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Abstract of Dissertation 

Using Peer Reviewed Journal Articles to Determine Requirements for Self Aware 

Virtual Learning Systems 

 

 

Research has been performed on related topics pertaining to VLSs, human 

computer interaction, and self-aware systems.  Today, self-aware VLSs are being 

developed without a foundational set of requirements known to all the stakeholders who 

have an interest in developing these systems.   The new approach to combating this issue 

is that the researcher developed foundational requirements by sourcing peer-reviewed 

journal articles.  Peer-reviewed journal articles provide a robust and validated form of 

secondary research because they are reviewed by a highly qualified team of editors and 

experts in the field of research. Therefore, peer-reviewed journal articles were used to 

identify a set of requirements for this research.  

This research impacts those who continue to make advancements in the field…and thus 

care about this technology. 

  A successful study can create a platform to advance in the field of self-aware 

virtual education systems.  Further, the research sets the foundation for researchers and 

stakeholders to advance the field of self-aware VLSs, with a goal of characterizing the 

fundamental requirements of a self-aware VLS as well as some of the general 

requirements of a self-aware VLS.  
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List of Definitions 

 

 

1. Artificial intelligence – Artificial Intelligence (AI) is the simulation of human 

intelligence processes by machines, especially computer systems (TechTarget, 

2019). 

 

2. Computer based training systems - Computer-based training (CBT) is any 

course of instruction whose primary means of delivery is a computer.  A CBT 

course (sometimes called courseware) may be delivered via a software product 

installed on a single computer, through a corporate or educational intranet, or over 

the Internet as web-based training. (TechTarget, 2019) 

 

3. Educational institution – Educational institution is a place where people of 

different ages gain an education; these institutions include preschools, childcare, 

elementary schools, and universities (IGI Global, 2019). 

 

4. Human-computer interaction - Human-computer interaction (HCI) is a 

multidisciplinary field of study focusing on the design of computer technology 

and, in particular, the interaction between humans (the users) and computers. 

(InteractionDesign, 2019) 

 

5. Machine learning - Machine learning (ML) is a category of algorithm that 

allows software applications to become more accurate in predicting outcomes 

without being explicitly programmed. (TechTarget, 2019) 
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6. Online learning system – An online learning system, also known as e-learning, 

refers to a learning system obtained through the internet using an electronic 

device (Market Business News, 2019) 

 

7. Self-aware computing systems - Self-aware computing systems are computing 

systems that: 

a.  learn models capturing knowledge about themselves and their 

environment (such as their structure, design, state, possible actions, and 

run-time behavior) on an ongoing basis and 

b. reason using the models (for example: predict, analyze, consider, plan), 

enabling them to act based on their knowledge and reasoning (for 

example: explore, explain, report, suggest, self-adapt, or impact their 

environment) (Universitat Wurzberg, 2019) 

8. Self-healing – In information technology, self-healing describes any device or 

system that has the ability to perceive that it is not operating correctly and, 

without human intervention, make the necessary adjustments to restore its 

operations (TechTarget, 2019). 

 

9. Semi-supervised learning – Self-supervised learning is learning used in problems 

where a large amount of input data exists (X) and only some of the data is 

labeled (related to an output variable (Y) (Machine Learning Mastery, 2016). 
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10. Supervised algorithms – Supervised algorithms are those algorithms often used 

in predictive analysis, where a known relationship between an input variable (X) 

and an output variable (Y) is asserted and is used as a mapping function between 

input and the output variables, often expressed in the form of rules or a formula: 

Y = f(X) (Machine Learning Mastery, 2016). 

 

11. Unsupervised algorithms – Unsupervised algorithms are those algorithms where 

no mapping function between input and output variables is known in advance and 

instead must be developed or inferred based on patterns found in arriving input 

stimuli usually as part of a training or calibration process. (Machine Learning 

Mastery, 2016). 

 

12. Virtual education - Virtual education refers to instruction in a learning 

environment where teacher and student are separated by time, space, or both, and 

the teacher provides course content through course management applications, 

multimedia resources, the Internet, videoconferencing, etc. (IGI Global, 2019)
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Chapter 1—Introduction 

1.1 Background 

Twenty-first century systems have been inundated with technology advances such 

as artificial intelligence and self-aware systems. While there is a desire for these systems, 

the need for these specific technologies increases as emphasis is placed on education and 

learning settings around the globe. These claims of emphasis placed on education and 

learning settings around the globe are backed by individuals such as Bernard Marr, a 

contributor of Enterprise and Cloud for Forbes Magazine, who indicated in his article 

“How Is AI Used In Education --- Real World Examples of Today and A Peek Into The 

Future”, that “It is expected that artificial intelligence in U.S. education will grow by 

47.5% from 2017 to 2021 according to the Artificial Intelligence (AI) Market in the U.S. 

Education Sector report” (Marr, 2019, para. 1). The purpose of VLSs in this context is to 

provide a primary or supplemental source of education for students who have the need or 

desire to learn when the educator is not actively present. 

Marr also raises other valid points of contribution to AI as it relates to learning, 

including the following: 

Marr describes several ways that artificial intelligence contributes to education. For 

example, as it pertains to universal access for all students, Marr states that “Artificial 

Intelligence tools can help make global classrooms available to all including those who 

speak different languages or who might have visual or hearing impairments (Marr para 

5).” As it pertains to differentiated and individualized learning, Marr states that 

“Adjusting learning based on an individual student’s particular needs has been a priority 

for educators for years, but AI will allow a level of differentiation that’s impossible for 



  

 

2 

 

teachers who have to manage 30 students in each class.”, (Marr, para 3). Marr went on to 

say that, “The idea of customizing curriculum for every student’s needs is not viable 

today, but it will be for AI empowered machines.” (Marr, 2019) 

1.1.2 Current Self-Aware VLSs 

It is evident throughout this Dissertation that technology advancements for 

incorporating self-awareness into VLSs are desired. These advancements have become a 

need to improve students’ learning outcomes based on their individual goals.  However, 

difficulty remains in deriving the requirements for self-aware VLSs from companies that 

have already incorporated this type of learning into their systems. The difficulty of 

deriving requirements exists because most of the work from the companies developing 

systems are not published online for proprietary reasons. Additionally, while some 

companies, such as Amazon Web Services, which incorporates self-healing capabilities 

into its systems, according to a Udemy virtual learning website (Udemy, 2019) video for 

Amazon Web Services Solutions Architect Associate, the actual self-healing capability is 

briefly discussed but is not explained in the video. The average non-technical 

stakeholder, is an individual who does not study in the field of technology and its 

advancements, may not understand that this particular property of self-awareness is 

essential for the educational system to provide self-recovery during system failure while 

the student is using the system.  

One online learning application which comes to mind is Duolingo. Duolingo is an 

educational application which can be downloaded to one’s phone and used for learning 

foreign languages on the go. The reason Duolingo is used here is because this paper 
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addresses foreign language learning in the results section to better describe general 

requirements. It is also used to show the gap this Dissertation addresses.   

A quick review of the Duolingo learning tool for foreign languages, it becomes 

clear that the tool adjusts its response to better suit the learner.  However, no study has 

shown whether Duolingo’s approach is truly specific to the student’s inputs 

(unsupervised) or if there are a few outputs pre-programmed (supervised) that are the 

same for a group of students according to a few pre-categorized programming inputs. 

Duolingo excelled in delivering education globally. However, it did not offer specific 

feedback to the student based on the students’ inputs, instead only offering pre-

programmed responses. The current study aims to fill this gap and present the 

requirements that it would take to make a system such as this more self-aware.  

Self-awareness, such as that referred to in the previous paragraph, is the form of 

artificial intelligence in which the system learns on its own based on inputs from its 

environment, it can then use this learned information combined with predictive analytics 

to adapt the system’s response to user behaviors. For example, the goal is to make the 

artificially intelligent VLS more self-aware so that the computer may modify its data 

based on input from the user because there is no predetermined output. In his Forbes 

article, Marr (2019) explains that artificial intelligence advancements need to include 

some form of self-awareness. To help aid in developing some forms of self-awareness, 

this Dissertation provides the requirements for self-aware VLSs.  

  

1.1.3 Lack of Self-Aware Components in Systems 
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 To further prove the desire for the advancement in self-aware systems, a group of 

students from the Schloss Dagstuhl seminar on Model-Driven Algorithms and 

Architectures for Self-Aware Computing Systems indicated that “While there has been a 

strong emphasis on self-optimization in its many forms, there have been considerably 

fewer works on other key autonomic properties such as self-configuration, self-

protection, and self-healing” (Schloss Dagstuhl, 2015, p. 5). This Dissertation aims to 

highlight this in the results section whereas adaptation (a form of self-configuration), was 

found to be used frequently in self-aware systems. Little work has been done on the 

actual self-awareness of VLSs, but the desire for these systems to be more adaptive to the 

student’s learning style remains prevalent and consistent.  

While the desire from stakeholders, as indicated in this research is to develop 

systems to improve the advancements in artificial intelligence so that systems are more 

self-aware, the articles for self-aware systems and VLSs lack the connection between 

self-aware systems and VLSs. This prevents the student from having an experience such 

as that presented in the traditional live synchronous (AKA face-to-face) instructional 

settings.  In traditional face-to-face instruction, the teacher has the opportunity to offer 

feedback to the student while the student is present in the classroom. In the article, 

“Training Teachers for a Virtual School System: A Call to Action,” Michael Barber 

(2012) indicated two models for virtual education: the asynchronous model and the 

synchronous model. Barber (2012) stated that: “The asynchronous model allows children 

to work online and hand papers into a teacher in-person. The synchronous model allows 

children to work directly with the instructor online.” (Barber, 2012, p.2).  
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Having direct communication with the physical instructor is only a real-life, self-

aware capability which could be difficult to reach in artificial intelligence unless we 

create robots to be the physical instructors in a classroom.  Consequently, the focus of 

this Dissertation will be the identification and compilation of requirements for self-aware 

capabilities in VLSs. 

While synchronous technologies may be effective for establishing a VLS at its 

core (that the learning is being done virtually), they typically lack self-aware capabilities, 

as shown by the lack of self-awareness in current VLSs. Because these systems lack self-

aware capabilities, the learner cannot learn and be corrected at the same time, nor can the 

student experience a synchronous classroom environment that completely mirrors a 

classroom environment without the instructor’s presence. The goal is to make the systems 

so self-aware that they become their own synchronous environment—for example, an 

avatar would provide immediate feedback just as an instructor would. This is the purpose 

of VLSs. It is evident that VLSs could be used to provide both synchronous and 

asynchronous learning environments for students on the go, in transit, and for those who 

are unable to gain access to an educator during normal teaching or business hours. 

1.1.4 Artificial Intelligence and Self-Awareness 

Techopedia, a popular website used by tech innovators as a reference to technical 

definitions and other articles, described artificial intelligence as: “An area of computer 

science that emphasizes the creation of intelligent machines that work and react like 

humans. Some of the activities computers with artificial intelligence are designed for 

include speech recognition, learning, planning, and problem solving.” (Techopedia, 2019, 

para 1) 
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Self-aware systems are a form of artificial intelligence. A self-aware system is a 

machine that makes changes to itself based on unknown parameters in its environment. It 

operates just as a human would recalculate his or her steps based on new or unknown 

paraments faced in everyday life. These parameters in self-aware systems are known as 

inputs.  

A system can be artificially intelligent without being self-aware. For example, if a 

system has the capability to perform mathematical computing functions with previously 

defined algorithms, the machine is artificially intelligent.  A self-aware artificially 

intelligent system has computing functions and uses digital human input to modify the 

system by enhancing its algorithm’s ability to solve problems and make decisions. This is 

the difference between supervised and unsupervised algorithms. Where a supervised 

algorithm will react based on previously defined patterns in input stimuli, not requiring 

input from the user to change its mathematical calculations, an unsupervised algorithm 

must determine these patterns empirically from use.  In situations where operator 

characteristics and behaviors are either known or are fairly predictable, the generalized 

rules applied by the supervised algorithms may be applicable.  According to Landauer 

(2018), “In highly dynamic situations and situations where little is known in advance 

about the context, behaviors, identity, and characteristics of system users and their 

patterns of interaction, unsupervised approaches will likely have to be applied” 

(Landauer, 2018, p.7). 

To further explain supervised and unsupervised algorithms, Bert Camstra (2008) 

stated that supervised learning in computer-based training programs (also known as 

virtual learning) is the conventional way of learning, as opposed to the unconventional 
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(unsupervised) method, which is now the more popular and desired method for building 

educational programs. In the British Journal of Education and Technology, Camstra 

(2008) explained criticism of today’s conventional computer-based training programs, 

saying, “The basic reason for this criticism is the fact that in ‘conventional’ Computer 

Assisted Instruction (CAI) (as well as in computer based training [CBT]), the interaction 

between student and program is completely ‘pre-programmed’” (Bert Camstra, 2018, p. 

297).  He added, “in every single step of the learning interaction, the designer has to 

completely specify the information to be presented, the task required of the student, the 

responses to be anticipated, and the feedback to be presented contingent on these 

responses” (Camstra, 2008, p. 297).  

To enhance the student’s learning experience this research aims to focus on the 

more unconventional methods of unsupervised learning as opposed to the conventional 

methods of supervised learning. This is done by gathering requirements for what makes 

the VLS self-aware.   The requirements in this research are focused on the needs, wants, 

and desires of a user and stakeholders as they pertain to the individual learning via an 

educational program administered by the VLS. While the research supporting this 

Dissertation derives its requirements from peer-reviewed journals, well-known 

magazines and columns are also used to demonstrate the need for the requirement. 

Foreign customs and ideals, as well as languages are barriers that could prevent a person 

from participating in a global education system. However, these barriers may eventually 

be broken when countries want to advance educational opportunities thus allowing 

students to engage in more independent learning opportunities. Barriers such as foreign 
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customs and ideals are broken even further when women are provided the opportunity to 

participate in the full educational experience.  

1.2 Research Motivation 

The reasons for performing research in this specific area of study was motivated 

by the researcher’s strong interest in finding educational opportunities for learners in 

remote areas or areas where education is not easily available. The researcher found that 

there was a disconnect between what technologies stakeholders (teachers, educational 

bloggers, and technologists) wanted and what technologies they were aware of to help 

satisfy these wants in advancing education for self-aware VLSs. The bottom line is that 

stakeholders wish to make their VLSs more self-aware so that they have a greater impact 

on the individual learner but there are no documented foundational requirements defining 

the function and performance requirements for Self-Aware systems. The researcher has 

worked as a teacher of foreign languages, traveling across the world in the hopes to gain 

a better understanding of what was missing in the realm of education. Additionally, the 

researcher believes that self-aware artificial intelligence is a field of research that should 

be integrated into the field of Engineering Management and Systems Engineering, 

making this a valid topic of research for the researcher.  

1.3 Problem Statement 

Peer-reviewed literature on this topic does not focus on human-computer 

interaction, which may contribute to the development of ineffective learning technologies 

and delayed acceptance of new technologies focused on self-awareness. As a result, the 

likelihood that ineffective learning technologies will be deployed remains high, and the 

opportunity to effectively embrace this relevant class of new technologies will be 
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delayed.  Furthermore, a lack of developer awareness of the particular lifecycle needs of 

self-aware systems, in particular, factoring for the periods of their training, will continue 

to experience dramatic cost and schedule overruns and the delivery of systems unsuited 

for their purpose. 

As it relates to important topics for competitiveness, Lytras, Penalvo, & Pablo 

wrote in the article, “For Computers In Human Behavior: Advanced Human Computer 

Interaction” (2013), stated: 

“From smart devices (mobile phones, PDAs, tablet computers) to smart products 

(car navigation) and smart environments, they facilitate the offering of new 

services highly appreciated by customers and users, for example, buying products 

and services, information providing, navigation, and online learning, among 

others” (Lytras, Penalvo, & Pablo, 2013, P 305). 

The article went on to mention the use of speech recognition and intuitive 

interaction methods such as multi-touch, speech, and gestures incorporated into these 

systems. While computer processing can be used to integrate HCI into the system, and 

the topic of HCI can be a separate topic of self-aware systems, it is critical to have HCI as 

a major component of building VLSs due to the major components for virtual learning 

being the human and the computer itself.  

Current virtual educational systems lack the use of self-awareness technology 

even though the need, based on the desire of the stakeholders, continues to exist.  For 

example, Vatuiu & Udrica, et. al. stated in their paper titled “Virtual Learning 

Environment for Life Long Learning” that “For creating the environment that helps 

learners to prepare for their career or to assess the learner’s progress, along with the 
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standards from formal learning, we need content standards and skill standards for 

informal learning too” (Vatuiu & Udrica, 2013, p. 252). This informal learning refers to 

the virtual learning environment wished to be created by the stakeholders of this lifelong 

learning system. During a review of the paper, “Virtual Learning Environment for Life 

Long Learning”, mentioned earlier, as well as several others, the authors of the paper 

indicated that there was a need for the VLS to be self-aware. 

While educational institutions or those companies wishing to employ an 

educational component to their learning curriculum are focused on the environments of 

the system related to both the teacher and the student, the requirements needed to build 

such a system are not known by the average non-technical stakeholder. However, 

developers, businesses, and researchers of the technology and engineering needed to 

build such a system have all contributed to what should be included as self-aware 

functionality. The missing piece is the gap between both the educational component 

wishing to build the system and the knowledge needed to specify, build, and deploy the 

technology. By capturing the requirements from peer-reviewed journal articles, the 

research supporting this Dissertation develops a central repository of requirement 

artifacts for specifying a self-aware system.  

1.4 Thesis Statement 

The requirements of self-aware VLSs are determined by the major elements used 

in peer-reviewed journal articles for self-aware systems. Those major elements are those 

qualities which are used at least 95% of the time in each article which makes the system 

described in the article self-aware.   
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1.5 Research Objectives 

The purpose of this qualitative applied research is to create a deliverable that 

includes a list of fundamental requirements for self-aware VLSs as well as a list of 

general requirements for self-aware VLSs. The fundamental requirements are, as it 

relates to this research, the core building blocks of the system which were presented in at 

least 95% of the articles researched. The general requirements are those unique 

requirements pertaining to a specific type of self-aware VLS. For example, a self-aware 

VLS built for mathematics would be different than that built for foreign language. 

However, the core building blocks of the system do not change.  

This list of requirements could be used to specify the design of self-aware VLSs, 

and this has the potential to ‘level the playing field’ of education for learners across the 

world. Such systems could provide teachers with additional job duties where they are 

more involved with writing the curriculum for these students in conjunction with the 

technology professional who must develop the program to gauge the student’s learning 

needs. Therefore, both teachers and technologists develop new skills and insights into 

education in a realm that they may not have visited before. The benefit for students in this 

case is to give them valuable education that they might not otherwise reach due to 

barriers such as physical proximity to the school or life’s challenges, which may cause 

them to be absent from the school at no fault of their own. The other benefit to this is to 

get Internet Service Providers onboard with extending their services to parts of the world 

where the Internet may be difficult to access.   

Thus, a list of fundamental requirements is also created so that it can be used 

across all virtual education systems as well as a list of general requirements that were not 
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used across all systems during the research but were used more than once when 

considering the fundamental requirements.  

1.6 Research Questions 

Research indicates the requirements for self-aware systems, but these 

requirements are not presently created and kept in any central repository for VLSs, nor 

are the stakeholders aware that these requirements should be met to better assist their 

distance learning students. This research closes that gap by addressing the following 

research questions:  

RQ1: What are the fundamental requirements needed to build VLSs that incorporate self-

awareness? 

RQ2: What are the general requirements needed to build VLSs that incorporate self-

awareness? 

 

1.7 Scope of Research 

This research provides an understanding of the fundamental requirements needed 

for building self-aware systems in education as well as the general requirements needed 

for building VLSs using secondary research such as peer-reviewed journal articles. While 

work has been done in the field of virtual learning, self-aware systems, and human 

computer interaction, a gap exists in the full enumeration of the requirements needed for 

building these VLSs that can be available to institutions around the world. The results of 

this study may serve multiple stakeholders such as students, teachers, technologists, 

business owners, and executives wishing to implement these promising technologies into 

their existing online learning systems or to define more effective replacement systems.  
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1.8 Assumptions, Delimitations, and Limitations 

An assumption in this research is that the data gathered from online peer-reviewed 

articles for self-aware systems can also be incorporated into VLSs, even if the particular 

articles are not inclusive of VLSs. Another assumption is that in this study, the data 

gathered from the online resources are true based on the writer’s knowledge and 

experience with VLSs and artificial intelligence. Self-aware systems as well as virtual 

online systems have been highly focused on educating others about technology but have 

not been all inclusive of subject areas for all major and minor areas of study.  

A delimitation of this study is that the requirements compiled are based solely on 

peer-reviewed journal articles. This pool of articles may not completely represent all 

requirements needed for self-aware systems. Other journal articles that did not go through 

a peer-reviewed process may also be valid forms of research as well as a larger pool of 

requirements that are valid for self-aware systems as would design documents, requests 

for proposals, and other guidance. 

Another delimitation was the use of 30 journal articles for each research concern. 

A larger pool of articles could have provided a larger pool of requirements, but after 30 

articles, no new components of self-awareness used in VLSs were identified. Thus, the 

limitation was 30 articles to prevent a redundant cycle.  

• A limitation in this study was lack of information from organizations that made 

their requirements for self-aware VLSs available to the public. If the 

organizations provide this information, the researcher could have expanded upon 

the requirements if needed. Another limitation was that articles written on VLSs 

as well as self-aware systems are not inclusive of both self-aware systems and 
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VLSs, leaving the researcher with limited information to build upon during the 

research. While some resources of foreign educational systems were used and 

cited in this Dissertation, the focus is primarily on education as it relates to the 

United States. This does not exclude other countries from using this data but does 

pertain primarily to English speakers in the United States. However, there is a 

need for virtual learning to expand globally so that attributes that contribute to 

foreign languages and environments such as extended European lunch breaks and 

siestas, privacy, and group behaviors that are different from the U.S. culture are 

also considered. Additionally, the requirements are not inclusive of what current 

companies (Duolingo, Google Go, etc.) are using to determine requirements for 

VLSs. 

 

1.9 Organization of Dissertation 

Chapter 1 covered an overview of the background, problem statement, thesis 

statement, research objectives, research questions and hypothesis, and research 

limitations within the Dissertation.  Four more chapters follow: Chapter 2 includes a 

literature review of self-aware systems, virtual education systems, and human computer 

interaction. Chapter 2 will identify a gap in the literature and the bridging of that gap. 

Chapter 3 will include the study’s methodology and how the methodology was 

conducted. Chapter 4 will follow with the results of the research, and Chapter 5 will 

present discussions and conclusions of the research as well as the developed 

requirements. 
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Chapter 2—Literature Review 

2.1 Introduction 

The purpose of this literature review is to identify how requirements for self-

aware VLSs could be elicited and to identify an approach for how elements used in the 

peer-reviewed articles could be used to determine the requirements for a self-aware VLS. 

