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Abstract: There is a continuing need for battlefield simulations and virtual humans.  Most recently, the authors 

have been focused on the creation of virtual conversation environments to leverage the mentoring skills of 

selected individuals by creating large libraries of short video clips of advice which are then presented to the user 

in response to their questions.  In these endeavors two issues have arisen; the inconsistency of the definitions 

used and the need to ameliorate the impacts of short-tour intervals on team formation.  This paper will address 

both of these issues, review existing research, document some early research into these impediments, and discuss 

the similarities of these issues to those faced by the standards community writ large.  They will cite and review 

the work of Professor Bruce Tuckman: Forming, Storming, Norming, and Performing. The benefits of using 

virtual humans to enhance these processes are outlined. The need for and design of proactive Natural Language 

Processing-enabled virtual humans and computer agents is set forth and analyzed. The paper will lay out the 

research goals, identify the semantic differences, and report on the potential impacts of those differences.  In its 

totality, this paper intends to demonstrate that, in addition to the need to evangelize about the necessity of 

standards, this community has a lot to contribute to researchers, developers, and implementers faced with 

destructive differences in terminology, understanding and practice.  All of this data and analysis will be 

presented in a way that should make sure that the insights garnered therefrom are accessible by members of this 

and other communities and they can be implemented and modified, as is most effective. Future advances now in 

development are discussed, along with the utility of these new capabilities and approaches.  

  



1. Introduction 

 

This paper addresses the critical need to respond to the current operations tempos that have generated a very fluid 

organizational restructuring on a recurrent basis.  Combined operations with allied nations further exacerbate the 

challenges of rapid development of team cohesion.  The forces simulation community and the emergence of virtual 

human technologies such as Natural Language Processing (NLP) hold out the promise of a computer-aided assistance to 

organizational behavior optimization.  The paper first examines the theoretical underpinnings of and research into team 

formation, especially those espoused by the late Professor Bruce Tuckman.  The application of these insights into the 

realm of national defense is then discussed, relying largely on the personal observation of the authors, who amongst all 

of them have accumulated nearly a century of service in the United States Military.  A report follows on recent advances 

in various technologies and techniques under the authors' purview that will be applicable in enabling a more optimal 

facilitation of team formation, focusing on the use of Virtual Humans (VHs) to mentor junior people during stressful 

evolutions.  Then the issue regarding consistency in terminology and standards in simulation and virtual humans is 

outlined and concern therefor is justified.  The paper closes with a summary of conclusions and an analysis of a vision 

for the future. 

 

1.1. Background 

 

Team formation is critical to success in virtually all fields of major endeavor in the 21st Century [1].  The authors hold 

this is particularly true in the defense of the nation, i.e. in the US Military forces.  This importance has attracted the 

attention of leaders, managers, and commanders and it has led to research in the dynamics of team formation [2].  This 

has become a major item of research in several related disciplines: social psychology, organizational behavior, 

management, and operations research [3].  In the mid-1960's a professor at The Ohio State University, Dr. Bruce W. 

Tuckman, advanced the theory that the process of work group formation should be broken into four stages [4].  In the 

latter part of the article he entitled his four stage of development as: Forming, Storming, Norming and Performing, 

which he revisited some dozen years later [5].  His work is now highly regarded and often cited; one compilation of 

academic research records references to his original paper reporting on his work at the Naval Medical Research Institute 

in Bethesda and lists more than 8,000 citations by other researchers [6].  

 

1.2. Tuckman's Phases or Stages [7] 

 

Forming: According to Tuckman, most teams begin with a process of orienting themselves.  Tasks and goals are 

identified.  This they do by evaluating team capabilities and contributions.  These evaluations serve to delineate the 

boundaries between personnel areas and among the tasks that will require 

attention. Coincident with testing in the interpersonal realm is the 

establishment of dependency relationships with leaders, other team 

members, or preexisting standards. It may be said that orientation, testing, 

and dependence constitute the team process of “Forming.” 

 

Storming: Tuckman sees the second phase in his model as being 

characterized by tensions and resolutions of interpersonal issues, all the 

while moving forward on task accomplishment. These behaviors are 

counter-productive and detrimental to team cohesion.  They are a 

hindrance to task accomplishment, so he labeled this phase as “Storming.”  See Figure 1.1 above for the Storming nadir. 

