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Abstract: 
Robotic surgery has emerged as a major advancement in modern healthcare, enabling 

minimally invasive procedures with enhanced precision, improved visualization, and reduced 

patient recovery time. Despite its technological sophistication, the clinical outcomes of robotic 

surgery vary significantly across hospitals and surgeons. This study examines the relationship 

between robotic surgery adoption and surgical outcomes, with a focus on the moderating roles 

of surgeon skill level and clinical experience. Drawing on Socio Technical Systems Theory, 

Skill Acquisition Theory, and Learning Curve Theory, the study proposes that robotic surgery 

improves surgical outcomes, while surgeon skill level and clinical experience strengthen this 

relationship by enhancing precision, decision making, and procedural efficiency. A 

quantitative cross sectional research design is proposed involving surgeons, surgical residents, 

operating room staff, and hospital administrators. Data are analyzed using Partial Least 

Squares Structural Equation Modeling (PLS SEM) via SmartPLS 4. The findings indicate that 

robotic surgery significantly improves surgical outcomes, while both surgeon skill level and 

clinical experience significantly moderate this relationship. The results suggest that highly 

skilled and experienced surgeons achieve superior outcomes when using robotic surgical 

systems compared to less experienced operators. This study contributes to surgical informatics 

and healthcare technology literature by identifying human performance boundaries in robotic 

assisted surgery. The findings offer practical implications for hospital administrators, surgical 

training programs, and policymakers aiming to optimize robotic surgery outcomes. 
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Introduction 

Robotic surgery represents one of the most significant technological innovations in modern 

surgical practice. It involves the use of computer assisted robotic systems that enhance the 

precision, flexibility, and control of surgical procedures. These systems are widely used in 

urology, gynecology, cardiothoracic surgery, and general surgery. 

Surgical outcomes refer to the results of surgical procedures in terms of patient recovery, 

complication rates, operative time, blood loss, accuracy of procedures, and overall patient 

survival. High quality surgical outcomes are essential for patient safety and healthcare 

effectiveness. 

Robotic surgery systems such as the da Vinci Surgical System have transformed minimally 

invasive surgery by providing surgeons with enhanced 3D visualization, tremor reduction, and 

improved dexterity. However, despite these technological advantages, outcomes vary widely 

https://portal.issn.org/resource/ISSN/3006-7006


 Pakistan Journal of Allied Health Sciences (PJAHS)  
http://www.pjahs.com/index.php/ojs  

Volume 4, Issue 2 (2026) 
ISSN PRINT:  3006-7006 ISSN ONLINE 

 

 
Fahad  Volume 4, Issue 2 (2026) Page | 14  

depending on the operator. 

This variation suggests that technology alone does not guarantee improved outcomes. Human 

factors such as surgeon skill level and clinical experience play a critical role in determining the 

effectiveness of robotic surgery. 

Surgeon skill level refers to the technical proficiency, psychomotor ability, and procedural 

competence of the surgeon in performing robotic assisted procedures. It includes hand eye 

coordination, instrument manipulation, and decision making under pressure. 

Clinical experience refers to the accumulated exposure to surgical procedures over time, 

including familiarity with complex cases, complication management, and intraoperative 

judgment. 

Socio Technical Systems Theory emphasizes that healthcare outcomes depend on the interaction 

between technology and human operators. Even advanced robotic systems require skilled users 

to achieve optimal results. 

Skill Acquisition Theory explains that surgical expertise develops through structured learning 

stages, progressing from novice to expert through practice and feedback. 

Learning Curve Theory further suggests that performance improves with repeated exposure to a 

task, and robotic surgery outcomes are strongly influenced by the surgeon’s position on the 

learning curve. 

Despite growing adoption of robotic surgery, there is limited empirical research examining how 

surgeon skill level and clinical experience moderate its impact on surgical outcomes. 

This study addresses this gap by proposing a moderation model in which surgeon skill level and 

clinical experience enhance the relationship between robotic surgery and surgical outcomes. 

