
An initial assessment of the Endeavour Space
dimensions✩

Björn J.E. Johansson, PhD∗

Swedish Defence Research Agency, Department of C4ISR, Linköping, Sweden

Oscar Bjurling, Jacob Weilandt

Linköping University, Linköping, Sweden

David S. Alberts, PhD

Institute for Defence Analyses, Alexandria, VA

Mats Carlerby, PhD
Swedish Defence University, Science of Command and Control and Military Technology Division,

Stockholm, Sweden

Abstract
C2 agility theory postulates that no single approach to C2 is appropriate for all kinds of
endeavours, and that being C2 agile implies having the ability to select the appropriate
C2 approach for a certain mission or endeavour. The Endeavour Space is a central
concept in C2 agility theory as it is used as the basis for determining an appropriate C2
approach for endeavours based on their location in this space. Johansson, Carlerby, and
Alberts proposed the following three dimensions for the Endeavour Space: dynamics,
tractability, and dependencies. This paper reports an initial attempt to assess how
humans perceive these dimensions when presented with problems that are tailored to
reflect different degrees of dynamics, tractability, and dependencies. A set of
experiments using the ELICIT (Experimental Laboratory for Investigating Collaboration,
Information-sharing and Trust) platform was conducted. ELICIT scenarios were created
to represent different regions of the Endeavour Space. In addition, a prototype
self-assessment instrument was designed, developed, and tested in the study, to capture
how study participants experienced the Endeavour Space dimensions. Eight teams
consisting of seven participants took part in the study. No significant differences in
perceived complexity could be found between the scenarios. However, all Endeavour
Space dimensions indicated correlational relationships with perceived difficulty, and
most of them correlated with ELICIT performance.

Keywords: Command and Control, C2 agility, Endeavour Space, Elicit,
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1. Introduction

The function of C2 is to establish control over a situation in order to safely and
successfully direct operations towards a premeditated end state. This has
previously been accomplished with great success by deconstructing problems
into manageable parts and allowing specialised units to manage each
sub-problem. The historical rationale of C2 organisations has been to deconflict
their organisations to the furthest extent possible to ensure that each specialised
unit is only engaged in doing the task relevant to them, thus focusing their efforts
on decreasing task completion times and achieving more immediate success [1].
Although the challenges of the Industrial Age were not trivial in any way, the
deconflicted approach was used successfully to manage complicated tasks. The
operational environments facing C2 organisations in the 21st century are,
however, an altogether different matter. The term complex endeavours has
become central to C2 research and application. Alberts, Huber, and Moffat [2,
p.16] provide the following definition:

In addition to the high intensity combat operations that are
traditionally associated with military operations, the 21st century
mission space has expanded to include a wide spectrum of mission
challenges, ranging from providing support to multi-agency disaster
relief operations to complex coalition efforts within a
political-military environment involving a large variety of military
and non-military actors; which we describe as Complex endeavours.

The challenge of operating and managing complex and dynamic environments,
known as complex endeavours, has become a central issue in the C2 research
community. Complex endeavours are signified by there not being a
one-size-fits-all solution to C2 for coping with them. The field of C2 Agility is
devoted to understanding the ability of an entity, or a collective of entities, to
cope with change and employ different C2 approaches based on the requirements
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imposed by—and changes in—the current operational environment. C2 Agility
is related to the two concepts the Approach Space and the Endeavour Space. The
Approach Space represents a map of all C2 approaches, ranging from
deconflicted hierarchies to decentralised and entirely networked edge
organisations. The Endeavour Space represents the problem space of an
operation and encapsulates all possible circumstances and characteristics an
endeavour may exhibit. Therefore, C2 Agility represents an entity’s ability to
change its position within the C2 Approach Space in response to changes in the
Endeavour Space (figure 1).

C2 approach space Endeavour space

Figure 1: Mapping between a C2 Approach Space region and an Endeavour Space region. Adapted
from [3].

Although previous research has shown that different C2 approaches are more or
less fit to cope with a specific endeavour (NATO STO SAS-085, 2013), the
question of how to model endeavours has remained unsolved. This is
problematic as the theory postulates that a relationship exists between the C2
approach space and the Endeavour space. What position in the C2 approach is
appropriate for coping with what position in the endeavour space, or, what C2
approach is useful when coping with what sub-space of the endeavour space? An
important aspect in answering this question is to study how operational
environments are constituted, as this would enable research into how the
effectiveness of different C2 approaches is affected by different endeavours. The
Endeavour Space model [3], which represents endeavour complexity in three
dimensions, was developed for this purpose. A more detailed description of the
Endeavour Space follows in section 2 below.
The aim of this paper was to report on initial research regarding how the
Endeavour Space dimensions may be implemented in a C2 simulation platform
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called the Experimental Laboratory for Investigating Collaboration,
Information-sharing, and Trust (ELICIT). The study also serves the purpose of
creating an initial version of a tool intended for assessing how humans perceive
the position in the Endeavour Space for a specific problem/endeavour. The
following research questions are addressed:

RQ1. How can the Endeavour Space dimensions be instantiated and manipulated
in the ELICIT simulation platform?

RQ2. How do manipulations of the Endeavour Space dimensions manifest
themselves as subjective experiences?

RQ3. How do manipulations of the Endeavour Space dimensions affect how
individuals perceive difficulty, and how do they impact their performance?

