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Abstract
The purpose of this research is to explore the utility and current state of touchless
technologies, which are simply devices that do not require touch to activate. Five
categories of touchless technologies are identified as a result of collecting and reviewing
literature: facial/biometric recognition, gesture recognition, touchless sensing, personal
devices, and voice recognition. While the total number of articles provided informative
research on the topic, specific articles were selected for analysis based on Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) standard
formatting procedures. The 31 PRISMA-compliant documents were then analyzed
thematically, evaluating the contents of the articles for advantages and disadvantages, as
well as their reference sections for matches and similarities between articles.
Thematically, touchless sensing technologies had the greatest advantage to disadvantage
ratio, followed by personal devices, voice recognition, facial/biometric recognition, and
gesture recognition. For both the direct and indirect reference analyses, the categories
were shown to have differences in similarity within their reference sections. The
references for gesture recognition technologies shared the most similarities, followed by
voice recognition, facial/biometric recognition, personal devices, and touchless sensing.
Comparing the results of the two analyses, the conclusion was that newer technologies
likely had lower advantage counts due to less known application and higher reference
similarities because of the fewer articles written on them. The reverse applies to older
technologies, which had higher advantages and greater applicability.

iv

This thesis is dedicated to my best childhood friend, who sadly passed away during my
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A THEMATIC AND REFERENCE ANALYSIS OF TOUCHLESS
TECHNOLOGIES

I. Introduction

Touchless technologies are devices that can be operated without having to utilize
physical touch, and in recent years, they have been increasing in application,
development, functionality, and implementation (Cronin & Doherty, 2019). Initially, the
main purposes of implementing touchless technologies have been towards energy
efficiency, slowing the spread of contagious diseases, and general convenience (Taylor,
2020). For example, several public spaces around the United States, to include offices
and airports, have long ago implemented hand-waving sensors in restrooms for these
reasons (Taylor, 2020). These types of sensors have also been integrated with facility
lighting systems, where the simple entering of a room would activate the lights without
having to flip a switch (Nicol, 2020). With that said, the constantly evolving technology
sector has dramatically raised the potential for applying touchless technologies in
different ways. For example, simple touchless technologies that trigger binary operations
(i.e., on or off) by tripping a sensor have evolved into devices that require high-quality
cameras to interpret movement and produce complex outputs (Liu et al., 2020). To
further push the boundaries of touchless technologies, there are examples of devices that
do not even require human interaction. For instance, smart sensors integrated in facilities
can measure a facility’s life-cycle health automatically (Landgrebe, 2011). On that note,
fixtures within medical areas can emit powerful rays of light that disinfect pathogens
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automatically as well (Landgrebe, 2011). Even though the availability and functionality
of touchless technologies continue to grow, many people still do not view them as
mandatory for facilities. However, this perception towards touchless technologies is
beginning to change. The background section will further discuss this shift in mindset.

Background
As of July 2021, the Centers for Disease Control and Prevention (2021)
discovered that fomite transmission (i.e., the touching of surfaces) was not a primary
method in which COVID-19 spreads. In the past, many touchless technologies were
simply viewed as “nice to have” infrastructure and equipment, but the dramatic effects of
the pandemic made people reconsider their necessity (Iqbal, 2020). Organizations across
the world have experienced a significant decrease in productivity due to the pandemic,
and the primary reason is the reduction of working together in person to prevent further
spreading of the virus (Grover and Sabherwal, 2020). The reason that human interaction
has been minimized is because the virus often remains dormant within a host, showing
little to no symptoms, which makes the ability to track its spread challenging (Na et al.,
2020). Not only is the virus problematic to contain, but its side effects can be deadly;
models signal that an infected individual can die from the virus up to 42 days after
exposure (Na et al., 2020). Because of this, the logical and conservative protocol for
organizations to implement touchless technologies is for their employees to reduce
contact with each other (Na et al., 2020).
While the most generally understood method of transmission is through direct
contact with infected individuals, diseases of many kinds can also be contracted
2

indirectly through the touching of common surface objects (Kurgat et al., 2019). Within
offices for example, common surfaces that contain highly concentrated bacteria and/or
viruses include the following: door handles, door push bars, drinking fountains, restroom
soap dispensers, restroom sinks, kitchen faucets, file cabinets, copiers, microwave ovens,
candy jars, refrigerators, coffee pots, drawer handles, and communal keyboards (Kurgat
et al., 2019). Additionally, surfaces that are considered for individual use, such as
personal desks, keyboards, mouses, and chairs, can also contain large concentrations of
similar bacteria and/or viruses (Kurgat et al., 2019). Figure 1 shows the transmission
susceptibility of various surfaces in a typical office setting.
On one hand, it is important to understand that implementing proper hygiene can
effectively fight these diseases; when these surfaces are disinfected regularly, 85.4% of
the germs on those surfaces are immediately killed, thereby reducing the probability of
infection (Kurgat et al., 2019). On the other hand, the touching of these common
surfaces is still inevitable, and although active cleaning is highly effective, any amount of
surface contact still exposes users to the risk of infection. Because of this, methods need
to be explored to further reduce fomite transmission, which is the scientific term for the
spread of disease through touching infected surfaces.

3

Figure 1. Virus Transmission to Hands of the Susceptible (Kurgat et al., 2019)
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While “easier to implement” mitigation efforts, such as lockdowns, have helped
minimize the spread of COVID-19, they have also resulted in a severe economic
downturn (Coccia, 2021). Lockdowns have produced adverse effects on several nations'
economies, where global productivity declined between 13% and 21% during just the
second quarter of 2020 (Coccia, 2021). Similarly, there are organizations turning to
telework in efforts to adapt, but recreating work environments solely around telework has
also been shown to have negative effects, specifically regarding the mental health of
employees (Bufquin et al., 2021). The lack of opportunities for employees to interact,
collaborate, and create friendships during the pandemic has likely caused the spike in
reported psychological distress and substance abuse during 2020 (Bufquin et al., 2021).
In efforts to find a smarter solution that addresses safety, economic productivity, and
mental health concerns, it may be worth pursuing touchless technologies. Stein (2020)
identified five categories of commonly used touchless technology: facial/biometric
recognition technologies, gesture recognition technologies, touchless sensing
technologies, personal devices, and voice recognition technologies. These categories,
which served as a framework for the research, will be further explained in the literature
review chapter.

Problem Statement
The purpose of this research is to explore touchless technologies by collecting
literature on or related to the topic, thoroughly reviewing the literature for background
information, and conducting both a thematic and reference analysis on that literature.
The findings from meeting these objectives will be used to draw conclusions and answer
5

the investigative questions. The purpose of the investigative questions is to address the
overarching problem, which is understanding the capabilities, conveniences, and
drawbacks associated with touchless technologies.
To search the literature, the resources found on the AFIT online library, primarily
Science Direct Open Access Journals, will be utilized. An additional resource that will
also be used for both finding and citing literature will be Google Scholar. From there,
these resources will help build the framework of background/related information in the
introduction, and it will later be used for the literature review process.
To conduct the literature review effectively, it will need to be collected in an
organized and efficient manner. After finding general background information, it will be
important to structure the categories of touchless technologies in a manner that would
make sense for eventual analysis. This coordination of searching for literature is used to
prevent searches that may go off on an irrelevant tangent; every found article will be used
to gain an understanding of a specified category of touchless technology.
After collecting the literature, performing both thematic and reference analyses
needs to be done. The generalized idea/theory behind the thematic and reference
analyses will be further explained in the methodology section of this chapter. To briefly
discuss the approach of the thematic analysis, the total collection of literature will be
filtered down to a smaller group. This reduced sample of articles will be structured in a
manner that meets Preferred Reporting Items for Systematic reviews and Meta-Analyses,
or PRISMA, standards. The purpose for eliminating articles that do not meet the
preferred format is so that this process can be more easily repeatable for future
researchers. From there, the articles will be thoroughly read to identify clear and obvious
6

themes. The themes would need to communicate the pros and cons of touchless
technologies, so the themes that will be extracted will be each category’s advantages and
disadvantages. When all of the themes are collected, an advantage to disadvantage ratio
of each category will be calculated. Along with that, the advantage to disadvantage ratio
for touchless technologies, as a whole, will also be assessed. The thematic analysis
process will be further explained in the methodology chapter. The thematic analysis
results will be further explained and shown in the results chapter.
After conducting the thematic analysis, the reference analysis for the collection of
PRISMA literature will be done. To summarize the process, the reference analysis
compares the articles’ reference sections for similarities. This will be accomplished
using two different methods: direct and indirect. The direct reference analysis compares
the articles for exact matches within their reference sections. This process will be
conducted through Microsoft Excel, where the program will compare references of each
article as separate data points. In contrast, the indirect reference analysis compares any
two articles by reading their reference sections and correlating them by word similarity.
The recognized word similarities will compare the article’s contributing authors, titles,
and journal issues. This process, being executed in the program NVivo, will be
conducted for each of the five categories and for touchless technologies as a whole,
where Pearson correlation (R2) values for each category will be obtained. This will then
be exported into the program JMP, where the correlation data will undergo statistical tests
to analyze their differences in mean correlation and variance. The reference analysis
process will be further explained in the methodology chapter. The reference analysis
results will be further explained and shown in the results chapter.
7

Once results are obtained from the thematic and reference analyses, the two
completed data sets will be compared. The two results will be plotted on a singular
graph, where each point on the graph will represent the five touchless technology
categories and touchless technologies as a whole. The combined plot will be further
explained and shown in the results chapter.
All of the efforts put into this thesis will be used to create observations, draw
conclusions, and answer the investigative questions. These findings will be further
explained in the conclusions chapter. These investigative questions will be stated in the
upcoming section.

Research/Investigative Questions
The overarching umbrella research question, which is not addressed or answered
directly, is instead addressed by answering a series of investigative questions, which help
“paint the picture” that focuses on tackling the issues stated in the background section.
Simply put, the point of this research is to discuss touchless technologies as an industrial
advancement of tools in the modern workplace. Therefore, the investigative questions
are the reasons that people would be interested in learning about the topic. To support
the overarching research question, which is to gain a full understanding of the
capabilities, conveniences, and drawbacks of touchless technologies, the following
investigative questions were addressed.
1) What is the current state of touchless technologies?
2) How are the results of the thematic and reference analyses related? What can be
concluded from evaluating the results of the two analyses together?
8

By answering these questions, this research will explain the current state of
touchless technologies, how the scientific community views them, the discoveries made
comparing the literature’s themes and references, and the feasibility of applying the topic
to real-world scenarios.

