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The number of sensors available for civilian and military
operations has grown tremendously over the last decades. With
the growth of available sensor technologies, the complexity with
which these sensors operate to provide environmental and system
data has also multiplied. Retrieving and presenting this data in
a format that is easily readable or understandable by the users
is essential to the effectiveness of utilizing these sensors. This
data has to be presented to the users in a way that matches
their cognitive levels, provides acceptable levels of automation
and does not cause sensory overloads. Presentation of data in
such a format requires active involvement of users from the very
beginning of the system development. The system also needs to
be tested for situational awareness and workload levels.

This paper is focused towards the participatory design method-
ology in making an active and rational UI for a Crew Assistance
System based on the NATO Generic Vehicle Architecture stan-
dard. The Crew Assistance System is assessed for situational
awareness and workload levels using the SAGAT (Situation
Awareness Global Assessment Technique) and NASA TLX (Task
Load Index) technique. The system design also introduces an
adaptable Rule-Based method for providing feedback in the Crew
Assistance System and new concepts of feedback mechanisms
for the NGVA standard. The system is mainly targeted towards
crew members of military vehicles. It aims at improving tactical
Command and Control systems by raising alarms at specific
events and making intelligent future predictions allowing them
to react quickly and correctly when having to make critical
decisions.

Index Terms—Human Factors, Automation, Participatory De-
sign, NGVA, Situational Awareness, SAGAT, Workload, NASA
TLX .

I. INTRODUCTION

We are in an era where technology has taken over many
of the human operations, be it either taking over entire
human actions or assisting humans in performing actions. This
incursion of technology has, on one hand helped humans by
broadening their capabilities in making decisions and taking
actions to complete their desired objectives but on the other
hand, complicated the ways humans perceive things and inter-
act with the exterior world. Newer sensor technologies [1], [2]
have proliferated the way vehicles and other machines interact
with humans and in turn enabled them to proceed with a more
visioned and goal-oriented approach. But with the range of
sensor capabilities available, it becomes important to use the
sensor data in a manner that is most suitable for the users
and represents their natural cognitive behaviour. Representing

this data in a way that satisfies the perceived affordances of
users in the most human-like manner is an important building
block of any human-machine system [3], [4]. Especially in
modern warfare the data needs to be accurate and specific
as expected by the mission goals and address the needs of
the operating users or soldiers providing maximum tactical
capabilities. These tactical capabilities enable the soldiers to
make fast and correct decisions on the ground in situations
where time is the most crucial in deciding the fate of the
mission as well as health and safety of the soldiers along with
the operating modules such as the vehicle.

The vast amounts of sensor data available increases our
capabilities of making the system more automated to either
replace or assist human capabilities. With the increase in
automation of human-machine systems, it gives to the rise
of ironies related to automation or so called over-automation
[5].

Automating systems to a balanced and correct level is not
trivial since users have different capabilities in the cognitive
sphere. As suggested by Rasmussen, there are primarily three
approaches to encounter this problem, namely the Skill-based,
Rule-based and Knowledge-based approach [6]. A Skill-based
approach requires users to depend entirely upon their practice
and training to determine their actions in situations. But this
dissociates their own conscious control while taking decisions.
This makes it dangerous in battlefield situations to operate
mission systems since such decisions might not suit the
operating environments for which the system was designed
for. Especially in war-time situations where conditions are
dynamic and environmental conditions change very fast, such
a Skill-based approach might not deliver the best decisions
at all times [8]. Whereas, a Knowledge-based approach re-
quires users to operate exclusively on their conscience and
intelligence. It is more targeted towards a user who uses the
system occasionally. This might lead to sensory overloads,
wrong decisions and consequences and huge delay in making
decisions since the user needs time to figure out what decisions
would be most appropriate in a particular situation. Such a
delay and wrong decision making might cause fatalities in the
battlefield both for the soldiers as well for civilians in cases
[3], [5], [7], [11]. So, we require a system design that does not
cause sensory overloads for the users and also delivers critical
decisions in a restricted time-space with the best accuracy
possible. This gives rise to the question as to whether the
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system should be Adaptive or Adaptable.
Today much of the work has been focused on making sys-

tems intelligent or Adaptive such that they can take decisions
on their own to replace the actions of humans and thus taking
away control from the humans [12]. The field of Artificial
Intelligence and Neural Networks have progressed in a large
extent allowing systems to self-learn by taking cues from user
actions and behaviour and then use these as a knowledge-base
to predict and determine future human actions [18]. Such a
system might suit in a very non-critical situation where human
lives are not in danger and the impact of the decisions can still
be circumvented. But where human lives are on the line, such
a system can cause reduced Situation and System awareness,
skill degradation, unbalanced mental workload, performance
degradation, over-reliance on the system and finally might lead
to catastrophes on the battlefield [12].

