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ABSTRACT

This paper examines the use of literature studies to enhance communication and critical thinking skills in technical students through the application of emerging Virtual Reality (VR) technologies to enable that pedagogical approach. The current state of analytic skills among students in Science, Technology, Engineering and Mathematics (STEM) tracks are outlined, focusing on the critical years in secondary schools. Their prospective needs as they advance into tertiary education and the needs of the technical community for improvement are presented. The requirements flowing from that analysis will be discussed in the light of programs implemented at the Sato Academy, with reports of both successes and missteps. In some detail, the use of the study of literature is described and discussed. The authors present their case for constructivist and Socratic approaches to fully engage and effectively inculcate communication proficiency, including conformance with standards, e.g. Next Generation Science Standards (NGSS). These results are then compared to the demands of college and professional leaders who are currently being burdened with having to provide disruptive remedial efforts. The methods found to be successful are considered, both in terms of their application and their extensibility to other fields. Also highlighted will be areas in which time and personnel constraints hindered achievement. A number of possible responses to these impediments will be presented, evaluating the feasibility of each. The paper will then focus on the advances in virtual humans and conversational avatars. Recent research into using large libraries of video-clips to create engaging on-line virtual tutorial conversations will be presented. Data as to the receptivity of students to conversing with computer-generated interlocutors is presented, along with a discussion as to how this technology is applicable to teaching the analysis of literature. The benefits of and the barriers to virtual tutorial environments are outlined and analyzed.   
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INTRODUCTION 

[bookmark: OLE_LINK1]Academics, employers and military leaders all call for improved critical thinking and communication skills in their admittees, employees and inductees.  Many useful approaches have been conceived, tested, and advanced as responsive to those calls.  There are a wide range of hurdles to general implementation of many of these approaches.  Emerging technologies and techniques may provide a way to overcome these hurdles.  This paper first discusses and substantiates the existence of these problems and the criticality of resolving these issues.  The efficacies of some of the many pedagogical solutions proffered are then considered and documented.  The obstacles to those are then laid out in more detail.  In response to that group, the advances in modeling and simulation technologies such as conversational computer agents and virtual tutors are reported.  Then the specific ability of the virtual conversational environments developed at the University of Southern California to enable the widespread implementation of the aforementioned techniques is asserted.  The paper closes with a rigorous analysis of potential roadblocks to adoption of this synthetic approach.

Background

We all live in a society in which required skills are most often centered around two basic sets of abilities: the ability to think critically and the ability to communicate effectively.  The very existence of the nation depends on there being a wide distribution of these capabilities throughout the population. And yet, neither of these areas is mentioned in an iconoclastic speech by a former New York State Teacher of the Year in his famous "The Seven Lesson School Teacher" (Gatto, 2019). He list Confusion, Class Position, Indifference, Emotional Dependency, Intellectual Dependency, Provisional Self-Esteem, and One Can't Hide.  One would note that many of the lessons he says he was directed to teach were actually antithetical to the encouragement and growth of both critical thinking and communications. Many have read his objections and studied his suggested remedies, which he asserts were very effective. 

Lest one think that his was the voice crying in the wilderness, in the late 1980's an innovative Professor of Computational Neuroscience   at The California Institute of Technology (Caltech), became enamored of the idea of introducing computer technology into the K-12 classrooms to assist in the teaching of scientific thought and method.  What he found was that science is not being taught in the schools; science facts and history are being taught.  (Bowers, 19..)  His efforts were recognized with the foundation of CAPSI (CAltech Precollege Science Initiative) that developed a new approach to science education, focusing more on underlying philosophy and methodology. However, this method was not easily understood by the K-12 instructional staff.

More germane to communication skills, a college instructor in English Composition was recently approached about the state of communications instruction at the college level.  His response was that the problem had been solved; some years ago, the Writing Across the Curriculum project was formed in 19.. specifically tasked with improving technical writing skills among college graduates, especially technical personnel.  

In each of the cases above, a problem was identified, money was spent, and victory was often claimed.  And yet, industry leaders and college executives complain today that there is a wide gap between what they expect from the new acquisitions and what they find.  While on the staff at Caltech, one of the authors had countless tenured professors complain to him about the lack of independence and critical thinking amongst their undergraduate and graduate students.  Many of the more senior professors said that they noted a significant decline in the qualities of creativity and drive in their students.  The decline they noted began in the last few decades of the twentieth century.  Another issue came up during an informal seminar at the University of Southern California.  The discussion was centered on the qualities of creativity and vision amongst professionals with PhD's.  One of the anecdotes related was that recounted by a non-technical participant of the seminar.  He stated that he was amazed at how many PhD's in his organization came to him and asked him for ideas on which they should be working.  He noted that he grew up believing that PhD's were all blessed with a surfeit of ideas they wished to pursue, had they the funding.  However what he found was that there were a number of PhD with no significant vision or drive to pursue ideas of their own.  Two of the more erudite PhD's at the meeting suggested that it was their experience that only 20% or so of the PhD's they had met were suffused with the energy and enabled by the vision to fashion their own research.  The rest, they said, were just very intelligent lab technicians.  As you may imagine, they would prefer not to be cited by name.

