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ABSTRACT: A new look at an old initiative has been stimulated by the emerging technologies called "XR". As
Virtual Reality(VR) and Augmented Reality(AR)have emerged, they have begun to overlap, leading to the ill-
defined concept of Extended Reality or XR. The emergence of this concept has spawned many novel approaches
to wide spectra of issues, but this paper takes a retroactive look at and a promising concept for developing a
computer-generated therapist. Both emotional and speech therapeutics might benefit from this new capability.
Back in 1971, the Eliza program had been conceived. It was designed and implemented at the Massachusetts In-
stitute of Technology (MIT). That program was one of the earliest attempts at Natural Language Processing
(NLP) and virtual conversations. The consensus was that it fell short of the mark due to technical limitations. The
paper lays out this genesis, the subsequent work, a review of the criticisms, and an outline of its legacy. Skipping
forward, the progress in NLP is surveyed, with particular emphasis on the MentorPAL project at USC. The con-
stricting limitations of the Eliza instantiations are covered in some detail, and then the ability of XR techniques to
address them is listed. In these processes, careful attention is paid to the use of standards to both facilitate and
evaluate the progress toward a truly effective Virtual Therapist. Both the benefits and risks of such a program are
laid out, with very detailed attention to the metrics for success and the safe guards against exacerbating the sub-
ject's condition or creating dangerous reactions that could result in injury to the subject or the public. This opens
us a serious discussion as to safety standards. Some of these safeguard techniques will entail both computer code
functions to identify dangerous situations and procedural directives to guarantee live-human oversight of pro-
gress and interventions. Paths forward will be identified and discussed. Costs, risks and maintenance will be
briefly considered. Potential extensibility into other analogous activities will be set forth, again with an eye for
standards designed to promote such extensibility.



1. INTRODUCTION

The standards community is facing a challenge that is not really found to any reasonable degreed in the history of
humankind: the virtually explosive conception, implementation, adoption and distribution of revolutionary technol-
ogies. This paper uses a known example of the radical changes in technologies that could not even had been envi-
sioned until a half century ago and really has not become realistic in the last decade: a conversational computer
agent acting as a mental health therapist. In considering how dizzying this rate is, one would need only remember
that one of the greatest defense technological changes the world has ever seen was the introduction of iron weapons
at the end of the Bronze Age. That earlier weapons technology had been ascendant for approximately two millen-
nia, ~3,200 to ~1,200 BC [1]. That transition was rapid if compared to previous technical changes, but even this
dramatic advance from bronze to iron took about 700 years to accomplish in any acceptance approaching continental
propagation. The technologies referenced hereinbelow have spread globally in less than seven years a rate that is
100 times faster than that of the move from Bronze to Iron, that really did not even become global until the infusion
of Europeans into the Americas in the 1500's, nearly three millennia after iron was adopted in the eastern Mediterra-
nean.

The demise of technologies is similarly accelerated, as emerging technologies threaten, then supplant existing tech-
nologies before the displaced technologies have time to adopt standards for their usage. This rapid supersession of
technologies was a major focus of Clay Christensen's work on "disruptive technologies.” [2] This may call for a rap-
id prototyping of standards, the way technologies are sometimes forced to emerge in times of stress, as many tech-
nologies do in times of war.

The paper will begin with a quick look back at whence we have come and why the needs for standards are so great
today. That will also suggest how the type and range of standards has grown and the channels for communication
have changed, becoming as important as the content of the standards, definitions and processes have gotten much
more complex and problematical. The origins of the virtual therapist will be used as a model for these issues and an
exemplar of necessity of a dramatic increase in the visibility of the effort.

1.1. Background

Computer generated conversational agents to perform mental health therapy was one of the early non-military uses
suggested for the emerging digital computing capability that had witnessed phenomenal growth during World War 11
for both cryptologic and long range artillery analyses [3]. A program named ELIZA was conceived and implement-
ed at the Massachusetts Institute of Technology in the late 1960's. [4]. ELIZA was designed to use a pattern-
matching algorithm to emulated an initial interview by a psycho-therapist trying to establish a trusting relationship
with a patient. The interface as typing on an electronic keyboard, attached to the computer. One of the authors of
this paper was engaged at the University of Colorado at Boulder to participate as a subject. The program was being
run on one of Seymour Cray's CDC 6500's (Figure 1.1) that had approximately 400 KB of memory in 60 bit words
[6] and had a clock speed of 40 MHz and cost on the order of $70 million in 2021-dollars and weighed on the order
of five tons. It can be reported
from personal experience, the
conversationality of the program
was so severely limited as to
make any use of it beyond con-
templation.