Adaptable systems offer the answer to this problem where
users can operate on a Rule-based approach and can configure
the system themselves according to their needs [13]. These
rules can be configured prior to the mission start so that
they can be applied as per mission objectives. This way, the
Rule-based approach offers a level of semi-automation i.e.
the system can still be used to raise the desired levels of
Situational Awareness (SA) based on the sensor data available
but the users have the last say in deciding as to what should
be the outcome or actions possible. So, the systems need to
offer information and raise alarms in case of critical situations
to increase the SA and thus assist soldiers to complete the
tactical operations in the safest and most appropriate manner.

To present the data to the users to keep them constantly
informed without causing sensory overloads, skill and perfor-
mance degradation requires an active and intuitive interface
design. Such a design should take care of the users preferences
and perceived affordances [3], [4], [14]. Also, such a system
needs to provide feedback to the users using the various
modes such as the auditory, haptic and visual modes. These
modes come with the complexity of utilization in a multimodal
manner such that events can be prioritised and each event
triggers a specific feedback mode to be used to inform the
soldiers about the current environment.

A multi-modal feedback approach offers to counter the
phenomenon of Change Blindness [26], [27] where operators,
who work with visual displays fail to detect the changes that
happen on the displays. Also, the operators might ignore these
changes since they might be busy doing other tasks. So, a
combination of three feedback modes would keep them alert
by providing sensory inputs in all possible human-sensory
realms when there are changes in the environment.

The idea of realising such an adaptive system with mul-
timodal feedback interaction for our approach is based on
the North Atlantic Treaty Organization (NATO) Generic Ve-
hicle Architecture (GVA) [15]. The NATO STANAG draft for
NGVA aims at realising the benefits of an open architecture
approach to land vehicle platform design and integration.
The objective is to achieve a fully integrated vehicle data
infrastructure that consists of all mission sub-systems while
interfacing to the automotive subsystem. More specific, the
NGVA defines the design constraints on the electronic inter-

faces and protocols to harmonise the information exchange
between the various sub-systems of military land vehicle
platforms.

But NGVA does not specify any particular form of action
based on available sub-system data. It does not define by itself
whether and how to use the various feedback modes such
as auditory, haptic and visual to inform the crew members
inside NATO land vehicles. The level of automation that can
be achieved or is permitted is not not defined by the standard.
Finally it does not specify the system design and evaluation
techniques that needs to be used to accomplish such a system
implementation.

This paper tries to bridge this gap by introducing a level
of semi-automation in land-vehicle Command and Control
(C2) systems design by realising a simple Crew Assistance
System (CAS). The CAS introduces a Rules-engine to make
the system more adaptable and devising techniques to offer
feedback to the crew members. It focuses on the Participatory
Design approach to design the feedback modes for the system.
Based on the CAS realised, we use the SAGAT technique
to assess the SA and NASA TLX technique for workload
assessment of the system.

The rest of the paper is organised as follows: Section II
presents the work done related to CAS design, techniques
for automation using rule-based systems and methods for SA
and workload assessment. Section III describes the underlying
concepts. Section IV presents the overall process involved in
the system design. Section V describes the system assessment
techniques used, the derived results and its analysis. Finally,
Section VI presents the conclusion and the future work pos-
sible.

II. RELATED WORK

There have been numerous approaches for developing intel-
ligent CAS for C2 systems for deployment in military systems
as well as for public uses in commercial vehicles [16], [17],
[18]. They aim at providing autonomy and reducing workload
of the target users. Further, many techniques have been devised
to enhance SA of the target users, perform SA and workload
measurements to test the effectiveness of the systems.

The findings can be summarized as follows:
The purpose of raising alarms in case of emergencies,

preventing casualties and increasing awareness of soldiers
in certain situations has been proposed [19] where a User-
Defined Operating Picture (UDOP) device is used to raise
alerts for the ground soldiers. This head-mounted UDOP
device for the soldiers play sound and picture alerts over a
wireless network to increase their SA. This UDOP device
raises these alerts using the profiles or rule sets configured
on them whenever some conditions are met. These profiles
make use of the rule engines which use the knowledge
bases of probable conditions for raising alarms and use the
Rete Algorithm to make decisions based on pre-conditions
and available information. The Rete algorithm provides the
functionality responsible for matching data tuples or input
parameters against the rule bases or pre-configured rules in
a rule engine.
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An intelligent situation-aware CAS [16] has been proposed
by Delft University of Technology which recognizes situations
during a flight in real-time based on data from simulated
aircraft systems. This CAS is based on the F-16 fighter
aircraft which presents relevant information to the pilot at
the right moment and in the appropriate format, depending
on the situation, the status of the aircraft, and the workload
of the pilot. It uses a predetermined rule base and artificial
intelligence for assessing situations and presenting the pilot
with information for making decisions.