Therefore, the literature review contains journal articles in addition to that of self-aware 

systems, such as VLSs, and Human Computer Interaction (HCI).   The reason for using 

these articles in addition to articles specifically addressing self-awareness is to seek out 

articles in the virtual learning and HCI domains to identify if whether or not there is an 

emphasis in either of these areas on self-aware systems.  

The goal of this literature review is to provide an informative background on 

artificial intelligence, human computer interaction, and VLSs as separate entities and then 

show where research on self-aware systems in artificial intelligence and human computer 

interaction both contribute to VLSs. Additionally, the history of each of these 

components will be introduced to give the reader a better understanding of why it is 

important now to incorporate self-aware systems into the field of virtual education.  

The core of this literature review is broken down into four parts. Those parts are 

an overview on: requirements engineering, artificial intelligence, human computer 

interaction, and VLSs. There is substantial published research in the field of artificial 

intelligence (whereas self-aware systems are also artificially intelligent systems), VLSs, 

and human interaction. This substantial research is partly due to the influx of online 

learning programs in the 21st century as well as the advancements in artificial intelligence 

where there is now a focus on these systems becoming more self-aware. The majority of 
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the published works, however, include virtual learning and self-aware systems as separate 

pieces. However, because it is implied for a human and a computer to interact, human 

computer interaction is usually mentioned in some form when organizations decide that 

their institution should have some form of online learning. Separately, human computer 

interaction, self-aware systems, and VLSs provide a plethora of information to assist with 

understanding each of these entities.  

However, only a limited body of work inclusive of both VLSs and self-aware 

systems exists as a whole. Current work in VLSs explores major facets of the virtual 

environment as they relate to both the student and the teacher, as well as how people in 

general (a person with cognitive disabilities or a marginalized group such as those from a 

specific background) interact with the environment. While research has been done to 

improve the virtual learning environment, as shown throughout this research, the focus is 

not primarily on self-aware systems. Even those papers related to machine learning do 

not focus improvement of the student’s learning based on a specific set of inputs 

determining its outputs. The statements of inputs and outputs are explained in the 

supervised and unsupervised learning sections of this paper focusing on predictive and 

descriptive analytics, respectively.  

Therefore, this literature review aims to show what has already been done in each 

of the three areas, VLSs, self-aware systems, and human computer interaction, even 

outside of education, so that these capabilities can be grouped together as requirements 

needed to build a self-aware VLS. These requirements cover more than the basics of self-

aware systems because building the system does not always require a set specific set of 

rules. For example, a VLS for a group of non-English speaking international students 
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may be designed differently than that for a group of students with autism. Needs of the 

user may overlap, so the overlapping of algorithms is explored in this literature review to 

help cover the systems that require hybrid algorithms to cover multiple functionalities of 

the system.  

This literature review seeks to develop the basis in theory for why knowledge of 

these three tools would be needed to develop a central repository of requirements for self-

aware systems within VLSs. The ultimate purpose for identifying these requirements is to 

enable systems engineers to more effectively design self-aware VLSs so that students 

receive close to the same experience that they would have in the classroom due to the 

system’s heightened self-awareness. 

2.2 The Literature Review Search Strategy 

The search strategy in this review started with establishing a detailed list of 

keywords. Peer-reviewed articles were then searched for in The George Washington 

University online consortium database based on the subject heading of the article. 

Keywords and phrases were included but were not limited to: artificial intelligence, self-

aware systems, virtual learning, education, and human computer interaction, [all key 

terms and words referenced in the “Definitions” section of this Dissertation].  

With the advancement of artificial intelligence permeating every sector of 

industry, over 100 sources were identified with relevant material. The majority of these 

works were published during the 21st century. Research Gate, an online portal for 

published works, was also leveraged to gain previously studied research on each topic 

separately. Older sources were reviewed to provide the reader with a history and 

background of the topic. 
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2.3 Overview of Requirements 

 The INCOSE (International Council on Systems Engineering) Systems 

Engineering lifecycle process was chosen as the model to depict the role of requirements 

Engineering. The INCOSE definition of Systems Engineering is:  

Systems Engineering is an interdisciplinary approach and means to enable the 

realization of successful systems. It focuses on defining customer needs and 

required functionality early in the development cycle, documenting requirements, 

then proceeding with design synthesis and system validation while considering 

the complete problem: Operations, Performance, Test, Manufacturing, Cost & 

Schedule, Training & Support, Disposal. 

Systems Engineering integrates all the disciplines and specialty groups into a 

team effort forming a structured development process that proceeds from concept 

to production to operation. Systems Engineering considers both the business and 

the technical needs of all customers with the goal of providing a quality product 

that meets the user needs. (INCOSE, 2015) 

Furthermore, INCOSE (2015) defines a requirement as, “a statement that 

identifies a system, product, or process characteristic or constraint which is ambiguous, 

clear, unique, consistent, stand-alone (not grouped), and verifiable, and is deemed 

necessary for stakeholder acceptability".  INCOSE dictates that requirements play a role 

in the development stage of the System Life Cycle process.  

 

Additionally, the Systems Engineering Handbook,  (Systems Engineering Body of 

Knowledge (SEBoK)), stated that: 
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“Requirements play a major role in forming the basis of system architecture and 

design activities, form the basis of system integration and verification activities, 

act as reference for validation and stakeholder acceptance, and provide a means of 

communication between the various technical staff that interact throughout the 

project.” (para 1)  

The requirements in this research define how the system should be designed. The 

requirements identify what functions the system shall provide based solely on 

what the researcher found in peer-reviewed articles on self-aware artificially 

intelligent systems. Identifying required functionality based on what the articles’ 

authors stated (explicitly and implicitly) was used as an alternative to the 

traditional elicitation approach of communicating directly with the systems’ 

stakeholders.  

While there were no specific articles on self-aware VLSs, an example requirement 

would be, “The system shall adapt to the student’s progress during learning to 

provide a unique learning plan for the student.” This statement is an example of a 

general functional requirement. This requirement is acceptable because the 

research identified “adaptability” as a fundamental requirement for self-aware 

VLSs. 

 

2.4 Artificial Intelligence Literature Review 

Several websites outline the definition of artificial intelligence. There are three 

definitions of artificial intelligence used in this article taken from three different sources. 

These definitions are provided to make the understanding of artificial intelligence clear to 

the reader.  
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The reason for providing three definitions is explained using the power of three. 

Brian Clark (2019) stated that “three is the smallest number used to establish a pattern” 

(Brian Clark, para 3).  Clark (2019) argued this by stating that this smallest number (the 

number three) is how humans process information, going on to explain nursery rhymes 

such as The Three Little Pigs, The Three Blind Mice, The Three Bears, The Three 

Musketeers, etc. This demonstration is used here to illustrate that establishing a pattern as 

well as pattern detection are major parts of artificial intelligence.  

 “Artificial intelligence is an area of computer science that emphasizes the 

creation of intelligent machines that work and react like humans” (Techopedia, para 2). 

Lewis & Writer (2014), however, stated that “The idea of inanimate objects coming to 

life as intelligent beings have been around for a long time” (Lewis & Writer, para 1). 

Lastly, a definition from Lexico, provided by the Oxford English Dictionary (2019), 

indicates that artificial intelligence is, “the theory and development of computer systems 

able to perform tasks that normally require human intelligence, such as visual perception, 

speech recognition, decision-making, and translation between languages.” 

The definitions of artificial intelligence align with what those working in the field 

believe is actually artificial intelligence. Literature goes to explain that artificial 

intelligence uses a scientific and mathematic approach. For example,  

Artificial Intelligence (AI) is the study of intelligent behavior. Its ultimate goal is 

a theory of intelligence that accounts for the behavior of naturally occurring 

intelligent entities and that guides the creation of artificial entities capable of 

intelligent behavior. Thus, AI is both a branch of science and a branch of 

engineering. (Genesereth & Nilsson, 2012)  
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Genesereth and Nilsson (2012) explained that in engineering, AI is concerned with the 

concepts, theory, and practice of building intelligent machines. However, for these 

machines to be intelligent, they would need to possess the same qualities of humans. A 

reference from the Oxford Dictionary (2019) defined “intelligent” as “(of a device, 

machine, or building) able to vary its state or action in response to varying situations, 

varying requirements, and past experiences.” This is where self-aware artificial 

intelligence has become more prominent in the field of artificial intelligence. Machines 

are not just pre-programmed to make a decision using a priory information but, instead, 

are programmed to make a decision based on the machine’s observation and 

characterization of operator response behaviors.  

 Russell and Norvig (2016) explained the “’full breadth’ of artificial intelligence 

to encompass logic, probability, and continuous mathematics; perception, reasoning, 

learning, and action; and everything from microelectronic devices to robotic planetary 

explorers.”  Further, Hutson’s (2017) article on “Self-Taught Artificial Intelligence Beats 

Doctors at Predicting Heart Attacks” identifies the evolution of artificial intelligence 

being more of a self-aware system. Additionally, Stephen Weng, an epidemiologist at the 

University of Nottingham in the United Kingdom, performed a study where he: 

Compared use of the ACC/AHA (American College of Cardiology/American 

Heart Association) guidelines with four machine-learning algorithms—random 

forest, logistic regression, gradient boosting, and neural networks—where all four 

techniques analyze data in order to come up with predictive tools without any 

human instruction. (Hutson, 2017, para 5)  
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In their study, the algorithms had to train themselves, using about 78% of the data, which 

included 295,267 records to search for patterns and build their own internal “guidelines” 

for electronic medical records (Norvig, 2016).  

The pattern here is that artificial intelligence is present when a computer acts as if 

it is a human, performing intelligent functions based on the input received from its 

surroundings. The subsequent paragraphs discuss the history of artificial intelligence 

relating back to those machines that process information like a human but not necessarily 

machines that perform activities that humans can perform themselves. Performing 

activities that a human can perform independently may be something like a washer and a 

dryer washing and drying clothes– whereas a human has the capability of doing both, but 

it doesn’t mean that the machine is artificially intelligent because either of those devices 

can be mechanically operated whereas a human is driving the mechanical operation, thus 

requiring consistent input from the user.  

2.5 The History of Artificial Intelligence 

Mijwil Maad (2015) described the history of artificial intelligence in his paper, 

“The History of Artificial Intelligence,” to begin with sources that “operated machines 

using water and steam power during the early part of the 13th century” (p. 11). Maad also 

credited the works of mechanical mechanisms used to make mathematical calculations 

during the 18th and 19th century as well as milestones such as the Turing machine in the 

20th century. Despite the development of machines, such as Wilhelm Schickard’s 

invention of a mechanical calculator capable of four operations (Maad, 2015), the interest 

is more with those machines like the one created by Gottfried Leibniz who developed a 
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binary counting system that forms the abstract basis of today’s computers. The focus is 

on this particular machine because computers perform calculations in binary.  

 According to Maad (2015), a major development in artificial intelligence was 

underway in 1950, 1951, and 1956 where Alan Turing, one of the founders of computer 

science, introduced the concept of the Turing test, a test designed to measure the 

emergence of a machine-based AI.  The first artificial intelligence programs for the Mark 

1 device were written at this time, and the logic theorist (Logic Theory-LT) program for 

solving mathematical problems was introduced by Neweell, Shaw, and Simon – thus 

creating the first artificial intelligence system. 

While artificial intelligence was not as widely known during this time, the debut of this 

technology was the basis for what we use and understand today.   

  Alex Turing’s work is often credited as being the first work of artificial 

intelligence during the debut of artificial intelligence. According to the Oxford Dictionary 

(2019), “the Turing test is a test for intelligence in a computer, requiring that a human 

being should be unable to distinguish the machine from another human being by using 

the replies to questions put to both.” Based on this definition alone, the purpose of 

artificial intelligence is for the machine to respond as a human, thus forecasting the 

evolution of what we know as artificial intelligence today, Today, self-aware systems are 

known as those systems performing mathematical calculations using minimal input from 

the user to perform its functions. Self-aware systems are also known as those systems 

using inputs from its environment to perform the mathematical calculations built by the 

human.  
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 Turing’s test has evolved into the gold standard for testing the intelligence of built 

machines. In it its latest incarnation, the test is used to test computer vision systems. The 

following is an example of a Visual Turing test for computer vision systems, where the 

researchers conducted a study on computer vision with the goal of improving from 

testing the machine’s accuracy in detecting and localizing instances of objects, to an 

alternative akin to humans having the ability to provide far richer descriptions and even 

tell a story about an image (German et al., 2015). In this system: 

The query engine employs statistical constraints, learned from a training set, to 

produce questions with essentially unpredictable answers – the answer to a 

question, given the history of questions and their correct answers, nearly equally 

likely to be positive or negative. (German, et. al, 2015, p. 3618) 

The test, A Visual Turing Test, was conducted as follows: 

Self-Aware AI occurs when “The query engine proposes a question; the operator 

either provides the correct answer or rejects the question as ambiguous; the engine 

proposes the next question (“just-in-time truthing”). The test is then administered 

to the computer-vision system, one question at a time. After the system’s answer 

is recorded, the system is provided the correct answer and the next question. 

(German, et al., 2015, p. 3618) 

Self-aware artificial intelligence is used because a computer can be artificially intelligent 

without being self-aware. An artificially intelligent computer can make both predictive 

and non-predictive calculations.  
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2.6 Supervised and Unsupervised Algorithms 

Supervised algorithms are one of the requirements for an artificially intelligent 

system. However, implementing unsupervised algorithms are one of the requirements 

which make the system self-aware. K nearest-neighbor (KNN) and k-means are two 

algorithms well known to the computer science community. KNN and K-means are two 

of the most commonly and widely used machine learning algorithms (Medium, 2019, 

para 1).  Unsupervised algorithms are typically associated with self-aware artificial 

intelligence systems yet both algorithms may be used in VLSs. 

The purpose of this section is to provide examples of supervised and unsupervised 

algorithms 

According to Techopedia, (2019) “K nearest-neighbor (K-nn) is an algorithm 

used as an approach to data classification that estimates how likely a data point is to be a 

member of one group or another depending on what group the data points nearest to it are 

in” (Techopedia, para 1). K-means is an unsupervised learning algorithm often used for 

statistical clustering. As explained earlier, predictive analytics allow a computer to 

predict outcomes given certain inputs.  

However, the implementation of these algorithms has been categorized into three 

parts in which the two main types are combined to describe semi-supervised learning 

(Machine Learning Mastery, 2019). These two types are supervised and unsupervised 

algorithms. Therefore, semi-supervised learning systems are systems that use both 

supervised and unsupervised algorithms. For example, some mathematical programs, 

such as the program described in Nikabadi &Naderi 
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 (2016), “A Hybrid Algorithm for Unrelated Parallel Machines Scheduling,” use hybrid 

algorithms to perform mathematical functions based on a multi-objective genetic 

algorithm (MOGA), which is proposed for scheduling unrelated parallel machines with 

sequence dependent setup times, varying due dates, ready times, and precedence relations 

among jobs. This type of algorithm is used for the purpose of both predictive and 

descriptive analysis.  

 Guo, Li, and Wang (2017)’s paper “An Interactive Personalized Recommendation 

System Using the Hybrid Algorithm Model” provides another example of the hybrid 

algorithm where both predictive and descriptive analytics have been used.  Their study 

aimed to make e-commerce shopping more convenient and avoid information overload, 

with an interactive personalized recommendation system using the hybrid algorithm 

model (Guo et al., 2017). The study was performed as follows: 

The proposed model first uses various recommendation algorithms to get a list of 

original recommendation results. Combined with the customer’s feedback in an 

interactive manner, it then establishes the weights of corresponding 

recommendation algorithms. Finally, the synthetic formula of evidence theory is 

used to fuse the original results to obtain the final recommendation 

products…The hybrid recommendation algorithm complements the advantages of 

the existing recommendation algorithms in data mining. (Guo et al., 2017, p. 216) 

Guo’s study is a representation of what one would see in a hybrid algorithm of an AI 

system as it relates to both predictive and descriptive analytics.  

 Hybrid algorithms used in artificial intelligence do not always indicate whether 

the algorithm is necessarily either predictive or descriptive.  Some hybrid algorithms 
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have been developed by combining two or more algorithms to improve or enhance 

overall search efficiency (Yang, 2014). For example, hybrid algorithms used in stope 

boundary optimization have been incorporated into systems by employing two algorithms 

into the system (Nikbin, et. al, 2018). The paper, “A 3D approximate hybrid algorithm 

for stope boundary optimization,” by Nikbin, et. al. (2018) introduces a new hybrid 

algorithm that is a combination of dynamic programming and greedy algorithm. The 

theory here is that the algorithm generates better solutions than existing algorithms, 

although the algorithm fails to provide a true optimum solution.  

 Self-aware systems have also been introduced in fields such as medicine and 

healthcare, chip device design, and the modeling of these systems. These systems aim to 

introduce the use of adaptive technologies, modeling, and optimization, which all 

contribute to the components of self-aware systems. Research in the area of self-ware 

systems addressed in this Dissertation can be applied to any type of VLS.   

2.7 Adaptive Systems 

 “In an adaptive system, some of the system parameters, based on some specified 

criterion, are adjusted iteratively over time to make the system operate in, or as close as 

to, an optimum fashion” (Grami, 2016, para 1). Chen, et. al (2018) aims to describe this 

in his research using elastic systems. “Throughout all the Software-as-a-Service (SaaS), 

Platform-as-a-Service (PaaS), and Infrastructure-as-a-Service (IaaS) levels, one of the 

pronounced benefits of the cloud is elasticity, which reflects the extent to which a system 

can adapt to the workload fluctuations by adjusting configurations and resource 

provisioning close to the demand” (Chen et al., 2018, p1). Chen et al. (2018) further 

explained that “in particular, autoscaling systems help to realize elasticity by providing 
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timely and elastic adaptation in scales, which is one of the key benefits of cloud 

computing that attracts a wide range of practitioners” (p. 2).  

 Other work performed in the area of adaptation includes former NASA astronaut 

Daniel Barry’s paper, “Adaptation, Artificial Intelligence, and Physical Medicine and 

Rehabilitation”, where he discusses adaptation based on a self-analysis of his time in 

space (Barry, 2018). Barry describes his experience of using visual cues to know where 

his arms were, as well as a personal experiment he performed on himself at night where 

he would allow his arms to float in the air for the purpose of helping himself adapt to the 

space environment. Another series of tests was done in this experiment during the flight 

to measure the team’s vestibulo-ocular reflexes (Barry, 2018). The results showed that 

reflexes change during space flight, which impedes performance on tasks such as 

following checklists. The fundamental concept here is that humans change and adapt to 

their environments. In self-aware VLSs, systems may be able to adapt to their 

environments based on human bodies and how they react to their environment. This is 

explained more in detail in the results section.  

 Lastly, adaptation plays a role in memory management systems where Karl and 

Mattes (2014) explored self-aware memory management for many-core architectures in 

which they try to optimize dynamic assignment of memory regions to tasks.  According 

to Techtarget.com (2019), systems with a large number of processor cores are sometimes 

referred to as many-core or massively multi-core systems. In order to scale the memory 

with the rising core count and to tackle the problem of optimizing the management and 

assignment of memory to tasks in highly dynamic scenarios, Mattes and Karl (2014), 

proposed self-aware Memory.  Further, Mattes and Karl (2014) argued that a scalable and 
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adaptive memory management system has to accomplish the challenges for future 

manycore architectures which entails challenges, flexibility, scalability, and continuous 

self-optimization.  

 Self-aware systems have been used in other systems outside of education – to 

include medicine and integrated circuit design. Because some of the same technologies 

used here can also be used to build a set of possible requirements for the self-aware 

VLSs, continuing to explore these areas remains important. Exploration in these areas 

may lead to technologies that can be used in self-aware VLSs and, though not a part of 

the problem in question for this research, may also reveal minor advances of this 

technology in the field of virtual learning and education.  

Fault tolerance has been explored in the field of health management for the 

purpose of the system being self-aware. Fault tolerance has always been an important 

characteristic of dependable and mission-critical systems, such as mainframes, satellites, 

and autonomous vehicles (Shibin, et. al, 2017). Shibin et al. used a fault management 

architecture based on the IEEE 1687 standard. They explained, “The main idea behind a 

fault management system is to help the system to be self-aware of the faults inside itself 

and thus to continue functioning, albeit with some of the modules being nonoperational, 

instead of going out-of-order” (Shibin et al., 2017, p. 27).  

 In other parts of health and medicine, models have been incorporated into 

software agents for blood glucose levels. For example, Zhanle and Raman (2013) stated 

that “software agents have been implemented in an ever-increasing application space, 

from workflow management to data mining, from business process reengineering to 

personal digital assistants (PDAs), and from education to bioengineering” (p. 9). To assist 
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their software agent, they incorporate the enhanced Ackerman model in the diabetic 

software agent to provide a perspective of the condition of glucose regulation, which is 

comparable to that which the patient will see when sampling blood glucose levels with a 

blood monitoring meter (Zhanle & Raman, 2013).  

 While the purpose of the subject research is focused on self-awareness as it relates 

to the application of the program, on-chip memory systems began to grow in popularity 

during the 21st century, according to Henkel (2017). Techopedia (2017) described on-

chip memory as an integrated circuit made out of millions of capacitors and transistors 

that can store data or can be used to process code. A major contribution was IBM’s 

Autonomic Computing initiative from around 2001 as well as other international research 

programs around the same time focused on the very topic (Henkel, 2017). Henkel 

believed that a need exists for an on-chip system to move towards this paradigm due to 

the resources needed to achieve self-awareness without taking too many resources away 

from applications.  

 Major research in the area of self-awareness has focused on systems outside of 

education, and little research has been conducted on self-aware software applications for 

learning. Most of the work in the literature applied to how self-regulation or self-learning 

pertains to a cognitive approach to learning or cognitive self-awareness where the human 

is self-aware and not the computer. For example, Carneiro et al. (2011) argued that self-

regulated learning subsumes key aspects of the learning process, such as cognitive 

strategies, metacognition, and motivation in one coherent construct. They stated that 

“learners are often unaware of gaps in their own knowledge and skills and are poor at 

identifying critically important information” (Carneiro et. al, 2011, p. vii). While teachers 
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are able to determine a student’s learning gap, a solution is proposed in self-aware 

systems where a computer may have the ability to process this information for many 

students the educator cannot reach in a face to face mode. This solution is one of the 

reasonings for conducting research on the requirements of self-aware VLSs.   

Other works show that the computer in self-aware research was used so that the 

students would be more self-aware in their learning process, rather than the computer 

being a self-aware computer. For example, Okita (2013) proposed a study in which two 

studies examined the social basis of self-assessment for learning through the application 

of creative computer tools that can help students assess and self-correct their own 

learning. Two computer-supported learning environments, i.e., “Doodle Math” and 

“Puzzle Math,” were developed as training environments for monitoring (Okita, 2013). 

