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ABSTRACT

This paper lays out critical choices surrounding the creation of more interactive, human-like conversations generated by computer simulations. It analyzes the criticality of an emerging meta-discipline centered on simulations. Assertion: it is insufficient to only acknowledge and include a range of other disciplines; the effort would be more effectively driven by this new meta-discipline. The current advances in creating convincingly "human" conversations and interactions are reviewed. Supporting research and observations are adduced substantiating the current state of the art and significant impediments to progress are identified. Two theses are then advanced: 1) existing products will soon be seen as primitive by the rapidly increasing sophisticated of users of DoD programs, especially those programs addressing mentoring, suicide prevention and psychotherapies. The abilities of more credible and conversational computer agents to meet DoD needs are presented based on the authors' research and on their service in the armed forces, noting current hurdles to achieving these goals. 2) The next major thesis is that a broader implantation approach, incorporating several types of reality and developing innovative channels of human-like behavior, are needed to achieve engaging interfaces between humans and machines. Also, current cross- or multi-disciplinary efforts are insufficient. The authors' observations of the dynamic facets of human behavior and computer simulations are explicated. A few of the most critical emerging technologies will be described and the issues hindering their timely adoption set forth. The concept of a more effective meta-discipline is advanced. The terms and metrics associated with a meta-discipline are identified and the authors' efforts in this area are set forth. Data is presented from the authors' ethnographic research into mentoring topics, which probed uniformed service personnel via a meta-disciplinary instrument. Extensibility into other fields of research is considered.
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Introduction 

[bookmark: OLE_LINK1]Facing burgeoning operations tempo, the DoD is increasingly seeking to augment many functions with computer simulations, especially those using various human-like computer agents. This foray into issues more traditionally addressed by the behavioral science disciplines which are outside of the computer simulation community has indicated the need for a new approach. This paper focuses on two theses: 1) the user's familiarity and comfort with computer agents is rapidly opening up new areas of use of computer agents to provide "human" support in innovative ways, but this familiarity is also increasing the challenge for computer architects and programmers to satisfy the users' demands for increasing realism and 2) this dynamic evolution is and will be in need of a broader spectrum of skills and insights than can be optimally served by individual narrow academic disciplines, e.g. computer science alone. To highlight these issues, the paper reports current efforts (Ney et al., 2020) to use virtual human conversational agents in the form of avatars, video-clips and 3D holographic images, to create a connection between the computer and its users. Examples will be given of where a broad spectrum of both academic skills and military/naval operational experience was required to produce the desired interactions with the user. 

In the early sections of the paper, the obstructions faced as well as the challenges and opportunities that remain to be addressed will be described and substantiated, both in the form of anecdotal observations and statistical data. The paper then turns to organizational issues and gives examples of both the successes and the shortcomings of efforts to engage a sufficiently all-encompassing effort to produce advances with enough speed and efficacy to serve the needs of the DoD. A new approach is identified, that of a Meta-Disciplinary structure, that is not only more inclusive of disparate disciplines, but the paper will lay out how it is more effectively implemented to make sure effective engagement is made manifest in order to ensure that needed technologies are adopted in a manner that has the desired impact on the target issue. This includes definition of goals and validation of metrics. The paper concludes with a look at the way forward to retain the requisite focus and the assess achievement of improving the defense of the nation. 

The defense simulation community operates in the same research environment as the rest of the disciplines. That environment has been plagued for centuries with the conceptual siloing of expertise, with each discipline being inclined to an almost guild-like exclusivity. For purposes of this paper, three terms will be used to high-light the impact this has on simulation research by using the following terms: Multi-Disciplinary and Cross-Disciplinary to which the authors add a third: Meta-Disciplinary. 

Multi-Disciplinary approaches are defined for use herein as approaches that acknowledge the need for and include the contribution of more than one discipline, operating with a minimum of understanding of or collaboration with the other disciplines. An example of this might be the Manhattan Project, which, for security reasons, employed a vast and geographically dispersed array or disciplines with little or no knowledge of the others' activities. One of the authors' grandfathers was a civil engineering supervisor and told a story of the waste of the US Government in WW II, in their retaining him to build several huge water tanks in an area that had plenty of water and virtually no population near small, backwoods town in Tennessee: Oak Ridge.