For determining the level of automation that is required
for vehicles i.e. from fully driver controlled to fully system
controlled (automated), there have been certain approaches
suggested and the effects of using those approaches have been
studied [20], [21], [22]. Active interface design involving users
is important since their usage determines the level of automa-
tion required and is most suitable for which circumstance [11].
Different feedback mechanisms are usable at different levels of
driver skill, performance requirements and workloads. Newer
available feedback mechanisms like Haptic feedback using
”Fly-by-Wire” mechanism opens up the scope of increasing
SA of drivers [20], [21], [22].

Interface design techniques have a huge impact on the over-
all automation and feedback of the vehicle sensors and various
techniques have been proposed and studied [22]. Concepts of
design space which takes into consideration various problem
and environmental variables allow designers to engineer better
interface solutions. System Ergonomics Analysis is also a
technique which takes into account the properties of every
task, evaluates the user feedback based on experiments and
determines the ergonomic factors to build the final product
interface. Participatory or Exploratory Design Techniques take
into loop the user while designing the interfaces.

For measuring SA in a User-centered Design approach, the
Situational Awareness Global Assessment Technique (SAGAT)
was proposed [23]. Following this technique, there have been
many attempts to measure SA. In small unit tactical levels
a modified version of SAGAT called TSAT was used which
follows the principles of cognitive engineering and human
factors [24]. A SA toolkit called DeSAT has been devised
which provides support for user-centered design by providing
a simplistic way of SA requirement analysis, design process
and evaluation [25].

In order to measure workload on users, National Aeronau-
tics and Space Administration Task Load Index (NASA TLX)
method has been devised by NASA. Using this method, work-
load measurements have been made for automated feedback
in a net-centric Command, Control and Communication (C3)
systems by U.S. Army Research Institute for the Behavioral
and Social Sciences [26]. The study shows how the workload
factors are measured and vary for a net-centric warfare system.
The study also measures the SA using the SAGAT technique
and shows the relationship between the results obtained from
both the methods. The study involves user base of varying
skills and background, thus provides a clear picture of how to
proceed for SA and workload measurements.

Similarly, a study to evaluate the effects of immersive
displays in a multi-Unmanned Aerial Vehicle (UAV) context

Fig. 1: Norman’s Human-Computer Interaction (HCI) Model
[32]

have been made using the NASA TLX and SAGAT techniques
[28]. The study shows how the scores from the techniques vary
when users see the UAV simulations using various display
devices such as Monitor, Virtual Reality (VR) Screens and
Oculus Rift. It shows the comparisons between the scores and
how to interpret the scores in the context of the visual displays
or a feedback technique in general.

III. BACKGROUND

This section lays out the background concepts required for
the conception and development in the design process of the
CAS.

A. Human Cognition and Interaction with Computers

Cognition is the set of all mental abilities and processes
related to knowledge, attention, memory and working mem-
ory, judgement and evaluation, reasoning and ”computation”,
problem solving and decision making, comprehension and pro-
duction of language, etc [29]. Human cognition is conscious
and unconscious, concrete or abstract, as well as intuitive (like
knowledge of a language) and conceptual (like a model of a
language). Cognitive processes use existing knowledge and
generate new knowledge [30].

For realizing human cognition process, a Human-Computer
Interaction (HCI) model was proposed by Norman called the
Normans seven stages of interaction [31]. Norman considers
seven stages which are shown in Figure 1:

1) Perception of the world and formulation of the goal: What
is the perception of the world to the users? Based on this
perception, what is the expectation and the intended goal
of the users?

2) Formulation of the intention: What steps will satisfy this
goal?
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3) Sequence of actions: Determine what should be the
sequence of actions to carry out the intention. These
actions will then be carried out one at a time?

4) Execution of the action: Performing the action physically?
5) Perception of the system state: Assessment of perception

by the users the results of their execution of actions?
6) Interpretation of the system state: Utilization of own

knowledge by the user to interpret their perception?
7) Evaluation of the outcome: Comparison of system state

by the users as perceived and interpreted by them w.r.t
their initial intention and deciding if any progress has
been made. If any progress is detected then what should
be next courses of action?

These seven stages are iterated until the intention and goal
are achieved, or the user decides that the intention or goal has
to be modified.

The design process of the HCI i.e. the CAS design should
focus on satisfying the affordances that are naturally perceived
by the users i.e. the design should help directing the users to
follow the seven stages of action [3], [4]. They should satisfy
the Human Factors and Ergonomics (HF&E) requirements
[33], i.e. CAS should be comfortable to use, functional and
user-friendly.

B. Situational Awareness

SA is the perception of environmental elements w.r.t. time or
space, the comprehension of their meaning, and the projection
of their status after some variable has changed, such as time
or a predetermined event [41] .

So, system design which in this case is intended for a bat-
tlefield environment where the conditions change dynamically
and responses need to be quick and accurate, requires that the
users should be aware of what is happening around them with
the utmost precision. Information gathering, processing and
feedback generation from the system are not trivial. Increasing
the performance and availability of these individual processes
will help the crew members to accomplish mission objectives
and keep themselves safe along with the vehicle.