Instead of the computer looking for mistakes, the student looked for mistakes.  

 Okita (2013) mentioned another important factor behind self-aware learning. A 

critical skill in helping children continue to learn after they leave school is the ability to 

self-assess the progress of their learning. This self-assessment can be done via a computer 

where the computer is self-aware of the learning process, but the student has a direct 

relationship with the computer for self-assessment and not his or herself or another 

physical human being. For example, Neal, Schonder, and McGee (2013) proposed a 

simulation environment to promote self-directed learning (SDL). In this environment, 

complex patient case simulations were implemented using software based on a branched-

narrative decision-making model. The purpose of this tool was for the patients to assess 

themselves according to the outcome of the system. This tool for self-assessment is self-
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awareness according to the patient’s self-learning but not necessarily the computer’s self-

learning process.  

 With this said, most of the work done in virtual learning environments as it 

pertains to self-aware systems has been completed based on the student’s self-learning 

process as opposed to the self-awareness of the computer. This poses a gap in literature 

but also catapults the research in virtual learning. Because virtual learning is widespread 

and the desire is there based on organizations and stakeholders alike who wish to find 

ways to implement self-awareness into virtual education, this literature review explores 

what has already been done in virtual education. 

2.8 Human Computer Interaction (HCI): Introduction 

HCI is important for this research because it is the study of how people interact 

with computers and to what extent computers are or are not developed for successful 

interaction with human beings (University of Birmingham, 2019). As stated earlier in this 

document, human computer interaction is inevitable when the human is interacting with 

the system. Therefore, HCI must be considered when building a self-aware VLS. To 

understand what’s needed for HCI, additional peer-reviewed articles focusing primarily 

on human interaction were gathered. Knowledge from those articles was incorporated 

into the compilation of requirements for VLSs. This is because it is common knowledge 

that learners are in fact humans and must be able to interact with the system in order to 

use the system. Studies on the need for HCI in virtual education systems have been 

described in peer-reviewed journals that focus on the development of human computer 

interaction.  
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HCI, according to Techopedia (2019), “is the study and planned design of human 

and computer activities” (Techopedia, para 1). In other words, HCI includes the act of a 

user interacting with a computer, its study, and its design, but also the anticipation of this 

interaction. Because HCI considers the human’s interaction with the computer, the 

functional needs for interaction are largely determined by the human. Merchan and 

Collazos (2015) explained that “HCI is a formative discipline related to the design of 

interactive systems. It lies at the intersection of scientific areas including psychology, 

computer vision, artificial intelligence, face recognition, and motion tracking” (Merchan 

and Collazos, 2015, p. 5). Merchan and Collazos further stated that “to achieve effective 

human-computer intelligent interaction, computers must be able to interact naturally with 

users, similar to human-human interaction” (Merchan and Collazos, 2015, p. 6).  

 To explain achievements in the area of Human Computer Interaction (HCI) 

requires an historical perspective that starts with 2D technology. 2D technology as it 

relates to HCI started with computer animation. Techopedia (2019) described the 

simplest and earliest forms of computer animation as objects simply moving across the 

screen as 2D computer graphics. As 2D technology relates to VLSs, this was widely used 

in children’s learning games such as LeapFrog, which is an interactive learning system 

where 2D objects moved across the screen as children interacted with the game for the 

purpose of learning via computer games and instruction. This computer game “comes 

with preloaded content featuring core skills in math, reading, science, music, puzzles, and 

logic to prepare kids for preschool and beyond (LeapFrog, 2019, p 1).  

 Over the years, HCI began to use 3D animation to interact with its users. As 

stated earlier, the goal is for humans to interact with computers in a natural form, which 
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is face to face. 3D technology plays a role in getting to this more natural interaction 

because objects began to appear livelier. Today’s computer animation, also called 

computer-generated imagery (CGI) animation, uses three-dimensional methods involving 

digitally produced pieces placed onto a conceptual “skeleton” or other framework 

(Techopedia, 2019). CGI may refer to static or animated content, whereas computer 

animation specifically refers to displays of objects in motion (Techopedia, 2019).  By 

incorporating this type of technology into VLSs, the system becomes more related to the 

more natural form of interacting with a human.  

 However, technology has not stopped there. 4D technology allows for 

differentiating time and space, and video teleconferencing allows for direct access for 

interacting with a live human being.  4D, in simplest terms, is 3D + the time dimension 

(Techtheday.com, 2014). 4D technology is mathematically defined as a geometric space 

with four dimensions, usually referring to the four-dimensional Euclidean space 

(Techtheday, 2014). This technology is in a space yet to be fully developed by HCI. Even 

though a real human may be on the other side of the panel, interacting human to human 

with the machine serving as the medium between the two.  

 This leads to person-to-person interaction as it relates to HCI. Video 

teleconferencing, such as that performed by popular applications such as WebEx, Google 

Hangouts, and Skype, also makes it possible to receive learning instruction via human 

computer interaction. In this case, a medium such as the computer is placed between each 

human to assist in the engagement of the interactive machine process. The computer itself 

is an inanimate object, thus placing a barrier between the human and the person on the 

other end of screen. In all cases, neither human can receive the sense of physical touch. 
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To aid in providing a more realistic and interactive process, such qualities as design and 

interaction, data, personal information, an increase on human gestures, and even the 

computer as a person itself (robotics) began to develop.  

HCI design includes two parts: aesthetics, such as how the system looks and the 

development of the system, which pertains to how the system is built. Focusing on the 

first part, the Oxford English Dictionary (2019) defines aesthetics (oed.com, 2019) as a 

set of principles concerned with the nature and appreciation of beauty, especially in art. 

Aesthetics may describe the color, the shape, and how an object may be displayed on the 

screen. HCI takes this definition to another level, where interaction is also considered as 

part of the design process for interacting with the computer.  

2.8.1 HCI – Design and Interaction 

Two of the many components of HCI are slideware control and crowdsourcing. 

From the perspective of interaction where at least two people are communicating via a 

computer medium, slideware control plays a significant role in interaction. Slideware 

control is a digital display that comes in the form of a slideshow. During the virtual 

learning process, slideware control may make all the difference in keeping the person on 

the other end’s interest. Keeping the viewer’s attention on the other end allows each 

participant to have some input in the control process.  

Research in this area explores how to enable opportunities for richer forms of 

collaborative participation and engagement through design interventions in the material 

ecology of slideware use (O’Hara, Rintel, & Salvadori, 2017). Oxman (2010) explained 

that “Material ecology is an emerging field in design denoting informed relations 

between products, buildings, systems, and their environment” (Oxman, 2010, para 1). 
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“With control over these visual resources in material ecology being restricted to the 

presenter in this way, the presenter is privileged in how they can be used to steer 

conversation and coordinate action” (O’Hara et al., 2017, p. 456). Limited opportunities 

to co-present with others acting on the slides can reduce the scope for richer forms of 

collaborative engagement and encourage more passive forms of participation in the 

discourse (Doumont, 2005). 

Crowdsourcing is beneficial to the field of HCI as it relates to education because 

it allows distant individuals to share information using a computer. Crowdsourcing is the 

process through which a task, problem, or project is solved and completed through a 

group of unofficial and geographically dispersed participants (Techopedia, 2019). 

Crowdsourcing can be used in self-aware VLSs for the purpose of collecting data from 

others so that the learner can engage in collaboration with others if the user has questions, 

concerns, or challenges related to the system being used. For example, users may be 

interested in a pneumonic device for learning that may better assist them in moving to the 

next level of their respective self-aware VLS. Techopedia (2019) further explained 

crowdsourcing as:  

Crowdsourcing works when a business or individual, also known as the 

crowdsourcer, advertises a problem or project on a related website and invites 

subject matter experts and the general public, known as the crowd, to propose 

a solution or to participate in finishing the task. The participating members are 

paid remunerations or are complimented with recognition once the problem is 

solved or the task is completed. (Techopedia, para 1) 
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Crowdsourcing is popular in its use of message boards throughout companies, 

allowing users of the system to post a message on a company board inquiring about a 

specific skill or knowledge area to complete a project. Other crowdsourcing data sites 

include those such as Quora, internet message boards, and those built in learning tools 

such as those used in programs in Duolingo, which is a language learning tool. These 

crowdsourcing data sites are used to clarify the definitions and terminology used in 

multiple language categories and, in fact, can be used to ask any language-related 

questions. The general concept allows an individual to place questions and answers about 

the system, the program, or the organization but receive inputs from others who may or 

may not be a part of that organization. In one of the few reported studies that discuss 

aspects of situated crowdsourcing in teams, Goncalves et al. (2013) found workers 

perform sub-optimally when they are in the presence of friends or a group. While the 

work here does not pertain directly to a VLS, it does, however, pertain to learning and 

can be implemented into VLSs.  

Another significant study that pertains to the student’s learning experience related 

to design is Building Information Modeling (BIM). BIM is described by Autodesk.com 

(2019) as “an intelligent 3D model-based process that gives architecture, engineering, 

and construction (AEC) professionals the insight and tools to more efficiently plan, 

design, construct, and manage buildings and infrastructure” (Autodesk, para 1). When 

learning platforms involve those of 3D and 4D technology for the purpose of construction 

and planning development, BIM may be a useful tool. Interactive display technologies 

have the potential to greatly enhance the educational experience of students and will 
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provide faculty a tool that can facilitate each construction concept in a more visual and 

interactive manner (Irizarry, Masoud, Zolgagharian, & Meadati 2013).  

Collocated interaction is communication taking place among persons who are 

physically located in the same space such as an office or a restaurant as opposed to 

remotely located interactants who are using mobile phones (IGI Global, 2019). “Research 

on collocated interaction broadly falls into two areas: systems design for collocated 

interaction, such as developments in single display groupware” (Bederson, Druin, & 

Stewart, 1999), and “studies of collocated interaction, originating in studies of work 

technology in “centers of coordination” (Suchman, 1997) such as control rooms (Fischer 

et al., 2018).  

Finally, the focus of design for computers has shifted to the mobile space where 

researchers have placed a significance on improving the design area for users with mobile 

devices. As Hollan et al., Hutchins, and Kirsh argue, “we need a new theoretical basis 

and an integrated framework for research…in which the focus task is no longer confined 

to the desktop but reaches into a complex, networked world of information and computer-

mediated interactions” (Hollan, Hutchins, and Kirsh , 2000). These authors further 

explored the graphics of the user interface of the system from a cognitive perspective. For 

example, “when designing the graphic objects for a user interface, is it sufficient merely 

to model what the user thinks he/she is doing in terms of his/her control of the system” 

(Faiolo & Matei, 2010, p 240).  

Personal Informatics (PI): 

A significant amount of work has been done on Personal Informatics (PI) due to 

the role it plays in HCI. According to cognitive theory, “people approach multi-functional 
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mobile devices by building mental models of their functions, starting with physical 

appearance” (Faiola & Matei, 2010). PI is “a class of tools that help people collect 

personally relevant information for the purpose of self-reflection and self-monitoring” 

(personalinformatics.org, 2019). These tools help people gain self-knowledge about their 

behaviors, habits, and thoughts (Ubicomp, 2014). However, personal informatics spans 

beyond these tools in terms of research.  

PI systems allow users to collect and review personally relevant information 

(Kirsten-van Dijk, 2017). PI systems include self-tracking systems as well.  

The increasing pervasiveness of sensor-rich smartphones and wearable sensor 

technologies has facilitated a revolution of self-tracking. A dedicated community 

of self-trackers and life-loggers seeking “self-knowledge through numbers has 

been on the rise. The most visible and well-organized reflection on this 

community is the Quantified Self (QS) movement – an organization that has 

regular “meetups” around the globe to share their experiences and experiments in 

gathering data and collecting insight about themselves. (Kirsten-van Dijk, 2017, 

p. 4)  

The PI movement includes such devices as Fitbit, iWatch, and other wearable self-

tracking tools that monitor heart rates as well. Such tools may be used in educational 

sources to monitor heart rate while students are testing or using the VLS for the purpose 

of providing an optional breaktime or distraction to remove the student from the activity 

in the case they have anxiety.  

 Hollis et. al (2017) explored the examined life, informing the design of reflective 

systems to promote emotional well-being, a critical health issue (Hollis et al., 2017). As 
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discussed previously, these same tools may be used for monitoring the critical health of 

students while studying or learning using VLSs. “New reflective technologies that 

promote constructive analysis of rich personal data potentially offer transformative ways 

that individuals might better understand themselves and improve well-being” (Hollis et 

al., 2017, p. 208).  

 Modeling gesture and hand movements pertains to the computer’s response the 

human motor movements. Quinn and Zhai (2016), researched this in their paper, 

explaining that “Gesture input allows information or commands to be issued to a user 

interface using a continuous input signal, rather than a series of discrete inputs (viz. 

tapping on buttons, keys, or menu items)” (p. 236). Their goal was to analyze large 

datasets of user-produced gestures to build a gesture projection model.  

Robotics plays a major role in HCI. Robotics, as described by the Oxford English 

Dictionary (2019), is the branch of technology that deals with the design, construction, 

operation, and application of robots. Robotics is a branch of its own but involves human 

computer interaction in that humans are interacting with robots in several ways, other 

than the mere development of a robot for fun. For example, de Graaf, Allouch, and Djik 

(2017) explored the social aspect of robotics. Robotics may be used as a form of delivery 

by the VLS. For example, the system may be a robot but is still a self-aware VLS. Many 

independent studies in social robotics and human-robot interaction have gained 

knowledge on various factors that affect people’s perceptions of and behaviors toward 

robots (de Graaf, et al., 2017).   

De Graaf, Allouch, and Djik’s study focuses on the general population and social 

robot use within the domestic context, for which the two existing models have not yet 
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been validated (de Graaf et al., 2017). Those previously existing models are the Almere 

model of Heerink, Kröse, Evers, and Wielinga (2010) as well as the Shin and Chool 

model wherein these researchers presented an alternative acceptance model for social 

robots. “They lack both a theoretical foundation and strong arguments for the inclusion of 

the chosen factors in the model and the exclusion of other factors” (de Graaf et al., 2017).  

Other facets of HCI include those such as the human interface for quality 

assurance, such as that used in car manufacturing, noted by Nikolaj et al. in “Advances in 

Human Computer Interaction”, (Nikolaj, et al. 2019). These advances in human computer 

interaction includes functionalities such as support for data glasses and microphones for 

input devices, data glasses with hand gestures for input devices, display instructions over 

projection with a microphone as input devices, and display instructions over projection 

with hand gesture as input devices (Nikolaj, 2019). These same functionalities, developed 

for use in cars, can be applied to VLSs.  

Additionally, HCI is not just about the aesthetics of computers but how 

individuals relate to other individuals through a virtual medium.  For example, in 

“Distributed Apprenticeship in Online Communities”, Easterday, Gerber, and Hui (2018) 

stated that “Gray et al. (2016) investigated how crowd workers—people who perform 

tasks online for pay—collaborate with other crowd workers to manage administrative 

overhead, share information about tasks and requesters, and even perform the work 

itself”. This interaction between people occurs when a virtual entity such as the computer 

is used as a medium to facilitate interaction between the two.  

Research has shown that personality shapes the design of the virtual interface.  

The design of the virtual interface would be determined by the stakeholder, which would 
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be the user in this case. Users determine whether they would prefer to use an avatar or an 

actual person as a method of interacting. For example, Youmans (2019), demonstrates 

that using physical prototypes instead of virtual ones improves novelty of design 

solutions.  

2.9 Virtual Learning Systems (VLS) 

Techtarget (2019) described virtual learning as “a set of teaching and learning 

tools designed to enhance a student’s learning experience by including computers and the 

Internet in the learning process.” Virtual learning can also be described as e-learning and 

CBT. Hubackova (2014) described how CBT systems were first developed in the late 20th 

century. Early systems were in the form of computer training systems created on both the 

Mac and the personal Computer (PC) in grade schools across America.  

VLSs were initially not connected to the internet and were used in K-12 school 

systems during the late 20th century. Apple computers, for example, inundated school 

systems throughout the United States with the MacOS, credited as “one of the most 

ambitious U.S. curriculum efforts” (Computinged, 2019). This was an effort to get Apple 

products into schools, spearheaded by Steve Jobs in a program called “Kids Can’t Wait.” 

Products used on this computer were Oregon Trail and Visual Basic, both software 

applications. 

Since that time, virtual education systems were provided on CD-ROMs and then 

eventually, whole classrooms were accessible via PCs, laptops, and cell phones. This 

evolution of virtual education systems led stakeholders to have a heightened interest in 

making these systems more self-aware. Due to lack of the existence of a heightened 

interest in self-awareness as a system property, virtual education systems, while 
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accessible via the internet, are not providing students the same experience they would 

receive in classrooms. Consequently, methods such as hybrid learning, where students 

would access their educational programs online and then receive grades by the instructor 

or where half the work was done online as a supplement to the actual class, have become 

commonplace.  

Language learning programs, for example Kwiziq French, Duolingo, and Babble, 

are all accessible via cell phones. As a result, some form of artificial intelligence is used 

to assist in the student’s learning. When using these programs, the student’s curriculum 

style is changed based on how the student learns. Particularly in Duolingo, if the student 

gets a few phrases wrong from a specific learning category, instead of making the student 

repeat the entire learning category, the program would only highlight that part of the 

student’s curriculum to retake. After a while, if this particular category is missed 

consistently, and there were categories to be learned before this, the student may have to 

go back and redo an entire category to understand the basics of what was missing. This 

analysis of knowing that an entire category had to be redone, was discovered via self-

analysis when the researcher used the Duolingo program to test French and Spanish 

language comprehension. 

2.9.1 Virtual Learning Systems in HCI 

The problem exists that although these programs use some form of artificial 

intelligence, their requirements, the types of algorithms used, or the plan for creating such 

a program are unclear. This information is not readily available to the public but is 

proprietary and made only for the use of the company. The specialized HCI aspect of 

these systems is also clearly required. However, while work has been done in HCI related 
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to virtual learning systems (VLS), little has been done in self-awareness as it relates to 

the actual VLS being self-aware.  

The following sections further explore prior research performed on VLS. The 

reason for focusing on this research is to learn if whether the researcher included a form 

of self-awareness in the research when VLS were considered. Some of the work covers 

parts of HCI. HCI, as well as some facets of self-aware systems, may overlap here but 

again, the focus here is primarily on VLS and the focus of that system.  

2.10 Virtual Learning – Research  

Cox et al. (2011) explored researching haptics in higher education. Haptics is a 

form of HCI related to touch. Cox et al. explored three strands of the hapTEL workstation 

for a VLS in healthcare education setting. These strands were technical, curriculum, and 

context and educational evaluation. “The strands involved technical development and 

evaluation of the hapTEL workstation, examining the traditional undergraduate 

curriculum, and the 3rd being that of a concern with the educational evaluation of the 

impact of the work carried out within Strands 1 and 2” (Cox et al., 2011). The goal was to 

measure the impact of Technology Enhanced Learning (TEL). The hapTEL workstation 

covers strands related to human haptics. The study concluded that students perform better 

when interacting with the hapTEL learning station.  

 Dodd and Antonenko (2012) explored work in signaling to integrate desktop 

virtual reality and online learning management systems. Signaling is a technique that 

involves using cues to emphasize important information in educational materials (Mayer, 

2009). According to Dodd and Antonenko’s article, this was first attempt at examining 

signaling as a technique for integrating desktop virtual reality with online learning 
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management systems. Virtual reality plays a role in a student’s learning environment due 

to the properties of its moveable images, which allow the student to interact with the 

environment. In a self-aware VLS, the student could potentially be placed in a virtual 

environment—for example, learning French, given it is a second language, on the VLS, 

where the computer screen would contain the background of the Eiffel Tower seen from 

the top of a balcony. On this balcony, there could be a table with croissants, coffee, 

orange juice, napkins, kitchen utensils, chairs, and trees as well in the background. These 

items could be luminated (which is a form of signaling) in the VLS to help the user of the 

system identify the items as the words of the item are spoken by the system. This could 

help the learner be more engaged in the learning environment by signaling the Eiffel 

Tower. However, these luminated items do not necessarily make the system self-aware, 

they simply provide for human computer interaction. 

2.10.1 Virtual Learning – Environments 

Another area of virtual learning explored often in the literature is the environment 

of VLSs. Mueller and Strohmeier (2011) explored virtual learning environments (VLE) 

and their design characteristics, saying that, “VLE can be understood as electronic 

information systems (IS) for the full administrative and didactical support of learning 

processes in (higher) education (al) and vocational training settings by providing learners 

with adequate learning resources to develop intended qualifications systematically” 

(Mueller & Strohmeier, p. 223) They added, “The goal in this paper is to determine 

which specific design characteristics actually characterize successful virtual learning 

environments, is of specific interest for training and development practice” (Mueller & 

Strohmeier, 2011, p. 167.  
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Mueller and Strohmeier (2011) concluded that VLE design characteristics can be 

conceptualized as multi-level constructs that include system adaptability, respectively 

(system interactivity), and control as well as user adaptation and could be modeled as 

sub-facets (level 1) of system flexibility (level 2), which, in turn would drive system 

quality as an overall, cohesive element (level 3). The ability for a self-aware system to be 

adaptive as well as to feature the use of a model are both facets of what was discussed in 

the self-aware section, but the system must adapt the design characteristic model for it to 

be more self-aware.  

 Mueller & Strohmeier (2011) argued that the term virtual learning environment 

has evolved over the last couple of decades (Mueller & Strohmeier, 2011).  Britain & 

Liber (2004) state that virtual learning environments are now used to refer to software 

packages that include a number of applications aiming to support course administration 

(e.g., student statistics and information dissemination through news and bulletin boards), 

communication (e.g., online discussions), online publishing (e.g., uploading documents) 

and assessment (e.g., student portfolios).” (Britain & Liber, 2004, p. 4).  

 Other teaching environments relate directly to the environment in which the 

educators or teachers may physically be in and not necessarily the teaching environment. 

For example, Johanssen et al. (2012) explored VLEs and its socio-material agents in the 

network of teaching practice. The article explores findings in the Norwegian education 

system using actor-network theory and how VLEs negotiate the agency of educators and 

how they shape their teaching practice (Johanssen et al., 2012). Within the themes of 

socio-materiality of teaching practice with VLEs and power relations, the authors 

concluded that “the concept of agency emerges as a central one, both because VLEs 
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allow teachers and lecturers to enact their pedagogical beliefs into their daily practice and 

because they find themselves in situations that are ‘dictated’ by VLE use and that have 

major consequences onto their practice” (Johannesen et al., 2012, p. 787).  

