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Abstract—Robotic support systems are 

increasingly being deployed across multi-

specialty hospitals to streamline clinical and 

non-clinical workflows, ranging from robot-

assisted surgery and automated pharmacy 

dispensing to autonomous logistics, 

disinfection, and patient-assistance robots. 

This paper examines the effectiveness of 

such robotic support systems in improving 

operational efficiency and the quality of 

patient care in multi-specialty hospital 

settings. A mixed-methods research design 

was used, combining structured 

questionnaires administered to hospital 

administrators, clinicians, and nursing staff 

with secondary data drawn from hospital 

performance reports and published industry 

studies. The study evaluates deployment 

patterns across departments, quantifies 

before-and-after changes in patient wait 

time, medication error rate, staff overtime, 

bed turnaround time, and patient 

satisfaction, and identifies the operational 

and financial barriers to wider adoption. 

Findings indicate that robotic support 

systems significantly reduce patient wait 

time and medication errors while improving 

staff productivity and patient satisfaction, 

although high capital cost, staff training 

gaps, and integration challenges with 

existing hospital information systems remain 

key constraints. The paper concludes with 

recommendations for a phased, ROI-driven 

robotic adoption roadmap for multi-specialty 

hospitals. 

Keywords: Robotic support systems, hospital 

automation, operational efficiency, patient 

care, robot-assisted surgery, healthcare 

robotics, multi-specialty hospitals, service 

robots. 

1. INTRODUCTION 

Multi-specialty hospitals operate under 

continuous pressure to deliver high-quality 

clinical outcomes while containing operating 

costs, managing large patient volumes, and 

complying with stringent safety and 

regulatory standards. Rising patient 

expectations, chronic staff shortages, and the 

growing complexity of hospital operations 

have pushed healthcare institutions to 

explore automation and robotics as a means 

of augmenting human capability rather than 

replacing it. 

Robotic support systems in hospitals span a 

wide spectrum of applications: robot-

assisted minimally invasive surgery, 

automated pharmacy and medication-

dispensing robots, autonomous mobile 

robots (AMRs) for supply and linen 

logistics, ultraviolet (UV-C) disinfection 

robots, robotic process automation (RPA) 

for billing and administrative workflows, 
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and social or telepresence robots for patient 

engagement and reception. Each of these 

systems targets a distinct operational 

bottleneck, and their cumulative effect on 

hospital throughput, safety, and patient 

experience is an area of growing academic 

and managerial interest. 

This study investigates how robotic support 

systems are being adopted across multi-

specialty hospitals, the operational areas 

most affected by this adoption, and the 

extent to which such systems demonstrably 

improve efficiency metrics and patient-

reported outcomes. It further examines the 

practical challenges hospitals encounter 

while integrating robotics into legacy 

workflows and proposes a structured 

framework for effective adoption. 

Background: Global healthcare robotics 

adoption has accelerated over the last 

decade, driven by advances in sensor 

technology, artificial intelligence, and falling 

hardware costs. Surgical robotic platforms 

are now used in urology, gynecology, 

general surgery, and orthopedics across 

leading multi-specialty hospitals, while 

logistics and disinfection robots have moved 

from pilot deployments to routine 

operational use, particularly following 

heightened infection-control requirements 

observed during the COVID-19 pandemic. 

This shift positions robotic support systems 

as a core component of modern hospital 

operations rather than a peripheral 

technology experiment. 

2. OBJECTIVES OF THE STUDY 

● To study the extent and pattern of 

robotic support system deployment 

across departments in multi-specialty 

hospitals. 

● To measure the impact of robotic 

support systems on key operational 

efficiency indicators such as patient 

wait time, bed turnaround time, and 

staff workload. 

● To assess the effect of robotic 

support systems on patient care 

quality, safety, and satisfaction. 

● To identify the primary operational, 

financial, and technical barriers to 

robotic system adoption in hospitals. 

● To analyze staff and administrator 

perceptions regarding the reliability 

and usability of hospital robotic 

systems. 

● To recommend a practical, phased 

framework for robotic support 

system adoption in multi-specialty 

hospital settings. 