C. Workload

Workload represents the cost of accomplishing mission
requirements for the human operator [36]. The cost of humans
operating the systems or the effort required by humans in
an Human-Machine Interface (HMI) is variant for different
users depending on factors such as fatigue, stress, illness etc.
Keeping workload to the minimal helps operators use the
HMI system optimally without causing any physical or mental
distraction/impairment.

D. Automation and Rule Engine

Providing SA to the crew members requires that many of
the vehicle processes need to be automated such that the
sensory overloads on the users can be reduced [9]. This would
enable them to focus on their mission objectives with lesser
distraction and assist them in making decisions in time-critical
situations [10]. But automating the system entirely will lead

Fig. 2: Levels of assistance and automation as a dynamic
balance of control between human and automation [21]

to negative issues as mentioned earlier. So, a balance needs to
struck to satisfy both the sides of the coin.

As shown in the Figure 2 a semi-automated state is a suit-
able system design where human and machine share control
of a situation. This could be done in a way where:

1. The System informs the users about the environment by
gathering and processing data.

2. The users take the appropriate action based on the data
available.

In order to satisfy this constraint, the concept of Rule
Engine comes into picture [35]. Once the data received from
the sensors has been reduced to a more tangible form, the
processed data is fed to the rule engine which performs the
decisive actions to interpret the data according to the available
knowledge base i.e. for a particular data received what are the
possible actions available. In this case, these actions are a set
of alerts or alarms which are used to inform the users about
the occurred and the impending events which should be of
interest to the crew members.

IV. SYSTEM DESIGN PROCESS

This section describes the objectives related to the system
realisation, the system architecture and the system design
process followed.

A. Objectives

Considering the HCI factors while reading and accessing
sensors inputs, this system aims at developing a Human-
Machine System with an adaptable software interface to allow
users change rules and provide feedback to the users in a
way that the users do not lose attention over time and do not
misinterpret the sensor inputs.

For achieving SA, auditory feedback using VoIP messages,
a visual display feedback and a force feedback controller
for haptic feedback according to the NGVA Human Interface
Device (HID) specification [15] is devised.

The system realisation is based on the following objectives:
i. Process real time data input using a rules engine to allow

results to be available to the users so that in war time
situations soldiers can act fast and precisely according to
the data collected. The data collected is to be used to
make future predictions also, according to the rule base
to caution the crew members regarding impending critical
events.
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Fig. 3: System Architecture

ii. Design a software interface so that the users can modify
the rule set as per the mission requirements.

iii. Enforce access control for the rule base to prevent acci-
dental changes or intentional sabotage of the system.

iv. Separate UI functionalities for the rule-engine such that
real-time operation of the CAS is not affected by mod-
ification of rules i.e. separate screens for changing rules
which can be pre-configured before the start of a mission.

v. Present the conclusions in a standard format to the crew
members in the form of visual, audio and haptic aids.

vi. Evaluate and arbitrate between the modality of the feed-
back channels such that for feedback the most appropriate
channel is used and when certain channels are overloaded,
substitute channels would be used.

vii. Separate channels for users in case of audio feedback so
that a specific crew member can be informed pertaining
to the specific event.

B. System Architecture

Figure 3 shows the architecture of the system from the hu-
man factors perspective and the relationship with the involved
users.

As depicted, humans or the users form an intrinsic compo-
nent of the whole system and understanding their needs and
perception of the system is highly important to implement a
system that is usable. So, the system designed is a kind of
an assistance system which helps the users reach the mission
objectives while maintaining a healthy state of the vehicle and
the crew members.

The CAS receives the sensor data, processes it and feeds it
to the rule engine which is responsible for making the deci-
sions pertaining to the critical alerts to inform the users. The
crew members include the commander of the vehicle, gunner,
driver and the mounted soldiers. Authorized personnel such as
the commander have the operational responsibility of making
changes to the rule sets as per the operational requirements and
mission objectives. Users including the commander receive the
alerts from the system from various feedback interfaces which
maintains their SA about the vehicle and the environment they
are operating in.

Fig. 4: Participatory Design Methodology

C. User Interaction Design

The interaction with the system needs to be intuitive and
should convey the information clearly so that the users have
no hassles in deriving the results related to the information
displayed. So, the interaction design process needs to be active
i.e. continuous involvement of users in the design process. This
would ensure a flawless interaction with clear affordances.

The design method used for this system design is called
Participatory Design Methodology [38]. Figure 4 shows the
methodology, which is a collaborative process where the users
and designers are constantly involved in the design process
from the very inception of the system construct. Computer
users are the experts in their work, while computer designers
are the experts in computer technology. Participatory design
process brings these different sets of people with different
backgrounds together to create new systems with the following
goals [39]:

1) Making the system efficient, effective, and safe to use.
2) Assisting in managing users expectations and levels of

satisfaction with the system.
3) Designing the system such that it requires less redesign

and integrates into the environment more quickly.

