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ABSTRACT

EVALUATING ADOPTION FACTORS FOR ROBOTIC-ASSISTED
SURGERY WITH THE ANALYTICAL HIERARCHICAL PROCESS

The objective of this master's dissertation is to evaluate adoption factors for
robotic-assisted surgery (RAS) using the Analytical Hierarchy Process (AHP) as its
evaluation methodology. Robotic-assisted surgery is used in various surgical fields. It is
mainly used as a tool in numerous disciplines’ minimally invasive surgery procedures
(MIS). Since it has so many different application areas and actors, the determination of
its adoption factors and evaluation process of these factors’ priorities for surgeons is a
highly complex issue that includes multicriteria of decision-making and numerous
surgeons. A comprehensive list of these possible adoption factors recognized by
conducting an extensive literature review, was picked and chosen. First, we had 310
factors mentioned in the literature that have a potential impact on the adoption process
of the RAS. We have reduced these to 20 factors that are categorized under five
different main criteria. By this, a unique AHP tree that is this thesis’ contribution to the
literature was developed. The research data was collected by an online survey from the
surgeons of various disciplines working in Tirkiye. Our final sample to evaluate
priorities consisted of forty-one surgeon responses in total. The evaluation process
consists of three steps: analyzing individual-based pairwise comparison matrices, their
consistency rations, and their priority vectors. We executed the same workflow for the
aggregated analysis for disciplined-based and all aggregation. Results are examined in
detail and concluded with insightful interpretations.

Keywords: Robotic-Assisted Surgery, Adoption Factors, Analytical Hierarchy

Process



OZET

ROBOTIK DESTEKLI CERRAHI ADAPTASYON FAKTORLERININ
ANALITIK HIYERARSIK SUREC ILE DEGERLENDIRILMESI

Bu yiiksek lisans tezinin amaci, robotik yardimli cerrahinin (RAS) adaptasyon
faktorlerini degerlendirme metodolojisi olarak Analitik Hiyerarsi Siirecini (AHP)
kullanarak degerlendirmektir. Robotik yardimli cerrahi ¢esitli cerrahi alanlarinda
uygulanmaktadir. Esas olarak bir¢ok disiplinin minimal invaziv cerrahi prosediirlerinde
(MIS) bir ara¢ olarak kullanilmaktadir. Cok farkli uygulama alani ve aktorleri
oldugundan adaptasyon faktorlerinin belirlenmesi ve bu faktorlerin cerrahlar igin
onceliklerinin degerlendirilmesi siireci, cok sayida karar verme kriterini ve ¢ok sayida
cerrahi iceren oldukca karmasik bir konudur. Kapsamli bir literatiir taramas1 yapilarak
kabul edilen bu olas1 adaptasyon faktorleri, titizlikle secilerek kapsamli bir listesi
cikarilmistir. i1k listede, literatiirde bahsedilen ve RAS’m adaptasyon siireci iizerinde
potansiyel etkisi olan 310 faktér bulunmaktaydi. Biz bunlar1 5 farkli ana kriter altinda
kategorize edilen 20 faktore diisiirdiik. Bu sekilde, bu tezin literature katkisi olan 6zgiin
bir AHP agaci gelistirildi. Arastirma verileri, Tiirkiye’de calisan cesitli disiplinlerdeki
cerrahlardan ¢evrimigi anket yoluyla toplandi. Degerlendirmeye uygun veriler toplamda
kirk bir tanedir. Degerlendirme siireci; birey bazl ikili karsilagtirma matrislerinin,
bunlarin Oncelik vektorlerinin ve tutarlilik oranlarinin sonuglarinin analiz edilmesi,
disiplin bazli toplu degerlendirilmesi ve tiim cerrahlarin sonuglarini igeren toplu
analizin yapilmasini igeren {i¢c adimdan olusur. Sonuglar detayli bir sekilde incelenerek

ufuk acict yorumlarla ¢alisma sonlandirilmistir.

Anahtar Kelimeler: Robotic Yardimli Cerrahi, Adaptasyon Faktorleri, Analitik

Hiyerarsi Siireci
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CHAPTER 1

INTRODUCTION

Understanding technological improvements’ adoption process dynamics may
contribute to developing a broader and deeper perspective regarding the impacts of
these factors on the adoption process. Acquiring this look prevents people who work on
developing new technologies from wasting their time. Industrial institutions, both public
and private based, high technology institutes, universities, and research and
development centers may also benefit from it. To see that the field’s strategic
importance may help stay in line during the research time.

Robots are becoming more popular daily in many fields of human life. Since
they are designed using high technology, the decision mechanisms of people while
deciding to adopt these technological products are a very significant issue.

This study focuses on robotic-assisted surgery adoption by surgeons working in
different disciplines. A comprehensive literature review was conducted to determine all
the relevant factors. At the beginning of the study, 310 factors were mentioned in
various studies listed. In a sequence of brainstorming sessions, as suggested by Saaty
(Saaty 1980), to eliminate the factors, we eliminated many of them. Then, we decided to
keep 20 factors and to make a particular taxonomy including all these factors under the
5 main criteria, 12 sub-criteria and 8 factors in the context of this study.

Executing all these processes is to prepare a convenient infrastructure to find a
solution for our research objective. It entails a research question, which consists of three
steps.

1. What factors led to the adoption of robotic-assisted surgery (henceforth RAS)
technology among surgeons from different disciplines?

2. What is the proper mechanism for evaluating these factors?

3. How can we prioritize these factors to understand their importance from
surgeons’ perspectives from different disciplines?

In numerous studies, several methods are proposed to analyze adoption factors.
In this study, we use the Analytical Hierarchy Process (AHP) developed by Saaty

(Saaty 1980). The Analytical Hierarchical Process (AHP) (Saaty 1980, 2013; Saaty and
1



Varga 2012; Brunelli 2015) is a powerful decision-making tool designed to aid complex
decision-making problems, typically involving multiple conflicting criteria and
potentially many actors involved in the process. The method aids decision-making at the
individual level as well as in group decision-making problems by allowing meaningful
aggregates of individual priorities into group preferences. AHP is hence a powerful tool
to obtain decision priorities for individual agents as well as for Expert Judgement
Quantification (henceforth EJQ), i.e., aggregating the priorities of several experts in a
field of practice. A key observation about human decisions and prioritization is that
humans typically have difficulty evaluating multiple decision factors at once, but they
make much better decisions when decision factors are presented to them in pairs (Saaty
2013). AHP obtains pairwise comparisons of factors along a branch of the decision tree
on a scale of preference strength between 1-9, then aggregates them into overall priority
weights using standard matrix operations. Aggregating the preferences of multiple
actors during deciding is also possible. This methodology is deemed appropriate to
answer all our research questions. The data collection process was conducted via an
online survey. The ahpsurvey package developed by Frankiecho (Frankiecho 2018) in
compliance with Saaty’s AHP methodology, was run on R Studio to analyze the data
gathered by the survey.

Results are examined in the context of individual-based pairwise comparisons’
priority vectors and their consistency ratios, specialty-based aggregations of pairwise
comparisons’ priority vectors, and the aggregation of all pairwise comparisons’ priority
vectors. These results are all presented in Chapter 3. Then, the last part is the
conclusion, which includes all analyses’ interpretations and proposals for future studies.

This study is structured in four separate sections. This section gives brief general
information regarding all the research. The following chapter includes a comprehensive
literature review that constructs this study’s backbone. The third chapter comprises the
materials and methodology used during the research. The fourth and last chapter is the

conclusion of part of the study, which entails some suggestions for further research.



CHAPTER 2

LITERATURE REVIEW

2.1. Historical Development of Robotic-Assisted Surgery

The usage of robots in medicine is relatively new, having only been around for
almost 40 years, even though the idea of building a mechanical robot that could
reproduce oneself has been around for 3000 years in human imagination (Ghezzi and
Corleta 2016). Robotic-assisted surgery (RAS) has emerged as a significant
advancement in medical technology, revolutionizing how surgical procedures are
performed. A wish to generate an infrastructure to make teleoperations possible is the
main reason for building robotic-assisted surgery devices.

NASA first declared the context in the late 1960s (Bogue 2021; Corliss and
Johnsen 1968). In that study, NASA stated what remote robotic surgery is and
emphasized the expectation of receiving the touch of sense information even in
teleoperation (Bogue 2021; Corliss and Johnsen 1968). At the beginning of the 1970s,
numerous studies developed the concept of robotic-assisted surgery to contribute to
space studies by providing operational services to astronauts in case they needed them
(Alexander 1972; Bogue 2021).

According to Ghezzi and Corleta (Ghezzi and Corleta 2016), the primary
motivation for this achievement is telepresence and repetitive and accurate tasks. In
compliance with that, Lendvay et al. (Lendvay et al. 2013) state that two main reasons
for this development are enhancing surgeons' operation performing dexterity and
capability of executing telesurgery.

An illustration of a robotic-assisted surgery device suggested by NASA, in the
beginning of the 1970s, and now, several decades later the developed products are the
reflection of this drawing (Bogue 2021). Starting in the 1980s, the first applications of

robotic-assisted surgery came true (Bogue 2021). In the 1990s, robotic-assisted surgery



platforms specialized in performing a particular operation began to be produced and
continue (Bogue 2021).

Some robots were developed to achieve these goals. The PUMA 200 was the
first robot used in surgery, followed by the development of the 'master-slave’ system in
the 1990s (Ghezzi and Corleta 2016). NASA's Ames Research Center researchers
initiated studies to react to previous President George H. W. Bush's announcement to
send humans to Mars (Ghezzi and Corleta 2016). These projects addressed the
requirement of performing surgeries on astronauts during long-distance missions
(Ghezzi and Corleta 2016).

RAS offers numerous techniques to allow better outcomes compared with other
procedures. Some parts are 3D vision, which provides surgeons with a more detailed
and immersive view of the surgical field, stable and magnified images that enhance
visualization, EndoWrist instruments that mimic human hand movements, physiologic
tremor filtering to minimize hand tremors, and motion scaling to improve surgical
precision (Ghezzi and Corleta 2016).

The main drawbacks of RAS are higher costs (Bogue 2021; Esen et al. 2018;
Fanfani et al. 2015; Ghezzi and Corleta 2016 and Lendvay et al. 2013) and lack of
haptic feedback (BenMessaoud et al. 2011; Bogue 2021; Ghezzi and Corleta 2016;
Mohammadzadeh and Safdari 2014; Lendvay et al. 2013 and Williams et al. 2014).

In the near future of RAS, a cost decrease, integration of new technologies, and
structured training programs are expected to improve the operation quality (Ghezzi and
Corleta 2016). Any development in robotic-assisted surgery technology is a promising
thing to enhance surgeons’ dexterity and ergonomics, and increase the quality of

procedures.

2.2. Robotic Assisted Surgery Adoption

The robotic-assisted surgery device market is still a growing one and very
dynamic. The products are primarily used in minimally invasive surgery (MIS). The
adoption of robotic-assisted surgery has been the focus of numerous studies on various
aspects of this technique. Robotic-assisted surgery platforms' technology is quite

advanced and inspiring, even if it still has some limitations.



Below, we introduce this literature by organizing studies based on the adoption
factors they focus on. The literature for each factor is deeply examined. The factors
recognized significantly impacting the adoption of robotic-assisted surgery platforms
are selected for our research. These contain all factors that have an essential effect on

every phase of acquiring robotic-assisted surgery technology.

2.2.1. Ease of Installation

RAS adoption and implementation are popular topics in medical care services
studies. Numerous papers discovered the diverse parameters affecting the adoption of
RAS technology as part of installing quickly by making the equipment ready to use in a
short while. The vital process of RAS includes installing quickly, making equipment
ready to use in a short duration, and the RAS platform extent impressing in adopting
RAS. Understanding the drawbacks and difficulties associated with installation may
address a plan to adopt and utilize RAS in surgical procedures.

One of the limitations of RAS explored is longer operative time because setting
up the RAS platform needs more time than laparoscopic surgeries (BenMessaoud et al.
2011). In compliance with this statement, the RAS platform's physical extent negatively
affects its adoption process (BenMessaoud et al. 2011). Taking extended time to install
the RAS platform is highlighted as a barrier to its adoption by surgeons and operating
room staff (Diana and Marescaux 2015; Vichitkraivin et al. 2020). According to the
paper by Abdollah et al. (Abdollah et al. 2017), nursing staff must prepare the RAS
platform by ensuring that the patients are not in danger during the operation. Installing
quickly regarding setup duration and bulkiness of RAS are vital limitations while
performing RAS procedures.

Reducing the installation time and easing the process contribute to RAS
adoption. Some answers may involve exploring technological advancements in robotic
platforms that are more compact and easier to install. The issue gains a facilitator role in
adopting robotic-assisted surgery by designing training programs to provide healthcare
professionals with the necessary skills to set up and operate robotic systems efficiently.



2.2.2. Training Requirements

Diana and Marescaux (Diana and Marescaux 2015) highlight the necessity of
extensive and ongoing training in minimally invasive surgery due to its demanding
features related to images and haptic sensations. Lenihan (Lenihan 2017) emphasizes
that handling training requirements is necessary to provide patients with a safe robotic-
assisted operation. Additionally, they noted that the training requirements are the
barriers in front of to ease the adoption of RAS (BenMessaoud et al. 2011; Krishnan et
al. 2018; Vichitkraivin et al. 2020). Langhan et al. (Langhan et al. 2014) and
Mandapathil and Meyer (Mandapathil and Meyer 2021) noted that when adequate
training is provided to surgeons and operating room staff, this factor facilitates the
adoption of robotic-assisted surgery technology. Abdollah et al. (Abdollah et al. 2017),
Lendvay et al. (Lendvay et al. 2013), and Lenihan (Lenihan 2017) stated that a surgeon
and operation room staff must pass the learning curve to fulfill the training requirements
for a robotic-assisted surgery platform competently to make the patient sure about their
safety. Resulting in operations with decreased readmission rates, less blood loss, shorter
hospitalization time, fewer postoperative complications, reduced operating times, lower
cost, and better cancer management is associated with the physicians' competency
(Abdollah et al. 2017; Lendvay et al. 2013; Ploussard et al. 2010; Thompson et al.
2014). Prioritizing a structured training program is vital to accomplish this knowledge
and skill level. In compliance with that, some studies highlight the significance of
establishing a program to teach surgeons using RAS (Abdollah et al. 2017; Aradaib et
al. 2018; Lenihan 2017; Moriarty et al. 2016). Considering patients’ safety in the period
of the surgeons’ learning process of RAS, Abdollah et al. (Abdollah et al. 2017) and
Lenihan (Lenihan 2017) stress the necessity of creating a well-organized learning
journey. Optimizing the benefits of RAS and achieving improved outcomes depend on

developing well-structured training programs for physicians and operating room staff.

2.2.3. Surgeon Ergonomics and Dexterity

Robotic-assisted surgery platforms allow surgeons to enhance their dexterity via

improved features (Fanfani et al. 2015) and provide better ergonomic conditions during



the operation. Some papers refer to the advantages of this technology (Ghezzi and
Corleta 2016; Pernar et al. 2017). It offers ergonomic benefits for surgeons and expands
the possibilities of minimally invasive procedures.

The features that enable surgeons to achieve enhanced ergonomics and dexterity,
such as tremor abolition, motion scaling, high-quality 3D vision, zoom-in/out
technology, better suturing, and remote-control unit/console, which gives the surgeons
to perform operations while sitting down, reusable instruments, the capability of doing
different things simultaneously, are summarized in the literature. (BenMessaoud et al.
2011; Diana and Marescaux 2015; Fanfani et al. 2015; Jacobs et al. 2013; Lee et al.
2010; Mohammadzadeh and Safdari 2014; Nasser et al. 2020; Sialulys et al. 2021;
Stewart et al. 2018 and Williams et al. 2014).

In this study, we grouped the robotic devices’ features into four categories:
multitasking, tremor abolition, motion scaling, and enhanced visualization, which are
not found in the literature in this way. The reason behind this grouping is to clearly
explain the features that impact the adoption of RAS by improving the surgeons’

dexterity and ergonomics.

2.2.4. Tactile/Haptic Feedback

Robotic-assisted surgery (RAS) provides various better features compared to
traditional laparoscopic surgery; however, its lack of haptic feedback curbs putting RAS
into effect worldwide (Ghezzi and Corleta 2016). In some studies, by BenMessaoud et
al. (BenMessaoud et al. 2011), Bogue (Bogue 2021), Ghezzi and Corleta (Ghezzi and
Corleta 2016), Mohammadzadeh and Safdari (Mohammadzadeh and Safdari 2014), and
Williams et al. (Williams et al. 2014), it has been identified that one of the main
drawbacks to RAS adoption is the lack of tactile and haptic information, especially for
Lendvay et al. (Lendvay et al. 2013) emphasizes that the da Vinci’s current technology
suffers from the absence of haptic/tactile or force feedback. Having no tactile and haptic
input in RAS makes it difficult for surgeons to sense the force being applied to tissues
while performing the surgery, which could unintentionally lead to complications
(Lendvay et al. 2013). This limitation hampers the surgeons' ability to perceive the force
applied to tissues and may lead to unintended tissue damage or ischemia (Lendvay et al.
2013).



By incorporating sensory technologies that can visualize the sense of touch and
force feedback, surgeons can have a more comprehensive understanding of tissue
characteristics and make more informed decisions during the surgical procedure
(Lendvay et al. 2013). Even though the current robotic technology has sensors to
capture the forces data applied during the operation to reach this information, it is
possible only with a legal arrangement for research intentions regarding intellectual
concerns (Lendvay et al. 2013). The development process continues to overcome this
limitation, and the first haptic feedback feature design is undergoing clinical trials in
some robotic platforms such as The Surgeon’s Operating Force-feedback Interface
Eindhoven (Sofie) (Lendvay et al. 2013).

2.2.5. Operation Duration

According to the literature, operation duration regarding RAS needs to be
handled in two parts: before the learning curve passes and after the learning curve
passes. Regarding increased experience and higher surgical volumes, Abdollah et al.
(Abdollah et al. 2017), Kim et al. (Kim et al. 2009), and Lim et al. (Lim et al. 2011)
reported that RAS results in shorter operation times. Aradaib et al. (Aradaib et al. 2018)
state that the RAS operation duration is longer than the open surgery when the surgeon
is in his/her beginning of the learning curve. Esen et al. (Esen et al. 2018) noted that
prolonged operative time is one of the most significant drawbacks of RAS.
BenMessaoud et al. (BenMessaoud et al. 2011) state that a longer operation duration is
one of the disadvantages of RAS regarding the more installation time of the robotic
platform. Nasser et al. (Nasser et al. 2020) demonstrated that RAS has a longer
operation duration than laparoscopic approaches in super-obese patients. The result of a
meta-analysis study by Sheth et al. (Sheth et al. 2018), including 17 papers, shows a 27-
minute shorter operational time in RAS compared to laparoscopic surgery. Another
study by Siaulys et al. (Siaulys et al. 2021) demonstrates that the operation performed
through RAS ended in 147 min, while the laparoscopic ones took 80 min.



2.2.6. Multitasking

The multitasking feature of robotic-assisted surgery plays a significant role in
adopting and utilizing this technology. Robotic systems offer increased dexterity and
precision, allowing surgeons to perform multiple tasks simultaneously by having some
features to enable improved visualization, motion scaling, better and quicker suturing,
superior instrumentation by the ability to do many different things at the same time,
incorporated haptic interaction, more favorable angle of placement, enhanced surgeon
ergonomics (BenMessaoud et al. 2011; Fanfani et al. 2015; Mohammadzadeh and
Safdari 2014; Nasser et al. 2020; Pernar et al. 2017). Surgeons can do complicated
procedures more quickly because they have 7 degrees of flexibility and a 3-dimensional
perspective of the operating field with a camera control program that follows the
movements of surgeons’ eyes, compared to 4 degrees of freedom in standard
laparoscopy (Fanfani et al. 2015; Mohammadzadeh and Safdari 2014; Stewart et al.
2018; Williams et al. 2014). Robotic surgery devices are designed to make it easier to
suture and improve the surgeon's dexterity by doing many different things at the same
time in performing complex movements in a way that is stable and has greater accuracy
(Williams et al. 2014; Mohammadzadeh and Safdari 2014; Pernar et al. 2017). The
feature of stability and accuracy eliminates the surgeon's tremors. The capability of
providing ergonomic benefits like reduced surgeon fatigue, all of which lead to
improved surgical performance and decreased weariness for the surgeon
(Mohammadzadeh and Safdari 2014; Nasser et al. 2020; Williams et al. 2014; Stewart
et al. 2018).

Additionally, the robotic platform records and measures surgical performance
data, allowing for the examination of elements like grab forces used, tool path length,
and economy of motion (Lendvay et al. 2013). Effective multitasking improves surgical
capabilities and helps to enhance patients’ outcomes and also the surgeons’ dexterity to
execute the operation safely during robotically assisted surgery (Siaulys et al. 2021).
More accuracy and efficiency in executing complex procedures by surgeons results in
shorter surgery times and less trauma to the patient. (Lendvay et al. 2013).

The precise control offered by robotic platforms allows for meticulous suturing
and tissue manipulation, which can result in better surgical outcomes. The multitasking
feature of robotic-assisted surgery provides surgeons with advanced capabilities and
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enhances their ability to perform complex procedures. This aspect of the technology and
its other technical advantages contribute to the growing acceptance and integration of

robotic surgery in various surgical fields.

2.2.7. Tremor Abolition

Abolishing hand tremors is one of the superior functions of RAS compared to
laparoscopy (Ghezzi and Corleta 2016). Hand tremors can be a significant challenge for
surgeons during minimally invasive procedures, as they can compromise their ability to
perform precise movements. However, with robotic devices in surgery, tremor filtration
technology is employed, providing surgeons with stable and precise movements that
enhance surgeons’ dexterity. (Nasser et al. 2020; BenMessaoud et al. 2011;
Mohammadzadeh and Safdari 2014). Although Nasser et al. (Nasser et al. 2020) state
that Robotic-Assisted Surgery Gastrectomy has no superiority over Laparoscopic Sleeve
gastrectomy in super-obese patients BenMessaoud et al. (BenMessaoud et al. 2011)
claim that enhancing dexterity and control improves surgical outcomes of RAS.

By eliminating hand tremors, RAS enables surgeons to provide a sensitive
treatment for complicated operations more precisely (BenMessaoud et al. 2011;
Mohammadzadeh and Safdari 2014; Nasser et al. 2020). With the help of these features,
surgeons can navigate tight spaces, manipulate small structures, and suture more
accurately, enabling a reduction of the risk of complications and improving patients'
postoperative recovery. Additionally, by minimizing errors and improving precision
efficiency, robotic surgery can contribute to shorter procedure times, reducing the
overall surgical stress on patients (Mohammadzadeh and Safdari 2014).

Tremor abolition enhances the capabilities of surgeons to allow surgeons to
show what is possible to achieve in RAS as one of the procedures of minimally invasive
surgeries. With stable and precise movements, surgeons can confidently perform
sophisticated tasks and explore innovative techniques.

Tremor abolition is a significant advantage of robotic surgery. It enhances the
dexterity and control of surgeons, leading to improved surgical outcomes. By enabling
precise and stable movements, robotic surgery minimizes the risk of complications and

improves both the perioperative process and postoperative recovery for patients.
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2.2.8. Motion Scaling

Robotic surgery has completely changed the way of performing minimally
invasive surgery by making many technical advantages available to use over traditional
laparoscopic procedures. One of the critical advancements in robotic surgery is the
implementation of motion scaling. Motion scaling allows surgeons to manipulate
robotic instruments with enhanced precision and accuracy by changing the surgeons'
large hand movements into more minor forms of the surgical instrument during surgical
procedures (source: https://medical-dictionary.thefreedictionary.com/motion+scaling).
With these features, motion scaling contributes to the overall efficiency of RAS
procedures.

Utilizing motion scaling allows surgeons to overcome human hand and hand-eye
coordination limitations, and as Mohammadzadeh and Safdari (Mohammadzadeh and
Safdari 2014) emphasize, this feature enhances the surgeons’ dexterity. The robotic
system provides this dexterity by translating the surgeon's hand movements into
smaller, more transparent, and more accurate actions, allowing greater control and
precision within the surgical field. This feature is functionality beneficial for procedures
that need intricate maneuvers or manipulation of delicate structures (Ghezzi and Corleta
2016).

The ability to scale motion in robotic surgery also provides surgeons with
increased flexibility and adaptability. Performing complicated operations, even in very
small and narrow areas of the body, with great accuracy is the result of having precisely
maneuvered instruments of RAS. The capability of better suturing and enhancing
physicians’ dexterity is provided to reach improved operation outcomes (BenMessaoud
et al. 2011; Ghezzi and Corleta 2016; Mohammadzadeh and Safdari 2014; Nasser et al.
2020).

2.2.9. Enhanced Visualization

Enhanced visualization is one of the features that facilitate surgeons' adoption
process of RAS. Some studies support this statement. The research by Diana and
Marescaux et al. (Diana and Marescaux 2015) emphasizes that enhanced visualization

improves patients’ safety by enabling physicians to handle problematic situations
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through better imaging. Nasser et al. (Nasser et al. 2020) focus on comparing the RAS
with laparoscopic surgery and state that three-dimensional (3D) imagining contributes
to the superiority of RAS. Entailing high-definition viewing capabilities and modern
imaging technology utilize significant ease to the physicians (BenMessaoud et al. 2011,
Diana and Marescaux 2015 and Nasser et al. 2020).

RAS’ high-quality 3D vision significantly enhances surgeons' dexterity
(Mohammadzadeh and Safdari 2014). The research by Fanfani et al. (Fanfani et al.
2015) examines a novel RAS platform named TELELAP ALF-X surgical system. This
device involves a remote 3D vision with an eye-tracking camera control system that is
investigated to assess this feature’s impact, with its all-new specialties (Fanfani et al.
2015). RAS allows surgeons to deal with a complicated situation more precisely via
depth perceptiveness and spatial awareness (BenMessaoud et al. 2011; Diana and
Marescaux 2015; Mohammadzadeh and Safdari 2014 and Nasser et al. 2020).

Diana and Marescaux (Diana and Marescaux 2015) state that integrating
augmented reality features into RAS platforms contributes to performing safer
operations by enhancing visualization. Studies by Diana and Marescaux (Diana and
Marescaux 2015) and Mohammadzadeh and Safdari (Mohammadzadeh and Safdari
2014) advise that enhanced visualization technology may improve surgical precision
and safety, specifically in complex and challenging operations. Nasser et al. (Nasser et
al. 2020) highlight the benefits of this feature for both patients and surgeons, which are
minimizing surgical trauma and potential complication risks for patients and enhancing

surgeons’ dexterity.

2.2.10. Intraoperative Complication Rates

Several studies emphasized the contribution of RAS to lower intraoperative
complication rates (Aggarwal et al. 2018; Fletcher et al. 2018; Lim et al. 2011;
Mohammadzadeh and Safdari 2014; Sivarajan et al. 2015; Thompson et al. 2014).
Ghezzi and Corleta (Ghezzi and Corleta 2016) state that the patients who undergo
robotic-assisted surgery in general surgery have almost the same oncological and
practical results as the ones who have laparoscopic surgery. For some diseases, the
treatment with robotic-assisted surgery may cause a rise in intraoperative complications

(Bauman et al. 2016). Lim and Kang (Lim and Kang 2017) reported that the patient's
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position at the operating table during robotic-assisted surgery is vital to prevent
unintended intraoperative complications. The study by Kim et al. (Kim et al. 2009)
shows that in the comparison of surgical techniques for gastric cancer, the patients who
underwent robotic-assisted surgery had no complications, while the two persons treated
with open surgery had intraabdominal bleeding and wound infections and the one with
the laparoscopic surgery had paralytic ileus. Mendivil et al. (Mendivil et al. 2009) state
that patients treated with robotic-assisted surgery have a lower overall complication rate
in gynecologic oncology.

The significant competency of a surgeon in RAS provides improved
intraoperative results (Barocas et al. 2010; Williams et al. 2014).

2.2.11. Postoperative Complication Rates

In recent years, RAS getting has become famous due to its promising results in
reducing postoperative complications. The studies by Abdollah et al. (Abdollah et al.
2017), Diana and Marescaux (Diana and Marescaux 2015), Kim et al. (Kim et al. 2013),
Mohammadzadeh and Safdari. (Mohammadzadeh and Safdari 2014), Sheetz et al.
(Sheetz et al. 2020), Sheth et al. (Sheth et al. 2018), Siaulys et al. (Siaulys et al. 2021),
and Williams et al. (Williams et al. 2014) summarize the benefits of robotic-assisted
surgery regarding lower postoperative complication rates while the ones by
BenMessaoud et al. (BenMessaoud et al. 2011), Lenvay et al. (Lenvay et al. 2013) and
Sivarajan et al. (Sivarajan et al. 2015) and highlight the reduction in postoperative pain.
Lim et al. (Lim et al. 2011) noted that a lower postoperative complication rate was
observed for significant complications in the patients who had RAS instead of
laparoscopic surgery, while the situation was the opposite for the minor complications.
Kim et al. (Kim et al. 2009) and Mendivil et al. (Mendivil et al. 2009) focused on the
complications in the end-to-end treatment process. They noted a lower complication
rate for robotic-assisted surgery. Regarding increased experience and higher surgical
volumes, Abdollah et al. (Abdollah et al. 2017) reported that robotic surgery results in
lower postoperative complications. Kim et al. (Kim et al. 2013) and Stewart et al.
(Stewart et al. 2018) stated that RAS is greater than open surgery regarding
postoperative complications. However, Stewart et al. (Stewart et al. 2018) show
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evidence that it has almost the same results as laparoscopic surgery. Williams et al.
(Williams et al. 2014) also proposed that RAS provides improved cancer control.

It is important to note that some studies have raised concerns about the robotic
approach. Fletcher et al. (Fletcher et al. 2018) noted that it is not certain that the
complication results of RAS compared with open surgery. On the other hand, Garber et
al. (Garber et al. 2014) noted that RAS is related to the often-happening postoperative
complications such as urinary incontinence, Jacobs et al. (Jacobs et al. 2013)
genitourinary complications, and Williams et al. (Williams et al. 2014) erectile

dysfunction.

2.2.12. Safety Risks During Learning

The literature highlights the significance of considering the safety risks
associated with the learning process. This issue requires excellent attention and
objective evaluation by surgeons and the whole operating room staff to be aware of
insufficient skills and inadequate experience due to having lower surgical experience
and use of RAS during the learning process of robotic-assisted surgery platform usage.

Kim et al. (Kim et al. 2013), Lendvay et al. (Lendvay et al. 2013), and Lenihan
(Lenihan 2017) emphasize that following the completion of the learning curve by the
surgeons and theatre room staff, patients tend to have shorter hospital stays and mention
a reduction in postoperative discomfort. In a supportive manner, Chowdhury et al.
(Chowdhury et al. 2007), Esen et al. (Esen et al. 2018), and Lim et al. (Lim et al. 2011)
noted that patients operated on by a proficient surgeon may have better results.

Abdollah et al. (Abdollah et al. 2017), Chowdhury et al. (Chowdhury et al.
2007), Esen et al. (Esen et al. 2018), Lenihan (Lenihan 2017), Ploussard et al.
(Ploussard et al. 2010), Thompson et al. (Thompson et al. 2014), and Wallenstein et al.
(Wallenstein et al. 2012) emphasize incompetent physicians with lower surgical
volumes may cause higher patient operation risks. These include higher postoperative
complications, longer operation time, increased blood loss, rising readmission rates, and
worse cancer control (Abdollah et al. 2017; Ploussard et al. 2010; Thompson et al.
2014).

Green et al. (Green et al. 2018) emphasized that any incompetence may cause

significant patients’ safety issues. Since the training program includes mostly
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observational roles, residents may suffer from incompetent dexterity at the end of the
program (Green et al. 2018). Green et al. (Green et al. 2018) advise the significance of a
structural evidence-based RAS teaching program to avoid any risk from borning lack of
skill.