2.10.2 Virtual Learning – Students and Teachers 

 

 Some work in the field of virtual learning environments that contributes to VLSs 

is that of assessment. Assessment is a vital part of educational practice (Ridgway, 

McCusker, & Pead, 2004) and a core dimension in shaping classroom practice and 

defining curriculum. According to Black, Harrison, Lee, Marshal, and William (2003), 

assessment is about making schools accountable, and providing students with certificates, 

as well as—and probably most importantly—creating assessment for learning (Black, 

Harrison, Lee, Marshal, and William, 2012). Assessment plays a vital role in learning and 

improvement in student learning. Black et al. (2003) explored how teachers talk about 

assessment using Actor-Network-Theory. Actor-Network-Theory is “for example, rather 

than saying Newton ‘founded’ the theory of gravitation seemingly as though he were 

alone in a vacuum, Actor-Network-Theory emphasizes and considers all surrounding 

factors—no one acts alone” (Callon & Bruno, 1991, 1992). When designing a self-aware 

VLS, Actor-Network Theory is important to consider because elements such as 

crowdsourcing come to mind when designing the system. This will be indicated in the 

results section of the research.  

 Data analytics and learning analytics are emerging research fields that have arisen 

in the wake of tremendous advances in artificial intelligence and data mining achieved in 

the past few decades (Chui, Fun, Lam, & Lytras et al., 2018). These data analytics have 

been widely proposed in one of the few documents related to virtual learning where self-
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aware systems play a role. Tai Chui et al. (2018), explained in their paper that “Predicting 

at-risk university students in a virtual learning environment via a machine learning 

algorithm,” where the paper proposes a reduced training vector-based support vector 

machine capable of predicting at-risk marginal students (Chui, et. al, 2018, p. 7). The 

paper proposes a plan for identifying at-risk students but does not propose a plan for 

enhancing the students’ learning. 

 Virtual learning also spans across the student’s learning as it pertains to the 

student’s learning environment. King and Kam Fung So (2014) developed a study to 

promote the creation of a virtual learning community to engage international students in 

the learning process. This experiment was focused on students located in Australia who 

were interested in studying tourism. They found that using nontraditional forms of 

instruction are seen as enablers of positive learning experiences for international students 

when studying abroad (King & Kam Fung So, 2014). The results of this study showed 

that “non-native-speaking students, welcome the opportunity to engage in a learning 

community that reduces cultural and language barriers” (King & Kam Fung So, 2014, p. 

1). This study is considered because if the instruction for the self-aware VLS is written in 

a language other than that of the student’s first language, language barriers must be 

considered.  

 Virtual learning expands across the area in which researchers call Virtual World 

Learning. This can be considered virtual reality as explained in some of the previous 

paragraphs, where the environment one signs into appears to be that of a virtual 

classroom as dictated in a pictured image in Jones & McKenna (2011) “A Virtual 

Learning Environment for Perioperative Continuing Nursing Education.” Jones & 
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McKenna describe a virtual world as an online, three-dimensional graphical, multimedia 

environment where individuals are represented by avatars (digital version of self) (Jones 

& McKenna, 2011), which is also a part of computer design that is explained in human 

computer interaction. McKenna & Jones explore “Second Life,” which is a virtual-world 

learning environment that can serve as a venue for creative and engaging continuing 

nursing education (McKenna & Jones, 2011).  

2.10.3 Virtual Learning – Environments in Health 

When designing systems for students who are receiving instruction via virtual 

learning and specifically in this case, it is important to remember that some children are 

born with deficiencies in their DNA, which cause a lack of functionality, such as speech, 

language, and even cognitive abilities such as empathy. Therefore, it is important to 

explore VLSs that identify the needs for those with these cognitive disabilities. To 

identify means to establish that the person using the system has a cognitive disability. 

One such disability commonly found through the literature is autism. About 1 in 59 

children have been identified with autism spectrum disorder according to estimates from 

the Center for Disease Control (CDC)’s (2019) Autism and Developmental Disabilities 

Monitoring Network. Three virtual learning environments, which may be used in self-

aware systems, are explored in the following paragraphs to grasp what has already been 

done in the healthcare field to support those with cognitive disabilities who use VLSs.  

Virtual Reality is a term that applies to computer-simulated environments that can 

simulate physical presence in places in the real world, as well as in imaginary worlds 

(Lorenzo, Pomares, & Lledó, 2012). VLS can be used in educational systems to show 

real world images, for example, one that allows a user to tour the Eiffel Tower from its 
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summit via a computer screen. Lorenzo et al. (2012) uses this technology to use 

immersive virtual reality systems in the educational intervention with Asperger’s 

students. In their paper dedicated to students with Asperger’s, while the focus is on 

Virtual Reality, a shift can be seen where self-aware systems start to blossom in VLSs.  

In this particular study for Asperger’s, the system begins to adapt itself to the 

students’ specific needs as opposed to only assessing the students’ behavior progress. 

This adaptation is made possible using Immersive Virtual Reality, which uses data 

collection that makes it possible for adaptation (Lorenzo et. al, 2012). There is no 

mention of the system being self-aware here, so the claim is not that the system is self-

aware but that it is based on the literature review done previously. The system is 

artificially intelligent but could be functioning using predictive or descriptive analytics, 

which is not evident in this particular research. A novice stakeholder, for example, the 

teacher who is not tech savvy but has the desire to implement self-aware systems, may 

find an article on adaptation difficult to read.  

Other forms of VLSs pertaining to the environment explore cognitive studies such 

as empathy of those with autism spectrum conditions. According to Cheng et al. (2010), 

“Empathy allows us to understand the feelings of others, predict their behaviors, and 

experience emotions triggered by their emotions” (p. 2). Cheng’s study aimed to improve 

empathy in those who they believed were deficient in empathy. The study, which used 

Collaborative Virtual Learning Environment (CVLE) – 3D empathy systems and three 

participants diagnosed with autism spectrum conditions, conducted multiple baseline 

research for evidence of improved understanding of empathy via system usage (Cheng et 
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al., 2010). The importance of this study is that it was used to improve a cognitive 

behavior that can be implemented in self-aware virtual education systems.  

 Studies in the field of autism spectrum conditions have been further explored in 

the virtual learning environment. One such study focuses on using a virtual learning 

environment to help with deficiencies of social competence in people with autism 

spectrum conditions and to increase their social interaction (Cheng & Ye, 2009). This 

study used human-to-human interaction in which the computer is the medium due to 

previous studies concluding that people with autism can interpret virtual environments 

successfully (Cheng & Ye, 2009).  

The findings in this this study indicated that: 

(A) CVLE-social interaction system that involved text-based communication and 

visual assistance has helped their reciprocal social interaction behaviors; and has 

allowed them to maintain these experiences during their daily lives. (Cheng & Ye, 

2009, p. 2)  

The avatars used in this study for social interaction can be further enhanced to completely 

adapt themselves using the concepts of self-awareness mentioned in the self-aware 

portion of the literature review.  

Phenomenography is an empirical research tradition that was designed to answer 

questions about teaching and learning, particularly in the context of educational research. 

In one study, Lameras et. al (2012) performed a study in which they find through a 

phenomenographic investigation in which VLE were described as a means of supporting: 

(a) information transfer; (b) application and clarification of concepts; (c) exchange and 

development of ideas, and resource exploration and sharing; and (d) collaborative 
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knowledge-creation and development of process awareness and skills. This study 

suggested that pedagogical beliefs and circumstances underpinning face-to-face teaching 

are more influential in shaping approaches to blended VLE use than VLE system features 

(Lameras et. al, 2011).  

Other work in the collaborative space of VLEs pertaining to VLSs explores 

successful learning environments and online teacher collaboration. The focus for 

successful learning environments explored the students’ collaboration with other students 

within their learning environment as well as group messaging where answers could be 

received through a message board. 

2.11 Conclusion of Literature Review 

This literature review provided a comprehensive review of work performed on 

self-aware systems, VLSs, and HCI. The purpose of this literature review was to provide 

a more comprehensive review of work that has been done on each section from which 

Self-Aware VLSs (SAVLS) functional requirements will be derived. This review also 

highlighted the lack of self-awareness in current virtual education systems by providing a 

comprehensive review of self-aware systems and virtual educational systems separately. 

Much of the work done in virtual education systems was focused on the environment in 

virtual education systems but was more involved in how students related to the 

environment as opposed to an actual self-aware environment. HCI also played a major 

role in VLSs, in this case called a virtual education system, as it related to the 

environment of the system.  

The literature review further provided discussion on HCI as it relates to self-aware 

systems but that HCI is one of the requirements for VLSs. Because self-awareness is used 
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in many systems such as onboard chip systems, health systems, and the modeling of 

systems, the literature review also makes clear that these parts of self-awareness may be 

used in self-aware VLSs. The goal is to combine self-aware systems, VLSs, and human 

computer interaction, thus contributing to the definition of the list of requirements for 

self-aware VLSs.  
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Chapter 3—Methodology 

3.1 Introduction 

The purpose of this chapter is to introduce the Secondary Research Methodology 

used in identifying the foundational requirements for Self-Aware VLSs (SAVLS). The 

research objective was to establish a holistic set of fundamental requirements applicable 

to SAVLS. Fundamental requirements are the necessary requirements of which the self-

aware system is based on. In the case of this research, the requirements stated as 

fundamental requirements were found in at least 95% of the peer-reviewed journal 

articles thus distinguishing that the system is self-aware. Additionally, there were other 

requirements added to this set describing general requirements which are applicable to 

self-aware systems and non-self-aware systems. General requirements are those 

requirements which are unique to each system, meaning that these requirements are not 

required for the system to be self-aware. This approach allowed for previously written 

research in the field of self-aware systems, virtual education systems, and HCI to be 

reviewed and analyzed and then applied to building the requirements for SAVLS. The 

applicability for secondary research using peer-reviewed journals as well as a keyword 

search in this research are discussed in depth. The research plan, including methodology, 

journals used, and the application of the research are also discussed in this chapter.  

3.2 Research Questions 

This research sought to build a fundamental set of requirements and a general set 

of requirements in answering the following research questions: 

RQ1: What are the fundamental requirements needed to build a virtual learning system 

that incorporates self-awareness? 
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RQ2: What are some of the general requirements needed to build specific virtual learning 

systems that incorporate self-awareness? 

3.3 Focus on SALVS Requirements 

As related to SAVLS, this research focused on the portion of the Systems 

Engineering Life Cycle process which includes defining customer needs but through 

peer-reviewed journal articles and then determining those requirements based on the 

solutions the researcher in the journal articles used. In writing the specific requirements 

derived from the journal review, care was taken in making the requirements solution 

agnostic.  Future system designers would therefore be free to implement the solutions 

they evaluate to be best for the VLS’s intended application.  For example, the use of 

pattern detection could be done using various algorithms. The algorithm solution was 

grouped under the fundamental requirement “pattern detection.” The requirements, 

however, are not grouped. Examples are provided in Chapter 4 of this research.  

The INCOSE (International Council on Systems Engineering) Systems 

Engineering Handbook (cite) was chosen as an authoritative reference on performing 

requirements engineering because it is a well-known reputable resource. The INCOSE 

definition of Systems Engineering is:  

Systems Engineering is an interdisciplinary approach and means to enable the 

realization of successful systems. It focuses on defining customer needs and 

required functionality early in the development cycle, documenting requirements, 

then proceeding with design synthesis and system validation while considering 

the complete problem: Operations, Performance, Test, Manufacturing, Cost & 

Schedule, Training & Support, Disposal. 
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Systems Engineering integrates all the disciplines and specialty groups into a 

team effort forming a structured development process that proceeds from concept 

to production to operation. Systems Engineering considers both the business and 

the technical needs of all customers with the goal of providing a quality product 

that meets the user needs. (INCOSE, 2015) 

The research objective was to develop a set of requirements for self-aware VLSs 

that stakeholders (i.e., all parties involved in developing the system) may utilize for 

building their systems. Once the stakeholders consider the needs of the system, they can 

fully implement the INCOSE process. This research focused specifically on requirements 

elicitation and documentation within the development phase of the system lifecycle 

process. The research methodology used a unique approach to deriving requirements 

from peer-reviewed journal articles as its main source of expertise. This alternative 

approach can be considered in situations where stakeholders are not available for direct 

dialog.  

Traditional requirements gathering, according to INCOSE (2015), include 

gathering stakeholder needs, system/project constraints, (e.g., costs, technology 

limitations, and applicable specifications and legal requirements) and system project 

“drivers,” such as capabilities of the competition, military threats, and critical 

environments (INCOSE, 2015). The types of requirements searched for in this research 

were those that were: (a)  required to make a VLS self-aware; (b) used in HCI because as 

a VLS, with which individuals will be interacting, the system intuitively requires human 

computer interaction; and (c) those that would be considered a general requirement for a 

specific VLS chosen by the researcher.  
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The reason the INCOSE standard for requirements gathering was not used is this 

research assumes a particular system is not being developed by a company where internal 

stakeholders are required to give input and customers are feeding needs for the to-be 

system. Additionally, there is no competition involved, no critical environment, no 

specific project to yield any constraints, no technology limitation or legal requirements 

based on any particular system – which are all items stated in the preceding paragraph for 

requirements gathering. A further operating assumption is the requirements collector 

(e.g., researcher) is not sitting in a room with stakeholders who can state their 

requirements or how to build the system.   

3.4 Methodology Selected 

This Dissertation uses a Secondary Research Methodology using documentation 

as a form of qualitative research. Peer-reviewed journal articles were used because 

according to San Diego State University (2019) “peer review is a widely accepted 

indicator of quality scholarship in a discipline or field. Articles accepted for publication 

through a peer review process meet the discipline’s expected standards of expertise” (San 

Diego State University, 2019). “There were about 28,100 active scholarly peer-reviewed 

English-language journals in late 2014 (plus a further 6,450 non-English-language 

journals), collectively publishing about 2.5 million articles a year” (Ware, 2015). These 

published articles represent a database of research left by those who consider themselves 

experts in the field. As explained in Section 3.3, this research is not intended to be 

performed for any specific company, or any stakeholder from a specific company. The 

traditional method for collecting requirements are stated in Chapter 2.3 and 3.3 above.  
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3.5 Secondary research using secondary data 

According to Johnston (2014), secondary data analysis is analysis of data 

previously collected by someone else for another primary purpose (Johnston, 2014). The 

utilization of this existing data provides a viable option for researchers who may have 

limited time and resources (Johnston, 2014). 

Do, T.L., (2019), an author for Design Research Techniques defines secondary research 

to be: 

Internal data such as databases, sales reports, past primary researches, government 

statistics and information from government agencies such as Canada Business 

Service Centre (http://www.canadabusiness.ca), Statistics Canada 

(http://www.statcan.gc.ca/), information resources companies (ex. Passport GMID 

or Dataminr360); and different media such as articles from respected magazines 

and newspaper reports from university research centers or non-profit agency (Do, 

T.L., 2019).  

Secondary research in this Dissertation differs from the traditional sourcing of 

requirements in that performing secondary research for the purpose of this Dissertation 

allows the researcher to discover requirements of elements of self-aware systems that 

have been applied to other systems outside of VLSs. The requirements and potentially the 

enabling technology can then be taken from one system and employed into another 

system for the same function. A self-aware VLS may incorporate a GPS technology by 

receiving the actual GPS signal and processing it.  

Fundamental requirements would be available in most of the systems. and if the 

requirement is presented in 95% of the articles, the researcher makes an empirical 
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assumption these are the fundamental requirements for the system. The general 

requirements for the system are also provided here because, for example, a self-aware 

virtual education system needed to process mathematical calculations for K-12 students 

may not be the same as those needed for university students.  

Secondary research enables an empirical exercise to be performed that applies the 

same basic research principles as studies utilizing primary data, such as discussing with 

stakeholders their functional needs, and has steps to be followed just as any research 

method does. Johnston (2014) also stated that secondary research is a systematic method 

with procedural and evaluative steps, yet there is a lack of literature to define a specific 

process; therefore, this Dissertation proposes a process that begins with the development 

of the research questions and then the identification of the dataset, thorough evaluation of 

the dataset (Johnston, 2014). 

Therefore, Johnston only identifies the steps that he created for the research 

process. These steps are not concrete, so an organic method explained below was used.  

Hakim (1982) defined secondary research as “any further analysis of an existing 

dataset which presents interpretations, conclusions, or knowledge additional to, or 

different from, those presented in the first report on the inquiry as a whole and its main 

results” (p. 1). Most research begins with an investigation to learn what is already known 

and what remains to be learned about a topic through reviewing secondary sources and 

investigations others have previously conducted in the specified area of interest 

(Johnston, 2014).  
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While Johnston (2014) further defined his own technical process for secondary research 

in Library and Information Science, this Dissertation aims to follow its own process in 

formulating the data to determine the requirements for self-aware VLSs.  

Data for secondary research could be in the form of well-known journal 

publications, television sources, experts, and books or websites recommended by other 

researchers. In this case, Techopedia, founded in 2011 and Forbes, founded in 1917 as 

two sources for documenting technology trends, were used during the research. These 

two online sources were chosen as sources for the literature review in addition to peer-

reviewed journals along with online publications where individuals have contributed to 

inputs, opinions, and factors related to SAVLS, human computer interaction, and VLSs. 

These online sources were used to clarify definitions and research methods and to learn 

whether research of this type was already been performed to determine requirements for 

self-aware VLSs. However, the peer-reviewed journals were the only source used to 

determine the requirements for self-aware systems and the only source that contributed to 

Chapter 4 of this Dissertation.  

The purpose of using peer-reviewed journals is to identify what requirements 

based on identified technologies contribute to the system being self-aware—in essence, 

what functionality makes the system self-aware. This is done so that this same 

functionality and technology can be considered for other self-aware VLSs. Thus, if a 

specific technology such as an algorithm is used in a self-aware system, the driving 

functionality can be considered for use in other self-aware systems. This research relies 

heavily on what has been done before in the area of self-aware artificially intelligent 

systems so the functionally can be repeated in self-aware VLSs. 
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The peer-reviewed journals were used to define the requirements; both peer-

reviewed journals and an internet search on self-aware systems and artificial intelligence 

was done to identify and understand what developments and research has been performed 

in the area of self-aware systems and VLSs before identifying that there is a need for such 

requirements for a self-aware VLS to be developed. However, the peer-reviewed articles 

on self-aware systems do not explicitly state that a specific technology used within the 

system is what makes the system self-aware. To determine that the systems being 

researched are self-aware systems, a keyword search performed on self-aware systems 

within The George Washington University online consortium was conducted first to 

populate articles specifically on self-aware systems. Then, while reviewing articles, 

functionality making the system self-aware or non-self-aware was identified.  For 

example, before building either type system, article authors always developed or used 

pattern detection as the foundation for developing the system.   In other words, pattern 

detection was found 100% of the time. 

Do, T.L., (2019) described the technique of secondary research to be identifying 

the subject domain and where to acquire the information, gathering existing data, 

comparing data from different sources if necessary and if feasible, analyzing the data. 

This process was followed with variations because there is no concrete process for 

secondary research. As explained earlier, the subject domain “Systems Engineering” was 

identified. The researcher also performed research to verify the validity of peer-reviewed 

journals to determine whether peer-reviewed journals were the best source of data 

collection for secondary data. Existing data—peer-reviewed journals—were then 

reviewed to identify what technologies were used in the peer-reviewed articles that made 
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the systems described in the articles self-aware. These existing technologies are 

considered in the requirements for the system but are categorized as foundational 

requirements or general requirements based on the same results presenting themselves in 

95% of the articles. Existing data in HCI were also used to determine what the properties 

of human computer interaction are so that they can be applied to self-aware VLSs. 

Next, VLSs were researched to identify whether work in the area of self-aware 

systems had already been applied to VLSs. Data from these sources were collected and 

then analyzed to determine the majority of the technologies used in the articles for self-

aware systems. If the same element presented itself in 95% of the articles, it was 

considered to be a fundamental requirement. If the functionality/technology presented 

itself under 95% of the time, it was considered to be a general requirement for a self-

aware system but could also be applied to a self-aware VLS if a particular self-aware 

VLS had that same need.  

3.6 The Organic Process 

To support secondary research, the researcher decided to perform an organic 

process for discovering the requirements. The reason for this was the stakeholders were 

physically unavailable and did not have the information to present for self-aware VLSs. 

Peer-reviewed journal articles are where experts have presented well defined 

documentation to support their work. Organic, as described by the Oxford English 

Dictionary (2019) is “characterized by continuous or natural development.” Process, as 

defined by the Oxford English Dictionary (2019) is “a series of actions or steps taken in 

order to achieve a particular end.” An organic process in this case is defined by the 

researcher in this Dissertation as “the natural development of actions taken to achieve a 
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goal.” The organic process is simply collecting and identifying the peer-reviewed journal 

articles in The George Washington University’s online library database- a consortium 

library database for schools in the Washington, DC area.  To prevent any biases, the 

researcher did not go to specific journals to retrieve the articles but rather performed a 

keyword search in the database to populate the list of peer-reviewed journal articles.  A 

keyword search on ‘self-aware systems’, ‘human computer interaction’, and ‘virtual 

learning systems’, as examples, was performed to populate those specific types articles in 

the results section of the article collection database. The keywords represent specific 

research points, and the researcher wanted to ensure that no specific journal was being 

targeted.  

Direct requirements elicitation through Expert Opinion was not used since those 

stakeholders were not physically available or otherwise accessible. Microsoft Excel and 

Word were the most feasible and effective tools to record data from the article then 

populate the intended tables and lists.  Collected data could then be easily stored, 

segmented, and analyzed. 

3.8 Data Determination 

The goal in this research was to determine the requirements for self-aware VLSs 

based on work done to define and characterize other systems that are self-aware. To 

accomplish this, understanding the common thread in all peer-reviewed journal articles 

pertaining to self-aware systems provides deep-level input on how the researcher in the 

journal developed the system. The research reported in this Dissertation relied heavily on 

online sources and peer-reviewed journals, as stated at the beginning of this chapter, to 

determine whether research had previously been performed on self-aware VLSs.  
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The first method for conducting this research was to target articles consisting of 

self-aware systems and virtual education systems. After researching articles throughout 

the internet, it was discovered that many of the articles were based on opinions of those 

working in the field of education and self-aware systems. However, this information 

could not be formally verified without interviewing each contributor personally. This is 

why peer-reviewed journals were chosen, which was to instead use secondary research as 

a way to validate the data being collected and the results that were reported.   

A substantial amount of research was reported based on students’ learning styles 

to support virtual education systems. Additionally, a substantial amount of interest from 

contributors focused on self-aware systems but not necessarily self-aware VLSs. The 

discovery of this interest then led to the need to search for validated resources in 

education and self-aware systems. However, because it is evident that humans would be 

interacting with a computer system in virtual learning, additional research was needed in 

HCI. Once the need for using HCI was recommended, research in peer-reviewed journals 

showed that HCI was one of the main components of what researchers were focused on 

in the articles.  