In order to achieve this purpose a user base was selected for
design evaluation. The system concept is intended for military
users, but for a proof-of-concept, eight non-military users were
selected having varying:

1) Levels of affinity for computers and computer-based
interfaces.

2) Levels of knowledge of system functionality based on
previous experiences.

3) Age groups (between 23-36 years).

Users were queried for the feedback design process which
in this case involve Graphic, Audio and Haptic feedback
channels.

The graphical feedback or the GUI is based on the Java
swing framework. The GUI uses basic and well-known wid-
gets to allow the users read the information presented in the
most viable manner. Multiple iterations were performed with
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Fig. 5: User Interface with all Alarms Inactive

the users to find out flaws in the UI design from the start.
They were queried for the following:

1) Design of the basic UI components such as the labels,
panels, textboxes etc. which contain the data to be pre-
sented.

2) The text size, color, font and visibility.
3) The colors used for signalling and informing about alerts,

system state and possible actions that can be performed
on the UI.

4) The user authentication process to determine the correct
user who can log into the system (in this case the
commander) and change the rules for the Rule Engine
for the various alarms raised.

5) The UI for allowing users to change the rule conditions
i.e. what rules seem to be valid for the scenarios and
what is the response from the system in case the rules
are changed.

6) The validation and evaluation of the alarm displayed to
check if the information intended is conveyed effectively.

7) The performance and response times of the system in
delivering the correct feedback.

Figure 5 , Figure 6 and Figure 7 show the final UI design
after the design iterations:

For audio feedback, following the NGVA standard, VOIP
based pre-recorded voice messages are sent for alarms using
Session Initiation Protocol (SIP) [37]. Along with the UI
design queries as mentioned earlier, the users were queried
for determining the audio alerts to be deployed in the CAS
realisation. Following are the queries for the audio feedback
design:

1) The voice type, pitch or intensity and clarity of the VOIP
messages.

2) If audio alert was relevant and realistic for the context in
which it is being played.

Fig. 6: User Interface with all Alarms Active

Fig. 7: User Interface for modifying rules

3) If the VOIP messages were similar to the existing audio
alerts such as in military usage, games or battlefield
simulations (e.g. Virtual Battlespace 3 (VBS3) simula-
tor which uses audio alerts or commands derived from
military usage).

4) If the alert invoked a sense of urgency and alertness
corresponding to the use cases.

For example, for the ”Route Deviation” use case, the audio
alert using the ”Warning Route Deviation” is issued to the
driver.

To simulate the haptic feedback in the vehicle, a force-
feedback controller is used. For deciding what kind of the
haptic feedback is ideal for the use cases, the users were
queried for the following:

1) If the haptic feedback is unobtrusive in nature and
provides an informative range of force feedback values
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through the strength and length of the vibrations.
2) The consistency of mapping for the descriptions of be-

tween the visual and the force feedback representations.
3) If the level of attention required for the environment is

correctly mapped to the intensity of the force feedback.
4) If the ergonomics avoid cramping, clutching, nerve pres-

sure or any kind of negative effects on the users’ physical
state while using the force feedback controller.

5) Whether the users’ muscle memory is structured with the
frequent, patterned notifications from haptic feedback.

Table I describes the force feedback interactions that were
devised for the Use Case where there is a route deviation and
the driver is alerted. The intensity of vibration or rumbling
refers to the amount of rumbling of the force feedback
controller. Higher intensity refers to a stronger rumbling and
vice-versa. The intensity values indicated here are proprietary
for the drivers used for force-feedback controller (Xbox 360
controller).

Route Deviation by Length of Vibration Intensity of Vibra-
tion

>5 Km 2 seconds 30000
>10 Km 3.5 seconds 45000
>15 Km 5 seconds 65535

TABLE I: Haptic Feedback for Route Deviation

These various components enable the crew members staying
informed about the events detected by the system and keeping
track of the vehicle data. Based on this data either the
commander or any supervising crew member can take tactical
actions either with the vehicle or inform other crew members
about the possible actions to counter the events detected.

V. SYSTEM ASSESSMENT

After the individual components for the GUI, audio and
haptic feedbacks were ascertained, a test-bed was set up to
assess the system’s SA capability and workload induced on
the users while using the system.

A. Test-Bed Setup
A simulation environment was set-up for testing with users.

The various components involved are:
1) A VBS3 simulation to simulate a battlefield environment

to include several events such as enemy fire, route devia-
tion, high fuel consumption by the vehicle, Laser Range
Finder (LRF) being fired by the gunner etc. It uses the
NGVA Data Model for publishing the sub-system data
using DDS messages [42], [43], [40].

2) The CAS to subscribe and process data sent by the
sub-systems as DDS messages based on NGVA Data
Model specification [40]. It performs the arbitration for
the multimodal interaction and sends data to the Rule
Engine for matching the rule sets.

3) The Rule Engine containing the rule sets or the rule base
for generating correct output corresponding to the input
sent by the CAS.

