.

Command and control is defined as “The exercise of authority and direction by
a commander over assigned, allocated and attached forces in the accomplishment
of a mission” (Bernier et al. 2012). In a scoping review related to disaster exercise
evaluations, Beerens and Tehler (2016) identified them as “lessons learned areare
primarily derived from observations or collected after debriefings”. They concluded
that the field lacks a comprehensive knowledge base. In a follow-up study Beerens
(2019) analyzed evaluation documents from the Netherlands, concluding “’that there
is a need for empirical research that supports evaluation practice.” Both studies
had a broader view on the field of exercise evaluation, which leads to the aim of this
study.
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1.2 Objectives

The aim of this study is to assist in evaluation by providing a deeper understanding
of what is known in the scientific community about performance in command post
exercises. This research is part of a dissertation at the University of Wuppertal, with
the objective of developing key performance indicators to evaluate command post
exercises.

2 Methods

The presented study was conducted from April 2021 to July 2023 following a scop-
ing approach.

“A scoping review or scoping study is a form of knowledge synthesis that
addresses an exploratory research question aimed at mapping key concepts,
types of evidence, and gaps in research related to a defined area or field by
systematically searching, selecting and synthesizing existing knowledge”
(Colquhoun et al. 2014).

For this research, the scoping approach is appropriate because it “addresses broader
topics where many different study designs might be applicable”(Arksey and
O’Malley 2005).

This research follows the “6-stage framework™ of scoping reviews (Arksey and
O’Malley 2005; Levac et al. 2010) supported by the search protocol by RefHunter
(Nordhausen and Hirt 2020). The first four stages are described in the following
subsections, while stage 5 (“Collating, summarizing, and reporting the results”) and
stage 6 (“Consultation”) will be represented by the results (Sect. 3) and discussion
(Sect. 4) sections of this paper.

2.1 Stage 1: Identifying the Research Question

In scoping studies, it is preferable to pose a broad research question to encompass
various scientific publications. However, there is a risk of confusion. Levac et al.
(2010) recommend taking into account the intended outcome, the rationale, and the
purpose for improved precision. For this reason, the broad research question was
supported by additional and more specific questions. The broad research question
is: What is known in the scientific community about the performance of command
posts? The supporting questions are as follows: (a) What defines performance in
command and control? (b) What are the criteria to measure command and control
performance? Additionally, (c) How are performance evaluations conducted during
exercises? Before the systematic search, which is represented by stage 2, several pre-
liminary searches were conducted to gain an understanding of the results yielded by
the database query.
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2.2 Stage 2: Identifying Relevant Studies

To identify the studies relevant to the research question, the identification process
was divided into two parts. Firstly, a selection of relevant databases ("where to
search’) and secondly, the development of search terms to query the identified data-
bases ("how to search’).

2.2.1 Databases Selection

For the selection of relevant databases, a search was conducted within the database
information system DBIS by the University Library of Regensburg (Universititsbib-
liothek Regensburg 2023). This search led to the selection of five databases: Scopus,
Web of Science, and Thomson Reuters were chosen because they are multidiscipli-
nary databases that cover numerous research fields and topics, and are owned by
various publishers. Moreover, the PubMed database by the United States National
Center for Biotechnology Information was selected because it encompasses a broad
range of publications from the medical sciences. Finally, CORDIS and TibKat data-
bases were chosen for the following reasons: The European Commission and the
German Federal Ministry of Education and Research are funding projects regard-
ing the coordination of first responders, the focus of this study. These projects are
required to disseminate their research findings through non-traditional academic
means (e.g. deliverables or research reports). The CORDIS database contains the
research results from projects funded by the EU. Similarly, the library at the Techni-
cal University of Hannover houses the reports for projects funded in Germany by the
Federal Ministry of Education and Research (BMBF).

2.2.2 Search Query Development

The database queries utilized a Boolean logic approach, combining multiple key-
words with bool operators. Four search components were identified based on the
research questions: (1) emergency response and military forces, (2) performance
characteristics and measurement methods, (3) measurability of command and con-
trol / C2 teamwork, and (4) exercises and operations. Search terms were derived
from these components. Because the research focus of the dissertation is the Ger-
man ‘Stab,” we chose German and English terms that were translated in both direc-
tions. No publication time restriction was applied. The search terms are presented in
Table 1.

Initial searches carried out in stage 1 revealed various studies that examined the
impact of exercises on medical conditions (such as heart diagnostics), sports per-
formance, and skill-specific training (such as a neurosurgery procedure). However,
studies related to therapy or physical work were excluded through the use of stop
terms because they did not cover the research questions presented in Sect. 2.1.
Finally, the search terms were converted into queries for each designated database.
The queries are displayed in Table 2.

Scopus and PubMed were searched on March 11, 2021, while the remaining
databases were searched on May 29, 2021. These dates were selected based on the
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Table2 Search queries

Database Query

Scopus TITLE-ABS-KEY ( EINSATZKRAFTE OR MITARBEITER* OR GEFAHREN-
ABWEHR OR MILITAR OR KATASTROPHENSCHUTZ OR ZIVILSCHUTZ
OR STAB OR FUHRUNGSGRUPPE OR FUHRUNGSGREMIUM OR FUH-
RUNGSSTAB OR "EMERGENCY PERSONNEL" OR "EMERGENCY FORCES"
OR "EMERGENCY RESPONSE" OR "DISASTER RESPONSE" OR "EMER-
GENCY SERVICE" OR MILITARY OR "ARMED FORCES" OR "CIVIL PRO-
TECTION" OR "DISASTER PROTECTION" OR STAFF OR "COMMANDING
UNIT" OR "COMMAND POST" OR "TASK FORCE" ) AND TITLE-ABS-KEY
( LEISTUNG OR MESSUNG OR EVALUATION OR BEWERTUNG OR AUS-
WERTUNG OR MESSVERFAHREN OR MESSMETHODE OR "KEY PERFOR-
MANCE INDICATORS" ORQUALITATSINDIKATOREN OR PERFORMANCE
OR CAPACITY OR OUTPUT OR MEASUREMENT OR MEASURING OR
RATING OR ASSESSMENT OR EVALUATION OR ANALYSIS OR EVALUA-
TION OR REVIEW OR "MEASUREMENT METHOD" OR "MEASUREMENT
PROCEDURE" OR "MEASUREMENT PROCESS" OR "KEY PERFORMANCE
INDICATORS" OR "QUALITY INDICATORS" ) AND TITLE-ABS-KEY ( FUH-
RUNGSARBEIT OR KOORDINATION OR MESSBARKEIT OR LEADERSHIP
OR COORDINATION OR MEASURABILITY OR "COMMAND &CONTROL"
OR "COMMAND AND CONTROL" ) AND TITLE-ABS-KEY ( UBUNG\* OR
TRAINING OR EINSATZ OR EXERCISE\* OR DRILL OR SIMULATION OR
TRAINING OR MISSION OR DEPLOYEMENT )