Methodology
The purpose of this section is to provide a high-level summary of the
methodology chapter. This section will briefly explain the process used for this research,
to include the broader theory of both analyses, literature collection, clustering,
correlation, and statistical processes. This section helps ensure that the reader
understands the legitimacy and utility of using both analyses within the overall
methodology.
The umbrella term which incorporates both thematic and reference analysis,
bibliometric analysis, is the process in which statistical and mathematical methods are
used to analyze scientific literature (Diodato, 1994). In this overarching process,
scientific books, journals, and articles are collected, and information within the literature
is used as data (Diodato, 1994). It is commonly used in the scientific community to
investigate the composition of a particular topic with existing literature, and this field of
study is frequently implemented in both subjective evaluations (i.e., thematic analysis)
and objective evaluations (i.e., reference analysis) (Donthu et al., 2021).
Data, being literature articles, were collected based on using common terms and
phrases (i.e., touchless technologies, benefits, costs, fomite transmission, biometric
recognition, gesture recognition, touchless sensing, personal devices, voice recognition,
9

etc.) and without the intention of reaching a conclusion artificially. All of the articles that
were collected were numbered and saved within a folder, which served as the database
for the research. This strategy proved to be effective because regardless of the iterations
taken, it was easy to identify iterations to the database by simply creating folders within
folders. Additionally, the number assigned to a journal article remained consistent
throughout the research process, which made the data easily recognizable when adapting
to different platforms. The first iteration of the database was the screening of literature
based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)-compliant standards. This essentially filtered out articles from the total
literature collection process that would not be used in the thematic and reference
analyses. Once the list of PRISMA articles was finalized, there were multiple computer
programs that were utilized.
CiteSpace was utilized to provide cluster-based illustrations of all the PRISMA
articles based on similarity. NVivo was used for both the thematic and reference
analyses, where the program scanned for thematic codes for advantages and
disadvantages and the reference sections of the articles to determine Pearson correlation
coefficients based on likeness. Similarly, Microsoft Excel was used to scan the reference
sections of the PRISMA articles to find reference matches between them. The Pearson
correlation data was transferred to JMP, which used statistical tests to identify descriptive
and inferential statistics for each of the categories. Once the thematic and reference
analyses were completed, the two results were compared by plotting the results on the
same graph, identifying possible trends, and creating observations for each of the
touchless technology categories.
10

Assumptions & Limitations
Since the topic of touchless technologies is relatively new, there were several
assumptions made and limitations found when conducting the research. Regardless of
the category of touchless technology, each article was collected independently from one
another, and all of the thematic and reference data within the sample were assumed to
demonstrate independence. While this assumption applies throughout the research, it
played a significant role during the statistical testing phase of the reference analysis,
where the assumption of independence is required. It was also assumed that the collected
literature is an accurate representation of how the scientific community at large views
touchless technologies. This assumption ensures that the sample of data reflects the
population of data on the topic, so the results will serve as accurate models. The last
primary assumption, which will be further elaborated on in the methodology chapter, is
that the filtered and selected articles used for analysis were indeed PRISMA-compliant.
The PRISMA certification process is an extremely articulate and time-consuming task.
To compile a sample of articles that officially “checks all of the boxes” is extremely
difficult, so rather than going through each individual item, articles were filtered out if
they were clear and obvious in not following the desired format. Therefore, it is assumed
that the remaining articles did meet compliance because they met the requirements from a
simple surface-level perspective.
There were also several limitations that impacted the research. For one, there is
not a lot of literature available on touchless technologies, meaning that the literature
review’s ability to provide multiple sources for a singular subject matter is lower than
desired. Additionally, touchless technologies are constantly changing, meaning that
11

introducing future literature may impact the outcomes of this study if the research is
repeated. Perhaps the biggest limitation lies within the methodology of collecting themes
for the thematic analysis. Simply put, inserting text from the articles into a software can
check for word similarity, but it will not read and interpret what is actually being
communicated. Where the reference analysis can be completed through a program, the
thematic analysis requires the researcher to read and interpret the papers. This introduces
an element of user error and bias into the results of the study, which could potentially
impact the replicability of results if repeated by another researcher.

Significance of Study
As previously mentioned, the negative effects of the COVID-19 pandemic were
felt by organizations across the globe, which provided further evidence that organizations
must consider adapting their work environments to be safer to maintain their economic
productivity. This is where touchless technologies could come into play; it could be an
effective way to reduce the spread of germs while allowing employees to come to work
and be productive. With that said, it would be financially irresponsible for organizations
to completely shift their business models around touchless technologies since a fully
adapted workplace may not be practical. There may be types of touchless technologies
that are worth considering, and there may be others that are not. This all depends on the
advantages and disadvantages of touchless technologies themselves and the subjective
needs of the organization. By understanding the different uses of touchless technologies
and evaluating their advantages and disadvantages, organizations can responsibly make
calculated decisions on implementing them around their business models.
12

Remaining Chapters
Chapter II is the literature review for this research. It includes the information
that is relevant to thoroughly describing the different touchless technology types and their
capabilities. Chapter III describes the methodology used during this research. It
elaborates in greater detail on the executive-level style summary discussed in the
methodology section of this chapter. Chapter IV presents the results of this research. It
follows a similar pattern to that of the methodology chapter, displaying each of the results
found from following the methodology. Chapter V provides the conclusions reached
during this research. It addresses the investigative questions, applications to the United
States Air Force, and future research needed to continue the goal of exploring the
capabilities, conveniences, and drawbacks of touchless technologies.
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II. Literature Review

The purpose of this chapter is to provide the reader the foundational knowledge
required to understand the topic at large. This chapter will begin with an introduction to
touchless technologies in general. This topic will allow the reader to understand what
they are and the reasoning behind why organizations are considering them more heavily.
The chapter will then introduce each of the five categories of touchless technologies,
where each type will be broken down into more detail. Following the breakdown of each
category, the key themes identified across the contributing literature will be discussed.
The chapter will then conclude by summarizing the importance of touchless technologies
and by transitioning towards the upcoming methodology chapter.

Introduction to Touchless Technology
Simply put, touchless technologies are devices that do not require the physical
touch of the operator to achieve its function (Stein, 2020). They do not have to look
similar in size, shape, or even perform the same tasks; the aspect that connects touchless
technologies to each other is the elimination of physical contact from the user to the
device (Vinson, 2020).
Touchless technologies in general were created for many different applications.
Some were made to reduce the amount of energy and resources being used within
facilities; examples of this include automatic faucets that conserve water (Lozier, 2016).
Some have been created to increase the level of safety in terms of public health; for
instance, there are light fixtures which emit different frequencies of light that are
14

activated periodically within hospitals to sterilize rooms from transmissible disease
(Landgrebe, 2011). Some have been designed to reinforce levels of security within
infrastructure; this includes biometric scanning for entering both physical spaces and
cyberspace (Ramanthan, 2021; Lin et al., 2018). Some have been made to proactively
monitor the health of infrastructure systems and automatically report data to engineers
and facility managers, thereby informing them on the current state of the building (Meyer
et al., 2014). No matter which application though, these technologies share the trait of
not requiring physical touch to control.

Functional Categories
To understand touchless technologies in greater detail, a more in-depth
breakdown of their different categories needs to be discussed. All of the touchless
technology literature can be organized into five groups based on their general
functionality: (1) facial/biometric recognition technologies, (2) gesture recognition
technologies, (3) touchless sensing technologies, (4) personal devices which prevent
public touch, and (5) voice recognition technologies (Stein, 2020). This remainder of this
section will further explain each category of touchless technology.

Facial/Biometric Recognition
The first category that will be discussed are technologies that are designed to
identify and track the biometrics of the user. The crucial element that separates this type
of technology from the rest is the role of the user (Ratha & Govindaraju, 2007). Unlike
the other categories, biometric analysis distinguishes users from non-users, thus allowing
15

only specific people to utilize the device (Ratha and Govindaraju, 2007). Biorecognition
technologies are used to compare data collected from a particular individual to a
database; this is done to identify positive or negative matches between the user and the
system (Ratha and Govindaraju, 2007). The most common uses of this category are for
security purposes, and the means by which these technologies collect biometric data
include contactless fingerprinting, facial recognition, and eye/iris recognition (Ratha and
Govindaraju, 2007). For all the means by which these technologies gather data, it is
important that the equipment is as accurate as possible so that security breaches are
avoided. A visual explaining facial/biometric recognition’s capabilities can be found in
Figure 2.

Figure 2. Visual of Facial/Biometric Recognition

Fingerprinting technologies are considered to be the most common of all
biometric technologies, as each appendage’s unique ridge pattern can serve as a key for
the user in question (Parziale, 2008). Traditionally, fingerprints were captured within
16

two-dimensional space through the scanning of the print on a transparent surface, but
there have been issues with this method. The biggest issue is the potential distortion of
the print when “smushed” onto the flat surface. An analogy that captures this problem is
like the stretching of continents on maps compared to the globe of the earth; the naturally
convex surfaces of the fingertip are distorted when placed onto a pad, thus causing the
data to be a less accurate representation of the user (Parziale, 2008). The issue that arises
is that the areas of stretching are always inconsistent. Because each fingerprinting action
warps the skin in a different way, there is a variance of results between the user’s
immediate fingerprint and the saved data on file (Parziale, 2008). The most recent
advancement to correct this distortion problem is through touchless scanners that capture
three-dimensional information (Parziale, 2008). This type of fingerprint scans the finger
using lasers, and the finger does not come in contact with a traditional transparent pad
(Parziale, 2008). By keeping the biometric data in the form of a round fingertip rather
than a stretched two-dimensional image, the user’s immediate scan would in theory better
match the data that is associated with the account (Parziale, 2008). However, this is so
far only theoretical. The reality is that accuracy of the lasers and the consistency of the
environment (contrast, lighting, different finger positions, and illumination) have yet to
provide consistent results (Parziale, 2008). Higher consistency and accuracy will likely
improve as the capability continues to advance.
Facial recognition technology uses similar scanning capabilities to that of the
three-dimensional fingerprint, but it aims to recognize the user’s face (Sinha, 2019).
Because it is possible for the angle of the user’s face to vary during scanning, only taking
one sample of data would not be sufficient (Sinha, 2019). This also holds true if the face
17

is displaying different expressions; different emotions will provide different data for the
system. Because of this, multiple images need to be taken instantaneously for the
purpose of maximizing the possibility of outcomes (Sinha, 2019). The different angles
and lighting settings of all the separate pieces of data can combine to create and archive
an “eigenface,” which often consists of up to 150 eigen images (Sinha, 2019). It is
crucial for the eigenmatrix of facial recognition data to be extremely diverse to improve
its ability to recognize the user’s face and thus reduce the threat of security breaches
(Sinha, 2019). This method of cross validating the eigenmatrix’s data with the current
user is extremely effective at allowing access for the correct people and yields extremely
high success rates (Sinha, 2019). Similar to the fingerprint, the ability to render threedimensional images provides more data for the system, which makes the security
protocol more accurate and harder to obtain false positives. With that said, the
complexity of the system continues to experience similar errors with respect to camera
and sensing (Sinha, 2019). These inaccuracies will likely improve as the technology
continues to evolve.
Following a similar trend of the previous examples, another form of
biorecognition is through iris scanning. The iris, which is the portion of the human eye
that distinguishes eye color, is unique to the human body and hardly changes as one ages,
which makes it completely distinguishable from other people (Latman & Herb, 2013).
The iris can be individually identified on a person whether or not the user is a
contact/glasses wearer, blind, and/or if they experienced eye surgeries (Latman & Herb,
2013). To begin, the system first collects the user’s data by scanning the iris using both
visible and infrared light waves (Latman & Herb, 2013). For the technology to be able to
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scan the iris properly, the user needs to be staring directly into the camera lens at a short
to medium distance away (Latman & Herb, 2013). Both of these images combined
associate a biometric identity to the user, which gives them a unique “key” consisting of
distinct characteristics of their iris (Latman & Herb, 2013). By archiving this image,
technologies will be able to compare immediate scans with their archives to either allow
or deny the person access. Although the cameras used for iris scanning are considered to
be more expensive than the cameras for fingerprints and faces, the technology itself
yields more reliable results compared to the other two methods (Sinha, 2019). It is
regarded to be the most unforgeable biometric data due to the simplistic camera setup and
the truly unique and unchangeable characteristics of the human iris (Latman & Herb,
2013).