The relationship between these research questions is somewhat circular. Only by
successfully measuring the perceived effects of dimension manipulations can it be
determined whether the ELICIT instantiations represent reliable manipulations of
the Endeavour Space dimensions.

2. Defining the Endeavour Space

The aforementioned ability of an entity to adapt its C2 approach given the current
operational challenge would require an understanding of what C2 approach is
best suited for dealing with a certain set of mission circumstances. This could be
achieved by mapping the Approach Space to a model that similarly divides the
problem space into regions. This is the purpose of the Endeavour Space [4].

Similar to how the Approach Space seeks to aggregate all C2 approaches and
map these two regions in a common space, the Endeavour Space seeks to
encapsulate all possible missions and circumstances a C2 system may face [4].
The necessity of this lies in the need for being able to identify under what
operational circumstances a C2 system is operating, so that conclusions can be
drawn regarding the appropriateness of the C2 approach being used [3]. This
relationship is illustrated in Figure 1. Previous research [e.g., see 2, 4, 5] has
highlighted the need for an Endeavour Space model and established the need for
mapping the Approach Space regions to corresponding regions in the Endeavour
Space. However, no extensive research has yet focused on explicitly modelling
the Endeavour Space.
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Johansson, Carlerby, and Alberts [3] proposed a conceptual model of the
Endeavour Space, which follows the concepts described by NATO SAS-085 [4]
by postulating that the Endeavour Space should be viewed as “a system with
certain properties that affect the appropriateness of a given C2 approach” [3, p.4].
Johansson et al. suggested that the Endeavour Space be described according to
three dimensions: Dependencies, Dynamics, and Degree of Complexity/
Tractability [3], see figure 2).

Figure 2: The Endeavour Space as proposed in [3].

Dependencies refers to the level of interdependence of the components or entities
that constitute a particular problem. This may vary between strong
interdependence or weak interdependence [3]. The coupling of a system
determines the kind of interactions that may take place and thus the types of
consequences interactions may have. In a loosely coupled system where
components are not interacting, effects and disruptions may be more isolated.
However, it may be more difficult to investigate why something has happened
due to a lack of causal relationships between components. Conversely, in a
tightly coupled system, it is easier for interactions between components to occur,
and effects may propagate through the system faster and have widespread
consequences. The degree of coupling between components also influences the
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level of determinism between cause and effect.
Dynamics concerns the potential rate of change as well as the amplitude of

change inherent in a system. A system may range between being highly dynamic
or being low in dynamic behaviour [3]. Dynamics is a product of interaction and
encapsulates both the potential for an entity to affect its environment and the
potential ways in which the environment can affect the entity [6, 7]. Thus,
dynamics is also a factor related to time pressure, as a dynamic system may
change in real-time and therefore increase the pressure to make decisions at the
right time [7]. A system’s potential for change also determines the potential of
being surprised; as dynamics increases, so does the potential that surprising
events will occur that may force a redirection of strategy [3].

Finally, degree of complexity/tractability refers to the degree to which it is
possible to describe and understand what is happening within the system. This
may also describe the potential for surprising and undesired events that may
occur in the system. A problem may range between being intractable and
tractable [3]. The complexity of a problem is directly associated with an
observer’s capacity to understand it. If a problem is said to be complex it should
be difficult—or even impossible—to identify cause-and-effect relationships and
predict outcomes [4]. Complexity is thus also viewed as a component of
difficulty (Braarud & Kirwan, 2011). Therefore, complexity carries a subjective
component in that the complexity of a system is–in part–a product of the
domain-knowledge and experience of the observer or agent interacting with the
system [8, 9, 10].

The dimensions refer to characteristic features of the problem space that may
have an impact on the appropriateness of a chosen C2 approach. For instance,
Edge approaches may be better suited for managing endeavours that are highly
dynamic, with components that weak interdependence, and where the problem is
difficult to grasp (i.e. intractable). Conversely, a less networked approach may
be more appropriate when dealing with an endeavour that is more tractable due to
being more static and having highly interdependent components [3].
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The Endeavour Space is thus intended to be a conceptual space that encapsulates
all possible mission circumstances that a C2 system may be faced with. Although
the Endeavour Space relies on objective dimensions (Coupling, Tractability, and
Dynamics) to capture the characteristics of different endeavours, the
interpretation of where an endeavour is positioned within the Endeavour Space
is–as of yet–not an objective assessment. To appropriately manifest C2 agility,
an entity needs to make an assessment regarding the position of an endeavour
within the Endeavour Space and the suitability of the currently deployed C2
approach. Therefore, the question of how the Endeavour Space is perceived is to
a certain degree a matter of subjective interpretation on part of the individual or
individuals making the judgment. An individual perceives the current
circumstance of the endeavour and forms a hypothesis regarding the endeavour’s
current position within the Endeavour Space. Based on this assessment the entity
implements the C2 Approach best suited for managing that particular set of
circumstances according to the C2 Approach Space.

It should be noted that the Endeavour Space dimensions are rather generically
formulated. This is, however, a necessity owed to the purpose of the Endeavour
Space to encapsulate a vast number of potential operational circumstances. Too
strict and narrow a definition of these dimensions would exclude certain
environments and thus hamper the generalisability of the Endeavour Space.