The study by Mills et al. (Mills et al. 2017) discusses the correlation between
performance on RAS’s surgical simulators and surgical skills. They highlight the
potential limitations of simulators in guiding users toward expert performance, noting
that transferring skills from simulation to the real-world intraoperative environment
may be challenging and unrelated (Mills et al. 2017). Similarly, Lenihan (Lenihan 2017)
also state that the simulation could be more beneficial for training the surgeons and
operating room staff as the younger surgeons accept that it is an essential component of
their professional practice and advancement.

Pernar et al. (Pernar et al. 2017) noted that the robotic-assisted surgery
procedure is promising to be a standard approach in general surgery over time under the
circumstances of increasing the surgeons' ability to perform it well.

Esen et al. (Esen et al. 2018) critically explained that even though the RAS
usage rate is rising in Turkey, only one-fifth of 80 percent of high-volume surgeons who
are certified to use the platform can execute the RAS procedure for general surgical
operations six times or above during a year. They emphasize that the situation for low-
volume surgeons is much worse since they cannot reach enough resources to get
proficient in robotic general surgery procedures to exceed the learning curve by
pointing out that these are the root causes of the limitation of getting better results.

While robotic surgery offers numerous advantages, it is crucial to acknowledge
the higher safety risk during inexperienced use and the learning curve. Mentorship,
structured training programs, evidence-based teaching approaches, and opportunities for
skill acquisition are essential to ensure patient safety and optimal outcomes in robotic

surgery.

2.2.13. Smaller Incisions

One of the significant advantages of robotic-assisted surgery over traditional
open surgery is the ability to perform surgeries with smaller incisions, resulting in

several positive outcomes.
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In the comparison with open surgeries, smaller incisions of RAS’ contributions
to the patients are summarized in some studies that are reduced postoperative pain,
shorter recovery time (Sheth et al. 2018), and hospital length of stay (Sheth et al. 2018;
Jacobs et al. 2013; Stewart et al. 2018), and less blood loss (Jacobs et al. 2013).

A dramatic decrease was observed in narcotic use in operations performed by
RAS (Mohammadzadeh and Safdari 2014). The capability of executing the operation
with micro instruments may reduce surgical trauma, the rate of wound infections and
incision-related complications (Stewart et al. 2018) by providing better aesthetic
outcomes for patients (BenMessaoud et al. 2011).

The study by Jacobs et al. (Jacobs et al. 2013) draws attention to the possibility
of a higher risk for genitourinary complications and salvage therapy for men undergoing

robotic prostatectomy.

2.2.14. Hospital Time and Return to Regular Life

The advantages of robotic surgery extend beyond physical outcomes. According
to the literature review, robotic surgery has demonstrated significant advantages in
shorter hospital stays and earlier patients' return to daily routines. Studies have
consistently shown that patients who have treatment with RAS leave the hospital
sooner, resulting in a reduced length of stay (Esen et al. 2018; Kim et al. 2009; Lim et
al. 2011; Mendivil et al. 2009; Mohammadzadeh and Safdari 2014; Ng et al. 2010;
Sivarajan et al. 2015). Lendvay et al. (Lendvay et al. 2013) emphasize that the
hospitalization period may be reduced following the surgeon passing the learning curve.
Mendivil et al. (Mendivil et al. 2009) also noted that the conclusion of the comparison
was the median hospitalization; for open surgery, it was three days, while for robotic
surgery was one day.

BenMessaoud et al. (BenMessaoud et al. 2011), Mohammadzadeh and Safdari
(Mohammadzadeh and Safdari 2014), Ng et al. (Ng et al. 2010), Pruthi et al. (Pruthi et
al. 2010), evidence support that patients undergoing robotic-assistance surgery
procedures also tend to experience reduced pain, decreased narcotic use, and faster
recovery, allowing them to return to their daily routine activities sooner. These
advantages improve patients' overall satisfaction and enhance their postoperative well-
being.
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Stewart et al. (Stewart et al. 2018) demonstrate that the length of stay
(henceforth LOS) of colorectal cancer and pancreatic cancer patients at the hospital after
the robotic surgery operation was shorter than the ones who had laparoscopic surgery,
about 0.4 and 3.0 days, respectively. Sheth et al. (Sheth et al. 2018) show that the
patients who received robotic-assisted pyeloplasty (RAP) had shorter LOS than the ones
who had laparoscopy by 1.2 days. Abdollah et al. (Abdollah et al. 2017) claim that
returning to regular life after the operation with RAS results in a shorter recovery
period, while Pruthi et al. (Pruthi et al. 2010) reported similar results for both
laparoscopic and RAS. The significance of operating in small and narrow parts of the
body is of higher importance for some patients like super obese; the situation for these
patients includes a higher risk of complications and infections, which may result in a

longer hospitalization time after RAS (Nasser et al. 2020).

2.2.15. Costs

Higher overall costs of robotic surgical platforms are one of the significant
challenges related to the adoption of RAS. Financial constraints need to be removed to
boost the adoption of telemedicine apps in healthcare, according to Alanazi and Daim
(Alanazi and Daim 2021). While Bogue (Bogue 2021), Fanfani et al. (Fanfani et al.
2015), Goh and Teo (Goh and Teo 2020), and Lendvay et al. (Lendvay et al. 2013)
emphasize that expensive costs are one of the main obstacles to using a robotic-assisted
surgery platform, Esen et al. (Esen et al. 2018) corroborate this statement in their study,
which examines the adoption of RAS in Tirkiye. Similarly, Ghezzi and Corleta (Ghezzi
and Corleta 2016) point out that higher costs are an essential barrier to bringing RAS
into effect as the standard minimally invasive surgery technique in all parts of the
world.

Mandapathil and Meyer (Mandapathil and Meyer 2021), and Mohammadzadeh
and Safdari (Mohammadzadeh and Safdari 2014) emphasize the negative effect of
higher costs of RAS on the adoption, and they also state that lack of cost-covering
reimbursement is another element that unfortunately feeds the negative part. Barbash et
al. (Barbash et al. 2014) state that distributing the higher fixed price over many patients’
reimbursements and maintaining enough receipts to fund robot-assisted surgery are the

implementing ways of RAS technology-owned high-volume hospitals. These results
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emphasize the necessity of addressing the financial aspects of implementing robotic
surgery.

The studies by Abdollah et al. (Abdollah et al. 2017), Esen et al. (Esen et al.
2018), Siaulys et al. (Siaulys et al. 2021), and Williams et al. (Williams et al. 2014)
highlight the positive outcomes of increased surgeon knowledge in robotic-assisted
surgery to lower costs per operation. Williams et al. (2014) also state that to reduce the
effects of robotic-assisted surgery technology costs, higher volume hospitals, especially
hospitals with reimbursement instructions, and higher volume surgeons have the
advantage of having a lower cost because of being capable of the higher standard of
perioperative outcomes. Mouraviev et al. (Mouraviev et al. 2007) and Scales et al.
(Scales et al. 2005) emphasized that minimizing the cost per robotically assisted
approach requires at least 7 times operations in a week, which corroborates that the
higher the volume, the less cost per operation. Abdullah et al. (2017) also acknowledge
that higher costs of robotically assisted procedures can be a limiting factor considering
the situation where the surgeons are less experienced. In this manner, Esen et al. (Esen
et al. 2018) address that the main reason for not having cost-efficient and cost-effective
national instructions is the scarcity of facilities that lack the surgeons to improve their
skills enough to get proficient in RAS.

Current literature suggests that the cost of acquiring and maintaining robotic
platforms is substantial, while the technology is still questionable. Due to the high price
of the technology and its debatable marginal advantage, the rapid dissemination of
surgical robots has generated controversy (Sheth et al., 2018). Garber et al. (Garber et
al. 2014) and Jacobs et al. (Jacobs et al. 2013) emphasized that persuading patients,
physicians, and hospitals by aggressively advertising robotic-assisted surgery is an
important issue to handle. When hospital administrators, policy experts, doctors, and
patients weigh the adoption of expensive technological innovations against growing
financial restrictions, they should all be aware of the potential for unanticipated
advantages from technology diffusion (Sivarajan et al. 2015).

According to Lenihan (Lenihan 2017), the shift towards minimally invasive
procedures, including robotic-assisted surgeries, has been significant in gynecologic
surgeries. Lenihan (Lenihan 2017) acknowledges controversies around the costs and
complications of this approach and suggests that surgeons, hospitals, and medical

societies must officially decide on the most cost-efficient and effective use of RAS in
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gynecologic surgeries by noting that expert surgeons and their operating room staff
prefer to perform with robotic-assisted surgery procedures even if it has higher costs.

Despite the general safety and viability of robotic-assisted techniques in bariatric
surgery being shown, the role of RAS has yet to be called into question due to longer
operating duration and expensive costs without clear advantages over laparoscopic
procedures (Nasser et al. 2020). The study by Nasser et al. (Nasser et al. 2020)
emphasizes that their research does not concentrate on assessing the cost of RAS.
However, it shows that higher operation and hospitalization times are responsible for
increased overall costs (Nasser et al. 2020).

Although the patients have some surgical complications such as urinary
incontinence, genitourinary complications, and erectile dysfunction, the sudden rise in
the number of executed RAS has come at a considerable cost, and a particular
procedure’s price has increased by approximately 13% (Garber et al. 2014). Barbash
and Glied (Barbash and Glied 2010) and Stewart et al. (2018) noted that in comparing
the costs of laparoscopic and RAS, RAS was 13% more expensive than laparoscopic
approaches. Mouraviev et al. (Mouraviev et al. 2007) and Williams et al. (2014) also
noted that RAS is more expensive than the conventional approach. Williams et al.
(2014) highlight the need for more comprehensive study designs to evaluate the cost-
effectiveness of RAS.

Makarov et al. (Makarov et al. 2010) and Williams et al. (2014) reported that the
elements contained in total cost have been characterized according to organizations,
medical systems, and place. On the other hand, Hohwii et al. (Hohwii et al. 2009) and
Williams et al. (2014) noted that even though there is not enough data to prove the
direct impact of RAS, enabling shorter hospitalizations and earlier return to regular life
may provide improved financial benefits for society. Lim et al. (Lim et al. 2011)
reported that patients stay shorter at the hospital after the robotic-assisted surgery
operation compared to laparoscopic one, Martino et al. (Martino et al. 2011) found that
patients had less postoperative pain and it caused a 50% drop in consumption of
medication; according to Mohammadzadeh et al. (2014) these advantages lead to an
immediate effect to decrease cost.

Diana and Marescaux (Diana and Marescaux 2015) and Fanfani et al. (2015)

claim that robotic-assisted surgery costs decrease with more market actors. Fanfani et
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al. (2015) also noted that when robotic-assisted surgery technology starts to offer better
quality than it has now, its costs tend to decrease.
The substantial initial investment, high maintenance fees, and cost of

instruments contribute to hospitals' financial burden.

2.2.16. Purchase Costs

One of the reasons behind the limitations of widespread adoption of RAS is the
higher purchase cost. Jacobs et al. (Jacobs et al. 2013) noted that the initial investment
of RAS might exceed $1 million. The amount of money required to acquire and
maintain a RAS platform must be handled considering the advantages and
disadvantages of having the platform (Jacobs et al. 2013). Despite the financial
challenges, the attraction of RAS technology to draw patients and surgeons is found
significant by hospitals (Jacobs et al. 2013). In that manner, the study by Jacobs et al.
(Jacobs et al. 2013) also emphasizes that getting robotic surgery ready to use shows a
rise for all the RAS performed, especially in procedures like radical prostatectomy.

Stewart et al. (Stewart et al. 2018) and Turchetti et al. (Turchetti et al. 2011)
show that the expense of robotic surgery compared to laparoscopy is associated with the
higher first buying cost and repairing cost of robotic platforms, including the used-up

and replacement items.

2.2.17. Operation and Maintenance Costs, Including Materials

Robotic surgery has gained significant attention and adoption in various surgical
specialties due to its potential benefits. However, one of the main issues associated with
RAS is the high operation and maintenance costs, including materials. Several studies
have highlighted the impact of these costs on the widespread adoption of robotic
surgical techniques.

Jacobs et al. (Jacobs et al. 2013) handle the issue from the hospitals’ side and
emphasize that the decision-makers at the hospitals should consider purchasing robotic
surgery technology carefully before making the final decision due to its higher costs for

purchasing and maintenance, including pieces of equipment. According to the study,
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robotic platforms’ annual maintenance costs come to $150,000, and $1,000 is added for
each case by seldom used instruments. Nevertheless, hospitals can still find robotic
technology to be a valuable investment in addition to drawing in patients and doctors
(Jacobs et al. 2013).

Bolenz et al. (Bolenz et al. 2010), Bolenz et al. (Bolenz et al. 2014), and
Williams et al. (Williams et al. 2014) suggested the importance of comprehensive
studies considering various parameters influencing operation and maintenance costs,
emphasizing that the stages of robotic-assisted surgery ended with higher costs. Bolenz
et al. (Bolenz et al. 2014) and Williams et al. (Williams et al. 2014) state that case
volume and amortization rates affect the robot's purchase and maintenance costs.
Barbash and Glied (Barbash and Glied 2010) and Stewart et al. (Stewart et al. 2018)
discuss the 13% increase in the costs of robotic surgery compared to laparoscopy.
Turchetti et al. (Turchetti et al. 2011) and Stewart et al. (Stewart et al. 2018) stated that
these include higher purchase and maintenance costs, while Higgins et al. (Higgins et al.
2016) and Stewart et al. (Stewart et al. 2018) pointed out the more costly consumable
surgical supplies. Nonetheless, Stewart et al. (Stewart et al. 2018) stated that the reason
for the inevitable adoption of robotic-assisted surgery in general surgical oncology is
factors such as enabling enhanced surgeon ergonomics and dexterity.

Since the expenses and difficulties associated with robotic surgery operation and
maintenance costs, including materials, have been covered in several publications, the
literature suggests that they pose challenges to the widespread adoption of robotic
surgery. Addressing these costs through cost-effective solutions and comprehensive
studies is crucial to maximizing the benefits of robotic surgical techniques while

minimizing the financial burden on healthcare systems.

2.2.18. Benefits and Hospital Quality

Robotic-assisted surgery (RAS) has gained popularity recently due to its
numerous advantages and benefits. Factors such as patient demographics and the
presence of skilled surgeons influence the adoption of robotic technology. Aggarwal et
al. (Aggarwal et al. 2017) emphasize that hospitals try to provide as well-qualified a

service to the patients as possible. Hospitals' competition for quality plays a significant
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role in reaching advanced quality service and may be charming for patients (Aggarwal
etal., 2017).

To execute the robotic-assisted surgery procedure, the hospital must acquire the
technology. Hospitals may purchase the newest technologies even if they are not the
most economical because they compete with one another for patients and providers to
provide improved quality (Jacobs et al. 2013). Barbash et al. (Barbash et al. 2014)
explored the RAS platforms’ adoption elements by hospitals, identifying a correlation
between purchasing RAS platforms and wishing to draw physicians and patients. In this
manner, hospitals in regions with abundant surgeons and a significant percentage of
privately insured patients tend to acquire RAS technology (Barbash et al. 2014).
Understanding these factors is crucial regarding competition and people’s opinions
about RAS.

Some opportunities pop up as a side-effect of having more hospitals in an area
providing performing operations more accurately, such as information technology and

documentation infrastructure (Williams et al. 2014).

2.2.19. Attract New Patients

Some patients find RAS to be an attractive procedure. Aggarwal et al.
(Aggarwal et al. 2017) found that the accessibility of sophisticated surgical procedures,
larger operation volume, and the reputation of surgeons and hospitals all significantly
impacted patient mobility in the setting of patient choice and hospital rivalry. Barbash et
al. (Barbash et al. 2014) reported that the hospitals that compete with other ones are
more inclined to invest in technologies to draw in new patients. According to Aggarwal
et al. (Aggarwal et al. 2017), the patient decision-making process is also attracted by the
patient’s age and prosperity, i.e., the younger and wealthier ones are expected to choose
hospitals offering RAS with famous surgeons and are willing to travel substantial
distances for treatment. Barbash et al. (Barbash et al. 2014) and Stitzenberg et al.
(Stitzenberg et al. 2011) also noted that the hospitals applying robotic-assisted surgery
tempt the patients to come to the hospital even if it’s located in the outground. The
result of Makarov et al. (Makarov et al. 2011) paper emphasizes that patients” demand
for RAS plays a crucial role in becoming the regions with hospitals that provide

RAS. Williams et al. (Williams et al. 2014) and Barbash et al. (Barbash et al. 2014)
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state that the RAS advertisements aim to attract patients directly and may successfully
increase patients’ demand. Jacobs et al. (Jacobs et al. 2013) highlighted that even
though the technology of robotic-assisted surgery platform is expensive, hospitals may
put up with it, and surgeons desire to provide patients with the best possible treatment

so that they may choose the hospitals with the robotic technology.

2.2.20. Attract Better Surgeons

Robotic-assisted surgery (RAS) has become increasingly popular due to its
numerous advantages and benefits. RAS, in particular, has been shown to draw better
doctors, which enhances patient outcomes and surgical professionals' job satisfaction.

According to BenMessaoud et al. (BenMessaoud et al. 2011), the features of
robotic technology may attract surgeons to enhance their dexterity while performing,
and the system's reliability is the key to improving patient results and job satisfaction.
The study addressed that these are the vital elements to facilitate the adoption of
robotic-assisted surgery by surgeons (BenMessaoud et al. 2011).

Fanfani et al. (Fanfani et al. 2015) and Siaulys et al. (Siaulys et al. 2021)
reported that superior surgeons may quickly adopt robotic-assisted surgery technology
to their surgical routine by wishing to increase safety and finding it more feasible.

Jacobs et al. (Jacobs et al. 2013) emphasize that even though robotic technology
does not provide the best possible profit, it is charming for surgeons, enabling enhanced
patient outcomes.

The literature demonstrates that RAS plays a significant role in attracting better
surgeons. The advanced functions and improved patient outcomes associated with
robotic technology, along with the competitive landscape and patient preferences,

contribute to adopting and utilizing RAS in surgical practice.

2.3. Challenges and Future Perspectives

We also touch on the last two topics by completing the literature review part.
The first is RAS’s current challenges because of its present technological limitations.

The second one is the future of this technology.
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As emphasized in numerous studies, the absence of tactile/haptic feedback is
one of the current drawbacks of this technology (BenMessaoud et al. 2011;
Mohammadzadeh and Safdari 2014; Ghezzi and Corleta 2016; Williams et al. 2014; and
Bogue 2021). Many publications also underline the higher initial purchase and the
operational and maintenance cost as current limitations of RAS (Bogue 2021; Esen et
al. 2018; Fanfani et al. 2015; Ghezzi and Corleta 2016; Lendvay et al. 2013). The lack
of a structurally developed training program creates problems with these devices'
current adoption process by hardening the ease of adoption (BenMessaoud et al. 2011;
Krishnan et al. 2018; Langhan et al. 2014; Mandapathil and Meyer 2021 and
Vichitkraivin et al. 2020). A supportive of this fact is that not having a convenient
environment to enable the surgeons to get more experienced with the RAS is also a
challenge that requires focus (Esen et al. 2018).

Therefore, any improvements that cause a decrease in all parts of the costs may
help to establish proper conditions for the adoption of RAS regarding the affordability
side of it. To make this happen, the more players on the market, the more competition
and, therefore, the more competitive prices for the customers of these products (Ghezzi
and Corleta 2016). Besides this, avoiding all or most of the intellectual property rights
of these devices acquired by one or a small number of producers is necessary (Ghezzi
and Corleta 2016).

The possibility of receiving touch of sense information may better meet the
surgeons’ improved ergonomics and dexterity expectations. Research is currently
conducted on that topic. Eindhoven University of Technology is developing a robotic-
assisted surgery platform named SOFIE with haptic feedback technology still in testing.
(Ghezzi and Corleta 2016; https://www.tue.nl/en/research/research-institutes/robotics-
research/projects/sofie/).

Having a well-structured training program to learn how to use this technology
may also be expected to be well-received by the surgeons. Providing the conditions that
may enable them to perform a massive volume of operations contributes to meeting the
surgeons’ expectations. (Esen et al. 2018) Moreover, the improvements in the field of
virtual reality may facilitate the escalation of a structured training program, as has
already been seen in the da Vinci example (Ghezzi and Corleta 2016).

Diana and Marescaux (Diana and Marescaux 2015) proposed that robotic-
assisted surgery technology will be more on the radar of the martial service and space
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industry. Considering the birth of this technology and the current space research
conducted worldwide, the future of this technology may witness a real teleoperation
between space and the world.

As the last word in this part of the study, the more detailed research executed
focusing on the RAS from various perspectives, such as, both short and long terms costs
and benefits for patients, surgeons, hospitals, the healthcare industry as a whole, a
particular procedure conduction in a specific field and the differentiated points from the
other procedures in that field, may utilize this technology adoption and understand
better.
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CHAPTER 3

METHODOLOGY

This chapter outlines the research methodology employed in this study to
evaluate and prioritize the factors influencing surgeons to adopt the RAS technology in
their surgical practice. Considering the complexity of the problem and decision-making
process, AHP was chosen as the primary methodology for analysis. With the help of a
detailed explanation of the AHP and providing a clear answer to why we chose the AHP
as a methodology of this research, the chapter reaches its aim. The following sub-titles
include a brief explanation of AHP with its theoretical foundations, priority vector,
consistency, consistency index, and consistency ratio, missing comparisons, group
decisions, the research design, selection of criteria, sub-criteria, and factors,
construction of a unique AHP tree, survey design, data collection, expert panel and data
analysis, and results.

The evolution of robotic-assisted surgery is fast, offering healthcare institutions
the potential for improved surgical outcomes and patient care. On the opposite side of
this development, the adaptation process to use this technology is complicated,
involving various elements that impact its success.

The Analytical Hierarchical Process (AHP) is employed as a decision-making
tool to prioritize these criteria, allowing healthcare institutions to make informed
decisions regarding the integration of robotic-assisted surgery into their practice. By
understanding the relative importance of each criterion and its associated sub-criterion
and, factors, healthcare decision-makers can better assess the feasibility and benefits of

adopting this technology.

3.1. Research Question and Scope, Problem Definition

We evaluate and prioritize factors leading to the adoption of Robotic-Assisted
Surgery (henceforth RAS) technology among surgeons from different disciplines. We

use an Analytical Hierarchical Process (henceforth AHP) for Expert Judgement
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Quantification (henceforth EJQ) for the RAS adoption decision. We study all adoption
factors that have been discussed and examined in the previous literature, as well as
factors solicited from surgeons, and merge and group these adoption factors under five
main criteria, namely, (i) Ease of Initial Adoption (EIA), (ii) Ease of use (EOU), (iii)
Patient Well-being/Welfare (PW), (iv) Operation Success and Safety (OSS), and (v)
Economics (ECON) in the form of a decision tree with at most two additional levels
under each criterion. We separately examine the prioritization of potential future
features of robotic assistants. Adoption decisions are evaluated over the decision tree
using data collected from a survey of surgeons from various surgical disciplines.

The highest current adoption levels are in: Urology, General Surgery,

Gynecology, Thoracic Surgery, and Cardiovascular Surgery.

Table 1: Number of surgeons using robotic surgery in Turkey.

Specialty Number of Doctors
Urologic Surgery 83
General Surgery 41
Gynecological Surgery 30
Thoracic Surgery 14
Cardiac Surgery 12
Ear, Nose, Throat (ENT) and Head and Neck Surgery 6
Pediatric Surgery 6
Gastroenterology Surgery 4

(Source: https://www.davincicerrahisi.com/robotik-cerrahi-yapan-hastaneler/ as of 22nd of May
2022 at 14:02)

The main aim of the study is to evaluate and prioritize factors leading to
adopting Robotic-Assisted Surgery (henceforth RAS) technology among surgeons from
different disciplines. It is a very complex problem to analyze statistically and not
convenient to solve with a statistical method because of uncertainty about the
diffuseness. For these reasons, to assess the priority of the factors regarding the RAS
adoption decision, we employ an Analytical Hierarchy Process (AHP) for Expert
Judgement Quantification (EJQ).
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3.2. The Analytical Hierarchy Process (AHP)

AHP enables individuals to voice their ideas, opinions, and interests on the
different alternatives of a multicriteria question. A practical method for assisting with
complicated decision-making difficulties, the Analytical Hierarchy Process (AHP)
(Brunelli 2015; Saaty 1980, 2013; Saaty and Vargas 2012) often involves numerous
competing criteria and maybe many individuals. The technique facilitates individual and
group decision-making difficulties by enabling meaningful aggregates of individual
priorities into collective preferences. Therefore, expert judgment quantification—that is,
combining the priorities of multiple experts in a field of practice—can likewise be
accomplished with AHP.

The basic explanation of the AHP is that it is a relative measurement theory or
methodology (Brunelli 2015). The researchers adopting AHP in their practice focus on
the proportions of the measurements between the alternatives (Brunelli 2015). Their
exact measurement is not necessary for the researchers (Brunelli 2015). The application
of AHP is to reach an aim with limited choices (Brunelli 2015). Thus, the one who is in
charge of deciding is expected to choose the best option for himself/herself (Brunelli
2015). AHP allows the transformation of people’s subjective decisions into numerical
ratings and then quantitatively calculates a priority for each alternative (Brunelli 2015).

Finding the best possible option among all alternatives is a complex decision-
making problem (Brunelli 2015). In the real world, people need to know the relative
measurement to decide on the best option (Brunelli 2015). Considering the feature of
subjective choices, applying relative measurement makes the analysis more
straightforward to execute (Brunelli 2015). Linking the alternatives with criteria allows
us to ground the question logically, thinking to provide a greater perspective (Brunelli
2015). Breaking down the complex nature of a problem into smaller and simpler parts
makes it more straightforward to reach the solution (Brunelli 2015; Saaty 1980). To
make this happen, Saaty (Saaty 1977) advises creating a separate criterion matrix for
every criterion the problem has (Brunelli 2015).

Decomposing any problem into its smaller parts while trying to digest it and
then reaching a final solution, synthesizing all the granules is the typical approach for
each human being (Saaty 1980). Developing a deep thinking and decision-making

mechanism to realize why and/or how something happens in this path allows one to
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improve rational standards as expected (Saaty 1980). In AHP, these stages are called
hierarchy and priority. In that kind of architecture, the following two questions needed
to be answered (Saaty 1980).

¢ In which manner can a particular objective be expressed hierarchically?

¢ In which manner can the effect of each factor be evaluated in that hierarchy?

Keeping this attribute of AHP in mind, considering our problem’s complexity
and its inconvenience for solving statistically because of uncertainty about the
diffuseness. These are the reasons to assess the priority of the factors regarding the RAS
adoption decision; we employ an Analytical Hierarchy Process (henceforth AHP) for
Expert Judgement Quantification (henceforth EJQ). Saaty (Saaty 1980) emphasizes that
AHP entails pairwise comparisons, which provide the decision-maker with the highest
possible consistency.

Generally, AHP is used for product or technology preference problems. In our
study, we use AHP to evaluate and prioritize factors leading to the adoption of RAS
technology among surgeons from different disciplines. The complex nature of our
problem needs to be simplified. Since comparison matrices create an environment
where the decision-maker can evaluate two alternatives simultaneously (Brunelli 2015),
AHP’s pairwise comparison makes this problem more straightforward to understand.
Thus, in AHP, the reason for creating separate matrices for each criterion is to break
down the problem into smaller and essential pieces (Brunelli 2015). By this working
principle, Jun and Jian-lian (Jun and Jian-lian 2008) state that a decision-making
process may be shortened with the help of AHP. Additionally, Khan et al. (Khan et al.
2022) state that regarding deciding on an issue relevant to health care, generally, two
different types of multiple criteria decision analysis methods are applied together. If
preferred to use only one approach, then, it is mostly the AHP (Khan et al. 2022).

One crucial finding about human decision-making and prioritization is that
people usually find it difficult to consider many options at once. (Brunelli 2015; Saaty
2013). Still, they do significantly better when given options in pairs (Brunelli 2015;
Saaty 2013). Pairwise comparisons of the components along a decision tree branch are
obtained by AHP using a preference strength scale ranging from 1 to 9 (Brunelli 2015;
Saaty 1980; Saaty 2013). The scales and their definition proposed by Saaty (Saaty

1980) are as follows.
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Table 2: Saaty’s Scales (Brunelli 2015; Saaty 1980)

Relative Comparison of . . .
Numerical Ranking  Meaning

Factors
Equally Important 1 A pair of alternatives provides equal importance
Moderately More 3 Knowledge differs a little between the two factors
Important in preferring one of them

Knowing to decide firmly about one comparison
Strongly More Important 5

to another
Very Strongly More . Deciding on an alternative in a pair by having a
Important severe opinion about
Extremely More 9 Judgment of the utmost level when comparing two
Important things

] Knowing limited information or having no sharp

Intermediate Values 2,4,6,8

opinion to prefer one over another

Using this scale, individuals may decide their preferences for all pairwise
comparisons. With the help of these preferences, a pairwise comparison matrix may be
created. This matrix includes the one’s subjective choices’ numerical ratings and their
reciprocals and the main diagonal combining of 1’s. (Saaty 1980). The factors are then
aggregated into overall priority weights using standard matrix operations and suitable
techniques to build group preferences from individual data (Brunelli 2015; Saaty 1980;
Saaty 2013).

The most significant advantage and disadvantage of applying AHP is its
pairwise comparisons (Brunelli 2015; Harker 1987). Advantage because of relaxing and
making people more confident by comparing two things simultaneously. The
disadvantage of using it for complicated problems is that the number of factors
necessary to make pairwise comparisons is high (Brunelli 2015; Harker 1987).
Therefore, minimum pairwise comparisons should be made by decision-makers to make
them more focused on the main question (Brunelli 2015; Harker 1987). That’s why we

selected or combined, in a more general name, the 310 factors to make our research
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question as clear as possible for the surgeons. In this study, concerning the RAS
platforms in a broad concept, we needed to keep the 25 factors as the minimum number.

3.2.1. Priority Vectors

Saaty (Saaty 1980; 2013) states that in determining the priority in hierarchies,
the first thing to be done is to create a comparison matrix. The comparison matrices are

shown in the following mathematical equations (1.1) and (1.2).

A= ( aij)nxn (11)
a1 Ain

A= s ] (1.2)
ani Ann

Due to the other steps of calculation of the problem highly depending on the
priority vector, it is essential to calculate it for each comparison matrix of the AHP

problem (Brunelli 2015). In the world of making a decision perfectly rational, the

weight vector (w) obtained by using any method gives the same results as A = (%)nxn
J

(Brunelli 2015). However, the only possibility to get this result depends on the

condition that one’s decision for a;;, meets precisely with the ratio of % (Brunelli
J

2015). Since people are not rational, as is expected, in SO many cases, it is observed that
they are incapable of deciding between weights (Brunelli 2015). In AHP, a weight
vector is necessary to get a priority vector (Brunelli 2015). Considering the irrationality
of the individuals, Brunelli (Brunelli 2015) proposed to use other methods to calculate a
priority vector w = (wy, ...,w,,)T. The standard part of calculating priority vector is
combining pairwise comparisons with a scoring, here, its mathematical function
7: R*™ — RZ (Brunelli 2015).

Saaty (Saaty 1980) emphasized that for people who are informed well enough or
have limited information while comparing a pair of things by giving a numerical
judgment from 1 to 9, the eigenvalue method works more successfully than the other

ones. This study uses the eigenvector method — the most accepted and preferred use
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(Brunelli 2015) — to obtain the priority vector. Saaty’s suggestion regarding the
eigenvector was that the principal eigenvector of A ought to be the priority vector
(Brunelli 2015). To clarify the eigenvector and eigenvalue, reckoning that a n x n
square matrix is equal to A (Brunelli 2015). A n-dimensional vector is also shown as w
(Brunelli 2015). n is our number of alternatives (Brunelli 2015). Only with the condition
below, w is an eigenvector while the A is an eigenvalue. This is shown mathematically

as in the following equation (1.3) (Brunelli 2015).