Gesture Recognition
The second category consists of technologies that are designed to execute
commands based on the motions of the user. The overall concept of these technologies is
to read the user’s movements using cameras and sensors, interpret the movement, and
perform the necessary actions based on what the user is requesting (Vuletic et al., 2019).
This is similar to how a keyboard and mouse operates; if the user is telling the computer
to go to the next page of a document, they send the command by scrolling down on their
mouse, and the computer interprets that message by shifting the document down on the
screen (Vuletic et al., 2019). However, since these are touchable buttons, the
interpretation of that request is relatively simple compared to gesture recognition. For
these technologies, the system must have accurate cameras and sensors to properly
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decipher the commands using their software (Vuletic et al., 2019). A visual explaining
gesture recognition’s capabilities can be found in Figure 3.

Figure 3. Visual of Gesture Recognition

For the gesture-based command sequence to work, the designers of the system
must first understand how humans physically communicate with one another.
Throughout human history, people have often used hand gestures to communicate their
ideas and feelings (Vuletic et al., 2019). The art of communicating with one’s gestures is
such a strong method of communication that it is able to overcome language barriers,
thereby helping individuals of different nationalities and cultures understand what one is
expressing (Vuletic et al., 2019). These commonly understood messages when
interpreting gestures can help the programmers/designers create the recognition language
for the system (Vuletic et al., 2019). For instance, the act of executing a scrolling
command can be done by making an upward swiping motion with your hand. This
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upward swipe would then be interpreted by the cameras to execute the command of
scrolling (Vuletic et al., 2019). It has been confirmed by studies that this type of
communication is quick for a programmer to implement; this is due to the designer’s plan
to create commands based on instinctual motions that people use every day to
communicate messages (Vuletic et al., 2019).
The two main categories of gesture commands are either discrete or continuous
commands, and each of these are associated with a wide array of different communicative
gestures (Liu et al., 2020; Vuletic et al., 2019). The discrete command, which includes
motions such as hovering one’s hand in a specific location, is primarily used for
computing actions that are definite in nature (Vuletic et al., 2019). For example,
hovering over a specific location would indicate that the user wants to select that item;
this would be equivalent to clicking on a document in a computer setting (Vuletic et al.,
2019). Interpreting static gestures as discrete commands has been relatively successful
compared to continuous commands. As the advancement of gesture-based touchless
technology has increased, more advanced camera and sensing equipment has been able to
interpret discrete commands at higher and higher success rates (Vuletic et al., 2019).
Continuous commands, however, fail to meet the same high success rates primarily due
to the complexity that is associated with dynamic motion (Vuletic et al., 2019). Since a
continuous command is sequential rather than instantaneous, each continuous command
goes through five phases which blend with one another: (1) the user prepares to execute
the motion, (2) the user begins to place their hand or body in the location where they
want to begin the command, (3) the user executes the command at the location where
they placed their hand or body, (4) the user begins to retract their hand or body from the
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area in which they are executing their command, and (5) the user fully retracts
themselves to end the command sequence (Vuletic et al., 2019). Using the scrolling
example from earlier, the user must hover their hand over where they want to scroll,
continue scrolling with their hand until they want to stop, and then move their hand out of
the camera’s scope to officially stop the command. This complex sequence of events,
and the range of complexities and possibilities within each of these steps, are naturally
more difficult for cameras to track and for programs to interpret (Vuletic et al., 2019).
With that said, as gesture recognition technology improves with time, continuous
commands have been receiving higher success rates (Vuletic et al., 2019).
The capability of gesture recognition technologies has been advancing, but the
premise is still considered to be used in only niche areas (Liu et al., 2020). For instance,
gesture-based technologies are extremely useful in locations where the traditional
keyboard and mouse cannot be used, such as underground mining locations due to active
mines not having standard office equipment (Liu et al., 2020). In addition, the
technology is typically being developed for recreational use as opposed to operational.
An example of this is Microsoft’s Kinect One, where the cameras on the device are
accurate enough to play games but not precise enough to execute accurate commands for
work settings (Liu et al., 2020). Furthermore, gesture recognition technology’s easy-tolearn functionality is offset by the fatigue that is created as a result of use. While gesture
recognition technology’s capabilities are evident, the greatest issue in this category is
properly applying utility within the operational environment (Liu et al., 2020).

22

Touchless Sensing
The third category consists of touchless technologies that are also designed to
execute commands based on motion. However, these technologies are more simplistic
than gesture recognition; they are either activated or deactivated by tripping a sensor or
utilizing a sense of time through an internal clock and schedule (Das et al., 2021;
McMullen, 2020). Both methods of sensing do not require physical touch for its
operation. A visual explaining touchless sensing’s capabilities can be found in Figure 4.

Figure 4. Visual of Touchless Sensing

The most basic form of touchless sensing technologies is where the user interacts
with a projected beam of infrared light and/or ultrasonic sensors (Lozier, 2016; Das et al.,
2021). As opposed to gesture recognition, the commands that are associated with
touchless sensing are much simpler by nature and only require the “tripping” of a sensor
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to activate (Lozier, 2016). For a device that uses lasers and sensors, it is initially static
when the infrared light and/or ultrasonic sensors are unaffected (Lozier, 2016). The
system will continue to remain inactive until the user interferes with the static infrared
light and/or ultrasonic sensor of the system (Lozier, 2016). By “getting in the way” of
the sensor or infrared beam of light, the action activates the device (Lozier, 2016). A
perfect example which illustrates this sequence of events is through touchless sensing
faucets; the faucet begins by not running water, and it will continue to not run water until
the ultrasonic sensor underneath the nozzle receives interference from the user (Lozier,
2016). Once interfered, the faucet will activate and provide water out of the nozzle
(Lozier, 2016). For these types of touchless sensing technologies, the system remains
active until the sensor is no longer being interfered with. In other words, once the user is
no longer affecting the sensor, the device will return back to its static state (Lozier, 2016).
However, some technologies are designed to be inactivated by an automatic timer rather
than a second interference event; a common purpose for this is energy conservation
(Lozier, 2016). This is so that the device does not have to remain in its active state and
waste resources if it is not being properly used (Lozier, 2016). Regardless of how these
types of technologies deactivate (re-tripping or timer), the activation of these
technologies is executed through the interference of its sensor (Lozier, 2016).
Another common form of touchless sensing is using schedules to activate and
deactivate the system. For these types of devices, a sensor or infrared beam is not
necessarily required because the system is not reliant on the presence of the user to be
activated (Casini et al., 2019). Instead, the system is scheduled to activate and deactivate
using a programmed amount of time, meaning that touch is not required for activation
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and deactivation (Casini et al., 2019). An example of this type of touchless sensing
technology is through ultraviolet light emitting devices; for example, it is imperative that
critical rooms, such as operating rooms in hospitals, are disinfected on a consistent basis
(McMullen, 2020). An effective method for hospitals to sterilize rooms quickly is to emit
specific wavelengths of ultraviolet light throughout the room (McMullen, 2020).
Because this light is extremely effective at killing microorganisms, this device cannot be
used with people present because its rays can harm humans (McMullen, 2020).
Therefore, the devices are activated and deactivated based on a timer, particularly during
hours that humans are not inhabiting the critical rooms, thus showing that their
functionality does not require the physical touch of the user (McMullen, 2020).
Another useful subcategory of timer-based sensing consists of smartinfrastructure systems that automatically track and report data through a system of links
and nodes (Morimoto, 2010). These touchless sensors are becoming more prevalent in
modern infrastructure planning due to their utility (Morimoto, 2010). The fundamental
purpose of this type of sensors is to provide real-time data about the health and operations
of a group of facilities (Morimoto, 2010). The type of information that is collected by
these technologies includes (but is not limited to) electricity and water usage, room
temperatures, and the structural health of a facility (Morimoto, 2010). This type of
technology is utilized to track and report facility data for the purpose of gaining an
understanding of the building’s health. This way, the users who are collecting data can
evaluate a situation accurately, make decisions based on the reported data, and execute
projects to optimize their infrastructure’s utility (Morimoto, 2013).
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Personal Devices
The fourth category consists of touchless technologies that are personalized
devices that limit the amount of physical interaction with public surfaces and
technologies (Kamble et al., 2021). Regarding personal devices, it is possible for the
technologies themselves to utilize a sense of touch, particularly in cases where the user is
interacting with their own device (Kamble et al., 2021). With that said, the reason this is
still considered a touchless technology is because a personal device acts as a buffer to
minimize the effects of fomite transmission (Kamble et al., 2021). In other words,
someone touching their own device limits interaction with other public devices and
spaces. A visual explaining personal devices’ capabilities can be found in Figure 5.

Figure 5. Visual of Personal Devices
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An example of a personal device, which illustrates how simple yet effective they
can be, is the COVID key; this key is a multifunctional physical tool that can be used to
minimize contact from public surfaces (Kamble et al., 2021). Some of the tasks that this
device can accomplish include turning doorknobs, pushing/pulling door handles, pushing
elevator buttons, gripping rails, grabbing thin surfaces such as dollar bills and credit
cards, opening bottles, etc. (Kamble et al., 2021). As many surfaces and objects have
been touched by multiple people over an extended period of time, being able to perform
these functions through a personal device allows one to avoid touching surfaces (Kamble
et al., 2021). Devices such as the COVID key are portable and compact, which
encourages users to be equipped with them at all times; however, the key is unable to
achieve all necessary goals when it comes to minimizing the spread of germs (Kamble et
al., 2021). Where many of the common applications could be accomplished with the key,
there will simply be certain functions that a personal device is not built to perform
(Kamble et al., 2021).
Where the COVID key serves as a personal device for physical tasks, an
individual’s smartphone can also be used as a touchless technology (Wanga et al., 2020).
Through the use of downloadable applications, people are able to accomplish a wide
array of tasks, and this includes both professional and personal/recreational tasks (Wanga
et al., 2020). Professionally, during the COVID-19 pandemic, many tasks such as
scheduling and conducting meetings, transferring documents, and notifying others of
important information, were easily conducted through cyberspace, which allows
economic productivity to survive during the shutting down of offices (Wanga et al.,
2020). Personally, people were able to discuss medical issues with their doctors,
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purchase groceries, order meals for their families, wirelessly book travel information, and
complete other errands without having to touch the public domain and thus ensuring
safety from infectious germs (Wanga et al., 2020). Recreationally, people were able to
stream their favorite content without having to go to public theatres, video chat with their
friends and family, and take care of their health by attending exercise classes all without
the risk of infecting others (Wanga et al., 2020). For many aspects of everyday life, the
COVID-19 pandemic did not stop people from being able to conduct their daily routines
while remaining safe due to personal devices.
However, in instances where social interaction is inevitable, people adapted their
personal devices to facilitate these interactions (Wanga et al., 2020). The development of
applications allowed even the most trivial person-to-person interactions to be minimized,
which in turn minimized the spread of fomite-transmitting diseases (Wanga et al., 2020).
An example of this application of touchless technology exists in the restaurant business.
Normally, the restaurant would distribute their menus to their customers to inform them
of what they are serving, but the threat of spreading COVID-19 through the passing and
exchanging of menus caused restaurants to adapt (Wanga et al., 2020). Rather than
exposing their customers to danger, restaurants created downloadable menus for
customers to scan and view through their smartphones (Wanga et al., 2020). Since the
users are touching their own devices, they are minimizing the spreading of disease
because it is only their personal device they are touching (Wanga et al., 2020).
Not only were smartphone apps helpful in conducting personal business during
the pandemic, but personal devices also helped fight the spread of COVID-19 more
directly (Utz et al., 2021). Smart phone application developers utilized this philosophy to
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achieve the following objectives. It collected COVID-19 infection history from a
network of users. Once the data was safely secured, it tracked those users’ locations so
that other people could identify how and where the disease was spreading (Utz et al.,
2021). It also automatically sent the data to research institutions for the purpose of
studying the patterns of the disease (Utz et al., 2021). For the purposes of protecting
others from potential infection, citizens have generally accepted apps such as these as
long as their privacy is protected (Utz et al., 2021). This category of personal devices
clearly has a wide application of uses to not only encourage users to limit the touching of
public surfaces, but it also helps fight the spread of fomite diseases (Utz et al., 2021).