3. The ELICIT platform

In order to study team performance in different C2 approach configurations, the
United States Department of Defense Command and Control Research Program
(CCRP) of the Office of the Assistant Secretary of Defense for Networks and
Information Integration (OASD/NII) sponsored the development of ELICIT – an
experimental research platform for studying how entities operate given (1) their
C2 approach, (2) their team and individual characteristics, and (3) their
network-centric capabilities, such as their ability to cooperate, their level of
shared awareness, their synchronisation, and their overall effectiveness [11, 12].
In ELICIT, the participants take on the role of an intelligence team challenged
with uncovering the Who (colour names, e.g. Blue group), What (e.g. embassy,
financial institution, individual), Where (Greek letter nations, e.g., Alphaland),
and When (month, date, hour, AM/PM) of an impending, fictitious terrorist
attack.

To solve this problem, teams are organised as hierarchies, edge organisations,
or anything in-between that correspond to positions in the C2 approach space.
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Individual team members are tasked with solving one or more of the four
sub-problems. Pieces of information, called factoids, are distributed to the teams
in waves at given time intervals. Factoids are one-sentence pieces of information,
e.g. “all members of the Green group are in custody”, the consequence being that
the Green group is not the Who, or “the Lion [the person planning and ordering
the attack] is planning something on the 15th”, which would hint to the
date-component of theWhen problem. Scenarios consist of 1-68 factoids in total.

There are four categories of factoids: expert information, key information,
useless noise, and support factoids that provide further contextual information.
Team members must determine the relevance of the information and decide
whether to forward it to another member, and indeed which member (in
configurations offering more than one option), depending on the sub-problem the
factoid is connected to. This makes the counterterrorism operation highly
information intensive, as individuals are given insufficient information to solve
their problem(s) (CCRP, 2010; Ruddy, 2007). To solve a problem, several
factoids need to be collected; they are pieces in a logical puzzle. Thus,
cooperation and information-sharing are crucial for the team to be successful.
Therein lies the challenge to participants in an ELICIT experiment.

Since its initial development, ELICIT has been expanded upon with the
addition of sensemaking virtual agents based on models of human information
processing and collaboration behaviours [13, 14]. Besides acting as a testbed for
studying models of human and team cognition, the agent-based capabilities of
ELICIT have allowed for large-scale experiments to validate much of the
theoretical and human-in-the-loop experimental work on C2 Agility [15].
Furthermore, the ELICIT platform has been used to study, for instance, how
organisations adapt to errors and delays in communication networks (Chan &
Ivanic, 2010), how collective performance is affected by seeking and using
information in the context of different organisational structures and
communication patterns (Friedman, Bernstein, & Lazer, 2010), and as a
pedagogical tool in civilian or military classrooms to highlight the strengths and
weaknesses of hierarchical and edge organisations as they relate to problems that
pose different challenges in terms of required levels of information-sharing and
shared situational awareness [12]. Therefore, the ELICIT platform has been
chosen as the main tool for conducting the research described in this paper.
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4. Method

To test whether the Endeavour Space dimensions could be instantiated and
studied in ELICIT, a tool was needed to capture how these dimensions are
perceived by people and organisations. This section explains the design of a
functional prototype questionnaire—the Endeavour Space Subjective
Assessment Instrument (ESSAI)—that is intended to measure the three
Endeavour Space dimensions (tractability, dynamics, and dependencies), as
experienced by responders. Details of a human-in-the-loop experiment will also
be presented, where human participant teams completed three scenarios in the
ELICIT simulator and reported on their experiences using the ESSAI
questionnaire.

4.1. Design rationale of the ESSAI tool
The design rationale behind the ESSAI tool is that a subjective measurement is
required in order to assess the way the Endeavour Space dimensions are
instantiated in the ELICIT scenarios. In a real-world situation, a subjective
assessment would be the basis for selecting a C2 approach, as suggested in figure
1. ELICIT acts as the problem domain, or the endeavour, that provides the
circumstances from which participants will draw conclusions regarding the
endeavour’s position in the Endeavour Space. While it is possible to make
objective statements about complexity in a simulation, such as the number of
components in the simulation and the degree of coupling between them, an
observer’s interpretation of that complexity depends on their competence and
available information, resulting in the perceived tractability. Different
individuals, depending on their background and the information given to them
about the same problem, can thus experience an endeavour with a certain degree
of complexity as more or less tractable.

If the questionnaire items in the ESSAI tool accurately capture the
dimensions, they should capture the participants’ subjective experience of the
Endeavour Space dimensions. Thus, if the participants’ subjective assessment of
the Endeavour Space aligns with the configurations made in ELICIT, the
argument could be made that ELICIT is successfully able to simulate the
dimensions of the Endeavour Space. Figure 3 illustrates the intended process
where the problem (ELICIT) is observed, and a conclusion is drawn regarding
the endeavour’s position along the three dimensions (the Endeavour Space). This
assessment is captured by the ESSAI.
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Figure 3: The operator, having interacted with ELICIT, makes a mental assessment of the complexity
of their endeavour, and reports this assessment using the ESSAI. The ELICIT scenarios were
designed to reflect different positions on the Endeavour Space dimensions.

The development of the Endeavour Space is still a work in progress. The
definition of the dimensions (Complexity/Tractability, Coupling, Dynamics) are
not mature and this research is designed to contribute to their development and
measurement. Therefore, the first step in the development of the ESSAI tool was
to arrive at initial definitions of the dimensions. These definitions needed to be
adequate for the purpose of developing questionnaire items that were relevant
and able to capture the aspects of the dimensions that could be subjectively
perceived. The present paper will briefly explain how each of the Endeavour
Space dimensions were interpreted and implemented to create the ESSAI tool.