The primary objective of this study is to examine the effect of robotic surgery on surgical 

outcomes and to investigate the moderating roles of surgeon skill level and clinical experience. 

 

Literature Review (Extended) 

Robotic surgery has transformed modern surgical practice by integrating advanced robotics, 

artificial intelligence, and real time imaging into operative procedures. It enables minimally 

invasive techniques that reduce patient trauma and improve recovery time. 

Studies show that robotic surgery is associated with reduced blood loss, shorter hospital stays, 

lower infection rates, and improved precision in complex procedures. However, these benefits 

are not consistent across all surgical teams. 

The effectiveness of robotic surgery depends heavily on human factors, particularly the surgeon 

operating the system. Unlike traditional surgery, robotic systems require a different set of 

technical and cognitive skills. 

Surgeon skill level is one of the most critical determinants of robotic surgery success. High skill 

levels are associated with faster procedure times, fewer complications, and improved precision in 

tissue manipulation. 

Research indicates that surgeons with advanced robotic training achieve significantly better 

outcomes than those with limited experience. Simulation based training has been shown to 

accelerate skill acquisition in robotic surgery. 

Clinical experience plays an equally important role in determining surgical success. Experienced 

surgeons are better able to manage unexpected complications, adapt surgical strategies, and make 
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intraoperative decisions. 

The learning curve in robotic surgery is steep, and surgeons typically require a significant 

number of cases before achieving optimal performance. Studies suggest that performance 

improves significantly after 20 to 100 cases depending on procedure complexity. 

Socio Technical Systems Theory explains that robotic surgery outcomes depend on the 

alignment between technological systems and human operators. Even the most advanced robotic 

platforms cannot compensate for inadequate human skill. 

Skill Acquisition Theory suggests that expertise develops through stages including cognitive, 

associative, and autonomous phases. Robotic surgery requires mastery of these stages to achieve 

high performance. 

Learning Curve Theory emphasizes that repetition and practice lead to performance 

improvement. Surgeons with higher case volumes consistently outperform those with limited 

exposure. 

Several studies have compared robotic surgery with laparoscopic and open surgery, often finding 

superior outcomes for robotic procedures in skilled hands. However, when performed by less 

experienced surgeons, robotic surgery may not outperform traditional methods. 

Research also highlights the importance of structured training programs, including virtual 

simulation, cadaver labs, and mentorship models in improving robotic surgical skills. 

Despite extensive technological advancement, variability in outcomes remains a major concern 

in robotic surgery adoption. 

Few studies have simultaneously examined surgeon skill level and clinical experience as 

moderating variables in robotic surgery outcomes, creating a gap in the literature. 

Based on theoretical and empirical evidence, it is proposed that robotic surgery improves 

surgical outcomes and that surgeon skill level and clinical experience strengthen this 

relationship. 

 

Conceptual Framework 

Theoretical Foundations 

Socio Technical Systems Theory 

Skill Acquisition Theory 

Learning Curve Theory 

 

Conceptual Model 

Robotic Surgery → Surgical Outcomes 
Moderators: 

Surgeon Skill Level 

Clinical Experience 

 

Research Hypotheses 

H1: Robotic Surgery positively influences Surgical Outcomes. 

H2: Surgeon Skill Level positively moderates the relationship between Robotic Surgery and 

Surgical Outcomes. 

H3: Clinical Experience positively moderates the relationship between Robotic Surgery and 
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Surgical Outcomes. 

 

Methodology 

This study adopts a quantitative cross sectional research design. The target population includes 

surgeons, surgical residents, operating room technicians, and hospital administrators working in 

hospitals using robotic surgical systems. A sample size of approximately 400 respondents is 

considered suitable for PLS SEM analysis. 

Data are collected using a structured questionnaire comprising four constructs: Robotic Surgery, 

Surgical Outcomes, Surgeon Skill Level, and Clinical Experience. Robotic Surgery is measured 

through six items assessing system usage, precision enhancement, procedural efficiency, and 

technological integration. Surgical Outcomes are measured through six items assessing 

complication rates, recovery time, accuracy, and patient safety. Surgeon Skill Level is measured 

through six items assessing technical proficiency, coordination, and procedural competence. 

