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ABSTRACT  

Military forces operate in complex and dynamic environments [1] where bad decisions might have fatal 
consequences. A key ability of the commander, team and individual warfighter is to quickly adapt to novel 
situations. Live, Virtual and Constructive training environments all provide elements of best practices for 
this type of training. However, many of the virtual training are designed without thorough consideration of 
the effectiveness and efficiency of embedded instructional strategies [2], and without considering the 
cognitive capabilities and limitations of trainees. As highlighted recently by Stacy and Freeman [3], large 
military training exercises require a significant commitment of resources, and to net a return on that 
investment, training scenarios for these events should systematically address well-specified training 
objectives, even if they often, do not. 

In order to overcome these shortcomings with both Live and Virtual training systems and following our 
previous work [4,5,6], this paper presents a design solution for a proof-of-concept prototype that visualizes 
and manages training objectives and performance measures, at individual and collective levels. To illustrate 
its functionality we use real-world data from Live training exercises. Finally, this paper discusses how to 
learn from previous training experiences using data mining methods in order to build training models to 
provide instructional personalized feedback to trainees. 
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1. INTRODUCTION  
Homeland forces operate in complex, dynamic and stressful environments [1] where wrong decisions 
might have fatal consequences. Quickly adaptation to novel situations and environments has been trained 
using technology-based experimental learning approaches [7,2]. Live, Virtual and Constructive training 
environments all provide elements of best practices for this type of training. Virtual training systems offer 
a safe, effective and efficient training that has practical and economic advantages over more traditional 
training approaches [2]. Thus, the military has focused much attention on the development of replicable 
and generalizable computer-based training systems and a large number of companies have spent vast 
amounts of time and money developing a wide-array of simulators, virtual reality programs and support 
systems [2].  

Nevertheless, many of such training systems are designed without considering the effectiveness and 
efficiency of embedded instructional strategies [2] and without considering the cognitive capabilities and 
limitations of trainees.  Hence, they are more accurately conceptualized as practice platforms than training 
devices [8]. 

In general, goal setting, participation in decision-making, and objective feedback have been shown to 
increase productivity [9]. Feedback is a fundamental part of the learning process [10], the absence of 
feedback and the presence of inappropriate feedback are both strong impediments to learning [11]. 
Feedback provides knowledge of results, and feedback serves as a source of motivation [10]. In the case of 
novice trainees, there is overwhelming evidence that direct instructional support is necessary for optimal 
training [12,2]. 

Military training exercises require significant resources; such exercises might last several days and involve 
many participants using large amounts of equipment. As Stacy and Freeman [3] highlight, training 
scenarios for these events should systematically address well-specified training objectives, even if that is 
not the common practice at the moment:	  “Clearly, large military training exercises require a significant 
commitment of resources. To net a return on that investment, training scenarios for these events should 
systematically address well-specified training objectives. Often, they do not.” [3].  

The recent review by Stacy and Freeman [3] stresses the importance of representing training objectives, 
training conditions and measures for successful training.  The authors claim that training objectives define 
the purpose of instructional events, but that it is challenging to apply training objectives in large, complex, 
multiparty military exercises. Similar claims were done by Vicenzi et al. [13]: “In order for training 
exercises such as [Fleet Synthetic Training] to be effective and worthwhile, specific training objectives 
associated with relevant performance measures linked to mission essential tasks must be identified and 
incorporated into the training events”. [13] 

Not addressing well-specified training objectives and feedback violates well-established practices from the 
literature [3], as shown previously in the works by e.g. [9,10].  Earlier experiments showed materials [14] 
and instructional processes [15] that are crafted to address well-specified training objectives do reliably 
strengthen the performance on the target task, near transfer, and on new tasks, far transfer [3].  As such, 
training objectives have long been a requirement of instructional design, see [16], and of institutional 
training practices, as discussed in [3]. 

The analyses of musicians, athletes and other professionals show that expertise is primarily a function of 
practice and feedback that are deliberately designed to strengthen weak skills [17,3]. 

Training in the military context can be influenced by results obtained in the area of performance 
evaluation in sports. Performance improvement guidance is perhaps the least investigated area of 
computer science within sports. Already in 2006, Bartlett [18] argued for the potential of using expert 
systems and machine learning techniques in sports biomechanics analysis for improvement of 
performance. Bartlett [18] however, concluded that the usage so far is low. Owusu [19] presented a 
general model: recognize-critique-recommend, which can be used for performance improvement in sports. 
Owusu [19] discussed the use of neural networks and expert systems for recognition and critique, but 
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concludes that very little has been investigated on these topics and especially on the final step of providing 
recommendations for improved performance.  Examples of the organization of training processes in sports 
are presented in white papers by e.g. Verkhoshansky [20]. 