Voice Recognition
The last of the five categories consists of touchless technologies in which the
user’s voice gives the device commands to execute. Touchless, hands-free technologies
have allowed users to multitask; however, in examples like gesture recognition, the user
may be in the middle of a task and cannot make a gesture, meaning they would be unable
to multitask (Prathima & Shimi, 2017). Voice recognition technology allows users to be
completely engaged in their activities while also giving commands orally, thus serving as
a technology with lots of potential (Prathima & Shimi, 2017; Cronin & Doherty, 2019).
A visual explaining voice recognition’s capabilities can be found in Figure 6.
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Figure 6. Visual of Voice Recognition

The overall operation of voice recognition technology consists of the user
providing a command though the device’s microphone, the computer within the device
recognizing the speech and interpreting its meaning, and the controller of the device
executing the command (Prathima & Shimi, 2017). The key step of this process, which is
the interpretation of speech, is conducted through an Arduino platform/microcontroller
(Prathima & Shimi, 2017). This piece of technology consists of both the physical
hardware and integrated software responsible for dissecting the user’s speech through the
use of coding languages that transfer human speech to executable code (Prathima &
Shimi, 2017). For the voice recognition module to become effective at translating
speech, the system needs to be trained in both understanding the user’s voice and
executing commands (Prathima & Shimi, 2017). Some of the simple household
commands that can be executed through this technology include, but are not limited to,
switching on and off lights, controlling the television by speaking into a remote, and text30

to-speech capability that will read and send text messages through audio (Prathima &
Shimi, 2017).
As previously mentioned, voice recognition technologies allow users to easily
multitask, thereby letting them execute commands while simultaneously focusing on their
objective at hand (Simmons et al., 2017). An example that demonstrates this is operating
an automobile’s console and dashboard controls (Simmons et al., 2017). Distractions
while driving, particularly from cell phones and extra features built into the car, have
been growing in number and causing car accidents to increase (Simmons et al., 2017).
While legislation has played a role in reducing the number of people using their cell
phones while driving, the demand for connectivity while on the road still remains high
(Simmons et al., 2017). Whether the user desires to send a text message, enter a location
to navigate to, or update their music selection, the temptation for the driver to operate
their phone while driving remains extremely high (Simmons et al., 2017). While handsfree devices, such as buttons on the steering wheel, have allowed users to perform tasks
such as switching songs, the growing complexity of what a personal device can
accomplish requires more hands-free operability for drivers (Simmons et al., 2017).
Many of those tasks can be completed now using voice recognition technology that is
built into the automobile; this allows users to completely focus on their driving (Simmons
et al., 2017).
This hands-free multitasking approach is not only used with cell phones, but it has
been used in professional settings as well (Cronin & Doherty, 2019). In hospitals,
surgeons require both of their hands and full attention to perform their work; this is where
voice recognition capabilities can aid those doctors (Cronin & Doherty, 2019). It is
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crucial for a doctor to remain sterile before and during the entire life of the operation, so
in order to execute different commands, they cannot compromise themselves to potential
germs (Cronin & Doherty, 2019). Voice-activated commands during surgery not only
allows surgeons to fully focus on their tasks, but they keep surgeons from being
compromised by surrounding germs (Cronin & Doherty, 2019). In hospital settings,
voice recognition technologies are used to achieve multiple types of tasks (Cronin &
Doherty, 2019). For example, commands for the purpose of inputting text allow a doctor
to simultaneously write a report of the surgery while performing it; this is extremely
beneficial because surgeons can record their experiences while the events are fresh in
their mind (Cronin & Doherty, 2019). Discrete commands, such as activating lights and
machinery, also allow a doctor to utilize technologies to aid them during surgery (Cronin
& Doherty, 2019). While vocal fatigue is a possible outcome when constantly speaking
to these technologies, utilizing vocal commands proved to be less taxing than using
keyboards because the doctor did not have to spend time typing after an exhausting
surgery (Cronin & Doherty, 2019).
There have been efforts to integrate facilities with voice recognition technologies
in efforts to create touchless facilities (Alexakis et al., 2019). Some smart facilities
contain the hardware to execute vocal commands and the proper internet connections to
interpret the speech of the user (Alexakis et al., 2019). Infrastructure and built-in
appliances that are connected to the internet utilize natural language processing, which is
a type of artificial intelligence used to interpret speech (Alexakis et al., 2019). With this
capability, users are able to identify and control aspects of the facility such as the
temperature, humidity, and which lights are activated throughout the facility (Alexakis et
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al., 2019). As appliances’ abilities to connect to the internet continues to skyrocket,
additional capabilities can be added to a smart building’s overall functionality (Alexakis
et al., 2019). However, this connectivity has its drawbacks. As this kind of smart facility
requires an internet connection, cybersecurity threats remain a concern since the facility
could be hacked by outside users (Alexakis et al., 2019). Nevertheless, voice recognition
can serve to transform a facility into one that is integrated with touchless technologies,
thereby providing convenience to the user (Alexakis et al., 2019).

Key Themes from Review
The entire literature review, which covered content in each of the five categories,
shared common themes with one another in terms of the overarching thematic and
reference analyses. Regardless of the current states of each of the touchless technology
categories, a major commonality that they all share is the growing need for these
technologies to improve. Vinson (2020) explains the necessity for touchless
technologies: “According to market reports, the demand for touchless technology is
growing at the rate of 17.4% and will reach $15.3 billion in 2025 from $6.8 billion in
2020. This growth is certainly a reflection of how touchless technology is considered an
asset in our collective efforts to mitigate the COVID-19 outbreak.” A thorough review of
the collected literature confirms that while touchless technologies are evolving, their
potential advantages and disadvantages are being evaluated by organizations worldwide
to determine if their utility would improve their operations (Vinson, 2020).
Not only is there an evident demand present, but the desire for further exploration
and study was present for each of the five categories as well. There is clearly an interest
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within the scientific community to further investigate the potential that touchless
technologies has to offer. Both the high demand and growing need for research
illustrated the following concepts on the topic. As the push towards touchless
technologies is still relatively new, progress and development of the different categories
differs greatly from one another. The high variability of themes demonstrates that there
is little to no universal objectivity of a technology’s worth, as the analysis in the literature
shows high degrees of subjectivity. Through examples of case study analyses, in-depth
literature reviews, and other types of academic works, the literature identified the
subjectivity in utility that touchless technologies can provide.

Conclusions from Review
The literature shows that touchless technologies serve the purpose of satisfying a
specific objective, while also completing the desired goal of eliminating or minimizing
touch. Determining the worth of these technologies is a difficult task because (1) each
technology is different from one another and (2) each resulting outcome that can be
accomplished by using them is valued subjectively amongst various organizations.
Nevertheless, the information found in the literature review helps inform the research
being addressed. This chapter also helps provide necessary context to the reader
regarding touchless technologies.
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III. Methodology

The objective of this chapter is to describe the methodology that was used to
address the overarching goal of the research. The topics that will be covered in this
chapter are the selection and observation of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)-compliant literature, the thematic analysis, the
multiple components comprising the reference analysis, and the comparison between the
two analyses. Figure 7 describes a macro level approach to the entire methodology of the
research.

Figure 7. Methodology Flowchart
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Collecting PRISMA Literature
This section will include the methodologies for identifying PRISMA literature
and modeling PRISMA literature. The purpose of identifying PRISMA literature is to
establish a list of collected articles that will be used to continue the research. The
purpose of modeling PRISMA literature is to gain a better understanding of the selected
literature before analyses begin.

Identifying PRISMA Literature
During the literature collection process, it is possible for diverse types of literature
to be collected. With that said, accumulating the literature serves to be one of the biggest
potential problems to preserve the replicability of the entire methodology. For a process
to be repeatable, the method in which those papers are obtained needs to be systematic.
If the researcher does not follow a disciplined set of procedures, and instead simply
searches for literature freely, there are multiple problems that could arise. For one, the
researcher may not be searching for literature in the most unbiased method possible;
freely searching for articles may unintentionally insert bias and reader subjectivity into
the search engine. Additionally, it is possible for the search engine itself to contain some
sort of bias while searching based on the user’s keywords. This variability in how a
researcher can obtain literature could lead to varied thematic results because of the user’s
bias and/or the search engine(s)’s bias. A visual representation of identifying PRISMA
literature is shown in Figure 8.
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Figure 8. Visual of Identifying PRISMA Literature

An effective method of finding standardized literature is through the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist
(Rethlefsen et al., 2021). Essentially, PRISMA stipulates that articles contain the
following: a clear title, abstract section, introduction, methods, results, and discussion.
The titles of each of these sections may not match exactly, but the article is accepted if
the format is still relatively clear. Therefore, to keep the process as repeatable as possible
for future iterations, articles that did not follow this standardized structure (i.e., were not
PRISMA-compliant) were removed from further analysis. However, the total collection
initially provided utility because it was used to help inform the research in the literature
review chapter.
In total, 76 articles were collected as a result of conducting the literature review.
To determine which of these articles were considered PRISMA-compliant, each article
was opened side-by-side with the PRISMA 2020 Item Checklist found from Page (2021).
The process consisted of following this checklist and verifying whether or not the 76
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articles contained these attributes. An article that was considered PRISMA-compliant
contained elements of this checklist. If an article was missing elements of this
standardization, it was removed from the collection that would be used to conduct the
analyses. The reduction in overall data introduced a potential constraint in that it would
be possible that not enough data could be used for analysis. It is imperative that a large
enough sample size be collected to account for the potential shrinking of useable data.
The selected articles were classified as either a systematic review of a touchless
technology category or a case study that provided key information on a specific touchless
technology category. The following observations were made with the articles that were
considered to be PRISMA-compliant.
-

Each of the abstract sections covered a touchless technology category for the
reader to easily identify.

-

Each of the introductions provided an articulate rationale and listed their
objectives to foreshadow their methodologies and results.

-

Each of the methods sections contained eligible criteria regarding the quality of
their information sources, data and data collection processes, effective measures
regarding analysis outcomes, synthesis methods, and the assessments of those
results.

-

Each of the results sections contained proper diagrams and/or approaches to
presenting their findings, the referenced studies were properly cited, and the
results of the syntheses were effectively captured.
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-

Each of the discussion sections interpreted the analyses effectively, the limitations
of the evidence and/or review processes were thoroughly explained, and the future
implications of the results were discussed in great detail.

Each PRISMA-compliant article was found using the academic search engine Science
Direct Open Access Journals found on the Air Force Institute of Technology (AFIT)
online library. Articles and literature that were not found through the AFIT online library
were found using Google Scholar. With the PRISMA-compliant articles selected, the
methodology section could continue with both the thematic and reference analyses.