Aw = Aw (1.3)

Eigenvalues may have minimum and maximum amounts; the maximum value of

eigenvalues is represented as Amax (Brunelli 2015).

3.2.2. Consistency

Considering one who makes his/her decisions based on the reasons relevant to
his/her decision, it is expected that the one ought to articulate his/her pairwise choices

precisely as in the following mathematical formulation (1.4) (Brunelli 2015).

(1.4)

Applying the rule above to get the result of a;;a;, we get the following equation
(1.5) (Brunelli 2015).

ajay = ——L=—t =ay (1.5)
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In the situation of all the decisions made by a person meet the rule of a;; =

the equation (1.6) shown below express the situation only exists if and only if

Wi
w; Vi'j'
J

in this condition (Brunelli 2015).

Qi = QijAji Vijk (1.6)

The equation above is proof that every pairwise comparison made straight a;
precisely the outcome of the whole indirect pairwise comparisons a;;aj, V; jx (Brunelli
2015). In an ideal world, it is expected that any decision-maker is capable of making
rationally consistent pairwise comparisons without going against oneself (Brunelli
2015). Therefore, if a matrix meets this rule, it is accepted that it is consistent (Brunelli
2015). Saaty (Saaty 2003) emphasized that a small amount of inconsistency is preferred
to a consistent judgement made under pressure. Additionally, Saaty (Saaty 2003)
expressed that being very demanding on having a consistent pairwise matrix is the result
of seeing the people as machines.

Saaty 1977, suggest the Consistency Index to evaluate a pairwise comparison
matrix result (Brunelli 2015). The Consistency Index is formulated as follows in the
equation (1.7) (Brunelli 2015).

CI(A) = 2mect (1.7)

After this proposal of Saaty (Saaty 1977), it is recognized in the relevant
research that this index needs to be redesigned (Brunelli 2015). The new version of
Consistency Index (CI) is named as Consistency Ratio (CR) (Brunelli 2015). It is
calculated by dividing CI to Rl, (Random Index) (Brunelli 2015). RI, is a certain
number acquired by forecasting the average CI regarding a sufficiently big collection of
n-dimensional randomly generated matrices (Brunelli 2015). In the following equation
(1.8) the formula stated.
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CI(A)

(1.8)

Saaty (Saaty 1980) states that if a pairwise comparison matrix is consistent its
CR value ought to smaller than or equal to 0.1(CR < 0.1), if it is higher than 0.1 then,
the matrix is inconsistent (CR > 0.1) (Brunelli 2015). More detailed, for the values
equal to 0.1 (CR = 0.1) indicate that the decision’s is inconsistent in 10% (Brunelli
2015).

Predicted numbers of Rl are in Table 3 as follows (Alonso and Lamata 2006;
Brunelli 2015). These are calculated by randomly generating from a dataset entails n-
dimensioned matrices which are big enough to give an opinion about average CI
(Alonso and Lamata 2006; Brunelli 2015):

Table 3: Randomly generated RI, values

n 3 4 5 6 7 8 9 10

Rln 0.5247 0.8816 11.086 12.479 13.417 14.057 14.499 14.854

3.2.3 Missing Comparisons

AHP becomes prominent in multi-criteria decision-making methods because of
its two features that provide much better solutions (Harker 1987). These are mentioned
in the following (Harker 1987).

e The easiness of use,
o Capability to manage inconsistencies in decisions.

Decision-makers find AHP to be easy to use because of its allowance to
compare a pair of things at once (Harker 1987; Saaty 1980). It makes them feel more
relaxed and confident when deciding something (Harker 1987; Saaty 1980). Moreover,

AHP does not compel the decision-makers to make their decisions consistently (Harker

34



1987). As relevant to this, Saaty (Saaty 2003) stated that since people’s choices are
normally inconsistent, AHP has room for inconsistency.

Harker (Harker 1987) assumed that decision-makers have some redundancy
while making their decisions. Thus, they do not necessarily complete all parts of a
pairwise comparison matrix (Harker 1987). Considering this reason, there could be
some incomplete pairwise comparisons (Harker 1987).

Ideally, obtaining a complete and consistent pairwise comparison matrix from a
decision-maker is the expected situation when working with AHP (Brunelli 2015). The
importance of a completed pairwise comparison matrix is to provide an official
acceptance (Saaty 2003). Since the decision-makers do not always make a decision
between all pairwise alternatives, some missing values for some comparisons may exist
(Brunelli 2015). Especially for complicated problems, like having limited time, any
reason may cause this (Brunelli et al. 2007; Brunelli 2015). For these reasons, the
pairwise comparison matrices with some missing values are also acceptable (Brunelli
2015). Regarding human-focusing nature and trying to maximize its utility, demanding
a few pairwise comparisons from them may work in a better way (Brunelli 2015;
Carmone et al. 1997). The missing values are unsuitable while executing an AHP study
because they make it difficult to derive the priority vector. (Brunelli 2015). Even if the
decision-maker completed the whole pairwise comparisons, the one may have slightly
focused mostly on the last part of the comparisons (Brunelli 2015; Carmone et al.
1997). The main reason why the missing values are problematic is that in this kind of
circumstance, obtaining the priority vector process gets harder (Brunelli 2015).

To solve this problem, in this study, we prefer to use the geometric mean
method developed by Harker (Brunelli 2015; Harker 1987). His reference to creating
this algorithm is Saaty’s eigenvector approach. Harker (Harker 1987) widened the
limitations of the eigenvector approach by making it also useful for non-negative quasi-
reciprocal matrices with the aim of calculating the results of incomplete comparison
matrices (Brunelli 2015).

For the inconsistent pairwise comparison matrices, the eigenvector method is the
only one capable of successfully obtaining the right positions of data in line that has
been intrinsic (Harker 1987; Saat and Vargas 1984). The eigenvector method’s working
principle is based on taking averages, so Harker (Harker 1987) noted that the

eigenvector method is more logical and found the other ways not as good as the
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eigenvector method. It is required to execute the Eigen method when there are some
missing values in pairwise comparisons (Harker 1987). Harker (Harker 1987)
emphasized that the expected way to complete the missing values of an incomplete
pairwise matrix is to average all the strengths of all potential basic routes linking i and j.
In other words, the evaluation a;; refers to all the conceivable methods through which i
and j may be assessed by considering their connections with something that has good
enough features or intersects (Harker 1987). Harker (Harker 1987) stated that a pairwise
comparison matrix with missing values is consistent regarding all judgements that
already exist, then, all the missing values must have identical strengths. In inconsistent
circumstances, the connection from every i to every j may become different (Harker
1987). In that kind of situation, it is necessary to take the geometric mean of the values
that are already known (Aczél and Saaty 1983; Harker 1987).

3.2.4. Group Decisions

Here, in this section, we explain whether a result could be obtained for each
particular field using AHP. This question requires combining all the individuals’
decisions and getting a group priority vector (w¢ = (wg, ...,wg)") (Brunelli 2015). For
two or more decision-makers deciding on a specific thing (i.e. m is a number of
decision-makers, m > 2), we can treat them as a group (Brunelli 2015). More clearly,

shown in the mathematical symbols (1.9) below.

(aijl))nxn yeees (ai;n))nxn (1.9)
A1 Anm

To obtain a group’s decision result two ways were proposed as follows (Brunelli

2015; Forman and Peniwati 1998).
e The Aggregation of Individual Judgements (AlJ) method is supposed that
putting all individuals’ comparison matrix together into one, shown as A¢ =
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(aij)G , to reach the group’s priority vector (Brunelli 2015; Forman and
Peniwati 1998).
e Aggregation of Individual Priorities (AIP) method proposed that after the
calculation of all single decisions’ priority vectors, which are shown as, wy, ...,
Wm, to obtain the group’s priority vector we need to combine all of them into
one, w€ (Brunelli 2015; Forman and Peniwati 1998).
The combination process is the main discrepancy between these two methods (Brunelli
2015). Group decision priority vector does not include reciprocals because of being not
able to maintain the reciprocal characteristics and this may arise some problems
considering the synthesizing the group’s decision, if the weighted arithmetic mean is
used. (Brunelli 2015; Harker 1987). That’s why the weighted arithmetic mean way is
not recommended (Brunelli 2015; Harker 1987). However, some studies presented
evidence that using the weighted geometric mean gives group priority vector results
with an insignificant difference (Aczél and Alsina 1986; Aczél and Saaty 1983; Brunelli
2015; Saaty 2013). In the concept of AlJ, the weighted geometric mean is formulated as
in the following equation (1.10) (Brunelli 2015).

m

%,
6 = ag}) (1.10)

h=1

Taking the importance of everyone’s decision into account to obtain a group
priority vector, we handle the typical understanding that it is not necessary to give
different importance to different people; we take the weights as 1 (Brunelli 2015). Thus,
everyone is of equal importance (Brunelli 2015).

Regarding AIP, both weighted geometric mean and weighted arithmetic, have
general opinion as being convenient to be used, but the geometric mean method has a
bit more popularity (Bernasconi et al. 2014; Brunelli 2015). The geometric mean
functional formats are shown, as follows in the equations (1.11) and (1.12) (Brunelli
2015).

37



i A
w6 = nwlﬁh) l (1.11)
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which simplifies to

m
w = l_lwi(h) (1.12)
h=1

when there is no reason to differentiate between respondents.
Additionally, Brunelli (Brunelli 2015) states that weighted geometric mean
aggregation method gives the same result while calculating a group decision priority

vector regardless of the choice of AlJ or AIP.

3.3. The Research Design

AHP hierarchy includes the following steps to calculate the best option
according to decision makers’ priority preferences (Brunelli 2015):
e Determining a goal,
e Setting of alternatives,
e Setting of criteria and sub-criteria if required
e Mapping the relation of criteria with the alternatives regarding the goal.

Keeping these steps in mind, this study is designed to comply with the AHP
methodology. Firstly, the objective was determined by the research question of the
study, which evaluates and prioritizes factors leading to the adoption of RAS
technology among surgeons from different disciplines. Then, a comprehensive literature
review process was executed to determine all the factors that may have an impact on
surgeons’ decision-making to adopt the RAS platform in their own practice. Since the

research context is very complicated, reviewing the literature, 310 factors that may
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affect the adoption of RAS have been observed. After a careful selection process, the
factors that have similar meanings are named in the most precise way, and they are
considered as one under the same title. In the end, we have 25 of the total factors. They
comprise 5 main criteria, 12 sub-criteria, and 8 factors. They all comprise a unique AHP
tree design, explained in detail below. An online survey in compliance with the AHP
approach was created to gather the data. The survey was designed in a careful and
logical mindset that emphasizes the surgeons’ eye and orders the questions regarding
this. To analyze data R software’s R studio was utilized to run the ahpsurvey package
developed by Frankiecho (Frankiecho 2018). Since there were some missing values in
the responses, they were completed using the imputation. Obtaining the results after the
former parts are completed, the interpretation part of the findings comes. The last part

of the study design entails the conclusions and recommendations for future studies.

3.4. Construction of A Unique AHP Tree

To construct the hierarchy of our research question, we deeply considered all
factors that may impact RAS adoption. Brainstorming sessions helped us decide on the
final version of the hierarchy, as Saaty (Saaty 1980) advised. The main contribution of
this study to the literature is the taxonomy of all these factors and the development of an
AHP tree for the study. All criteria were arranged in a unique form of sequence (Saaty,
1980). The AHP tree was created in a way that simplifies this complicated problem as
much as it could be. To do this, reducing the criteria was a fundamental process. At the
end of this, 5 main criteria and clusters named, Operation Safety and Success, Patient
Well-Being and Welfare, Ease of Use, Ease of Initial Adoption and Economics. First
Sub-Criteria entails 12 elements, which are Ease of Installation, Training Requirements,
Enhanced Surgeon Ergonomics and Dexterity, Tactile / Haptic Feedback, Operation
Duration, Intraoperative Complication Rates, Postoperative Complication Rates, Safety
Risks During Inexperienced Use and Learning, Smaller Incisions, Shorter Hospital
Stays and Earlier Return to Human Activity, Costs, and Benefits, Hospital Quality
(Including Quality Procedures). The second Sub-Criteria includes 8 factors:
Multitasking, Tremor Abolition, Motion Scaling, Enhanced Visualization, Purchase

Costs, Operation and Maintenance Costs, Attract New Patients and Attract Better

39



Surgeons. Each criterion cluster and the logical background behind them were
explained in detail in the following paragraphs.

Operation Safety and Success (henceforth OSS) cluster was considered may be
the highest priority for a surgeon’s decision-making process. Thus, it was placed at the
top of the tree while being the first pairwise comparison part of the survey. OSS
criterion combines the sub-criteria: Intraoperative (henceforth ICR), Postoperative
Complications (henceforth PCR) and Safety Risks During Inexperienced Use and
Learning (henceforth RDL). It deals with factors that lead to higher success and reduced
operation risk, leading to successful completion of the surgery. RAS is found to reduce
ICR and PCR (Abdollah et al. 2017; Aggarwal et al. 2018; Diana and Marescaux 2015;
Fletcher et al. 2018; Kim et al. 2013; Lim et al. 2011; Mohammadzadeh and Safdari
2014; Sheetz et al. 2020; Sheth et al. 2018; Siaulys et al. 2021; Sivarajan et al. 2015;
Thompson et al. 2014 and Williams et al. 2014) though may present additional risks
during Inexperienced Use and Learning. RAS platforms offer Enhanced Surgeon
Ergonomics and Dexterity (henceforth SED). Multitasking, Tremor Abolition, Motion
Scaling, and Enhanced Visualization are the factors that contribute to Surgeon
Ergonomics and Dexterity. Since surgeon ergonomics and dexterity positively reduce
operation complications, both intraoperative and postoperative complications rates
include surgeon ergonomics and dexterity. RAS is claimed to reduce both intraoperative
and postoperative complication rates. Hence, Smaller Incisions, Tactile / Haptic
Feedback, and Surgeon Ergonomics and Dexterity are the factors considered related to
fewer complications.

In compliance with this logic, Patient Well-Being and Welfare (henceforth PW)
group was located as the second. PW was defined as all factors that improve the well-
being of the patient, other than factors that directly relate to OSS. The main factors that
contribute to PW are: Smaller Incisions, Shorter Hospital Stays and Earlier Return to
Human Activity, and Operation Duration.

Ease of Use (henceforth EOU) is the third cluster. EOU criterion refers to
factors that make the platform more straightforward to use. Current RAS platforms are
known to enhance Surgeon Ergonomics and Dexterity and reduce Operation Duration
with higher surgical volume (Abdollah et al. 2017; Kim et al. 2009; and Lim et al.

2011). However, the absence of Tactile / Haptic Feedback is noted as a significant
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drawback. Therefore, EOU consists of the factors that are named Surgeon Ergonomics
and Dexterity, Operation Duration, and Tactile / Haptic Feedback.

For Ease of Initial Adoption (henceforth EIA), the factors facilitating or
inhibiting the accessibility of the RAS platform for the hospitals are considered: Ease of
Installation and Training Requirements. This group comes fourth.

All factors related to monetary costs and benefits for the surgeon, or the hospital
are handled under the name of Economics (henceforth ECON) as the fifth criteria
cluster of the study. Initial Costs (Initial Purchase Cost) and Operation Costs are
considered separately, under a sub-criterion of Costs, as well as Benefits (Including
Quality Procedures). Potential benefits of RAS platforms include Attracting New
Patients, and Attracting Better Surgeons, for the hospital or practice.

The reason for having the same sub-criterion and factors for two separate criteria
may be explained by the fact that they both cover similar and close criteria. The exact
cause is valid for the sub-criteria: Intraoperative and Postoperative Complication Rates.
For these both, we considered combining them and taking them as just complications
but, reviewing the literature, it was recognized that they were handled separately. That’s
why, in this study, there are two different factors namely Intraoperative Complication
Rates and Postoperative Complication Rates.

Other factors that are focused on technology adoption with a broader perspective
are left out of the study. These are peer-effects, and leadership effects. Additionally,
these are factors that are studied by previous literature on RAS adoption (Makarov et al.
2011; Lenihan 2017) as well as in technology adoption at large and are understood as
critical technology adoption factors in general. We leave them outside our investigation
to focus on factors specifically important for the RAS adoption decisions of surgeons

and hospitals.

3.4.1. Adoption Factors and Criteria

We collect all 20 critical adoption factors to be evaluated under five main
criteria with an AHP tree consisting of at most three levels: (i) Ease of Initial Adoption
(EIA), (ii) Ease of use (EOU), (iii) Patient Well-being/Welfare (PW), (iv) Operation
Success and Safety (OSS), and (v) Economics (ECON). The decision tree with the sub-
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branches and factors is shown in Figure 1. A description and further details for each

factor are given in Table 4.

Table 4: RAS Adoption Decision Criteria and Factors

Category or Factor
Name

Description and Short Discussion

Operation Success
and Safety

Level 1 Criteria

{Factors: Lower Intraoperative Complication Rates, Lower
Postoperative Complication Rates, Higher Safety Risk During
Inexperienced Use and Learning}

Lower Intraoperative
Complication Rates \
F with Subfactors

Many studies show that patients who have an operation with
RAS have lower Intraoperative Complication Rates (Aggarwal
et al. 2018; Bauman et al. 2016; Barocas et al. 2010; Fletcher et
al. 2018; Ghezzi and Corleta 2016; Kim et al. 2009; Lim et al.
2011; Lim and Kang 2017; Mendivil et al. 2009;
Mohammadzadeh and Safdari 2014; Sivarajan et al. 2015;
Thompson et al. 2014; Williams et al. 2014).

Lower Postoperative
Complication Rates
\F with Subfactors

Many studies show that patients who have an operation with
RAS have lower Postoperative Complication Rates as well
(Abdollah et al. 2017; Diana and Marescaux 2015; Fletcher et
al. 2018; Garber et al. 2014; Jacobs et al. 2013 Kim et al. 2013;
Mohammadzadeh and Safdari 2014; Sheetz et al. 2020; Sheth et
al. 2018; Siaulys et al. 2021; Williams et al. 2014 BenMessaoud
et al. 2011; Lenvay et al. 2013; Sivarajan et al. 2015; Lim et al.
2011; Kim et al. 2009; Mendivil et al. 2009; Kim et al. 2013;
Stewart et al. 2018; Williams et al. 2014).
Subfactors for all complications are {Enhanced Surgeon
Ergonomics and Dexterity (see below as its own branch with
subfactors), Smaller Incisions and related factors, Absence of
tactile / haptic feedback}, all explained above.

Higher Safety Risks
During
Inexperienced Use &
Learning \F

In many studies these risks are explained. (Abdollah et al. 2017;
Chowdhury et al. 2007; Esen et al. 2018; Green et al. 2018; Kim
et al. 2013; Lendvay et al. 2013; Lenihan 2017; Lim et al. 2011;
Mills et al. 2017; Pernar et al. 2017; Ploussard et al. 2010;
Thompson et al. 2014; Wallenstein et al. 2012).

Patient Well-Being
and Welfare [Non-
Safety Related]

Level 1 Criterion

{Smaller Incisions & Related Factors, Shorter Hospital Stays &
Earlier Return to Regular Human Activities, Operation
Duration}

(cont. on the next page)
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Table 4 (cont.)

Category or Factor Name

Description and Short Discussion

Smaller Incisions &
Related Factors \F

Reduction in surgical trauma and incision-related
complications, suturing advantages. Reduced
postoperative pain, lower incidence of wound infections,
shorter recovery time, less blood loss compared to open
surgeries, fewer readmission rates, aesthetic concerns, and
less complication rate during the operation and after the
operation. Many studies show that patients who have an
operation with RAS have the advantage of smaller
incisions and its related positive effects during the
perioperative and postoperative time (BenMessaoud et al.
2011; Jacobs et al. 2013; Sheth et al. 2018;
Mohammadzadeh and Safdari 2014; Stewart et al. 2018).
There are also some studies that draw attention to the
possibility of a higher risk for genitourinary
complications and salvage therapy for men undergoing
robotic prostatectomy (Jacobs et al. 2013).

Shorter Hospital Stays &
Earlier Return to Regular
Human Activities \F

Many studies show that patients who have an operation
with RAS may stay at the hospital for a shorter period and
return to regular human activities earlier (Abdollah et al.
2017; BenMessaoud et al. 2011; Esen et al. 2018; Kim et
al. 2009; Lendvay et al. 2013; Lim et al. 2011; Mendivil
et al. 2009; Mohammadzadeh and Safdari 2014; Nasser et
al. 2020; Ng et al. 2010; Sivarajan et al. 2015; Mendivil et
al. 2009; Mohammadzadeh and Safdari 2014; Ng et al.
2010; Pruthi et al. 2010; Stewart et al. 2018; Nasser et al.
2020).

Operation Duration \F

While some studies show that robotic-assisted surgery
operation duration is 27 minutes shorter compared to the
others (Sheth et al. 2018), some of them show that it may
be longer because of lacking haptic feedback (Abdollah et
al., 2017). In addition, some studies state that surgeons
get more experience, and the operation duration gets
shorter (Abdollah et al., 2017). (Abdollah et al. 2017;
Aradaib et al. 2018; BenMessaoud et al. 2011; Esen et al.
2018; Kim et al. 2009; Lim et al. 2011; Nasser et al. 2020;
Sheth et al. 2018; Siaulys et al. 2021).

Ease of Initial Adoption
(EIA)

Level 1 Criterion
Main Factors are {Ease of Installation, Training
Requirements}.

(cont. on the next page)
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Table 4 (cont.)

Category or
Factor Name

Description and Short Discussion

Ease of
Installation \F

Robotic platforms are complex devices and require a large number of
instruments to be installed. Some studies show that this is a barrier or
disadvantage to the adaptation of RAS by surgeons and nurses.
(Abdollah et al. 2017; BenMessaoud et al. 2011; Diana and
Marescaux 2015; Vichitkraivin et al. 2020).

Training
Requirements
\F

These include training for all the procedures and operating practices
that the surgeon and operating room staff need to perform the
operation. It is extra training that specifically focuses on how to use
the robotic surgery platform during the operation. Many studies show
that it costs additional time and money, for the surgeons and
operating room nurses, and this may be a barrier to adaptation
(Abdollah et al. 2017; Aradaib et al. 2018; BenMessaoud et al. 2011;
Diana and Marescaux 2015; Krishnan et al. 2018; Langhan et al.
2014; Lenihan 2017; Lendvay et al. 2013; Lenihan 2017; Lendvay et
al. 2013; Mandapathil and Meyer 2021; Moriarty et al. 2016;
Ploussard et al. 2010; Thompson et al. 2014; Vichitkraivin et al.
2020)

Ease of Use
(EOUV)

Level 1 Criterion
Factors are {Tactile/Haptic feedback, Operation Duration, Enhanced
Surgeon Ergonomics and Dexterity}

Tactile / Haptic

Haptic or tactile feedback relates to or involves the sense of touch.
Many studies show that the absence of tactile/haptic feedback is a
barrier or disadvantage to the adaptation of RAS by surgeons

Feedback \F (BenMessaoud et al. 2011; Bogue 2021; Ghezzi and Corleta 2016;
Lendvay et al. 2013; Mohammadzadeh and Safdari 2014; Williams et
al. 2014).

Operation

Duration\F (Above)

(cont. on the next page)
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Table 4 (cont.)

Category or Description and Short Discussion

Factor Name

Enhanced

Surgeon . Subfactors are {Multitasking, Tremor Abolition, Motion Scaling,

Ergonomics and Enhanced Visualization}

Dexterity \F with

Subfactors
This technology enables surgeons to perform more than one
process simultaneously. Many studies show that this is an
important factor in the decision to adopt robotic-assisted surgery

Multitasking \F by increasing the accuracy of the operation (BenMessaoud et al.

2011; Fanfani et al. 2015; Lendvay et al. 2013; Mohammadzadeh
and Safdari 2014; Nasser et al. 2020; Pernar et al. 2017; Siaulys et
al. 2021; Stewart et al. 2018; Williams et al. 2014).

Tremor Abolition
\F

Many studies show that this is an important factor in the decision
to adopt robotic-assisted surgery by eliminating the hand tremor
of the surgeon during the operation. Studies state that it enhances
the surgeons’ dexterity and facilitates complex procedures
(BenMessaoud et al. 2011; Ghezzi and Corleta 2016; Nasser et al.
2020; Mohammadzadeh and Safdari 2014).

Motion Scaling \F

Motion Scaling, in robotic surgery, is the conversion of the
surgeon’s large hand movements into smaller movements of the
surgical instrument in the operative field. (medical-
dictionary.thefreedictionary.com) Many studies show that this is
an important factor in the decision to adopt robotic-assisted
surgery by enhancing the surgeons’ dexterity and facilitating
complex procedures (BenMessaoud et al. 2011; Ghezzi and
Corleta 2016; Mohammadzadeh and Safdari 2014; Nasser et al.
2020).

Enhanced
Visualization \F

Many studies show that this is an important factor in the users’
(surgeons’) decision to adopt robotic-assisted surgery by
attracting them to many enhanced functions including high-
quality 3D vision, enhanced depth of vision, stable and magnified
image, and remote 3-dimensional vision with an eye-tracking
camera control system. (BenMessaoud et al. 2011; Diana and
Marescaux 2015; Fanfani et al. 2015; Mohammadzadeh and
Safdari 2014; Nasser et al. 2020)

(cont. on the next page)
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Table 4 (cont.)

Category or
Factor Name

Description and Short Discussion

Level 1 Criterion

Economics {Costs, Benefits and Hospital Quality Procedures}
It is an umbrella term that states how expensive robotic surgery
technology/platform is — purchasing cost, maintenance fee per
Costs year, and instruments that have limited use, and almost no

incentives for hospitals and surgeons. Many studies show that
RAS is more expensive compared to traditional laparoscopy and
open surgery.

\F with Subfactors

(Abdollah et al. 2017; Alanazi and Daim 2021; Barbash and Glied
2010; Barbash et al. 2014; Bogue 2021; Diana and Marescaux
2015; Esen et al. 2018; Fanfani et al. 2015; Garber et al. 2014;
Ghezzi and Corleta 2016; Goh and Teo 2020; Hohwii et al. 2009;
Jacobs et al. 2013; Lendvay et al. 2013; Lenihan 2017; Lim et al.
2011; Makarov et al. 2010; Mandapathil and Meyer 2021, Martino
et al. 2011; Mohammadzadeh and Safdari 2014; Mouraviev et al.
2007; Nasser et al. 2020; Scales et al. 2005; Sheth et al., 2018;
Siaulys et al. 2021; Sivarajan et al. 2015; Stewart et al. 2018; ;
Williams et al. 2014). On the other hand, some studies state that
robotic-assisted surgery has lower costs (Abdollah et al. 2017).
Some studies state that higher costs of robotic-assisted surgery
procedures may tend to decrease by entering the new producers of
robotic platforms into the market (Diana and Marescaux et al.
2015).

Purchase Cost \F

The initial cost of the RAS platform. (Jacobs et al. 2013; Stewart
et al. 2018; Turchetti et al. 2011)

Operation and
Maintenance Costs,
Including Materials
\F

As named. (Barbash and Glied 2010; Bolenz et al. 2010; Bolenz et
al. 2014; Higgins et al. 2016; Jacobs et al. 2013; Stewart et al. 201;
Turchetti et al. 2011; Williams et al. 2014)

(cont. on the next page)

46




Table 4 (cont.)

Category or
Factor Name

Description and Short Discussion

Benefits &
Hospital Quality
Procedures \F
with Subfactors

The infrastructure and the surgeons’ dexterity of the hospitals.
Some studies show that the area, including the hospitals in
competition that acquired robotic surgery platforms are more likely
to attract new patients through their technology. In addition,
studies state that larger hospitals, teaching hospitals, and hospitals
are chosen by patients who have private insurance coverage, and
hospitals with more surgical specialists are more likely to acquire
robotic surgery technology/platform (Aggarwal et al. 2017,
Barbash et al. 2014; Jacobs et al. 2013; Williams et al. 2014).

RAS Helps
Attract New
Patients \F

Some studies show that the shorter recovery time, less
complication rate during the operation and after it, small incisions,
less blood loss compared to open surgeries, fewer readmission
rates, aesthetic concerns, reduced postoperative pain, lower
incidence of wound infections, etc. are the determinants to attract
new patients (BenMessaoud et al. 2011). Some studies show that
the areas, including the hospitals in competition that acquired
robotic surgery platforms are more likely to attract new patients
through their technology. In addition, studies state that larger
hospitals, teaching hospitals, and hospitals are chosen by patients
who have private insurance coverage, and hospitals with more
surgical specialists are more likely to acquire robotic surgery
technology/platform (Aggarwal et al. 2017; Barbash et al. 2014;
Jacobs et al. 2013; Stitzenberg et al. 2011; Makarov et al. 2011;
Williams et al. 2014).

RAS Helps
Attract Better
Surgeons \F

Many studies show that RAS platforms have many features to help
to improve surgeons’ dexterity and ergonomics during the
operation. (BenMessaoud et al. 2011; Fanfani et al. 2015; Jacobs et
al. 2013; Siaulys et al. 2021)

(cont. on the next page)
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Table 4 (cont.)

Category or
Factor Name

Description and Short Discussion

Factors that
are left out of
the study

Some adoption factors that are of interest to the larger literature on
technology adoption are left out, such as having colleagues or
competitors who have adopted RAS (peer effects) or having a
supporting managerial environment (leadership effects). These are
factors that are studied by previous literature on RAS adoption
(Makarov et al. 2011; Lenihan 2017) as well as in technology adoption
at large and are understood as critical technology adoption factors in
general. We leave them outside our investigation to focus on factors
specifically important for the RAS adoption decisions of surgeons and
hospitals.
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Figure 1: Robotic-Assisted Surgery Adoption AHP Tree

3.4.1.2. Adoption Criteria, Sub-Criteria, and Factors of Robotic-
Assisted Surgery

A comprehensive literature review investigates the factors influencing surgeons'

adoption of robotic-assisted surgery. After examining all the factors, a careful taxonomy
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was developed based on the Analytical Hierarchical Process (AHP). Finally, a unique
AHP Tree for this study was created. The impacts of these factors in the existing

literature are discussed to understand each classification better.

3.4.1.2.1. Ease of Initial Adoption

The AHP branch of Ease of Initial Adoption involves Ease of Installation and
Training Requirements. As explained above, both factors have primarily adverse effects
on the adoption process of RAS by surgeons and operation room staff. The reason for
creating this branch is a standard part of these factors, which provide the required
infrastructure to start and perform an RAS operation.

3.4.1.2.2. Ease of Use

The Ease of Use cluster consists of three sub-criteria named Enhanced Surgeon
Ergonomics and Dexterity, Tactile/Haptic feedback, Operation Duration, and the factors
that affect Enhanced Surgeon Ergonomics and Dexterity, which are Multitasking,
Tremor Abolition, Motion Scaling, and Enhanced Visualization. In this study, the name
Ease of Use is the preferred use for one of the main criteria of our study’s AHP
hierarchy; it has a name resemblance but is not related to the context of the study by
Davis (Davis 1989).

3.4.1.2.3. Operation Safety and Success

This branch of our AHP tree entails three layers. The first one includes
Intraoperative Complication Rates, Postoperative Complication Rates, and Safety Risks
During Learning. The second consists of Surgeon Ergonomics and Dexterity, Smaller
Incisions, and Tactile/Haptic Feedback. The third comprises Multitasking, Tremor
Abolition, Motion Scaling, and Enhanced Visualization. These are all grouped under the
name of Operation Safety and Success because, with all these factors, the objective is to

provide a more accurate operation.
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3.4.1.2.4. Patient Welfare

Patient welfare is vital, and some factors have an impact on this issue. In this
study, Smaller Incisions, Hospital Time and Return to Regular Life, and Operation

Time are considered as related to patient welfare and grouped under that name.

3.4.1.2.5. Economics

Considering RAS adoption by surgeons and operating room staff, economics is a
topic to handle carefully. We separate the economics branch into two sub-branches:
Costs and Benefits and Hospital Quality. Costs group includes Purchase Costs and
Attract New Patients and Attract Better Surgeons.