4) A Visual Display Unit simulating the Crew Station Termi-
nal in the vehicle to show the GUI feedback component
based on the HMI specification of NGVA [15].

Fig. 8: Test-Bed Set-Up

Fig. 9: User Evaluating

5) A VOIP server and headphones to send VOIP messages
to the users based on the SIP specification of NGVA [15].

6) Force-feedback controllers to simulate haptic feedback
for the user based on the HID specification of NGVA
[15].

B. Simulation Scenario Set-up

After the test-bed set-up, two simulation scenarios were
devised with varying number and type of events using the
VBS3 simulator. The purpose that the simulations try to fulfill
are:

1) Provide a battlefield environment that cover all the events
to map human cognition and performance.

2) Route simulation wherein a military vehicle traverses
through a urban/jungle environment and faces guerrilla
attacks.

3) Provide with enemy Courses of Action (COAs) with
varying frequency of attack or shots being fired.

4) Provide correct sound inputs for the battlefield i.e. en-
gine noise for vehicle with acceleration and deceleration,
enemy shots firing etc.

5) Provide turret rotation and crosshair overlay for simulat-
ing actual target locking and firing for LRF.

6) The varying number of events happening and alarms
being issued by the CAS generating varying levels of SA
and workload so that the CAS can be tested effectively.
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Fig. 10: Simulation Scenario in VBS3

First, the users were familiarized with the simulation en-
vironment with a sample simulation where the vehicle ex-
periences the singleton events of enemy and LRF fire, route
deviation of vehicle and fuel getting low. After familiarising
the users with the set-up environment, two simulations were
used for assessing the users. The whole process of assessment
for both the simulations for each user lasted for about 50
minutes. Eight participating users were assessed individually
for each of the simulations. Figure 9 shows a user evaluating
with the system set-up for a simulation environment.

The parameters in the map for VBS3 simulator were con-
figured to produce events which are sent to the CAS. The
workload demand was aimed at keeping low. For Simulation 1,
the events for the vehicle in the simulation were the following:

1) Shots getting fired at prolonged intervals from varying
distances and directions.

2) LRF being fired by the users at pre-determined targets at
varying distances and directions.

3) Fuel amount getting low at end of the simulation.
4) Route deviation of the vehicle from the pre-determined

course.

For Simulation 2, the parameters in the map for the VBS3
simulator were changed as compared to Simulation 1 to pro-
duce more events and at more frequent intervals challenging
the users to use their cognition much more as compared to
Simulation 1. The workload demand was aimed at keeping
high. The corresponding events were the following:

1) Shots getting fired at frequent intervals from varying dis-
tances at the same location and at intermediate locations.

2) LRF being fired more frequently by the users at pre-
determined targets with varying distances and directions,
and at enemy locations (as realised by the users from the
information conveyed by the CAS during enemy fire).

3) Fuel amount getting low at the beginning of the route
traversal.

4) Fuel to destination not enough at the end of the simula-
tion.

5) Route deviation of the vehicle from the pre-determined
course.

Figure 10 shows a glimpse of the simulation scenario in
VBS3.

C. Assessment Approach

In order to assess the SA of the users, during the simula-
tions, SAGAT based questionnaires were used to collect the
accuracy of the information perceived by the users as provided
by the CAS. SAGAT is a freeze probe technique based in
goal-directed task analysis, and splits SA into three levels:
data (level I), comprehension (level II), and application to the
future (level III) [24]. The types of pre-determined questions
asked were derived from the task analysis and ensured to hit
all three levels of SA.

In the assessment approach for SAGAT, instead of using the
regular freeze probe, the users were asked to keep on reporting
the events as perceived by them without the simulation being
paused as they would in a battlefield environment reporting to
their colleagues. This improvised technique is used since:

1) The aim of the CAS is to present the users with easily
understood information such that the time factor can be
counteracted by their high confidence level regarding the
particular data [24]. So, the system needs to be assessed
as the users would perceive the system in a real-world
and real-time situation i.e. users get informed about the
events without the system stalling or pausing.

2) Impacts of freezing are negligible since it does not impact
the results of the test. If the tests are frozen at predictable
times then the users are able to prepare and/or improve
their SA [24]. Thus freezing might not give the correct
measure of the SA in a real-time dynamic environment if
the questions and freezing time are not perfectly crafted.

3) The knowledge of the system state or SA is based on the
times individuals are exposed to information. As stated
by Endsley, a persons knowledge of the environment is
highly temporal in nature [41]. It basically infers that
users have a greater knowledge about a system if they
are exposed to the system for a longer period of time.
So, freezing or pausing the simulation provides an idea
to the users about the system since they have time to
recollect themselves and analyse the system behaviour.