Complexity and Tractability reflect the same dimension, although from two
different points of view. The degree of Complexity can, in a sense objectively,
be defined in terms of how many components that are involved and the way the
interact with each other, ranging from linear interactions to systemic. In ELICIT,
an endeavour’s overall complexity is a function of the relationships – dependencies
between and among the four component problems, that is, can they be decomposed
into separate problems and solved independently or are all factoids needed at the
same time in order to solve the problem? Tractability is an individual’s perception
of this complexity influenced by how difficult it is for the individual to understand
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and tackle the problem they have been assigned. As pointed out above, tractability
is influenced both by the individuals’ competence as well as available information
and the level of noise. The contribution of dynamics to the overall complexity of a
problem is expressed in the endeavour’s propensity to change, the magnitude (i.e.
the severity and/or reach of the effects) of those changes, and the time pressure
associated with acting within a dynamic environment. The questionnaire items
related to dynamics were therefore designed to gauge the subjective assessment
of these three experiential aspects. That is, to what degree did the participants
feel they had to change their plan due to changes in the system? When a change
occurred, did the participants perceive the change and the resulting consequences
on their planning as drastic? To what degree was the effect of the change perceived
as surmountable?

Coupling/causality (dependencies) is interpreted as the degree to which
components of the problem required the actors to interact with each other in
order to complete their tasks. A tightly coupled problem would increase the need
for interaction between actors as each component becomes more dependent on
the others, thus increasing the need for interaction to solve the problem. Another
effect of increased coupling would be that tasks would become more sequential
as their relationships became more casual. The level of coupling would also
affect the degree to which the choices and actions of others in the organisation
affected each individual actor. A loosely coupled problem would therefore be
more modular. It would be possible to approach each problem independently,
reducing the need for interaction between actors, and promote more independent
work as the actions of individual actors most likely would not affect the overall
organisation. The questionnaire items were therefore focused mainly on gauging
the extent to which participants felt a need to communicate with their teammates
to complete the tasks, experienced the tasks as being sequential in nature, and to
what degree the participants felt they were affected by the actions of others.

When formulating the questionnaire items, a decision was made regarding at
what level of description the itemswould be formulated. A local approach could be
used, where items are formulated in a domain specific manner, aiming to capture
the dimensions as experienced specifically through tasks in ELICIT. In similar
fields, where task content cannot be deterministically connected to the theoretical
concept that is to bemeasured using questionnaire items that are focused on generic
task characteristics rather than specific task elements is recommended (Salmon et
al., 2008). It was therefore decided to use a global approach, where the items are
broadly formulated, aiming to capture the experience of the dimensions regardless
of the task domain. As shown at the end of the Endeavour Space section above, the
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dimensions are by necessity defined in a global fashion in order to be applicable
to as many endeavours as possible.

The ESSAI tool consists of 14 question items. Three items address
Tractability, four items address Dynamics, and three items address Dependencies.
The last item, isolated from the dimensions, asks respondents to rate their
perception of task difficulty. Each dimension is connected to a control question.
The control questions are formulated so that they constitute the opposite valence
of the dimension items. For instance, the control question for the dynamic
dimension would be “Did you perceive the task as static?”. The control questions
are used to ensure that each dimension is understood correctly. This may be
analysed by performing a correlation between the dimension score of interest and
its control question. A negative correlational relationship would indicate that the
dimension has been interpreted and understood as intended. Each item is
formulated as a statement (see the example in figure 4). Respondents report their
level of (dis)agreement using a 7-point Likert scale ranging from Entirely
Disagree (scoring 1) to Fully Agree (scoring 7).

Figure 4: Example of questionnaire item in the ESSAI tool.

4.2. Participants
Fifty-six students (35 men, 21 women, mean age = 24.4 years, SD = 3.51) were
recruited to participate in the study. The only requirement for being eligible for
participation was being a university student. Participants were recruited from and
via the personal social networks and contacts of the authors, and by personally
approaching random student groups on campus. The 56 included participants
were subsequently divided into eight teams, where team affiliation was decided
primarily by the simultaneous availability of the required number of participants.
Teams were also formed as initial participants in turn recruited their friends and
classmates. No participants reported having any previous experience of the
ELICIT simulator. Participation was rewarded with a movie ticket.

4.3. Design
A within-group design was used, where each team encountered all three
scenarios. The independent variable was the ELICIT scenario difficulty (three
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levels: Easy, Medium, Hard), intended to reflect the Endeavour Space
dimensions, as described above. The dependent variables used were the
team-level aggregate ESSAI response data—measures of Tractability, Dynamics,
and Dependencies, plus subjective difficulty—and the aggregated team
performance scores as extracted from ELICIT log data. The order in which team
encountered the scenarios was counterbalanced to control for learning effects.
Four teams completed the three scenarios—Easy (E), Medium (M), and Hard
(H)—in the order E-M-H, three teams in the order M-H-E, and the last team
completed the scenarios in the order H-E-M.