 

Norming: Most of these thatTuckman observed are ameliorated in the third stage. Team feelings and cohesiveness 

develop, and group standards achieve consensus.  Meanwhile, task accomplishment moves forward, allowing previously 

sensitive personal feeling to be expressed. “Norming” was the title Tuckman chose for this phase. 

 
Figure 1.1 Tuckman’s Team Dynamics [5] 



 

Performing: The last of Tuckman's stages is the one in which the evolved organizational and social structure has 

developed to be the enabler of task accomplishment. Capabilities and assignments have not only been accepted, they are 

now sufficiently flexible and efficient that the team can focus on performance and effectively respond to new 

challenges. The team is now at relative peace with the structure.. This phase was entitled "Performing" by Prof. 

Tuckman. 

 

The Tuckman model has been reviewed and there are some that, while acknowledging the impact the model has had, do 

see its limitations in terms of theory [8].  Some have been creative enough to also add a few stages that Tuckman did 

not address [9]: Transforming, Adjoining and Mourning are examples of suggested additions.  The model is commonly 

used by management personnel and it utility during implementation has been assessed [10]. 

 

1.3. Military Context 

 

The authors see a significant difference in the military organizational issues, as opposed to that of industry, non-

governmental organizations and academia.  These issues may be articulated alone, but they are synergistic in their 

impact on the issues addressed above.  As in all human behavior, observations may be insightful, but should usually not 

be taken as being either universal or dispositive. 

 

The first of these is the formalization and visible manifestation of the control structure.  The military is rigidly 

hierarchical and this hierarchy is trained, enforced, and detailed down to the “date of rank” level.  The relative position 

in that hierarchy is easily recognized across all of the US Armed Forces by way of rank insignia, clearly visible on the 

uniforms of all of the services.  Issues of date of rank and specialty designators, e.g. a Navy Restricted Line Officer like 

a cryptologist might conceivably out-rank an Unrestricted Line Officer, but would have to defer to him as to who was in 

charge on a Navy ship.  But, outside these rare issues, it is obvious to everyone in the service immediately knows “who 

is in charge.”  Another difference is the assumption of duty assignments.  The military is distinguished by a very 

atypical understanding of and mutual appreciation of job boundaries.  The team duty roster is much more ingrained and 

accepted than in civilian life.  The third item upon which the authors agree is that the military personnel come with a 

much more deeply ingrained sense of oneness.  This may be most clearly typified in the Marine Corps insistence on not 

having hyphenated Marines:  One is not a Reserve-Marine, a Woman-Marine, an Asian-Marine, a Cryptologic-Marine, 

or an “Anything-Else”-Marine: one is a “Marine” or not. Even unit patches are not common on Air Force, Navy and 

Marine Corps uniforms. The fourth and last issue is that of team development.  As opposed to some civilian industries, 

e.g. the motion picture industry, new team creation and formation are rarer in the Department of Defense (DoD).  Most 

teams one joins are already functioning and have achieved a personality of their own that often outlast even major 

changes of command structure.  The forming evolution may be significantly shorter in the military context. 

 

This is not to say that teams do not get “stood up” spontaneously.  One of the authors flew to NATO Sud in Naples with 

no foreknowledge of his duty upon arrival, only to find that he was the Officer in Charge of a group of some 24 sailors, 

one Senior Chief and four Lieutenants, virtually none of whom had ever met any other member of this ad hoc 

detachment.  They had come to augment the permanent personnel in the process of a major NATO exercise and were 

tasked with forming their own organization, with their own watch schedule, their own evaluation administration and 

their own mustering functions.  This occasion would not have been unfamiliar to most DoD personnel. 

 

Another issue with which most DoD personnel would be very familiar is the recognition of and adherence to the 

military job training and assignment principles.  The authors have all seen how personnel trained and certified in one 

occupational specialty, but manifesting a much greater skill in another needed capability, will be informally and 

exclusively assigned to duties for which they are neither trained not certified.  That tradition even finds its analog in the 

command structure.  There are times in the military when, while retaining the position of the titular head of a unit, a 

wise commander will designate much of the day-to-day operation of the unit to a more compelling and effective leader. 



Again, the widespread regard for mutual respect for position and hierarchy is invariably reflected in the junior’s strict 

adherence to deference to the senior, albeit the exercise of the command functions delegated to him from that senior.  

All of these issues keep the Tuckman insights in play, even in the military context.   