PubMed ((("EMERGENCY PERSONNEL") OR ("EMERGENCY FORCES") OR ("EMER-
GENCY RESPONSE") OR ("DISASTER RESPONSE") OR ("EMERGENCY
SERVICE") OR (MILITARY) OR ("ARMED FORCES") OR ("CIVIL PROTEC-
TION") OR ("DISASTER PROTECTION") OR (STAFF) OR ("COMMAND
POST") OR ("TASK FORCE")) AND ((PERFORMANCE) OR (CAPACITY)
OR (OUTPUT) OR (MEASUREMENT) OR (MEASURING) OR (RATING) OR
(ASSESSMENT) OR (EVALUATION) OR (ANALYSIS) OR (EVALUATION)
OR (REVIEW) OR ("MEASUREMENT METHOD") OR ("MEASUREMENT
PROCEDURE") OR ("MEASUREMENT PROCESS") OR ("KEY PERFOR-
MANCE INDICATORS") OR ("QUALITY INDICATORS") OR ("HEALTH
SERVICES") OR ("DIAGNOSTIC TESTS") OR (ROUTINE) OR ("RESEARCH
DESIGN") OR ("QUALITY INDICATORS") OR ("HEALTH CARE")) AND
((LEADERSHIP) OR (COORDINATION) OR (MEASURABILITY) OR "(COM-
MAND & CONTROL") OR ("COMMAND AND CONTROL") OR ("DISAS-
TER PLANNING")) AND ((EXERCISE*) OR (EXERCISES) OR (DRILL)

OR (SIMULATION) OR (TRAINING) OR (MISSION) OR (DEPLOYMENT)
OR (EXERCISE) OR ("SIMULATION TRAINING"))) NOT (THERAPY)
NOT (PHYSICAL) NOT (CANCER[MESH]) AND ("TASK PERFORMANCE
AND ANALYSIS"[MESH] OR "WORK PERFORMANCE"[MESH] OR
"STANDARDS" [SUBHEADING] OR "QUALITY IMPROVEMENT"[MESH]
OR "PROCESS ASSESSMENT, HEALTH CARE"[MESH] OR "SYSTEMS
ANALYSIS"[MESH] OR "SELF-EVALUATION PROGRAMS"[MESH] OR
"HIGH RELIABILITY ORGANIZATIONS"[MESH])

TibKat (SUPPLIERPREFIX:TIBKAT) AND (DOCUMENTTYPE:R) AND (EINSATZ-
KRAFTE OR MITARBEITER* OR GEFAHRENABWEHR OR MILITAR OR
KATASTROPHENSCHUTZ OR ZIVILSCHUTZ OR STAB OR FUHRUNGS-
GRUPPE OR FUHRUNGSGREMIUM OR FUHRUNGSSTAB)
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Table 2 (continued)

Database Query

Web of Science ~ ALL=(((EMERGENCY) OR ("CIVIL PROTECTION") OR ("TASK FORCE") OR
(MILITARY) OR ("COMMANDING UNIT")) AND ((PERFORMANCE) OR
(MEASUREMENT) OR (OUTPUT) OR (ASSESSMENT) OR (EVALUATION)
OR (ANALYSIS) OR ("KEY PERFORMANCE INDICATORS") OR (REVIEW)
OR ("QUALITY INDICATORS")) AND ((LEADERSHIP) OR (COORDINA-
TION) OR (MEASURABILITY)) AND ((EXERCISE\*) OR (DRILL) OR
(SIMULATION) OR (TRAINING) OR (MISSION) OR (DEPLOYMENT)))
REFINED BY: [EXCLUDING] DOCUMENT TYPES: ( MEETING ABSTRACT
OR EDITORIAL MATERIAL OR BOOK REVIEW ) TIMESPAN: ALL YEARS.
INDEXES: SCI-EXPANDED, SSCIL, A &HCI, CPCI-S, CPCI-SSH, ESCI

Cordis /RESULT/RELATIONS/CATEGORIES/COLLECTION/CODE="DELIVERABLE’
JPUBLICATION’,EXPLOITABLE’ OR /RESULT/RELATIONS/CATEGORIES/
COLLECTION/CODE="PUBSUM’) AND (CEMERGENCY’ OR "CIVIL PRO-
TECTION’ OR "TASK FORCE’) AND (CEXERCISE’ OR *SIMULATION"))

BASE! “EMERGENCY MANAGEMENT” AND PERFORMANCE AND TRAINING

! Additional key words yielded in 0 results

availability of the main author. Access to TibKat was temporarily unavailable and
required resolution through direct communication with the provider. The search que-
ries yielded 11,147 results, which were subsequently analyzed.

2.3 Stage 3: Study Selection

The study analyzes articles related to command post performance. The areas of
interest were identified in four domains based on the research questions: (1) Com-
mand posts / teams with C2-related tasks', (2) exercises and missions, (3) perfor-
mance characteristics, and (4) evaluation methods. The articles were included if they
encompassed information on command posts in emergency management or military
exercises, simulated or real-world missions, case reports of missions, performance
characteristics, measurement criteria, measurement methods, observations, numeri-
cal measurement methods and methods using sensors. Table 3 presents inclusion
and exclusion criteria.

The Distiller SR Suite by DistillerSR Inc. was used for the screening process.
After uploading the search results to the database, an automated duplicate check
was run, comparing DOI, PMID, and PID. Duplicates that were missed in the
initial screening were removed during subsequent screenings, the first of which
reviewed the publication titles and the second of which focused on abstracts. As
aresult, 9,171 records were excluded. Titles or abstracts that were missing or that
led to uncertainty about their eligibility were included in the final analysis. The

! Command posts is a military term. To include non-military command and control, a more broadly
defined term was used.
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Identification of g
c
o Records removed before screening (n=1,484):
=
4 Records identified from: . Duplicate records removed (n=1,458)
= Databases (n=11,147) :> «  Records marked as ineligible by automation tools
= Registers (n=0) (n=0)
3 . Records removed for other reasons (n=26)
2
""";"f ;‘6'6'3"""‘ — Records excluded (n=9,171)

o

£

c N

8 P gt reionte. (|——— Fulltexts not rerieved (v=31)

2

Reports excluded (n=382):
c « Not military or emergency management (n=355)
Fuluts sought or retfevst: — . No exercise or mission tools (n=23)
no performance characteristics (n=3)
No measurement methods (n=1)

B \

Papers included in review
n=79

Qualitative Analysis Bibliometric Analysis — lesln"?: ::I:i':-::m
n=79 (n=10)

Fig. 1 PRISMA 2020 statement based on Page et al. (2021)

abstract screening resulted in 492 records that were selected for further review.
Thirty-one articles could not be retrieved via library service and direct author
contact and were excluded. The last step was a full text screening. This step of the
selection process resulted in 79 records for the final analysis. Figure 1 shows the
PRISMA 2020 statement (Page et al. 2021) with more detailed information about

the excluded documents.
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2.4 Stage 4: Charting the Data

The analysis was structured in two parts. First, a quantitative analysis of the 79
papers remaining for an in-depth review, and second, a qualitative assessment
focusing on concepts of performance in command and control, methodological
approaches and metrics for performance evaluation, and assessment approaches in
exercises.