4.4. Instruments
The ESSAI tool was used to measure how the participants perceived the
complexity of the scenarios.

4.5. Equipment and materials
Eight PC laptops running Microsoft Windows 10 were used. One was used as the
central server, and the seven members of a team all had one each. These were all
connected to a LAN via a switch and network cables. The server laptop ran Oracle
Glassfish Server v.3.1 to host the ELICIT v.2.6.2 software. Microsoft Internet
Explorer 11 was used to access the ELICIT graphical user interface on both the
server and client computers. The ELICIT Log analyser was used to access and
explore the log files. Consent forms and ESSAI questionnaires were printed on
paper. A regular smartphone was used to keep the time of the scenarios.

4.6. Scenarios
The teams were arranged in a classical hierarchical organisational structure, where
the top manager was in charge of two middle managers, each of whom had two
subordinates. As described in the ELICIT section, the goal of the organisation(s)
was to figure out the Who, What, Where, and When of an impending attack. Each
bottom-level member was tasked with solving one of these four problems. Each
middle manager had to solve both problems given to his or her two subordinates,
and the top manager had the overarching responsibility of finding the solutions to
all four problems.

The three scenarios used (easy, medium, hard) were created using the various
configuration settings available in ELICIT. The configurable settings were
conceptually mapped to each of the Endeavour Space dimensions. These were:
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• Tractability

– The total number of factoids in each scenario.
– The signal-to-noise ratio, i.e. the amount of useless or distracting
information compared to the amount of relevant and important pieces
of information in the factoid set.

• Dynamics

– Time available (scenario length).
– Number of factoid distribution waves.
– Frequency of factoid distribution waves.

• Dependencies

– The amount of non-organic information, i.e. the amount of
information being distributed to the wrong person, requiring more
communication and cross-level information sharing.

These configuration settings represent the direct manipulations of each
dimension, but additional indirect manipulations were also applied. All settings
directly associated with Dynamics were kept constant. The set time allowance
for all scenarios was 15 minutes, and all scenarios used three factoid distribution
waves at five-minute intervals, where the initial wave of factoids was delivered at
the very start of the scenario. The Dynamics differed between the scenarios as
the result of the interactions between the base conditions determined by the direct
Dynamics settings (i.e. 15 available minutes) and the stresses and requirements
imposed by the Tractability and Dependencies dimensions. As the amount of
information—and noise-to-signal ratio—increases (lower Tractability) along
with the need for cross-level information sharing and communication (higher
Dependencies), the Dynamics dimension is indirectly increased as the required
amount of work (sorting, processing, sharing, etc.) per available minute
increases, as the time limit is held constant. The three scenarios were constructed
by adjusting the settings—directly or indirectly—in ways that were intended to
evoke measurably different experiences related to each dimension.

Figure 5 illustrates the organisational hierarchy of the teams and the tasks
assigned to the members. It also shows—in concept—how the factoids related to
each problem (in this case, the When problem) are distributed across the
organisation.
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Figure 5: Organisation hierarchy and assigned tasks. The coloured dots represent the distribution of
the factoids required to fully solve the problem. Green dots represent the Easy scenario,
orange squares represent the Medium scenario, and the red triangles represent the Hard
scenario. The challenge comes from the fact that it is considered easier Note that this is but a
conceptual illustration of the distribution between the scenarios, rather than an accurate
representation of the actual distributions.

4.7. ELICIT performance scores
As explained in the previous section, the top manager was tasked with solving
all four problems, each middle manager had to find the answers to two problems,
and each bottom-level worker was assigned one of the four problems. Although
participants were free to submit as many answers as they liked (including problems
assigned to others than themselves), only their final answers (to their assigned
problem or problems) were considered when calculating team scores. Each correct
answer was awarded one (1) point. The maximum team score was twelve points
per scenario. The answer to the When problem consisted of four components;
month, date, time, and time of day. Therefore, each component was equal to a
score of 0.25 points. A fully correct answer would thus yield one (1) point, whilst
partially correct answers would yield 0.25 points for each correct component.

4.8. Procedure
All participants signed a consent form. They were then verbally introduced to the
ELICIT platform. A script was used to ensure that all teams were given the same
information. Participants were also informed that they would not be allowed to
communicate orally during the scenario. Finally, participants were told that they
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were free to ask the experiment leader any questions they might have. Once the
team was ready, they began playing their first scenario.

When starting a scenario, a ten-minute timer was set. Once the ten minutes
were up, the game was paused and the questionnaire set containing the ESSAI
questions was administered. Once all team members had completed the first
ESSAI questionnaire, a five-minute timer was set and the game was resumed.
Countdown callouts were made at T minus three, two, and one minutes to alert
the participants to the time left to submit their answers (if they had them). After
the five minutes the scenario was resumed to complete the last five minutes. The
participants were then instructed to complete the ESSAI one more time.

A short break (about ten minutes) followed once the first scenario was
completed. Team members could speak freely about whatever they liked. Once
ten minutes had passed, or when the team felt ready to continue, the break was
ended and they completed their second and third scenarios in the same manner as
the first, with an approximated two-minute break in-between.

The participants received a movie ticket and their due thanks for their
willingness to participate.

4.9. Analysis
Statistical analyses were performed in IBM SPSS Statistics 24, and an R-based
open-source statistical platform called jamovi v.0.9.6 (see The jamovi project,
2019).

5. Results

An exploratory factor analysis (EFA) was conducted to assess the structure and
internal validity of the ESSAI tool. This procedure calculates whether and how
question items group together to measure (load onto) latent variables (e.g.
Endeavour Space dimensions). The ten main ESSAI items (questions 1-3, 5-8,
and 10-12) were included in the model. Descriptive statistics of the observed
variables are presented in table 1.