Modeling PRISMA Literature
To gain a greater understanding of the articles selected, the articles themselves
were visualized according to their contents. In bibliometric analysis, a common practice
of identifying the similarity of articles is the use of knowledge mapping (Zuo et al.,
2021). The program CiteSpace can compare a collection of literature by identifying the
mutual relationships found within patterns in the article (Zuo et al., 2021). Essentially,
the higher the similarity, the closer that CiteSpace will plot the articles together (Zuo et
al., 2021). Before conducting the specific thematic and reference analyses, the benefit of
visualizing the PRISMA articles together is to gain a broader understanding of the
collection of articles in general.
By converting the PRISMA iteration of the database into research information
systems documents (RISD), they can be plugged into CiteSpace, which would produce a
result relatively automatically. Two images will be visualized and examined, one being
the authors and one being the contents of the articles. Conducting both will help initially
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“tell the story” of the PRISMA articles before the thematic and reference analyses. To
create the visualization for authors, the box for “author” was checked prior to running the
program. To create the visualization for content, the box for “key words” was checked
prior to running the program.
Guo et al. (2021) perfectly describes the utility of using CiteSpace as a tool for
painting broader pictures: “CiteSpace usually works as an effective tool for researchers to
extract network relations, research emphases, as well as research trends.” Since the focus
of this methodology is not through the use of bibliometric software, CiteSpace serves as
an excellent tool for “scratching the surface.” There are more advanced bibliometric
programs that “present detailed information on the literature,” but since the detailed
portion of this analysis would be covered within the thematic and reference analyses,
CiteSpace would serve to be a more appropriate application of bibliometric modeling
software (Guo et al., 2021).

Thematic Analysis
The purpose of this section of the chapter is to explain the methodology used to
conduct the thematic analysis. Quoting Zhou (2022): “Thematic analysis is defined as a
method to identify, analyze, and discover the patterns of themes for a set of documents.
After selecting the data relevant to the objective of the project, it requires encoding the
data to uncover the meaningful themes and concepts of one area.” Essentially, the overall
objective of the thematic analysis portion was to understand the current state of touchless
technologies by counting the number of advantages and disadvantages attributed to each
technology within the articles. To answer the research questions, qualitative thematic
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data needed to be collected for each of the five categories. The results of that data can
help illustrate the overall advantages and disadvantages for each of the categories and for
touchless technology as a whole. This process consisted of several steps that, when
chronologically applied, helped identify the current state of touchless technologies. A
visual representation of the thematic analysis is shown in Figure 9.

Figure 9. Visual of Thematic Analysis

The first step was gathering the PRISMA-compliant literature that elaborated on
the themes of the touchless technology categories through case studies and independent
literature reviews. The second step was to categorize the data collected from the
literature. Since the overall objective of the thematic analysis is to weigh the advantages
and disadvantages for each of the categories, there were multiple types of codes, or
excerpts from the literature, that were extracted. For each of the categories, there was a
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code “bucket” that collected themes expressing advantages and there was a “bucket” that
collected themes talking about disadvantages. With that said, the following list includes
each of the code categories: advantages for facial/biometric recognition technologies,
disadvantages for facial/biometric recognition, advantages for gesture recognition
technologies, disadvantages for gesture recognition technologies, advantages for
touchless sensing technologies, disadvantages for touchless sensing technologies,
advantages for personal devices, disadvantages for personal devices, advantages for voice
recognition technologies, and disadvantages for voice recognition technologies. These
code categories served as the foundation for the thematic analysis.
The third step was to read and interpret the collected data for the purposes of
loading information within each of the ten code “buckets.” This process consisted of
identifying when the author was expressing an advantage or disadvantage within a
category. An example of this type of thought process can be found in Cronin and
Doherty (2019). The following excerpt clearly expresses an advantage of voice
recognition technologies within the medical field: “Voice control has an important role to
play in minimally invasive surgery, allowing the surgeon to take control of the entire OR
without breaking sterility or interrupting the surgery; this potentially allows for single
surgeon surgery, resulting in reduced costs” (Cronin & Doherty, 2019). The authors are
communicating the convenience of voice recognition technologies during surgery.
Because of this, this excerpt was saved as a code, and that code was then placed into the
advantages of voice recognition technologies “bucket.”
To complete the thematic analysis, it was important to quantify the qualitative
information in the most objective and fair manner possible. In other words, it was not the
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objective to interpret the collected codes and apply weighted values to them, for that
would introduce a new level of bias into the methodology. Therefore, each of the
thematic codes in a touchless technology category were weighted equally. To determine
the number of advantages and disadvantages a category contained, the number of
collected codes for each category’s respective “bucket” were simply counted. On top of
that, all of the five categories were also combined together, where all of the data that
made up those five categories was used to create a composite ratio of advantages to
disadvantages for touchless technologies as a whole.
The primary concern with this approach is the potential for bias and human error.
Traditional keyword analysis software finds similarities within the text by matching
characters and words based on word similarity. The primary problem with this traditional
approach is that keywords and character/word recognition do not properly interpret the
themes that are being discussed within the literature. To demonstrate an example of this
limitation, Cronin and Doherty (2019) will again be referenced: “Voice control has an
important role to play in minimally invasive surgery, allowing the surgeon to take control
of the entire OR without breaking sterility or interrupting the surgery; this potentially
allows for single surgeon surgery, resulting in reduced costs.” Within this segment, the
traditional keywords expressing an advantage such as “benefit,” “value,” or “asset” are
not found, which means that an automatic keyword detector would not consider this an
advantage for voice recognition technologies. In fact, the word “cost” is found within the
excerpt, so even though the segment is discussing an advantage within the technology
type, a traditional keyword analysis software would mark this segment as a disadvantage
due to the word “cost” appearing. When conducting a thematic analysis, it is important
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for the researcher to properly interpret the literature because the technology is simply
incapable of doing so. Unfortunately, this leads to the reality that researchers may inject
their own biases and make mistakes. Nevertheless, for a truly qualitative data analysis, it
is imperative for the researcher to be diligent and impartial when deciphering both the
advantages and disadvantages for any given topic.

Reference Analysis
The purpose of this section is to explain the methodology used to conduct the
overall reference analysis. Bornmann and Marx (2013) discuss cited reference analysis
by elaborating their take on a traditional analysis: “In contrast, we change the perspective
and start by selecting all papers dealing with a specific research topic or field… Then we
extract all cited references from this field-specific publication set and analyze which
papers, scientists, and journals have been cited most often.” Rather than using a
traditional citation analysis, which counts the individual citations within the article, the
goal behind this reference analysis is to validate the results of the thematic analysis by
demonstrating that the contents of the PRISMA-compliant literature are correlated with
one another via their reference sections. Two different approaches were used for the
reference analyses. The first approach consisted of direct reference analysis using
Microsoft Excel, and the second approach consisted of indirect reference analysis using
both NVivo and JMP software.
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Direct Reference Analysis
Direct reference analysis treats every reference as a specific data point, and those
specific data points are then cross-referenced across all the literature to find matches. As
such, all of the PRISMA-compliant literature was reviewed to identify all exact matches
found within their reference sections. However, the main problem that occurred when
combing through the reference sections was that not all of the articles used the same
bibliometric style. Two other issues that were found were that (1) not all of the
references across all the articles were cited correctly and (2) not every saved PDF
contained “copy-able and paste-able” reference data. It was clear that the data needed to
be standardized, organized properly, and saved into a “copy-able and paste-able” format.
A visual representation of direct reference analysis is shown in Figure 10.

Figure 10. Visual of Direct Reference Analysis
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Therefore, a Microsoft Word document was created that corresponds with every
respective PRISMA-compliant article used during the analysis, sharing the same numeric
label system. The numbers in the documents’ titles also corresponded with each article’s
abbreviated author and year. For example, the Word document for the article named
“COVID Key: A Multifunctional Device to Avoid Touch” by Kamble, Pushkar, Mittal,
Hodgir, and Karunakaran was named “(Kamble et al., 2021)”. Both the article and the
Word document shared the number title “64:” within their titles for easy identification.
Next, each article was opened alongside a tab of Google Scholar. To ensure that each of
the article’s references were standardized and precise, each reference was copied and
pasted from the article directly into the Google Scholar search bar. From there, the
reference was standardized by Google Scholar and available in three different formats:
MLA, APA, and Chicago. The Chicago format was chosen because it uses full names
rather than abbreviations. It was inferred that this format would provide more accurate
data for the indirect reference analysis to be conducted next. The standardized Chicago
format for each reference was then copied and pasted into each of the article’s associated
Word documents. These references would be considered data points for a data set, where
the data set represents the collection of PRISMA-compliant articles.
From there, a Microsoft Excel data table was developed with the columns
corresponding with the articles and the rows for each column corresponding to the
references in each article. To transfer the contents from each Microsoft Word document
into the Excel data sheet, each reference was copied and pasted into each respective cell
of the data sheet. This process fully populated the data sheet with every reference of
every article. On a separate worksheet, a matrix was created, where the dimensions of
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each side of the matrix equaled the number of articles used for analysis. The idea was
that each combination of row and column on the matrix would provide the reader a
number of exact matches between the two article’s references. To accomplish this, a
series of commands were utilized on the previous data sheet. These series of commands
not only identified whether or not there were exact matches between two specified
columns, but it also counted how many exact matches existed between those two
columns. These commands applied for every combination of articles, and whenever a
successful cross-reference was found between two articles, that cell was highlighted to
make it easier for the researcher.

Indirect Reference Analysis (Total)
To contrast the direct reference analysis, the indirect reference analysis finds
similarities using a different method. Rather than finding exact matches across distinct
data points, the NVivo software reads all the data as one generalized data set for each of
the PRISMA-compliant articles. The software is able to find similarities between
different article’s relationships based on word patterns. These similarities are measured
through Pearson correlation coefficients, which track the similarity that is found between
different combinations of articles. A visual representation of indirect reference analysis
is shown in Figure 11.
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Figure 11. Visual of Indirect Reference Analysis (Total)

Referring to the previous section, all of the Chicago-style references for the
PRISMA-compliant articles were saved in separate Microsoft Word documents. Using
the already compiled documents, each of them were transferred into the NVivo software,
where each article’s reference data was a file containing all of the references for that
article. To run a correlation analysis for each of the files, each of the article’s reference
data needed to be entered into the system. This was accomplished by highlighting each
of the references and saving them as data within each file. Once that was completed, the
correlating process within the software could begin. Similar to that of the direct
reference analysis, the NVivo software also evaluates two PRISMA-compliant articles at
a time, where the measured correlation between the two selected articles was identified
through word similarity. This showed that selecting the Chicago reference was indeed
advantageous. The fact that this reference style compared full names and titles, rather
than abbreviated ones, meant that a more accurate correlation between two article’s
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reference sections could be found. From there, the NVivo software produced a data set
of Pearson correlation values between different combinations of articles. It also produced
a visual representation of the strongest relationships of articles based on Pearson
correlation.
When all of the Pearson correlation data was obtained for each of the article
relationships, the data was exported to Microsoft Excel, where a histogram was built.
The bin sizes were selected to be small enough to show detail, but large enough to be
easy for the researcher to interpret. Along with the histogram, descriptive statistics were
also calculated and recorded. These descriptive statistics were the mean, median,
standard deviation, skewness, and kurtosis of all the Pearson correlation data.