Cross-Disciplinary is an approach that engages several disciplines that work in concert together to achieve a single goal, with frequent periodic meetings to facilitate achievement of a common goal. These activities are characterized by close and synergistic collaboration and mutual respect. However, they are often initiated by one discipline's view of the issues to be faced and a recognition within the team that this initiating discipline has "invited" them to join in the common endeavor. The research background of the Principle Investigator is often a major indicia of what kind of project the effort really is and which disciplines are adjuncts to the project.

Meta-Disciplinary approaches are defined herein as a holistic vision of the goal of the project, with a clear recognition of a common objective and in which each needed discipline is recognized, has an equal voice, and is included at every stage of the undertaking. The organization's processes are more kept orderly than dictated to by the leader, who acts more like a committee chair than a corporate executive or commanding officer. 

The following sections use an ongoing and successful research project in implementing effective virtual human interfaces in military simulations and the need for and implementation of a Meta-Disciplinary approach to optimally meet the project's goals. The issues are identified that would be better met with this methodology than with a Multi-Disciplinary or Cross-Disciplinary execution. 


Background

Simulation in the DoD
Since the earliest days of warfare, leaders have sought to understand and prepare for combat through simulations of various kinds. Early athletics often evolved as competitive test of combat skills in a non-combat arena (Icobini, P., 2013). Many games such as chess were centered on abstracting and emulating combat (Smith, R., 2009). More complex and realistic simulations evolved over the centuries, but they all had in common trying to train people to excel in combat, trying to see if some new weapon would be effective, or trying to better predict the outcome of an impending operation (Thompson, T.N., 2008). Early simulations were often metaphorical, e.g. chess was a combat and strategy simulation. These early simulations were not uncommonly multi-disciplinary, e.g the wood carver making chess pieces rarely had any involvement in the design or need he even understand the concept of the game. 

 (
Figure 
1
 War Game at Naval War College 1905
)[image: ]The next phase was more on the order of creating a simulated scenario that was they conceptually played out on a map or a "sand-box" recreation of the area to be considered. This required a more Cross-Disciplinary approach, as it was found that the cartographer, ship model-maker and "sand-box" technician needed to have a have a good understanding of what the user of the device had in mind and a good working relationship with the Subject Matter Experts (SME's, most often military personnel). This environment would be more likely classed as a Cross-Disciplinary effort. In the mid-20th Century, various simulators were developed and became increasingly mechanized and finally digitized in the latter part of that century.
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)[image: ][image: ]Within the professional experience of the authors, simulations have expanded their capabilities along several axes, including: geographical area, resolution of simulated objects, richness of behaviors, duration of simulations, speed of performance (e.g. computer generated constructive simulations can be run at significantly faster than real time), and sophistication of analytic tools to better understand the large amounts of data collected (Yao, et al., 2009. Many of these advances have been enabled by High Performance Computing (HPC) (Gottschalk et al., 2010), General Purpose Graphics Processing Units (GPU's) and Quantum Computing, (Davis, D.M. et al., 2018)

It has been the authors’ experience that battlefield simulations rarely take heed of the human behavioral factors which were involved. Several large scale simulations from the 1990's and 2000's invoked and imposed strict adherence to both Blue and Red Forces behaviors (Lucas et al, 2003), over the objections of team members who had done duty in combat zones and knew that doctrinal edicts were often more honored in the breach than in the compliance thereof. These simulations still got high face validity marks from the SME's. Within the author's experience, these complex battlefield simulations can be used for training of personnel, evaluation of new capabilities, and analysis of likely outcomes. They are, at the same time, both more capable of realistic performance and faced with increasingly sophisticated users who are used to very high levels of human-like interactions with computer devices and with a manifest intolerance for any insufficiency of interesting and arresting materials.  
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)[image: ]One issue surfaced at this evolutionary era that bears considering in the context of this paper: the increasing interactivity of the simulation platform with the user.  One of the authors observed training on a 1950's vintage technology anti-submarine trainer at the University of Colorado, in which the submarine's actions were preset and did not react to the trainee's actions. With early 21st century technology like that shown in Figure 3, both red (opposing) and blue (US forces) are fully capable of independent actions, interacting with each other and with the trainee.  This induces the several new factors into the simulation, many of which require another layer of additional disciplinary expertise beyond the SME content provider and the display technology implementer.  Human behavior, education, physiological, communications, linguistic and engineering expertise is now required to augment the SMEs' inputs.  The technologies required to deliver the most realistic and valid simulations are complex and require sophisticated and timely planning (Brooks, 1996) that makes retroactive modification difficult and expensive. Having needed expertise added to the team in a nominal way or at a late developmental stage can and has proved sub-optimal in projects on which that authors have worked.
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