3.5. Survey Design

Survey Monkey online survey platform was chosen to create a questionnaire to
gather data for our study. We decided to design the pairwise comparison questions in
Matrix of Dropdown Menu format. To gather data, an online survey was created in two
languages, Turkish and English. The order of all information and questions is the same
in both languages. Since there are two language options, two separate web links for
each survey have been created. The design of the survey depends on a logical
foundation. It starts with a general and brief explanation of the research aim and
methodology. Our questionnaire includes forty-five questions in total. 35 out of 45
questions ask respondents to make pairwise comparisons. Firstly, we ask about the
surgeons' age intervals. Then, it continues with an open-ended question asking about the
specializations of physicians. In the third question, we would like to learn which
procedures the surgeon applies in his/her surgical practice. The fourth question is to
understand the surgeons’ practicing intention in considering RAS. The reason for asking
for the title of surgeon is to understand their competence. Right after this question, we
are trying to understand surgeons’ managerial competence with the sixth question.
Questioning the workplace also provides important information for our research, so the
seventh question concerns this. Question eight asks for information related to where

51



they live. 9th and 10th questions attempt to receive surgeons’ email addresses and ask
permission to contact them for further inquiries.

Pairwise comparisons of the survey start with the 11th question regarding
Operation Safety and Success. The reason for starting the survey by considering this
criterion is that it is vital to lead to the successful completion of the surgery by lowering
intraoperative and postoperative complication rates after the learning curve has passed,
and paying great attention to safety risks during learning refers to time learning curve
not passed yet. Intraoperative and postoperative complications groups have the same
factors because of the nature of the operation. These factors may affect these criterion
results. To keep the survey as lean as possible and to prepare it in the most compact way
for helping to take the surgeons’ time as little as possible, we avoid creating the same
questions for the same branches and groups of the AHP Tree of our research. A good
example of this is the Surgeon Ergonomics and Dexterity group. The Surgeon
Ergonomics and Dexterity group includes Multitasking, Tremor Abolition, Motion
Scaling, and Enhanced Visualization. All factors facilitate the surgeons’ operational
skills and allow them to work more efficiently, providing more comfortable working
conditions. The components of both Intraoperative and Postoperative Complication
Rates are Surgeon Ergonomics and Dexterity, Smaller Incisions, and Tactile/Haptic
Feedback. All these factors have some impact on the complications of the operations, as
mentioned in the literature. While Surgeon Ergonomics and Dexterity and Smaller
Incisions allow to lower the complication processes, lack of Tactile/Haptic Feedback is
an obstacle to feeling resistance during operation. In total, fifteen pairwise questions are
prepared to learn from surgeons' experience considering this criterion. The section
includes three sub-criteria: Intraoperative Complication Rates, Postoperative
Complication Rates, and Safety Risks During Learning. These sub-criteria consist of the
first three pairwise comparison questions of the survey. Then, a four-question pairwise
comparison helps us understand which factors — multitasking, tremor abolition, motion
scaling, and enhanced visualization — prioritize surgeon ergonomics and dexterity the
most. After that, for both Intraoperative and Postoperative Complication Rates, pairwise
comparison questions were created separately to evaluate Surgeon Ergonomics and
Dexterity, Smaller Incisions, and Tactile/Haptic Feedback priorities for surgeons in

these two separate time processes.
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After completing all questions regarding the Operation Safety and Success
criterion, the second one in our survey is Patient Well-Being and Welfare. This category
is defined as all factors that improve the well-being of the patient. Since there is a
separate category for Operation Safety and Success, here it is preferred to avoid
focusing on the factors that directly relate to Operation Safety and Success. For these
reasons, the Patient Well-Being and Welfare group consists of Smaller Incisions,
Hospital Time and Return to Regular Life/Shorter Hospital Stays, and Operation
Duration. Three pairwise questions are created to ask the physicians regarding this
criterion.

The third criterion is called Ease of Use. This category refers to factors that
make the platform more straightforward to use. It comprises Surgeon Ergonomics and
Dexterity, Operation Duration, and Tactile/Haptic Feedback. Current RAS platforms are
known to enhance Surgeon Ergonomics and Dexterity and reduce Operation Duration.
However, the absence of Tactile/Haptic Feedback is noted as a significant drawback.
Surgeons find three pairwise questions to be answered in this section.

Criterion four is Ease of Initial Adoption, which refers to factors facilitating or
inhibiting the accessibility of the RAS platform for the hospital. Two factors for this
category are considered: Ease of Installation and Training Requirements. This criterion
includes one pairwise question to be asked to participants.

Economics is the fifth and last criterion of the survey. This criterion describes all
factors related to monetary costs and benefits for the surgeon or the hospital. We
consider Initial Purchase Costs and Operation Costs separately, as well as Benefits
(Including Quality Procedures). Potential benefits of the RAS platform include
Attracting New Patients and Attracting Better Surgeons for the hospital or practice.
Under this criterion, three pairwise comparison questions were asked of participants.
Additionally, the survey design allows the participants to skip this section if they are
unfamiliar with Economic considerations such as a hospital’s unit making the purchase
decision.

The last pairwise comparison questions comprised the main criteria for the
adoption decision of RAS. The surgeons’ decisions to adopt a RAS platform and the
relative importance of each of the five main criteria were asked of the physicians in this

part of the survey, including ten questions in total. These five main criteria are
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Operational Safety and Success, Patient Well-Being and Welfare, Ease of Use, Ease of
Initial Adoption, and Economics.
Then, as the last part of the survey, we thank the surgeons who contributed to

our study. The survey is given in Appendix A in Turkish and English.

3.6. Data Collection

Data are gathered via an online questionnaire tailored to the hierarchical
structure of the criteria and underlying factors to be examined for RAS. In this study,
we present the results of the data we obtained until the 15th of February 2024. We plan
to keep the survey open till the end of March/April 2024 for further paper research.
AHP does not require (though definitely benefits from) a great number of survey
responses to generate meaningful results since the process is not statistical but is based
on the quantification of individual (expert) priorities.

On the 20th of January 2024, we started to conduct the survey. Since that day, to
all the robotic surgeons in  Turkey, whose names are found on
https://www.davincicerrahisi.com/robotik-cerrahi-yapan-hastaneler/ this link on the
22nd of May 2022, at 14:02 in the GMT+3 time zone, the survey links sent by email to
154 surgeons out of 196. 42 surgeons’ information out of 196 could not be found on the
internet, and unfortunately, for this reason, we could not send the web links of our
survey to them. Some social media platforms were also used to reach the surgeons.
These platforms are Instagram and LinkedIn. While 14 surgeons out of 154 were sent a
message on Instagram, 4 physicians out of 154 were reached by LinkedIn. Both
language versions’ web links of the survey were shared with some specialization
associations such as Tiirk Uroloji Dernegi, Jinekolojik Cerrahi Dernegi, Tiirk Cerrahi
Dernegi, Robotik Ortopedi Cerrahi Dernegi via sending email to its chairman, Transoral
Robotik Cerrahi Dernegi by sending email to its founding chairman, Tirkiye
Endoskopik ve Laparoskopik Cerrahi Dernegi through sending email to its chairman.
Additionally, we have used our private and individual connections to undertake a pilot
study that tested the survey as well as checked the appropriateness of the AHP tree and
classification, and to obtain survey responses. We have added a professional surgeon
working in the field of General Surgery in Turkey, who helped distribute the survey

within Turkish and international Surgeon communities.
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While analyzing the first received data, some missing values were recognized.
Then, both survey links were sent to the physicians who had already attempted to
complete the survey and shared their email addresses, allowing them to contact them for
further information to avoid missing values. This process was executed two times in a
row.

After all that endeavor, 74 surgeons participated in the survey in total. 59
surgeons preferred the Turkish version of the survey while 15 surgeons took it in
English. 41 responses had useful data to be analyzed. 33 out of 41 were Turkish version
of the survey and the rest of 8 were English. Among them 15 surveys were responded to
completely. 14 out of 15 were chosen in Turkish but only 1 was in English.

The details of the survey participants’ demography are shown in Table 5.

Table 5: Demographic Information of the Surgeons.

Administrative

Surgeon ID  Age  Specialty Procedure Title Duties Working Place
1 45-54 Bariatric Laparoscopy Professor None Runs own _surglcal
Surgery practice
Brain and . .
2 55-64 Nerve  Open Surgery Atten_d!ng None Works for_a ho_sp|ta| and
Physician university
Surgery
Cardiac  ©OPen Surgery Director of the _
3 55-64 surger Professor Surgical Works for a hospital
gery RAS Department
Cardi Open Surgery Attendi
4 25-34 ardiac ) aparoscopy Attending None Works for a university
Surgery Physician
RAS
i Open Surge ;
5 45-54 Cardiac P e Professor ~ Vice-Dean Works for a hospital and
Surgery RAS university
Open Surge i
6 25-34 Colorectal P gery Atten_d!ng None Works for a hospital
Surgery  Laparoscopy Physician
Open Surge ;
7 35-44 COlorectal P oey Professor ~ Colleague Runs own surgical
Surgery  Laparoscopy practice
Colorectal Open Surgery Director of the
8 45-54 Suraer Laparoscopy Professor Surgical Works for a hospital
gery RAS Department

(cont. on the next page)
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Table 5 (cont.)

Surgeon

Administrative

ID Age Specialty Procedure Title Duties Working Place
Open Surger i
9 45-54  Endourology p gery Atten_d!ng None Works'fora
Laparoscopy ~Physician hospital
i i Open Surger i
10 55.64 Gastrointestinal OpP gery  Associate None Wo_rks fc_)ra
Surgery Laparoscopy ~ Professor university
General Open Surgery Director of the Works for a
11 45-54 Laparoscopy  Professor Surgical . ;
Surgery D tment university
RAS epartmen
Chief Executive
Officer / Chief
Open Surgery . Physician for
12 35-44 Sjrne;fl Laparoscopy ':‘fj?e(::ctﬁ the Hospital ngirb;é?tr a
gery RAS Director of the y
Surgical
Department
. Director of the Works for a
13 35-44 Sjpeerfl (I)_gegritsjtr:gery ':‘fj?e(:::ﬁ Surgical hospital and
gery P Py Department university
Open Surgery
General Associate Works for a
14 35-44 Surgery Laparoscopy Professor None hospital
RAS
Open Surger i
15 45-54 General p gery Atten_d!ng None Works_fora
Surgery Laparoscopy ~Physician hospital
Open Surgery
General Attending Works for a
16 35-44 Surgery Laparoscopy Physician None hospital
RAS
Open Surgery
General Associate Works for a
17 35-44 Surgery Laparoscopy Professor None university
RAS
Open Surger i
18 35.44 General p gery Atten_d!ng None Works_fora
Surgery Laparoscopy ~Physician hospital

(cont. on the next
page)
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Table 5 (cont.)

Surgeon

Administrative

D Age Specialty Procedure Title Duties Working Place
19 35-44 General Open Surgery  Assistant Deputy of Liver Works for a
Surgery Laparoscopy ~ Professor  Transplantation university
Open Surgery
65- General Works for a
20 plus Surgery Laparoscopy  Professor None hospital
RAS
General Open Surgery . .
21 45-54 Surgery Atteqd!ng None Runs own _surglcal
Gynecology Laparoscopy ~ Physician practice
Gynecologic  Laparoscopy Associate Director of the Works for a
22 45-54  Laparoscopic Professor Surgical hospital and
Surgery RAS Department university
_~ Open Surgery . Director of the
23 35-44 Gynecological Laparoscopy Associate Surgical Works_for a
Oncology Professor hospital
RAS Department
Open Surgery
24 35-44 Gynecological Laparoscopy Associate None Runs own surgical
Oncology Professor practice
RAS
Open Surgery
Works for a
25 45-54  Gynecology  Laparoscopy Professor None university
RAS
" o534  Maxillofacial Open Surgery  Attending None Works for a
Surgery RAS Physician hospital
Orthopedics  Open Surgery .
27 55-64 and Atten_d!ng None Works_for a
Traumatology Laparoscopy Physman hospltal
28 45-54 Orth;)rﬁ)gdlcs Open Surgery Attending None Works for a
Traumatology Laparoscopy PhySICIan hospltal
o Open Surgery )
29 45-54 Pediatric Laparoscopy Associate None Wo_rks f(_)r a
Surgery Professor university
RAS
: Open Surgery Director of the
30 55-64 Thoracic Laparoscopy  Professor Surgical Works _for a
Surgery hospital
RAS Department

(cont. on the next
page)
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Table 5 (cont.)

Surgeon

Administrative

D Age Specialty ~ Procedure Title Duties Working Place
Open
Surgery Works for a
31 45-54 Urology Laparoscopy Professor None hospital and
university
RAS
Laparoscopy Urology Runs own
32 45-54 Urology RAS Professor Director surgical practice
Open
Surgery Works for a
33 55-64 Urology Laparoscopy Professor None university
RAS
Open
Surgery Director of the Works for a
34 45-54 Urology Laparoscopy Professor Surgical hospital and
Department university
RAS
Open
Surgery Works for a
35 55-64 Urology Laparoscopy Professor None hospital and
university
RAS
Open
Surgery Head of Works for a
36 45-54 Urology Laparoscopy Professor Urology hospital
Department
RAS
Oper Attendi Works f
i Suraer ending orks for a
37 35-44 Urology gery Physician None hospital
Laparoscopy
Open Associat R
i Suraer ssociate uns own
38 55-64 Urology gery Professor None surgical practice
Laparoscopy
Open
Surgery Runs own
39 45-54 Urology Laparoscopy Professor None surgical practice
RAS
Open Works for a
Sur%ery hospital and
40 35-44  Urology Professor None university
Laparosco Runs own
P Py surgical practice
Open
Surgery Attendin
g Works for a
41 2534 Urology | aparoscopy  Pphysician None hospital

RAS

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.



3.7. Data Analysis

We use an R package named the ahpsurvey developed by Frankiecho
(Frankiecho 2018) to analyze our sample data from an online survey. This package
provides a convenient working process that is adequately established for the AHP
methodology. It was run on RStudio, which is an integrated development environment.

The ahpsurvey package has an appropriate infrastructure to run all the functions
needed to execute an AHP method. It is also capable of working with a relatively big
sample size. Including necessary codes to create an aggregated group decision matrix
depends on the individual’s preferences. In addition to all these properties, this package
enables us to figure out the most inconsistent pairs that are the root cause of a decision-
maker’s confusion.

The first step of our data analysis is to create a pairwise comparison matrix for
each respondent regarding their responses. Then, to obtain each individual’s priority
vectors, the eigenmethod was applied. After that, the consistency ratio was calculated
for each decision-making matrix. Executing this process, a small number of missing
values recognized in 26 responses were completed by imputations (Harker 1987).

The aggregated pairwise comparison matrices were produced to obtain the
aggregated priority matrices and consistency ratios of the individuals who are consistent
in their decisions, all decision-makers regardless of consistency situation, and the
consistent surgeons from a particular discipline. The all aggregations result calculated
by the geometric mean method. Then, we examined all results carefully and interpreted
them.

3.8. Results

We now turn to the analysis of our survey responses. We use survey responses
to construct decision matrices for all 11 branches of the AHP tree for all surgeons in our
sample. We first obtain consistency ratios for all matrices larger than dimension 2x2,
then obtain priority weights and interpret them individually, with respect to specific
surgical disciplines, as well as the totality of all responses. Then, we conclude our

analysis with aggregated priority vectors results and its interpretation for urology. The
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last part of the analysis of the survey responses examines the relation between the
discipline-based aggregated priority vectors and the total aggregated priority vectors of
all responses.

Before diving into the analysis recalling the relevant literature may help to
develop an infrastructure to our interpretation. According to Saaty (Saaty 1980),
inconsistency may exist if there are alternatives that are not easily differentiated from
each other. Brunelli (Brunelli 2015) also states that consistent situations are rare due to
the dynamics of real life and that there are various sudden and unexpected
circumstances to deal with immediately. From another point of view, it is possible that
survey respondents found AHP complicated and hard to understand its working
mechanism (Cho and Kim 2003). Having many alternatives for this kind of problem
makes the evaluation process dull and much harder (Cho and Kim 2003).

Saaty (Saaty 1980) emphasized that in reality, it is hard to obtain complete
consistency although there are factors that may be compared easily between each other.
Measuring their impact on the objective is the main issue that requires handling
carefully (Saaty 1980). Saaty (Saaty 1980) accepted that the decisions made by
individuals are frequently inconsistent, however, the main thing to be executed here is
that the values of priorities must be determined, and the requirements fulfilled in spite
of the inconsistency. Inconsistency causes a break in the fundamentals of
proportionality, and it might also affect transitivity negatively (Saaty 1980).

In this study, we use the geometric mean method found by Aull-Hyde et al.
(Aull-Hyde et al. 2006). The working principle of that method is that when the
geometric mean method is used to aggregate the individuals’ judgements, the group
judgement can be taken as a separate person’s decision considering the whole group as
one person (Aull-Hyde et al. 2006). In that case, the group decision result could be
consistent, even if the individuals’ comparison results are inconsistent (Aull-Hyde et al.
2006). The study emphasized two mains, which are pairwise comparison matrices
dimension and group extension, parameters that may affect this situation (Aull-Hyde et
al. 2006). The study shows these are inversely related (Aull-Hyde et al. 2006). The
working principle of the geometric mean method, having low sensitivity to great
degrees compared to arithmetic mean, is the root cause (Aull-Hyde et al. 2006).

We note that many responses were indeed inconsistent. Therefore, we begin

with an analysis of consistency and inconsistency in our responses.
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3.8.1. Analysis of Consistency and Inconsistency

Considering all comparison matrices in the context of this study, each of them,
except (2x2) matrices, needed to be examined at their consistency ratio results. The
following figures show the result of each comparison matrices’ consistency ratio
compliance for all observations according to their original consistency ratio calculations
in compliance with the original consistency ratio (CR < 0.10). The following table

shows the definitions of the matrices and factor keys used in the figures.

Table 6: Matrices and Factors Keys Definitions.

Matrix' Keys Factor' Names Factor' Keys
0SS Operation Safety and Success 0SS

0SS Intraoperative Complication Rates ICR

0SS Postoperative Complication Rates PCR

0SS Safety Risks During Learning RDL

SED Surgeon Ergonomics and Dexterity SED

SED Multitasking MLT

SED Tremor Abolition TR

SED Motion Scaling MS

SED Enhanced Visualization EV

ICR Intraoperative Complication Rates SI_ICR
ICR Tactile/Haptic Feedback T/HF_ICR
ICR Surgeon Ergonomics and Dexterity SED_ICR
PCR Smaller Incisions SI_PCR
PCR Tactile/Haptic Feedback T/HF_PCR
PCR Surgeon Ergonomics and Dexterity SED_PCR
PW Smaller Incisions SI_PW
PW Shorter Hospital Stays SHS

PW Operation Duration OD_PW
EQOU Tactile/Haptic Feedback T/HF_EOU
EQOU Operation Duration OD_EOQOU
EOU Surgeon Ergonomics and Dexterity SED_EOU

(cont. on the next page)
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Table 6 (cont)

Matrix' Keys Factor' Names Factor' Keys
EIA Ease Of Installation EOI
EIA Training Requirements TR
ECON_B Attract New Patients ANP
ECON_B Attract Better Surgeons ABS
ECON_C Initial Purchase Cost PC
ECON_C Operation and Maintenance Cost oMC
ECON Costs Cost
ECON Benefits for the Hospital/Practice Benefit
MAIN Economic Considerations/Economics ECON
MAIN Ease of Initial Adoption EIA
MAIN Ease of Use EOU
MAIN Patient Well-Being PW
MAIN Operational Safety and Success 0SS

3.8.1.1. Consistency of Operation Safety and Success (OSS) Matrices

OSS Matrices (CR <0,10)

= Consistent = Inconsistent

Figure 2: Operation Safety and Success (OSS) Matrices Consistency Ratio Results for
All Observations

Operation Safety and Success (OSS) Matrices (CR < 0.10) Figure 2 shows that
39% of all surgeons who completed the Operation Safety and Success (OSS) matrices

made consistent decisions. The rest’s decisions were inconsistent. In total, 36 surgeons
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have completed the Operation Safety and Success (OSS) matrices. Thus, 39% equals 14
surgeons, while 61% equals 22. They compared the Intraoperative Complication Rates
(ICR), Postoperative Complication Rates (PCR), and Safety Risks During Learning

(RDL) sub-criterions of each other in pairs.

OSS MATRICES' THE MOST
INCONSISTENT PAIRS

©

—
wn o
P —
o
'_
<
>
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(@)
LL
o
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ICR VS PCR ICR VS RDL PCR VS RDL
PAIRS

Abbreviations: OSS: Operation Safety and Success, ICR: Intraoperative Complication Rates, PCR:
Postoperative Complication Rates, RDL: Risks During Learning

Figure 3: OSS Matrices Pairs Inconsistency

Figure 3 above shows the inconsistent number of observations in pairs.
Considering the Operation Safety and Success (OSS) criterion, comparing the
Intraoperative Complications Rates (ICR) and Postoperative Complication Rates (PCR)
pair is the most inconsistent with the 16 observations out of 36. According to the result,
handling separately the complications as intraoperative and postoperative seem
significant in the literature (Abdollah et al. 2017; Aggarwal et al. 2018; Diana and
Marescaux 2015; Fletcher et al. 2018; Kim et al. 2013; Lim et al. 2011;
Mohammadzadeh and Safdari 2014; Sheetz et al., 2020; Sheth et al. 2018; ; Siaulys et
al. 2021; Sivarajan et al. 2015; Thompson et al. 2014; Williams et al. 2014), however,
their differences cannot be clearly separated by the surgeons. They had difficulty
evaluating the Intraoperative Complication Rates (ICR) versus Postoperative

Complication Rates (PCR) pair. Combining the Intraoperative Complication Rates
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(ICR) and Postoperative Complication Rates (PCR) under the name of complication
rates regarding the whole procedure duration, from beginning to the end and after the

operation, may help to decide more straightforwardly.

3.8.1.2. Consistency of Surgeon Ergonomics and Dexterity (SED)

Matrices

SED Matrices (CR <0,10)

= Consistent = Inconsistent

Figure 4: Surgeon Ergonomics and Dexterity (SED) Matrices Consistency Ratio
Results for All Observations

Surgeon Ergonomics and Dexterity (SED) Matrices (CR < 0.10) Figure 4
shows that 20% of all surgeons who completed the Surgeon Ergonomics and Dexterity
(SED) matrices made consistent decisions by comparing the Multitasking (MLT),
Tremor Abolition (TA), Motion Scaling (MS), and Enhanced Visualization (EV) factors
against each other. The decisions of the rest are inconsistent with the situation of (CR <
0.10). Forty-one surgeons completed the Surgeon Ergonomics and Dexterity (SED)

matrix. Of these, 20% equals eight surgeons, and 80% equals 33 surgeons.
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SED MATRICES PAIRS INCONSISTENCY
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Abbreviations: SED: Surgeon Ergonomics and Dexterity
TA: Tremor Abolition, MS: Motion Scaling, MLT: Multitasking, EV: Enhanced Visualization

Figure 5: Surgeon Ergonomics and Dexterity (SED) Matrices Pairs Inconsistency

Figure 5 shows the inconsistent number of observations in pairs. Considering the
Surgeon Ergonomics and Dexterity (SED) criterion, comparing the Motion Scaling
(MS) vs Enhanced Visualization (EV) pair is the most inconsistent, with 16
observations out of 41. According to the result of this, the Motion Scaling (MS) and
Enhanced Visualization (EV) pair found that it is hard to compare surgeons'

Ergonomics and Dexterity (SED) during their practice.
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3.8.1.3. Consistency of Intraoperative Complication Rates (ICR)
Matrices

ICR Matrices (CR <0,10)

= Consistent = Inconsistent

Figure 6: Intraoperative Complication Rates (ICR) Matrices Consistency Ratio Results
for All Observations

Intraoperative Complication Rates (ICR) Matrices (CR < 0.10) Figure 6 shows
that 21% of all surgeons who completed the Intraoperative Complication Rates (ICR)
matrices by pair of comparing Smaller Incisions (SlI), Tactile / Haptic Feedback (T/HF),
Surgeon Ergonomics and Dexterity (SED) are the factors each other, made consistent
decisions. The remaining decision matrices were inconsistent according to (CR <
0.10). In total, 38 surgeons have completed the ICR matrix. Thus, 21% equals 8
number of surgeons while 79% equals 30.
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ICR MATRICES PAIRS INCONSISTENCY
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Abbreviations: ICR: Intraoperative Complication Rates, SI_ICR: Smaller Incisions for Intraoperative
Complication Rates, T/HF_ICR: Tactile/Haptic Feedback for Intraoperative Complication Rates, SED_ICR: Surgeon
Ergonomics and Dexterity for Intraoperative Complication Rates

Figure 7: Intraoperative Complication Rates (ICR) Matrices Pairs Inconsistency

Inferring from the figure above, comparing the Tactile/Haptic Feedback for
Intraoperative Complication Rates (T/HF_ICR) versus Surgeon Ergonomics and
Dexterity for Intraoperative Complication Rates (SED_ICR) pair and Smaller Incisions
for Intraoperative Complication Rates (SI_ICR) versus Tactile/Haptic Feedback for
Intraoperative Complication Rates (T/HF_ICR) pair are the most inconsistent when
preferring by considering the Intraoperative Complication Rates (ICR) criterion, in the
surgeons’ perspective. Both share first place with 15 inconsistent observations for each
out of 38. According to the result, the surgeons could not differentiate Tactile/Haptic
Feedback for Intraoperative Complication Rates (T/HF_ICR) versus Surgeon
Ergonomics and Dexterity for Intraoperative Complication Rates (SED_ICR) and
Smaller Incisions for Intraoperative Complication Rates (SI_ICR) versus Tactile/Haptic
Feedback for Intraoperative Complication Rates (T/HF_ICR) pairs sharply from each
other. On the other hand, considering the Smaller Incisions for Intraoperative
Complication Rates (SI_ICR) wversus Surgeon Ergonomics and Dexterity for
Intraoperative Complication Rates (SED_ICR) pair, this one seems relatively more
consistent than the others. Removing Tactile/Haptic Feedback for Intraoperative

67



Complication Rates (T/HF_ICR) may provide a more convenient environment for
pairwise comparisons regarding Intraoperative Complication Rates (ICR).

3.8.1.4. Postoperative Complication Rates (PCR) Matrices Consistency

Ratio Results for All Observations

PCR Matrices (CR <0,10)

= Consistent = Inconsistent

Figure 8: Postoperative Complication Rates (PCR) Matrices Consistency Ratio Results

for All Observations

Postoperative Complication Rates (PCR) Matrices (CR < 0.10) Figure 8 shows
20% of all surgeons who completed the Postoperative Complication Rates (PCR)
matrices by comparing Smaller Incisions for Postoperative Complication Rates
(SI_PCR), Tactile/Haptic Feedback for Postoperative Complication Rates (T/HF_PCR),
and Surgeon Ergonomics and Dexterity for Postoperative Complication Rates
(SED_PCR) the factors each other, made consistent decisions. The rest’s decisions were
inconsistent according to (CR < 0.10) condition. In total, 41 surgeons have completed

PCR matrices. Thus, 20% equals eight surgeons, while 80% equals 33,
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PCR MATRICES PAIRS INCONSISTENCY
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Abbreviations: PCR: Postoperative Complication Rates, SI_PCR: Smaller Incisions for Postoperative
Complication Rates, T/HF_PCR: Tactile/Haptic Feedback for Postoperative Complication Rates, SED_PCR: Surgeon
Ergonomics and Dexterity for Postoperative Complication Rates

Figure 9: PCR Matrices Pairs Inconsistency

Figure 9 illustrates that surgeons’ preferences relevant to the Postoperative
Complication Rates (PCR) criterion, comparing Smaller Incisions for Postoperative
Complication Rates (SI_PCR) versus Surgeon Ergonomics and Dexterity for
Postoperative Complication Rates (SED_PCR) pair is the most inconsistent with 16
observations out of 41. According to this result, surgeons had difficulty deciding
between smaller incisions and surgeon ergonomics and dexterity sub-criteria. The
evaluation of the other two was also not easy for the surgeons, as the Figure shows.
Another finding that was deduced is that the common factor of the top two pairs causes
the most inconsistency. Thus, removing the Smaller Incisions for the Postoperative

Complication Rates (SI_PCR) factor from that hierarchy level may be reasonable.
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3.8.1.5. Patient Well-Being and Welfare (PW) Matrices Consistency

Ratio Results for All Observations

PW Matrices (CR <0,10)

= Consistent = Inconsistent

Figure 10: Patient Welfare (PW) Matrices Consistency Ratio Results for All
Observations

The Patient Welfare (PW) (CR < 0.10) Figure 10 shows that 24% of all
surgeons who completed the Patient Welfare (PW) matrices by comparing Smaller
Incisions for Patient Welfare (SI_PW), Shorter Hospital Stays (SHS), and Operation
Duration for Patient Welfare (OD PW) factors made consistent decisions. The rest’s
decisions were inconsistent according to (CR < 0.10). In total, 38 surgeons have
completed Patient Welfare (PW) matrices. Thus, 24% equals nine surgeons, while 76%
equals 29.
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PW MATRICES PAIRS INCONSISTENCY
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Abbreviations: SI_PW: Smaller Incisions for Patient Welfare, SHS: Shorter Hospital Stays,
OD_PW: Operation Duration for Patient Welfare

Figure 11: PW Matrices Pairs Inconsistency

Figure 11 shows that the Patient Welfare (PW) criterion, comparing Smaller
Incisions for Patient Welfare (SI_PW) versus Operation Duration for Patient Welfare
(OD_PW) pair, is the most inconsistent with 17 observations out of 38. As a result,
surgeons had some difficulty deciding between Smaller Incisions for Patient Welfare
(SI_PW) and Operation Duration for Patient Welfare (OD_PW) regarding Patient Well-
Being and Welfare. When they compare the rest of the two pairs, it is obvious that the
result of causing inconsistency level is almost the same. They differentiate from each
other with only one observation. Hence, removing Smaller Incisions for Patient Welfare
(SI_PW) or Operation Duration for Patient Welfare (OD_PW) alternatives from this

hierarchy level may positively affect the study's consistent results.
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3.8.1.6. Ease of Use (EOU) Matrices Consistency Ratio Results for All

Observations

EOU Matrices (CR <0,10)

= Consistent = Inconsistent

Figure 12: Ease of Use (EOU) Matrices Consistency Ratio Results for All Observations

Ease of Use (EOU) Matrices (CR < 0.10) Figure 12 shows that 19% of all
surgeons who completed the Ease of Use (EOU) matrices by pair of comparing Surgeon
Ergonomics and Dexterity for Ease of Use (SED_EOU), Operation Duration for Ease of
Use (OD_EOU), Tactile/Haptic Feedback for Ease of Use (T/HF_EOU) factors each
other, made consistent decisions. The rest’s decisions were inconsistent according to
(CR < 0.10). In total, 37 surgeons have completed Ease of Use (EOU) matrices. Thus,

19% equals seven surgeons, while 81% equals 30.
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EOU MATRICES PAIRS INCONSISTENCY
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Abbreviations: T/HF_EOU: Tactile/Haptic Feedback for Ease of Use, OD_EOU: Operation  Duration for
Ease of Use, SED_EOU: Surgeon Ergonomics and Dexterity for Ease of Use

Figure 13: EOU Matrices Pairs Inconsistency

Figure 13 shows the inconsistent number of observations in pairs. Considering
the Ease of Use (EOU) criterion, comparing the Tactile/Haptic Feedback for Ease of
Use (T/HF_EOU) versus Operation Duration for Ease of Use (OD_EOU) pair is the
most inconsistent with 20 observations out of 37. While evaluating Tactile/Haptic
Feedback for Ease of Use (T/HF_EOU) over Operation Duration for Ease of Use
(OD_EOU) regarding the Ease of Use (EOU) criterion, surgeons mostly found it hard to
differentiate from each other. The data shows that they have quite a similar number of
inconsistencies, with only one difference, which may be interpreted as these pairs not
being found to have distinguishing characteristics. Since it is the common factor, it may
have been a better way to initially remove the Tactile/Haptic Feedback for Ease of Use
(T/HF_EOU) factor from the study.
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3.8.1.7. MAIN Categories Matrices Consistency Ratio Results for All
Observations

MAIN Matrices (CR <0,10)

= Consistent = Inconsistent

Figure 14: MAIN Matrices Consistency Ratio Results for All Observations

The MAIN Matrices (CR < 0.10) Figure 14 shows that 28% of all surgeons
who completed the MAIN matrices by comparing Operation Safety and Success (OSS),
Patient Well-Being and Welfare (PW), Ease of Use (EOU), Ease of Initial Adoption
(EIA) and Economics (ECON) criteria each made consistent decisions The rest’s
decisions were inconsistent according to x condition. In total, 36 surgeons have

completed MAIN matrices. Thus, 28% equals ten surgeons, while 72% equals 26.
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MAIN MATRICES PAIRS
INCONSISTENCY

~ 0~
[Te}
<
™ ™
o~ N N
I 111
[

EOU ECON ECON EIA ECON EIA EIA ECON EOU PW
VS VS VS VS VS VS VS VS VS VS
0SS EOU PW 0SS EIA EOU PW OSS PW  0OSS

PAIRS

# OF OBSERVATIONS
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Figure 15: MAIN Matrices Pairs Inconsistency

As mentioned before, this study aims to evaluate the adoption factors for RAS to
reach this goal. We determine five main criteria, and this graph shows these criteria’s
pairwise comparisons in the context of addressing the pair that causes the most
inconsistency during decision-making preferences. Economics (ECON) versus Ease of
Use (EOU) and Economics (ECON) versus Patient Well-Being and Welfare (PW)
comparison pairs cause the same level of inconsistency, and they come front by sharing
the being first at that with having seven observations for each. Thus, removing the
Economics (ECON) criterion from this study’s AHP tree may provide a higher
consistency level by making the surgeons focus more deeply on the RAS platform's

technical properties and the patient’s side.