The decision was then made to select 90 random peer-reviewed journals from The 

George Washington University online consortium database, which featured the 

development, creation, and analytics of self-aware systems. This consisted of 30 journal 

articles for self-aware systems, 30 journal articles for VLSs, and 30 journal articles for 

human computer interaction. Thirty articles were originally used because in previous 

research, specifically those pertaining to artificial intelligence in systems engineering, the 

researcher noticed that there was little work done in VLSs that pertains to artificial 
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intelligence. Also, the researcher noticed that there were no VLSs available to reverse 

engineer for requirements. By choosing 30 articles, the researcher could have a clear, 

defined number of peer-reviewed journals for each area of work being researched (self-

aware systems, VLSs, and HCI).  Doing so led to 90 articles total from which the 

requirements lists were obtained.   

3.8.1 Eliminating Biases: 

The organic process indicates that the researcher created the research process 

while performing the research. By combining the organic process as well as using peer-

reviewed journals for eliminating biases in academia, the researcher believes that this 

method gives the research a strong foundation for credibility.  

Additionally, while retrieving the citations used in the sampled articles, the 

researcher discovered that these samples did not come from one specific journal source. 

The researcher did not seek to choose a specific journal in any of the journal searches. 

The search was based on one keyword search for each area of the research: self-aware 

systems, VLSs, and human computer interaction. For the articles identified under “VLS”, 

24 different journals were noted and featured research over a span of eight years. The 

articles used for “self-aware systems” span a period of nine years, and the journal source 

was noted for each article. All articles for HCI were only identified in and collected from 

the “Human Computer Interaction Journal” and covered a period of four years. In this 

particular case, because there is an abundance of information on HCI, the latest articles 

were specifically chosen to get more up-to-date information on what was inferred to be 

the current functionality and technologies for HCI.  



  

 

66 

 

3.9 Data Collection  

After determining the journals to sample, careful consideration was taken to 

determine what attributes of the system the author took into consideration to apply to the 

self-aware system. These attributes are considered the fundamental building blocks of the 

system or the foundation for building a self-aware system. They are documented in this 

paper as elements of the system. The process then required collecting and documenting 

these elements in a Word document to determine whether these elements were used in 

95% of the peer-reviewed journal articles researched.   

This sample size was chosen to first discover if there was any consistency in the 

smallest sample size available. This sample size remained chosen because out of 30 

articles chosen for each of the categories; there was no disparity in any of the articles for 

what was determined to be a major component or attribute of self-aware systems. This 

resulted in the element/attribute (used interchangeably through this paper) 100% of the 

time in what could be considered as the fundamental building blocks of self-aware 

systems, which are specific forms of pattern detection. These results will be demonstrated 

in Chapter 4 of the research. 

3.10 Procedures for Collecting Data 
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Figure 1. Methodology Flow Diagram.  

Figure 3 depicts how data was collected. Starting from the upper left corner of 

Figure 3, it shows that the research began with performing a search on “Self-Aware 

Systems.” If the researcher found that the desire for self-aware VLSs existed, the 

researcher continued as indicated by a “Yes”. If the researcher did not find this, the 

researcher stopped. The researcher did not move forward as indicated by a “No” leading 

to a “Stop” in the research progress. Otherwise, the researcher then started the search on 

elements for requirements research for VLSs. If there were specific elements of 

requirements present for VLSs as it pertained to self-aware systems, the researcher 

stopped. If the requirement was not present or presented as a desire for VLSs, the 

researcher continued and began to look at self-aware VLSs to understand and learn what 

the requirements are for a self-aware system and documented those elements. Once the 

elements were documented, the researcher identified those elements which were used in 
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95% of the articles researched. HCI involves a human interacting with the computer so 

this option was also chosen whereas the researcher documented those articles used in 

Human Computer Interaction. The elements for self-aware systems were then 

incorporated into self-aware VLSs. The documented process for self-aware systems, 

VLSs, and human computer interaction all came directly from peer-reviewed journal 

articles. Once the researcher gathered and understood the needs and requirements of the 

stakeholders, based on what was presented in the peer-reviewed journal articles, the 

researcher was able to incorporate self-aware VLSs into one group as well as use human 

computer interaction as an added level of interest given that the user must interact with 

the computer. 

To further explain the approach to documenting the research, the researcher 

focused on what elements/attributes - considered to be requirements – according to the 

results section of this research document. The search for qualitative data was chosen due 

to the research provided in this research paper relying heavily on secondary qualitative 

research data. This resulted in a search for the keyword “research methods,” of which the 

keyword “research methods” led to the website www.skillsyouneed.com. After clicking 

on the website, the definitions of qualitative data were shown on the website. The 

researcher focused on qualitative data. After reviewing the search results for qualitative 

data, the size of the sample and the quality of the data collection were emphasized.  

In this research, the focus was on: (a) a larger sample size for more precise data, 

and (b) ensuring that no biases affected data collection. To ensure precise data, the 

sample size selected was used to survey peer-reviewed journals of all self-aware systems 

and all VLSs, not excluding any particular type of self-aware system. To ensure that there 
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was no bias, the research was conducted on a search that spanned all the journals within 

the university’s consortium library. The researcher chose articles as they appeared in the 

journal list. If the article was not available due to the school not having access to this 

particular article, the researcher moved on to the next journal article.  

3.10.1 Procedure for Collecting Data – VLSs 

Once deciding the sample size of papers that would be used in the research, the 

researcher began the collection of data pertinent to VLSs. If requirements for self-aware 

VLSs were present in the peer-reviewed journals, the researcher would stop the survey. If 

the requirements were not present in the peer-reviewed journal articles, the researcher 

would continue with the survey. The reason VLSs was chosen first is because the results 

of this survey would determine whether there was truly a gap where the self-aware aspect 

did not exist in VLSs. The results of this initial survey were collected in a Word 

document presented in List 3 of the appendix to this Dissertation. Upon collecting this 

data, a trend was determined.  Discussion of VLSs in journal articles was focused on 

either the environment, the student, or the learning of the teacher, that of which is 

explained in further detail in Table 1 of this section (Section 3.10.1). This discovery was 

usually manifested in the abstract of each peer-reviewed journal and further elaborated 

throughout the main body of the journal article in that education community stakeholders 

have a strong desire for access to adaptive VLSs.  

This discovery led to the development of a simple manual categorization method 

to record the type of information encountered. For example, sampling the articles from 

the VLS journal list, articles were characterized as to their focus (represented as 

environment, student, and/or teacher) and each of these allocations were counted. To 
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demonstrate an example of how this data was collected, the first journal article in List 3 is 

called “Virtual Learning.” Next to the name “Virtual Learning” is the focus “student 

learning” with the number 1 next to it. This number (1) indicates that the first article in 

the research has the focus of student learning. Article number six, on the other hand 

suggests - using the number 2 - that the focus of the article is on the “student.” The article 

“Using a Virtual Learning Community (VLC) to Facilitate a Cross-National Science 

Research Collaboration Between Secondary School Students” is encoded to show that 

this is the second journal with the focus “student.” The first article representing the focus 

of “environment” is the second article, which is named: “Design Characteristics of 

Virtual Learning Environments: State of Research.” It is indicated as the first article by 

placing the number 1 next to the article. In the third article labeled “Virtual Learning 

Environments as Socio-material Agents in the Network of Teaching Practice,” there are 

two focus areas next to the article. This happened to be the first article found that focused 

on teachers, but the focus is also on the environment and that is indicated by the number 

2.  

After collecting data from 30 articles, it was determined that 80% of the articles 

were focused on the environment of VLSs. Table 1 shows the percentage of the articles 

that were focused on the environment, students, or teachers. Since 80% of the articles 

focused on the environment, this underscored a need to consider human computer 

interaction related to the environment. 

Table 1. Focus of Virtual Learning Papers Presented in List 1 VLSs 

 

Focus Percentage out of 30 papers 

Focus on Students 33% 

Focus on Teachers 16% 

Focus on Virtual Learning Environment 80% 



  

 

71 

 

 

There was also a lack of system self-awareness incorporated into the articles 

because there was no discussion of self-awareness or any component of self-awareness 

presented in the articles, sustaining the finding that the self-awareness of VLS systems is 

presently not represented.  In fact, of the articles listed in List 1 in the appendix, there 

was only a single article:  “Predicting At-Risk University Students in a Virtual Learning 

Environment via a Machine Learning Algorithm” by Kwok Tai et al. (2018) that 

addressed self-awareness but did not make this the subject of its focus. Though the “self-

awareness” of the VLS in this article was used more for the person creating the system 

rather than the person using the system (meaning that self-awareness was used to predict 

the behavior of the person using the system not for the benefit of the student as it related 

to the learning environment), this paper was the only one of 30 sampled articles with a 

direct focus on any aspect of self-aware systems.  

3.10.2 Procedure for Collecting Data – Self-Aware Systems 

The next set of articles were sampled for self-aware systems as opposed to VLSs. 

If the elements in the system described in the sampled article were used at least 95% of 

the time, the researcher considered that to be a fundamental requirement. The procedure 

for collecting data on self-aware systems was different than that of VLSs. The reason for 

this change in method is because data collection for this sample was done at a different 

time and at this time, the researcher saw that it eased the documentation of the data by 

collecting it in table format. The method however, persisted in the procedure for 

retrieving articles by performing a search on “self-aware systems” in the online 

consortium database. No specific peer-reviewed journal was sought during this research.  
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While reading through the response to the query, an abundance of journal articles on self-

aware systems were identified, but not on self-aware systems related to education. This 

was acceptable because the purpose was to use the journals on self-aware systems to 

search for self-aware requirements that could be used in VLSs.  

The process for recording this data was via a Word document in which 

functionality derived from specific solutions in the article were grouped under a single 

requirement. These requirements where then dictated in this research as elements based 

solely on what was presented in the peer-reviewed journal article. This is listed in Section 

4.2.  The elements were based on article name, proof of that article in the document, and 

the use of that particular element. A collection of those documents researched was also 

placed in another Word document, located in the appendix for the purpose of referencing 

the document and the category of use such as VLSs, human computer interaction, and 

self-aware systems.  

The articles provided specific definitions of the attributes to further validate that 

these attributes were those that belonged to the field of self-aware systems. Because of 

this, the most commonly reported methods that constituted a form of self-aware systems 

or artificial intelligence was recorded and documented. The relationship between self-

aware systems and artificially intelligent systems is explained in Chapter 2.  

Each article was documented with the attributes annotated next to each article 

indicating the attributes that were found. If the narrative in the document related to the 

system was found that pertained to self-aware systems or artificial intelligence (if that 

artificially intelligent system displayed self-awareness as defined in Chapter 2), the 
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attribute was annotated. This organically led to the need to collect the documents by 

grouping the attributes in the document to determine the implied requirements.  

 In each of the articles for self-aware systems, the authors suggested pattern 

detection of some kind be developed. The pattern detections proposed were usually the 

core building block of the system. Therefore, the proposed pattern detections, which were 

presented as algorithms, were considered a requirement of the system to be built. It is 

through this reasoning that proposed elements became considered as requirements. If an 

element is required for the system to be built, then this element was considered as a 

requirement. For example, a self-aware system must be able to discover patterns of 

system usage, and in an unsupervised fashion (explained in the Definitions and Chapter 

2). Additionally, all of the articles chosen for self-aware systems were articles about self-

aware systems.  

After grouping the documents, a pattern was found. The pattern revealed that 

specific elements appeared over and over in the documentation making it a qualification 

for the requirement as explained in previous paragraphs. For example, as explained 

before, algorithms were found in every paper making the algorithm the core of the 

requirements for developing self-aware systems.  

After determining this pattern, Table 8 in the appendix was made to gather the 

requirements whereas Table 1 showed the percentage of time that element appeared in all 

the articles.  The requirements gathered were determined by the majority of the attributes 

used in self-aware systems, which were presented in the peer-review journals. The 

requirements were determined to be algorithms, adaptation, modeling, and memory. 
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These specific attributes detailed in each of the articles were repeated in at least 95% of 

the articles researched.  

3.10.3 Procedure for Collecting Data – Human Computer Interaction 

After conducting research in this final area, the research was completed, and the 

results were documented. While reading through articles for VLSs, further research in 

human computer interaction was found to be necessary. Because of this, an additional 

article set was created. This article set is called the Human Computer Interaction Article 

Set. The elements needed in HCI were determined based on those presented in the 

articles. The procedure was similar to that in the procedure used in self-aware systems, 

except in the case for using the procedure for determining the elements of human 

computer interaction, the focus was placed more on the design of the system and how the 

user interacted with the system as it related to the design. The reasoning for this is 

because of what was presented in the documentation.  

There were 30 articles chosen for HCI and each was given a number. Thirty 

articles, also numbered, were sufficient for collection to determine the needs of HCI. The 

attributes found were transcribed to an Excel spreadsheet, using numbering to detail how 

many of those attributes were repeated throughout each article. The resulting list (List 4) 

is labeled Human Computer Interaction Literature Review.  

3.11 Trustworthiness 

This process is part of the organic process as explained previously.  

To verify this qualitative research is trustworthy, all attributes, words, sentences, 

and phrases from all articles were documented and then tallied into a percentage value to 

measure the data being collected as seen in Table 2.  The trustworthiness of data indicates 
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that the same methods give the same conclusions, that the conclusions are correct, and 

that the results can be independently verified or reproduced by the scientific community 

(Rasila, 2007). The trustworthiness of the collection of this data is validated in the 

process used to retrieve this data in that the researcher made every attempt to reduce any 

biases when collecting data. The process is explained in Chapter 3 of this research paper.  

To verify that the data existed, the peer-reviewed journal articles were read twice 

and documented in a Word document, shown in Table 8, List 3, and List 4 in the 

appendix. Reading the articles included the full article which includes the abstract, 

introduction, body, conclusion, etc. so that the researcher is fully aware of what’s written 

in each article and to prevent overlooking any potential patterns in the systems. Every 

peer-reviewed journal article mentioned something about its system being self-aware.  

The information provided in the lists of tables and the results only pertain to what 

was found in the peer-reviewed journal articles. The researcher does not know any of the 

authors of any of the papers and does know any of the editors of the papers nor their 

reviewers. If the researcher could not establish that a pattern was found to determine what 

the fundamental requirements are for the system, then the researcher did not include this 

in the paper as a fundamental requirement for a self-aware VLS. 

3.12 Summary 

The purpose of this chapter was to define the methodology used when collecting 

and analyzing data during the literature review. The process for each section of the 

literature review was detailed to include VLSs, HCI, and self-aware systems. An organic 

process was taken to ensure the validity of data since there is no one procedure for 

collecting secondary data. Inserting a random sampling process ensured the articles that 
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appeared after the 30 articles were not absent of the values being searched for by the 

researcher. All peer-reviewed journals used in this research contributed to the results of 

the requirements detailed in this research.  
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Chapter 4—Results and Findings 

This chapter contains the results of the methodology, which is secondary data 

analysis using peer-reviewed journals to answer the questions: 

RQ1: What are the fundamental requirements needed to build a VLS that incorporates 

self-awareness? 

RQ2: What are some of the general requirements needed to build specific VLSs that 

incorporate self-awareness? 

This chapter also includes tables, lists, and diagrams to display the data collected 

during the application of the methodology. The process used to analyze the data is 

covered in detail in this chapter. There were four Excel spreadsheets created for 

collecting data: one spreadsheet for VLSs, two spreadsheets for HCI, and one spreadsheet 

for self-aware systems. These spreadsheets were used to take notes on whether the 

fundamental and general requirements existed in the articles sampled. 

The requirement was determined by the most used element of the system during 

the development of the system and the study behind the system represented in the peer-

reviewed article. In another table, labeled “Attributes and Keywords of Peer-Reviewed 

Papers for Self-Aware Systems”, the name of the articles, the citation, and the attributes 

and keywords were recorded to complement the table. The requirements gathered in this 

fashion were then used to suggest what features a SAVLS should include. The purpose 

for providing this information is to show that, according to peer-reviewed journals, that 

these elements were present in 95% of the articles being researched. then that same need 

or use would be true for VLSs.  
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The reason why VLSs were used here is because during the literature review of 

which the details of that review are located in Chapter 2, there was only one article 

pertaining to self-aware VLSs that featured some form of self-aware systems. Other 

reasons why VLSs were used are explained in the prior chapters. The form of self-aware 

systems used in the article mentioned here was machine learning, which, “is a field of 

study that looks at using computational algorithms to turn empirical data into usable 

models” (Edgar & Manz, 2017, para 1) 

 

4.1 Answering Research Question 1 

 

RQ1: What are the fundamental requirements needed to build a VLS that incorporates 

self-awareness? 

The outcome of the results is represented in Table 1 which shows the fundamental 

requirements as attributes/elements which appeared 100% of the time in the peer-

reviewed journal articles. The explanation and proof related to how a conclusion was 

reached led to these results being presented in the subsequent tables. Based on the 

research and the data collected, the process for building an algorithm would be as 

follows: 

1. Build a memory store to hold data for the system. 

2. Collect raw or organized data for the system being developed. 

3. Model the raw or organized data that was collected in the memory store. 

4. Incorporate pattern detection using an algorithm. 

In Table 1, the values were calculated as such. As explained previously, the 

researcher evaluated 30 peer-reviewed articles for self-aware systems, 30 peer-reviewed 

articles for VLSs, and 30 peer-reviewed articles for HCI. In the 30 peer-reviewed articles 
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for self-aware systems, the researcher found that the following fundamental requirements 

were used in each of the articles at least once. These fundamental requirements resulted 

in the percentage of use of each element in the article to be used 100% of the time.  

Table 2  

 

Percentage of Element Appearance in Article 

 

Fundamental Requirements  Percentage of element 

appearance in article  

Pattern detection 100% 

Adaptation 100% 

Modeling 100% 

Memory 100% 

Data 100% 

 

 

4.2 The Pattern Detection Element for Requirements 

 

Table 2 presents proof of the pattern detection presence in the peer-reviewed 

article using a sentence or two from the peer-reviewed article. In Chapter 1, supervised 

and unsupervised algorithms were explained and defined, with one using predictive 

analytics and the other using descriptive analytics, respectively. These are examples of 

pattern detection. Unsupervised algorithms are a form of pattern detection. 

“Unsupervised algorithms are the core element of thinking machines” (Martignon, 2015, 

p. 1). In the following table, 100% of the research in the peer-reviewed articles, which 

were reviewed by the researcher, displayed use to detect patterns in student response 

behaviors. 

 Table 2 offers a detailed list of articles from peer-reviewed journals with the proof 

of the fundamental requirement and its use of the requirement in the system from the 

article. The column “Proof of pattern detection algorithm in the article” features a text 

fragment from the article that indicates that pattern detection in the form of an algorithm 
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was used in the article. The column “Pattern Detection” shows how an algorithm was 

used in the article. The purpose of this table is to further show evidence that the algorithm 

was used at least once in each of the 30 articles for self-aware systems and 100% of the 

time as explained in Table 1.  

Table 1  

 

Pattern Detection Element 

 

Article Name  

Column 1 

Proof of pattern detection 

in article Column 2 

Use of pattern detection 

Column 3 

1. Approach of 

measuring PoC of 

context using 

limited self-

feedback in 

context-aware 

systems  

“Conflict elimination 

algorithm” 

(Elimination algorithm 

based on feedback and 

reliability distribution for 

IOV) 

2. Using self-aware 

agents to analyze 

public self-

consciousness in 

the iterated 

prisoner’s 

dilemma  

 

“Depending on the form of 

signals to which agents are 

exposed (primarily from 

physical environments or 

other agents), they use 

learning methods such as 

artificial neural networks, 

genetic algorithms, and 

fuzzy rule-based systems to 

adjust their knowledge 

bases or rule sets.” 

(Self-aware agents) 

3. MARC: A 

Resource 

Consumption 

Modeling Service 

for Self-Aware 

Autonomous 

Agents  

 

“At first, we need to 

understand which are the 

“clusters” in which these 

slopes can be efficiently 

grouped: in order to 

accomplish this, we use a 

mono-dimensional interval 

generation algorithm, that 

may rely, for instance, on a 

Kernel Density Estimation 

(KDE) analysis (Rosenblatt 

et al., 1956), a non-

parametric statistical 

(Algorithm for consumption 

slopes) 
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method to estimate the 

probability density function 

of a sampled random 

variable.” 

4. Toward Smart 

Embedded 

Systems: A Self-

aware System-on-

Chip (SoC) 

Perspective 

 

“Evolvable hardware is 

hardware that can change 

its architecture and 

behavior dynamically and 

autonomously [Yao and 

Higuchi 1999; Higuchi et 

al. 2006]. The hardware 

design is encoded in some 

kind of “chromo- some,” 

and evolutionary 

techniques such as genetic 

algorithms are deployed to 

modify this chromosome 

and thus the hardware as a 

reaction to a changing 

environment or faulty 

components.” 

 

(Genetic algorithm for 

evolutionary techniques) 

5. Architectural 

Aspects of Self-

Aware and Self-

Expressive 

Computing 

Systems: From 

Psychology to 

Engineering 

 

“A meta-self-aware system 

can adapt the way in which 

it realizes a self-awareness 

level, for example, by 

changing algorithms for 

realizing that level or by 

deciding whether or not to 

employ that level at all.” 

(Algorithms for realizing 

adaptiveness) 

6. A Model-Based 

Approach to 

Designing Self-

Aware IT Systems 

and Infrastructure 

 

“Self-adaptive—

proactively adapts as the 

environment evolves to 

ensure that it always meets 

its operational goals.” 

Note: Refer to #5 where 

self-adaptive technologies 

require “changing 

algorithms” 

 

(Adapting to the 

environment requires an 

algorithm based on #5)  

7. A Survey and 

Taxonomy of 

Self-Aware and 

“Given that it is almost 

impossible to access the 

low-level details of cloud-

(Algorithm for cloud-based 

services) 
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Self-Adaptive 

Cloud 

Autoscaling 

Systems 

based services (e.g., their 

codes and algorithms) at 

runtime, an autoscaling 

system is often designed as 

two physical parts: a 

managing part containing 

the autoscaling engine and 

a manageable part 

encapsulating services and 

VMs/containers running in 

the cloud.”  

 

8. Self-Aware 

Thermal 

Management for 

High-Performance 

Computing 

Processors 

“For this reason, we 

propose an ad hoc 

identification algorithm 

that exploits the properties 

of the dynamic Frisch 

scheme.” 

 

 

(Ad-hoc algorithm) 

9. Self-Aware On-

Chip Systems 

 

“In the second general 

interest paper, “Adaptive 

ECC (Error Correcting 

Code) for Tailored 

Protection of Nanoscale 

Memory,” Dongyeob Shin, 

Jangwon Park, Somnath 

Paul, and Swarup Bhunia 

describe the problem of 

run-time failure in 

nanoscale memory at low 

voltage levels.” 

 

(Algorithm for ECC) 

10. Hierarchical 

Agent Monitoring 

Design Approach 

towards Self-

Aware Parallel 

Systems-on-Chip 

 

“It adaptively reconfigures 

the cluster to optimize 

certain parameters 

determined by its 

algorithm.” 

 

(Algorithm for optimization) 

11. Energy-Aware 

Task Mapping 

and Scheduling 

for Reliable 

Embedded 

“Moreover, migration 

algorithms need to be 

simple to minimize 

computation.” 