2.4.1 Quantitative Analysis

For the quantitative analysis, we utilized Digital Science’s Dimensions Analytics
API (Herzog et al. 2020) and the ‘dimcli’ (GitHub 2023) library in Python. The
coverage of the Dimensions dataset on scientific production is comparable to other
scientific databases (Harzing 2019). Therefore, it is suitable for the bibliometric
analysis of this study. The integrated development and learning environment (IDE)
for code development and execution was a ‘Jupyter Notebook’ (NumFOCUS 2023).
The publication metadata (e.g., author, publication title, DOI, PMID, PID) were
uploaded to a Jupyter environment. Publications lacking an identifier (DOI, PID,
and PMID) had to be excluded. These were mostly gray literature works such as pro-
ject reports from EU- or BMBF-funded projects. For publications with an identifier
(n = 69), metadata stored within the Dimensions database was retrieved and further
analyzed.

Units of assessment (UoA)and concepts:For the analysis of the subject area, the
Units of Assessment (UAO) were used.

“The Units of Assessment (UoA) are the 34 categories of research used by the
Research Excellence Framework (REF) 2021 in the United Kingdom” (Digital
Science & Research Solutions Inc. 2020).

The integration process into the Dimension database employs a machine learning
algorithm. The concept extraction is also based on machine learning algorithms
automatically extracting the

“noun phrases [...] from a document’s abstract as well as the rest of the Dimen-
sions database [...]” (Digital Science & Research Solutions Inc. 2020).

2.4.2 Qualitative Synthesis

The qualitative assessment used the qualitative content analysis process of
Mayring and Fenzl (2014). The whole process was facilitated using VERBI
Software’s MaxQDA version 2023, a tool specifically intended for qualitative
research. All metadata and their corresponding full-text records were imported
into the software for further examination. The coding process employed a hierar-
chical structure for the identified concepts and methods. The codes were derived
on the basis of the three supporting research questions following an inductive
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Scientific Production

publication count

| -J

0 - T T I_I

1970 1980 1990 2000 2010 2020
year

Fig.2 Scientific production (n = 69) based on dimensions data

approach. After reviewing and coding all the papers, a second round was per-
formed to check each paper for missing codes. After these two rounds, the coded
text passages of each paper were summarized. These summaries were consoli-
dated at the code level.

3 Results
3.1 Quantitative Analysis

The temporal distribution of the publications shows a raise of publications begin-
ning at the end of the 1990s and a stable level until the study took the snapshot
in 2021 (cf. Fig. 2). This could be an indication that the relevance of the field is
increasing, although indexing scientific work elaborated over time and publications
are increasing in general.

Regarding the research field the Units of Assessment (UoA) were used. Most
publications came from business and management studies, followed by engineering
(cf. Fig. 3). A significant part is from health-related fields (UoA: A03, A04, A02).

Most productive authors were A. RUters, N. A. Stanton, T. Vikstrom and H. Nils-
son (cf. Fig. 4).
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Top 10 UoA
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Fig.3 Units of assessement (UoA) (n = 69) based on dimensions data (limitations refer to Sect. 4.1)
UoA: C17-Business and Management Studies, AO2-Public Health, Health Services and Primary Care,
A03-Allied Health Professions, Dentistry, Nursing and Pharmacy, A04—Psychology, Psychiatry and
Neuroscience, B11-Computer Science and Informatics, B12-Engineering, C16—Economics and Econo-
metrics, C19—Politics and International Studies, C23—Education, C24—Sport and Exercise Sciences, Lei-

sure and Tourism

Top 10 authors

publication count

%,
%

Fig. 4 Most productive authors (n = 69) based on dimensions data

The most active research organizations were Harvard University, Linkdping Uni-
versity & University Hospital, and Texas A &M University (cf. Fig. 5). Research
institutions in the United States published their results most frequently.
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Fig.6 Countries contributing (n = 69) based on dimension data

In a comparison of countries, U.S. researchers were most frequently involved,
followed by the United Kingdom and Sweden (cf. Fig. 6).

Most of the studies focused on method development (n = 25), followed by

examination of team processes (n = 13) and evaluation of teaching or training
interventions (n = 9). Table 3 provides an overview.
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Table 3 Background of study

(n=19) Background of study B

Evaluation of concept/system/intervention
(IT) System evaluation

Exercise evaluation

Teaching / training evaluation

Problem identification

N L O N B

Competence identification

Concept

Team processes 13

Workload 2

Situational awareness

Communication

Development

Method development 25

Framework developement 5

Description of a concept

Other

Meta study 1

Thesis / dissertation 2
79

Most of the studies were experimental studies (n = 33) followed by reviews of
the literature (n = 11) and observational studies (n = 10). Table 4 lists these studies.

The study population consisted mainly of emergency management personnel
(n = 35), followed by military personnel (n = 27). Six public health related studies
focused on public health professionals while seven studies used students as study
participants. Fahadullah’s (2009) study lacked a clear statement (cf. Table 5).

3.2 Qualitative Synthesis

The qualitative synthesis focused on the three research questions presented in
Sect. 2.1.

3.2.1 Performance Factors Influencing Command Post’s Performance

Table 6 presents an overview of the factors presented in the following section.
Scenario: The scenario affects the performance of command posts (Worm 2001;
Savoia et al. 2012; Stanton et al. 2015; Alavosius et al. 2017; Stadt Gelsenkirchen
- Referat Feuerwehr 2019; To et al. 2019; Holdsworth and Zagorecki 2020). Both

the initial state and the course of actions play a role. When exercises are used for
learning purposes, the scenario has to support learning. If exercises are used for
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Table5 Study population

(n=19) Study population n
Military personnel! 27
Emergency management! 35
Public health
Students
No population? 4
Not clear

80!

! One study covered both, military personnel and students

2 Method development without a specific population and meta-stud-
ies

evaluation, there is a tension between the realistic course of an exercise and the con-
ditions that can be controlled for (quasi)experimental purposes (Mendonca et al.
2006).