For comparison, the paper is
being prepared on a computer
with more than four orders of
magnitude more memory and at
speeds that are two orders of
magnitude faster. All this at a
cost that is now four orders of
magnitude lower and weighs less ‘ ;

than three orders of magnitude Figure 1.1. A CDC 6500 at Purdue University, ca. 1970 [5]




lighter. But this paper asserts that this is not where the real progress has been made, in terms of the need for effec-
tive, compelling and accepted standards. It is in the ever more complex, sophisticated and robust software based on
evolving understanding of some very non-physical parameters and processes: the human emotions. The developers
of the original flight trainers like the Link Flight Trainer [7] almost
surely did not contemplate the complexity of the modern
battlespace simulations [8] so would not have concerned them-
selves much with the ways in which their devices input external
data and out-put device data as to position, orientation, speed and
direction.

Sept. 29, 1931 1,825,462

Naturally, the crew working on ELIZA would not have had much
cause to consider just which parameters of their program might
need to be standardized and which metrics needed to be considered
by the user community to allow a rapid and quantified assessment
of learning goals, pedagogical efficacy, knowledge persistence and
validity criteria. These needs are exacerbated by the rapid advent
of emerging technologies, the almost instantaneous adoption of
new technologies by national foes and the rapid obsolescence of all
of today's newest and most fashionable breakthrough. The com-

munity no longer has centuries to perfect and accept new technolo- Tig2. Py
gy. However, new developments in computing, both hardware and o
software have exponentially increased the dimensions that need to Figure 1.2. Link Trainer Patent [7]

be considered. The researchers sitting at an electric typewriter

terminal in 1971 sought a reasonable response to simple entries to the computer; the same researcher today is faced
with a much more realistic representation of the therapist, a much richer set of parameters in the users input, and a
new set of issues with the prompting of the user. These may be seen as the recognized disciplines of Virtual Reality
(VR), Augmented Reality (AR) and Extended Reality (XR), each with their own sets of terminology and needs for
standards.

2. IMPLEMENTATION

2.1. A Personal History of Computer-Generated Therapist

As one of the authors (D. Davis) sat in front of the electric typewriter in 1971, typing his inputs to a CDC 6500 that
was connected by a phone-Modem to the off campus lab where he was working, it was clear that the interface was
very non-human and quite frustrating. Random long delays and regular shorter latency issues made the "conversa-
tion" torturous at best. Most of the standards were communication-related and none had to do with human factors or
reality evaluation. Simple typos were not recognized and half decade later it is a distinct memory of getting upset
when one typo led to a misunderstanding and attempts to get the computer to recognize the mistake repeatedly
failed, resulting in the user transmitting an Anglo-Saxon term for a body-function. It is worthy of note that the CDC
6500 finally recognized that as important and responded: "You seem upset.”". Correct!

Some 50 years later, a new team recognized a shortfall in the number of Science, Technology, Engineering, and
Math (STEM) professionals, for which many hypotheses have been advanced [8]. These include negative images of
technical fields in the media, lack of awareness of the range of STEM careers, and mistaken notions of the actual
working environments of both technical and non-technical professional fields. In many cases this is exacerbated by
the lack of easy student accessibility to technical personnel, especially among students who are younger, who come
from lower socio-economic-status households (SES), and those living in communities that are geographically re-
mote from centers of technical activity (e.g., rural areas). The computer generated mentors to address these issues
were developed in a project called MentorPal.

This project envisioned two complementary types of STEM outreach which were combined and they were designed
using common languages (e.g. C++ and Python), to make them easily extensible on other platforms. Through both
the use of the technology and by explaining the technology, the USC researchers sought to increase the students’
awareness of the range of activities that STEM personnel perform. They discussed the wide variety of personalities



of technical personnel and the paths that lead to various technical careers.