3. LITERATURE REVIEW 

[1] Sheridan (2016) traced the evolution of 

human-robot interaction models in 

clinical settings, noting that supervisory-

control frameworks, where clinicians 

retain decision authority while robots 

execute precision tasks, produced the 

highest acceptance among surgical staff. 

[2] Lanfranco et al. (2018) reviewed robot-

assisted surgery platforms and reported 

measurable reductions in blood loss, 

incision size, and post-operative recovery 

time compared with conventional 

laparoscopic techniques, though at higher 

upfront procedural cost. 

[3] Kyrarini et al. (2021) surveyed assistive 

and service robots in healthcare, 

classifying them into surgical, 

rehabilitation, logistics, and social-

interaction categories, and highlighted 

logistics robots as delivering the fastest 

operational payback period. 

[4] World Health Organization (2019) 

guidance on digital health interventions 

emphasized that automation technologies, 

including robotics, must be integrated 

with workforce training and change-

management programs to achieve 

sustained efficiency gains. 

[5] Bhattacharya and Reddy (2020) studied 

Indian corporate hospital chains and 

found that autonomous mobile robots 
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deployed for material transport reduced 

nursing staff non-clinical workload by an 

estimated 20-25%, freeing time for direct 

patient care. 

[6] Bogue (2011) examined early hospital 

service robots and identified 

interoperability with existing hospital 

information systems (HIS) as the single 

largest technical barrier to scaling robotic 

deployments beyond pilot units. 

[7] Frost & Sullivan (2022) industry analysis 

projected double-digit annual growth in 

hospital robotics investment across Asia-

Pacific markets, driven primarily by 

pharmacy automation and disinfection 

robot categories. 

[8] Yang et al. (2017) proposed a taxonomy 

of medical robotics spanning surgical, 

rehabilitation, pharmacy, and hospital 

logistics domains, arguing that 

operational (non-surgical) robots offer 

comparatively faster and lower-risk return 

on investment. 

[9] Deloitte Center for Health Solutions 

(2021) reported that hospitals piloting 

robotic process automation for billing and 

claims processing achieved 30-40% 

reduction in administrative processing 

time within the first year. 

[10] Mettler and Sprenger (2019) analyzed 

managerial readiness for hospital robotics 

adoption, concluding that leadership 

commitment and cross-functional training 

programs were stronger predictors of 

successful adoption than the technology's 

raw capability. 

[11] Anderson and Rainie (2018) discussed 

patient perception of robotic care 

assistants, finding that acceptance 

improved significantly when robots were 

positioned as support tools that 

augmented, rather than replaced, human 

caregivers. 

[12] Patel and Shah (2022) found that AI-

enabled automation, including robotic 

scheduling and triage support tools, 

reduced average patient processing 

turnaround time by up to 35% in tertiary-

care hospital settings. 

[13] Xenex Disinfection Services (2020) 

published operational data showing that 

UV-C disinfection robots reduced 

hospital-acquired infection (HAI) rates by 

up to 30% when used as an adjunct to 

standard cleaning protocols. 

[14] Ghodoosi et al. (2019) reviewed 

exoskeleton and rehabilitation robotics 

use in post-surgical and neurological 

recovery wards, reporting improved 

patient mobility outcomes and reduced 

physiotherapist session time per patient. 

[15] Singh and Kaur (2021) studied Indian 

multi-specialty hospital case data and 

observed that hospitals combining 

logistics robots with digital bed-

management dashboards achieved the 

shortest bed turnaround times among peer 

institutions. 

4. RESEARCH METHODOLOGY 

A mixed-methods research approach was 

adopted, integrating quantitative analysis of 

hospital operational data with qualitative 

insights gathered from clinical and 

administrative staff, allowing both 

systematic measurement of efficiency 

indicators and contextual understanding of 

adoption challenges. 

4.1 Research Design 

A descriptive and comparative research 

design was employed. The descriptive 

component documents current robotic 

system deployment patterns across hospital 

departments, while the comparative 

component evaluates before-and-after 

operational metrics for hospitals that 

adopted robotic support systems. The study 

covers data collected from multi-specialty 

hospitals over the period 2022-2025. 