Table II shows a sample questionnaire and answer set for
the LRF firing event and alarm issued by CAS during the
evaluation of an user:

Event LRF Fire
GUI Display Yes
Audio Feedback Yes
Haptic Feedback Yes
Distance to Target 25 meters, Target Close
Position of Target 45 degrees
Controller Vibration Duration Long
Controller Vibration Intensity High
Audio Played ”LRF Fired”

TABLE II: LRF Firing Alert Information

For assessing the workload of the users, NASA’s TLX
method was used [36]. The users were asked to enter their
perceived levels of workload factors at the end of each simu-
lation. The method collected information about the six factors
for human workload i.e. Mental Demand, Physical Demand,
Temporal Demand, Effort, Performance and Frustration. For
each of the factors, the weights and the ratings according to
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Fig. 11: Situational Awareness Score

the TLX scale were collected and the overall workload was
calculated.

The tallies of each of the factors can range from 0 to 5
and based on these tallies, the weights for the factors are
calculated. To calculate the ratings for the factors, each factor
is rated on a scale of 1 to 10. The scale with smaller resolution
provides a more comfortable perception of scores to the users
i.e. it is easier for the users to rate between the scale of 1 to 10.
But the smaller scale has no impact on the overall workload
measurements whatsoever.

D. Results and Analysis

After the assessment, data was collected and analysed for
SA and workload parameters.

Figure 11 shows the SA scores for the two simulation
environments and their comparison.

Since the SA values were found to be normally distributed, a
paired T-test was used to analyze the mean average difference
between two samples as represented by the equation in 1.
The t-test is based on the null hypothesis that the average
situational awareness score between the two groups is the
same. The mathematical representation of the hypothesis is
shown below in 2 and 3.

t0 =
X̄d − µ0

sd/
√
n

(1)

H0 : µd = 0 (2)

Ha : µd 6= 0 (3)

Table III shows the mean scores, Standard Deviation (SD)
and T-test values in numerical form.

Simulation Mean Score
(%)

Standard Deviation T-Test

1 93.56 1.66 8.83776E-072 83.21 2.16

TABLE III: T-test Results for SA Assessment

As shown in the Figure 11, the SA score of the users
for Simulation 1 resulted at about 93.56% as compared for
Simulation 2 which recorded at 83.21%. The high SA scores

Fig. 12: Weight of Workload Factors for Simulation 1

for Simulation 1 can be attributed to lesser alarms being
raised and users having more time to comprehend the feedback
provided by the CAS. Whereas as the lesser score of 83.21%
can be attributed to more frequent and invasive nature of
alarms being raised. This made it more difficult for the users to
continuously keep track of the alarms and state of the vehicle.

The statistical significance of T-Test score indicates whether
or not the difference between averages of two groups most
likely reflects a real difference in the population from which
the groups were sampled [44]. So, in this case, the T-test
score stands at 8.83776E-07 which is extremely small but
highly significant. This value shows that the difference in the
perception levels for the alarms of the users is very small. This
resultant T-test value also supports the conclusion to reject the
null hypothesis that the average of the differences between the
two samples is equal to zero.

Figure 12 shows the individual workload factors as recorded
for the users for Simulation 1. The width of the bars in the
plot show the relative importance of the weights of each of
the factors whereas the height of the bars show the rating of
each of the factors.

As shown in the Figure 12, Performance and Mental De-
mand weights were the dominating factors at 4.375 and 3.13
respectively. The high weights of Performance and Mental
Demand can be attributed to a relatively low complexity of
the simulation with lesser type of alarms and lesser frequency
of alarms being provided by the CAS. The users found it easier
to deduce the meaning of the alarms and hence having a very
good picture of the situation in the simulation. So, the users
have a better sense of accomplishment of being able to keep
in control the vehicle state information. The Physical Demand
factor was the least important factor recorded at 1 since the
users’ physical involvement was only firing the LRF with just
a mouse click.

Now, the rating of the factors show that the Temporal
Demand experienced by the users standing at 2.5 was the
highest. It is followed by the Performance of the users in
understanding the alarms which stands at 2.25. The Physical
Demand and effort ratings were the lowest at 1.31 and 1.5
respectively. The Mental Demand and Frustration levels were
intermediate with 2.06 and 1.56 respectively.

The comparative low ratings of Temporal Demand as com-
pared to the high complexity of events show that the users were
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Fig. 13: Weight of Workload Factors for Simulation 2

not under pressure from the rate of the alarms being issued by
the CAS. Low ratings for Performance indicate that users were
satisfied with their interaction with the CAS and they were able
to perceive the alarms successfully. Again combining this low
performance rating which indicates higher performance, with
very low ratings of Frustration indicates that the users did not
experience any kind of resentment from using the CAS for the
use cases. Finally lower levels of Physical Demand and effort
show that the users didn’t have to work so hard physically
(which was firing the LRF at targets by mouse clicks) to
achieve their goals in the given simulation environment.