Table 1: Descriptive statistics for observed variables included in the EFA. N = 335 (responses, three
per participant). One case was excluded due to missing data.
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The Keiser-Meyer-Olkin measure indicated a sufficient sampling size, KMO =
.73 (‘good’ according to Field, 2009). However, the individual KMO values of
Question 1 and Question 2 were .41 and .38, respectively, which is below the
acceptable limit of .5 (Field, 2009). Bartlett’s test of sphericity, χ2 (45) = 901.63,
p < .001, indicated an adequate correlation structure between items. Three
factors had eigenvalues greater than Keiser’s criterion of 1, explaining a
cumulative 47.16% of the variance. These three factors were therefore retained.
Based on the items that loaded onto the factors, the first factor was labeled
Tractability, the second was labeled Dynamics, and the third was labeled
Dependencies. Table 2 shows factor loadings after rotation.

Table 2: Summary of EFA results for the ESSAI tool. Factor loadings are post-rotation, representing
regression coefficients.

Most of the items loaded onto the extracted factors as expected. A number of
exceptions were found. Although questions 1-3 grouped together in the factor
labelled Tractability, they were joined by Question 7, which did not load onto the
Dynamics factor together with questions 5, 6, and 8. This suggests that Question
7 is more akin to the items designed to measure perceived tractability than those
designed to measure perceived dynamics. Furthermore, questions 10 and 11 did
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not load onto any of the three extracted factors, including the factor labelled
Dependencies, which would represent their hypothesised latent variable. This
result suggests that, besides Question 7, Question 10 and Question 11 need
further refinement. The results revealed weak correlations between the three
latent factors. Tractability correlated with Dynamics and Dependencies by r =
.30 and r = .25, respectively. Dynamics and Dependencies correlated by r = .30.
To assess the influence of these correlations, Table 3 presents the non-rotated
factor loadings, which describe correlations between items and factors when not
accounting for interaction effects.

Table 3: Non-rotated EFA results for the ESSAI tool. Factor loadings are pre-rotation, representing
correlation coefficients.

When the effects of other factors are ignored, factor loadings look much the same,
except for Question 10 now loading onto Dependencies. This result suggests that
the intra-factor correlations affected how Question 10 (and by extension,
Dependencies) was interpreted and rated. Question 7 still loads onto Tractability
rather than Dynamics, and Question 11 is still unaffiliated to all three factors.

Overall, the results of the EFA suggest that the ESSAI question items—with
the exception of Question 7, Question 10, and Question 11—belong together in
their respective Endeavour Space dimensions, and that the dimensions are separate
but related constructs, as discussed in the Endeavour Space literature (see table 4).
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Table 4: ESSAI dimension reliability matrix. Cronbach’s α values greater than about .7 indicate
sufficient reliability (Field, 2009).

Next, reliability tests were conducted on each of the three Endeavour Space
dimension constructs. The individual contributions of the question items were
calculated for each dimension. This revealed that omitting Question 3 from the
Tractability dimension would increase the α to .84. For the Dynamics dimension,
omitting Question 7 and Question 8 would increase α to .68 and .65, respectively,
indicating that these question items need more work. Omitting Question 11 from
the Dependencies dimension would increase the α of Dependencies to .54,
suggesting that there is an issue with the item. Overall, the Tractability factor is
adequately reliable, but the Dynamics and (particularly) the Dependencies
factors need further refinement.

Pearson’s r correlations were analysed to investigate the relationships
between ELICIT performance and Tractability, Dynamics, Dependencies, overall
complexity, and subjective difficulty. For this analysis, the ELICIT scores were
normalized over the roles to represent relative scores to compensate for the fact
that the top manager could receive four points whereas the other roles could only
score two or one point(s). This procedure involved averaging the scores on the
subproblems (i.e. who, what, where, when) assigned to each role so that scores
would range between 0 and 1 for all roles, where 0 represents the worst possible
score relative to the role and 1 representing the best possible score relative to the
role. The resulting correlation matrix is presented in Table 5, below.
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Table 5: Pearson’s r correlation matrix of ESSAI variables recorded in the ELICIT scenarios, along
with role relative ELICIT performance scores.

All three Endeavour Space dimensions correlated significantly with total
complexity. This is entirely unsurprising since total complexity is a construct of
the three dimensions. As such, these results are meaningless and will not be
discussed further. Performance outcome in ELICIT was significantly correlated
with Tractability, r(166) = .32, p < .001, indicating that an increase in perceived
tractability was associated with better performance. ELICIT performance was
also significantly correlated with Dynamics, r(166) = -.22, p = .004. This
suggests that as tasks are perceived to be more static and stable, performance
tend to increase. However, no significant relationship was found between
ELICIT performance and Dependencies, r(166) = -.11, p = .146. Finally, ELICIT
performance was significantly correlated with subjective difficulty, r(166) = -.31,
p < .001, indicating that as tasks were perceived to be more difficult,
performance outcomes would decrease.

At the team level, no differences were found in any of the three Endeavour
Space dimension factors in terms of overall complexity, subjective difficulty, or
objective team performance between the Easy, Medium, and Hard scenarios.