3.8.2. Consistent and Inconsistent Responses for all Decision Matrices

This section presents consistency ratio calculations for all pairwise matrices in
terms of the number of observations and percentages. The findings of the data are

shown as follows.
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Table 7: Summary of Consistent and Inconsistent Decisions of All Surgeons

Matrice Name/CR Condition OSS SED ICR PCR PW EOU MAIN

Consistent 14 8 8 8 9 7 10
Inconsistent 22 33 30 33 29 30 26
Percentage 039 020 021 020 024 0.19 0.28

Abbreviations: OSS: Operation Safety and Success, SED: Surgeon Ergonomics and Dexterity, ICR: Intraoperative
Complication Rates, PCR: Postoperative Complication Rates, PW: Patient Well-Being and Welfare, EOU: Ease of
Use, MAIN: MAIN Category

All Matrices (CR <0.10)

45
40

3
3
2
2
1
1
0
0SS SED ICR PCR PW EOU

MAIN

g O o1 o U1 o O

m Consistent  ® Inconsistent

Abbreviations: OSS: Operation Safety and Success, SED: Surgeon Ergonomics and Dexterity, ICR:
Intraoperative Complication Rates, PCR: Postoperative Complication Rates, PW: Patient Well-Being and Welfare,
EOU: Ease of Use, MAIN: MAIN Category

Figure 16: All Matrices Consistency Ratio Results for All Observations

The most consistent decisions are made about the Operation Safety and Success
(OSS) pairwise comparison matrices with 39% consistent preferences, and the second
one is MAIN with a percentage of 28. Patient Well-Being and Welfare (PW) comes in
third with 24%. Fourth is Intraoperative Complication Rates (ICR), with 21%. Surgeon
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Ergonomics and Dexterity (SED) and Postoperative Complication Rates (PCR) share
the fifth with 20% consistency of all pairwise decisions made for these matrices. Ease of
Use (EOU) is the sixth with 19%.

3.9. Consistency Ratios and the Priority Vectors

3.9.1. Evaluation and Interpretation of Individual Priority Vectors

In this section of the study, their consistency ratio and priority vector
calculations are presented with the surgeons’ specialties for each pairwise comparison
matrix. For all decision matrices on our AHP tree that are 3x3 or larger, we interpret
consistent responses, while we interpret all responses for the 2x2 decision matrices that

compare only two factors.

3.9.1.1. Consistent Operation Safety and Success (OSS) Matrices

Table 8: Summary of All Consistent OSS Pairwise Comparison Matrices

Surgeon ID ICR PCR RDL CR<0,10 Specialty
3 0.333 0.333 0.333  Consistent Cardiac Surgery
4 0.455 0.455 0.091  Consistent Cardiac Surgery
5 0.455 0.455 0.091  Consistent Cardiac Surgery
18 0.333 0.333 0.333  Consistent General Surgery
19 0.455 0.455 0.091  Consistent General Surgery
20 0.258 0.637 0.105 Consistent General Surgery
27 0.455 0.455 0.091  Consistent Orthopedics and Traumatology
29 0.467 0.67 0.067  Consistent Pediatric Surgery
30 0.474 0.474 0.053  Consistent Thoracic Surgery
33 0.455 0.455 0.091  Consistent Urology
35 0.333 0.333 0.333  Consistent Urology
36 0.511 0.420 0.069  Consistent Urology
37 0,637 0.258 0.105  Consistent Urology
40 0.405 0.481 0.114  Consistent Urology

Abbreviations: ICR: Intraoperative Complication Rates, PCR: Postoperative Complication Rates, RDL: Risks During

Learning

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.
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Table 8 gives priority vectors calculated using the Eigenvector method for
Operation Success and Safety factors for surgeons with consistent decision matrices.
Fourteen surgeons’ preferences from six different specialties are calculated as consistent
in their decision-making regarding the factors' effect on Operation Safety and Success
(OSS). For this criterion, all consistent surgeons have more tolerance to safety risks
during learning than the complication rates. Some surgeons share the same idea of their
preferences even if they are from different disciplines. For instance, one cardiac surgeon
and one general surgeon have the same priorities. The same vision is expected for
surgeons whose specialties are the same. However, the data presented in Table 8 shows
that seven surgeons out of 14 find the importance weights of having lower
intraoperative and postoperative complication rates to be the same. There seems to be
no distinguishable distinction between Intraoperative Complication Rates (ICR) and
Postoperative Complication Rates (PCR) for surgeons. These results are also reflected
in Figure 3: Operation Safety and Success (OSS) Matrices Pairs Inconsistency,
Intraoperative Complication Rates (ICR) versus Postoperative Complication Rates
(PCR) pairwise comparison shown as the most challenging pair to compare. Therefore,
as the data shows, we emphasize that taking the whole complication as one may help to
prevent the decision-makers' confusion. One urologist and one general surgeon seem
neutral regarding the Intraoperative Complication Rates (ICR), Postoperative
Complication Rates (PCR), and Risks During Learning (RDL) factors because they give
each of their indifferent numerical ratings. This kind of answer cannot provide any

invaluable information, even if it is within the limit of the consistency ratio.
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3.9.1.2. Surgeon Ergonomics and Dexterity (SED) Matrices

Table 9: Summary of All Consistent SED Pairwise Comparison Matrices

Surgeon ID MLT TA MS EV CR<0,10 Specialty

17 0.178 0.303 0.130 0.389 Consistent General Surgery

26 0.251 0.083 0.392 0.274 Consistent  Maxillofacial Surgery

27 0.411 0.064 0.113 0.411 Consistent Orthopedics and Traumatology
32 0.508 0.151 0.075 0.265 Consistent Urology

34 0.227 0.047 0.204 0.521 Consistent Urology

35 0.120 0.077 0.383 0.419 Consistent Urology

36 0.368 0.096 0.169 0.368 Consistent Urology

38 0.603 0.072 0.149 0.176 Consistent Urology

Abbreviations: MLT: Multitasking, TA:Tremor Abolition, MS: Motion Scaling, EV: Enhanced Visualization

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Table 9 gives priority vectors calculated using the Eigenvector method for
Surgeon Ergonomics and Dexterity factors for surgeons with consistent decision
matrices. It can be deduced from Table 9 that the surgeons have some difficulties in
deciding the RAS platforms’ Motion Scaling (MS) and Enhanced Visualization (EV)
properties regarding improving their ergonomics and dexterity during the operation. As
inferred from synthesizing all responses to determine the top inconsistent pairs of the
data shown in Figure 5, the most common pair is comparing Enhanced Visualization
(EV) and Motion Scaling (MS). A pairwise comparison of Tremor Abolition (TA) and
Motion Scaling (MS) follows them. In total, both pairs cause 29 inconsistencies out of
41. Since the common factor for both is Motion Scaling (MS), removing it from the
SED matrix may be better. The first preference of 4 out of 8 surgeons is Multitasking
(MLT), while 5 of them find Enhanced Visualization (EV) more significant. One
critical thing to emphasize is that the weights of the two surgeons' first decision
priorities are not different; in their opinion, Multitasking (MLT) and Enhanced
Visualization (EV) have the same importance. In light of this information, we observed
that when the surgeons found Motion Scaling (MS) as the second significant factor,
their first two were Multitasking (MLT) and Enhanced Visualization (EV) with the
same importance. However, when Enhanced Visualization (EV) comes first, the second

one is Motion Scaling (MS), with a relatively higher importance of 3 surgeons than only
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one surgeon’s second preference is Multitasking (MLT). Multitasking (MLT) and
Enhanced Visualization (EV) are the first for two surgeons whose specialties are
Orthopedics and Traumatology, and Urology. Maxillofacial surgeon priorities
differentiate from the others as finding motion scaling is the most important. The
second is Enhanced Visualization (EV), Multitasking (MLT) is the third, and the last is
Tremor Abolition (TA). Tremor Abolition (TA) is relatively significant for general
surgery as it is the second highest priority for the single general surgeon in our sample.

At the same time, it is the lowest priority of the other disciplines.

3.9.1.3. Intraoperation and Complication Rates (ICR) Matrices

Table 10: Summary of All Consistent ICR Pairwise Comparison Matrices

SurgeonID SIICR T/HF_ICR SED ICR CR<0,10 Specialty

7 0.143 0.429 0.429 Consistent  Colorectal Surgery

12 0.053 0.474 0.474 Consistent  General Surgery

19 0.429 0.143 0.429 Consistent  General Surgery

20 0.104 0.127 0.769 Consistent  General Surgery

28 0.200 0.200 0.600 Consistent  Orthopedics and Traumatology
34 0.066 0.149 0.785 Consistent  Urology

37 0.388 0.097 0.515 Consistent  Urology

40 0.063 0.265 0.672 Consistent  Urology

Abbreviations: SI_ICR: Smaller Incisions for Intraoperative Complication Rates, T/HF_ICR: Tactile/Haptic
Feedback for Intraoperative Complication Rates, SED_ICR: Surgeon Ergonomics and Dexterity for Intraoperative

Complication Rates

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Table 10 gives priority vectors calculated using the Eigenvector method for
Intraoperative Complication Rates (ICR) factors for surgeons with consistent decision
matrices. Even if half of the respondents struggle with distinguishing some factors’
impact on Intraoperative Complication Rates (ICR), they are confident that improved
Surgeon Ergonomics and Dexterity (SED) are always the first for reducing
Intraoperative Complication Rates (ICR). The second is Tactile/Haptic Feedback
(T/HF_ICR), while the third is Smaller Incisions (SI_ICR). The two, whose specialties
are in Colorectal and General Surgery, state that the information received by touching is
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of the same importance as Surgeon Ergonomics and Dexterity (SED). In contrast, the
other single general surgeon determines that it is the capability of making more minor
cuts in the patients’ body. A surgeon from Orthopedics and Traumatology found that
improved surgeon ergonomics and dexterity conditions were three times more important
than smaller incisions and had a touch of sense to lower intraoperative complications.
Reckoning the decisions that the rest have the same priority weights for any pair
comparison relevant to the Intraoperative Complication Rates (ICR) matrix, data shows
that the three surgeons’ second preference is tactile/haptic feedback. At the same time,
one single urologist gives more importance to the ability to make more minor cuts in the
patients’ body. With the help of all this observation, it is understood that comparing the
factor pair of smaller incisions with surgeon ergonomics and dexterity is much easier
for the surgeons than comparing the pairs, including tactile/haptic feedback factor.
Thus, removing the tactile/haptic feedback factor from this decision-making hierarchy
level may provide a clearer picture for the decision-makers.

3.9.1.4. Postoperative and Complication Rates (PCR) Matrices

Table 11: Summary of All Consistent PCR Pairwise Comparison Matrices

Surgeon ID SI_PCR T/HF PCR SED PCR CR<0,10 Specialty

7 0.143 0.429 0.429 Consistent  Colorectal Surgery

15 0.107 0.149 0.745 Consistent  General Surgery

18 0.200 0.200 0.600 Consistent  General Surgery

28 0.131 0.217 0.652 Consistent  Orthopedics and Traumatology
30 0.217 0.131 0.652 Consistent  Thoracic Surgery

35 0.091 0.453 0.455 Consistent  Urology

36 0.143 0.143 0.714 Consistent  Urology

40 0.063 0.265 0.672 Consistent  Urology

Abbreviations: SI_PCR: Smaller Incisions for Postoperative Complication Rates, T/HF_PCR: Tactile/Haptic
Feedback for Postoperative Complication Rates, SED_PCR: Surgeon Ergonomics and Dexterity for Postoperative

Complication Rates

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Table 11 presents the priority vectors, a crucial component of our study,

calculated using the scientifically rigorous Eigenvector method. These vectors are based
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on the Postoperative Complication Rates (PCR) factors identified by surgeons with
consistent decision matrices. It is a consensus among surgeons that the most significant
factor in preventing postoperative complications is the provision of a high-standard
operation environment. Figure 8 further supports this, showing that 25 out of 41
inconsistent responses share a common factor, Tactile/Haptic Feedback (T/HF_PCR),
and the pairs with this factor show a high level of convergence in the number of
inconsistencies. Therefore, the same interpretation of the Inconsistency Comparison
Ratio (ICR) matrix is also applicable to the Postoperative Complication Rates (PCR)
matrix, suggesting that Tactile/Haptic Feedback should be excluded from these
comparison matrices.

Our data reveals exciting insights into the perspectives of different surgical
disciplines on postoperative complication prevention. Both Orthopedics and
Traumatology and Thoracic Surgery agree on the importance of enhancing surgeon
ergonomics and dexterity. However, they diverge on the issue of Smaller Incisions and
Tactile/Haptic Feedback. This divergence is exemplified in our sample, where we
obtained contrasting responses from two surgeons, each representing one of these
disciplines. The most common second preference among surgeons is tactile/haptic
feedback, with 6 surgeons' responses. However, two of them share the second priority
with the smaller incisions factor. Smaller incisions rank third, with the lowest priority
weights.

Given the lack of observed differences among surgeons’ decisions on reducing
operation phase complications, it is logical to consolidate these decisions under one
comprehensive term, ‘complications’. This approach not only simplifies the
understanding of the study's findings but also facilitates their practical application in

surgical settings.
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3.9.1.5. Patient Well-Being and Welfare (PW) Matrices

Table 12: Summary of All Consistent PW Pairwise Comparison Matrices

SurgeonID  SI_PW SHS OD_PW CR<0,10 Specialty

6 0.091 0.818 0.091  Consistent  Colorectal Surgery

20 0.429  0.429 0.143 Consistent ~ General Surgery

21 0.188  0.081 0.731 Consistent ~ General Surgery / Gynecology

22 0490 0451 0.059 Consistent ~ Gynecologic Laparoscopic Surgery
27 0.091  0.455 0.455 Consistent ~ Orthopedics and Traumatology

31 0.731 0.188 0.081 Consistent  Urology

32 0.429 0.429 0.143 Consistent ~ Urology

33 0.091  0.455 0.455 Consistent  Urology

38 0.091  0.455 0.455 Consistent  Urology

Abbreviations: SI_PW: Smaller Incisions for Patient Welfare, SHS: Shorter Hospital Stays, OD_PW: Operation
Duration for Patient Welfare

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Table 12 gives priority vectors calculated using the Eigenvector method for
Patient Well-Being and Welfare factors for surgeons with consistent decision matrices.
The surgeons mostly agree that creating convenient conditions to make it possible to
stay shorter in the hospital may contribute to the patient’s well-being and welfare. Even
though they are entirely different surgeons, four surgeons prefer Smaller Incisions as the
most critical factor, while the other four’s first is Operation Duration. Figure 11 also
illustrates that pairwise comparison of Smaller Incisions and Operation Duration causes
the most inconsistency. Thus, comparing the pair of Smaller Incisions and Operation
Duration is hard for surgeons to distinguish in terms of Patient Well-Being and Welfare.
Since the Smaller Incisions factor is the common factor in top inconsistent pairs,
removing it from this comparison matrix may help to make more proper decisions by
the respondents. To look at specialty-based decisions, urologists’ highest priority is
discharging the patients from the hospital to make them return to their daily routine as
soon as possible, like a colorectal surgeon in our sample. One general surgeon finds
Smaller Incisions and Shorter Hospital Stays as the most and equally important; on the
other hand, a surgeon has two specialties, one of which is general surgery, and thinks

that operation duration is the most important. On the gynecology side, this surgeon'’s
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sight is also different from the other consistent gynecologists for patient well-being and
welfare matrix in our sample. The respondent with the 21st surgeon ID is confident that
Operation Duration is the most important. However, the one with the 22nd surgeon ID's
first and second decisions are very convergent, and Operation Duration has the lowest
priority for that surgeon. The Orthopedics and Traumatology representative thinks

Smaller Incisions have the lowest significance.

3.9.1.6. Ease of Use (EOU) Matrices

Table 13: Summary of All Consistent EOU Pairwise Comparison Matrices

Surgeon ID T/HF_EOU OD _EOU SED EOU CR<0,10 Specialty

3 0.053 0.474 0.474 Consistent  Cardiac Surgery

17 0.333 0.333 0.333 Consistent  General Surgery

28 0.091 0.455 0.455 Consistent  Orthopedics and Traumatology
30 0.669 0.088 0.243 Consistent  Thoracic Surgery

35 0.429 0.143 0.429 Consistent  Urology

38 0.200 0.600 0.200 Consistent  Urology

41 0.156 0.185 0.659 Consistent  Urology

Abbreviations: T/HF_EOU: Tactile/Haptic Feedback for Ease of Use, OD_EOU: Operation Duration for Ease of Use,
SED_EOQOU: Surgeon Ergonomics and Dexterity for Ease of Use

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Table 13 gives priority vectors calculated using the Eigenvector method for Ease
of Use factors for surgeons with consistent decision matrices. Most surgeons’ priorities
state that they find improved ergonomic conditions and dexterity the most significant.
At the same time, the two of them also give the same weights for Operation Duration,
considering the effect on easy use of RAS platforms. Similarly, Surgeon Ergonomics
and Dexterity share the top place for one urologist with Tactile/Haptic Feedback. For
another urologist, Operation Duration is the most important. However, taking the all-
urologist decisions, which are consistent, into consideration that their opinion is parallel
to the standard view of the surgeons. A representative respondent from Thoracic
Surgery reckons that the Tactile/Haptic Feedback factor is the most significant. At the
same time, the one from the Cardiac Surgery discipline thinks that the sense of touch

has the lowest priority, considering the effect of easier usage on the RAS platform. In
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general, in contrast to the literature, surgeons do not care very much about the lack of

Tactile/Haptic Feedback effect on RAS platform usage (BenMessaoud et al. 2011;
Ghezzi and Corleta 2016; Lendvay et al. 2013; Mohammadzadeh and Safdari 2014 and

Williams et al. 2014). They are more interested in the benefits of enhanced Surgeon

Ergonomics and Dexterity and the shorter Operation Duration acquired after the RAS

platforms’ learning curve has passed. By the result of all this interpretation and knowing

that the pairwise comparison of Tactile/Haptic Feedback and Operation Duration causes

the most inconsistent decision results, as shown in Figure 13, removing Tactile/Haptic

Feedback may help to obtain more confident opinions from the survey participants.

3.9.1.7. Ease of Initial Adoption (EIA) Matrices

Table 14: Summary of All EIA Pairwise Comparison Matrices

Surgeon ID EOI TR Specialty
2 0.83 0.17 Brain and Nerve Surgery
3 0.10 0.90 Cardiac Surgery
4 0.50 0.50 Cardiac Surgery
6 0.10 0.90 Colorectal Surgery
8 0.50 0.50 Colorectal Surgery
9 0.83 0.17 Endourology
10 0.83 0.17 Gastrointestinal Surgery
11 0.88 0.13 General Surgery
12 0.88 0.13 General Surgery
13 0.75 0.25 General Surgery
14 0.88 0.13 General Surgery
15 0.83 0.17 General Surgery
16 0.83 0.17 General Surgery
17 0.75 0.25 General Surgery
18 0.17 0.83 General Surgery
19 0.75 0.25 General Surgery
20 0.10 0.90 General Surgery
21 0.90 0.10 General Surgery Gynecology
22 0.13 0.88 Gynecologic Laparoscopic Surgery

(cont. on the next page)
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Table 14 (cont)

Surgeon ID EOI TR Specialty

23 0.13 0.88 Gynecological Oncology

24 0.10 0.90 Gynecological Oncology

25 0.13 0.88 Gynecology

26 0.90 0.10 Maxillofacial Surgery

27 0.10 0.90 Orthopedics and Traumatology
28 0.50 0.50 Orthopedics and Traumatology
29 0.13 0.88 Pediatric Surgery

30 0.50 0.50 Thoracic Surgery

31 0.10 0.90 Urology

32 0.17 0.83 Urology

33 0.10 0.90 Urology

35 0.25 0.75 Urology

36 0.50 0.50 Urology

37 0.17 0.83 Urology

38 0.17 0.83 Urology

39 0.13 0.88 Urology

40 0.17 0.83 Urology

41 0.13 0.88 Urology

Abbreviations: EOI: Ease of Installation, TR: Training Requirements
Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Considering the Ease of Initial Adoption, surgeons have a shared sense of the
relatively negative effect of training requirements. Discipline-based interpretation
inferred from the data in Table 14 states that the most significant factor for general
surgeons is the Ease of Installation. At the same time, it is a Training Requirement for
Gynecologists and Urologists. A respondent, whose field is Brain and Nerve Surgery,
thinks like the General Surgeons on the adoption process of RAS regarding the Ease of
Initial Adoption matrix. From the sample, while one cardiac surgeon stays indifferent,
the other is quite confident that the Training Requirements have the most significance in
the adoption process. Colorectal surgery and Orthopedics and Traumatology
representatives draw the same picture as the ones in cardiac surgery. Gastrointestinal
and Endourology Surgeons agree that the most critical factor is Ease of Installation, and
a representative of Maxillofacial Surgery quite agrees with their idea. A surgeon with a
Pediatric Surgery Specialty state that the Training Requirements factor is the most
significant. The Thoracic Surgery representative in our sample is neutral about these

two factors.
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3.9.1.8. Benefits and Hospital Quality (ECON_B) Matrices

Table 15: Summary of All ECON_B Pairwise Comparison Matrices

Surgeon ID ANP ABS Specialty
2 0.83 0.17 Brain and Nerve Surgery
4 0.25 0.75 Cardiac Surgery
6 0.90 0.10 Colorectal Surgery
8 0.10 0.90 Colorectal Surgery
9 0.83 0.17 Endourology
10 0.10 0.90 Gastrointestinal Surgery

11 0.90 0.10 General Surgery

12 0.10 0.90 General Surgery

13 0.88 0.13 General Surgery

14 0.13 0.88 General Surgery

15 0.83 0.17 General Surgery

16 0.83 0.17 General Surgery

17 0.50 0.50 General Surgery

18 0.83 0.17 General Surgery

19 0.25 0.75 General Surgery

20 0.83 0.17 General Surgery

21 0.75 0.25 General Surgery Gynecology
22 0.50 0.50 Gynecologic Laparoscopic Surgery
23 0.83 0.17 Gynecological Oncology

24 0.90 0.10 Gynecological Oncology

25 0.17 0.83 Gynecology

26 0.75 0.25 Maxillofacial Surgery

27 0.75 0.25 Orthopedics and Traumatology
28 0.50 0.50 Orthopedics and Traumatology
29 0.50 0.50 Pediatric Surgery

30 0.75 0.25 Thoracic Surgery

31 0.75 0.25 Urology

32 0.75 0.25 Urology

33 0.50 0.50 Urology

35 0.50 0.50 Urology

36 0.75 0.25 Urology

37 0.50 0.50 Urology

38 0.75 0.25 Urology

(cont. on the next page)



Table 15 (cont)

Surgeon ID ANP ABS  Specialty
39 0.17 0.83 Urology
40 0.75 0.25 Urology
41 0.50 0.50 Urology

Abbreviations: ANP: Attract New Patients, ABS: Attract Better Surgeons
Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

The majority of General Surgeons’ first preference is for the Attracting New
Patients factor. Half of the Urologist in our sample and an Endourologist think the
Attracting New Patients factor is the most essential. At the same time, almost the rest of
them have no opinion on how to differentiate these comparison pairs’ factors from each
other, and only one of them states that Attracting Better Surgeons is the first preference.
The participants with a specialty in Gynecology seem to have no common sense
regarding the effects of economic benefits on adopting RAS technology. The physicians
of Gynecological Oncology prefer the Attracting New Patients factor as the highest
importance weight, similar to the decision of General Surgeons. A participant of our
survey from Brain and Nerve Surgery, another one from Maxillofacial Surgery, the
other one from Thoracic Surgery, and one from Orthopedics and Traumatology fields
think also that the Attracting New Patients factor is the most significant. The factor of
Attracting Better Surgeons has the highest charm for one Cardiac, a Colorectal Surgeon,
and a Gastrointestinal Surgeon. The other Colorectal Surgeon and one Pediatric

Surgeon are neutral between the comparison pairs.

3.9.1.9. Costs (ECON_C) Matrices

Table 16: Summary of All ECON_C Pairwise Comparison Matrices

Surgeon ID PC OMC Specialty

2 0.88 0.13 Brain and Nerve Surgery
4 0.50 0.50 Cardiac Surgery

6 0.50 0.50 Colorectal Surgery

8 0.50 0.50 Colorectal Surgery

(cont. on the next page)
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Table 16 (cont)

SurgeonID PC OMC Specialty

9 0.83 0.17 Endourology

10 0.17 0.83 Gastrointestinal Surgery

11 0.90 0.10 General Surgery

12 0.90 0.10 General Surgery

13 0.10 0.90 General Surgery

14 0.88 0.13 General Surgery

15 0.17 0.83 General Surgery

16 0.83 0.17 General Surgery

17 0.50 0.50 General Surgery

18 0.50 0.50 General Surgery

19 0.25 0.75 General Surgery

20 0.75 0.25 General Surgery

21 0.90 0.10 General Surgery Gynecology
22 0.13 0.88 Gynecologic Laparoscopic Surgery
23 0.50 0.50 Gynecological Oncology

24 0.90 0.10 Gynecological Oncology

25 0.25 0.75 Gynecology

26 0.90 0.10 Maxillofacial Surgery

27 0.17 0.83 Orthopedics and Traumatology
28 0.25 0.75 Orthopedics and Traumatology
29 0.17 0.83 Pediatric Surgery

30 0.75 0.25 Thoracic Surgery

31 0.50 0.50 Urology

32 0.50 0.50 Urology

33 0.25 0.75 Urology

35 0.75 0.25 Urology

36 0.25 0.75 Urology

37 0.17 0.83 Urology

38 0.17 0.83 Urology

39 0.88 0.13 Urology

40 0.50 0.50 Urology

41 0.83 0.17 Urology

Abbreviations: PC: Purchase Cost, OMC: Operational and Maintanance Cost
Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Thirty-six respondents answered the pairwise comparison matrices regarding the
monetary costs of RAS technology. The general picture of their decisions presents no
difference between the Initial Purchase Costs and the Operational and Maintenance
Costs because fourteen surgeons prefer Initial Purchase Costs as the first. In

comparison, the rest of the thirteen surgeons prefer Operational and Maintenance Costs,
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and the last nine surgeons are indifferent. General Surgeons' preference is relatively
higher for Initial Purchase Costs than the Operational and Maintenance Costs, while the
two general surgeons stay neutral. Among ten urology surgeons, four of them think the
Operational and Maintenance Costs are the most significant, while three of the rest find
the purchase costs are the most important; the final three Urologists have no
distinguishing opinion for these two factors. Two surgeons’ decisions from
Gynecological Oncology do not share a common opinion because one of them thinks
that the Initial Purchase Cost has the highest importance. At the same time, the other
one stays indifferent to both factors. Operational and Maintenance Costs are of
relatively significant importance for Gynecologists. For the Brain and Nerve Surgery
surgeon in our sample, the Initial Purchase Cost is the highest priority. The Cardiac and
Colorectal surgeons' preferences are neutral for these factors. A participant in the
Endourology discipline chose the Initial Purchase Cost as the most significant, while a
surgeon in Gastrointestinal Surgery made the opposite decision. Maxillofacial Surgery
and Thoracic Surgery find the Initial Purchase Costs, the most important. Operational
and Maintenance Costs factor is the first for Orthopedics and Traumatology, and

Pediatric Surgery.

3.9.1.10. Economics (ECON) Matrices

Table 17: Summary of All ECON Pairwise Comparison Matrices

Surgeon ID Cost Benefit Specialty

2 0.13 0.88 Brain and Nerve Surgery
4 0.50 0.50 Cardiac Surgery

6 0.90 0.10 Colorectal Surgery

8 0.50 0.50 Colorectal Surgery

9 0.83 0.17 Endourology

10 0.83 0.17 Gastrointestinal Surgery
11 0.90 0.10 General Surgery

12 0.13 0.88 General Surgery

13 0.75 0.25 General Surgery

14 0.88 0.13  General Surgery

(cont. on the next page)
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Table 17 (cont)

Surgeon ID Cost Benefit Specialty

15 0.13 0.88 General Surgery

16 0.83 0.17 General Surgery

17 0.50 0.50 General Surgery

19 0.75 0.25 General Surgery

20 0.17 0.83 General Surgery

21 0.90 0.10 General Surgery Gynecology
22 0.50 0.50 Gynecologic Laparoscopic Surgery
23 0.75 0.25 Gynecological Oncology

24 0.90 0.10 Gynecological Oncology

25 0.88 0.13 Gynecology

26 0.10 0.90 Maxillofacial Surgery

27 0.25 0.75 Orthopedics and Traumatology
28 0.50 0.50 Orthopedics and Traumatology
29 0.17 0.83 Pediatric Surgery

30 0.75 0.25 Thoracic Surgery

31 0.75 0.25 Urology
32 0.75 0.25 Urology
33 0.17 0.83 Urology
35 0.25 0.75 Urology
36 0.17 0.83 Urology
37 0.13 0.88 Urology
38 0.75 0.25 Urology
39 0.83 0.17 Urology
40 0.50 0.50 Urology
41 0.17 0.83 Urology
Abbreviations: Costs: Costs, Benefit: Benefits, Hospital Quality
Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Thirty-five decision matrices were obtained from the respondents. Of the 17 out
of 35 respondents, the Cost factor is the most important, while 12 prefer Benefit as their
priority. Six surgeons have yet to determine which has the highest importance. Half of
the Urologist in our sample decide that the Benefit is the most significant for them,
while 4 of the rest think that the Cost factor has the highest priority, and the last one
stays indifferent. The Cost factor is of relatively higher importance among the General
Surgeons' highest priorities; 6 out of 10 prefer Cost as the first, while 3 out of 10
prioritize Benefit, and the last one is neutral. One respondent from each discipline,
Cardiac Surgery, Colorectal Surgery, Gynecologic Laparoscopic Surgery, and

Orthopedics and Traumatology, has no distinguishing preference to make a
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prioritization decision between these factors. Cost is the most important for two
surgeons from Gynecological Oncology and two from Gynecology. One surgeon from
each discipline of Colorectal Surgery, Endourology, Gastrointestinal Surgery, and
Thoracic Surgery thinks Cost is the most important. The ones from Brain and Nerve
Surgery, Maxillofacial Surgery, Orthopedics and Traumatology, and Pediatric Surgery
prefer the Benefit with the highest significance.