 

In addition to that, in the military, when a new unit is “stood up,” it is very likely that all of the personnel will not have 

ever met the others in the unit.  In the civilian experience, it is often the case that new teams are made up of a majority 

of members who have been on similar teams with the members of the new team.  Again referring to the motion picture 

industry, a producer usually has a reasonably free rein on the professionals he employs and some experience with the 

personalities of those candidates, e.g. it was well-known in the Southern California film industry that hiring David 

Niven would entice other actors to join the cast, as he was famous for his civil congeniality that made every film of his a 

happy production experience [11].  Military commanders have virtually none of that freedom in selecting their own 

crews. 

 

One major issue that the officers who are also co-authors herein see is the geographical separation of prospective team 

members.  The first several stages of the Tuckman analysis require personal contact and face-to-face experience.  The 

authors maintain that this is also best accomplished with a mediating senior being present.  Falling once again on the 

motion picture industry, there are often protracted face-to-face negotiations as to team composition and duties prior to 

the first day of team formation. 

 

The most salient difference could be the differences in goals.  A slow or mal-forming team in civilian life may lead to 

loss of money or competitive market advantage.  In the military context, the same delay or misbegotten effort in team 

formation may very well result in, not only equipment and monetary losses, but in mission failure or loss of life.   

 

The authors assert that many of the above issues can be successfully, and perhaps only, addressed by the effective 

application of computational science and global network communications. 

 

2. Virtual Humans Research 

 

One area of rapid growth in the computational sciences is the area of Virtual Humans and Natural Language Processing.  

As the world has recognized, early predictions of virtual human simulations and other advances in this arena have not 

matched the predictions.  Some areas have sprung ahead in ways not envisioned.  Dick Tracey's wrist watch phone has 

been put to shame by current models of smart watches that not only provide instant communications anywhere in the 

world, but also sense an unexpected fall and summon medical care on their own [12].  On the other hand The "HAL 

9000" fully conversational, sentient and self-aware computer from the movie Space Odyssey is still a significant ways 

off [13]. However, great strides have been made at USC's Institute for Creative Technologies and elsewhere. 

 

2.1. Advances at The Institute for Creative Technologies  

Artificial Intelligence (A/I) and Natural Language Processing have now 

achieved the stage in which personal conversational interfaces are 

possible. Acceptance of these means that large-scale implementation 

issues are increasingly seen as imminent challenges [14 ]. That, coupled 

with the popularity of hand-held devices such as tablets, MP3 players, 

and smart-phones has brought to the fore the issue of not over-

burdening these limited resources with data storage and data transfer 

requirements that would tax their memory storage limits and bandwidth 

constrictions. The Institute for Creative Technologies (ICT) of the 

University of Southern California has been engaged by the Office of 

Naval Research to conduct research on MentorPal, a computer-
 

Figure 2.1 – ICT's MentorPal Display  

 

 



generated mentor capable of sustaining a conversational series of responses to secondary school students who are 

considering careers, especially careers in one of the Science, Technology, Engineering, and Math (STEM ) disciplines. 

An early version is shown in Figure 2.1 above. The prototype for this interactive mentor targeted the Microsoft Surface® 

line of tablet computers. The limited power, RAM and secondary memory of these small portable devices mandates 

optimal sizing of all processes and data storage and transfer [15].  

 

The authors assert that the insights gained and the techniques employed apply to model reductions in practically any 

specific domain, rather than only to chatbots. Part of this assertion is recognizing the need to prepare for operations 

under conditions of limited computational power and data capacity, while at the same time designing code to make it 

amenable to scaling if a less constricted environment is available.  This would allow computer assistance for team 

formation, no matter where the team members were stationed prior to the teams converging. These constrained 

environment issues are known to be common in much of the work currently being conducted at ICT [16]. 

 

The basic objective of the Mentor PAL project was to provide a proof-of-concept version of career mentoring to 

students who may otherwise have no, or severely limited, access to advice or mentoring as they face the daunting task 

of selecting a career. The ultimate goal is to increase the number of technically trained personnel available. They might 

be used in the uniformed services or as civilian researchers for the DoD. To accomplish this, prospective career 

candidates may make other choices if they do not have someone to whom to speak who is experienced in and feels 

positively toward the desired careers. The authors envision a similar mentoring process in the team formation scenarios 

of the future.  Users, who do not otherwise, have access to a mentor, may benefit from a virtual mentor. The reason for 

such lack of access may be due to a number of reasons, the two most prevalent of which the authors hold to be: 

geographic remoteness and poor network connectivity [17]. 