The major new function that set MentorPal and its contemporaries apart from ELIZA is the vectorization of lan-
guage to enable Natural Language Processing [9]. This process indentifies words as humerical vectors and then clas-
sified depending on such characteristics as frequency in a group of documents, relationships to other words, and
other relationships. Having done this the computer can make assumption about how this vecrtorized word is used. In
the case of the current work, the words in the question can be rapidly identified and characterized, then matched
digitally to the closest vectorized value of one of several hundred video clips, all within 500 milliseconds to retain
the impression of a "live" conversation. Students report a high level of “conversationality" both in oral in-person
interviews and in casual evaluation summaries structured in a classic Likert-style survey.

Table 2.1 User Straw Poll Results

44

wess  Responses from Users ™

Age:X =18.6 Gender: M: 27 F:17 College Major/Career Choice: __MOstlySTEM
Please Circle the numberthat best

describes how you feel. 3:233?3 Disagree | Neutral | Agree StAr;pe%Iy

1. 1 think or worry about my
future life almost every day.

2. Having easy access to better
career advice would be useful.

3. | liked the on-line mentors and
learned from them.

4. The mentor's answers were
on-target and useful.

5. The responses seemed
“conversational” and real.

The MentorPal project draws from earlier approaches using some of the same underlying natural language dialog
technology, known as NPCEditor [10], which specializes in question-answering agents. NPCEditor is one of the two
methods used by MentorPal in selecting the best video clip to respond to the users' questions. An early use-case for
NPCEditor technology was for an exhibit at the Boston Museum of Science called The Twins, where visitors inter-
acted with dialog-based virtual agents who could answer questions about computer science and about how they
worked [11]. Follow-up research adapted the underlying dialog technology to reproduce the experience of having an
experience with Holocaust survivors, by delivering recorded video clips of the survivors as responses, as opposed to
driving virtual characters [12]. These systems identified a variety of interactions and social dynamics, with a typical
presentation including a facilitator who would work help a group of visitors take turns asking questions from the
system. However, compared to these prior systems, MentorPal has been designed with a strong emphasis on lower
cost (e.g., smaller question sets) and one-on-one dialog (e.g., limited testing with groups of users).

The focus of MentorPal is on emulating the experience of an informational interview, such as the kind a student
would have with a mentor at a career fair. This can be contrasted against mentoring systems that are designed to help
students working on a specific project, such as AutoMentor [13]. It can also be contrasted against intelligent mentor
agents who support metacognition as part of an open learner model [14]. Compared to these systems, MentorPal is
not intended to build skills. Even among mentoring agents who also handle question asking and familiarization, such
as the SimCoach system [15], MentorPal is distinct due to its focus on subjective experiences. Instead of a general
description of STEM careers or fields, it is intended to help learners identify a mentor whose experiences resonate
with them and that enables them to explore realistic visions of careers that they might pursue.

2.2. A look at project progress
After several small group evaluations by secondary school students, the team found it desirable to spend a few

minutes discussing the entire topic of career selection with the students. Their almost universal lack of context for
decisions was somewhat tempered by one of the research team and the student engaging in a face-to-face conversa-



tion before the student logged in and started to interface with the on-line MentorPal. The team maintained an on-line
presence of the MentorPal for the three-year duration of the project, with the concomitant increase in features, ro-
bustness, interface usability, and content value. No significant latencies were experienced during the on-line use, but
all testing was done in the State of California, where USC's servers were located, so "non-conversational latencies
may exist for global uses. This is another area that may be an important topic for standardization. The question be-
ing: what latencies typically destroy the impression of conversation.

The program was field tested at a STEM fair on the University of Southern California (USC) campus in 2018. Due
to significant differences in content and changing user familiarity with technology as in earlier work with Natural
Language Editor and similar systems, a live STEM fair exhibit offered a different perspective on interactions with
this kind of mentor. For a STEM fair it was not certain if students would find the system novel (e.g., due to greater
availability of useful virtual assistants). Prior testing with MentorPal was conducted with one-on-one use (e.g., a
student sitting at a computer), so it was part of the research to observe how different students would interact with the
MentorPal system when they were part of groups or an entity in parent-student dyads.
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—

Fiaure2.1. MentorPal at STEM Fair at USC 2018

There is an effective current methodology for:
e  Asking questions
Cleaning transcripts
Improving these models
Classifying new paraphrases
Putting these into dialog models
Establishing alias tags for questions.
Converting the questions into transcripts

Building a useable interactive virtual mentor from recorded videos took up to 20 hours of video footage to provide a
broad coverage of responses, with approximately 60 hours of additional time for subsequent processing: about 40 for
preprocessing transcripts and 20 for post-processing dialog models. Because a long-term goal of this project was to
enable recording any person as a mentor (without researcher or administrator intervention), improvements to the
current pipeline were noted when discussing each step of the process.