 

 

(Algorithm for migration) 
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Computing 

Systems 

 

 

 

12. A Self-Aware 

Tuning and Self-

Aware Evaluation 

Method for Finite-

Difference 

Applications in 

Reconfigurable 

Systems 

“Parameters of a finite-

difference algorithm, such 

as grid size, can be varied 

to generate design space 

which contains algorithm 

instances with different 

constant coefficients.” 

 

 

(Algorithm for finite-

difference such as grid size) 

13. Self-Learning RF 

Receiver Systems: 

Process Aware 

Real-Time 

Adaptation to 

Channel 

Conditions for 

Low Power 

Operation 

“During real time operation 

the EVM of the system is 

constantly monitored and a 

control algorithm running 

on the baseband processor 

continuously attempts to 

maintain the EVM at 

EVMth by changing the 

tuning knob settings using 

the stored LUT.” 

 

(Control Algorithm) 

14. Self-Test and 

Diagnosis for 

Self-Aware 

Systems 

 

“The checking can also be 

tailored to specific 

algorithms or operations 

employing algorithm-based 

fault tolerance (ABFT).” 

 

(Algorithm for fault-

tolerance) 

15. Utilization, Aware 

Self-Tuning 

Design for TLC 

Flash Storage 

Devices 

“Thus, as illustrated in 

Algorithm 1, when a 

request req is received, the 

corresponding logical block 

(address) lb will be first 

calculated based on the 

logical page address lpa of 

the received request (line 

1).” 

(Algorithm for REQ Handler 

Algorithm 1 REQ-

HANDLER 

Algorithm 2 FREE-BLK-

ALLOC 

Algorithm 3 

UTILIZATION-AWARE-

GC) 

 

16. Design Tools for 

Implementing 

Self-Aware and 

Fault-Tolerant 

Systems on 

FPGAs 

“In addition to previous 

work, details on the 

algorithm for creating 

routing constraints are 

presented.” 

 

(Algorithm for routing 

constraints) 
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17. Achieving Self-

Aware Parallelism 

In Stream 

Programs 

 

“They presented network-

aware algorithms for the 

distributed stream 

processing that leverage 

knowledge of network 

characteristics (e.g., 

topology, bandwidth, etc.) 

when deciding on the 

network locations where 

the query operators are 

executed.” 

 

(Network Aware 

Algorithms) 

18. A Power-Scalable 

Channel-Adaptive 

Wireless Receiver 

Based on Built-In 

Orthogonally 

Tunable LNA 

 

“In general, such an 

adaptive system requires 

three important 

components: a) built-in 

sensors, to detect the 

present health/condition of 

the circuits and 

environment, b) closed 

loop adaptive control 

algorithm, to monitor the 

sensor outputs and control 

the circuits to provide 

desired outputs and c) 

built-in tunability in the 

underlying circuits, such 

that they can be tuned by 

these control algorithms as 

desired.” 

 

(Closed loop adaptive 

control algorithm) 

19. Self-Aware 

networks and QoS 

 

“SPs (Smart Packets) carry 

QoS (Quality of Service) 

information related to the 

end users; they are routed 

using neural network 

algorithms which are 

resident in the nodes and 

which use both the SPs’ 

QoS information and data 

which is locally resident at 

the nodes.” 

 

(Neural network algorithms) 

20. Model-Based 

Self-Aware 

“The idea is that any 

existing and well-

(Algorithm for optimization) 
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Performance and 

Resource 

Management 

Using the 

Descartes 

Modeling 

Language 

 

established optimization 

algorithms or meta-

heuristics (like tabu search 

or simulated annealing) can 

be used here to determine 

the weights depending on 

the current state of the 

system, possibly also 

considering its previous 

states stored in a trace.” 

 

21. Self-Aware 

Memory: an 

adaptive memory 

management 

system for 

upcoming many 

core architectures 

and its 

decentralized self-

optimization 

process 

 

“Planning: Initiated by the 

overflow of an associative 

counter, in this step an 

optimization proposition is 

calculated, using a 

dedicated optimization 

algorithm.” 

(Optimization algorithm) 

22. A Self-Aware 

Architecture for 

PVT 

Compensation 

and Power Nap in 

Near Threshold 

Processors 

“Internet of Things (IoT) 

end-nodes require extreme 

energy efficiency in active 

state and idle state, coupled 

with software-

programmable 

architectures to cope with 

complex and highly 

dynamic near-sensor data 

analytics algorithms.” 

 

(Analytics algorithms) 

23. Health 

Management for 

Self-Aware SoCs 

Based on IEEE 

1687 

Infrastructure 

“Motivated by the need to 

tolerate faults, this paper 

presents a complete fault 

management solution that 

includes fault detection and 

categorization, maintaining 

a map of faults, and 

modified scheduling and 

application algorithms for 

using healthy resources 

only.” 

 

(Algorithm for fault 

tolerance) 
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24. Design Tools for 

Implementing 

Self-Aware and 

Fault-Tolerant 

Systems on 

FPGAs 

 

“In addition to previous 

work, details on the 

algorithm for creating 

routing constraints are 

presented.” 

(Algorithm for creating 

routing restraints) 

25. Using self-aware 

agents to analyze 

public self-

consciousness in 

the iterated 

prisoner’s 

dilemma 

“Depending on the form of 

signals to which agents are 

exposed (primarily from 

physical environments or 

other agents), they use 

learning methods such as 

artificial neural networks, 

genetic algorithms, and 

fuzzy rule-based systems to 

adjust their knowledge 

bases or rule sets.” 

(Genetic algorithms) 

26. The self-aware 

diabetic patient 

software agent 

model 

 

“Self-aware patient agent 

algorithm.” 

(Unpredictable nature of 

human behavior) 

27. Knows what it 

knows: a 

framework for 

self-aware 

learning 

“The Rmax algorithm 

(Brafman and Tennenholtz 

2002), for example, 

estimates transition 

probabilities for each state–

action–next-state triple of a 

Markov decision process. 

The algorithm explicitly 

distinguishes between 

probabilities that have been 

estimated accurately 

(known) and those for 

which more experience will 

be needed (unknown).” 

 

(Rmax algorithm) 

28. Self-Aware and 

Self-Expressive 

Camera Networks 

“We use standard bandit-

solving algorithms from the 

literature-namely, softmax, 

epsilon greedy, and UCBl.” 

 

(Bandit solving algorithms) 

29. A self-aware 

paradigm for 

autonomous 

“The smart kinetic notion 

within the autonomous 

system is based on an 

(Inherently adaptive 

Algorithm-driven design 

configurations) 
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architectural 

systems within the 

Internet of Things 

algorithm-driven design 

strategy which is inherently 

adaptive with regard to 

diverse objectives and 

platforms, in addition to its 

capacity to be applied 

through various 

architectural frameworks.” 

 

30. A self-aware 

approach to denial 

of service defense 

“At each CPN node, the SP 

uses a local reinforcement 

learning algorithm based 

on measurements collected 

by previous SPs and ACKs, 

to elicit a decision from the 

node as to the next hop to 

travel to.”  “Cognitive 

Packet Network (CPN)” 

“Smart Packets (SP)” 

(Local reinforcement 

learning algorithm) 

 

4.3 The Adaptive Element for Requirements 

 

Table 3 represents the requirements for the adaptive elements of this system. 

According to Lewis et al. (2015), “A self-aware system has knowledge of itself and its 

experiences, permitting reasoning and intelligent decision making to support effective, 

autonomous adaptive behavior” (Egrist, para 1). Due to the need of a self-aware system 

to be adaptive, if the technology labeled in the prior table used any form of adaptation, it 

was also said to have need of an algorithm. This reference can also be found in the 

following tables under “Architectural Aspects of Self-Aware and Self-Expressive 

Computing Systems: From Psychology to Engineering” in the Computer Journal by 

Lewis et al. (2015). In the following table, 100% of the research in the peer-reviewed 

articles displayed use of the adaptability element to the system. Table 3 shows the articles 

from the peer-reviewed journals with proof of the fundamental requirement and its use of 

the requirement in the system from the article. The article used is in Column 1. Column 2 
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contains a text extract showing evidence that adaption was found in the article.  Use of 

the adaptive feature is in Column 3. The purpose of Table 3 is to show proof that the 

adaptive feature was used in each of the 30 articles at least one time, thus resulting in it 

being used 100% of the time.  

Table 2   Adaptive Element  

 

Article name 

Column 1 

Proof of adaptable feature 

Column 2 

Use of adaptive 

Column 3 

1. Approach of 

measuring PoC of 

context using limited 

self-feedback in 

context-aware 

systems  

“A context-aware system 

(CAS) uses context 

information received from 

various context providers 

(CPs) such as all kinds of 

physical and logical sensors 

to adapt its behavior or the 

content it provides.” 

(Context aware for self-

feedback) 

(Self-feedback is able to 

conduct self-assessment 

without human 

inference.) 

 

2. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma  

“The two most commonly 

used intelligent agent-based 

models emphasize 

knowledge acquisition and 

adaptation.” 

(For intelligent agent-

based models) 

3. MARC: A Resource 

Consumption 

Modeling Service for 

Self-Aware 

Autonomous Agents  

“It is then clear how 

modeling techniques have to 

be put in place if we want 

the agents to be able to gaze 

beyond their sensors and to 

be adaptive, i.e., to become 

always better at reaching 

their goals by learning from 

past experience (Maes 

1993).” 

“Many recent works that 

exploit autonomous agents 

highlight how resource 

modeling is fundamental in 

many decision-making 

processes, as resources are 

often the main constraint 

(Adaptive strategies for 

autonomous agents)  
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agents needed to consider 

when evaluating adaptation 

strategies.” 

 

4. Toward Smart 

Embedded Systems: 

A Self-aware 

System-on-Chip 

(SoC) Perspective 

 

“A major attribute for smart 

embedded systems is the 

notion of self-awareness 

that enables an embedded 

system to monitor its own 

state and behavior, as well 

as the external environment, 

so as to adapt intelligently.” 

 

(Adaptation for 

System-on-Chip 

perspective to show how 

the CyberPhysical 

System-on-Chip 

(CPSoC) exemplar 

platform) 

 

5. Architectural 

Aspects of Self-

Aware and Self-

Expressive 

Computing Systems: 

From Psychology to 

Engineering 

 

“A meta-self-aware system 

can adapt the way in which 

it realizes a self-awareness 

level, for example, by 

changing algorithms for 

realizing that level or by 

deciding whether or not to 

employ that level at all.” 

 

“A self-aware system has 

knowledge of itself and its 

experiences, permitting 

reasoning and intelligent 

decision making to support 

effective, autonomous 

adaptive behavior.” 

 

(Adaptive for realizing 

the change in 

algorithms) 

6. A Model-Based 

Approach to 

Designing Self-

Aware IT Systems 

and Infrastructure 

“Online performance 

prediction can be the basis 

for designing systems that 

proactively adapt to 

changing operating 

conditions, thus enabling 

self-aware performance and 

resource management.” 

 

(Adaptation for self-

aware performance and 

resource management) 

7. A Survey and 

Taxonomy of Self-

Aware and Self-

Adaptive Cloud 

Autoscaling Systems 

“Given the dynamic and 

uncertain nature of the 

shared cloud infrastructure, 

the cloud autoscaling 

system has been engineered 

(Adapting for cloud 

scaling technology) 
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 as one of the most complex, 

sophisticated, and intelligent 

artifacts created by humans, 

aiming to achieve self-

aware, self-adaptive, and 

dependable runtime 

scaling.”  

 

8. Self-Aware Thermal 

Management for 

High-Performance 

Computing 

Processors 

 

“This article addresses these 

complexities by 

sophisticated analysis of 

noisy thermal sensor 

readings, dynamic learning 

to adapt to the peculiarities 

of the hardware and the 

applications, and a dynamic 

optimization strategy.” 

 

(Adapting to 

peculiarities of the 

hardware) 

9. Self-Aware On-Chip 

Systems 

 

“In the second general 

interest paper, “Adaptive 

ECC for Tailored Protection 

of Nanoscale Memory,” 

Dongyeob Shin, Jangwon 

Park, Somnath Paul, and 

Swarup Bhunia describe the 

problem of run-time failure 

in nanoscale memory at low 

voltage levels.” 

 

(Adaptive ECC) 

10. Hierarchical Agent 

Monitoring Design 

Approach towards 

Self-Aware Parallel 

Systems-on-Chip 

 

“Agents, no matter how 

adaptive they are, are 

possible victims of errors 

and failures as well.” 

 

(Adaptability for agents) 

11. Energy-Aware Task 

Mapping and 

Scheduling for 

Reliable Embedded 

Computing Systems 

 

“Although dynamic 

programming and ILP are 

computationally feasible for 

small problem sizes, the 

bottleneck is in the 

exhaustive mapping 

selection process (which 

grows exponentially with 

the number of actors and 

cores), limiting their 

adaptability for large 

(Proposing a heuristic 

model for adaptation) 
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problem size and 

heterogeneous 

architectures.” 

 

12. A Self-Aware 

Tuning and Self-

Aware Evaluation 

Method for Finite-

Difference 

Applications in 

Reconfigurable 

Systems 

 

“An adaptive 32-tap FIR 

filter [Bruneel et al. 2009], 

robotic applications [Nava 

et al. 2010] and sorting 

architectures [Koch and 

Torresen 2011] are 

implemented to dynamically 

elaborate the designs and to 

temporally share resources.” 

 

(Adaptive 32-tap FIR 

filter) 

13. Self-Learning RF 

Receiver Systems: 

Process Aware Real-

Time Adaptation to 

Channel Conditions 

for Low Power 

Operation 

 

“Since this problem is 

largely intractable due to the 

above complexity of 

simulation, we propose a 

self-learning strategy for 

adaptive RF systems.” 

 

(Adaptive for real-time 

adapting in RF Systems) 

14. Self-Test and 

Diagnosis for Self-

Aware Systems 

“While volume diagnosis 

can rely on external test 

equipment, adaptive 

refinement of diagnostic 

resolution, and offline 

analysis of failure data, self-

diagnosis has to be 

performed autonomously 

with the available test 

infrastructure on-chip and 

the limited computational 

capabilities of the system 

for data analysis.” 

 

(Adaptive refinement for 

diagnostic resolution) 

15. Utilization, Aware 

Self-Tuning Design 

for TLC Flash 

Storage Devices 

 

“Comparatively, the 

proposed UST adaptively 

allocated a greater number 

of unused blocks into faster 

SLC blocks to 

accommodate more data 

updates.” 

 

Utilization self-aware 

tuning (UST) 

(Adaptive self-aware 

tuning) 
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Single Level Cell (SLC) 

Triple Level Cell (TLC)  

“Explaining UST: In this 

section, a utilization-aware 

self- tuning design (referred 

to as UST) is proposed to 

dynamically adjust the 

number of allocated 

SLC/TLC blocks based on 

the space utilization and the 

data access patterns at 

runtime, so that the poor 

performance of TLC flash 

storage devices can be 

ultimately self-improved 

and even self-optimized.” 

 

16. Design Tools for 

implementing Self-

Aware and Fault-

Tolerant Systems on 

FPGAs 

“The term self-awareness is 

often used in the context of 

self-adaptive systems that 

can react to environmental 

changes, varying load 

scenarios, or that can mask 

defect or aging resources 

(e.g., [Santambrogio et al. 

2010; Sironi et al. 2010]).” 

 

(Self-adaptive by 

reacting to 

environmental changes) 

17. Achieving self-aware 

parallelism in stream 

programs 

“Using continuous 

adaptation strategy, the 

self-aware stream software 

model allow application to 

adjust itself for appropriate 

parallelism granularity 

during runtime.” 

 

(Adaptation strategy for 

self-adjustment) 

18. A Power-Scalable 

Channel-Adaptive 

Wireless Receiver 

Based on Built-In 

Orthogonally 

Tunable LNA 

“Use of this orthogonally 

tunable LNA within an 

adaptive wireless receiver 

framework shows power 

savings of 2 compared to a 

static system and an extra 

savings of 22% compared to 

a traditional nonorthogonal 

adaptive system.” 

 

(Adaptive wireless 

receiver framework) 
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19. Self-Aware networks 

and QoS 

“In order to investigate the 

potential of using self-

awareness and adaptiveness 

to offer QoS to users, we 

have developed a practical 

packet-switching 

architecture that allows a 

network with an arbitrary 

topology to observe its state 

in a distributed manner.” 

 

(Adaptiveness for QoS) 

20. Model-Based Self-

Aware Performance 

and Resource 

Management Using 

the Descartes 

Modeling Language 

“Using these prediction 

capabilities, we implement a 

generic model-based control 

loop for proactive system 

adaptation. 

We propose a novel online 

performance prediction 

process that dynamically 

tailors the model solving 

depending on the 

requirements regarding 

accuracy and overhead.” 

 

(Dynamic tailoring 

model to adapt to 

predictiveness) 

21. Self-Aware Memory: 

an adaptive memory 

management system 

for upcoming many 

core architectures 

and its decentralized 

self-optimization 

process 

 

“To adapt a distinct 

algorithm, parameters like 

the exchanged monitoring 

info and the emission 

period in step 1, the 

threshold of the associative 

counters and the monitoring 

cycle period in step 2, and 

the executed optimization 

in the last step of the 

process have to be 

adjusted.” 

 

(Adapting a distinct 

algorithm) 

22. A Self-Aware 

Architecture for PVT 

Compensation and 

Power Nap in Near 

Threshold Processors 

“Leveraging the 

environmental and 

application-awareness, the 

proposed approach enables 

an adaptive management of 

on-chip resources at both 

the circuit and architecture 

levels, opening the way for 

energy efficient and 

(Adaptive management 

of on-chip resources) 
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dependable processors 

targeting the end-nodes of 

the IoT.” 

 

23. Health Management 

for Self-Aware SoCs 

Based on IEEE 1687 

Infrastructure 

“Flexibility of IJTAG 

networks is based on the 

usage of Segment Insertion 

Bits (SIBs) that allow to 

dynamically change the 

configuration of the network 

by including and excluding 

its segments.” 

 

(Dynamic change for 

adaptation) 

24. Design Tools for 

Implementing Self-

Aware and Fault-

Tolerant Systems on 

FPGAs 

“For example, 

reconfigurable modules 

might be relocated to 

compensate for device 

defects, or a variable 

number of accelerator 

modules might be 

instantiated in order to adapt 

to varying compute 

demands. 

In addition to previous 

work, details on the 

algorithm for creating 

routing constraints are 

presented.” 

 

(Adaptation for 

computing demands) 

25. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma 

“The two most commonly 

used intelligent agent-based 

models emphasize 

knowledge acquisition and 

adaptation.” 

 

(Adaptation for rule-

based and learning based 

models.)  

26. The self-aware 

diabetic patient 

software agent model 

“The concept of self-

awareness derives from self-

monitoring blood glucose 

(SMBG) and self-

management in diabetes 

treatment.” 

 

“Furthermore, the SPA 

incorporates a sensor in 

silico for sampling, as well 

as a reasoning model of 

(Self-monitoring blood 

glucose (SMBG) 

Note: (Also self-

adjusting for self-

awareness) So, just like 

adapting it changes to fit 

a new condition.)  
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behavior adjustment, which 

is called self-awareness.” 

 

Note:  

(requires adaptation) 

27. Knows what it 

knows: a framework 

for self-aware 

learning 

“The KWIK bound we 

present in this section, 

however, remains valid 

even when the environment 

is adaptive, that is, when the 

environment has the ability 

to decide the next input 

based on previous 

interaction history with the 

learner.” 

 

(Adaptive environment) 

28. Self-Aware and Self-

Expressive Camera 

Networks 

“Smart cameras perform on-

board image analysis, adapt 

their algorithms to changes 

in their environment, and 

collaborate with other 

networked cameras to 

analyze the dynamic 

behavior of objects.” 

 

(Adapting algorithms to 

changes in the 

environment) 

29. A self-aware 

paradigm for 

autonomous 

architectural systems 

within the Internet of 

Things 

“Environments with 

embedded computational 

systems and adaptive 

reconfiguration behavior 

will be precisely studied.” 

 

(Adaptive configuration) 

30. A self-aware 

approach to denial of 

service defense 

“We propose an autonomic 

approach to DoS defense 

based on detecting DoS 

flows, and adaptively 

dropping attacking packets 

upstream from the node 

being attacked using trace-

back of the attacking 

flows. Denial of Service 

(DOS).” 

(Adaptively dropping 

request packets) 

 

 

4.4 The Model Element for Requirements 
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Table 4 represents the model element for the requirements of the system. 

According to Rogers (2019), “Scientific models are used to explain and predict the 

behavior of real objects or systems and are used in a variety of scientific disciplines, 

ranging from physics and chemistry to ecology and the Earth sciences” (para 1). In the 

following table, 100% of the research in the peer-reviewed articles reviewed by the 

researcher displayed use of a model element in the system. In some articles, the word 

“model” was not explicitly used. For example, referencing rows 9 and 15 of the results 

listed in the table, vectors and algorithms are used, respectively, in those articles. The 

vector used in row 9 is a form of modeling. The algorithm used in row 15 was modeled 

by the person performing the research study. These notes are listed in red to differentiate 

that the element was not explicitly stated in the article.  

The purpose of Table 4 is to show proof of the model requirement being used in 

the article. Column 1 is the name of the article used. Column 2 contains a text extract 

showing evidence that the element was found in the article. Column 3 shows model usage 

in the article. It shows that the “model” feature was used in each of the articles at least 

once. This resulted in the feature being used 100% of the time.  

Table 3 

 

Model Element  

 

Article name 

Column 1 

Proof of model in Article 

Column 2 

Use of model 

Column 3 

1. Approach of 

measuring PoC of 

context using 

limited self-

feedback in context-

aware systems  

“Many research efforts have 

been done to model the 

management of QoC and 

identify different parameters 

to indicate it.” 

(Modeling quality of 

context) 
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2. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma  

“Specifically, we describe 

(a) our proposal for a self-

aware agent model that 

includes an external learning 

mechanism and internal 

cognitive capacity with 

super-ego and ego 

characteristics.” 

(Agent-based modeling) 

3. MARC: A Resource 

Consumption 

Modeling Service 

for Self-Aware 

Autonomous 

Agents  

“We propose a general 

methodology to model 

resource consumption trends 

and (2) we implemented it 

into MARC, a Cloud- 

service platform that 

produces Models-as-a-

Service, thus relieving self-

aware agents from the 

burden of building their 

custom modeling 

framework.”  

 

(For Resource 

Consumption Trends) 

4. Toward Smart 

Embedded Systems: 

A Self-aware 

System-on-Chip 

(SoC) Perspective 

 

“One cognitive theory of 

consciousness, which falls 

into the emergent systems 

camp and which is relevant 

for our topic, is Baars’s 

Global Workspace Model 

(GWM) [Baars 1989].” 