3.9.1.11. Comparison of MAIN Categories

Table 18: Summary of All Consistent MAIN Pairwise Comparison Matrices

SurgeonID ECON EIA EOU PW OSS CR<0,10 Specialty

4 0.127 0.264 0.160 0.075 0.373 Consistent Cardiac Surgery

9 0.070 0.025 0.197 0.171 0.536 Consistent Endourology

15 0.057 0.026 0.174 0.188 0.554 Consistent General Surgery

19 0.139 0.041 0.074 0.219 0.526 Consistent General Surgery

23 0.039 0.058 0.128 0.388 0.388 Consistent Gynecological Oncology

25 0.494 0.046 0.171 0.225 0.064 Consistent Gynecology

28 0.096 0.051 0.096 0.379 0.379 Consistent Orthopedics and Traumatology
35 0.061 0.237 0.267 0.211 0.225 Consistent Urology

36 0.048 0.071 0.272 0.286 0.324 Consistent Urology

40 0.035 0.024 0.162 0.227 0.552 Consistent Urology

Abbreviations: ECON: Economics, EIA: Ease of Initial Adaption, EOU: Ease of Use, PW: Patient Welfare, OSS:
Operation Safety and Success

Note: Surgeon ID is randomly given for easier reference to individual surgeons while presenting results.

Table 18 gives priority vectors calculated using the Eigenvector method for
surgeons with consistent decision matrices for the Main Criteria. It is obvious to deduce
from the data in Table 18 that the surgeons’ first priority is Operation Safety and
Success. Hence, it seems that the impact of that factor on an adoption decision for RAS
technologies is excellent. It may be noted that any positive iteration that contributes to
making the operations safer and more successful is well received by the physicians.
According to a consistent decision matrix of one Cardiac Surgeon, the Operation Safety
and Success (OSS) factor is most important. Then, Ease of Initial Adoption (EIA)

comes at the second one. Ease of Use (EOU) is the third, while Economics (ECON) is
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fourth, and Patient Well-Being and Welfare (PW) is the lowest importance for that
surgeon. Among the preferences of an Endourology surgeon, the Operation Safety and
Success (OSS) factor is the most essential criterion to effect the adoption decision of
RAS. EOU is the second with the relatively highest significance to Patient Well-Being
and Welfare (PW) and then, Economics (ECON) comes as the fourth. Ease of Initial
Adoption (EIA) has the lowest priority weight for this representative respondent. The
two General Surgeons’ pairwise comparison matrices for MAIN categories are
evaluated as consistent. They have a common sense for their highest essential criteria,
which is Operation Safety and Success (OSS), the second one is Patient Well-Being and
Welfare (PW), and the lowest significance is Ease of Initial Adoption (EIA) for them.
Their preferences for Economics (ECON) and Ease of Use (EOU) are the opposite of
one another. A representative surgeon in the field of Gynecological Oncology has equal
priority preferences for Operation Safety and Success (OSS) and Patient Well-Being
and Welfare (PW). Both have the highest importance, while the third is Ease of Use
(EOU), the fourth is Ease of Initial Adaption (EIA), and the fifth is Economics (ECON).
As a result of this decision, Ease of Initial Adoption (EIA) and Economics (ECON)
criteria are of very convergent importance from this surgeon's perspective. A
Gynecology surgeon prefers Economics (ECON) as the most significant criterion of
MAIN categories. Then, Patient Well-Being and Welfare (PW) comes as second and
third, Ease of Use (EOU), while fourth and fifth, Operation Safety and Success (OSS)
and Ease of Initial Adoption (EIA), respectively. Except for the Economics (ECON),
the other priority weights are very convergent, such as the pair-based approach, Patient
Well-Being and Welfare (PW) versus Ease of Use (EOU), and Operation Safety and
Success (OSS) versus Ease of Initial Adoption (EIA). Orthopedics and Traumatology
representative participant in our sample has the same first preferences as the one from
Gynecological Oncology. Then, Economics (ECON) and Ease of Use (EOU) are placed
in the second preference by having equal priority weights, and the last one is Ease of
Initial Adoption (EIA). Operation Safety and Success (OSS) has the highest importance
of the majority of Urologist. At the same time, Patient Well-Being and Welfare (PW)
comes second, Ease of Use (EOU) is the third, and the fifth one is Economics (ECON)
for them. However, they do not share any common ideas regarding the fourth one.
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3.10. Priorities Based on Aggregated Decision Matrices for Individual

Disciplines

In this section, we aggregate consistent decision matrices within individual

surgical disciplines using the geometric method for all aggregation calculations.

Table 19: Specialty-Based Aggregated Priority Vectors for Operation Safety and
Success (OSS) Matrices

Priority Vector

Elements
Number of Consistency Ratio
Specialty Observation ICR PCR RDL (CR<0.10)
Cardiac Surgery 3 0.427 0.427 0.146 0.000
General Surgery 3 0.359 0.485 0.155 0.004
Urology 5 0.478 0.397 0.125 0.001

Abbreviations: ICR: Intraoperative Complication Rates, PCR: Postoperative Complication Rates, RDL: Risks During
Learning

According to Table 19, data shows that surgeons from three different specialties
have a common sense that higher safety risks during inexperienced use and learning do
not cause alarm regarding operation safety and success. Cardiac Surgeons do not see
any differences between Intraoperative and Postoperative Complication Rates. While
General Surgeons prioritize Postoperative Complications Rates (PCR), Urology
Surgeons' preferences are for Intraoperative Complications Rates (ICR), but there are no
vast differences between the operational phases' complication rates for both disciplines'
preferences. We treat them separately in this study since they are examined in that way
in the literature. (Abdollah et al. 2017; Aggarwal et al. 2018; Diana and Marescaux
2015; Fletcher et al. 2018; Kim et al. 2013; Lim et al. 2011; Mohammadzadeh and
Safdari 2014; Sheetz et al. 2020; Sheth et al. 2018; Siaulys et al. 2021; Sivarajan et al.
2015; Thompson et al. 2014; Williams et al. 2014). Shortly, combining the complication
rates in one name and treating it as one factor seems more logical, even if they are

handled separately in the literature.
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Table 20: Specialty-Based Aggregated Priority Vectors and Consistency Ratios of
Surgeon Ergonomics and Dexterity (SED) Matrices

Priority Vector Elements

Number of Consistency Ratio
Specialty Observation MLT TA MS EV (CR<0.10)
Urology 5 0.348 0.091 0.191 0.370 0.000369

Abbreviations: MLT: Multitasking, TA:Tremor Abolition, MS: Motion Scaling, EV: Enhanced Visualization

We can only aggregate within Urology for the Surgeon Ergonomics and
Dexterity (SED) matrix since all consistent responses come from this discipline. For
urology surgeons, Enhanced Visualization (EV) is the most important property of RAS
platforms to adopt in their operation practice, considering enhanced Surgeon
Ergonomics and Dexterity (SED). The second one is Multitasking (MLT) for that
discipline. Motion Scaling (MS) comes as the third even it is quite a substantial property
and a kind of facilitator for adopting RAS in the literature (BenMessaoud et al. 2011;
Ghezzi and Corleta 2016; Mohammadzadeh and Safdari 2014 and Nasser et al. 2020).
Tremor abolition has the lowest priority from the Urologist perspective, which is also
stated as one of the most critical functions of the RAS platforms in the literature
(BenMessaoud et al. 2011; Ghezzi and Corleta 2016; Mohammadzadeh and Safdari
2014 and Nasser et al. 2020). Thus, improving the Enhance Visualization (EV)
properties and its Multitasking (MLT) functions may facilitate the adoption of RAS by
contributing to its capability to provide enhanced surgeon ergonomics and dexterity.
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Table 21: Speciality-Based Aggregated Priority Vectors and Consistency Ratios of
Intraoperative Complication Rates (ICR) Matrices

Priority Vector Elements

Consistency

Number of .
. Ratio
. Observation
Specialty SI_ICR T/HF_ICR SED_ICR (CR<0.10)
General Surgery 3 0.152 0.234 0.615 0.004
Urology 3 0.127 0.170 0.703 0.057

Abbreviations: SI_ICR: Smaller Incisions for Intraoperative Complication Rates, T/HF_ICR: Tactile/Haptic
Feedback for Intraoperative Complication Rates, SED_ICR: Surgeon Ergonomics and Dexterity for Intraoperative
Complication Rates

General Surgeons' and Urology surgeons’ decisions are parallel for all elements
of Intraoperative Complication Rates (ICR) matrices. Physicians of both disciplines in
Table 21 think that providing enhanced Surgeon Ergonomics and Dexterity (SED)
during the operation significantly reduces Intraoperative Complication Rates (ICR). The
most significant part of all Intraoperative Complication Rates (ICR) group shares was
captured by this factor, as observed. It can be inferred from their second preference that
the information transferred by the Tactile/Haptic Feedback (T/HF_ICR) during the
operation is essential. However, a considerable portion does not differentiate it from the

Smaller Incisions (SI_ICR).

Table 22: Specialty-Based Aggregated Priority Vectors and Consistency Ratios of
Postoperative Complication Rates (PCR) Matrices

Priority Vector Elements

Consistency

Number of .
_ Ratio
. Observation
Specialty SI PCR T/HF PCR SED PCR  (CR<0.10)
General Surgery 2 0.156 0.166 0.678 0.003
Urology 3 0.120 0.232 0.647 0.014

Abbreviations: SI_PCR: Smaller Incisions for Postoperative Complication Rates, T/HF_PCR: Tactile/Haptic
Feedback for Postoperative Complication Rates, SED_PCR: Surgeon Ergonomics and Dexterity for Postoperative

Complication Rates
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The exact interpretation of data in Table 21 is also valid for the data shown in
Table 22 (PCR). Keeping these in mind, it must be emphasized that taking the
complications regardless of the operation phase would be more logical and helpful to

simplify the problem as the observation of the surgeons’ decisions addresses that.

Table 23: Patient Welfare (PW) Matrices, Aggregated Priority Vectors

Priority Vector Elements

Number of Consistency Ratio
Specialty Observation  SI_PW SHS OD_PW (CR<0.10)
General Surgery 2 0.358 0.235 0.407 0.015
Urology 4 0.280 0.446 0.274 0.004
Gynecology 2 0432 0272 0.296 0.007

Abbreviations: SI_PW: Smaller Incisions for Patient Welfare, SHS: Shorter Hospital Stays, OD_PW: Operation
Duration for Patient Welfare

It is hard to say any standard view from the data in Table 23. The highest
importance of each of the three disciplines is different. The reason for this may be a
specialty-based perspective developed over the years. While Urology Surgeons give
their most attention to making inpatient hospital stays shorter as much as possible, it is
the lowest priority of General Surgeons and Gynecologists. Their highest priorities also
differ from each other. For General Surgeons, Operation Duration (OD_PW) is the most
important, while it is Smaller Incisions (SI_PW) for Gynecology. The most challenging
decision preference pair is Smaller Incisions (SI_PW) versus Operation Duration

(OD_PW) for Urologists, which are very convergent.

Table 24: Specialty-Based Aggregated Priority Vectors and Consistency Ratios of Ease
of Use (EOU) Matrices

Priority Vector Elements

Number of Consistency Ratio
Specialty Observation T/HF_EOU OD _EOU SED_EOU (CR<0.10)
Urology 3 0.272 0.288 0.440 0.003

Abbreviations: T/HF_EOU: Tactile/Haptic Feedback for Ease of Use, OD_EOU: Operation Duration for Ease of
Use, SED_EOU: Surgeon Ergonomics and Dexterity for Ease of Use

97



Urology physicians agreed that enhancing Surgeon Ergonomics and Dexterity
(SED_EOU) is the most significant impact on facilitating the usage of RAS platforms.
However, their preferences for Tactile/Haptic Feedback (T/HF_EOU) and Operation
Duration (OD_EOQU) are convergent. Thus, it seemed like they had difficulty during the
process of making decisions between this pair.

Table 25: Specialty-Based Aggregated Priority Vectors and Consistency Ratios of
MAIN Categories

Priority Vector Elements

Number of Consistency Ratio
Specialty Observation ECON EIA EOU PW 0SS (CR<0.10)
General Surgery 2 0.117 0.096 0.216 0.238 0.333 0.243
Urology 3 0.051 0.129 0.286 0.279  0.255 0.051
Gynecology 2 0.174 0.070 0.184 0.358 0.214 0.083

Abbreviations: ECON: Economics, EIA: Ease of Initial Adaption, EOU: Ease of Use, PW: Patient Welfare, OSS:
Operation Safety and Success

General surgeons’ decisions are inconsistent according to the result of the
aggregated geometric mean. Their aggregated priority vector has very convergent
weights for the two different pairs. One is Economics (ECON) and Ease of Initial
Adoption (EIA). Second is Ease of Use (EOU) and Patient Well-Being and Welfare
(PW). At the beginning of this section, the pairs that cause the most inconsistent results
are examined. They address the most inconsistent pairs with a common criterion,
Economics (ECON). It is understood that removing the economics cluster from the
decision-making hierarchy of this study may provide more consistent preferences. The
Urologists and Gynecologists have consistently aggregated priority vectors. The most
important criterion differs between them: Ease of Use (EOU) for Urology and Patient
Well-Being and Welfare (PW) for Gynecology. Patient Well-Being and Welfare (PW)
is the second preference of Urology, but it is pretty convergent with the Ease of Use
(EOU) criterion. Gynecologists’ second most important criterion is Operational Safety
and Success (OSS), but there is no considerable difference between these criteria. The

third is Operational Safety and Success (OSS) for Urology, which is quite convergent
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with the results of Patient Well-Being and Welfare (PW). They could not differentiate

these criteria from each other. The third of Gynecologists is the Ease of Use (EOU),

which is hardly differentiated from the Economics (ECON) criterion. Economic

considerations (ECON) are the lowest priority for Urologists, while Ease of Initial

Adoption (EIA) is for Gynecologists.

Table 26: All Aggregated Priority Vectors for Consistent Responses

Priority Vector Elements

Matrix ICR PCR RDL Consistency Ratio (CR<0.10)
OSS ALL 0.558 0.309 0.133 0.013
MLT TA MS EV
SED ALL 0.292 0.108 0.172 0.428 0.015
SI_ICR  T/HF_ICR SED_ICR
ICR ALL 0.155 0.248 0.597 0.0005
SI_PCR T/HF_PCR SED_PCR
PCR ALL 0.157 0.271 0.572 0.008
SI_PW SHS OD_PW
PW ALL 0.176 0.553 0.272 0.010
T/HF_EOU OD_EOU SED_EOU
EOU ALL 0.282 0.172 0.545 0.004
EOI TR
EIA ALL 0.402 0.598
ANP ABS
ECON_B ALL 0.608 0.392
PC oMC
ECON_C ALL 0.539 0.461
Cost Benefit
ECON ALL 0.547 0.453
ECON EIA EOU PW 0SS
MAIN ALL 0.112 0.113 0.198 0.205 0.373 0.027

(cont. on the next page)
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Table 26 (cont)

Abbreviations: ICR: Intraoperative Complication Rates, PCR: Postoperative Complication Rates,

RDL: Risks During Learning, MLT: Multitasking, TA:Tremor Abolition, MS: Motion Scaling,

EV: Enhanced Visualization, SI_ICR: Smaller Incisions for Intraoperative Complication Rates,

T/HF_ICR: Tactile/Haptic Feedback for Intraoperative Complication Rates,

SED_ICR: Surgeon Ergonomics and Dexterity for Intraoperative Complication Rates,

SI_PCR: Smaller Incisions for Postoperative Complication Rates,

T/HF_PCR: Tactile/Haptic Feedback for Postoperative Complication Rates,

SED_PCR: Surgeon Ergonomics and Dexterity for Postoperative Complication Rates,

SI_PW: Smaller Incisions for Patient Welfare, SHS: Shorter Hospital Stays,

OD_PW: Operation Duration for Patient Welfare, T/HF_EOU: Tactile/Haptic Feedback for Ease of Use,
OD_EOU: Operation Duration for Ease of Use, SED_EOU: Surgeon Ergonomics and Dexterity for Ease of Use,
EOI: Ease of Installation, TR: Training Requirements, ANP: Attract New Patients, ABS: Attract Better Surgeons,
PC: Purchase Costs, OMC: Operational and Maintenance Costs, ECON: Economics, EIA: Ease of Initial Adaption,
EOU: Ease of Use, PW: Patient Welfare, OSS: Operation Safety and Success
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The AHP Tree with these results is in Figure 17 as follows.
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Figure 17: AHP Tree with all Aggregated Priority Vectors

Extrapolating the final results from evaluating all pairwise comparison matrices
aggregated priority vectors shown in Table 26 contributes to developing a general
perspective relevant to all factors of our research on affecting the adoption of RAS
platforms by surgeons. Surgeons' general opinion about the factors that affect the
adoption of RAS into their practice is that, based on Operation Safety and Success

(OSS), the factor of Intraoperative Complication Rates (ICR) has the highest priority.

101



Risk During Learning (RDL) is deemed the lowest significance, indicating their
confidence in managing the incomplete training/learning process within the Operational
Safety and Success (OSS) context. Applying the same perspective on enhancing
Surgeon Ergonomics and Dexterity (SED) during the operation, they agree that the
Enhanced Visualization (EV) of the RAS technology is the most significant
contribution. To avoid Intraoperative Complication Rates (ICR), surgeons think that
enhancing the factor of Surgeon Ergonomics and Dexterity is of the highest importance.
When it comes to reducing Postoperative Complication Rates (PCR), Surgeon
Ergonomics and Dexterity (SED) have also become prominent among physicians.
Hence, the surgeons' priority for both phases of the operation process complications is
the same. Surgeons' second and third priorities regarding the complications that may
arise during or after the operation also do not differentiate.

One of the key findings of our study is the consensus among surgeons on certain
factors. For instance, surgeons unanimously agree that preparing patients as early as
possible for their daily routine is the most significant element for Patient Welfare (PW).

Surgeons’ Ergonomics and Dexterity (SED) were found the most important
factors to make the much easier of use - Ease of Use (EOU) - the RAS platform. Having
the required training - Training Requirements (TR) - relevant to RAS technology, has
been placed on the top by surgeons, considering its impact on the Ease of Initial
Adoption (EIA) process. Regarding economic considerations - Economics (ECON),
Attracting New Patients (ANP) is a top priority for surgeons on the benefits side. At the
same time, the initial Purchase Cost (PC) is a significant concern on the Costs side. To
decide between the pair of Costs and Benefits, considering the Economics (ECON),
Cost comes as the first among the surgeons. The aggregated priority vector of the main
criteria pairwise comparison of our research states that the effect of Operation Safety
and Success (OSS) is the highest priority of the surgeons to adopt the RAS platform into
their operations practice. Patient Welfare (PW), defined as the group of factors that have
no direct impact on operation safety, is their second priority. The usage easiness - Ease
of Use (EOU) - of the RAS technology comes as the third one, from surgeons’
perspectives. The priority weights of Ease of Initial Adoption (EIA) and Economics
(ECON) criteria are very convergent with each other. As a result, both of these are

almost equally important for surgeons.
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Table 27: A Field-Based Aggregated Priority Vectors for Consistent Responses: An
Evaluation for Urology

Priority Vector Elements

Consistency Ratio

Matrix ICR PCR RDL (CR<0.10)
0SS Urology 0.478 0.397 0.125 0.001
MLT TA MS EV
SED Urology 0.348 0.091 0.191 0.370 0.000369
SIICR  T/HF_ICR SED_ICR
ICR Urology 0.127 0.170 0.703 0.057
SI_PCR T/HF_PCR SED_PCR
PCR Urology 0.120 0.232 0.647 0.014
SI_PW SHS OD_PW
PW Urology 0.280 0.446 0.274 0.004
T/HF_EOU OD_EOU SED_EOU
EOU Urology 0.272 0.288 0.440 0.003
EOI TR
EIA Urology 0.327 0.673
ANP ABS
ECON_B Urology 0.647 0.353
PC oMC
ECON_C Urology 0.318 0.682
Cost Benefit
ECON Urology 0.510 0.490
ECON EIA EOU PW oSS
MAIN Urology 0.051 0.129 0.286 0.279 0.255 0.051

Abbreviations: ICR: Intraoperative Complication Rates, PCR: Postoperative Complication Rates,

RDL: Risks During Learning, MLT: Multitasking, TA:Tremor Abolition, MS: Motion Scaling,

EV: Enhanced Visualization, SI_ICR: Smaller Incisions for Intraoperative Complication Rates,

T/HF_ICR: Tactile/Haptic Feedback for Intraoperative Complication Rates,

SED_ICR: Surgeon Ergonomics and Dexterity for Intraoperative Complication Rates,

SI_PCR: Smaller Incisions for Postoperative Complication Rates,

T/HF_PCR: Tactile/Haptic Feedback for Postoperative Complication Rates,

SED_PCR: Surgeon Ergonomics and Dexterity for Postoperative Complication Rates,

SI_PW: Smaller Incisions for Patient Welfare, SHS: Shorter Hospital Stays,

OD_PW: Operation Duration for Patient Welfare, T/HF_EOU: Tactile/Haptic Feedback for Ease of Use,
OD_EOU: Operation Duration for Ease of Use, SED_EOU: Surgeon Ergonomics and Dexterity for Ease of Use,
EOI: Ease of Installation, TR: Training Requirements, ANP: Attract New Patients, ABS: Attract Better Surgeons,
PC: Purchase Costs, OMC: Operational and Maintenance Costs, ECON: Economics, EIA: Ease of Initial Adaption,
EOU: Ease of Use, PW: Patient Welfare, OSS: Operation Safety and Success
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The AHP Tree with these results is in Figure 18 as follows.
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Figure 18: AHP Tree of Urology Aggregated Priority Vectors

Urology surgeons reckon having a minimum complication rate regarding
Operation Safety and Success (OSS) is significant. Considering the operation stages,
their first preference is to lower Intraoperative Complication Rates (ICR). Even with the
reduction of Postoperative Complication Rates (PCR), evaluated as the second one,
these two factors do not have a considerable weight difference in the urologists’

perspectives. Urology surgeons are confident in coping with the possible
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training/learning incompetence during the operation - Risks During Learning (RDL) - as
it is the lowest significant factor for them regarding Operational Safety and Success
(OSS). The factors influencing lowering Intraoperative and Postoperative Complication
Rates (ICR and PCR) and priorities calculation give the same sequence of significance
even if their priorities are slightly different.

For urologists, the Enhanced Visualization (EV) feature of RAS platforms
contributes the most to the adoption by improving Surgeon Ergonomics and Dexterity
(SED). To establish a more patient-friendly environment, discharging the inpatients as
soon as possible after the operation - Shorter Hospital Stays (SHS) - is their first
priority. The perspective of urologists reflects that improving Surgeon Ergonomics and
Dexterity (SED) has the most significant impact on making the RAS platform usage
easier - Ease of Use (EOU). Training Requirements (TR) have the most negative effect
on urology surgeons adopting RAS technology into their daily operation practice in the
Ease of Initial Adoption (EIA) context. On the Costs side, Operation and Maintenance
Costs (OMC) have the most enormous negative effect on the adoption process of RAS,
according to the Urologist. Considering the Benefits relevant to Economic concerns -
Economics (ECON) - of adopting the technology, Urology Surgeons find that Attracting
New Patients (ANP) is more important than Attracting Better Surgeons (ABS) with this
technology. Among the five main criteria, Ease of Use (EOU) is the first priority of
Urology Surgeons. Patient Well-Being and Welfare (PW) follows as the second one,
and the third is Operational Safety and Success (OSS). Ease of Initial Adoption (EIA) is
their fourth priority in adopting RAS, while Economics (ECON) is the last.

3.11. An Evaluation of All Aggregated Priorities Versus Urology
Aggregated Priorities

In this section, we compare the results of all aggregated priorities with field-
based aggregated priorities to investigate if there is any difference.

Considering the Operational Safety and Success (OSS) decision-making matrix,
the highest importance for the result of all aggregation and Urology disciplines is the
same: Intraoperative Complication Rates (ICR). The sequence of the other factors is
also parallel to each other. Both groups’ preferences for Intraoperative and

Postoperative Complications Rates (ICR and PCR) are very convergent. Intraoperative
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Complication Rates (ICR) are the first in both, but they are relevantly higher than
Postoperative Complication Rates (PCR). Since there are no considerable differences,
these matrices may combine into one.

The evaluation results of the factors of Surgeon Ergonomics and Dexterity
(SED) matrices address the same interpretation of Operation Safety and Success (OSS),
with the priority order for each factor to stay the same. Enhancing Visualization (EV)
has the highest significance for both groups in improving Surgeon Ergonomics and
Dexterity (SED). The second one is the same for both: Multitasking (MLT). Also,
Motion Scaling (MS) is relatively higher than Tremor Abolition (TA) for both.

The order of Intraoperative Complication Rates (ICR) and Postoperative
Complication Rates (PCR) matrices decision priorities are also the same for this
aggregation evaluation. Surgeon Ergonomics and Dexterity (SED) is the most
significant for both assessments. Tactile/Haptic Feedback (T/HF_ICR and T/HF_PCR)
is not a big drawback for both groups.

Reckoning the priority weights of the Patient Well-Being and Welfare (PW)
matrices, the Shorter Hospital Stays (SHS) factor is the most important factor for both
aggregation evaluations. Urologists see the pair of Smaller Incisions (SI_PW) and
Operation Duration (OD_PW) as almost equally important. The result of this pair for all
aggregation priorities is also convergent. The second and third priority orders are the
opposite for all surgeons and the Urologists.

It is inferred from both aggregated Ease of Use (EOU) matrices priorities; the
most significant factor is Surgeon Ergonomics and Dexterity (SED_EOU). It is also
observed that the second and third-factor sequence opposition is valid for this matrices’
priority vectors. Additionally, the factors the surgeons find challenging to distinguish
become more distant in all aggregation calculations.

The degrees of Ease of Installation (EOI) and Training Requirements (TR)
become more convergent in all surgeons' aggregation priority vector evaluations than
the aggregation of Urology priority vectors. The order of priorities stays the same in all
aggregation evaluation results: the first is Training Requirements (TR), and the second
is Ease of Installation (EOI).

Training Requirements are found to have a relatively higher effect on preventing
Ease of Initial Adoption (EIA) by the Urologists. Its impact proportion is lower for all

surgeons.
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Even though some different preferences were observed in Training
Requirements, both groups did not hesitate about Operation Safety and Success (OSS)
during their learning process.

For the Benefits matrices, all aggregation and Urologists' aggregation results'
first priority preferences are Attract New Patients (ANP), while the second is Attract
Better Surgeons(ABS). The decision directions are opposite for Costs matrices results.
The Costs matrix factors' priority order is different for both aggregated matrices. The
result of all aggregated priority vectors in the Purchase Cost (PC) is the most
significant, while it is the lowest for Urologists. Costs and Benefits factors’ priorities of
Economics (ECON) decision matrices are convergent, while both aggregation results,
show that Costs are the most significant for the respondents. However, these are almost
equal from the Urologists' point of view.

For the main categories all surgeons’ highest priority is Operation Safety and
Success (OSS), while the Urologists’ first is Ease of Use (EOU). Patient Well-Being
and Welfare (PW) is the second for the Urologist, which is also the case for all surgeons
in our sample. All surgeon's preferences for Patient Welfare (PW) are relatively higher
than Ease of Use (EOU). For Urologists, Patient Welfare (PW) is relatively higher than
Operation Safety and Success (OSS). Operational Safety and Success (OSS) comes at
the third place for Urologists. Ease of Use (EOU) is the third priority for all surgeons'
perspectives. The priority order of Economics (ECON) and Ease of Initial Adoption
(ETA) criteria are the same for each. All aggregated priorities’ results state that
Economics (ECON) and Ease of Initial Adaption (EIA) are almost equally important.
For Urologists, the Ease of Initial Adoption (EIA) is relatively higher than Economics
(ECON). Economics (ECON) matrix factors' priority weights are almost equal for all
aggregation results. This observation states that surgeons think the impact of Costs and
Benefits on adopting the RAS platform is almost equally important considering
Economic concerns (ECON). This interpretation is also valid for the Urologists.

107



CHAPTER 4

CONCLUSION

The research question of this study addresses a very complex problem. The

literature related to the adoption factors of the RAS technology was reviewed
comprehensively to determine and address all relevant factors in this study. Then, we
carefully examined all factors, took the influencing relationship between them, and
combined them into categories. Thus, an infrastructural study took place before the final
structure of the RAS AHP decision tree was developed.
Data was collected via an online survey from different surgical fields’ surgeons and
analyzed AHP Theory developed by Saaty (Saaty 1980). Priority vectors were
calculated using the Eigenvector method for all surgeons with consistent decision
matrices. The geometric mean method was executed to obtain the aggregated results of
the decision matrices.

The evaluation of individual consistent decision matrices presents the following
results. We observed that respondents do not see any value in evaluating separately the
factors, Intraoperative Complication Rates (ICR) and Postoperative Complication Rates
(PCR), that affect the Operational Safety and Success (OSS) criterion. Reckoning all the
operation stages from the beginning and after the duration of the operation and
combining them regarding complications under one name may create a suitable
environment to compare the pairs of Operation Safety and Success (OSS) criterion. As a
result, combining Intraoperative and Postoperative Complications Rates (ICR and PCR)
factors as complications simplifies the decision-making problem. The other important
point is inferred from this analysis that individuals from different disciplines have a
common opinion that the Risks During Learning (RDL) of using the RAS platform are
not a drawback for surgeons in the Operational Safety and Success (OSS) context.

For Surgeon Ergonomics and Dexterity (SED) matrices, the individuals who are
consistent with their preferences state that the most important factor is Enhance
Visualization (EV) to facilitate the surgeons' adoption of the RAS technology.
Enhancing Visualization (EV) and Multitasking (MLT) are accepted as advantages by

surgeons. Their technical improvements may facilitate the adoption process of the RAS.
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In contrast to the literature, Tremor Abolition (TA) is not an obstacle for surgeons. It
hardly affects the adoption since Tremor Abolition (TA) is the least charming factor
influencing RAS technology adoption.

The surgeons highly appreciate any improvements in the RAS technology that enhance
Surgeon Ergonomics and Dexterity (SED) to lower Intraoperative and Postoperative
Complication Rates (ICR and PCR). The Tactile/Haptic Feedback (T/HF_ICR and
T/HF_PCR) is not a critical drawback to the adoption process of the RAS platform, as
mentioned in the literature.

Discharging patients from the hospital as early as possible is paramount to

Patient Well-Being and Welfare (PW). Smaller Incisions (SI_PW) and Operation
Duration (OD_PW) significance levels are very convergent.
Therefore, surgeons have some difficulty in distinguishing the effect of Operation
Duration (OD_PW) and Smaller Incisions (SI_PW) on improved Patient Well-Being
and Welfare (PW). Thus, it may be better to remove one of them to avoid confusion.
Smaller Incisions (SI_PW) are observed as the most problematic mutual factor in Figure
11. Hence, removing it from this hierarchy of the AHP tree may provide more
consistent decisions from the respondents.

In the context of Ease of Use (EOU), lacking Tactile/Haptic Feedback
(T/HF_EOU) has a very low effect on adopting the RAS, according to surgeons'
perspectives. This factor is put on the radar due to the effort of creating an atmosphere
where the physicians can use the RAS platform most easily in the context of Ease of
Use matrices. Additionally, the Tactile/Haptic Feedback (T/HF_EOU) factor is found to
be the root cause of creating the top inconsistency regarding this pairwise comparison
matrix pairs. Based on all these results, removing Tactile/Haptic Feedback from the
Ease of Use (EOU) branch of our AHP tree allows us to make the surgeons think more
structured.