 

The solution advanced by ICT was to produce a computer-generated mentor to be available via any system with the 

appropriate software installed. The user would be presented with a computer screen interface via which he could engage 

a mentor in a conversation-like exchange about issues of concern. Input from the user would be by text entry or audio 

speech recognition software. This mentor was envisioned as being both compelling and engaging. ICT advanced the 

position that the mentors would be most compelling and engaging if they were real people [14] recorded live and 

exhibiting a demonstrated screen presence.  

 

2.2. The Implementation Process 

 

Initially, a list of germane questions would be drafted.  Depending on the topic, this might total a thousand or so items. 

The creative process requires a broad knowledge of both the questions that are a part of the mentor’s experience and 

represent the questions that the target users are likely to ask. In the previous projects, the team considered input from 

several members who had professional and Navy experience in order to generate a thorough list of questions. A 

previous paper [15] discussed this process at greater length.  

 

The next step is to have the mentors record a varying number of video clips relating to their experience in the service 

and their duty in their own profession. These clips are then stored in a standardized database. When the user poses a 

question the program selects the most appropriate clip to play. This must be done very rapidly to sustain the desired 

“conversational” effect of the exchange. Based on the team’s experience with briefing users, the clips were designed to 

be on the order of 90 seconds or less. This technology rests on previous research into the use of Virtual Humans acting 

as program interfaces in counseling [18] (Morbini, et al., 2012) and in history capture [19](Artstein et al., 2014). The 

team found that these videotaped mentors are difficult to classify easily: sometimes being referred to as Virtual 

Humans, but they are actually intelligent agents that sequence and present recordings of real people. This has been 

termed “time-offset interaction” in some related work. There still needs to be a substantial corpus of carefully collected 

questions and answers available to the system that can be answered within the latency limits that circumscribe the feel 

of conversational dialogue. 



  

In Figure 2.2, the flow begins at the top left and proceeds clockwise through the process.  The icons are notional only 

and should not deceive the reader as to their importance, weight or size, e.g. the storage icons approximately the same 

image-on-page size, whereas, in physical fact they differ by three orders of magnitude in data size. The important steps 

are the data flows from the storage locations into and out of the computational functions. 

 

 
 

Figure 2.2 - MentorPal Notional Flow Chart 

ICT's Virtual Mentor Implementation 

 

3. Implementation Strategies 

 

Based on what the authors have observed in their professional careers and on what Professor Tuckman has developed 

with his research and several decades of further observation, the authors now turn their attention to problem areas that 

may be amenable to computer-enabled intervention. This paper takes the position that there are basically four areas in 

want of additional assistance:  

 Providing guidance, counsel, and stress relief during the Tuckman Second Stage – Storming' 

 Articulating acceptable "field expedients" featuring a more free-form skills assessment and assignment; 

 Helping to bridge the communications gap for personnel assigned around the globe. 

 Reiterating the imperatives mandated by the national goals and the lives that are in the balance. 

 

3.1. 24 Hour Mentor Access  

 

Using the technologies described above, it is possible to design, implement and field a set of mentors who are focused 

on assisting the prospective team members get through the roughest stages of new team formation.  Some enhancements 

to current capabilities would be useful, but just implementing what is already been proven will have a markedly 

beneficial impact.    

 



3.2. Implementing a Virtual New Team Formation Facilitator  

 

It is now possible to create a Virtual New Team Formation Facilitator.  A number of choices need to be made, but the 

decision is just a search of optimum effect and a wrong choice would impact efficacy, but would not be fatal to the 

concept.  And example of such a choice would be an animated literal virtual human, speaking with synthesized voice 

driven by text.  This is what was done in the ICT project called SimCoach.  The other option, which was discussed 

above, is the utilization of a thousand or so video clips of live humans.  This technique is often also called a "virtual 

human," but the purest point out the subject is not "virtual" at all, but a real, live human. This terminology difference 

will be addressed later.   

 

There are two known hurdles to this vision.  First: studying, evaluating, and collating the appropriate question data set.  