Time pressure is a significant factor that affects staff work. Missing time inevitably
requires making assumptions and, subsequently, increases the need for changing and
adapting plans more frequently (Riley et al. 2006). Time pressure does not automati-
cally lead to a higher rate of procedural errors (Kobbeltvedt et al. 2005). In highly
dynamic situations, personnel may not have the opportunity to make decisions but
rather rely on decisions made by others (Abraham 1986; Helsloot 2005).

Workload is defined as the relationship between task demands and (perceived)
available resources (Jacobs et al. 2013). According to Helton et al. (2013), work-
load contains both state and trait components. Workload has an impact on the error
rate (Helsloot 2005; Alavosius et al. 2017). The influence is on the *working mem-
ory’ and affects contextual knowledge at the domain and strategy level (Gregoria-
des and Sutcliffe 2006). Causes of too much workload may be due to information
sharing. However, communication increases with more demanding tasks. Roberts
et al. (2018) describe a significant increase in the frequency of conversations in the
context of submarine maneuvers, where more information is then transmitted, and a
higher number of tasks are managed simultaneously. In principle, overload should
be avoided as it can lead to stress reactions (Alavosius et al. 2017).

Resilience: If the command post is self-affected, the operational efficiency is com-
promised. The level of affectedness has a strong impact on performance (Helsloot
2005). Therefore, adaptability is a vital capability (Gomes et al. 2014) of the per-
sonnel, referring to their ability to adjust to changing circumstances and execute
appropriate responses (Helsloot 2005; Whitmore 2005; Riley et al. 2006; Wilson
et al. 2007; Haar 2014; Son et al. 2020). The availability and evaluation of infor-
mation significantly impact the capacity to adapt. Stress-resistance is an important
trait in emergency response fields in general (Cerqueira et al. 2017; To et al. 2019).
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Although stress depends on the individual’s ability to cope with stress (Cosenzo
et al. 2007), responding to stress can lead to cognitive biases. For example, fatigue
may be recognized too late (Sjoberg et al. 2006). In this case, mechanisms must be
established within command posts to recognize stress reactions and to have options
available to reduce their effects (Kayman and Logar 2016).

Situational awareness (SA): SA is a key concept for staff performance (Shattuck
and Woods 1997; Worm et al. 1998; Salas et al. 2000; Helsloot 2005; Riley et al.
2006; Alavosius et al. 2017; Holdsworth and Zagorecki 2020). The concept was
originally developed by Endsley (1995). The construct consists on three levels of
situational awareness: perception, comprehension, and projection. It has become
the central concept in high-risk organizations (Alavosius et al. 2017). To produce
SA, relevant, timely information about the state on the ground is essential. The pro-
duction of SA is supported by the use of visualization elements such as geographic
information systems (GIS) (Fahadullah 2009) or certain process elements such as
timely, structured situation briefings (Gomes et al. 2014). In information processing,
mainly terminologies and abbreviations are responsible for low SA values. A high
SA value correlates with good values in decision-making (Pleban et al. 2002).

Within the team SA needs to be distributed to all team members. This distribu-
tion builds shared cognition. A mere exchange of information does not necessarily
lead to better situational awareness (Marusich et al. 2015). The common goal and
the overall picture of the situation must be understood and internalized by the team
members (Shattuck and Woods 1997; Sjgvold and Nissestad 2020). The leader is
responsible for ensuring common understanding (Alavosius et al. 2017). This can be
achieved by performing team strategy discussions (Dalenberg et al. 2009) in which
the shared picture of the goals, the situation, and the task distribution of the mission
is developed. Another methodological approach is the development of a mental map
(Cerqueira et al. 2017) with which knowledge, solution ideas and developments can
then be represented.

Sensemaking is the process of deriving the necessary actions from situational infor-
mation to achieve the overarching goal. In the case of anomalies,” the following
six actions are relevant (a) seeking further information, (b) situation (self and dam-
age situation), (c) referencing standard procedures, (d) referencing the incident com-
mander’s intent, (e) sequencing events, and (f) coordinating activities (Shattuck and
Woods 1997). According to Dixon et al. (2017), in extreme situations where life is at
risk, individuals may experience a flow state that facilitates rapid sensemaking.

Decision-making The command post is a decision-making body. The effectiveness
of a command post depends on its ability to make decisions (Worm et al. 1998).
Various factors can influence the decision-making process, including uncertainty
(Shattuck and Woods 1997; Worm et al. 1998) ethics, cognitive biases, politics,
moral principles, and personality traits of the staff members (Kayman and Logar
2016). The quality of decision-making is directly related to the availability of rel-
evant information. In the studies reviewed (Kobbeltvedt et al. 2005; Wilson et al.
2007; Alavosius et al. 2017), sleep deprivation or fatigue was mentioned as a key
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physical influence. Here the influence on decision making is mentioned. Kobbelt-
vedt et al. (2005) found a reduction in speed with sleep deprivation, although accu-
racy remained the same. However, high-risk (life-threatening) motivation can miti-
gate performance-attenuating physical effects (Kobbeltvedt et al. 2005).

Team structures and teamwork Team structures impact performance. Objective
evaluations show tuned-in teams achieve better results. Alavosius et al. (2017) notes
that effective teamwork spans beyond communication to encompass individual
member’s behavior. Buchler et al. (2018) concur that increased face-to-face contact
translates into decreased results in cyber operations. The 'right’ amount of coordina-
tion is a crucial element of teamwork. ‘Over-coordination’ decreases performance
(van Ruijven et al. 2015). According to Salas et al. (2000), team cohesion is achieved
through common goals, performance monitoring, feedback, closed-loop communi-
cation, and support of others. These essential behaviors are considered to be neces-
sary for effective teamwork. The staffing level, or team size, effects performance,
requiring a balance between workload and increased coordination effort (Alavosius
et al. 2017). Homogeneous groups may underperform compared to heterogeneous
ones (Fiedler 1966; Gomes et al. 2014; To et al. 2019). Surprisingly, trust seems to
have no influence on performance (Stanton et al. 2015).

The personality of the leader appears to have an impact on the performance of the
command post team (Salas et al. 2000; Baroutsi 2016; Veenema et al. 2017; Jgsok
et al. 2019). The behavior and characteristics of the leader need to be considered.
These have an impact on different leadership styles and ways of working. Uncer-
tainty tolerance appears to be an important trait for leaders. Unsuccessful leaders
had low uncertainty tolerance and tended to be indecisive (Shattuck and Woods
1997). In addition to personal characteristics, expertise is also critical (To et al.
2019).