The findings show that the Training Requirements (TR) factor is a drawback for
surgeons, as in the literature (BenMessaoud et al. 2011; Krishnan et al. 2018;
Vichitkraivin et al. 2020). Since it is surgeons' first priority, having a structured training
program is more significant than the platforms’ Ease of Installation (EOI). Even if the
impact of the Training Requirements (TR) on Ease of Initial Adoption (EIA) is the
highest, surgeons are not afraid of the safety Risks During Learning (RDL) to ensure

Operational Safety and Success (OSS).
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The surgeons’ preference in our sample regarding Economic Benefits
(ECON_B) is primarily for Attracting New Patients (ANP). Since the physicians think
that making more charming of the operation processes by raising the demand from the
patients, may create additional benefits on adopting that technology for the surgeons.
Results show that surgeons have some challenges in differentiating the Purchase Costs
(PC) and Operation and Maintenance Costs (OMC) in the concept of Economic Costs
(ECON_C). They evaluate the Economics (ECON) matrix factors almost equally.

Considering our study's MAIN criteria pairwise matrices, the results are
examined in three steps: individual-based, disciplined-based, and aggregation of all
respondents.

The individual-based consistent decisions’ matrices data shows that the highest
importance for the respondents at individual level is Operational Safety and Success
(OSS) criterion to decide an adoption decision for the RAS. Ease of Use (EOU) is the
most important criterion in the aggregated decision matrix of the urologists while it is,
also, Operational Safety and Success (OSS) in the whole aggregated decision matrix.
The second highest priority for these three concepts is Patient Well-Being and Welfare
(PW). The third one is the same for individual-based, and all aggregated decisions are
Ease of Use (EOU). For Urologists, it is Operation Safety and Success (OSS).
Economic concerns (ECON) come at the fourth one regarding individual-based decision
matrices. Ease of Initial Adoption (EIA) is the fourth priority level for Urologists and all
surgeons in our sample. While Ease of Initial Adoption (EIA) is the fifth for individual
consistent respondents, Economics (ECON) is for Urologists and all surgeons in our
sample.

It is inferred from these results that the individual-based decisions and the group
of surgeons with different specialties aggregated decisions are in more harmony. In
contrast, a particular discipline’s aggregated decisions are more differentiated than

theirs.

4.1. Limitations

In this study, we developed a comprehensive AHP tree that consists of each
category of the adoption process of the RAS. Since the results show slight differences
between the Economics (ECON) branch’s factors, Economics (ECON) criteria and its
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whole hierarchical branch may be removed from the study context. Removing this may
also be beneficial in simplifying the problem. Another thing considering this
perspective is that combining the Intraoperative Complications Rates (ICR) and
Postoperative Complications Rates (PCR) as one Complications Rates helps to simplify
this problem. We understand that being as specific as possible may contribute to
obtaining better-understood responses. From the surgeons’ side, the limitation is that
since the adoption levels and perspectives of the RAS may be differentiated by the
surgeons’ disciplines, applying the survey to an equal number and adoption level of

surgeons from each discipline may allow for more sharply differentiated results.

111



REFERENCES

Abdollah, Firas, Tarun Jindal, and Mani Menon. “Surgical Training in the Robotic Surgery Era:
The Importance of Structured Programs.” European Urology Focus 3, no. 1 (February
2017): 117-18. https://doi.org/10.1016/j.euf.2016.05.007.

Aczél, J., and C. Alsina. “On Synthesis of Judgements.” Socio-Economic Planning Sciences 20,
no. 6 (January 1986): 333-39. https://doi.org/10.1016/0038-0121(86)90044-3.

Acz€l, J.,, and T.L. Saaty. “Procedures for Synthesizing Ratio Judgements.” Journal of
Mathematical Psychology 27, no. 1 (March 1983): 93-102. https://doi.org/10.1016/0022-
2496(83)90028-7.

Aggarwal, Ajay, Daniel Lewis, Malcolm Mason, Arnie Purushotham, Richard Sullivan, and Jan
van der Meulen. “Adoption of Robotic Surgery: Driven by Market Competition or a
Desire to Improve Patient Care? — Authors’ Reply.” The Lancet Oncology 19, no. 2
(February 2018): E67. https://doi.org/10.1016/s1470-2045(18)30022-6.

Aggarwal, Ajay, Daniel Lewis, Malcolm Mason, Arnie Purushotham, Richard Sullivan, and Jan
van der Meulen. “Effect of Patient Choice and Hospital Competition on Service
Configuration and Technology Adoption within Cancer Surgery: A National, Population-
Based Study.” The Lancet Oncology 18, no. 11 (November 2017): 1445-53.
https://doi.org/10.1016/s1470-2045(17)30572-7.

Alanazi, Hamad, and Tugrul Daim. “Health Technology Diffusion: Case of Remote Patient
Monitoring (RPM) for the Care of Senior Population.” Technology in Society 66 (August
2021): 101662. https://doi.org/10.1016/].techsoc.2021.101662.

Alexander, Arthur D. “Impacts of Telemation on Modern Society.” On Theory and Practice of
Robots and Manipulators, 1972, 121-36. https://doi.org/10.1007/978-3-662-40393-8 9.

Alonso, Jose Antonio, and M. Teresa Lamata. “Consistency in the Analytic Hierarchy Process:

A New Approach.” International Journal of Uncertainty, Fuzziness and Knowledge-

Based Systems 14, no. 04 (2006): 445-59. https://doi.org/10.1142/s0218488506004114.

112


https://doi.org/10.1016/j.euf.2016.05.007
https://doi.org/10.1016/s1470-2045(18)30022-6
https://doi.org/10.1016/s1470-2045(17)30572-7
https://doi.org/10.1016/j.techsoc.2021.101662

Aradaib, Mohammed, Paul Neary, Adnan Hafeez, Reza Kalbassi, Amjad Parvaiz, and Diarmuid
O’Riordain. “Safe Adoption of Robotic Colorectal Surgery Using Structured Training:
Early Irish Experience.” Journal of Robotic Surgery 13, no. 5 (December 10, 2018): 657—
62. https://doi.org/10.1007/s11701-018-00911-0.

Aull-Hyde, Rhonda, Sevgi Erdogan, and Joshua M. Duke. “An Experiment on the Consistency
of Aggregated Comparison Matrices in AHP.” European Journal of Operational Research

171, no. 1 (May 16, 2006): 290-95. https://doi.org/10.1016/j.ejor.2004.06.037.

Barbash, Gabriel 1., and Sherry A. Glied. “New Technology and Health Care Costs — the Case
of Robot-Assisted Surgery.” New England Journal of Medicine 363, no. 8 (August 19,
2010): 701-4. https://doi.org/10.1056/nejmp1006602.

Barbash, Gabriel 1., Bernard Friedman, Sherry A. Glied, and Claudia A. Steiner. “Factors
Associated with Adoption of Robotic Surgical Technology in US Hospitals and
Relationship to Radical Prostatectomy Procedure Volume.” Annals of Surgery 259, no. 1
(January 2014): 1-6. https://doi.org/10.1097/sla.0b013e3182a5c8b8.

Barocas, Daniel A., Robert Mitchell, Sam S. Chang, and Michael S. Cookson. “Impact of
Surgeon and Hospital Volume on Outcomes of Radical Prostatectomy.” Urologic
Oncology: Seminars and Original Investigations 28, no. 3 (2010): 243-50.
https://doi.org/10.1016/j.urolonc.2009.03.001.

Bauman, Tyler M., Aaron M. Potretzke, Joel M. Vetter, Sam B. Bhayani, and Robert Sherburne
Figenshau. “Cerebrovascular Disease and Chronic Obstructive Pulmonary Disease
Increase Risk of Complications with Robotic Partial Nephrectomy.” Journal of
Endourology 30, no. 3 (March 8, 2016): 293-99.
https://doi.org/10.1089/end.2015.0534.

BenMessaoud, Christine, Hadi Kharrazi, and Karl F. MacDorman. “Facilitators and Barriers to
Adopting Robotic-Assisted Surgery: Contextualizing the Unified Theory of Acceptance
and Use of Technology.” PLoS ONE 6, no. 1 (January 20, 2011): 1-11
https://doi.org/10.1371/journal.pone.0016395.

Bernasconi, Michele, Christine Choirat, and Raffacllo Seri. “Empirical Properties of Group
Preference Aggregation Methods Employed in AHP: Theory and Evidence.” European
Journal of Operational Research 232, no. 3 (February 2014): 584-92.

https://doi.org/10.1016/j.ejor.2013.06.014.
113


https://doi.org/10.1007/s11701-018-00911-0
https://doi.org/10.1056/nejmp1006602
https://doi.org/10.1097/sla.0b013e3182a5c8b8
https://doi.org/10.1016/j.urolonc.2009.03.001
https://doi.org/10.1089/end.2015.0534
https://doi.org/10.1371/journal.pone.0016395

Bogue, Robert. “The Rise of Surgical Robots.” Industrial Robot: the international journal of
robotics research and application 48, no. 3 (July 13, 2021): 335-40.
https://doi.org/10.1108/ir-01-2021-0020.

Bolenz, Christian, Amit Gupta, Timothy Hotze, Richard Ho, Jeffrey A. Cadeddu, Claus G.
Roehrborn, and Yair Lotan. “Cost Comparison of Robotic, Laparoscopic, and Open
Radical Prostatectomy for Prostate Cancer.” European Urology 57, no. 3 (March 2010):
453-58. https://doi.org/10.1016/j.eururo.2009.11.008.

Bolenz, Christian, Stephen J. Freedland, Brent K. Hollenbeck, Yair Lotan, William T.
Lowrance, Joel B. Nelson, and Jim C. Hu. “Costs of Radical Prostatectomy for Prostate
Cancer: A Systematic Review.” European Urology 65, no. 2 (February 2014): 316-24.
https://doi.org/10.1016/j.eururo.2012.08.059.

Brunelli, Matteo, Michele Fedrizzi, and Silvio Giove. (2007) “Reconstruction Methods for
Incomplete Fuzzy Preference Relations: A Numerical Comparison.” Applications of
Fuzzy Sets Theory, 86-93. https://doi.org/10.1007/978-3-540-73400-0_11.

Brunelli, Matteo. “Introduction to the Analytic Hierarchy Process.” SpringerBriefs in

Operations Research, January 2015. https://doi.org/10.1007/978-3-319-12502-2.

Carmone, Frank J., Ali Kara, and Stelios H. Zanakis. “A Monte Carlo Investigation of
Incomplete Pairwise Comparison Matrices in AHP.” European Journal of Operational
Research 102, no. 3 (November 1997): 538-53. https://doi.org/10.1016/s0377-
2217(96)00250-0.

Cho, Keun-Tae, and Sung-Min Kim. “Selecting Medical Devices and Materials for
Development in Korea: The Analytic Hierarchy Process Approach.” The International
Journal of Health Planning and Management 18, no. 2 (June 3, 2003): 161-74.
https://doi.org/10.1002/hpm.703.

Chowdhury, M M, H Dagash, and A Pierro. “A Systematic Review of the Impact of Volume of
Surgery and Specialization on Patient Outcome.” British Journal of Surgery 94, no. 2

(January 29, 2007): 145-61. https://doi.org/10.1002/bjs.5714.

Corliss, W, and E Johnsen. Teleoperator controls. an AEC-NASA Technology Survey., January
1, 1968. https://doi.org/10.2172/4797359.

114


https://doi.org/10.1016/j.eururo.2009.11.008
https://doi.org/10.1002/bjs.5714

Davis, Fred D. “Perceived Usefulness, Perceived Ease of Use, and User Acceptance of
Information Technology.” MIS Quarterly 13, no. 3 (September 1989): 319-40.
https://doi.org/10.2307/249008.

Diana, M, and J Marescaux. “Robotic Surgery.” British Journal of Surgery 102, no. 2 (January
2015): e15-28. https://doi.org/10.1002/bjs.9711.

Esen, Eren, Erman Aytac, Volkan Ozben, Mustafa Bas, Ismail Ahmet Bilgin, Afag Aghayeva,
Bilgi Baca, Ismail Hamzaoglu, and Tayfun Karahasanoglu. “Adoption of Robotic
Technology in Turkey: A Nationwide Analysis on Caseload and Platform Used.” The
International Journal of Medical Robotics and Computer Assisted Surgery 15, no. 1
(October 17, 2018): €1962. https://doi.org/10.1002/rcs.1962.

Fanfani, Francesco, Giorgia Monterossi, Anna Fagotti, Cristiano Rossitto, Salvatore Gueli
Alletti, Barbara Costantini, Valerio Gallotta, Luigi Selvaggi, Stefano Restaino, and
Giovanni Scambia. “The New Robotic TELELAP Alf-X in Gynecological Surgery:
Single-Center Experience.” Surgical Endoscopy 30, no. 1 (April 4, 2015): 215-21.
https://doi.org/10.1007/s00464-015-4187-9.

Fanfani, Francesco, Stefano Restaino, Salvatore Gueli Alletti, Anna Fagotti, Giorgia
Monterossi, Cristiano Rossitto, Barbara Costantini, and Giovanni Scambia. “Telelap Alf-
X Robotic-Assisted Laparoscopic Hysterectomy: Feasibility and Perioperative
Outcomes.” Journal of Minimally Invasive Gynecology 22, no. 6 (September 2015):
1011-17. https://doi.org/10.1016/j.jmig.2015.05.004.

Fletcher, Sean A, Alexander P Cole, Sebastian Berg, Daniel Pucheril, and Quoc-Dien Trinh.
“Adoption of Robotic Surgery: Driven by Market Competition or a Desire to Improve
Patient Care?” The Lancet Oncology 19, no. 2 (February 2018): E66.
https://doi.org/10.1016/s1470-2045(18)30021-4.

Forman, Ernest, and Kirti Peniwati. “Aggregating Individual Judgments and Priorities with the
Analytic Hierarchy Process.” European Journal of Operational Research 108, no. 1 (July

1998): 165-69. https://doi.org/10.1016/s0377-2217(97)00244-0.

Frankiecho. “Frankiecho/Ahpsurvey: Analytic Hierarchy Process for Survey Data in R.”

GitHub. Accessed March 5, 2024. https://github.com/frankiecho/ahpsurvey.

115


https://doi.org/10.1002/bjs.9711
https://doi.org/10.1002/rcs.1962
https://doi.org/10.1016/j.jmig.2015.05.004
https://doi.org/10.1016/s1470-2045(18)30021-4
https://doi.org/10.1016/s0377-2217(97)00244-0

Garber, Steven, Susan Gates, Emmett Keeler, Mary Vaiana, Andrew Mulcahy, Christopher Lau,
and Arthur Kellermann. “Redirecting Innovation in US Health Care: Options to Decrease
Spending and Increase Value.” Rand Health Quarterly 4, 1, (March 2014).
https://doi.org/10.7249/rb9767.

Ghezzi, Tiago Leal, and Oly Campos Corleta. “30 Years of Robotic Surgery - World Journal of
Surgery.” SpringerLink 40. (May 13, 2016): 2550-57.
https://link.springer.com/article/10.1007/s00268-016-3543-9.

Goh, Brian KP, and Roxanne Y Teo. “Current Status of Laparoscopic and Robotic Pancreatic
Surgery and Its Adoption in Singapore.” Annals of the Academy of Medicine, Singapore
49, no. 6 (June 30, 2020): 377-83. https://doi.org/10.47102/annals-acadmedsg.202063.

Green, Courtney A., Hueylan Chern, and Patricia S. O’Sullivan. “Current Robotic Curricula for
Surgery Residents: A Need for Additional Cognitive and Psychomotor Focus.” The
American  Journal of Surgery 215, no. 2 (February 2018): 277-81.
https://doi.org/10.1016/j.amjsurg.2017.09.040.

Harker, P.T. “Alternative Modes of Questioning in the Analytic Hierarchy Process.”
Mathematical Modelling 9, no. 3-5 (1987): 353-60. https://doi.org/10.1016/0270-
0255(87)90492-1.

Harker, P.T. “Incomplete Pairwise Comparisons in the Analytic Hierarchy Process.”
Mathematical Modelling 9, no. 11 (1987): 837-48. https://doi.org/10.1016/0270-
0255(87)90503-3.

Higgins, Rana M., Matthew J. Frelich, Matthew E. Bosler, and Jon C. Gould. “Cost Analysis of
Robotic versus Laparoscopic General Surgery Procedures.” Surgical Endoscopy 31, no. 1

(May 2, 2016): 185-92. https://doi.org/10.1007/s00464-016-4954-2.

Hohwii, Lena, Olof Akre, Knud Venborg Pedersen, Martin Jonsson, Claus Vinther Nielsen, and
Ove Gustafsson. “Open Retropubic Prostatectomy versus Robot-Assisted Laparoscopic
Prostatectomy: A Comparison of Length of Sick Leave.” Scandinavian Journal of
Urology and Nephrology 43, no. 4 (September 9, 2009): 259-64.
https://doi.org/10.1080/00365590902834802.

Jacobs, Bruce L., Yun Zhang, Ted A. Skolarus, John T. Wei, James E. Montie, Florian R.

Schroeck, and Brent K. Hollenbeck. “Certificate of Need Legislation and the
116


https://doi.org/10.7249/rb9767
https://link.springer.com/article/10.1007/s00268-016-3543-9
https://doi.org/10.47102/annals-acadmedsg.202063
https://doi.org/10.1016/j.amjsurg.2017.09.040
https://doi.org/10.1007/s00464-016-4954-2
https://doi.org/10.1080/00365590902834802

Dissemination of Robotic Surgery for Prostate Cancer.” Journal of Urology 189, no. 1

(January 2013): 80-85. https://doi.org/10.1016/j.juro.2012.08.185.

Jun, Hu, and Peng Jian-liang. “Application of Supplier Selection Based on the AHP Theory.”
2008 IEEE International Symposium on Knowledge Acquisition and Modeling
Workshop, December 2008. 1095-97. https://doi.org/10.1109/kamw.2008.4810684.

Khan, Ilyas, Liliane Pintelon, and Harry Martin. “The Application of Multicriteria Decision
Analysis Methods in Health Care: A Literature Review.” Medical Decision Making 42,
no. 2 (June 24, 2021): 262—74. https://doi.org/10.1177/0272989x211019040.

Kim, Min-Chan, Geon-Ung Heo, and Ghap-Joong Jung. “Robotic Gastrectomy for Gastric
Cancer: Surgical Techniques and Clinical Merits.” Surgical Endoscopy 24, no. 3 (August
18, 2009): 610-15. https://doi.org/10.1007/s00464-009-0618-9.

Kim, Simon P., Nilay D. Shah, R. Jeffrey Karnes, Christopher J. Weight, Nathan D. Shippee,
Leona C. Han, Stephen A. Boorjian, et al. “Hospitalization Costs for Radical
Prostatectomy Attributable to Robotic Surgery.” European Urology 64, no. 1 (July 2013):
11-16. https://doi.org/10.1016/j.eururo.2012.08.012.

Krishnan, Giri, Jack Mintz, Andrew Foreman, J. C. Hodge, and Suren Krishnan. “The
Acceptance and Adoption of Transoral Robotic Surgery in Australia and New Zealand.”
Journal of Robotic Surgery 13, no. 2 (August 20, 2018): 301-7.
https://doi.org/10.1007/s11701-018-0856-8.

Langhan, Melissa L., Antonio Riera, Jordan C. Kurtz, Paula Schaeffer, and Andrea G. Asnes.
“Implementation of Newly Adopted Technology in Acute Care Settings: A Qualitative
Analysis of Clinical Staff.” Journal of Medical Engineering & Technology 39, no. 1
(November 4, 2014): 44-53. https://doi.org/10.3109/03091902.2014.973618.

Lee, Jandee, Jong Ho Yun, Kee Hyun Nam, Euy-Young Soh, and Woong Youn Chung. “The
Learning Curve for Robotic Thyroidectomy: A Multicenter Study.” Annals of Surgical
Oncology 18, no. 1 (August 3, 2010): 226-32. https://doi.org/10.1245/s10434-010-
1220-z.

Lendvay, Thomas Sean, Blake Hannaford, and Richard M. Satava. “Future of Robotic Surgery.”
The Cancer Journal 19, no. 2 (March 2013): 109-19.

https://doi.org/10.1097/ppo.0b013e31828bf822.
117


https://doi.org/10.1016/j.juro.2012.08.185
https://doi.org/10.1109/kamw.2008.4810684
https://doi.org/10.1007/s00464-009-0618-9
https://doi.org/10.1016/j.eururo.2012.08.012
https://doi.org/10.1007/s11701-018-0856-8
https://doi.org/10.3109/03091902.2014.973618
https://doi.org/10.1245/s10434-010-1220-z
https://doi.org/10.1245/s10434-010-1220-z
https://doi.org/10.1097/ppo.0b013e31828bf822

Lenihan, John P. “How to Set up a Robotic-Assisted Laparoscopic Surgery Center and Training
of Staff.” Best Practice &amp; Research Clinical Obstetrics &amp; Gynaecology 45
(November 2017): 19-31. https://doi.org/10.1016/j.bpobgyn.2017.05.004.

Lim, Peter C., and Elizabeth Kang. “How to Prepare the Patient for Robotic Surgery: Before
and during the Operation.” Best Practice & Research Clinical Obstetrics & Gynaecology
45 (November 2017): 32—-47. https://doi.org/10.1016/j.bpobgyn.2017.04.008.

Lim, Peter C., Elizabeth Kang, and Do Hwan Park. “A Comparative Detail Analysis of the
Learning Curve and Surgical Outcome for Robotic Hysterectomy with
Lymphadenectomy versus Laparoscopic Hysterectomy with Lymphadenectomy in
Treatment of Endometrial Cancer: A Case-Matched Controlled Study of the First One
Hundred Twenty Two Patients.” Gynecologic Oncology 120, no. 3 (March 2011): 413—
18. https://doi.org/10.1016/j.ygyno.2010.11.034.

Makarov, Danil V., James B. Yu, Rani A. Desai, David F. Penson, and Cary P. Gross. “The
Association between Diffusion of the Surgical Robot and Radical Prostatectomy Rates.”
Medical Care 49, no. 4 (April 2011): 333-39.
https://doi.org/10.1097/mlr.0b013e318202adb9.

Makarov, Danil V., Stacy Loeb, Adam B. Landman, Matthew E. Nielsen, Cary P. Gross,
Douglas L. Leslie, David F. Penson, and Rani A. Desai. “Regional Variation in Total
Cost per Radical Prostatectomy in the Healthcare Cost and Utilization Project Nationwide
Inpatient Sample Database.” Journal of Urology 183, no. 4 (April 2010): 1504-9.
https://doi.org/10.1016/j.juro.2009.12.014.

Mandapathil, Magis, and Jens E. Meyer. “Acceptance and Adoption of Transoral Robotic
Surgery in Germany.” European Archives of Oto-Rhino-Laryngology 278, no. 10
(February 7, 2021): 4021-26. https://doi.org/10.1007/s00405-021-06623-w.

Martino, M.A., J. Shubella, M.B. Thomas, R.M. Morcrette, J. Schindler, S. Williams, and R.
Boulay. “A Cost Analysis of Postoperative Management in Endometrial Cancer Patients
Treated by Robotics versus Laparoscopic Approach.” Gynecologic Oncology 123, no. 3
(December 2011): 528-31. https://doi.org/10.1016/j.ygyn0.2011.08.021.

118


https://doi.org/10.1016/j.bpobgyn.2017.05.004
https://doi.org/10.1016/j.bpobgyn.2017.04.008
https://doi.org/10.1016/j.ygyno.2010.11.034
https://doi.org/10.1097/mlr.0b013e318202adb9
https://doi.org/10.1016/j.juro.2009.12.014
https://doi.org/10.1007/s00405-021-06623-w
https://doi.org/10.1016/j.ygyno.2011.08.021

Mendivil, Alberto, Robert W. Holloway, and John F. Boggess. “Emergence of Robotic Assisted
Surgery in Gynecologic Oncology: American Perspective.” Gynecologic Oncology 114,
no. 2 (August 2009): S24-31. https://doi.org/10.1016/j.ygyno.2009.02.002.

Mills, James T., Helen Y. Hougen, Daniel Bitner, Tracey L. Krupski, and Noah S. Schenkman.
“Does Robotic Surgical Simulator Performance Correlate with Surgical Skill?”” Journal of
Surgical Education 74, no. 6 (November 2017): 1052-56.
https://doi.org/10.1016/j.jsurg.2017.05.011.

Mohammadzadeh, Niloofar, and Reza Safdari. “Robotic Surgery in Cancer Care: Opportunities
and Challenges.” Asian Pacific Journal of Cancer Prevention 15, no. 3 (February 1,

2014): 1081-83. https://doi.org/10.7314/apjcp.2014.15.3.1081.

Moriarty, Michael A., Kenneth G. Nepple, Chad R. Tracy, Michael E. Strigenz, Daniel K. Lee,
and James A. Brown. “Impact of Robotic Fellowship Experience on Perioperative
Outcomes of Robotic-Assisted Laparoscopic Partial Nephrectomy.” Current Urology 9,
no. 1 (February 2016): 19-23. https://doi.org/10.1159/000442845.

Mouraviev, Vladimir, Israel Nosnik, Leon Sun, Cary N. Robertson, Philip Walther, David
Albala, Judd W. Moul, and Thomas J. Polascik. “Financial Comparative Analysis of
Minimally Invasive Surgery to Open Surgery for Localized Prostate Cancer: A Single-
Institution ~ Experience.” Urology 69, mno. 2 (February 2007): 311-14.
https://doi.org/10.1016/j.urology.2006.10.025.

Nasser, Hassan, Tommy lvanics, Rohit Shenoy Ranjal, Shravan Leonard-Murali, and Jeffrey
Genaw. “Perioperative Outcomes of Robotic versus Laparoscopic Sleeve Gastrectomy in
the Super-Obese.” Journal of Surgical Research 249 (May 2020): 34-41.
https://doi.org/10.1016/j.jss.2019.12.012.

Ng, Casey K., Eric C. Kauffman, Ming-Ming Lee, Brandon J. Otto, Alyse Portnoff, Josh R.
Ehrlich, Michael J. Schwartz, Gerald J. Wang, and Douglas S. Scherr. “A Comparison of

Postoperative Complications in Open versus Robotic Cystectomy.” European Urology
57, no. 2 (February 2010): 274-82. https://doi.org/10.1016/j.eururo.2009.06.001.

Pernar, Luise I., Faith C. Robertson, Ali Tavakkoli, Eric G. Sheu, David C. Brooks, and
Douglas S. Smink. “An Appraisal of the Learning Curve in Robotic General Surgery.”
Surgical Endoscopy 31, no. 11 (April 14, 2017): 4583-96.
https://doi.org/10.1007/s00464-017-5520-2.

119


https://doi.org/10.1016/j.ygyno.2009.02.002
https://doi.org/10.1016/j.jsurg.2017.05.011
https://doi.org/10.7314/apjcp.2014.15.3.1081
https://doi.org/10.1159/000442845
https://doi.org/10.1016/j.urology.2006.10.025
https://doi.org/10.1016/j.jss.2019.12.012
https://doi.org/10.1016/j.eururo.2009.06.001
https://doi.org/10.1007/s00464-017-5520-2

Ploussard, Guillaume, Evanguelos Xylinas, Laurent Salomon, Dimitri Vordos, Andras Hoznek,
Claude-Clément Abbou, and Alexandre De La Taille. “Robot-assisted Extraperitoneal
Laparoscopic Radical Prostatectomy: Experience in a High-volume Laparoscopy
Reference Centre.” BJU International 105, no. 8 (March 25, 2010): 1155-60.
https://doi.org/10.1111/j.1464-410x.2009.09013.x.

Saaty, Thomas L, and Luis G Vargas. “Inconsistency and Rank Preservation.” Journal of
Mathematical Psychology 28, no. 2 (June 1984): 205-14. https://doi.org/10.1016/0022-
2496(84)90027-0.

Saaty, Thomas L. “A Scaling Method for Priorities in Hierarchical Structures.” Journal of
Mathematical Psychology 15, no. 3 (June 1977): 234-81. https://doi.org/10.1016/0022-
2496(77)90033-5.

Saaty, Thomas L. 1980. “The Analytical Hierarchy Process, Planning, Priority. Resource
Allocation.” USA: RWS publications.

Saaty, Thomas L. “Decision-Making with the AHP: Why Is the Principal Eigenvector
Necessary.” European Journal of Operational Research 145, no. 1 (February 2003): 85—
91. https://doi.org/10.1016/s0377-2217(02)00227-8.

Saaty, Thomas L. “The Modern Science of Multicriteria Decision Making and Its Practical
Applications: The AHP/ANP Approach.” Operations Research 61, no. 5 (September
2013): 1101-18. https://doi.org/10.1287/opre.2013.1197.

Saaty, Thomas L., and Luis G. Vargas. “The Seven Pillars of the Analytic Hierarchy Process.”
International Series in Operations Research & Management Science 175 (2012): 23-40.
https://doi.org/10.1007/978-1-4614-3597-6_2.

Scales, Charles D., Peter J. Jones, Eric L. Eisenstein, Glenn M. Preminger, and David M.
Albala. “Local Cost Structures and the Economics of Robot Assisted Radical
Prostatectomy.” The Journal of Urology 174, no. 6 (December 2005): 2323-29.
https://doi.org/10.1097/01.ju.0000181830.43340.€7.

120


https://doi.org/10.1111/j.1464-410x.2009.09013.x
https://doi.org/10.1016/0022-2496(77)90033-5
https://doi.org/10.1016/0022-2496(77)90033-5
https://doi.org/10.1097/01.ju.0000181830.43340.e7

Sheetz, Kyle H., Jake Claflin, and Justin B. Dimick. “Trends in the Adoption of Robotic
Surgery for Common Surgical Procedures.” JAMA Network Open 3, no. 1 (January 10,
2020). https://doi.org/10.1001/jamanetworkopen.2019.18911.

Sheth, Kunj R., Jason P. Van Batavia, Diana K. Bowen, Chester J. Koh, and Arun K.
Srinivasan. “Minimally Invasive Surgery in Pediatric Urology.” Urologic Clinics of
North America 45, no. 4 (November 2018): 611-21.
https://doi.org/10.1016/j.ucl.2018.06.008.

Siaulys, Raimondas, Vita Klimasauskiene, Vinsas Janusonis, Viktorija Ezerskiene, Audrius
Dulskas, and Narimantas Evaldas Samalavicius. “Robotic Gynaecological Surgery Using
Senhance® Robotic Platform: Single Centre Experience with 100 Cases.” Journal of
Gynecology Obstetrics and Human Reproduction 50, no. 1 (January 2021): 102031.
https://doi.org/10.1016/j.jogoh.2020.102031.

Sivarajan, Ganesh, Glen B. Taksler, Dawn Walter, Cary P. Gross, Raul E. Sosa, and Danil V.
Makarov. “The Effect of the Diffusion of the Surgical Robot on the Hospital-Level
Utilization of Partial Nephrectomy.” Medical Care 53, no. 1 (January 2015): 71-78.
https://doi.org/10.1097/mlr.0000000000000259.

“Sofie.” SOFIE. Accessed March 5, 2024. https://www.tue.nl/en/research/research-

institutes/robotics-research/projects/sofie/.

Stewart, Camille L., Philip H. ltuarte, Kurt A. Melstrom, Susanne G. Warner, Laleh G.
Melstrom, Lily L. Lai, Yuman Fong, and Yanghee Woo. “Robotic Surgery Trends in
General Surgical Oncology from the National Inpatient Sample.” Surgical Endoscopy 33,
no. 8 (October 24, 2018): 2591-2601. https://doi.org/10.1007/s00464-018-6554-9.

Stitzenberg, Karyn B., Yu-Ning Wong, Matthew E. Nielsen, Brian L. Egleston, and Robert G.
Uzzo. “Trends in Radical Prostatectomy: Centralization, Robotics, and Access to
Urologic Cancer Care.” Cancer 118, no. 1 (June 29, 2011): 54-62.
https://doi.org/10.1002/cncr.26274.