However, two-way repeated measures analyses of variance (ANOVA) were
conducted for ratings of each Endeavour Space dimension, total complexity, and
subjective difficulty. The independent variables were scenario (three levels:
Easy, Medium, Hard), and checkpoint (two levels: mid and post). Tukey
corrections were used for all post hoc tests. For Tractability, the interaction effect
of scenario and checkpoint was significant, F(2, 110) = 5.19, p = .007, η2p = .086.
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Post hoc tests revealed significant differences between the mid- and post-task
measurement points for the Easy scenario, t(159) = -2.97, p = .039, suggesting
that the participants reported the Easy scenario to be more tractable once they
had completed it compared to when they were still playing it. Moreover, the
mid-task Tractability ratings differed between the Easy and Hard scenarios,
t(184) = -.3.39, p = .011, meaning that the participants rated the Hard scenario to
be more tractable compared to the Easy scenario, as reported mid-task. No other
significant differences were found regarding the Tractability dimension. For the
Dynamics dimension, the interaction effect of scenario and checkpoint was not
significant, F(2, 110) = .36, p = .702, η2p = .006, so no post hoc tests were
analysed. For the Dependencies dimension, a Greenhouse-Geisser correction
was used due to the assumption of sphericity being violated. Here, the interaction
effect of scenario and checkpoint was significant, F(1.77, 97.15) = 3.45, p = .041,
η2p = .059, but post hoc test revealed no pairwise differences. Furthermore, no
significant interactions between scenario and checkpoint were found for total
complexity, F(2, 110) = .44, p = .648, η2p = .008, or subjective difficulty, F(2,
110) = 2.07, p = .131, η2p = .036, meaning that mid- and post-task ratings of
neither of these variables differed within or between scenarios.

6. Discussion

In this section, the results relating to the original research questions will be
discussed.

RQ1. How can the Endeavour Space dimensions be instantiated andmanipulated
in the ELICIT simulator?

The Endeavour Space, as interpreted in the current study, consists of three
dimensions- Complexity/Tractability, Dynamics, and Dependencies. To answer
research question 1, three scenarios were created in which the dimensions had
been manipulated to elicit three different experiences of the Endeavour Space
dimensions.

Complexity was manipulated in terms of how factoids where distributed to the
participants and the level of information/noise in the ELICIT scenarios. It was
assessed in terms of perceived Tractability, which was interpreted as the degree
to which it was possible to gain an overview and understanding of the constituent
parts of a problem and how they interact. Low tractability would thus indicate
that it is difficult to gain an overview and understanding of a problem, while high
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tractability would imply the opposite. The Complexity designed into a problem
in ELICIT would thus be a consequence of manipulating the size of the problem,
i.e. the number of parts that constitute the problem, and the degree to which it was
possible to discern a component as being relevant to the problem The hypothesised
effects were that as tractability was lowered by reducing the signal-to-noise ratio
and increasing the number of factoids, participants would perceive the task asmore
difficult and complex, as it became more difficult to grasp and assess the problem.

Overall, it is the authors’ opinion that the Complexity manipulations (in
theory) were relevant to the theoretical construct of tractability. Varying the
number of components and manipulating the opaqueness of component
connection by introducing noise should make a problem seem more complex and
more difficult. However, it is uncertain from this particular set of experimental
runs how well these manipulations translate into subjective experience of
tractability.

This may relate to the subjective aspect of complexity (Braarud & Kirwan,
2011; Haerem et al., 2015; McIntyre, 1998). Expertise (or a lack thereof) may
affect how participants perceive their understanding of the problem, regardless of
its objective size. A participant who is experienced and knowledgeable may not
find the problem complex, even though the problem is objectively rated as
complicated and complex. A novice participant may also perceive a complex
problem as not being complex due to, for instance, them misunderstanding the
problem or not being able to fully understand the situation, thus misjudging its
complexity. However, it is still possible to design scenarios that would be
challenging to anyone, if the rate of factoids distributed is very high or the
information to noise ratio very high.

Dynamics was manipulated through the time pressure inflicted on the
participants by the scenario time (15 minutes), the total number of factoid waves
that was delivered, and the frequency with which the factoid waves were
delivered. However, these three manipulations were kept constant across all
three ELICIT scenarios. The decision to keep the frequency and number of
factoids waves at a constant was due to it not being possible to create more
factoid sets, nor change their distribution in any meaningful way. Dynamics was
therefore a difficult dimension to manipulate as the settings available in ELICIT
do not allow variability regarding the way factoid waves are distributed. It is not
possible to set one wave at one minute, one wave at four minutes, and another
wave at five minutes, and so on. This limits the possibility to create dynamic
events as waves are only distributed at set intervals. Allowing for individual
programming of the delivery time for each factoid distribution wave could
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improve the capacity for manipulating dynamics in ELICIT scenarios.
As for scenario duration, it was believed that the time pressure aspect would

differ indirectly between the scenarios due to interactions between the
Tractability and Dependencies dimensions. It was argued that allowing more
time in the Hard scenario would negatively impact its difficulty level and
dynamics. The reasoning for this was that if one were to perform a difficult task
but had adequate time to do so, the task may not be perceived as difficult as it
could be completed at a leisurely pace. Time pressure was thus seen as the
product of indirect manipulations stemming from the interaction between
available time (dynamics), tractability (size of problem), and problem-solving
capabilities (dependencies). The Hard scenario would require more work to be
carried out per available scenario minute in order to complete the tasks compared
to the Easy and Medium scenarios, thus increasing applied time pressure.
Overall, it is the authors’ belief that the dynamics dimension is not well captured
by the ELICIT manipulations, and that the manipulations do not effectively
translate into subjective experiences of dynamics.