“Since its formulation, many 

phenomena predicted by the 

GWM have been confirmed 

in experiments [Baars 2002; 

Baars and Franklin 2009] 

making it today the top 

contender for explaining 

consciousness.” 

 

(Model for Explaining 

Consciousness) 

5. Architectural 

Aspects of Self-

Aware and Self-

Expressive 

Computing 

Systems: From 

Psychology to 

Engineering 

“Some work in self-aware 

computing considers only 

private self-awareness, but 

producing integrated 

conceptual models requires 

accounting for public 

aspects as well.” 

 

(Modeling for conceptual 

models) 
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6. A Model-Based 

Approach to 

Designing Self-

Aware IT Systems 

and Infrastructure 

 

“Finally, the metamodel 

provides the Container 

Template entity to ease the 

modeling of containers with 

similar configurations.” 

(Modeling for 

metamodels) 

7. A Survey and 

Taxonomy of Self-

Aware and Self-

Adaptive Cloud 

Autoscaling 

Systems 

 

“Cloud Autoscaling System 

(SSCAS) poses many 

challenges, including 

efficient autoscaling 

architectural styles, an 

accurate model to predict 

the effects of autoscaling 

decisions2 on the quality 

attributes, appropriate 

granularity of runtime 

control, and effective 

tradeoff decision making.” 

 

(Memory for auto 

scaling) 

8. Self-Aware 

Thermal 

Management for 

High-Performance 

Computing 

Processors 

 

“From the survey, we can 

conclude that most state-of-

the-art works take advantage 

of task migration to improve 

purely reactive approaches, 

do not consider thread 

criticality but assume 

deadlines or precedence 

constraints, and use thermal 

models obtained from 

thermal simulators and/or 

make simplifying 

assumptions on the intracore 

temperature dependency and 

neglect the thermal 

transients.” 

 

(Models for thermal 

models)  

9. Self-Aware On-

Chip Systems 

 

“Finally, the third general 

interest paper, “LowPower 

Sparse Hyperdimensional 

Encoder for Language 

Recognition” by Mohsen 

Imani, John Hwang, Tajana 

Rosing, Abbas Rahimi, and 

Jan M Rabaey, focusses on 

brain-inspired hyper-

dimensional computing 

(Using vectors is a form 

of modeling) 
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where patterns are 

represented as dense binary 

high-dimensional vectors. 

The authors propose a new 

sparse binary representation 

and design a low-power 

encoder.” 

 

10. Hierarchical Agent 

Monitoring Design 

Approach towards 

Self-Aware Parallel 

Systems-on-Chip 

 

“Cost functions are 

preconfigured, or 

dynamically reconfigurable 

models used for evaluating 

the states of the relevant 

entities.” 

(Models for evaluating 

the states of the relevant 

entities) 

11. Energy-Aware Task 

Mapping and 

Scheduling for 

Reliable Embedded 

Computing Systems 

 

“The technique in Das and 

Kumar [2012] jointly 

minimizes the migration 

overhead and throughput 

degradation for streaming 

multimedia applications 

modeled using synchronous 

dataflow graphs (SDFGs).” 

 

(Modeling for 

synchronous data flow 

graphs (SDFGs).) 

12. A Self-Aware 

Tuning and Self-

Aware Evaluation 

Method for Finite-

Difference 

Applications in 

Reconfigurable 

Systems 

“We present an 

experimental evaluation of 

the proposed approach based 

on option pricing and RTM, 

showing that 80% to 90% 

design model accuracy can 

be achieved with resource 

consumption reduced by 

50% for both static and 

dynamic designs.” 

 

(Model accuracy for the 

design) 

13. A Survey and 

Taxonomy of Self-

Aware and Self-

Adaptive Cloud 

Autoscaling 

Systems 

“Self-learning-based 

techniques have been used 

in model-update problems 

[28] but have not been used 

in the domain of adaptive 

front-end design.” 

 

(Model updates for self-

learning) 

14. Self-Test and 

Diagnosis for Self-

Aware Systems 

“A fault abstracts defective 

behavior in a structural 

model of the circuit to allow 

algorithmic analysis and 

(Structural Model for 

Fault-Tolerance) 



  

 

100 

 

processing.” 

 

15. Utilization, Aware 

Self-Tuning Design 

for TLC Flash 

Storage Devices 

 

 “Examples of (a) SLC-

RECLAIMING GC, (b) 

TLC-PACKING GC, and 

(c) priority demotion. 

Flexible mapping structure. 

Overview of the utilization-

aware self-tuning design.” 

 

(Modeling Algorithms for 

mapping) 

16. Design Tools for 

implementing Self-

Aware and Fault-

Tolerant Systems 

on FPGAs 

“We model the FPGA (Fault 

Programmable Gate Array) 

routing architecture as a 

bipartite graph with two sets 

of vertices: begin ports Band 

end ports E. Ports are 

located in switch matrices 

and primitives.” 

(Model for FPGA) 

17. Achieving self-

aware parallelism in 

stream programs 

“This methodology is a 

self-aware stream model 

based on the message 

passing paradigm.” 

 

(Self-aware stream 

model) 

18. A Power-Scalable 

Channel-Adaptive 

Wireless Receiver 

Based on Built-In 

Orthogonally 

Tunable LNA 

“To demonstrate this 

concept, a behavioral 

simulation framework of the 

entire receiver chain is 

developed, with proper 

power consumption models, 

along with an algorithm that 

turn each of those 

orthogonal tuning knobs 

independent of each other to 

respond to varying channel 

conditions, achieving a 

higher savings in power.” 

 

(Power consumption 

models) 

19. Self-Aware 

networks and QoS 

This is a form of modeling 

the data:  

“Fig. 5. The axis shows the 

number of SPs sent into the 

network, while the axis 

shows the average number 

sent in (over the 100 

experiments) before the first 

(Modeling data sent into 

the network) 
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ACK is received.” 

 

20. Model-Based Self-

Aware Performance 

and Resource 

Management Using 

the Descartes 

Modeling Language 

“In this article, we present a 

holistic model-based 

approach for self-aware 

performance and resource 

management leveraging the 

Descartes Modeling 

Language (DML), an 

architecture-level modeling 

language for online 

performance and resource 

management.” 

 

Holistic model approach 

21. Self-Aware 

Memory: an 

adaptive memory 

management system 

for upcoming many 

core architectures 

and its 

decentralized self-

optimization 

process 

 

“The MPPA could be 

programmed by a C-based 

parallel dataflow model or 

with POSIX C/C++++, 

which enables threading 

within a single cluster.” 

(Data flow model) 

22. A Self-Aware 

Architecture for 

PVT Compensation 

and Power Nap in 

Near Threshold 

Processors 

“Then, the speedout has to 

be translated through the 

linear model shown in 

Figure 5.” 

 

 

 

(Using Linear models) 

23. Health Management 

for Self-Aware 

SoCs Based on 

IEEE 1687 

Infrastructure 

“As the system maintains 

fairly sophisticated models 

of itself regarding faulty and 

healthy resources, it 

constitutes a good example 

of specialized self-

awareness.” 

 

(System maintains 

sophisticated models) 

24. Design Tools for 

Implementing Self-

Aware and Fault-

Tolerant Systems 

on FPGAs 

 

“We model the FPGA 

routing architecture as a 

bipartite graph with two sets 

of vertices: begin ports Band 

end ports E.” 

 

(Routing FPGA routing 

architecture.) 
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25. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma 

“Since self-awareness plays 

an important role in human 

emotional development, 

some social psychologists 

are employing agent-based 

modeling and simulation 

techniques to explore the 

topic.” 

 

(Agent-based modeling 

techniques for human 

emotional development.)  

26. The self-aware 

diabetic patient 

software agent 

model 

“To develop a 24hr, 

stochastic and self-aware 

patient agent, we extend the 

original seminal work of 

Ackerman et al in creating a 

mathematical model of 

human blood glucose levels 

in three aspects.” 

 

(Mathematical model for 

self-aware patient agent) 

27. Knows what it 

knows: a 

framework for self-

aware learning 

“The basic idea is similar to 

the method for hypothesis 

testing of Kearns and 

Schapire (1994), who 

consider a PAC-style 

learning model for 

probabilistic concepts.” 

(Model for probabilistic 

concepts) 

28. Self-Aware and 

Self-Expressive 

Camera Networks 

“Instead of relying on 

predefined knowledge and 

rules, these blocks utilize 

online learning and maintain 

models for the camera’s 

state and context.” 

 

(Models for the state and 

context) 

29. A self-aware 

paradigm for 

autonomous 

architectural 

systems within the 

Internet of Things 

“Thereby the authors 

attempt to enable an 

ideological alteration in the 

cognition of the inhabited 

space through proposing 

three conceptual models of 

self-aware systems, 

supporting the architectural 

space within hybrid control 

networks, and controlled 

through the Internet of 

Things.” 

 

(Conceptual models for 

self-aware systems 

supporting architectural 

space for cell phone)  
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30. A self-aware 

approach to denial 

of service defense 

“We evaluate the proposed 

approach using a 

mathematical model, as well 

as using experiments in a 

laboratory test-bed.”  

(Mathematical model for 

denial of service attack) 

 

4.4 The Memory Element for Requirements 

Table 5 represents the memory element for the requirements of the system. 

Memory allows a person inputting data into a system to store data in the system. In the 

results indicated in this table, the word memory was explicitly stated. Therefore, the 

article was reviewed to identify whether the system actually required a memory store. In 

this paper, article 1 required adaptive technology, which was used in the memory store. 

Articles 6 and 18 required data, which is indicated in the data section of this paper. 

Memory is required to store data so that the system can perform its adaptive capabilities, 

so the researcher concluded that the system would need some form of memory. Red text 

is used to identify those areas that did not explicitly state that particular element in the 

description of the system. In the following table, 100% of the research in the peer-

reviewed articles reviewed by the researcher displayed use of the memory element to the 

system. 

Table 5 shows the article from the peer-reviewed journal with proof of the 

fundamental requirements and its use of the requirement in the system from the article. 

Column 1 shows the name of the article. Column 2 contains the reference that shows 

evidence that memory was used in the article. Column 3 shows the use of memory in the 

article. In this case, it was found that memory was used in each of the articles at least 

once, thus resulting in memory being used 100% of the time in each of the articles being 

used.  
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Table 4 

 

Memory Element 

 

Article name 

Column 1 

Proof of memory in Article 

Column 2 

Use of memory 

Column 3 

1. Approach of 

measuring PoC of 

context using 

limited self-

feedback in context-

aware systems  

(Did not see “memory” 

explicitly stated. However, 

this is memory heavy in that 

it requires adaptive 

technology as indicated in 

article #4 – in that because 

the system is adaptive and 

that it will require data. Data 

requires memory.)  

 

(Adopting here that 

memory is needed for the 

purpose of data, but not 

explicitly stated in the 

article.)  

2. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma  

“As shown in Table 2, many 

IPD agents adopt a memory-

1 deterministic strategy.35 

In other words, they use 

short-term memory to store 

the strategies and behaviors 

of opponents in the 

preceding round.” 

 

(Using short-term data for 

memory deterministic 

strategy.) 

3. MARC: A Resource 

Consumption 

Modeling Service 

for Self-Aware 

Autonomous 

Agents  

“This leads to at least two 

main problems: on the one 

hand, it requires one to 

clone the object in 

memory,4 thus involving 

sensible delays if the 

original object is huge; on 

the other hand, repetitive 

editing (e.g., on collection 

iterations) can lead to a huge 

amount of clones being 

allocated in memory but 

becoming not referenced 

almost instantly.” 

“In order to mitigate these 

problems, we chose to use 

the most effective Garbage 

Collector (GC) for the 

functional case, i.e., G1GC: 

(Using the GC to avoid 

memory saturation.) 

 

(These hints then cause 

the GC to be triggered 

early enough to avoid 

memory saturation.)  
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it is highly parallel and 

optimized for long complex 

iterations— the case of 

almost all the manipulation 

primitives offered by Scala.” 

 

4. Toward Smart 

Embedded Systems: 

A Self-aware 

System-on-Chip 

(SoC) Perspective 

 

“Furthermore, emerging 

embedded computing 

platforms that deploy 

complex SOCs will be 

characterized by the 

following key features that 

provide both challenges and 

opportunities for 

simultaneously managing 

system resilience, energy, 

and adaptivity:” 

“They will be memory-

heavy and will deploy 

heterogeneous memory 

technologies.” 

“System On-Chip (Memory 

heavy)” and memory 

(combining volatile and 

nonvolatile storage.” 

 

(Memory-heavy systems) 

5. Architectural 

Aspects of Self-

Aware and Self-

Expressive 

Computing 

Systems: From 

Psychology to 

Engineering 

 

“Implementing time 

awareness might involve 

having the system use 

explicit memory, time-series 

modeling, or anticipation.” 

(Explicit memory) 

6. A Model-Based 

Approach to 

Designing Self-

Aware IT Systems 

and Infrastructure 

 

Doesn’t exist but needed for 

to store data memory. See 

data section.   

(See Data section.)  

7. A Survey and 

Taxonomy of Self-

Aware and Self-

“Nevertheless, for many 

other cases, for example, 

unexpected workload 

(CPU memory 

provisioning) 
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Adaptive Cloud 

Autoscaling 

Systems 

 

changes, elasticity can be 

only enabled by runtime 

automatic scaling or, simply, 

autoscaling: a dynamic 

process, often operating on a 

Physical Machine (PM), that 

adapts software 

configurations (e.g., threads, 

connections and cache, etc.) 

and hardware resources 

provisioning (e.g., CPU, 

memory, etc.) on demand, 

according to the time-

varying environmental 

conditions.” 

 

8. Self-Aware 

Thermal 

Management for 

High-Performance 

Computing 

Processors 

 

“The uncore logic accounts 

for the memory controllers, 

last level cache, and I/O. 

Each processor, core, and 

uncore are equipped with 

sensors that can be read 

periodically from the 

software stack.” 

 

(Memory for memory 

controllers) 

9. Self-Aware On-

Chip Systems 

 

“In the second general 

interest paper, “Adaptive 

ECC for Tailored Protection 

of Nanoscale Memory,” 

Dongyeob Shin, Jangwon 

Park, Somnath Paul, and 

Swarup Bhunia describe the 

problem of run-time failure 

in nanoscale memory at low 

voltage levels.” 

 

(Nonscale Memory) 

10. Hierarchical Agent 

Monitoring Design 

Approach towards 

Self-Aware Parallel 

Systems-on-Chip 

 

“The studies of 

communication involve the 

analysis of communication 

architectures (for instance, 

message passing and shared 

memory space) and specific 

implementation of 

communication channels 

(such as physical and virtual 

channels), including 

(Memory space for 

communication 

architectures) 
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functional and nonfunctional 

optimization techniques on 

these architectures, for 

instance, power 

optimization.” 

 

11. Energy-Aware Task 

Mapping and 

Scheduling for 

Reliable Embedded 

Computing Systems 

 

“It is assumed that a given 

multiprocessor system 

consists of one or more task 

migration modules (TMMs) 

which can access the 

memory of a core without 

interfering its operation.” 

 

(Memory for 

multiprocessor systems) 

12. A Self-Aware 

Tuning and Self-

Aware Evaluation 

Method for Finite-

Difference 

Applications in 

Reconfigurable 

Systems 

 

“A memory architecture 

with maximum data reuse 

ratio was proposed in [Fu 

and Clapp 2011].” 

 

(Memory for maximum 

data reuse) 

13. Self-Learning RF 

Receiver Systems: 

Process Aware 

Real-Time 

Adaptation to 

Channel Conditions 

for Low Power 

Operation 

“As explained in Section V, 

in order to prevent 

erroneous prediction of 

EVM and PDC from F and 

T we need to track the 

subspaces Fsub for which 

relevant data has been 

learned. One way to achieve 

this is by storing every point 

encountered in the F space 

during EXP phase. 

However, this leads to a 

huge memory requirement 

and also is inefficiently slow 

in terms of processing. A 

more efficient way to 

achieve this is by clustering 

the observed F values and 

maintaining a table 

containing the list of clusters 

on-chip.” 

 

(Very Important: 

Clustering was used here 

for memory to prevent 

erroneous prediction. 

Also, to prevent having a 

huge memory 

requirement.)  
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14. Self-Test and 

Diagnosis for Self-

Aware Systems 

 

“Additionally, for critical 

parts a self-checking design 

can be implemented, for 

instance, by error detecting 

codes in busses or memory 

arrays.” 

 

(Memory Arrays for 

Error-Checking) 

15. Utilization, Aware 

Self-Tuning Design 

for TLC Flash 

Storage Devices 

 

“However, the advances of 

manufacturing technologies 

also make TLC flash 

memory suffer serious 

performance degradation 

compared with the low-

density, high-performance 

single-level-cell (SLC) flash 

memory.” 

 

(Self-tuning design for 

flash storage which is 

memory) 

16. Design Tools for 

implementing Self-

Aware and Fault-

Tolerant Systems 

on FPGAs 

“As the lion’s share of 

configuration memory 

configures the routing fabric 

[Singh and Marek-

Sadowska 2002], SEUs are 

most likely to harm the 

routing configuration 

SRAM cells.” 

 

(Algorithm for routing 

constraints) 

17. Achieving self-

aware parallelism in 

stream programs 

“StreamAware executes on 

a message-driven stream 

programming framework 

that is our previous work. 

The framework has been 

implemented on the multi-

threading memory model of 

C++11 standard.” 

 

(Threading memory 

model) 

18. A Power-Scalable 

Channel-Adaptive 

Wireless Receiver 

Based on Built-In 

Orthogonally 

Tunable LNA 

 

Memory is not explicitly 

stated but the system does 

require data, so memory is 

needed to store the data.  

Memory for data 

consumption.  

19. Self-Aware 

networks and QoS 

“A node in the (CPN) 

Cognitive Packet Network 

acts as a storage area for 

packets and MBs. It also 

(Used for memory) 
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stores and executes the code 

used to route SPs. (smart 

packets)” 

 

20. Model-Based Self-

Aware Performance 

and Resource 

Management Using 

the Descartes 

Modeling Language 

(DML) 

 

“DML provides constructs 

to model this hierarchy of 

nested resources as well as 

their configuration, e.g., 

memory, bandwidth, and so 

on.” 

 

(Memory for 

configuration) 

21. Self-Aware 

Memory: an 

adaptive memory 

management system 

for upcoming many 

core architectures 

and its 

decentralized self-

optimization 

process 

“The autonomous self-

optimizing memory 

architecture Self-aware 

Memory satisfies all these 

challenges with a scalable 

pooling of fully-

decentralized interacting 

memory components.” 

 

(Self-optimization 

memory) 

22. A Self-Aware 

Architecture for 

PVT Compensation 

and Power Nap in 

Near Threshold 

Processors 

 

“The low-power mode is 

mainly intended to maintain 

energy efficient operation 

during data transfers from 

peripherals to L2 memory, 

while the PN mode of the 

cluster saves significant 

leakage power for short, but 

frequent sleep periods for 

which the overhead of state-

lossy power gating would be 

too high.” 

 

(Memory for data) 

23. Health Management 

for Self-Aware 

SoCs Based on 

IEEE 1687 

Infrastructure 

“The configuration of the 

network is stored in a 

special format in a read-only 

memory (ROM) that is filled 

with data during system 

design time when the IJTAG 

network configuration 

becomes known.” 

 

(Read-only memory for 

storing network 

configuration) 

24. Design Tools for 

Implementing Self-

“As the lion’s share of 

configuration memory 

(Configuration memory) 
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Aware and Fault-

Tolerant Systems 

on FPGAs 

configures the routing fabric 

[Singh and Marek-

Sadowska 2002], SEUs are 

most likely to harm the 

routing configuration 

SRAM cells.” 

 

25. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma 

 

“As shown in Table 2, many 

IPD agents adopt a memory-

1 deterministic strategy.35 

In other words, they use 

short-term memory to store 

the strategies and behaviors 

of opponents in the 

preceding round.” 

 

(Memory to store 

strategic behaviors of 

opponents) 

26. The self-aware 

diabetic patient 

software agent 

model 

(Note: Memory for data.) 

See the data block for this 

article 

 

(Memory for data.) 

27. Knows what it 

knows: A 

framework for self-

aware learning 

“The sample complexity 

results for this algorithm 

were on par with those 

reported here, but because it 

employed regularization, the 

computation and storage 

requirements were both 

polynomial in the number of 

dimensions, rather than 

growing with the number of 

samples as an naive 

implementation of the 

algorithm above would.” 

 

(Note: Storage requires 

memory)  

(Memory for storage) 

28. Self-Aware and 

Self-Expressive 

Camera Networks 

“The resources our network 

currently monitors include 

required processing power, 

available and allocated 

memory, and network 

traffic.” 

(Allocated memory) 

29. A self-aware 

paradigm for 

autonomous 

architectural 

“Correspondingly, data-

intensive computing can be 

deliberated on the basis for a 

novel paradigm of 

(Memory for storing data) 
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systems within the 

Internet of Things 

infrastructures permitting to 

constantly storing these data 

for participation and 

analyzing through the 

Internet and developed 

technologies of real-time 

simulation, and embedded 

sensory systems that 

transform our daily 

environmental matters into 

smart ones capable to 

comprehend and respond to 

their surroundings.” 

30. A self-aware 

approach to denial 

of service defense 

“Their very simple 

algorithm infers the number 

of hops traversed until then 

(from the TTL field) and 

compares them to the value 

that can be inferred for this 

source, which is stored in a 

relevant table.” 

(Memory needed for data 

stored in the table) 

 

4.6 The Data Element for Requirements 

Table 6 represents the data element for the requirements of the system. 

Researchers collect data to determine the results of their research. In this section, data 

was used to aid in modeling the systems for development. In the following table, 100% of 

the research in the peer-reviewed articles reviewed by the researcher displayed use of the 

memory element to the system. 

Table 6 shows the article from the peer-reviewed journal article. Column 1 

represents the name of the article. Column 2 contains a text extract showing evidence that 

the data element was found in the article.  Column 3 represents the use of data described 

in the article. Data was used in each of the 30 articles researched, thus resulting in data 

being used 100% of the time in the articles.  
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Table 5 

 

Data Element 

  

Article name 

Column 1 

Proof of data in Article 

Column 2 

Use of data 

Column 3 

1. Approach of 

measuring PoC of 

context using 

limited self-

feedback in context-

aware systems  

“The need of accurate data 

fusion results in research on 

the parameter — probability 

of correctness (PoC), which 

denotes the probability that a 

piece of information is 

correct.” 

 

(Data fusion) 

2. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma  

“Although rule-based agent 

architectures are easy to 

implement, they require 

large knowledge and 

experience data sets for use 

by agents, raising issues 

regarding revising, updating, 

customizing, and learning 

flexibility.” 

