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Abstract

With the Kenyan healthcare affected by challenges of availability, accessibility 
and affordability, there is a pressing need to examine how to adopt robotic 
medicine as a permanent solution. This study aimed to assess the adoption of 
robotic medical services (4IR technology) and the future of Kenyan healthcare. 
The specific objectives were to identify drivers of change in accelerating robotic 
medicine adoption and provide policy recommendations. The study employed 
a scenario planning approach methodology, focusing on four steps: defining 
the scenario question and time horizon, identifying drivers of change, and 
developing and applying scenarios, guided by diffusion innovation theory. 
The twelve key drivers of change are societal and expert acceptance of robotic 
medicine, compatibility with existing infrastructure, robustness of data and 
internet for AI, investment costs, national healthcare budget, recyclability and 
environmental impact of medical waste, legislative frameworks, global political 
collaboration, and AI-related intellectual property, liability, and ethical issues 
such as patient data privacy, transparency, and bias. The robustness of data 
and internet for AI and the level of societal acceptance were identified as driving 
forces. The plausible future scenarios, i.e. Successful Adoption, Low Adoption, 
Chaotic Change and Rejection of the Adoption were identified. The main 
opportunities were identified as rapid AI technological developments, medical 
tourism, and robotic medical innovations. Finally, the critical challenges in the 
plausible future were found to be regulatory uncertainty, ethical concerns, data 
privacy and public misconceptions from social acceptance levels. The study 
recommended the government to invest in AI infrastructure, develop an AI usage 
framework, create an enabling environment that encourages robotic medicine 
adoption, establish stringent data usage regulations, foster societal acceptance 
through targeted community engagement and education initiatives to robotic 
medicine adoption
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1. 	 Introduction

Robots is one of the pillars of the Fourth Industrial Revolution (4IR), where 
industries and sectors across the globe are being transformed using a variety 
of increasingly interconnected applications. Robots have extended from 
science fiction, and they have progressively encroached into operating rooms, 
rehabilitation centres to even people’s homes (Alip et al., 2022). Robots are 
machines programmed to do a specified task that requires high speed with 
precision and accuracy either with human or without human assistance. This 
is shaped by the current and developing environment composing of disruptive 
technologies and trends such as Artificial Intelligence (AI) and robotics (Sehume 
and Markus, 2020). 

The use of robotics in healthcare, such as blood analysis, medical procedures 
including surgical operations, and cell sorting has become commonplace in the 
modern world (Siciliano and Khatib, 2016). Presently, robotic technology is being 
employed in different sections of health care services from minimally invasive 
surgical assistants, for example Da Vinci (shown in Figure 1.1) to rehabilitation 
robots aiding in physical therapy. Although robotic surgery takes the attention, 
the application of robotic technology goes beyond operation room. 

Figure 1.1: Da Vinci robots

In addition, robots are set to transform various aspects of healthcare, including 
diagnostics and lab automation, pharmacy and medicine dispensing, remote 
patient care, and hospital sanitation and disinfection(Wolbring et al., 2013). This 
advancement promises greater efficiency, accuracy, and accessibility in healthcare 
delivery. Integrating robotics into healthcare has gained popularity in many 
developed countries such as America, Europe, Asia with India being among the 
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leading countries using robotics in healthcare, thus leading to better healthcare 
provision (Deo and Anjankar, 2023). 

Despite approximately 75 per cent Kenyans living in rural areas, healthcare 
facilities are disproportionately located in urban areas. This makes it difficult for 
rural people to access medical attention. According to WHO, telemedicine can 
bridge geographical gaps and allow remote medical consultations for 45 per cent 
of Africa’s population(World Health Organization, 2010). In addition, the doctor 
shortage has a negative impact on both patients and medical professionals.

As of 2022, Kenya had 9,638 registered medical doctors, resulting in a ratio of 
19 physicians per 100,000 population, which can be translated to 1:5263. This 
ratio is far below the WHO recommendation of 1:1000 (Nasr et al., 2021). This 
doctor shortage strains the healthcare system, leading to longer wait times in 
emergency rooms, overcrowded hospitals, and a potential increase in healthcare 
costs (Mutiso et al., 2020).

Robotic medicine has the potential to be a valuable tool in mitigating the effects 
of Kenya's doctor shortage. Robots can be programmed to handle routine tasks 
such as taking vital signs, administering medications, and collecting samples. 
This frees up doctors' time to focus on more complex patient interactions and 
diagnoses. Telepresence robots can allow doctors to remotely consult with 
patients in underserved areas or those with limited mobility. Robots can also be 
programmed to perform certain procedures with consistent accuracy, reducing 
human error and improving the overall quality of care. By taking over some of the 
workload, robots can help to alleviate burnout among doctors and create a more 
efficient and streamlined workflow. 

Adopting robotic medical services in Kenya is substantiated by its potential to 
revolutionize healthcare through unparalleled precision, reducing invasiveness 
and enhancing patient outcomes and telepresence solutions. Service robots 
optimize resource use, while robotic limbs and cognitive therapy robots offer 
personalized rehabilitation (McMillan and Varga, 2022).

The aim of this study was to provide a foresight of robotic medical services and 
future of healthcare services in Kenya. Specifically, the study identified the drivers 
of change in accelerating robotic medicine adoption by 2063 and provided policy 
recommendations. The rest of the paper is organized as follows: Section 2 gives an 
overview of robotic medical services; The literature review and methodology are 
provided in sections 3 and 4, respectively. The results are discussed in section 5 
while section 6 concludes and provides policy recommendations. 
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2. 	 Overview of Robotic Medical Services

2.1 	 Global Adoption 

Most developed countries such as the United States, European countries 
(Germany, France, UK, Sweden and others) and Asian (South Korea, China and 
Japan) have adopted robotic medicine showing excellent results in terms of robotic 
surgery, with specialties such as neurosurgery and urology embracing its benefits 
of improved patient care, enhanced efficiency, and greater access to specialized 
services (Camarillo et al., 2004). 