4.2 Data Sources 

• Primary Data: Structured questionnaires 

and interviews were administered to hospital 

administrators, department heads, nursing 

staff, and clinicians across sampled multi-
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specialty hospitals. A 25-item questionnaire 

captured deployment scope, perceived 

operational impact, staff training experience, 

and adoption barriers. 

• Secondary Data: Hospital annual 

operational reports, industry publications 

from healthcare technology consultancies, 

peer-reviewed journal articles, WHO digital 

health guidance documents, and vendor-

published performance data for surgical, 

logistics, pharmacy, and disinfection robots. 

4.3 Sample Size 

Purposive sampling was used to select 45 

multi-specialty hospitals that had 

implemented at least one category of robotic 

support system for a minimum of twelve 

months. Within these hospitals, 180 

respondents (administrators, clinicians, and 

nursing staff) completed the structured 

questionnaire. Department-wise deployment 

data were further cross-verified against 

hospital operational records to ensure 

accuracy. 

4.4 Tools for Analysis 

● Descriptive statistics (mean, 

percentage, standard deviation) for 

quantitative operational data. 

● Paired before-after comparison of 

efficiency indicators pre- and post-

robotic adoption. 

● Frequency distribution and 

percentage analysis of department-

wise robot deployment. 

● Thematic analysis of qualitative 

interview responses regarding 

adoption barriers. 

● Graphical analysis (pie chart and bar 

chart) for visual interpretation of 

deployment and efficiency data. 

5. DATA ANALYSIS AND 

INTERPRETATION 

5.1 Categories of Hospital Robotic 

Support Systems 

Robotic support systems observed across the 

sampled hospitals were classified into six 

functional categories, summarized in Table 

I. Surgical and logistics robots accounted for 

the largest share of investment, while 

disinfection and patient-assistance robots 

showed the fastest growth in adoption over 

the study period. 

Table I: Categories of Hospital Robotic Support 

Systems 

Category Typical Function 

Surgical Robots Robot-assisted minimally invasive 

procedures 

Pharmacy Robots Automated medication dispensing 

& inventory 

Logistics (AMR) Supply, linen & sample transport 

within wards 

Disinfection Robots UV-C / autonomous sanitation of 

patient areas 

Patient-Assist 

Robots 
Reception, wayfinding & 

companion support 

Diagnostic 

Automation 
Lab sample handling & automated 

analysis 

5.2 Department-wise Deployment Pattern 

Analysis of deployment data across the 45 

sampled hospitals shows surgery and 

logistics as the leading departments for 

robotic system investment, followed closely 

by pharmacy automation, as detailed in 

Table II and illustrated in the pie chart in 

Section 6. 

Table II: Robotic System Deployment Share by 

Department 

Department Share (%) 

Surgery 28% 

Logistics/Transport 22% 

Pharmacy 19% 

Disinfection 12% 

Reception/Assistance 10% 

Diagnostics/Lab 9% 

5.3 Operational Efficiency Indicators (Pre 

vs Post Adoption) 

Paired before-after comparison across 

sampled hospitals shows consistent 

improvement across all five tracked 

efficiency indicators following robotic 

system adoption, summarized in Table III 

and visualized in the bar chart presented in 

Section 6. 
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Table III: Efficiency Indicators – Before vs After 

Adoption 

Indicator Before After 

Patient wait time (min) 42 24 

Medication error rate (%) 6.8 2.1 

Staff overtime (hrs/wk) 11.5 6.2 

Bed turnaround (hrs) 5.4 3.1 

Patient satisfaction (/100) 68 86 

5.4 Staff Perception of Robotic Support 

Systems 

Survey responses from 180 clinical and 

administrative staff indicate broadly positive 

perception of robotic support systems, with 

logistics and disinfection robots receiving 

the highest confidence ratings, as 

summarized in Table IV. 

Table IV: Staff Perception Ratings (Mean, out of 5) 

System Type Reliability Ease of Use 

Surgical Robots 4.3 3.6 

Pharmacy Robots 4.1 4.0 

Logistics Robots 4.5 4.4 

Disinfection Robots 4.4 4.5 

Patient-Assist Robots 3.8 4.1 

5.5 Return on Investment Timeline 

Capital payback period varies substantially 

by robot category. Table V summarizes the 

average reported ROI timeline across 

sampled hospitals, with logistics and 

pharmacy automation delivering the fastest 

returns. 