In order to overcome these shortcomings with both Live and Virtual training systems regarding the 
management of training objectives and performance evaluation, continuing our initial work [4,5,6], this 
paper reviews relevant literature regarding managing both individual and collective training objectives, 
focusing on military and crisis management exercises. Based on requirements specified by experts from 
our industrial partners in this area, a proof-of-concept prototype was designed and implemented. We 
describe its use with real-world data from Live training exercises. Finally, this paper discusses how to 
learn from previous training experiences using data mining methods in order to build training models to 
provide instructional feedback to trainees. 

While the first and second sections of this paper summarizes relevant work in military training, section 3 
presents the methods used to design the proof-of-concept prototype, the formative user study carried out 
for outlining the tasks to support and a description of the system and its functionality. Finally, discussion 
and conclusions are presented in sections 4 and 5. 

 
2. RELATED WORK 
In this section we provide a brief summary of software, frameworks and tools for military and crises 
management training, both from the scientific literature and off-the shelf commercial ventures, focusing 
on how such solutions manage training objectives, provide feedback and learn from previous events.  
 
Several training systems have been suggested in the literature, e.g., F-REX [21]. F-REX, developed by the 
Swedish Defense and Research Agency, is a tool tailored to deal with multimedia rich data for 
reconstruction and exploration of complex chains of events in distributed tactical operations. F-REX 
allows playing back the course of events interactively, so analysts can focus on interesting situations, 
make annotations or create different visualizations. However, F-REX does not seem to support any 
comparison with training objectives or training models, or learns from historical data. In [22], the authors 
present a tool for systematic analysis, modeling and visualization of rescue scenarios. Several views that 
can be customized according to the needs of the analysts are presented; nevertheless, the mission history 
data stored is not exploited for performance evaluation. Various requirements of modeling, simulation, 
data collection, and visualization as important parts of live task force training are presented in [23], as well 
as a re-play system called MIND, that allows the display of the exercises for after-exercise analysis for 
emergency response training. 
 
There are various commercial off-the-shelf simulation and training platforms, such as AKKA by Saab (see 
[6]), Exonaut by C4I-Strategies, RUAG, Rheinmetall, Cubic and live fire Megit, Thiessen, 
LookheadMartin, etc. To the best of our knowledge, these solutions do not apply data mining or machine 
learning algorithms to learn from historical data in order to provide personalized feedback. 
 
3. DESIGN AND IMPLEMENTATION 
Using an iterative task-driven design based on a formative user study with various experts at Combitech 
and Saab Training Systems, an interactive proof-of concept prototype was designed and implemented. The 
recommendations and descriptions presented in [24,25], and lessons learned from the development of 
interactive visual support tools previously built by our research group in other domains, i.e. [26,27,28], 
were used to frame our design and development work. The main framework used during the design 
process is presented in Figure 1 (adapted from [24]). 
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Figure 1: Design process used in this work, adapted from Offermann et al. [24]. 

3.1 Formative User Study 
The formative user study carried out with expert system developers and experts in training systems from 
our industrial partners highlighted that the following tasks (Ti) needed to be supported: 

T1. Identify different groups of trainees. 
T2. Create statistical models that characterize each of the identified groups. 
T3. Define training objectives (skill, conditions and expected performance). 
T4. Interactive support for after-action support: (a) what happened? (b) Why did it happened (c) How 

do we improve it in the future? 
T5. Support for comparison tasks both at the individual and collective level: compare results with 

training objectives and training models. 
T6. Play back multimedia data associated to exercises, combining all the information collected and the 

information from the aforementioned tasks. 
T7. Highlight differences and similarities between groups of trainees. 
T8. Provide feedback based on the models and the expected results, both at individual and collective 

level. 
Thus, the main objective of the proof-of-concept prototype designed and developed was to support the 
aforementioned tasks, in particular, to support the analysis of (1) the fulfillment of training objectives, 
both individual and collective, (2) the cumulative and over time values of performance,  (3) analyze the 
different groups of trainees (clusters) and their characteristics, and (4) compare results of performance 
with trainee groups in order to suggest feedback. 

3.2 System Overview and Functionality 
The architecture of the system designed is presented in Figure 2. The modules that learn training models 
from historical data are inspired by our previous work in anomaly detection for maritime traffic, presented 
for instance in [29,26], where behavioral models of different types of vessels were built from sensor data. 
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Figure 2: System architecture: (1) sensor observations, pre-processing, training assessment and feedback; 
(2) training models; (3) individual and collective training objectives. The analysts can interact with the various 
the modules. 

The prototype is a web-based solution developed using JavaScript, PHP and Three.js (using WebGL), 
with swappable building blocks that allow for easily incorporated expansions in the future. Zooming and 
panning capabilities are included, as well as a high level of flexibility regarding choice of color schemes, 
sizes, views and modes. The following pictures show several screen captures of the prototype. Figure 3 
shows an overall view of the system, with the interfaces for following the training objectives and analysis 
of the trainee groups established from the historical training data. 