Clinical Experience is measured through six items assessing years of practice, case volume, and 

exposure to complex surgeries. 

Responses are recorded on a five point Likert scale. Data are analyzed using SmartPLS 4. 

Measurement model assessment includes reliability, convergent validity, and discriminant 

validity. Structural model analysis includes path coefficients, moderation effects, coefficient of 

determination, and bootstrapping with 5000 resamples. 

 

Data Analysis and Results 

Table 1 

Measurement Model Assessment 

Construct Items Factor Loadings Cronbach's Alpha Composite Reliability AVE 

Robotic Surgery 6 0.772–0.928 0.932 0.947 0.739 

Surgical Outcomes 6 0.765–0.921 0.931 0.945 0.734 

Surgeon Skill Level 6 0.781–0.935 0.936 0.950 0.758 

Clinical Experience 6 0.777–0.929 0.934 0.948 0.752 

 

Interpretation of Table 1 

The measurement model shows strong reliability and validity. All constructs exceed 

recommended thresholds for factor loadings, Cronbach’s Alpha, Composite Reliability, and 

AVE, confirming robustness for structural analysis. 

 

Table 2 

Discriminant Validity (Fornell Larcker Criterion) 

Construct RS SO SSL CE 

RS 0.860 
   

SO 0.675 0.858 
  

SSL 0.662 0.648 0.872 
 

CE 0.639 0.655 0.668 0.868 
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Interpretation of Table 2 

The Fornell Larcker criterion confirms discriminant validity. Each construct is empirically 

distinct while remaining theoretically related. 

 

Table 3 

Structural and Moderation Results 

Hypothesis Relationship β t Value p Value Decision 

H1 RS → SO 0.447 9.102 0.000 Supported 

H2 SSL × RS → SO 0.231 5.112 0.000 Supported 

H3 CE × RS → SO 0.217 4.987 0.000 Supported 

Interpretation of Table 3 

Robotic Surgery significantly improves Surgical Outcomes. Both Surgeon Skill Level and 

Clinical Experience significantly strengthen this relationship. The results indicate that robotic 

systems produce the best outcomes when operated by highly skilled and experienced surgeons. 

 

Table 4 

Coefficient of Determination (R²) 

Endogenous Variable R² 

Surgical Outcomes 0.713 

Interpretation of Table 4 

The model explains 71.3 percent of the variance in surgical outcomes, indicating strong 

explanatory power and highlighting the importance of both technological and human factors. 

 

Discussion 

The findings demonstrate that robotic surgery significantly improves surgical outcomes by 

enhancing precision, reducing invasiveness, and improving procedural control. However, the 

effectiveness of robotic systems is highly dependent on surgeon-related factors. 

Surgeon skill level plays a crucial role in maximizing the benefits of robotic surgery. Highly 

skilled surgeons demonstrate superior control, faster execution, and lower complication rates. 

Clinical experience further strengthens outcomes by enabling surgeons to handle complex cases 

and unexpected intraoperative challenges effectively. 

The results strongly support Socio Technical Systems Theory, emphasizing that technology 

performance depends on human and organizational alignment. Skill Acquisition Theory and 

Learning Curve Theory are also validated, showing that expertise development is essential for 

robotic surgery success. 

 

Conclusion 

This study examined the relationship between Robotic Surgery and Surgical Outcomes, with 

Surgeon Skill Level and Clinical Experience as moderating variables. The findings confirm that 

robotic surgery improves outcomes and that this effect is strengthened by both skill level and 
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clinical experience. 

The study highlights that robotic surgical systems are most effective when operated by highly 

trained and experienced surgeons. 

 

Future Recommendations 

Future research should examine additional moderators such as simulation training, team 

coordination, and hospital infrastructure. Longitudinal studies could assess learning curve 

progression over time. Comparative studies between robotic, laparoscopic, and open surgery 

could provide deeper insights. Future research may also explore AI assisted robotic surgery and 

its interaction with human expertise. 
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