Indirect Reference Analysis (Per Category)
The purpose of this subsection is to take all of the Pearson correlation values of
the article’s relationships, sort those relationships into the five touchless technology
categories, and run a one-way analysis of variance (ANOVA) statistical test on them.
Along with the one-way ANOVA, the three basic assumptions of independently collected
samples, equal variance, and normality need to be examined for the purpose of validating
the results of the one-way ANOVA. All of the data was obtained from NVivo,
transferred into JMP, and then analyzed. A visual representation of indirect reference
analysis for each category is shown in Figure 12.
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Figure 12. Visual of Indirect Reference Analysis (Per Category)

The initial step in conducting this transition from NVivo to JMP was to first
separate the total reference data into the five touchless technology categories. This was
accomplished by keeping track of which articles contained thematic data within each of
the five touchless technology categories. Within NVivo, five new and separate projects
were created, where each of the uploaded Microsoft Word files were re-uploaded into
each of those five projects. If there was an article that contained thematic data for
multiple touchless technology categories, then that same Word document would be
uploaded to each of the projects separately. Similar to the total indirect reference
analysis, after the reference data was entered for each of the five categories, five separate
data sets were then created. Each of these data sets contained Pearson correlation data for
the article relationships only within that touchless technology category. The five separate
data sets were exported into the same Microsoft Excel spreadsheet, the data was then
“cleaned up” and organized to be all in one data set, and then that data was transferred
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over to JMP, where the statistical testing could take place. The statistical tests included
the main ANOVA test and the additional O’Brien, Brown-Forsythe, Levene, Bartlett,
Shapiro-Wilk, and Kruskal-Wallis tests. To conduct each of the necessary statistical
tests, the commands were simply searched within JMP’s interface and then performed.

Comparing Analyses
The purpose of this section is to compare the results from the thematic analysis
and the reference analysis. Both analyses produced valuable results for each of the five
categories, as well as touchless technologies as a whole. It is important to take the time
to conglomerate all of the collected results into one figure for the purpose of creating
observations from the overall results. A visual representation of comparing analysis is
shown in Figure 13.

Figure 13. Visual of Comparing Analyses
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The metric that was used to record the thematic analysis data was the advantage to
disadvantage ratio, so this metric’s data was listed for each of the categories on a column
of a Microsoft Excel spreadsheet. The metric that was used to record the reference
analysis data was the Pearson correlation coefficient, so this metrics data was also listed
for each category on an adjacent column of the spreadsheet. The compared metrics were
applied to produce a single scatter plot, where each of the categories would be
represented by a separate point on the plot. A regression line was then added to provide
some context on the relationship that was occurring between the results of the two
analyses. Finally, when interpreting the graph, conceptual clusters were illustrated,
which signals to the reader the potential relationship that technology categories within the
clusters share.
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IV. Results

The purpose of this chapter is to display and explain the results that were
produced from the methodology outlined in the previous chapter. Both the thematic
analysis and the reference analysis generated valuable results. Throughout the entire
analysis process, multiple sets of results were generated, which will be illustrated in the
same format as they were explained in the methodology section. Brief interpretations of
the results will also be included for the benefit of the reader.

Collecting PRISMA Literature
This section will include results both for identifying PRISMA literature and
modeling PRISMA literature. The results of identifying PRISMA literature establishes a
list of collected articles that were used to continue the research. The results of modeling
PRISMA literature helped to gain a better understanding of the selected literature.

Identifying PRISMA Literature
Of the 76 articles that were used to gain high-level knowledge regarding touchless
technologies, 31 were used for the overall bibliometric (both thematic and reference)
analyses, as shown in Table 1. These 31 articles followed basic PRISMA standards by
containing a proper title, abstract, introduction, methods, results, and discussion. The
table also indicates whether the specific article contained thematic data from each of the
five touchless technology categories. If the article contained thematic data from a
category, the cell is shaded green. If not, the cell is shaded in red.
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Table 1. Table of PRISMA-Compliant Literature
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In Table 1, there are multiple occurrences of an article containing multiple
themes. For example, the article labeled “Iqbal & Campbell, 2020” contains thematic
advantages and/or disadvantages for the facial/bio recognition, gesture recognition, and
touchless sensing categories. Elaborating further on this example, it is possible for an
article to contain one or more of these themes per category. Therefore, when counting
the number of papers that support each functional category, the total number of green
cells per column (35) does not add up to the 31 articles used for the overall bibliometric
analysis. To be expected, there are more green cells than articles. Rather than using the
word “article,” the terminology for these green cells will be called “files” for the thematic
analysis, which will be further explained and shown in the following section.

Modeling PRISMA Literature
Figures 14 and 15 illustrate the relationship between PRISMA articles through
clustering. Figure 14 examines the contributing authors of the PRISMA collection, and
Figure 15 examines the contents discussed within the articles. Visualizing the
relationships between the different articles helps the researcher gain an understanding of
the categories’ potential similarities before the official thematic and reference analyses
are presented. Note that for both Figures 14 and 15, the rainbow color pattern of each
cluster represents the strength of similarity within each cluster (i.e., red represents the
most similarity, yellow represents medium similarity, purple represents the least
similarity). The lines themselves indicate that a connection exists between
authors/content, showing how multiple lines webbed together creates a cluster of
information.
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Figure 14. Model of PRISMA Literature (Authors)

Figure 14 communicates several key points. The clusters of authors indicate that
certain authors contribute literature within their respective fields. Naturally there are
certain fields of expertise that contain more authors, and these are mainly for topics that
have a longer history and more literature available. Despite the separation of clusters, the
clusters seem relatively equidistant to each other. Although cited authors remain
consistent within their areas of expertise, the homogenous distancing of the clusters
indicates that authors are cited relatively evenly throughout the collection of literature.
When examining the contributing authors across the entire PRISMA collection, it is
important that the collection of authors utilizes subject matter experts within their field
while also properly diversifying sources. It is clear that Figure 14 supports this concept.
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Figure 15. Model of PRISMA Literature (Content)
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As expected, based on the shapes of the clusters and the locations of the nodes,
the contents within the articles shown in Figure 15 are not equal. There are articles that
contain more similarities with one another, and as expected, the similarities correlate with
the information presented in Table 1. It is evident that articles that discuss similar
touchless technology categories will be closer together and clustered in groups. One of
the reasons that five separate and neat clusters based on category do not appear is because
there are several articles that discuss more than one topic, thus complicating the
visualization. There are also certain subtopics that appear relatively close to one another,
such as “new sustainability indicator,” “maintaining infrastructure,” and “touchless
computer interface” in the bottom left corner of Figure 15 (i.e., for touchless sensing).
These nearby clusters are discussing similar topics within the category, but not
necessarily talking about the same technologies, thereby resulting in separate yet nearby
clusters. The contents within the articles are not clearly assigned a specific topic, yet
they discuss relatively similar subject matter based on the general type of touchless
technology. It is clear that Figure 15 supports this concept.

Thematic Analysis
The purpose of this section is to display the results of the thematic analysis. As
discussed in the methodology section, the purpose of this was to discover the current state
of touchless technologies by counting the number of advantages and disadvantages and
calculating ratios. Figure 16 represents the overall diagram showing the results of the
thematic analysis.
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Figure 16. Results of Thematic Analysis
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In Figure 16, six cells (the five categories plus touchless technologies as a whole)
are displayed to illustrate the results of the analysis. To properly illustrate the results of
the thematic analysis, a commonly recognized color ramp is utilized to communicate
each category’s advantage to disadvantage ratio. The color ramp initially spans from
darker greens (high ratios) to lighter greens (lower ratios, but still a ratio above 1). These
colors indicate that within the section, there were more advantages that were counted
compared to disadvantages. From there, the color ramp turns white, which indicates that
a category’s number of advantages and disadvantages is the same, which results in a ratio
equal to 1. The color ramp then turns into lighter reds (higher ratios that are below a ratio
of 1) and darker reds (low ratios), which signals that the results of the analysis contained
more counted disadvantages than advantages. The benefit to using the color pattern of
dark greens –> light greens –> white –> light reds –> dark reds is that these colors are a
universally accepted method of communicating whether something is net positive or
negative and by how much.
Not only does the color provide valuable information, but the calculated
advantage to disadvantage ratio, the number of files, and the number of collected codes
are also available for each category to provide more data on the subject. Because the data
here are the collected thematic codes, the figure also provides the most prevalent
advantages and disadvantages theme found for each category. The most common themes
are also color coded to express whether they are illustrating an advantage or
disadvantage; a quantifiable percentage of how prevalent this theme was across all of the
codes for that category is also included. Observing all of the aspects of the figure
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provides an accurate snapshot of the current state of touchless technologies from the
viewpoint of the thematic analysis.
The results of the thematic analysis showed that the different types of touchless
technologies are currently experiencing a variety of advantages and disadvantages. More
information regarding each thematic code and its categorization as either an advantage or
disadvantage can be found in Appendix A. When looking at the facial/biometric
recognition category in Figure 16, there were 7 counted advantages and 5 counted
disadvantages, which means that the advantage to disadvantage ratio for the category is
1.40. The number of files that were used for the analysis was 4, and the number of codes
within the articles for this category was 20. The color of the section in the diagram is a
light green color, signaling that its advantage to disadvantage ratio contains a slightly
higher count of advantages compared to disadvantages. The most reoccurring theme
found for advantages discussed the increased amount of security due to the complexity
and non-replicability of biorecognition, and this theme occurred in 42.3% of the
category’s positive codes. Contrasting this point, the most reoccurring theme for
facial/bio recognition’s disadvantages, which occurred in 60% of the collected negative
codes, was the inaccuracy issues regarding identifying the user.
Moving on to the gesture recognition category, 11 counted advantages and 27
counted disadvantages were found within the articles, leading to an advantage to
disadvantage ratio of 0.41. The number of files that were used for this section’s analysis
was 8, while the number of codes for this category was 38. The color of the section in
the diagram displays a medium to medium-dark red color, signaling that its advantage to
disadvantage ratio contains a heavier concentration of disadvantages compared to
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advantages. The most common theme found for advantages elaborated on how basic
gestures are such a natural way that humans already communicate, meaning that it is
relatively practical and convenient for users to communicate through gestures. This
positive theme occurred in 63.6% of the category’s advantage codes. The most common
theme found for disadvantages was how there are currently inaccuracy issues with the
technology, which means that commands are not properly registered within the
technology type. This theme made up 48.1% of the technology type’s disadvantage
codes.
The touchless sensing category had the greatest advantage to disadvantage ratio of
all the touchless technology categories. There were 32 counted advantages and 6 counted
disadvantages found within its articles, resulting in an advantage to disadvantage ratio of
5.33. Fourteen files were used for this section’s analysis, where 38 codes were found
across the section’s literature. Unlike the two previous categories, the color shown for
touchless sensing is dark green, indicating that there is a substantially higher number of
counted advantages compared to disadvantages. The highest reoccurring theme found for
advantages explained how this type of technology was highly effective in mitigating the
effects of fomite transmission. This theme was found in 71.9% of the category’s
advantage codes. The most common theme found for disadvantages was that there were
instances where installing this type of touchless technology may not have been the most
practical. This theme appeared in 50% of the technology type’s disadvantage codes.
Similar to the positive results for the touchless sensing category but to a lesser
degree, the personal devices category had 12 counted advantages and 5 counted
disadvantages, resulting in an advantage to disadvantage ratio of 2.40. To complete this
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portion of the analysis, 5 files were utilized, and 17 codes were found within its articles to
complete the analysis. The color found in this section within the diagram displayed a
medium shade of green, indicating that the number of advantages was not as high as the
touchless sensing category, but high enough compared to its disadvantages to give it a
solid green color. The most common theme found for personal devices was how
practical and convenient users felt this type of technology was, and this theme was found
in 66.7% of the advantage codes. The biggest theme against personal devices discussed
how integrating personal technology increases the level of cybersecurity risks, and 60%
of codes expressed this idea.
Voice recognition technologies followed a similar trend to that of personal
devices, where 14 advantages were counted and 7 disadvantages were counted, leading to
an advantage to disadvantage ratio of 2.00. This type of touchless technology’s analysis
was based on 7 files, where the number of codes found within its literature was 21. The
color closely followed that of the previously discussed category of a medium green, being
that the advantages moderately outweighed the disadvantages. The most reoccurring
theme of this portion of the analysis, which was similar to that of the personal devices
category, was on the convenience of voice commands and the practicality of simply
giving a command orally. This theme was found in 42.8% of the advantage codes. The
biggest thematic flaw of voice recognition technologies, which occurred in 28.6% of
negative codes, was how the artificial intelligence within the technology takes time to
learn the user’s voice and understand commands, thus leading to inaccuracies in the
beginning.
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Combining the advantage and disadvantage counts across all five categories, the
current state of touchless technologies can be analyzed to provide a broad snapshot. In
total, 84 advantages were counted and 50 disadvantages were counted, thus leading to a
total advantage to disadvantage ratio of 1.68. The total number of files for the
overarching thematic analysis was 35 (i.e., the total number of green cells from Table 1),
and the total number of codes was 134. The color that was shown as a result of
combining the count data was a lighter green, which means that there was a slightly
higher number of advantages across the board compared to the disadvantages.
Thematically, the most common themes were not collected at this level because of the
differences in the five major touchless technology types. It would not serve the analysis
to find commonalities in themes when the technologies themselves are extremely
uncommon/unrelated to each other.