Thompson, James E., Sam Egger, Maret Bohm, Anne-Maree Haynes, Jayne Matthews, Krishan
Rasiah, and Phillip D. Stricker. “Superior Quality of Life and Improved Surgical Margins
Are Achievable with Robotic Radical Prostatectomy after a Long Learning Curve: A
Prospective Single-Surgeon Study of 1552 Consecutive Cases.” European Urology 65,

no. 3 (March 2014): 521-31. https://doi.org/10.1016/j.eururo.2013.10.030.
121


https://doi.org/10.1001/jamanetworkopen.2019.18911
https://doi.org/10.1016/j.ucl.2018.06.008
https://doi.org/10.1016/j.jogoh.2020.102031
https://doi.org/10.1097/mlr.0000000000000259
https://doi.org/10.1007/s00464-018-6554-9
https://doi.org/10.1002/cncr.26274
https://doi.org/10.1016/j.eururo.2013.10.030

Turchetti, Giuseppe, Ilaria Palla, Francesca Pierotti, and Alfred Cuschieri. “Economic
Evaluation of Da Vinci-Assisted Robotic Surgery: A Systematic Review.” Surgical
Endoscopy 26, no. 3 (October 13, 2011): 598-606. https://doi.org/10.1007/s00464-011-
1936-2.

Vichitkraivin, Paniti, and Thanakorn Naenna. “Factors of Healthcare Robot Adoption by
Medical Staff in Thai Government Hospitals.”. Health and Technology 11, no. 1
(November 6, 2020): 139-51. https://doi.org/10.1007/s12553-020-00489-4.

Wallenstein, Michelle R., Cande V. Ananth, Jin Hee Kim, William M. Burke, Dawn L.
Hershman, Sharyn N. Lewin, Alfred I. Neugut, Yu-Shiang Lu, Thomas J. Herzog, and
Jason D. Wright. “Effect of Surgical Volume on Outcomes for Laparoscopic
Hysterectomy for Benign Indications.” Obstetrics & Gynecology 119, no. 4 (April 2012):
709-16. https://doi.org/10.1097/a0g.0b013e318248f7a8.

Williams, Stephen B., Kris Prado, and Jim C. Hu. “Economics of Robotic Surgery.” Urologic
Clinics of North America 41, no. 4 (August 30, 2014): 591-96.
https://doi.org/10.1016/j.ucl.2014.07.013.

122


https://doi.org/10.1007/s00464-011-1936-2
https://doi.org/10.1007/s00464-011-1936-2
https://doi.org/10.1007/s12553-020-00489-4
https://doi.org/10.1097/aog.0b013e318248f7a8
https://doi.org/10.1016/j.ucl.2014.07.013

APPENDICES

APPENDIX A

SURVEY DESIGN

A.1. English Version of the Survey

Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

(¥ PAGE TITLE

This questionnaire was created with the purpose of studying the relative importance of factors for the adoption
of Robotic Assisted Surgery (RAS) among practicing surgeons in various disciplines. It's a part of MA study at
lzmir Institute Of Technology, Technology, Design and Innovation Management Program. Your preferences will
be quantified and prioritized using the Analytical Hierarchy Process (Saaty, 1980, 2013), an Expert Judment
Quantification tool. The method uses pairwise comparisons of factors, along a decision tree.

The study is designed to provide useful quantitative information for the improvement and customization
decisions for next generation of Robotic Assistants. We value your contribution highly, and we hope to
incorporate your expert opinion and preferences. The survey will take about 20 minutesto complete. If you
provide us with your e-mail address, we will be happy to share with you the final results of the study, aswell as a
guantitative summary of your personal preferences for RAS adoption, which we hope will be of interest to you.
No information will be shared with third parties of any kind.

Thank you again for your valuable expert opinion and contribution to the study.
Isin Stzen Sangbl, 1zmir Institute Of Technology

Asst. Prof. Burak Dindaroglu, Izmir Institute Of Technology

Prof. Dr. Erman Aytac, Acibadem University
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Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

Background Information and Decision-Making Context

“ 1. Please select your age interval © o

O 534
O 35-44
O s+
O sees
O ssorasove

* 2. What is your surgical specialization? © o

* 3. In your current surgical practice, you use (please all that apply) @ o

D Tpen surgary

I:‘ Robotic Assisted Surgery

4. If you are not currently using Robotic Assisted surgery, do you intend to use it in the future? © o

O | hawe no intention to adapt robotic assistance in the futurs.
O | am open to learn morg about robotic assistants before making my mind.
O | hawe an intention to use 2 robotic assistant in the future.

O 1 am willing but cannot adapt, due to (please add reason briefly)
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* b. Please select your current title © o
O Attending Physician
O Assistant Professor

O Associate Profsssor

O Professor

* B. Please pravide any administrative duties or roles, i.e., the context of decision making. © o

I:‘ Chief executive officer / chief physician for hospital

|:| Director of surgical department

D None

I:‘ Other {please specify)

* 7. Which one is true for you? @ o

D I'work for 2 hospital.

D 1work for sameone elss's private practice.

D I run my of surgical practics.

D Other (please specify)

* 8. Please select your country of residence (street address not required). © o

Country

| Select country ~ |

9. Provide your e-mail address if you wish to receive research outputs and a quantitative summary of your
decision priorities. © o

Email address

10. If you have provided an e-mail address, is it OK if we contact you in the future for additional (short and
concise) inquiries? © o

O as
O No
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Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

AHP Questionnaire Format

In what follows, you will be asked to compare two Factors at a time in terms of their importance for a
Criterion to be examined, and give your preference on a scale of 1to 9, as described in the table below. Each
question will be of the form:

Please compare Factor A and Factor B, in terms of their importance for Criterion C.

To answer, you will need to pick the more important factor for you, A or B, using the drop-down menu on the left,
and also give the strength of your preference on a scale of 1to 9, using the menu on the right. If the two factors
are equally important for you for the Criterion, you can pick any one of them on the left menu, and select the
number 1 using the menu on the right.

Relative Comparison of Factors Numerical Ratings
Equally Important 1

Moderately More Important
Strongly More Important
Very Strongly More Impartant
Extremely More Important

W =1 o

Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

Criterion 1: Operation Safety and Success

The first criterion deals with factors that lead to higher success rates and reduced operation risk, leading to
successful completion of the surgery. RAS is found to reduce Intraoperative and Postoperative
Complications, though may present additional risks during Inexperienced Use and Learning.

Which of the following, in your opinion, is more important for Operation Safety and Success? < 0

“11. Obtaining Lower Intraoperative Complication Rates, or Lower Postoperative Complication Rates” © ©

Preference Direction Level of Preference

*12. Lower Intraoperative Complication Rates, or Safety Risks During Inexperienced Use and Learning”
Qo

Orefarznce Direction Level of Preference
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*13. Lower Postoperative Complication Rates, or Safety Risks During Inexperienced Use and Learning?
Do

Preference Direction Level of Preference

RAS platforms offer Enhanced Surgeon Ergonomics and Dexterity. Which features below, in your opinion, are
more important for Surgeon Ergonomics and Dexterity? Please make pairwise comparisons by answering the
questions below.

Factors contributing to Enhanced Surgeon Ergonomics are explained below:

Multitasking refers to the ability to perform multiple processes at once.

Tremor Abolition refers to the elimination of involuntary hand movements.

Motion Scaling refers to the conversion of large hand movements into smaller movements in the operative field.
Enhanced Visualization refers to stable and magnified image, often in 3D. © o

*14. Multitasking, or Tremor Abolition? © o

Sreference Direction Level of Preference

I :

*15. Multitasking, or Motion Scaling? © o

Preference Direction Level of Preference

I :

*16. Multitasking, or Enhanced Visualization? © o

Oreference Direction Level of Preference

L 3 ¢

17. Tremor Abolition, or Motion Scaling? < o

Sreference Direction Level of Preference

L 9 ¢

*18. Tremor Abolition, or Enhanced Visualization? © o

Preference Direction Level of Preference

I :

*19. Motion Scaling, or Enhanced Visualization? © ¢

Preference Direction Level of Preference

L 3 :
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RAS is claimed to reduce Intraoperative Complications: Please choose which factor among each pair is more
important for reducing Intraoperative Complications? Factors related to fewer complications can be listed as

-Smaller Incisions with RAS,

-Tactile/Haptic Feedback (which current RAS platforms lack), and
-Surgeon Ergonomics and Dexterity with RAS. © 0

*20. The ability to make Smaller Incisions, or the presence of Tactile/Haptic Feedback? < o

Preference Direction Level of Preference

L ¢ | :

* 21, The ability to make Smaller Incisions, or Surgeon Ergonomics and Dexterity? © o

Preference Direction Level of Preference
| d | ¢
* 22, Surgeon Ergonomics and Dexterity, or Tactile/Haptic Feedback? © o
Preference Direction Level of Preference
3| | ¢

Postoperative Complications: Please choose which factor is more important for reducing Postoperative
Complications? Factors are the same as for Interoperative Complications. © 0

* 23. The ability to make Smaller Incisions, or the presence of Tactile/Haptic Feedback? © o

Preference Direction Level of Preference

L 4 | :

* 24, The ability to make Smaller Incisions, or Surgeon Ergonomics and Dexterity? © o

Prefarence Direction Level of Preference
| ¢ | ¢
* 25, Surgeon Ergonomics and Dexterity, or Tactile/Haptic Feedback? © o
Prefarence Direction Level of Preference
| 3| :
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Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

Criterion 2: Patient Well-Being and Welfare

Defined as all factors that improve the well-being of the patient, other than factors that directly relate to
Operation Success. Main factors that contribute are listed as,

Smaller Incisions,

Shorter Hospital Stays and Earlier Return to Human Activity,
Operation Duration.

Which of the following, in your opinion, is more important for improving Patient Well-Being? © 0

26. The ability to make Smaller Incisions, or Shorter Hospital Stays? © o

Preference Direction Level of Preference

I | s

27. The ability to make Smaller Incisions, or Operation Duration? © o

Sreference Direction Level of Preference

L ¢ ¢

28. Shorter Hospital Stays, or Operation Duration? < ¢

Preference Direction Level of Preference

I :
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Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

Criterion 3: Ease of Use

This criterion refers to factors that make the platform easier to use. Current Robotic Surgery platforms are
known to enhance Surgeon Ergonomics and Dexterity, and reduce Operation Duration. However, the absence
of Tactile (Haptic) Feedback is noted as a significant drawback. Please compare these three factors, in pairs, in
terms of their importance for Ease of Use, via the questions below.

Which of the following, in your opinion, is more important for Ease of Use? © 0

29. Tactile/Haptic Feedback, or Operation Duration? © o

Preference Direction Level of Preference

I | :

30. Tactile/Haptic Feedback, or Surgeon Ergonomics and Dexterity? © o

Preference Direction Level of Preference

31. Surgeon Ergonomics and Dexterity, or Operation Duration? © 0

Preference Direction Level of Preference

Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

Criterion 4: Ease of Initial Adoption

Factors facilitating or inhibiting the accesibility of the robotic platform for the hospital. Two factors are
considered:

-Ease of Installation,
<Training Requirements (initial training neads for surgeons and staff).

Which of the following, in your opinion, is more important for the Ease of Initial Adoption? & ©

32. Ease of Installation vs. Training Requirements © o

Preference Direction Level of Preference

I ¢
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Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process
Criterion 5: Economics

All factors related to monetary costs and benefits for the surgeon or the hospital. We consider Initial Costs and
and Operation Costs separately, as well as Benefits (Including Quality Procedures). Potential benefits of RAS
platforms include Attracting New Patients, and Attracting Better Surgeons, for the hospital or practice.

Please make tha thres pairwise comparisons on this Saction from the perspective of your hospital or practice,

1.2, the unit making the purchase decision. If you are not familiar with Economic considerations, you may choose
to skip this Section.

Which of the following, in your opinion, is more important for Economic concerns regarding Robotic Surgery
Platform adoption? @ o

33. For benefits, Attracting New Patients, or Attracting Better Surgeons for the hospital or practice? & 0

Preference Direction Level of Preference

I | :

34. For costs, Initial Purchase Costs, or Operation and Maintenance Costs? O ¢

Preference Direction Level of Preference

35. For economic concerns, Costs, or Benefits for the Hospital/Practice? © o

Preference Direction Level of Preference

Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy
Process

Comparisons of Main Criteria for the Adoption Decision

In this final section, you are asked 1o compare the relative importance of each of the five main criteria for your
decision to adopt a Rohotic Assistant.

Which of the following, in your opinion, is more important for your decision to adopt a Robotic Surgery Platform
ornot? © ¢

36. Economic Considerations, or Ease of Initial Adoption? < o

Preference Direction Level of Preference

I :

37. Economics, or Ease of Use? © o

Preference Direction Level of Preference

[ 3 ¢
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38. Economics, or Patient Well-Being? @ o

Preference Direction Level of

Preference

9

39. Economics, or Operational Safety and Success? < 0

Preference Direction Level of

Freference

40. Ease of Initial Adaption, cr Ease of Use? © o

Preference Direction Level of

Preference

I

41. Ease of Initial Adaption, or Patient Well-Being? © o

Preference Direction Level of

Preference

I

42, Ease of Initial Adaption, or Operational Safety and Success? < o

Preference Direction Level of

Preference

43. Ease of Use, or Patient Well-Being? © o

Prefarence Direction Level of

Praferance

I

44. Ease of Use, or Operational Safety and Success? O o

Preference Direction Level of

Preference

45. Patient Well-Being, or Operational Safety and Success? < o

Preference Direction Level of

Preference

Robotic-Assisted Surgery Adoption Decision with the Analytical Hierarchy

Process

Thank you for your Expert Opinion!

We are grateful for your expert opinion and tims, and we are certain that your information will contribute greatly

to the study. If you would like to obtain further information about the study, ask questions, or offer other

comments, please contact, burakdindaroglu@iyte.edu.tr
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A.2. Turkish Version of the Survey

Analitik Hiyerarsi Siire¢ ile Robotik Cerrahi Adaptasyon Karari

® PAGE TITLE

Bu anket, ¢esith disiplinlerde galigan cerrahlar arasinda Robotik Yardimli Cerrahinin (RAS) benimsenmesine
iliskin faktdrlerin greceli énemini incelemek amaciyla olusturulmustur. izmir Yiiksek Teknoloji Enstitiisii,
Teknoloji Tasarnm ve inovasyon Yonetimi Programinda yiriitilmekte olan bir yiiksek lisans tez calismasi
kapsaminda alinmaktadir. Tercihleriniz, bir Uzman Karari Olglim araci olan Analitik Hiverarsi Sireci (Saaty, 1980,
2013) kullanilarak élcllecek ve dnceliklendirilecektir, Yéntem, bir karar agaci boyunca faktérlerin ikili
karsilagunlmalarina dayanir.

Calisma, veni nesil Robotik Asistanlar igin iyilestirme ve Gzellestirme kararlarina yonelik yararli niceliksel bilgiler
saglamalk zere tasarlandi. Katkiniza gok deger veriyoruz ve uzman gorlsinizl ve tercihlerinizi dahil etmeyi
umuyoruz, Anketin tamamlanmasi yaklagik 20 dakika slrecektir. Bize e-posta adresinizi verirseniz, ¢alismanin
nihal sonuglarini ve ilginizi gekecegini umdugumuz RAS'In benimsenmesine yonelik kisisel tercihlerinizin
niceliksel bir 6zetini sizinle paylasmaktan mutluluk duyariz. Higbir sekilde lglinci sahislarla bilgi
paylasilmayacakur.

Degerli uzman gérisiniiz ve galismaya katkiniz igin tekrar tesekkiir ederiz.
Isin S8zen Sarighl, izmir Yiiksek Teknoloji Enstitiisil.

Dr. Ogretim Uyesi Burak Dindaroglu, izmir Ylksek Teknoloji Enstitiisi.
Prof.Dr. Erman Aytag, Aclbadem Universitesi.

Analitik Hiyerarsi Siireg ile Robotik Cerrahi Adaptasyon Karari

Arka Plan Bilgisi ve Karar Verme Baglami

*1. Litfen yag arali@inizi segininiz. @ ¢
() =522

() s=ee

O EE ya da dstd

* 2. Cerrahi uzmanliginiz hangi alandadir? @ o

* 3. Mevcut cerrahi uygulamalarinizda kullandiginiz yontemler nelerdir? (Litfen gecerli olanlarin timani
seginiz) 9o

|:| Agik Ameliyat
|:| Laparoskopi

|:| Robotik Yardiml Cerrahi
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4. Su anda Robotik Yardiml Cerrahiyi kullanmiyorsaniz, gelecekte kullanmay dislnlyor musunuz? @ o

O Gelecekte rabotik yardimb cerrahiyi, cerrahi pratigime wyarlamaya niyetim yok.
O Karanmi vermeden Snce robotik yardimli cerrahi hakkinda daha fazla bilgl edinmeye agigim.
O Gelecekte rabotik yardimb cerrahi kullanmay planlparum.

O Istiyarum ama pratifime sdapte edemiyorum, glinki (litfen kisaca nedenini belirtiniz)

* 5. LUtfen meveut unvaninizi seginiz. 9 o

() uzman Dokter
O Dr. OFratim Oyesi
O Dogent Or

() Profeste

* 6. Litfen idari gbrevinizi ya da rolindzd, yani karar alma baglaminmzi belirtin, @ o

|:| Hastarmenin lerz Kuruly Bagkan [ Baghekimi
[] erreni gelom Direiesr

I:‘ Higairi

[] oiger canfen betining

* 7. 5izin igin asadidakilerden hangisi dogdru? 9 o

|:| Bir hastanede galigryorum.
|:| Bir bagkasina ait dzel bir pratike galigiyorum.
l:‘ Bir Gniversiteds galigryorum.
l:‘ Kendi cerrahi pratigimi ylritiorum.
|:| Diger (Litfen belirtin).
| |

* 8. Litfen ikamet ettiginiz sehri ve (lkeyi seginiz (agik adres gerekli degildir). @ ¢

| Select country w |
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9, Arastrma gikularni ve karar dnceliklerinizin niceliksel bir 8zetini almak istiyorsaniz e-posta adresinizi

belirtiniz. © o

E-posta

10. Bizimle bir e-posta adresi paylastiysaniz, gelecekte ek (kisa ve 06z) sorular igin sizinle iletisime gegmeamiz

uygun olurmu? 9 o

Analitik Hiyerarsi Siireg ile Robotik Cerrahi Adaptasyon Karari

AHP Anket Formati

Asadida sizden, incelenecek bir Kriter igin 8nemleri agisindan iki Faktdril ayni anda karsilagtirmaniz ve agagidaki
tabloda aciklandi@ gibi tercihinizi 1'den 9'a kadar bir dlgekte belirtmeniz istenecektir. Her soru su bigimde

olacakur:

Litfen A Faktdril ile B Faktdriinil C Kriteri agisindan dnemlerine gore kargilagtinn.

Yanitlamak igin, soldaki agilir mendyd kullanarak sizin igin en dnemli faktdrd (A veya B) segmeniz ve ayrica
sagdaki menlyl kullanarak tercihinizin glictini 1'den 9'a kadar bir dlgekte belirtmeniz gerekecektir. Kriter
agisindan ik faktdr sizin igin esit derecede dnemliyse soldaki mentden herhangi birini segip, sagdaki mendyd

kullanarak 1 sayisini segebilirsiniz.

Faktorlerin Goreceli Karsilastirmasi Sayisal Derecelendirmeler
Esit Derecede Onemli 1
Orta Derecede Daha Onemli 3
Cok Daha Onamili 5
Cok Glcli Daha Onemli 7
Son Derece Daha Onemli €]
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Analitik Hiyerarsi Siire¢ ile Robotik Cerrahi Adaptasyon Karari
Kriter 1: Operasyon Giivenligi ve Bagarisi

ilk kriter, daha yiiksek basari oranlarina ve daha az ameliyat riskine yol agan ve ameliyatn basariyla
tamamlanmasini saglayan faktdrlerle ilgilidir. Robotik yardimli cerrahinin Ameliyat Sirasindaki ve Sonrasindaki
Komplikasyonlar azalttig bulunmustur ancak Deneyimsiz Kullanim ve Ogrenme sirasinda ek riskler ortaya
¢ikarabilir.

Sizce Operasyon Giivenligi ve Bagarnisi igin agagidakilerden hangisi daha énemlidir? © o

“11. Ameliyat Sirasinda Daha Diigiik Komplikasyon Oranlar elde etmek mi, yoksa Ameliyat Sonrasinda
Daha Diigiik Komplikasyon Oranlari elde etmek mi? © o

Tercih YEnd Tercih Dizeyi

*12. Ameliyat Sirasindaki Daha Diisiik Komplikasyon Oranlari mi yoksa Deneyimsiz Kullanim ve Ogrenme
Sirasindaki Daha Yiiksek Giivenlik Riskleri mi? @ o

Tercih Yéni Tercih Diizeyi

*13. Ameliyat Sonrasindaki Daha Diisiik Komplikasyon Oranlari mi yoksa Deneyimsiz Kullanim ve Ogrenme
Sirasindaki Daha Yiiksek Giivenlik Riskleri mi? © o

Tercih Yani Tercin DOzeyi

Robotik yardimli cerrahi platformlar Geligmis Cerrah Ergonomisi ve El Becerisi sunar. Size gore agagidaki hangi
ozellikler Cerrah Ergonomisi ve El Becerisi agisindan daha dnemlidir? Liitfen agagidaki sorular yanitlayarak ikili
kargilagtirmalar yapimiz.

Geligsmig Cerrah Ergonomisine katkida bulunan faktérler agagida agiklanmaktadir:

Coklu Gérev, ayni anda birden fazla islemi gergeklestirebilme yetensgini ifade eder.

Titreme Onleme, istemsiz el hareketlerinin ortadan kaldinlmasi anlamina gelir.

Hareket Olgeklendirme, biiyiik el hareketlerinin ameliyat sahasinda daha kiiglik hareketlere ddniistiiriilmesini ifade
ader.

Gelismis Gorsellestirme, gznellikle l¢ boyutlu (3D) olarak sabit ve blyltllmis gdrintlyl ifade eder,
Q0

*14. Goklu Grev, ya da Titreme Onleme? © o

Tercih Y&ni Tercih Diizeyi

3 :
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*15. Goklu Gdrev, ya da Hareket Olgeklendirme? © o

Tercih Yani Tercih Dizeyi

I :

*16. Coklu Gdrev, va da Gelismis Gorsellestirme? @ o

Tercih Y&na Tercih DUzeyi

I :

~17. Titreme Onleme, ya da Hareket Olgeklendirme? © o

Tercih Y&na Tercih DUzeyi

I ¢

*18. Titreme Onleme, ya da Gelismis GBrsellestirme? © o

Tercih Y&na Tercih DUzeyi

I ¢

*19. Hareket Olgeklendirme, va da Geligmis Gorsellestirme? © o

Tercih Yéni Tercih Diizeyi

I | ¢

Robotik yardimli cerrahinin Ameliyat Sirasindaki Komplikasyonlan azalttigi iddia ediliyor: Liitfen her bir gift
arasindan hangi faktdriin Ameliyat Sirasindaki Komplikasyonlan azaltmak i¢in daha nemli oldugunu segin. Daha
az komplikasyonla ilgili faktdrler su sekilde siralanabilir:

-Robotik Yardimli Cerrahi ile Daha Kiigiik Kesiler,

-Dokunsal Geribildirim (mevcut Robotik Yardimli Cerrahi platformlarinda bulunmamakta) ve

-Robotik Yardimli Cerrahi ile Cerrah Ergonomisi ve El Becerisi.
Qo

* 20. Daha Kiligiik Kesiler yapma yetenegi mi, yoksa Dokunsal Geri Bildirimin varlig mi? © o

Tercih Yéni Tercih Dizeyi

I | :

= 21. Daha Kii¢iik Kesiler yapma yetenagi mi, yoksa Cerrahin Ergonomisi ve El Becerisi mi7 © 0

Tercih Yéni Tercih Diizeyi
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* 092, Cerrahin Ergonomisi ve El Becerisi mi, yoksa Dokunsal Geribildirim mi7 © o

Tercih Y&na Tercih Dizeyi

Ameliyat Sonrasi Komplikasyonlar: Liitfen Ameliyat Sonrasi Komplikasyonlar azaltmak igin hangi faktériin daha

dnemli oldugunu segin. Faktdrler Ameliyat Sirasindaki Komplikasyonlarla aymidir.
Qo

* 23. Daha Kii¢lik Kesiler yapma yetenagi mi, yoksa Dokunsal Geribildirimin varlg mi? < o

Tercih Y&ni Tercih Diizeyi

I | s

* 04, Daha Kiigiik Kesi yapma yetenedi mi, yoksa Cerrahin Ergonomisi ve El Becerisi mi? © o

Tercih Y&ni Tercih Diizeyi
-~ -~
| ¢l | :
* 05. Cerrahin Ergonomisi ve El Becerisi mi, yoksa Dokunsal Geribildirim mi? © o
Tercih Y&ni Tercih Diizeyi
h w
| 2| | :

Analitik Hiyerarsgi Siireg ile Robotik Cerrahi Adaptasyon Karari
Kriter 2: Hastanin Sagligi ve Refahi

Operasyon Basarisi ile dodrudan ilgili faktdrler disinda, hastanin refahini artran tiim faktérler olarak tanimlanir.

Katkida bulunan ana fakrdrler sdyle siralanmistr:
Daha Kiigiik Kesiler,

Daha Kisa Hastanede Kalis Siiresi ve Giinlilk Hayata Daha Erken Dénils,
Operasyon Siiresi.

Size gore agagidakilerden hangisi Hastamin Sagligimi/lyi Olma Halini iyilegtirmek igin daha énemlidir? © o

26. Daha Kiigiik Kesiler yapmak mi, yoksa Hastanede Kalig Siiresini Kisaltmak mi? © o

Tercih Y&nd Tercih Dlzeyi

Tercih Y&nl Tercih Dlzeyi

I s

08. Daha Kisa Hastanede Kalig Siiresi mi, Operasyon Siiresi mi? © o

Tercih Y&éni Tercih Dizeyi
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Analitik Hiyerarsi Siirec ile Robotik Cerrahi Adaptasyon Karari
Kriter 3: Kullanim Kolaylig1

Bu kriter platformun kullanimini kolaylastiran faktérleri ifade etmektedir. Mevcut Robotik Cerrahi platformlarinin
Cerrahin Ergonomisini ve El Becerisini arttirdigl ve Operasyon Siiresini kisaltugl bilinmektadir, Ancak
Dokunsal Geribildirimin olmayisi dnemli bir dezavanta) olarak belirtilmektedir. Litfen agagidaki sorulari
kullanarak bu ¢ faktdri Kullanim Kolayligr agisindan énemlerine gore ikili olarak kargilastirin.

Sizce Kullanim Kolayligi agisindan agagidakilerden hangisi daha Gnemlidir? & o

29. Dokunsal Geribildirim mi, Operasyon Siiresi mi? © o

Tercih Y&nii Tercih Diizeyi

I :

30. Dokunsal Geribildirim mi yoksa Cerrahin Ergonomisi ve El Becerisi mi? © ¢

Tercih Yénid Tercih Dhzeyi
| ¢l :
A d A d
21. Cerrahin Ergonomisi ve El Becerisi mi, Operasyon Siiresi mi? © ¢
Tercih Yéni Tercih Dizeyi
v v
| ¢ | :

Analitik Hiyerarsi Siire¢ ile Robotik Cerrahi Adaptasyon Karari
Kriter 4: ilk Adaptasyon Kolaylig

Robotik platformun hastane igin erisilebilirlidini kolaylastran veya engelleyen faktérler. iki faktdr dikkate alinir:
-Kurulum kolaylig,

-Egitim Gereksinimleri (cerrahlar ve personel igin baslangig egitim ihtiyaglar).

ilk Adaptasyon Kolaylif agisindan asagidakilerden hangisi sizce daha 6nemlidir? © o

32. Kurulum Kolaylig, veya Egitim Gereksinimleri < o

Tercih Yénii Tercih Diizeyi

I s
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Analitik Hiyerarsi Siireg ile Robotik Cerrahi Adaptasyon Karari

Kriter 5: Ekonomi

Cerrah veya hastane icin parasal maliyet ve faydalarla ilgili tim faktorler. itk Maliyetleri v= Operasyon
Maliyetlerini ve ayrica Faydalari (Kalite Prosediirleri dahil) ayr ayri ele aliyoruz. Robotik Yardiml Cerrahi
platformlarinin potansiyel faydalar arasinda hastans veya muayenehane igin Yeni Hastalarn Etkilenmesi ve
Daha lyi Cerrahlarin Etkilenmesi yer almaktadir.

Litfen bu BolOmdeki Ug ikili karsilastirmay! hastanenizin veya muayenshansenizin, yvani satun alma kararini veren
birimin bakis agisindan yapin. Ekonomik hususlara asina degilseniz, bu BolUmu atlamay segebilirsiniz.

Robotik Cerrahi Platformunun benimsenmesine iliskin Ekonomik kaygilar agisindan agagidakilerden hangisi sizce
daha dnemlidir? © o

33. Faydalar dislindliglntzde, Yeni Hastalarin Etkilenmesi mi, yoksa hastane veya muayenehane icin Daha
lyi Cerrahlarin Etkilenmesi mi? © o

Tercih Yéno Tercih Dlzeyi

Qo

Tercih ¥&nd Tercih Dizeyi

35. Ekonomik kaonular distindUglnlzde, Maliyetler mi yoksa, Hastanelere/Muayenehanelere Sagladig
Faydalar mi? © o

Tercih ¥&ni Tercih Diizeyi

Analitik Hiyerarsi Siireg ile Robotik Cerrahi Adaptasyon Karari

Adaptasyon Kararlarina iligkin Ana Kriterlerin Karsilastirilmasi

Bu son bolimde, Robotik Yardiml Cerrahiyi benimseme karariniz igin beg ana kriterin her birinin géreceli
dnemini kargilasurmaniz istenmekredir,

Robotik Cerrahi Platformunu benimseme kararinizda sizce asagidakilerden hangisi daha 6nemli? < ©

326. Ekonomik Hususlar mi, yoksa ilk Adaptasyon Kolayligi mi? © o

Tercih Y&nd Tercih DUzeyi

I | :

37. Ekonomi mi, Kullanim Kolayligi mi? © o

Tercih Y&nd Tercih DUzeyi

3 ?]
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38. Ekonomi mi, Hasta Refahi mi7 © o

Tercih ¥&ni Tercih Dizeyi

L 4 :

39. Ekonomi mi, Operasyonel Giivenlik ve Bagan mi? © o

Preference Direction Level of Freference

Tercih Yéni Level of Preference

Tercih ¥&nia Tercih Dizeyi

I | s

492, ilk Adaptasyon Kolayligh mi yoksa, Operasyonel Giivenlik ve Bagarni mi? © o

Tercih Yéni Tercih DOzeyi

43. Kullanim Kolayligi mi yoksa, Hasta Refahi mi7 @ o

Tercih Yénii Tercih Diizeyi

I :

44. Kullanim Kolaylign mi yoksa, Operasyonel Giivenlik ve Bagari mi? < o

Tercih Yéni Tercih DOzeyi
| ¢ :
45. Hasta Refahi mi yoksa, Operasyonel Giivenlik ve Bagan mi7 © o
Tercih Yéni Tercih Dizeyi
| ¢ | $

Analitik Hiyerarsi Siireg ile Robotik Cerrahi Adaptasyon Karari
Uzman Goriisiiniiz igin tesekkiir ederiz!

Uzman gbrisiniz ve zamaniniz igin minnettarz, bilgilerinizin galismaya biyik katk saglayacagindan eminiz.
Caligma hakkinda daha fazla bilgi edinmek, soru sormak veya baska gorlsglerinizi iletmek isterseniz litfen
burakdindaroglu@ivte.edu.tr adresiyle iletisime gegin.
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