Moreover, the need for expertise in a given task or role is a key requirement
(Helsloot 2005; Savoia et al. 2012; Cerqueira et al. 2017; Stadt Gelsenkirchen--Ref-
erat Feuerwehr 2019; To et al. 2019; Holdsworth and Zagorecki 2020; Silenas et al.
2008). The performance of the command post depends on this expertise. In addition
to technical knowledge, understanding the characteristics of team members is essen-
tial. When knowledge of both the task and the team members is present, teams com-
municate better and achieve better results (Wilson et al. 2007). Knowledge of the job
domain and its boundaries is also important. Mixing tasks or changing roles should
be avoided (Sjoberg et al. 2006).

Experience In command post work, experience is an essential factor (Pleban et al.
2002; Sjoberg et al. 2006; Savoia et al. 2012; Haar 2014; To et al. 2019). Haar
(2014) describes members as highly experienced specialists. Inexperience leads to
poorer performance because it leads to underestimation of elements. In particular,
experienced people are able to make more intuitive decisions because they automati-
cally sort and evaluate the relevant facts without being aware about this process.
Kayman and Logar (2016) refer to the intuitive decision making process. Expert
ratings are superior to algorithms if the parameters aren’t too complex, random or
long-term to be estimated and the expert had been exposed to similar circumstances
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relevant times. Veenema et al. (2017), however, state that pure expertise does not
necessarily lead to better results. Rather, personality and especially self-efficacy play
a role. Shared experiences help to strengthen the knowledge about the team mem-
bers (Stanton et al. 2015).

Operational execution How command posts operate internally is called opera-
tional execution. Errors mainly arise from flaws in the operational procedures (Stadt
Gelsenkirchen - Referat Feuerwehr 2019). *Thematic vagabonding’, is described as
a negative influence on the staff’s performance. Nevertheless, the leader’s behavior
also plays a role. If the leader encourages members to express their opinions more
frequently, this could lead to more wandering (Baroutsi 2016).

Furthermore, adherence to standardized working methods, such as the Incident
Command System (ICS) in the USA or Dienstvorschrift 100 (Ausschuss Feuerweh-
rangelegenheiten, Katastrophenschutz und zivile Verteidigung (AFKzV) 1999) in
Germany, and technical proficiency in formatting and managing information within
the team are essential (Savoia et al. 2012). The layout of the room can impact team
communication, potentially in a supportive manner (Gomes et al. 2014).

Crew ressource management (CRM) behavior, also in command post work
appears important (Alavosius et al. 2017) since 40 percent of errors occur in the
decision-making or communication process (Stadt Gelsenkirchen - Referat Feu-
erwehr 2019). CRM behavior follows three phases: briefing, working phase, and
debriefing (Alavosius et al. 2017). In the briefing phase the team setup (roles &
responsibilities), the task, and objectives are being considered by the team-leader.
The working phase follows the briefing and team members report progress and
observations. If needed, work is interrupted and a debriefing meeting is beeing con-
ducted. The aim of that meeting is to adjust the approach to fulfil the given task.
The debriefing phase follows after task completion or significant events. Within this
phase the work completed is reviewed and further tasks or improvements for further
operations are discussed.

The leadership behavior of the leader, in contrast, has an impact on how the com-
mand post operates (Buchler et al. 2018).

Information management The availability of relevant information is essential to
the work of staff. The processing and presentation of information is a core task of
employees (Worm et al. 1998; Worm 2001; Gomes et al. 2014; Stanton et al. 2015).
In particular, conflicting data and high dynamics have an impact on processing (Son
et al. 2020). Uncertainty depends on the amount of information available (Perry
and Bowden 2003). A customized presentation helps to maintain the right level of
detail (Gomes et al. 2014). There are different views on the right amount of rele-
vant information. van Ruijven et al. (2015) found no overload, while Marusich et al.
(2015) stated that the amount of available information does not necessarily lead to
better decisions. Interestingly, Helsloot (2005) noted that the use of liaison officers
increases the pressure on employees.

Communication Communication both internally and with external forces appears to
be an important part of team performance. Here, the allocation of internal resources
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by the team leader and the communication among team members are important
for performance (Dalenberg et al. 2009). In particular, the patterns of how teams
communicate with each other have an impact on performance. Wilson et al. (2007)
distinguishes three types: information sharing, phraseology, and closed-loop com-
munication. This refers to getting the right information to the right person, choos-
ing the right terminology and appropriate wording, as well as being complete while
being concise. Closed-loop communication is important to ensure the proper trans-
fer and understanding of information. Good communication will eventually lead to
better situational awareness. In handover situations, special attention must be paid
to proper communication; this is where most information loss occurs (Riiter et al.
2007). The centrality of the communication has an influence: van Ruijven et al.
(2015) found that a higher amount of decentralized coordination which was defined
as communication between team members does not lead into higher performance.
On the other hand centralization lead into a bottlenecks hindering the information
flow. In general, it is important to find the right level of communication.

3.2.2 Indicators of Command and Control Performance

The selection of measurement criteria in the reviewed papers was related to the eval-
uation purpose or study design. In terms of performance measurement, this selection
must include several aspects or influencing factors. In performance evaluation, pro-
cess, effectiveness, and efficiency are pertinent dimensions (Gaertner et al. 2000).
Consequently, outcome parameters should be distinguished from process parameters
(Bernier et al. 2012; Haar 2014). Outcome parameters encompass damage control
(Fahadullah 2009) and error rates (Stadt Gelsenkirchen - Referat Feuerwehr 2019).
However, identifying errors in staff work is challenging as they are often com-
pensated and thus camouflaged (Stadt Gelsenkirchen - Referat Feuerwehr 2019).
Process-oriented aspects pertain to the course of command post work and its ele-
ments (Sweet 1989; Gebbie et al. 2006; Dalenberg et al. 2009; Bearman et al. 2018).
Table 7 provides an overview.

Processual criteria: For example, when considering Crew Resource Manage-
ment, six relevant factors can be identified as being relevant: communication, situa-
tional awareness, decision making, teamwork, resource management within the team
(mutual support), and leadership (Alavosius et al. 2017). In a study by Buchler et al.
(2018), sociometric factors were used for evaluation. In general, the selection of cri-
teria should be based on systems rather than individuals.

Coordination can be done by distributing and redistributing tasks according to the
situation (Buchler et al. 2018). In the study by van Ruijven et al. (2015), coordina-
tion was mapped by measuring the density and centrality of a network. Stanton et al.
(2015) considered in their study the intentions of the military leader. An 8-point
Likert scale was used. The same study measured trust using a Likert scale.

Situational Awareness (SA) is described as a key factor in CRM. Lack of SA is one

of the most common causes of aviation accidents (Ceschi et al. 2019). The three
stages of SA perception, comprehension, and projection are the focus of interest
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Table 8 Behavorial anchors
for observing sensemaking
(Baroutsi 2016)

Factor Item !