(Rule-based agent 

architectures) 

3. MARC: A Resource 

Consumption 

Modeling Service 

for Self-Aware 

Autonomous 

Agents  

“The methodology has then 

been implemented into 

MARC, a platform designed 

to Model and Analyze 

Resource Consumption 

trends (MARC). Any self-

aware agent can simply send 

a raw dataset to this service, 

together with additional 

metadata on the system’s 

configuration; MARC will 

then provide the agent with 

a model’s parameters 

estimated on the input 

dataset, allowing it to have a 

better understanding on how 

its resources are depleted.” 

 

(Sending data to model 

and analyze resource 

consumption trends into 

(MARC).) 

4. Toward Smart 

Embedded Systems: 

A Self-aware 

System-on-Chip 

(SoC) Perspective 

“Abstraction of the primary 

input data into a semantic 

domain that is meaningful 

for the system at hand.” 

(Data as it relates to input 

and monitory.) 
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“The system derives a 

semantic interpretation and 

attribution of monitored 

data.” 

 

5. Architectural 

Aspects of Self-

Aware and Self-

Expressive 

Computing 

Systems: From 

Psychology to 

Engineering 

 

“Private and public self-

awareness rely on 

continuous data streams 

from sensors that observe 

phenomena on which to base 

self-awareness. 

 

(Data streams for sensors) 

6. A Model-Based 

Approach to 

Designing Self-

Aware IT Systems 

and Infrastructure 

 

The database server also 

connects to the cluster 

through four 1-Gbit Ethernet 

connections.” 

(Data for database server) 

7. A Survey and 

Taxonomy of Self-

Aware and Self-

Adaptive Cloud 

Autoscaling 

Systems 

 

“Among others application 

of OAD in SSCAS, 

MNEMOS [136] has relied 

on OAD to realize an 

integrated, datacenter-wide 

architecture for autoscaling 

resources in the cloud, in 

which the System Monitor 

acts as the observer, the 

Portfolio Scheduler acts as 

the decider, and the VM 

Manager acts as the 

executioner.”  

 

(Creating a Data Center 

to store data) 

8. Self-Aware 

Thermal 

Management for 

High-Performance 

Computing 

Processors 

 

“As effects of the 

computational patterns and 

data partitioning, threads of 

the same application running 

on different cores may 

require longer computation 

before reaching a 

synchronization point.” 

 

(Data partitioning) 

9. Self-Aware On-

Chip Systems 

“In addition, we have two 

conference reports, one from 

(Reports are a form of 

data) 
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 the European Test 

Symposium (ETS) that took 

place in Cyprus from 22–27 

May authored by Maria K. 

Michael and Haralampos-

G.” 

 

10. Hierarchical Agent 

Monitoring Design 

Approach towards 

Self-Aware Parallel 

Systems-on-Chip 

 

“Adding metadata as code 

segments is a classic way to 

provide monitoring 

functions in the application 

[Gunter et al. 2002].” 

(Data for metadata) 

11. Energy-Aware Task 

Mapping and 

Scheduling for 

Reliable Embedded 

Computing Systems 

 

“Synchronous dataflow 

graphs (SDFGs, see Lee and 

Messerschmitt [1987]) are 

often used for modeling 

modern DSP applications 

[Sriram and Bhattacharyya 

2000] and for designing 

concurrent multimedia 

applications implemented on 

a multiprocessor system-on-

chip.” 

 

(Synchronous dataflow 

graphs (SDFGs))  

12. A Self-Aware 

Tuning and Self-

Aware Evaluation 

Method for Finite-

Difference 

Applications in 

Reconfigurable 

Systems 

 

“Data-paths for finite-

difference algorithms 

consume most of 

reconfigurable resources in 

FPGAs, limiting achievable 

design parallelism.”  

 

(Data for Field 

Programmable Gate 

Array (FPGA).)  

13. Self-Learning RF 

Receiver Systems: 

Process Aware 

Real-Time 

Adaptation to 

Channel Conditions 

for Low Power 

Operation 

“During these EXP packets 

the device randomly 

perturbs the tuning knobs 

(Trand), computes the EVM, 

senses the channel 

(discussed in Section VIII) 

and power consumption 

(PDC) and stores these data 

in an on-chip buffer (Fig. 

4).” 

 

(Storing Data in an on-

chip buffer) 
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14. Self-Test and 

Diagnosis for Self-

Aware Systems 

“Since conventional 

structural tests create a very 

high switching activity both 

during scanning of test data 

and test application, 

dedicated low-power BIST 

approaches have been 

developed.”  

 

(Test-Data) 

15. Utilization, Aware 

Self-Tuning Design 

for TLC Flash 

Storage Devices 

“The introduced design 

dynamically adjusts and 

maximizes the number of 

SLC blocks according to the 

amount of data stored in the 

storage device at runtime.” 

 

(Data storage) 

16. Design Tools for 

implementing Self-

Aware and Fault-

Tolerant Systems 

on FPGAs 

“Consequently, isolating 

faults at the wire level is 

particularly useful. 

Sundararajan et al. [2001] 

exploit bitstream 

manipulation via JBits 

[Xilinx Inc. 2003] to drive 

test data iteratively over 

each single wire under test.” 

 

(Test Data) 

17. Achieving self-

aware parallelism in 

stream programs 

“Exploiting data parallelism 

is an efficient way for 

performance on each 

individual node.  

“Thus, we provide an 

approach of adjusting the 

granularity of data 

parallelism dynamically, 

which is performed in the 

AFSM based self-awareness 

loop.” 

 

(Data parallelism  

Data blocks) 

18. A Power-Scalable 

Channel-Adaptive 

Wireless Receiver 

Based on Built-In 

Orthogonally 

Tunable LNA 

 

“We use the power data in 

[26] to fit the trend for 

changing word sizes and 

scale it to our required 128-

point FFT case.” 

 

(Power Data) 
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19. Self-Aware 

networks and QoS 

“For a neuron network, the 

network parameters are 

these by “weight matrices” 

and which need to be 

“learned” from input data.” 

 

(Data for modeling) 

20. Model-Based Self-

Aware Performance 

and Resource 

Management Using 

the Descartes 

Modeling Language 

 

“The adaptation control loop 

starts by collecting 

monitoring data from the 

managed system.” 

 

(Monitoring data) 

21. Self-Aware 

Memory: an 

adaptive memory 

management system 

for upcoming many 

core architectures 

and its 

decentralized self-

optimization 

process 

 

Access to memory with 

high data rates is strongly 

optimized for streaming 

data over the ring bus 

between the compute 

cores.” 

 

(Memory for high data 

rates) 

22. A Self-Aware 

Architecture for 

PVT Compensation 

and Power Nap in 

Near Threshold 

Processors 

 

“The low-power mode is 

mainly intended to maintain 

energy efficient operation 

during data transfers from 

peripherals to L2 memory, 

while the PN mode of the 

cluster saves significant 

leakage power for short, but 

frequent sleep periods for 

which the overhead of state-

lossy power gating would be 

too high.” 

 

(Data transfer) 

23. Health Management 

for Self-Aware 

SoCs Based on 

IEEE 1687 

Infrastructure 

“Health map is a linked list 

data structure (an example in 

Figure 3) that is central to 

the architecture and holds 

the detailed information 

about the system’s resources 

(blue and light blue boxes), 

related to the instruments 

(green) and the faults (red) 

(Data for the system’s 

resources) 
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that have occurred 

previously and their 

classification.” 

 

24. Design Tools for 

Implementing Self-

Aware and Fault-

Tolerant Systems 

on FPGAs 

“Sundararajan et al. [2001] 

exploit bitstream 

manipulation via JBits 

[Xilinx Inc. 2003] to drive 

test data iteratively over 

each single wire under test.” 

 

(Test data) 

25. Using self-aware 

agents to analyze 

public self-

consciousness in the 

iterated prisoner’s 

dilemma 

 

“Although rule-based agent 

architectures are easy to 

implement, they require 

large knowledge and 

experience data sets for use 

by agents, raising issues 

regarding revising, updating, 

customizing, and learning 

flexibility.” 

 

(Data for use by agents in 

rule-based agent 

architecture) 

26. The self-aware 

diabetic patient 

software agent 

model 

“We incorporate the 

enhanced Ackerman model 

in the diabetic patient 

software agent because it 

provides a perspective of the 

condition of glucose 

regulation which is 

comparable to that which the 

patient will see when 

sampling his blood glucose 

levels with a blood 

monitoring meter.” 

 

(Ackerman model for 

monitoring blood glucose 

levels.) 

27. Knows what it 

knows: a 

framework for self-

aware learning 

“A simple approach for this 

task is for the agent to 

assume edge costs are 

uniform and walk the 

shortest (middle) path to 

collect data.” 

(Collection of data) 

28. Self-Aware and 

Self-Expressive 

Camera Networks 

“To provide in-network 

processing of captured data, 

smart camera networks have 

to deal with various 

challenges: they must 

analyze the highly dynamic 

(Processing captured 

data) 
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behavior of viewed objects, 

operate in partly unknown 

environments, and cooperate 

with neighboring cameras 

on demand.” 

 

29. A self-aware 

paradigm for 

autonomous 

architectural 

systems within the 

Internet of Things 

“Correspondingly, data-

intensive computing can be 

deliberated on the basis for a 

novel paradigm of 

infrastructures permitting to 

constantly storing these data 

for participation and 

analyzing through the 

Internet and developed 

technologies of real-time 

simulation, and embedded 

sensory systems that 

transform our daily 

environmental matters into 

smart ones capable to 

comprehend and respond to 

their surroundings.” 

 

(Data-intensive 

computing) 

30. A self-aware 

approach to denial 

of service defense 

“The limits and thresholds 

used by all these types of 

tests can be set by using the 

network administrator’s 

experience, or with an 

automatic learning process 

in all or some of the nodes 

using data collected from 

on-going observation.” 

(Data from tests in the 

automatic learning 

process.)   

 

4.7 Answering Research Question 2 

RQ2: What are some of the general requirements needed to build specific VLSs that 

incorporate self-awareness? 

 For Research Question 2, please refer to the following data collection sources: 

“Elements for Self-Aware systems found in Table 8 of the appendix, Human Computer 

Interaction Literature found in List 3in the appendix, and VLSs, and List 5 found in the 
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appendix (Word document). Research question two is to determine the unique set of 

requirements for any given system. This set was determined as a result of the review for 

the articles researched in VLSs. Because the student is a human and the human is the 

person who will be interacting with the VLS, it is implied that elements of HCI are 

needed to build a VLS. These elements are the same but vary depending on what the 

system is teaching. These elements are considered general requirements because HCI is 

not a necessity for self-aware systems (of which self-aware systems are the focus of this 

research) but is considered if the human (the person interacting with the system) will be 

interacting with the system.  

 The focus on VLSs was the student, the environment, and the teacher. So, in this 

study, we incorporate those general requirements that benefit the student, environment, 

and teacher in a VLS. These elements were chosen as a result of a keyword search, which 

sought elements in the articles about VLSs.  

Table 6 

 

Focus of Virtual Learning Papers Presented in List 1 VLSs 

 

Focus Percentage out of 30 papers 

Focus on Students 33% 

Focus on Teachers 16% 

Focus on Virtual Learning Environment 80% 

 

The requirements for the system were gathered and compiled into a list in table 

format, shown in the appendix whereas Table 8 is Elements for requirements in self-

aware systems, List 3 is VLSs, and List 4 is Human Computer Interaction. The purpose 

for the tables and the lists were to determine the focus of the paper being read. The list 

for VLSs was transformed into Table 7 to compile the focus of each group presented in 
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the paper. There was no particular focus being scanned. The researcher determined the 

focus based on the information being presented in each paper as each paper was read. For 

example, in one 33% of the papers, the focus was on furthering the development of the 

students as it related to virtual learning.  

In the following list, the requirements gathered in this fashion were used to 

suggest the functionality of the system, so that two different types of VLSs were 

described.  The two VLSs described were a system for learning a foreign language for 

adults and a system for learning mathematics for children in the K-12 grades. 

The reason a foreign language learning system was chosen is because the 

researcher has experience in teaching foreign language so that the researcher has a better 

understanding at choosing which unique features should be embedded into a foreign 

language learning system based on the research done in this Dissertation. Also, the 

options chosen here came directly from the research being presented inside of each of the 

peer-reviewed journal articles.  

List 1. General Requirements in Foreign Language VLS for Adults 

1. The system shall detect errors in the adult’s speech pattern. 

2. The system shall determine what type of learner the student is. 

3. The system shall detect the user’s first language. 

4. The system shall determine which language the user is interested in learning.  

5. The system shall determine whether the student has visited the country of the 

foreign language of interest. 

6. The system shall assess the student’s level of the language so that the system 

adapts to the individual student’s learning style. 

7. The system shall detect the age of the student to model the environment for the 

student. 

8. The system shall determine whether the student has visited the respective country 

of that language prior to starting the learning system to assist in providing 

learning techniques. 

9. The system shall determine whether the student has learned other languages in the 

past. 
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10. The system shall store large amounts of data for the purpose of modeling the 

system as it receives input from the student.  

11. The system shall include a cloud-provisioning to support data storage in multiple 

regions around the world.  

12. The system shall determine the temperature of the student’s environment. 

13. The system shall determine if a teacher is using the system. 

14. The system shall determine if whether a student is using the system. 

15. The system shall determine what the purpose of using the system is for.  

16. The system should allow the screen to capture data from the user’s actions. 

17. The system shall support a framework of an assembly guide to support future 

design. 

18. The system shall allow interaction using gestural input. 

19. The system shall allow personal informatics.  

 

List 2. General requirements in VLSs for Mathematical grades K-12 

1. The system shall provide a pretest of all math levels to adapt to the individual 

student’s learning needs. 

2. The system shall determine what type of learner the student is. 

3. The system shall detect the student’s grade level to assist in modeling the 

student’s response behaviors.  

4. The system shall adapt to the student’s progress during learning for the purpose of 

providing a unique learning plan for the student.  

5. The system shall have the memory capacity to handle large amounts of data  

6. The system shall determine what the student’s personal interests are for the 

purpose of modeling the system to fit this student’s learning progression.  

7. The system shall model unique mathematical techniques determined by the 

student’s interest.  

8. The system shall determine the temperature of the student’s environment. 

9. The system shall determine if a teacher is using the system. 

10. The system shall determine whether a student is using the system. 

11. The system shall determine what the purpose of using the system is for.  

12. The system shall store large amounts of data for the purpose of modeling the 

system as it receives input from the student.  

13. The system shall include a cloud-provisioning to support data storage in multiple 

regions around the world.  

14. The system shall have an interactive display. 

15. The system shall have full body interaction paradigm. 

16. The system shall include recording. 

17. The system shall include a video camera. 

18. The system shall include a voice input. 

19. The system shall include voice output. 

20. The system shall include a voice mechanism. 

21. The system should allow the screen to capture data from the user’s actions. 

22. The system shall allow for modifications using context aware computing. 

23. The system shall be built with a framework of an assembly guide to support future 

design. 
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24. The system shall allow interaction using gestural input. 

25. The system shall allow personal informatics.  
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Chapter 5—Conclusion & Future Research 

5.1 Conclusion 

The results of this research were presented in Chapter 4 of this section by 

detailing the findings of the elements of the system to be used as requirements. Five 

elements were used for fundamental requirements because these elements were used at 

least 100% of the time, which strongly suggested that these would be the fundamental 

requirements used for building the self-aware VLS. Any requirement that was not 

represented at least 95% of the time was considered to be a general requirement and was 

only used as it pertains to the field of education.  

The requirements (pattern detection, adaptability, modeling, memory, and data) 

listed in the results section for the specific self-aware systems were gathered based on the 

results from the HCI articles, the virtual learning articles, and the self-aware systems 

articles. The requirements provided also give an insight to what is needed for the system 

but do not provide the whole of the general requirements for the system. The reason is 

because the system did not go into details such as the specific foreign language the adult 

would be using, whether the adult can only hear and not see, and other factors that may 

impair a user trying to learn. Also, the requirements did not consider the highest level of 

mathematics the system may evolve to. However, because it is a self-aware system, there 

is a possibility that the system may evolve to the highest level of mathematics offered 

based on the inputs of the user which is the foundation behind what makes the system 

self-aware.  
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To build a self-aware VLS, the stakeholders must consider the algorithm, the 

model, memory, adaptation, and data being used. Without considering these elements as a 

part of the system, the system would not function as a partially or fully self-aware VLS.  

5.2 Future Research 

This paper focused on characterizing a self-aware system by researching what the 

fundamental requirements and the general requirements are for the system. These 

requirements were determined using peer-reviewed journal articles. Future research may 

be done to follow the entire INCOSE process using a team of experts and stakeholders 

and then publishing those results specifically for the use of self-aware VLSs.  
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Appendix 

Table 8. Elements found in Peer-Reviewed Papers for self-aware systems 

Peer-reviewed papers from The George 

Washington University Library 

Consortium catalogue and reference 

Elements found in peer-reviewed 

journal article 

1. Approach of measuring PoC of 

context using limited self-feedback in 

context-aware systems  

a. [1] IET Wireless Sensor Systems, 

October 2016, Vol.6(5), pp.158-165 

b. Ji, Mingyang ; Xu, Hongji ; Wang, 

Leitao ; Dang, Juan ; Xu, Zhengzheng ; 

Fang, Haiteng ;  Ji, Mingyang 

(correspondence author) 
 

Algorithm 

Self-feedback 

Model 

Simulation 

Context-aware 

 

2. Using self-aware agents to analyze 

public self-consciousness in the 

iterated prisoner’s dilemma  

a. [1] SIMULATION, July 2011, 

Vol.87(7), pp.600-615 

b. Huang, Chung-Yuan ; Wang, Sheng-

Wen ; Sun, Chuen-Tsai 

Self-aware agents 

Algorithms 

Learning models 

Learning architecture 

Simulation 

Agent learning models 

Self-understanding 

Self-recognition 

Learning mechanism 

Intelligent agent models 

Learning-based agent model 

(closely related to model for learning) 

clustering 

3. Toward Smart Embedded Systems: A 

Self-aware System-on-Chip (SoC) 

Perspective 

a. [1] Acm Transactions On Embedded 

Computing Systems, 2016 May, 

Vol.15(2) 

b. Dutt, N ; Jantsch, A ; Sarma, S 

Self-awareness 

Intelligence 

Self-adaptive 

algorithm 

4. MARC: A Resource Consumption 

Modeling Service for Self-Aware 

Autonomous Agents 

Modeling 

Algorithm 

Supervised classification 

Simulation 

Classification algorithm 

Self-configuration 

Self-optimization 
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a. [2] ACM Transactions on Autonomous 

and Adaptive Systems, November 

2017, Vol.12(4) 

b. Ferroni, M. ; Corna, A. ; Damiani, A. ; 

Brondolin, R. ; Kubiatowicz, J.D. ; 

Sciuto, D. ; Santambrogio, M.D. 

Self-healing 

Self-protection 

5. Architectural Aspects of Self-Aware 

and Self-Expressive Computing 

Systems: From Psychology to 

Engineering 

a. [1] Computer, August 2015, Vol.48(8), 

pp.62-70 

b. Lewis, Peter R ; Chandra, Arjun ; 

Faniyi, Funmilade ; Glette, Kyrre ; Tao 

Chen ; Bahsoon, Rami ; Torresen, Jim ; 

Xin Yao 

Algorithm, cloud computing, model, 

computational systems, memory, 

adaptive 

6. A Model-Based Approach to 

Designing Self-Aware IT Systems 

and Infrastructure 

a. [2] Computer, July 2016, Vol.49(7), 

pp.53-61 

b. Kounev, Samuel ; Huber, Nikolaus ; 

Brosig, Fabian ; Xiaoyun Zhu 

Virtual machine, model, algorithm, 

memory, self-aware, adaptive 

7. A Survey and Taxonomy of Self-

Aware and Self-Adaptive Cloud 

Autoscaling Systems 

a. [1] ACM Computing Surveys, Jul 

2018, Vol.51(3) 

b. Chen, Tao ; Bahsoon, Rami ; Yao, Xin 

Algorithm, virtual machine, dynamic, 

adaptive, memory, model, autoscaling 

8. Self-Aware Thermal Management for 

High-Performance Computing 

Processors 

a. [1] IEEE Design & Test, October 

2018, Vol.35(5), pp.28-35 

b. Bartolini, Andrea ; Diversi, Roberto ; 

Cesarini, Daniele ; Beneventi, 

Francesco 

Model, algorithm, super computers, 

processors, memory, adaptive, 

modeling 

9. Self-Aware On-Chip Systems 

a. [2] IEEE Design & Test, December 

2017, Vol.34(6), pp.4-5 

b. Henkel, Jorg 

Memory, design, adaptive, modeling, 

algorithm 

10. Hierarchical Agent Monitoring 

Design Approach towards Self-

Aware Parallel Systems-on-Chip 

a. [2] ACM Transactions on Embedded 

Computing Systems, 2010, Vol.9(3) 

Algorithm, optimize, adaptive, 

modeling, memory, optimize 
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b. Guang, Liang ; Nigussie, Ethiopia ; 

Rantala, Pekka ; Isoaho, Jouni ; 

Tenhunen, Hannu ;  Guang, Liang 

(correspondence author) 

11. Energy-Aware Task Mapping and 

Scheduling for Reliable Embedded 

Computing Systems 

a. [3] ACM Transactions on Embedded 

Computing Systems, Jan 1, 2014, 

Vol.13(2S), pp.1-27 

b. Das, Anup ; Kumar, Akash ; 

Veeravalli, Bharadwaj ;  Das, Anup 

(correspondence author) 

Algorithm, model, fault, data, memory, 

adaptive, computational performance 

12. A Self-Aware Tuning and Self-Aware 

Evaluation Method for Finite-

Difference Applications in 

Reconfigurable Systems 

a. [1] ACM Transactions 

on Reconfigurable Technology and 

Systems, June 2014, Vol.7(2) 

b. Niu, X. ; Jin, Q. ; Luk, W. ; Weston, S. 

Algorithm, self-adaptive, errors, 

memory, fault, data, modeling 

13. Self-Learning RF Receiver Systems: 

Process Aware Real-Time Adaptation 

to Channel Conditions for Low 

Power Operation 

a. Banerjee, Debashis ; Muldrey, Barry ; 

Xian Wang ; Sen, Shreyas ; Chatterjee, 

Abhijit 

b. IEEE Transactions on Circuits 

and Systems I: Regular Papers, January 

2017, Vol.64(1), pp.195-207 

 

Algorithm, design, memory, adaptive, 

model, design, error handling, mapping 

14. Self-Test and Diagnosis for Self-

Aware Systems 

a. [3] IEEE Design & Test, October 

2018, Vol.35(5), pp.7-18 

b. Kochte, Michael A ; Wunderlich, 

Hans-Joachim 

Algorithm, model, cloud, adaptive, 

data, memory, cloud 

15. Utilization, Aware Self-Tuning 

Design for TLC Flash Storage 

Devices 
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