Dependencies were manipulated by varying the amount of available
non-organic information sent to each participant. The amount of available
non-organic information would directly influence the degree to which the teams
would have to rely on communication and cross-level information sharing. Thus,
manipulating the amount of available non-organic information is—in theory—an
aspect of manipulating how dependent each participant is on the organisation
they are working in. In the Hard scenario, where dependencies were intended to
be high, it was argued that the participants were dependent on each other to solve
their respective tasks, as information would have to be shared extensively for
each participant to receive the information they needed to solve their task. This
manipulation corresponds well with the theoretical construct of dependencies. It
should be noted that dependency between tasks was only indirectly manipulated
through this manipulation. ELICIT does not allow for direct manipulation of the
sequence of tasks. Therefore, although the participants are dependent on one
another to share information, there is no direct dependency between tasks. This
is supported by the fact that Q11 (“I felt that tasks needed to be completed in
sequence, one after another”) in the ESSAI tool was marked as non-contributing
to the dimension of dependency. It is therefore safe to conclude that task
dependency is not properly manipulated in the current iteration of the ELICIT
scenarios.
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RQ2. How do manipulations of Endeavour Space dimensions manifest
themselves as subjective experiences?

To answer this research question, differences in mean ESSAI response scores
between the Easy, Medium, and Hard scenarios were analysed. At the team level,
no such differences were found. This is unsurprising considering this study’s
limited sample size of only eight teams. It is possible that the differences in
subjective effects caused by the Endeavour Space dimension manipulations are
too small to be statistically detected, given the low N of teams. It is possible that
ELICIT is unable to evoke strong feelings and experiences, and is rather
perceived as a generally monotonous activity. If that is the case, the ELICIT
scenarios would be required to be wildly different from each other for any
potential differences in subjective experiences to emerge. Given the results in the
present study, these differences (if they exist) are too small and nuanced to be
detected with the current sample size. However, the overall pattern follows the
expected trajectory; Dynamics, Dependencies, overall complexity, and
subjective difficulty (with the notable exception of Tractability) all indicate
increased response scores in the Hard scenario compared to the Easy scenario.

RQ3. How do manipulations of Endeavour Space dimensions affect how
individuals perceive difficulty, and how does it impact their performance?

We found that Tractability, Dynamics, and Dependencies all correlate with
perceived difficulty as predicted in the available literature [e.g., see 9]: low
Tractability was associated with an increased sense of difficulty, as were high
Dynamics and high Dependencies. Furthermore, high ratings of perceived
difficulty (and low Tractability and high Dynamics) were associated with
reduced ELICIT performance. Although the Easy, Medium, and Hard scenarios
did not differ significantly in terms of perceived difficulty or ELICIT
performance, the overall pattern suggests that the Easy scenario—which was
designed to be high in Tractability and low in Dynamics and Dependencies—saw
enhanced ELICIT performance and reduced levels of perceived difficulty in
comparison to the Hard scenario. When considered alongside the significant
relationships between perceived difficulty and the three Endeavour Space
dimensions, this pattern further supports the previously discussed notion that
more data would have confirmed the effects of the manipulations. As it stands,
however, it can only be concluded that Endeavour Space ratings did correlate
with perceived difficulty and objective performance alike, but it cannot be
confirmed that the three scenarios differed in this regard.
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7. Conclusions

The primary results regarding the success of instantiating the Endeavour Space
dimensions in ELICIT were suggestive but not conclusive. No statistically
significant differences were found between how the three scenarios had been
perceived across the Endeavour Space dimensions (as measured by the ESSAI).

This indicates that the manipulations performed in ELICIT, i.e. the three
scenarios, failed to produce significantly different experiences of complexity as
measured by ESSAI. This could be due to the ESSAI tool biases or lack of
discrimination, or a lack of differences in the ELICIT scenarios (they were all too
easy or too hard). In other words, all subjective assessments of the dimensions
were connected to the subjective experience of difficulty and objective ELICIT
performance, except perceived Dependency being unrelated to ELICIT
performance.

The ESSAI tool was designed to be a generalised instrument to assess
endeavour complexity. However, it has still only been applied to ELICIT. To
further establish the validity and reliability of ESSAI, it would need to be applied
in more, and substantially different, domain areas. An example would be to
replicate the current study in the microworld C3Fire [16], which in theory also
could be used to create scenarios according to the Endeavour Space dimensions,
but be instantiated in a task (firefighting) significantly different from ELICIT.
This would serve to polish and refine the ESSAI items to ensure their general
relevance and interpretability. Furthermore, a qualitative study could be
conducted where participants engage and interact with a system and are
subsequently interviewed about how they would describe their experiences as
they relate to the Endeavour Space dimensions. These insights could further
point to strengths or issues with the ESSAI items.

Future studies should also investigate whether and how trained teams have
different perceptions of complexity (or tractability, dynamics, or dependencies)
than do untrained teams. Team cohesion and experience have mitigating effects
on perceived workload and difficulty. It therefore seems likely that trained teams
would report lower assessments of complexity while, at the same time, exhibit
higher levels of efficiency and performance outcomes.
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