The operative question-set consisted of four types of questions:
a) Pre-set questions that are asked for all mentors (~70% of questions)
b) Mentor-specific questions related to their career or life experiences (~10%)
d) Mentor-specific common questions observed in students to mentor chat logs (~10%)
c) Follow-up questions identified in interviews and were relevant to mentor responses (~10%)

Typically, the mentors were recorded in five or so sessions (each about three hours long) to cover the question set.



These sessions have a mix of these topics, with a follow up section for each session. After the initial sessions, re-
recording sessions are held to record new answers to bad video clips or to record answers to common questions that
were not recorded (i.e., the fourth type of question). Each follow-up session typically lasts for about 45 minutes to
an hour. These follow-ups are important because they assist with creating a more natural conversational flow, by
enabling the mentor to answer questions that are likely to be asked after a student has heard a particular response.

Recording involved calibration with help from project staff in order to ensure that the recordings are consistent and
the responses are appropriate to chunk into useful videos. Standardization included ensuring that the mentor main-
tains a resting position three seconds before and after the question is answered. The resting position was set at about
the same spot throughout the recordings, to avoid “jumping” where a mentor’s next statement has a totally different
head or body position. In addition to this, the mentor was urged to display emotion, show smiles, tell stories, and use
hand motions to provide engagement. So far, each recording was standardized by using the same low-cost equip-
ment setup (webcam, microphone, backdrop), which is shipped to mentors, who are not uncommonly located re-
motely. After recording, either the mentor (if remote) or research staff uploaded the session files to cloud storage for
post-processing. Overall, this approach has worked effectively, with the quality of recordings and transitions
significantly higher than was initially anticipated. Sound quality has occasionally suffered,

One of the most perplexing issue that was significant departure from the ELIZA test was the lack of student ability
to ether generate or to frame parameters for a "good career." When asked, one student defined a "good career" as
one in which he could earn enough

money to buy a I_amborghini_ Even MENTOR PAL Clinton Anderson: Nuclear Electrician's Mate 8&‘1“%‘;‘3&%
were he to have been jesting, that
shows a lamentable lack of serious
thought about what constitutes a
fulfilling career. But, detecting
sarcasm and addressing moral and
ethical issues in a compelling and
meaningful way are putatively out-
side of current capabilities. This
area brings into sharp focus the
implementation of an AR capabil-
ity that would seamlessly interject
a set of suggestion of what may be
important in the choice of a career.
As a stop-gap measure, a series of
suggestions was developed and
listed in a button box at the bottom
of the MentorPal display. Below ¢
those is the panel for typing ques- Figure 2.2. MentorPal Display showing suggested topics.

tions if the ambient noise is too

loud to allow for a microphone and voice-recognition to be used as the input interface for questions from the user.
The videos were shot with a plain background, but any background image can be applied digitally. In Chief Ander-
son's case, an unclassified photo of a nuclear control panel could be substituted.

|

An effective AR adjunct to the current program is currently under consideration. Victorian ideals of proper social
behavior held that each "civilized" conversation should be made up of three parties, two people actively exchanging
ideas and a third monitoring the conversation with interest and acting as a sort of intervener to facilitate the discus-
sion. That entity in the planned next generation of the MentorPal effort would be yet another computer agent who
would keep track of the conversation, analyze the vectorized text for confusion, monitory body language and voice
tone for stress or boredom and then intervene in an Augmented Reality context by interjecting a question, either by
text on the screen, or a more life-like interposition of a Video-Con interface with a new character, e.g. suggesting:
"Maybe you'd like to ask the Mentor about his favorite story about his career field.". This intricate interplay of the
live user and Computer Agent 1 (mentor) and Computer Agent 2 (other conversation participant) would be rife with
needs and opportunities for standards of terminology, interface design, uses and metrics.