Reference Analysis
The purpose of this portion of the chapter is to display the results of the reference
analysis. As discussed in the methodology section, the purpose for conducting the
reference analysis was to validate the results of the thematic analysis by demonstrating
that the respective references used within the 31 articles were correlated with one
another. To reiterate from the methodology chapter, this subsection contains the results
of two different analyses: the direct reference analysis using Microsoft Excel and the
indirect reference analysis using NVivo and JMP (Bornmann & Marx, 2013).
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Direct Reference Analysis
Figure 17 compares the number of shared references between any 2 of the 31
PRISMA articles. Both the vertical and horizontal axes contain the same list of the 31
articles in alphabetical order. To identify the number of exact matches that two articles
share, the researcher would have to find the cell that corresponds to the papers in the
vertical and horizontal axes. For convenience, any positive match between two article’s
references is shown by highlighting the cell in yellow. Within the yellow cell, the
number of exact matches in their respective reference section is shown.
Across all 465 combinations of different articles, there were 11 instances where
two papers shared at least one reference (i.e., the count of yellow boxes above or below
the black line). This means that approximately 2.37% of the cells were yellow, indicating
at least one reference match. Across the entire sample of 1,112 references, there were 29
references that were shared (i.e., the number total within the yellow boxes). This means
that approximately 2.61% of all references are shared between two or more articles. In
total, 29 matches were found across the 11 yellow boxes, leading to the average number
of shared references per relationship to be about 2.63. Of the 11 yellow boxes, 8 of them
only share one reference and 3 of them contained multiple shared references. The yellow
boxes with multiple shared references were 2, 3, and 16, respectively.
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Figure 17. Results of Direct Reference Analysis
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It is reasonably inferred that the explanation for 16 shared references between two
papers is that the papers were written by the same author(s). In this instance, both articles
were written by one sole author (Risako Morimoto), which means that the methods to
locate and obtain references were probably similar for both papers. By simply looking at
the titles of the two articles, “Estimating the benefits of effectively and proactively
maintaining infrastructure with the innovative Smart Infrastructure sensor system” and
“A socio-economic analysis of Smart Infrastructure sensor technology,” it is likely that
they discuss the same type of topic and are built with the same type of contributing
information. By removing this outlier, 13 of the 1,096 references were shared across 29
articles, which leads to a percentage of about 1.19% shared references.
As a whole, an observation of the direct reference analysis is that it appears to
have a trustworthy degree of validity. On one hand, it would likely be unhelpful if none
of the articles had any matches within their reference sections. Since an article’s
references represent the source of their contributing information, it would be reasonable
to conclude that no shared references means that the information is completely
disconnected. This could potentially be a problem because information that has zero
overlap in sources could result in a disjointed thematic analysis. On the other hand, it
would also likely be unfavorable if the articles shared too many matches within their
references. Too many matches would symbolize that the collected sample is not diverse
enough and likely gathered from the same places, which means that the information and
themes extracted from these papers would not be reliable either. Incorporating these two
ideas to the collected sample, the fact that 2.61% of the references are shared likely
illustrates that there is an ideal balance between referential reinforcement and broadening.
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In general, it is reasonable to assume that more matches would be found in a
sample if touchless technology research groups existed. The status quo of touchless
technologies seems to be that they are only investigated when necessary or needed. In
other words, the application drives researching touchless technologies. Theoretically, if
touchless technologies drove the research for investigating applications, it is possible to
identify more pairings in this type of direct reference analysis. The effort for specifically
addressing a technology type could imply that more technology-centric literature would
be cited, meaning more references could be shared. While this concept does not apply to
this research, investigating this theory as touchless technologies evolve would be
interesting and deserves to be mentioned.

Indirect Reference Analysis (Total)
Figure 18 compares the indirect similarities of references across the 31 PRISMAcompliant articles. In summary, each of the references within each article was identified
as a collection of data, where they contained a list of attributes including the contributing
authors, title, journal issue, and date. The NVivo software reads this information to find
similarities based on word patterns. These similarities between articles are measured by
utilizing Pearson correlation coefficients.
NVivo calculated Pearson correlation values for every relationship of two articles’
similarities of references to include authors, dates of publication, titles of works, and
publication data. Figure 18 and Table 2 show a visual and tabular depiction of the
results. Note that only the top 25 Pearson correlation values are shown in Table 2; the
complete list of Pearson correlations can be found in Appendix B. The purpose of
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showing both versions of the results is to illustrate the journal article combinations with
the strongest correlated relationships.
In total, there were 465 combinations of papers identified for NVivo’s indirect
reference analysis. The measurement metric that was used to track the correlation
between two pieces of literature was the Pearson coefficient value. For easier readability,
the results for the visual representation were organized into four different line thicknesses
as shown in Figure 18. In summary, there were 2 article pairings that had a Pearson
correlation between 1.0 and 0.7, 7 article pairings that contained a Pearson correlation
between 0.7 and 0.5, 63 article pairings that contained a Pearson correlation between 0.5
and 0.3, and 393 article pairings that contained a Pearson correlation between 0.3 and 0.
The heavy concentration of Pearson correlations between 0.3 and 0 is demonstrated better
in Figure 18.
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Figure 18. Model of Indirect Reference Analysis (Total)
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Table 2. Table of Indirect Reference Analysis (Total)

Figure 19 visually shows all 465 article combinations by comparing the Pearson
correlation values with the frequency of how often those values occurred. When
analyzing the histogram, the descriptive statistics help numerically illustrate the results of
the correlations. The mean of the histogram is 0.19 and the median is 0.18; because the
histogram’s mean and median values are not equal, the histogram’s distribution does not
take on a Gaussian shape, meaning that the distribution is not symmetrical. The shape
and direction of the histogram’s non-symmetry can also be identified through the
skewness value of 1.16, which signifies that the distribution is right leaning and that the
concentration of outliers exist within the right tail of the histogram. The concentration of
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correlation data around the mean correspond to the standard deviation of 0.12 and the
kurtosis of 2.44. The relatively high standard deviation indicates that the data is more
spread out around the mean rather than concentrated centrally, and the relatively low
kurtosis value implies that there are more data points located within the tails of the
distribution compared to a standard Gaussian distribution.

Figure 19. Histogram of Pearson Correlations
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The results of the indirect reference analysis reflect the results of the direct
reference analysis, demonstrating validity in both processes. In the direct reference
analysis, the vast majority of article pairings did not share a common reference (i.e., the
majority of the cells in the matrix were white in color, not yellow). Additionally, there
were a few select pairings that contained more than one direct relationship, thus skewing
the overall percentage of shared references. These results mirror that of the indirect
reference analysis, where the majority of pairings had a Pearson correlation between 0.3
and 0. The few pairings which had the largest Pearson correlations skewed the overall
results of the indirect analysis, causing Figure 19 to have a right tailed distribution. The
results of both analyses convey the same message. While there are articles that contain
similarities with one another, the majority of articles refer to many different articles. This
helps reinforce the validity stated in the results of the direct reference analysis, where
there is an ideal balance between referential reinforcement and broadening.

Indirect Reference Analysis (Per Category)
To reiterate, the purpose of this portion of the indirect reference analysis was to
take all of the Pearson correlation values of the articles’ relationships, isolate those
relationships into the five touchless technology categories, and run a one-way analysis of
variance (ANOVA) statistical test on the five categories to determine whether the five
mean Pearson correlation values were statistically equivalent. Along with the one-way
ANOVA, the three basic assumptions of independently collected samples, equal variance,
and normality need to be examined for the purpose of validating the results of the one-
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way ANOVA. All of the data was obtained from NVivo, transferred into the program
JMP, and analyzed from there.
The first of these statistical tests was the one-way ANOVA, for which the results
can be found in Figure 20. The null hypothesis of the test was that the mean Pearson
correlation of each touchless technology category is the same. The alternative hypothesis
was that the five categories do not share the same mean Pearson correlation values. A
probability (α) value of 0.05 was assigned to conduct the analysis.

Figure 20. Results of One-Way ANOVA

The results of the one-way ANOVA test was that the probability value was 0.001,
which is less than the assigned probability of 0.05, meaning that the null hypothesis was
rejected, and the alternate hypothesis was accepted. From a statistical viewpoint, the five
touchless technology categories did not share the same mean Pearson correlation values
for their article’s relationships. The facial/bio recognition category’s articles had a mean
Pearson correlation of 0.21, the gesture recognition category’s articles had a mean
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Pearson correlation of 0.30, the personal device category’s articles had a mean Pearson
correlation of 0.18, the touchless sensing category’s articles had a mean Pearson
correlation of 0.17, and the voice recognition category’s articles had a mean Pearson
correlation of 0.27.
To validate the results of the one-way ANOVA, the three assumptions and their
respective statistical tests needed to be conducted. The first assumption is that the
articles were collected independently. As explained in the methodology section, the
approach taken to collect the academic literature demonstrated independence; therefore,
the first assumption is met. The second assumption is that the variance of each of the five
categories’ correlation data are equal. The four statistical tests that were conducted to
satisfy this assumption were the O’Brien, Brown-Forsythe, Levene, and Bartlett tests, all
of which measure the variance of the Pearson correlation data in different ways. Again, a
probability (α) value of 0.05 was assigned to conduct the analyses. The null hypothesis
was that the variances of each category were equal, and the alternative hypothesis was
that they were not equal. The results of those four tests are found in Figure 21. All four
of the tests provided probability values that were greater than the assigned test probability
of 0.05 (O’Brien -> 0.78, Brown-Forsythe -> 0.20, Levene -> 0.13, Bartlett -> 0.29). For
these tests, there was not enough evidence to reject the null hypothesis; therefore, the null
hypothesis was accepted, and the Pearson correlation’s variance was considered equal
across the five categories. The results of the four equivalent variance statistical tests
further validate the results of the one-way ANOVA.
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Figure 21. Results of ANOVA Equal Variance

The third assumption required to validate the results of the one-way ANOVA is
that each of the five categories’ correlation residuals were distributed normally. The
initial statistical test that was conducted was the Shapiro-Wilk test, which measures the
residuals of the data set. The null hypothesis was that the residuals across all of the
Pearson correlation data would be normal, where the alternative hypothesis was that
those residuals were not normal. The results of the initial test are shown in Figure 22. As
shown in Figure 22, the Shapiro-Wilk test failed, meaning that an alternative test must be
conducted to validate the ANOVA results.