Figure 13 shows the individual workload factors as recorded
for the users for Simulation 2. As shown in the Figure 13,
Temporal Demand and Performance factors were the dominat-
ing factors at 3.36 and 3.63 respectively. The cause Temporal
Demand is high because the frequency at which alarms were
raised by the system was high and hence the time pressure on
the users to react to the alarms. The higher performance score
in comparison to the score for Simulation 1, indicates that the
feedbacks being provided during the alarms were effective in
providing the users the correct information about the alarm
state. So, users were able to determine the information being
available about the alarm instances. The factors of effort and
mental demand can also be found to be alleviated since the
users have to work more towards keeping track of the frequent
flow of information. The Frustration factor is also higher since
sometimes the users get overwhelmed by the infringement of
alarms at short spaces of time. The Physical Demand factor
was the least important factor recorded at 0.63 since the users
found other factors to be more contributing towards the nature
of the simulation.

Now, the rating of the factors show that the Temporal
Demand experienced by the users standing at 4.25 was the
highest. It is followed by the Performance of the users in
understanding the alarms which stands at 3.43. The Mental
and Physical Demand ratings were the lowest at 2.5 and
1.875 respectively. The Effort and Frustration levels were
intermediate with 2.875 and 3.06 respectively.

The higher ratings of Temporal Demand and Performance
indicate that the simulation 2 environment with the CAS
issuing alarms was more demanding for the users. They
experienced more pressure in analysing the alarms and that

Fig. 14: Overall Workload

they missed out on understanding some of the alarms due
to the high frequency and more type of alarms from the
feedback modes. Also when the CAS arbitrates, then they have
to keep track of the multiple events. All of these factors result
in the performance degradation as compared to ratings for
Simulation 1. The higher ratings for the rest of the factors can
also be attributed to the same factors. But looking at the overall
picture, the ratings of Performance are still low in comparison
to the complexity of the Simulation 2 environment. Also, the
Effort and Frustration ratings are low showing that the users
find the workload induced from the CAS to be still low in an
”alarm-dense” environment.

Figure 14 shows the overall workload as perceived by the
users for Simulation 2 which stood at 3.99. This score is
significantly higher as compared to the overall workload score
for simulation 1 which stood at 2.68. This increase in score for
Simulation 2 can be attributed to the increased complexity and
frequency of the events forcing to users to work more towards
making themselves aware about the alarms and environmental
state of the vehicle. On the other hand, the lower overall
workload scores for Simulation 1 owe to easier simulation
environment presented.

Table IV shows the T-test scores for finding the statistical
difference between the workloads experienced by the users in
the two Simulation scenarios. This resultant T-test value again
supports the conclusion to reject the null hypothesis that the
average of the differences between the two samples is equal
to zero.

Simulation Standard Deviation T-Test
1 0.694 0.0449522 1.86

TABLE IV: T-test Results for Workload Assessment

Based on the SA scores and NASA TLX ratings, the
following can be concluded about the assessment of the CAS:

1) The manipulation of the SAGAT method proved effective
in measuring SA for the CAS by giving real-time data
about the users’ perception of the alarms. The users had
to provide immediate response about the information that
they analyse and as they would report on the field to their
colleagues in a real-time situation.
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2) Also, an important conclusion from this study is that
the results support the fact that the multimodal feedback
mechanism is able to deliver crucial information success-
fully to increase the SA of users.

3) There is a significant but small difference in situational
awareness scores and workload levels when there is a big
increase in frequency and type of alarms being conveyed
with various feedback modes by the CAS.

4) Increase in workload levels directly co-relate to decrease
in SA levels. Simulation 1 which is relatively easy in
nature shows a higher SA and lower workloads. In
comparison, Simulation 2 which is much more complex
and requires higher levels of human cognition leads to
relatively lower SA and higher workloads. This strongly
suggests that the evaluation approach used is a viable
method to measure relationship between SA and work-
load, and that it warrants further research.

5) The SD and paired comparison T-test for SA and work-
load show a very minimum difference between the per-
ception of user groups for the two simulation environ-
ments.

As a result, it can be derived that the Participatory Design
Methodology used for the UI and Feedback design works
fairly well for the CAS whose goal is to assist and inform
the users about the vehicle and environment state.

VI. CONCLUSION AND FUTURE WORK

The paper presents an approach to the multimodal feedback
design for a CAS based on the NGVA Standard supported
by arbitration. It also provides methodologies to assess the
effectiveness and construct of the feedback mechanisms i.e.
how successful the system is in assisting the users to operate
the vehicle in tactical situations. It tries to provide a proof of
concept for system design, SA and workload measurements
which provide an insight into a possible human factors and
ergonomics framework construct for the NGVA standard.

Finally, the paper provides an excellent base of data that can
be expanded upon through further controlled trials and follow-
on experimentation in a field test. The concepts discussed try
to capture all human factor aspects for evaluating the CAS but
some aspects might remain undiscovered. Further research on
available techniques need to pursued to provide a full picture
of usability and effectiveness of the CAS. The feedback design
and assessment techniques discussed can be further refined and
adjusted for the NGVA standard based on the input of soldiers
who operate NATO vehicles if adopted in a real C2IS.
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