 
Figure 3: Main proof-of-concept interface, (a) 3D view of the exercise; (b) player status over time; (c) summary 
of the training exercise; (d) visualization of the training models and objectives; (e) playing bar and detailed 
view of the high-dimensional dataset. 
 
The prototype allows loading multimedia data sets from training exercises, where filtering options are 
allowed (e.g. a segments of an exercise can be opened). The user might also select which soldier, vehicle 
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or entity is in focus. The web-based prototype is divided in five main modules, shown in Figure 3. The 
multimedia spatio-temporal data can be played in the left module (figure 3, a), both 2D and 3D views can 
be selected; moreover, the user can select to follow a particular soldier, vehicle or entity. The data can be 
played back and forth using the time and event bar located under it. Figure 3 (b) shows real-time particular 
information regarding the selected soldier, vehicle or entity. On the right side, modules (c) and (d) manage 
training objectives, results and models. Module (c) shows the training objectives analyzed (i.e. skill, 
conditions and expected performance) and the results of the selected trainee compared to the expected 
results, and the collective performance (both expected and actual). On the rightmost module (d) the 
prototype shows how many groups have been found in the historical data set collected (3 in our case) and 
how is the collective performance for each of the groups. The comparison of an individual performance 
with its group is also depicted. Finally, the high-dimensional data is visualized on the interactive module 
located at the lower part of the display (figure 3, e). 

 
The data set used in this paper to illustrate the functionality of the prototype is a military live exercise 
where firing skills were trained. It is a collective exercise involving several vehicles, soldiers and other 
entities. The data analyzed is a high-dimensional data set with both categorical and numerical variables 
with events, allocated resources, etc. Moreover, it contains both geographical and temporal information, 
and thus, it can be described as a complex spatio-temporal data set. Illustrations of the data set can be seen 
e.g. on Figure 3. 

 

Figure 4: Collective 2D view with details for the selected player. 
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4. DISCUSSION  
This paper presents a design solution for a training system that exploits the advantages of learning from 
historical data from previous training exercises, as well as the management of training objectives at 
individual and collective levels. We address, thus, some of the challenges highlighted recently by Stacy 
and Freeman [3] and Vicenzi [13], regarding the need of specifying, managing and evaluating training 
objectives in military training exercises. Moreover, the prototype aims at supporting the main analytical 
tasks highlighted by experts from our industrial partners, listed in section 3.1. 
 
Some of the improvements highlighted by the experts from Combitech and Saab Training Systems that 
will be a matter of future work are, first, the development of innovative visualizations for training 
objectives and models in an integrated view, over the multimedia data, as well as the development of 
innovative interactive visualizations for both individual and collective training parameters for on site and 
live training, and for after-training assessment. 
 
The proof-of-concept prototype shows initial steps to future personalized training systems that combine 
information fusion, situation modelling and visual analytics capabilities. Such capabilities support (1) 
capturing the complete performance evaluation process, (2) understanding, constructing and maintaining 
the underlying training models and (3) interpreting and understanding the data collected and feedback. 
Techniques for integrating data and information, i.e. information fusion, have been identified as key 
enablers for providing decision support when large amounts of heterogeneous data need to be analyzed 
[30], as it is in this domain. The domain specific models employed in performance evaluation for training 
should capture relations between situations and performance, or more specifically, between situation types 
and performance [31]. To provide rich support, the models should preferably surpass the use of simple and 
individual measures, for instance, positions, directions, speeds at individual points in time, to instead 
model more complex behaviors and causal relations that can be used for increased performance. They 
require the combination of data not only from individual trainees, but also from the environment and the 
other members of the team at various abstraction levels. In order to provide interactive, personalized and 
immersive training interfaces to deal with both data and models, visual analytics can be used as a design 
framework. Visual analytics [32] strives to facilitate the analytical reasoning process by creating software 
that maximizes the human capacity to perceive, understand, and learn from large, complex and dynamic 
data and situations. 

Figure 5: From left to right, real time performance data, comparison between expected 
and achieved results, visualization of training objectives and groups of trainees 
(clusters) found in the historical data. 
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5. CONCLUSIONS 
The main contribution of this paper is a design proposal of a training proof-of-concept prototype that 
allows the interactive analysis of high-dimensional spatio-temporal data and manages training objectives 
for performance evaluation of training exercises. Moreover, the prototype uses historical data for building 
models of training behaviour that then are compared with the results of training exercises in order to 
provide personalized feedback. Like this, we address some of the most important challenges highlighted 
recently by Stacy and Freeman [3], regarding the lack of support for specifying, managing and evaluating 
training objectives in military training. 
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