Resilience Accelerating Feedback (+)
Seek requisite variety (+)
Self reflections (+)
Normalizing (—)
Increased risk behaviors (—)
Goals Hierarchical task structures (+)
Goal elaborations (+)
Confirmation seeking (—)
Thematic vagabonding (—)
Thematic lock-up (—)
Expertise Migrate discussions (+)
Knowledge to reach expert (+)
Ask for help (+)
Fallacy of centrality (—)
Avoiding decisions (—)
Operations Identify interruptions (+)
Contact with the front-line (+)
Seek out for bad news
Errors Detect small emerging failures (+)
Specify unwanted mistakes (+)
Clarify good news (+)
Search strategy contradictions (+)
Search incorrect assumptions (4)
Don’t simplify Avoid categorization (+)
Think/question out loud (+)
Encourage different views (+)
Notice unique aspects (+)

Stereotypes/global hypothesis (—)

1(+) represents behaviours which support sensemaking, (—) those
which contradict sensemaking

(Lambert 2004; Salmon et al. 2009; Taber et al. 2013; Alavosius et al. 2017; Ceschi
et al. 2019). In group situations, shared mental models are a concept of interest
(Dalenberg et al. 2009; Satrevik and Kvamme 2019). It describes the presence of
the same shared understanding of a situation, goals, and necessary tasks.

Baroutsi (2016) presents behavioral anchors for observing sensemaking: These
include 6 factors influencing sensemaking: resilience, goals, expertise, commitment,
mistakes, and ‘don’t simplify’. Every factor consists of 3 to 5 items. Table 8 pro-
vides an overview.

Within teams, cooperation is an essential skill for effective teamwork (Savoia
et al. 2012; To et al. 2019). It includes team building, mutual support, conflict reso-
lution, task assignment, and situational reallocation (Buchler et al. 2018). In contrast
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to leadership cooperation focuses more on the aspects of group climate and mutual
support. The behavioral anchors here are: active and open communication, coordi-
nation of efforts, common goal setting, avoidance of personal differences (Ceschi
et al. 2019). To establish cooperation, communication between team members is
necessary.

Communication is an important aspect of performance. Several aspects are consid-
ered (Kozibek 2017): communication behavior, information exchange, number of
contacts and length of exchange (van Ruijven et al. 2015), frequency of information
exchange, and content analysis (Marusich et al. 2015; Stanton et al. 2015).

Leadership is both a construct and a factor (Buchler et al. 2018). As construct lead-
ership refers to the responsible management of people or an organization (Ceschi
et al. 2019). Goal orientation is mentioned as an important aspect (Haar et al. 2017)
as well as situation analysis and situational adaptation of the leadership style. Rel-
evant behavioral anchors are using authority and assertiveness, maintaining stand-
ards, planning and coordination, managing workload and resources (Ceschi et al.
2019). Leadership as a factor is measured as part of different measuring scales (like
the observational scaled assessment of teamwork—QOAT).

A central construct in the context of leadership teams is decision-making. It is the
inclusion and evaluation of all relevant information available at the time of the deci-
sion and the derivation of necessary actions (Haar 2014). Poor decision-making is
involved in 47 percent of accidents (Ceschi et al. 2019). Decision-making processes
vary depending on the time available. Possible supporting criteria are therefore the
speed of the decision (Abraham 1986) and the quality in terms of relevance. The
level and mode of control is a parameter for adaptation (Savoia et al. 2012). This
refers to appropriate decisions compared to the leader’s intentions, shared under-
standing, and shared values. Possible metrics are: elapsed decision-making period
(time to reach a certain decision), number of alternatives considered, and number of
alternative plans developed (Bernier et al. 2012).

Workload is both, an individual and team parameter (Worm et al. 1998; Lambert
2004; Salmon et al. 2009; Alavosius et al. 2017; To et al. 2019). It is understood as
the management of the capacity of the individual members (Gregoriades and Sut-
cliffe 2006). The initial question is: ‘Can the team/individual complete the tasks
assigned to them within the time frame?” Workload can be an important parameter,
as even highly trained personnel should not perform more than two tasks at the same
time. As soon as knowledge-intensive tasks are increasing, the processing speed is
reduced accordingly (Gregoriades and Sutcliffe 2006). Resource management is an
alignment parameter according to Whitmore (2005).

Outcome criteria: The evaluation of the mission is usually done in terms of the
outcome. One parameter is effectiveness (Bouthonnier and Levis 1984), i.e., the
comparison between the target and the actual situation. Other parameters are effi-
ciency, adaptability, flexibility and synergy. Bernier et al. (2012) see effectiveness
as the ability to achieve the main goals. They introduce redundancy as another
parameter that evaluates the number of ’nodes’ (e.g. command posts) remaining in
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the chain of command after an attack as well as the remaining links. Worm et al.
(1998) describes efficiency as the relationship between the result and the resources
used. Additionally, Bernier et al. (2012) define efficiency in terms of time, namely
the fraction of time required for an operational response.

Once a defined set of parameters is used, an existing standard or common practice
is used as a reference (Whitmore 2005; Walker et al. 2014; Salmon et al. 2009; Riiter
and Vikstrom 2009; Radestad et al. 2012; Pleban et al. 2002; Nilsson and Riiter
2008; Nilsson et al. 2013; Gebbie et al. 2006; Qari et al. 2019; Djalali et al. 2014;
Cohen et al. 2013). The parameters include elements of the standard such as the
conduct of meetings, the content of defense plans, information to higher and lower
levels. In the ATHEBOS project (Stadt Gelsenkirchen--Referat Feuerwehr 2019),
known common errors were used as parameters. Task completion is measured on
a team or individual level. The quality (accuracy) of the tasks can also be included
here (van Ruijven et al. 2015; Gaertner et al. 2000). Team outputs are effectiveness
parameters. They are usually measured in terms of meeting target criteria (Bearman
et al. 2018; Gaertner et al. 2000).

3.2.3 Evaluation of C2 Exercise Performance

When measuring performance in exercises, both the context and the scenario are
important. Both parameters determine the course of the exercise and the correspond-
ing responses. Process and outcome parameters should be collected either way. A
whole methodology for setting up, conducting and debriefing of exercises is pre-
sented be the "e-notice" project (Heuverswyn and Huybrechts 2018). Salas et al.
(2000) suggest four categories for evaluation, grouped in a four-field matrix: (1)
team and (2) individual and (3) process and (4) outcome. Automated systems can
help to better evaluate exercises and represent them in an event model (Holdsworth
and Zagorecki 2020). When selecting parameters, issues of survey feasibility and
cost must also be considered. Appropriate taxonomies for the task domain are also
needed (Holdsworth and Zagorecki 2020). Graphical representations can help with
interpretation, but they must be context sensitive. In addition, interpretation must
take into account the context and embed the results in that context.