2.3. What needs will grow from anticipated progress

The systems that had their genesis in programs like ELIZA and are experiencing their current effective implementa-
tion in programs like will need a whole new series of standards in terminology, interface interoperability, utility and
metrics. Some of those are already being studied by SISIO [16]. The issues they are studying are manifold, but this
discussion will look at some that may come up from this narrow field of virtual conversational computer agent. The
information may well relate to both animated agents like SimCoach or video-clip agents like MentorPal. As stand-
ards often apply most importantly to interfaces, a notional diagram of information flows in the future virtual conver-
sation agents may be illustrative. As it is the program with which the authors are the most familiar, the vision dia-
gram will focus on an extension of the MentorPal project. It should be noted and the paper's author recognize that
this is a researchers' vision, informed by professionals from the stakeholders' communities, but not vetted by nor
endorsed by major contractors or suppliers. It is clear that they will be the segment of the larger technical communi-
ty that will do the "heavy lifting," so the flow chart offered below should be viewed with that limitation in mind and
any member of the industry who wishes to comment on the paper is invited to do so.

As outlined above, the MentorPal of the future is anticipated to have three major actors and a plethora of non-active
stakeholders including families, educators, employers, political leaders, and society at large. The three major actors
will be identified as the user (mentee), the mentor (computer agent) and the mediator (currently staff, but in the fu-
ture another computer agent.

There are, of course risks in any new endeavor. This may especially obtain in using new technology to guide young
people. While no compelling research was found supporting it, the authors' uniformly have known people who have
chosen the wrong career and paid a heavy price for the mistake in terms of stress and lack of fulfillment. It is a sig-
nificant risk to turn this duty over to a computer. While the computational answer have very attractive characteris-
tics: objectivity, accessibility, scalability, and economy, the costs would be high if the activities were not carefully
monitored by caring adults, well-versed in adolescent vulnerabilities and the damage that incorrect advice might
give.

The US Bureau of Labor Statistics (BLS) reports the future for careers in High School Counseling is good, so reliev-
ing the student load on each of the live counselors may be a good plan. The projected near-term outlook appears
below.

Table 2.2 BLS Occupational Outlook for School and Career Consolers [17]

Quick Facts: School and Career Counselors and Advisors

$58,120 per year

2020 Median Pay & $27.94 per hour

Typical Entry-Level Education 0 Master's degree

Work Experience in a Related Occupation & None

On-the-job Training & None

Number of Jobs, 2020 & 322,000

Job Outlook, 2020-30 & 11% (Faster than average)
Employment Change, 2020-30 & 37,000

Balancing that is the fact that many report inadequate, ill-provisioned and poorly supported secondary school aca-
demic counseling offices. One counselor told the team that they spent twice as much time on behavior training and
delinquent activities than they did on academic counseling. There is also the factor that many parents are inade-
quately trained or experienced to give good advice. Wake Forest University reported that high school security offic-
ers out number counselors in four out of ten of the largest school districts in the country. The American School
Counselor Association’s (ASCA) recommendation of one counselor for every 250 students [18].

While causality is always an issue, the high schools where school counselors have fewer students to care for also
have lower rates of student suspensions and fewer disciplinary incidents. The causality issue is where a well-trained
counselor would want to work. Such issues are sensitive, so there are clearly more studies from countries other than
the US regarding these matters.



These data suggest that career counseling may not be the top priority for secondary school counselors. The successes
of the SimCoach program, mentioned above, may hold some promise that such a program might ameliorate the is-
sues in high schools. Some adolescent behavioral problems mirror the challenges faced by the veterans with PTSD.
Have a non-judgmental mental health counselor would be within the range of the MentorPal like systems, with only
the figures of merit needing to be addressed to make the change to behavior counseling from career counseling.

The risks of relying too heavily on machine counseling would be even more true in this case, but a series of sub-
routines could be established to "red-flag" either self-destructive or violent behavior. Consistent and concerned live
human review would help avoid untoward collapses of the safety net for young people. This is a serious issue and
the reasons for teen suicides are under constant study and are known to be impacted by adequate and available coun-
seling [19].

The 24 x 7 availability of a system like the ones described above make it very attractive for this type of duty. While
the computer generated response may lose of few, it may save many more than continuing the way we are now. In
any case, the basic concept will remain the same and the standards for a career counselor may be found to be easily
extended into suicide prevention. The data flows would be similar and the Neural Net Training to learn to recognize
the differing levels of threat would equate to the Neural Net Training to optimize career choice.