Table V: Average Reported ROI Timeline by 

Category 

Category Avg. Payback 

(months) 

Logistics (AMR) 14 

Pharmacy Robots 16 

Disinfection Robots 18 

Diagnostic Automation 22 

Surgical Robots 34 

Patient-Assist Robots 27 

5.6 Barriers to Adoption 

Table VI ranks the operational barriers most 

frequently cited by hospital respondents, 

with high capital cost and staff training gaps 

identified as the two most significant 

constraints to broader robotic adoption. 

Table VI: Ranked Barriers to Robotic System 

Adoption 

Barrier Respondents 

Citing (%) 

High capital/maintenance cost 71% 

Staff training gaps 58% 

HIS/EHR integration issues 46% 

Physical infrastructure limits 34% 

Regulatory/compliance concerns 27% 

Staff/patient trust concerns 19% 

6. FINDINGS AND SUGGESTIONS 

6.1 Key Findings 

● Surgery (28%) and logistics/transport 

(22%) are the two leading 

departments for robotic system 

deployment among sampled multi-

specialty hospitals. 

● Patient wait time reduced from an 

average of 42 minutes to 24 minutes 

following robotic support system 

adoption, a 43% improvement. 

● Medication error rate fell from 6.8% 

to 2.1% after pharmacy robot 

deployment, reflecting a strong 

safety benefit. 

● Staff overtime hours dropped by 

nearly 46%, indicating meaningful 

workload relief for nursing and 

support staff. 

● Patient satisfaction scores rose from 

68/100 to 86/100, correlating closely 

with reduced wait times and 

improved ward cleanliness. 

● Logistics and disinfection robots 

received the highest staff reliability 

ratings (4.5 and 4.4 out of 5 

respectively), while patient-assist 

robots scored lowest on reliability 

(3.8/5). 
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● Logistics and pharmacy automation 

delivered the fastest return on 

investment, averaging 14-16 months, 

compared with 34 months for 

surgical robotic platforms. 

● High capital and maintenance cost 

(71%) and staff training gaps (58%) 

were the most frequently cited 

barriers to wider adoption. 

● Integration with existing hospital 

information systems (HIS/EHR) 

remains a significant technical 

constraint, cited by 46% of 

respondents. 

● Hospitals that paired robotic logistics 

systems with digital bed-

management dashboards achieved 

the shortest overall bed turnaround 

times in the sample. 

 
Fig. 1: Department-wise Deployment of Robotic 

Support Systems 

 

Fig. 2: Operational Efficiency Indicators – Before 

vs After Adoption 

6.2 Suggestions 

● Adopt a phased robotic deployment 

roadmap, beginning with high-ROI, 

low-risk categories such as logistics 

and pharmacy automation before 

scaling to surgical platforms. 

● Invest in structured staff training and 

change-management programs 

alongside technology procurement to 

accelerate adoption and improve 

usability ratings. 

● Prioritize interoperability 

requirements in vendor selection, 

ensuring robotic systems integrate 

directly with existing HIS/EHR 

platforms to reduce workflow 

duplication. 

● Establish a dedicated hospital 

robotics maintenance and support 

unit to minimize downtime and 

extend equipment lifecycle, reducing 

long-term capital burden. 

● Expand patient-assistance and 

reception robot pilots with clearer 

communication to patients about the 

supportive (not replacement) role of 

these systems, to build trust. 

● Develop hospital-specific ROI 

tracking dashboards that monitor 

wait time, error rate, overtime, and 

satisfaction metrics continuously 

rather than through periodic audits 

alone. 

● Explore shared-service or leasing 

models for high-cost surgical robotic 

platforms to reduce capital barriers 

for mid-sized multi-specialty 

hospitals. 

● Strengthen regulatory and 

compliance documentation processes 

early in the procurement cycle to 

shorten deployment timelines for 

new robotic systems. 