Added to that are the continuing complaints from both industry and academia about the lack of both critical thinking and communications fundamentals.  Anyone who had read through the papers submitted and sat through the public presentations thereof would say that anyone has a basis for asserting that critical thinking and communications skills are rampant in the technical community.  

One suggestion for that failing is that the nation is in an area for which there is no precedent and that the pace of changed and the acceleration of technical obsolescence is not challenging the Darwinian concepts of evolution and its ability to adapt and adopt a new environment.  It is an often asserted analysis that the current education system was effectively and manifestly successfully designed to take a young farm hands out of the fields or young housekeepers out of domestic service and condition them to accede to the schedule demands and disciplinary rigor that was required for the production line or the garment factory sweat shop.  These techniques, albeit successful in that context, are not optimized for creating critical thinking or articulate conveyance of ideas.  The same can be said of the warfighters; the lock-step advance into the muzzles of Napoleonic cannon are a far cry from today's NCO's' need to be diplomat, ethicist, and community organizer in a foreign culture, as well as an effective tactician and disciplinarian.  And yet, education is one of the most conservative communities.  In the midst of the Renaissance, who was popular?  Not the current stars, but the philosophers of old: the central figures of the classics.  

Taken that as a possible insight, consider once again the seven lessons of the New York teacher of the year.  Most of his lessons would not only be useful on the assembly line or in the woolen mill, they would be necessary.  But, the future does not await the nation; it is upon us now.  Foes, both asymmetric and hegemonic nation-states vie for technical, military and political ascendency over the US.  So a solution is not only desirable, it may be existentially obligatory. 

As to the claims of those who tout successes, it would be prudent to investigate metrics.  Specifically, in the case of Writing Across the Curriculum (WAC), the English instructor noted above provided a cite to the following article: Assessing Writing across the Curriculum: Diverse Approaches and Practices. Perspectives on Writing: Theory, Research, Practice. Volume 1. (Yancy, 1999)  When analyzed, it mainly focuses on methods.  When it came to results, it offered participation metrics, : How many campuses served, how many WAC officers, how much spent, …  Missing are: how much it changed abilities, how satisfied graduate schools are with new admittees' writing skills, how many employers are pleased …  WAC began 34 years ago, and yet the complaints seem to be the same today as they were then.  One may wonder if that is a matter of a sampling mistake or reporting paucity.  Yet personal anecdotal evidence is present.  One need only ask: What was the quality of the last professional paper that one has read?  How many of the presenters at the last conference attended were good speakers?  This paper asserts that the issues of critical thinking and competent communications are still present and debilitating.  

Alternative Approaches

The intuitive directness of the lecture method is so intuitive that there is little doubt that it has been widely employed since the beginnings of human language.  Certainly from early in the written history there are stories of teachers speaking to groups about things they needed to know.  It was not much longer after that when the approach of questioning the student to help them focus in on the truth on their own made its appearance. This method is most often referred to as the Socratic Method. In the United States, this method is employed in classroom settings most often in Law Schools.  For those who did not attend a law school, a very realistic version of the application of this method can be found in the film: The Paper Chase (Paul, 1973).  

Much later, in the late 19th century, a Finn named Uno Cygnaeus developed a craftsman-based approach to woodworking entitled Educational Sloyd that was a progenitor much of the current pedagogical approaches to learning.  He and his adherents like Otto Salomon maintained that this experience oriented learning, in which the teacher acted only as a facilitator, was a more natural and more deeply absorbed way of learning that would naturally transfer over to other academic pursuits. (Thorsteinsson, G., 2014). These methods have been used in the US and are still mandatory in some countries of Scandinavia and are popular in the UK.  (Wood, 2011)

The concept of the teacher, as a facilitator only, finds the most common expression in the Constructivist pedagogy.  Finding its underpinnings in the writings and theories of the Swiss psychologist Jean Piaget, Constructivism purports to inculcate self-efficacy in its students by posing a challenge that requires mastery of the subject of study and letting the student proceed without detailed direction. (Alt, 2015) They begin by identifying which skills need to be mastered to achieve their goal and then master them.  This approach putatively addresses several of the issues mentioned above: focus on topics, real-life relevancy, communication skills, analytic approach, and progress feed-back loops.   

A common factor in all of these pedagogies is that they require a very well prepared class leader, a very disciplined instructor who can resist the temptation to show the students the "right" way to do something, and a significant amount of space to engage in individual experimentation and development.  Many of these factors seem to explain the reason that these methods have not been more widely adopted and are often abandoned, despite good outcomes being observed.  
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