Figure 22. Results of ANOVA Normal Residuals
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Therefore, another statistical test can be performed in the case of non-parametric
situations (i.e., non-normal distributions). The results of the Kruskal-Wallis test (which
can also be found in Figure 22) can help validate the one-way ANOVA in these unique
cases. For this test, the null hypothesis would indicate that the mean Pearson correlation
values for the five categories are equal, and the alternative hypothesis would suggest that
the mean Pearson correlation values are not the same across the five categories. The
probability of the Kruskal-Wallis test was 0.0008, which was lower than the assigned
probability (α) value of 0.05. This means Pearson correlation values across the five
categories are not the same, which agrees with the results of the Shapiro-Wilk test.
Therefore, although the third assumption of normality does not apply, the alternative
Kruskal-Wallis test for these special circumstances validates the one-way ANOVA
results.
The results of the indirect reference analysis per category reflect the initial
CiteSpace visualization of data for contents. The cluster diagram vividly showed that the
contents of each article differ from one another, where certain clusters form based on
similarities that were likely touchless technology categories. The results of the indirect
reference analysis reach the same conclusion, showing that the reference sections per
category are not equivalent in Pearson correlation value. Both of these results suggest
that each of the touchless technology categories differ from one another. This could be
explained by the different applications in technologies and how those variations lead to
either a broader or more diverse array of research papers on the topic. This idea is further
explained in the following section as well as in the conclusion.
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Comparing Analyses
The purpose of this subsection is to compare the results from the thematic
analysis and the reference analysis. The mean Pearson correlation coefficients found
from the JMP analysis were graphed with the results from the thematic analysis, where
each of the five categories, and touchless technologies as a whole, were plotted as
singular data points. Included with the categorical plot points is a trend line showing the
relationship between the two analyses, as shown in Figure 23.
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At first glance, it seems as if the results of the thematic analysis and the reference
analysis share an inverse relationship; in other words, the category’s referential
relationship in terms of word similarity appears to increase as the category’s advantage to
disadvantage ratio decreases. Due to the fact that these two analyses were radically
different from one another, and because each analysis was qualitative and quantitative in
nature, respectively, it would not be scientifically feasible or realistically possible to use a
trend line like this to predict things such as future touchless technology categories that
may appear. With that said, the results from this plot provide a lot of valuable insight,
which will be discussed in the conclusions chapter.
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V. Conclusion

The objective of this chapter is to use the content of the previous chapters to
answer the investigative questions posed in the first chapter. The investigative questions
were answered as a result of completing the methodology and analyzing the results of the
research. The two questions are listed below along with the answers. This chapter also
includes a discussion of applications to the U.S. Air Force and recommendations for
future research.

Answers to Investigative Questions
This section addresses the two investigative questions. The first investigative
question was, “What is the current state of touchless technologies?” The second
investigative question was, “How are the results of the thematic and reference analyses
related? What can be concluded from evaluating the results of the two analyses
together?” The answers to these questions serve as the foundation for exploring the
capabilities, conveniences, and drawbacks of touchless technologies.

Answer to Investigative Question 1
From examining all of the information presented in this research, it is clear that
touchless technologies are incredibly diverse, contain advantages in many different ways,
and are constantly growing in both demand and attention. It is impossible to assign an
exact value to a technology’s worth because of the subjective nature that each technology
offers to different users. With that said, from a broad viewpoint, the growing capabilities
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and investment towards touchless technologies show that they are indeed being
subjectively valued by many people. Whether the attention given to touchless
technologies was for convenience or necessity, they have certainly offered organizations
methods to achieve desired tasks without physical touch.
It is evident through the information presented in the literature review and the
results of this research that certain types of touchless technologies provide more benefit
and experience fewer problems than other types. Whether the reasoning behind these
realities is the difficulty of the task at hand, complexity of the technology, and/or the
technology’s track record of improving with each iteration, it is clear that not all
categories are created equal. All things considered, this does not mean that certain
technologies are considered good, average, or bad. Certain groups of people may find
more value in investing in simpler, more convenient technologies that have high
reliability. For others, their goals may require specific technologies that have the ability
to produce higher benefits than other commonly found devices. This is all up to the user,
both in the way they decide to maximize the use of touchless technologies and how they
decide to invest in them moving forward.

Answer to Investigative Question 2
In general, the relationship between each category’s thematic and reference data
deals with the possible utility of each category. Categories that are more limited and
specific in utility produce more correlated references. These categories also record fewer
overall advantages because the amount of broad applicability is low. In contrast,
categories that are broader and diverse in utility produce less correlated references.
81

These categories also contain a larger number of overall advantages because of the high
broad applicability being able to produce many different benefits.
Gesture recognition, facial/bio recognition, and voice recognition technologies
have all been included in one conceptual cluster. Each of these three categories appear to
have strong Pearson correlation values with one another while having a relatively lower
advantage to disadvantage ratio. In terms of evaluating the references for each of these
categories’ articles, the strong Pearson correlations would suggest that there were many
similarities in authors, article titles, and journal editions. A reasonable explanation for
these similarities is that the relative recency of these new types of technologies means
that the number of authors is probably condensed to a smaller, reoccurring few names.
Similarly, the applications for these types of technologies are likely to be very few as
well, leading to the assumption that the case studies used in the articles were probably
similar. When applying this type of thinking to form a conclusion about the similar
ratios, the variability of applications for these types of technologies is limited to a small
number of specific uses. This, along with the relative recency of these types of
technologies, may indicate that there are simply not enough identified advantages for
these types of technologies yet. This conceptual cluster signifies that the amount of
diversity with these types of technologies is small, leading to stronger connections in
references. This also leads to the smaller number of advantages compared to the
inevitable disadvantages that will occur.
Personal devices have been included in another conceptual cluster which has a
relatively average Pearson correlation coefficient among its articles, and it also has a
relatively average advantage to disadvantage ratio compared to the other categories.
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Similar to the previous cluster’s analysis, this conceptual cluster appears to have more
diversity within its utility. In terms of its references, the wider practicality of personal
devices means that a broader array of case study topics can be found, which would lead
to a greater number of article titles and journal issues. The authors of these different
applications would be more diverse as well, leading to the lower Pearson correlation
values compared to the previous cluster. When applying the larger amount of possible
utility to the cluster’s advantage to disadvantage ratio, the wider number of uses serve to
provide a greater number of advantages for this category. The more functionality within
this cluster has the potential for more advantages compared to the inevitable disadvantage
any piece of technology would have.
The final conceptual cluster includes the touchless sensing category. In general,
applying the idea of diversification for each of the three conceptual clusters serves to fit
the touchless sensing technology category correctly. Touchless sensing technologies
have historically been in use the longest out of all of the categories, meaning that the
number of applications and uses exceeds the other categories. This leads to a greater
number of contributing authors who could produce literature, a higher number of case
studies pertaining to the category, and a larger number of journal issues on the topic,
which would cause the mean Pearson correlation value to be relatively lower than the
other categories. The larger sample size in terms of technological utility means that the
number of advantages compared to its disadvantages exceeds that of any other category.
It is reasonable to conclude that this conceptual cluster’s broad diversity has led to it
containing the greatest advantage to disadvantage ratios and the least correlated reference
sections amongst its literature.
83

The primary conclusion to draw is that technologies that have been able to
perform a wide array of tasks have been able to produce lots of benefit for users. While
there are clearly advantages for the niche categories, their widespread applicability has
not matched that of the more general categories of touchless technologies. In time, as
more uses are found for these technologies, they will all have greater ratios and less
connections reference-wise. This is inevitable in a continuously evolving technological
world.

Application to U.S. Air Force
As stated previously, every organization values each piece of technology in a
unique manner, and this reality is no different for the U.S. Air Force. It would be
impractical for the Air Force to apply touchless technologies universally across all
installations and units because not every unit values them in the same way. To contrast
that point, it would also be irresponsible to allow every unit commander to customize
their own facilities with touchless technologies without sufficient justification. There
needs to be a balance achieved between standardization of technologies and interpreting
their necessity.
It can be said that some of the touchless technology categories, particularly ones
that are simple and diverse in utility, are already found on Air Force installations. Many
facilities on Air Force bases take advantage of touchless sensing technology due to the
wide array of uses it can offer. Many entrances across the Air Force are automatic, many
faucets within restrooms already contain sensors, and many conference rooms contain
motion-activated lighting to conserve energy. It is apparent that the Air Force in general
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values simplicity, reliability, and conserving resources, so the application of touchless
sensing technology remains prevalent within Air Force infrastructure.
On the other hand, certain technology categories are not found to the degree of
touchless sensing because of the potential risks they pose. For example, the Air Force
greatly values cybersecurity; however, current voice recognition technologies and
personal devices contain risks that could expose the Air Force network to potential
hacking. Where there are advantages to implementing this technology, the Air Force’s
subjective stance on protecting their cyberspace shows why they have not integrated
these categories within their infrastructure. The Air Force also values being as
monetarily efficient as possible, aiming to make responsible decisions with taxpayer
dollars while fulfilling its mission needs. Where simple touchless sensing technologies
are generally cost effective, there are more complex technologies of each category that
are more expensive in comparison. Until the Air Force sees a way in which these high
costs are worth the investment, it will continue to execute its missions without these more
expensive technologies.
With a constantly advancing technological world, it is likely that touchless
technologies will become cheaper to install in the future. On top of that, the initial
problems of inaccuracy, cybersecurity threats, and lack of applicability will likely be
addressed, thus making them greater potential investments. It will be the Air Force’s
responsibility to constantly reevaluate their position on touchless technologies. Through
the Air Force’s subjective lens, where today it may not be advantageous to integrate
many different touchless technologies, that conclusion may change in the future.
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Through the context of the results, the recommendation of this research is for
leadership to identify the needs they have and to explore touchless technologies that
address those needs. This does not necessarily mean, however, that the results of this
research apply objectively to all situations because value is subjective. For example, it
would be irresponsible to recommend “use touchless sensing technologies because they
have the most advantages according to this study.” Instead, a more appropriate
recommendation for Air Force leaders is to be more aware that certain technologies that
have evolved to produce more advantages are more likely to contain the solution to a
problem. However, this reality does not make a technology type inherently better
because the problem that leadership aims to solve can vary depending on the situation.
Where it is imperative that the Air Force equips itself with the most effective technology
possible to conduct its warfighting capabilities, it is up to decision-makers to determine if
the problem they have can be addressed, and if so, which technological solution
effectively addresses that problem.

Future Research
Iterations of this methodology, as well as different approaches altogether, need to
continue in order to track the changing number of advantages and disadvantages within
touchless technologies. As more technology develops, more case studies and metaanalysis literature will be available that could then be examined for their themes.
Additionally, having multiple researchers conduct this methodology in the future would
be beneficial because each researcher contains their own natural biases. Although the
thematic and reference analyses will likely change due to the development and
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improvement of these technologies, finding similar results across multiple researchers
would further validate the effectiveness of the study, saying that the researcher’s bias is
less of a problem than originally anticipated.
In the future, it is likely that quantifiable cost-benefit analysis data would be
available for each of the five categories. When there is enough of this data to conduct an
official cost-benefit analysis, this should be pursued by future researchers. However, this
does not mean that this methodology should be replaced. Although obtaining
quantifiable cost-benefit data would illustrate the state of each category, the reality is that
the value for many of these technologies are still subjective in nature. In the future, this
methodology can be modified to include objective cost-benefit data, but it should not
remove its ability to measure and quantify subjective themes.
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