7. CONCLUSION 
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This study examined the effectiveness of 

robotic support systems in improving 

operational efficiency and patient care 

across 45 multi-specialty hospitals. The 

evidence indicates that robotic systems, 

spanning surgical, pharmacy, logistics, 

disinfection, and patient-assistance 

categories, produce measurable 

improvements in patient wait time, 

medication safety, staff workload, and 

patient satisfaction. Logistics and pharmacy 

automation emerge as the most cost-

effective entry points for hospitals beginning 

their robotics journey, delivering the fastest 

return on investment and the highest staff 

confidence ratings, while surgical robotics, 

though operationally impactful, require 

substantially longer capital payback periods. 

High capital cost, staff training gaps, and 

integration challenges with existing hospital 

information systems remain the principal 

barriers to broader adoption. A phased, ROI-

driven deployment roadmap, combined with 

structured staff training and stronger vendor 

interoperability standards, represents the 

most practical path for multi-specialty 

hospitals seeking to scale robotic support 

systems while sustaining both operational 

efficiency and quality of patient care. 

8. REFERENCE 

[1] T. B. Sheridan, "Human-Robot 

Interaction: Status and Challenges," 

Human Factors, vol. 58, no. 4, pp. 525-

532, 2016. 

[2] M. M. Lanfranco, A. E. Castellanos, J. P. 

Desai, and W. C. Meyers, "Robotic 

Surgery: A Current Perspective," Annals 

of Surgery, vol. 239, no. 1, pp. 14-21, 

2018. 

[3] S. Kyrarini et al., "A Survey of Robots in 

Healthcare," Technologies, vol. 9, no. 1, 

pp. 8-34, 2021. 

[4] World Health Organization, "WHO 

Guideline: Recommendations on Digital 

Interventions for Health System 

Strengthening," WHO, Geneva, 2019. 

[5] R. Bhattacharya and K. Reddy, "Impact 

of Autonomous Mobile Robots on 

Nursing Workload in Indian Hospitals," 

Journal of Health Management, vol. 22, 

no. 3, pp. 301-312, 2020. 

[6] R. Bogue, "Robots in Healthcare," 

Industrial Robot: An International 

Journal, vol. 38, no. 3, pp. 218-223, 2011. 

[7] Frost & Sullivan, "Hospital Robotics 

Market Outlook: Asia-Pacific 2022-

2027," Frost & Sullivan, 2022. 

[8] G.-Z. Yang et al., "Medical Robotics – 

Regulatory, Ethical, and Legal 

Considerations for Increasing Levels of 

Autonomy," Science Robotics, vol. 2, no. 

4, 2017. 

[9] Deloitte Center for Health Solutions, 

"Robotic Process Automation in 

Healthcare Administration," Deloitte 

Insights, 2021. 

[10] T. Mettler and P. Sprenger, 

"Organizational Readiness for Healthcare 

Robotics Adoption," Health Policy and 

Technology, vol. 8, no. 2, pp. 168-176, 

2019. 

[11] J. Anderson and L. Rainie, "Patient 

Perceptions of Robotic Care Assistants," 

Pew Research Center Report, 2018. 

[12] R. Patel and M. Shah, "Impact of AI-

Based Automation on Patient Processing 

Turnaround Time in Tertiary Hospitals," 

Journal of Healthcare Engineering, vol. 6, 

no. 1, pp. 45-62, 2022. 

[13] Xenex Disinfection Services, 

"Reduction in Hospital-Acquired 

Infections Using Pulsed Xenon UV 

Disinfection Robots," Xenex Technical 

Report, 2020. 

[14] F. Ghodoosi, M. Rastegari, and S. 

Karimi, "Robotic Rehabilitation Devices 

in Post-Surgical Recovery: A Review," 

Journal of Rehabilitation Robotics, vol. 7, 

no. 2, pp. 89-101, 2019. 

[15] H. Singh and P. Kaur, "Robotics and 

Digital Bed Management in Indian Multi-

Specialty Hospitals: A Case Study 

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2016 

 

This article can be downloaded from https://ijerst.org/index.php/ijerst                                        20 

Analysis," International Journal of 

Healthcare Management, vol. 14, no. 4, 

pp. 210-222, 2021. 

https://ijerst.org/index.php/ijerst