The risks of relying too heavily on machine counseling would be even more true in this case, but a series of sub-
routines could be established to "red-flag"” either self-destructive or violent behavior. Consistent and concerned live
human review would help avoid untoward collapses of the safety net for young people. This is a serious issue and
the reasons for teen suicides are under constant study and are known to be impacted by adequate and available coun-
seling.

The 24 x 7 availability of a system like the ones described above make it very attractive for this type of duty. While
the computer generated response may lose of few, it may save many more than continuing the way we are now. In
any case, the basic concept will remain the same and the standards for a career counselor may be found to be easily
extended into suicide prevention. The data flows would be similar and the Neural Net Training to learn to recognize
the differing levels of threat would equate to the Neural Net Training to optimize career choice.

Although it is early on in the process of determining the goals and utilities of a 3™ Party conversation participant
fulfilling an AR role, some form has been advanced by the research team. The person might act in any or all of a
number of roles:
e  Prompter for a "frozen" student
o "Why don't you ask the Mentor what he likes about his job?"
o "What do you think you would need to know about the working conditions in a career like this?"
e Reinforcer of the Mentor's positions
o "l agree with the Mentor; most of my best friends were work colleagues."
o "l think I enjoy this kind of work even more than the Mentor does."
e Evaluator of the Mentor's Suggestions
o "The Mentor may be right about travel, but | had a different experience."
o "Here's what | did in my career that had a different outcome."
o "Did you really mean that everyone you knew enjoyed that aspect of your work?
e  Tale-teller of germane stories
o "What the Mentor said happen to me too, but this is how it worked out.”
o "That brings to mind a really interesting issue that might fit your case too."
e  Questioner of the Mentor directly
o "Mentor, why don't you tell the user the story about your winning a best paper award."
o "Don't forget to mention the times you got to work on-site and lived in a tent for a week."
o "While I know you liked that, | have to say it wasn't my favorite job. How many others liked it"

So a flow diagram for one program would look much like the flows for another, but the labels on the flows may
change a little. The functions of the Virtual Third Party computer generated conversationalist are intended to be very
flexible, so their functions and necessary data flows may change significantly.



The proposed vision may look something like this:
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Figure 2.3. Notional Flow Chart for Envisioned Next-Generation MentorPal

While the coding has not be undertaken yet, everything on this chart is feasible and will no doubt be accomplished
or something very much like this will become reality soon. The addition of a "trained" virtual 3" party to the con-
versation is intended to make the user feel more like they are in a rational discussion. The research paths are open to
all in this field and as has been said, "If one person has an idea, one could be assured that several others had the
same idea and are already working on it.

In any case, looking at the flow chart, virtually every arrow carries with it the high likelihood that standards will be
needed and if not carefully thought-out and crafted, they will grow in ways that will make later consensus difficult
and rational conciliation problematic. Communicating to the researchers the "duty” to inform standards profession-
als early on of the projected needs for standards may become a major function of that community. The Third Party



conversation concept seems very likely to require a new and robust set of standards and metrics to ensure a life-like
dynamic among the live user and two computer agent entities. There may be several Neural Net Training activities
going on simultaneously which may benefit from, in not absolutely require, interchanges of data in real time and
ability to plumb both data and trends. The algorithmic structuring of the three-way conversations and the accompa-
nying Al functions to allow them to evolve or to respond to user inputs appropriately will likely open new vistas but
also new challenges.

3. CONCLUSIONS

This paper asserts that a special area of significant consequence may be that some standards in terminology and met-
rics. Without an agreed upon set of both, progress will be hindered and claims hard to verify. One of the major im-
pediments to the development and adoption of new technologies is faulty communications. Emerging technologies
have now made viable the dreams of Computational Scientists a half century ago. Early results are now very encour-
aging and research findings were adduced that users already thought one of the programs studied was ready to go
and the researchers found it was needed among the secondary students with whom they visited. Also, there was a
significant need not heretofore anticipated by this research team; that of almost complete lack of thought or back-
ground knowledge to make a reasoned choice of careers. The damage that is possible from such a lack is nearly in-
calculable. The authors' own experience, although anecdotal, is that some issues come up over and again, due to
inadequate and sometimes absent, communications. This paper asserts that more visibility would well serve both
the standards community and the research community at large.

Further research studying these issues in detail will lead to better solutions.
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