Measurement at the team level appears to have advantages over measurement
at the individual level (Alavosius et al. 2017). In this context, monitoring tools are
good for identifying problems but not for solving them. Methods used in SA assess-
ments include sample freezing techniques, e.g., the Situation Awareness Global
Assessment Technique (SAGAG) (Alavosius et al. 2017; Salmon et al. 2009; Taber
et al. 2013). In addition, questionnaires, observers, or metrics are also being used.
When measuring, care should be taken to maintain a good balance between accu-
racy and overload of the exercise participants (Mendonca et al. 2006).

A great part of the reviewed papers used observation and evaluationas main
method. Here the behavior and the procedure are evaluated. Observation also uses
experts. They observe the exercise and provide their expertise. During observa-
tion, observers may be part of the exercise and provide assistance or clarification
or ask explicit questions. In other circumstances, they are silent participants who
focus only on observations. Observations can be consensually summarized at the
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end (Djalali et al. 2012). The observations focus on the object of investigation,
e.g., team behavior or task completion. Tools such as questionnaires, checklists,
or protocols (Cohen et al. 2013; Garvin and Miller 1981) augment the proce-
dure for this purpose (Peck et al. 2017). These observations can be supported
by behavioral anchors: Behavioral anchors are a common method supported by
the use of checklists or rating scales (Bearman et al. 2018) such as the Air War-
fare Team Performance Index (APTI) (Johnston et al. 2013; Reeves et al. 1998).
In some cases, behavioral anchors are used as performance indicators of team
behavior (Ceschi et al. 2019). The team’s behavior is evaluated against a pre-
defined ideal state (Alavosius et al. 2017). The analysis refers to the occurrence
of this behavior.

Questionnaires as the sole survey instrument are usually used for self-assessment
(Mendonca et al. 2006; Savoia et al. 2012; Worm 2001; Bearman et al. 2018; Roud
et al. 2021; Eid et al. 2005; Legemaate et al. 2012) of teams. In addition, question-
naires can be used for team evaluation. In the event of an incident, questionnaires
can provide valuable information about teamwork and behavior (Salas et al. 2000).
This can be done as part of the exercise or immediately after the simulation. Ques-
tionnaire instruments can also support observers, e.g., the Disaster Management
Indicator Scale (DiMI) (Murphy et al. 2020; Nilsson and Riiter 2008; Radestad
et al. 2012; Riiter et al. 2007), or the Observational Assessment of Teamwork (OAT)
(Buchler et al. 2018). Questionnaires can be used to inquire about the behavior of
other participants. There is a risk, especially with participant questionnaires, that
they will affect the course of the exercise and the perceived realism. Established
survey instruments that work with scales typically use rational, nominal, or ordinal
scales, usually Likert scales.

Numerical methods refer to the measurement of parameters that can be quantified.
For example, the number of messages exchanged (Fahadullah 2009; McCallum et al.
1990), the duration between two points in time (e.g., input and output, request and
fulfillment, etc.) (Salmon et al. 2007), or the communication in terms of sentence
length, word count, etc. (Bearman et al. 2018) are measured.

When measuring task completion, the number of completed tasks (van Rui-
jven et al. 2015) is measured as a value or set relative to the total number of tasks
(Buchler et al. 2018; Rothrock et al. 2009). The quality of the completed tasks, such
as compliance with predefined standards or requirements, can also be evaluated
(Gaertner et al. 2000). It is reasonable to relate the number of tasks and quality to
the time required.

Precision is the measurement of the performance of the result against an idealized
standard. Here, error rates (deviation from the standard) (Kobbeltvedt et al. 2005;
Mao et al. 2016) or the ’correct’ representation of the situation in situation reports
(Buchler et al. 2018) can be used as parameters.

Benchmarks exist with established standards for processing events. Time is a
commonly used parameter. It measures the time it takes to reach certain milestones
or to complete certain tasks (Alavosius et al. 2017; Albinsson and Fransson 2001;
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Gaertner et al. 2000). When presenting the results of an exercise, a time axis is use-
ful to put the processes of the exercise in order (Albinsson and Fransson 2001).

With the help of sensors, different data from the used systems (Buchler et al.
2018; Reeves et al. 1998) can be used to measure, e.g., temporal aspects or com-
munication (Mendonca et al. 2006). Biomarkers are used to measure stress levels.
Here, catecholamine or amylase levels are considered suitable surrogate parameters
(Cosenzo et al. 2007; Worm 2001).

To compensate for the disadvantages of individual methods, a mixed method
approach (Bearman et al. 2018; Holdsworth and Zagorecki 2020; van Ruijven
et al. 2015) can be used, which may include, for example, technical parameters from
computer systems and observation, or observation and questionnaires (Alavosius
et al. 2017). In general, mixed-method approaches seem to be underrepresented in
application. An example for implementing more than one method is the study of
Mendonca et al. (2006). Here, the effectiveness of decisions was measured. A wider
range of methods was used: time difference between insertion and decision, and
degree of ’correctness’ of the decision. After the simulation, the participants filled
out questionnaires.

4 Discussion

Command posts are important parts of the disaster response system. Their function-
ing is essential for coordination and, in the end, for saving lives. This study explored
scenario, resilience, situational awareness, decision-making, team structures, and
teamwork, as well as operational execution, as factors influencing command post
performance.

Compared to Heumiiller et al. (2014), who introduced a conceptional model of
command post exercises with the aim of guiding the conception of command post
exercises, this study obtained similar results. The elements of Heumiiller et al’s
model, namely ’management process’ ("Fiihrungsprozess"), 'coordination areas’
("Koordinationsbereiche"), ’internal structure’ ("Stabsstruktur"), and ’standard pro-
cedures’ ("Standardprozeduren") are similar to the influencing factors (Sect. 3.2.1)
found in this study. In detail: The management process refers to decision making
(Sect. 3.2.1, situational awareness (Sect. 3.2.1), since Heumiiller et al’s management
process covers the decision making process of German DV100 (Ausschuss Feuer-
wehrangelegenheiten, Katastrophenschutz und zivile Verteidigung (AFKzV) 1999).
Decision making is based on situational awareness whereas the shared understand-
ing concept is closely related to situational awareness (Endsley 2000). Coordina-
tion areas and internal structure refer to team structures and teamwork (Sect. 3.2.1).
Lastly, standard procedures are described as operational execution (Sect. 3.2.1)
within this study. Furthermore, Heumiiller et al described a reciprocal impact
between the scenario and the command post model. While the scenario is being
played out in an exercise, in real operations, it is dictated by the situation.