The authors have submitted a paper on this topic to another conference on how such a data set was created for the 

current project, called PAL3, A/I.  A read-ahead copy should be available by the time of the SIW conference in 

February.  Please contact Dan Davis, if you would like to read it [21]. Second, it has been the authors' observation that 

much of good mentoring is asking the salient questions.  The second is that NLP is very good at answering direct 

inquiries, but it would be a new investigating effort to identify, draft, implement and validate a series of germane 

questions or probes to get the users to discuss and analyze their issues on their own, as well as a bank of considered 

suggestion to resolve common issues that are "bound" to come up.   

 

It is envisioned that part of the solution will be to urge the participants to set up and schedule regular video conferencing 

meetings.  There are now a range of video conferencing programs available to the public at no direct cost.  Most of them 

now support multi-user sessions and various forms of document sharing.  The one issue that I think has yet to be 

resolved would be the participation of those relying in satellite connections: remote sites in areas not served by cable 

and ships at sea   The latencies imposed by the round trip to geostationary satellites can result in 900 to 1500 

milliseconds, which makes conversation problematic, and just the speed of light limits adds at least 550 milliseconds to 

the response time [22] and that is just enough delay to cause some minor disruptive interference to the normal flow of 

conversation.  Even so, it could be a very effective tool for resolving some of the counter-productive impacts of the 

Tuckman “Storming” stage. 

 

3.3. Standardizing Terminology 

 

In an emerging technology such as Virtual Humans, one of the issues that continually hampers the achievement of 

consensus as to progress and the discovery of the optimal path for future research is the lack of consistency in both the 

terms used to describe the various techniques and the absence of carefully considered quantification of performance.  As 

mentioned above, the term Virtual Humans is used in the technical vernacular to refer to any human avatar, be the 

image a true animation object portraying a Virtual Human or a really just a computerized delivery of a real live human. 

Comparative studies are needed to show the relative costs, time constraints, performance, and impacts of both 

implementations.   

 

The call for more studies on performance brings to light the need to better quantify many factors now left to subjective 

assessments like face validity and anecdotal reports.  The human behavior disciplines, e.g. social psychology, systems 

engineering and operation research rely on quantified measures of merit in order to produce the analyses that would 

facilitate future analyses and enable more optimal pursuit of goals that would result in actual benefit to the Warfighter. 

 

The simulation community may be able to make good use of the experience of the standards discipline in managing the 

standards for various physical and process operation.  Just this professional expertise could help the simulators in 

creating and promulgating and new lingua franca for Virtual Human research. 

 



4. Conclusions 

 

While there is yet much to be accomplished, the early progress in Virtual Human implementations has shown both the 

promise and the problems in this simulation discipline.  This paper has attempted to lay out these by using the work of 

Professor Tuckman as an exemplar of the issues before the researchers. 

 

4.1. Team Creation is both Essential and Fraught with Peril 

 

Both the research of Professor Tuckman and the experience of the authors support the proposition that team formation 

in large organizations is essential to the achievement of organizational goals.  The fusion of disparate personalities, 

often initially located in site remote from each other, is critical to success.  There appears to be a significant lag in team 

efficacy and this lag may be significantly different in civilian and in military environments. 

 

4.2. Emerging Technologies and Capabilities in Simulation and Virtual Humans may be Effective 

 

In virtually every human endeavor, there is a need for mentoring and mediation in order to optimize both the timely 

achievement of goals and the optimal efficiency in that achievement.  This is especially true in the military where goals 

have national survival implications and costs are human lives. Operations schedules and funding constraints may make 

the use of computer-generated human avatars more feasible, especially in the light of geographic dispersion of 

personnel that will form the envisioned team. 

 

4.3. Research and Implementations are Hampered by a lack of Standard Terminology and Quantification 

 

For future research to be effective and rapid, a set of community standards needs to be defined and adopted.  Much of 

the work centers on human behavior and a new area “Virtual Human Behavior.”  These are areas in which there will be 

a need to compare capabilities and progress.  This situation bespeaks a need for both community-accepted terminology 

and rigorously-defined quantifications.  The existing standards professionals could be of invaluable assistance in this 

process. 

 

4.4. Performance Curve for all Four Phases: Study and Remediation 

 

The degradation of performance indicated in Figure 1.1 is of significant interest.  An effort to characterizing, 

quantifying, and ameliorating that degradation in defense environments is warranted by the authors’ observations and 

should prove useful in understanding the dynamics of the relationships that are so important in combat situations.  

Improvements here should reduce material losses, minimize loss of life, and improve mission accomplishment. 
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