GiBler (2019) describes the performance of a command and control team as
sufficient leadership performance. The team establishes the necessary conditions
for a successful mission carried out by operational units through their own efforts.
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A C2 team is, in his perspective, a *Swiss army knife’ for finding a solution to a
mostly unknown or difficult to handle problem. This view leads to the request for
a functioning unit that can only be measured by its way of solving the challenges
given by the situation.

The key work of a C2-Team is preparing and enabling a decision. Interestingly,
Kayman and Logar (2016) refer in this context to the concept of natural deci-
sion making (Kahneman and Klein 2009). Taking this concept into account, the
decision-making process within the C2-Team could be biased or accelerated by
intuitive expert judgments.

At this point, this study adds criteria for a deeper view into the work of a com-
mand post. In performance measurement, three elements—process, effectiveness,
and efficiency—are suitable as evaluation levels. First, the outcome and process
parameters should be distinguished: The outcome is the result of a number of
processes within the command team. Stadt Gelsenkirchen - Referat Feuerwehr
(2019); GiBler (2019), both, described that the outcome of the mission is not nec-
essarily the result of the command post’s work. It is difficult to identify errors in
staff work by their effects because they are compensated and thus hidden. For this
reason, the outcome evaluation should refer solely to the command post and not
to the entire operation.

Process aspects are related to the course of staff work itself and the elements
within it. The results of this study indicate that the processes in the command
post depend on several aspects which are covered by crew resource management
(CRM). CRM was originally developed for small teams, such as flight crews, in
operational contexts. It became more popular for midsize teams, such as resusci-
tation teams or control room teams in power plants. Therefore, it seems appropri-
ate to consider CRM in the context of command posts.

The observation and evaluation method is, compared to the work of Beerens
and Tehler (2016), still the most common method for evaluating exercises. In
principle, observations appear to be a cost-effective means of evaluating exer-
cises. However, the cost-benefit ratio is questionable: Especially if reliable results
are to be achieved, more time for training and preparation must be calculated.
Nontheless, other methods can augment the evaluation giving a different view on
the exercise. The use of software to support the work, such as GIS or just email
for message exchange, can help to gather more information about processing
times, for example. This can help observers to catch another view on the exercise
and confirm or disprove their judgment.

Research in this context is difficult because research interests, such as control-
lable conditions, often lead to unrealistic exercise scenarios (Gomes et al. 2014).
Several studies investigated command post performance with a specific focus on,
for example, output, team processes, or SA. However, as a complex system, com-
mand posts do not rely on a single factor that influences performance but rather
on a multitude of interdependent factors. Haar et al. (2017) tried to compensate
that issue still using an observer method for data collection. Figure 7 presents
an overview on dependencies derived from the findings of this study. This issue
was tried to compensate by the work of Haar et al. (2017) still using an observer
method for data collection.
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C2 Team
performance

Fig.7 Factors of performance and dependencies

Recent findings of Baroutsi (2023) analyzing 55 studies on quantitative per-
formance evaluations show that research in this field is still necessary. Research
methods for different situations are lacking. There are no empirical baselines,
which hinders benchmarking of performance. This might be due to challenges
in statistical validation. Baroutsi highlights the knowledge of specific emergency
management doctrines to improve inter-rater reliability.

In conclusion, Beerens (2019), Beerens et al. (2020) established the need for
a framework for evaluating emergency management exercises. Future research
should focus on various assessment methods for these exercises, which is sup-
ported by the results of this study.

4.1 Limitations

In this study, several limitations have to be considered. First and foremost, the
study covers papers until May 2021. In the meantime, more recent findings could
have been published. In the discussion section, some newer publications known
by the authors trying to mitigate these effects. The underlying research for this
paper was done by the main author. This may lead to biases that were not uncov-
ered through a second look at the results. A strict protocol (Nordhausen and Hirt
2020) was used to avoid these problems. Within the bibliometric analysis, not all
papers were included due to missing identifiers. This issue concerns reports from
research projects and papers that were not published in a journal article. In the
bibliometric analysis the UoA were used for retrieving the research field of the
paper. This may lead to a limitation because
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“as with all of the categorisation systems in Dimensions, the UoA system is an
algorithm-based model of the Units of Assessment, created through machine
learning on pre-labeled documents. The UoA categorisation system in Dimen-
sions is not a record-for-record copy of the UoA classifications, but a very
accurate emulation. This means that there may be a small number of cases
in which a publication submitted to the REF process was defined as being in
one category, but when found in Dimensions it is labelled in a different cat-
egory, or in more than one category.” (Digital Science & Research Solutions
Inc. 2020)

This study focused on a specific part, namely command posts in emergency manage-
ment. Generalization of the results for emergency management itself is not possible,
even if different areas have the same coverage.

5 Conclusion

This study examined the performance of command posts using a scoping review
method to determine current knowledge on the subject. Six performance factors
were identified: scenario, resilience, situational awareness, decision making, team
structures and teamwork, and operational execution. When evaluating performance,
attention should be paid to three dimensions: process, effectiveness, and efficiency.
Teamwork is predominant within the process dimension. Therefore, performance
is defined by CRM-related aspects. Effectiveness and efficiency are dimension that
describe the outcome. Effectiveness focuses on achieving the desired outcome, e.g.,
if the necessary measures were taken. Efficiency is primarily determined by the time
required to perform an action. Exercises often lack realism because the scenario is
set to evaluate the system as a whole. Exercise planning and execution are time-
consuming and cost-consuming. Not surprisingly, the number of exercises is small
and exercise planners feel the pressure to cover as many agencies and organizations
as possible. Consequently, they face challenges in designing exercises that effec-
tively train or evaluate important aspects. However, this study allows exercise plan-
ners to focus on the pertinent aspects of C2 work and create suitable scenarios. The
findings of this study have several practical implications. A potential application of
the results would be to support scholars and practitioners in developing benchmarks
and evaluation methods on C2 performance in a training and evaluation setting. The
results found here can be used to better target training measures for C2-teams. The
evaluation of training exercises follows an indicator-based approach, allowing for
a more precise targeting of the training. In general, this approach can improve the
performance of participants. In general, this can improve leadership performance in
crisis management and reduce the costs associated with inadequate training meas-
ures. In addition, the results can lead in the creation of registers that compare the
performance of management teams, allowing general conclusions to be drawn about
team performance. These registers provide researchers and practitioners with infor-
mation to improve crisis management as a whole. The complexity of command
and control research is demonstrated by the fact that each performance factor that
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influences command post performance is part of its own research field. Therefore,
evaluating command and control performance remains challenging due to the vari-
ous interdependencies among the factors identified in this study. Consequently, more
research on this interdependence . A set of performance indicators could be useful
in determining which factors lead to which outcome. This could help bridge the gap
between the required realism and the scientific validity.
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