Advanced robotic systems, for instance Da Vinci (shown in Figure 1.1) are widely 
used, offering surgeons unparalleled dexterity and visualization during minimally 
invasive procedures. This translates to faster recovery times, reduced scarring, 
and potentially fewer complications for patients. In addition, medical robots are 
making their mark in labs, performing intricate tasks with precision and speed, 
leading to faster diagnoses and potentially earlier interventions(King, 2023).

2.2	 Regional Consumption 

Most developing countries in Sub-Saharan African countries face healthcare 
challenges, which includes insufficient medical professionals, inadequate medical 
specialist and advanced medical technology. However, a major problem is 
inadequate healthcare providers where no country has met the WHO standards 
ratio of 1: 1000 (doctor to patients’ ratio). Sub-Saharan Africa has shortage of 
2.4 million medical professionals across Africa, hence the need to increase their 
health workers by around 140 per cent to meet global standards (Wagner et al., 
2016). In addition, quality healthcare is mostly concentrated in towns with access 
to medical experts, advanced treatment, and general medical services as compared 
to rural areas (Mbunge et al., 2022).

Few countries in Sub-Saharan Africa have adopted technology in medicine. For 
example, South Africa has adopted electronic health records, and telemedicine 
which have improved access to insufficient specialist care, delivery of care services 
to rural areas and reduce movement of patients from rural to urban in search 
of medication (Aragon et al., 2017). On the other hand, Rwanda launched the 
Rwanda Health Information Exchange (RHIE) and implemented telemedicine 
programmes. Ghana has integrated technology into its healthcare system with 
telemedicine services and electronic medical records. Uganda has incorporated 
technology in healthcare through telemedicine services, mobile health apps, 
and the use of drones for medical supply delivery. Egypt has also implemented 
telemedicine services, electronic medical records systems, and mobile health apps 
(Bhatnagar, 2020).
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2.3	 Kenyan Healthcare Challenges: A Contextual Overview	

More than 10,000 Kenyans seek medical services outside the country every year 
(Ministry of Health), thus resulting to crowdfund through WhatsApp groups to 
help finance medical health services outside the country (Okoroafor et al., 2022). 
In addition, inadequate medics in hospitals have led to long queues when seeking 
these medical services. One ought to book for more than three months to seek 
these medical services from these highly specialized medics (Wachira and Mwai, 
2021). 

Robotic medicine and telemedicine have potential of improving access to care even 
in remote areas (Francis and Mugabo, 2022). In the Kenyan healthcare system 
context, the deployment of companion robots for emotional support, cognitive 
therapy robots for rehabilitation, and robotic limbs for mobility solutions is an 
area that lacks comprehensive implementation (Aragon et al., 2017). The necessity 
of assessment underscores the importance of robotic adoption in healthcare 
within the Kenyan hospital patient flow system( Figure 2.1) to overcome logistical 
challenges, improve surgical precision, and offer diverse solutions for patient 
care in the evolving landscape of medical practices, thus giving it a competitive 
advantage not only in the East Africa but also in Africa as a whole (Ayentimi and 
Burgess, 2019).

Figure 2.1: Hospital patient flow 

During the COVID-19 pandemic, Kenya bought three robots namely Jasiri, 
Tumaini and Shujaa (shown in Figure 2.3) that were successfully used in managing 
COVID-19 spread by screening people, and today they have since been configured 
for other functions after being deployed in the level VI hospitals to carry out other 
functions.
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Figure 2.2: Examples of robots in Kenya

Kenya has made steps in the use of drones or autonomous airship technology have 
been utilized in Kisumu, Nyamira and Siaya counties. This has shown promise as 
a means of bridging healthcare access gaps while addressing last-mile delivery 
challenges and infrastructural inadequacies in resource-constrained settings 
(Wiljer and Hakim, 2019).

2.4	 Policy Review 

Kenya has started embracing the potential adoption of robotic medical services 
that will revolutionize healthcare delivery. To facilitate this adoption, the 
government has enacted various legislations and policies, aligning with existing 
legal frameworks and prioritizing patient safety, data protection, and technological 
innovation. For full adoption of robotic medicine, the status of policy has been 
summarized in Table 1. 

Table 2.1: Policy review in robotic medicine adoption

Policy and Legal 
Framework

Gaps Recommendations

Health Act of 2017 and 
Data Protection Act of 2019

Lack provisions for open 
medical datasets and robust 
regulatory frameworks for 
data anonymization

Amend the Health Act 
of 2017 and the Data 
Protection Act of 2019 to 
include specific provisions 
related to robotic medicine
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Cybercrimes Act of 2018 Lacks clear regulatory 
frameworks on data usage 
for medical robots

Establish requirements 
for healthcare providers 
and manufacturers 
to implement robust 
cybersecurity measures, 
such as encryption, access 
controls, and regular 
security audits, to protect 
against cyber threats

Pharmacy and Poisons Act 
(Cap 244) 

Lacks specific provisions 
addressing the 
registration importation, 
manufacturing, and 
distribution of robotic 
medical devices

Enhance the regulatory 
framework for robotic 
medicine

Kenya National 
Qualifications Framework 
(KNQF) Act of 2014 

Lack of clear and 
standardized guidelines 
for the training and 
certification of healthcare 
professionals who operate 
robotic surgical systems 
or use robotic-assisted 
procedures

Develop and implement 
standardized training and 
certification guidelines for 
robotic medicine

Electronic Health Records 
(EHR) Standards

Lack of standardized 
formats or protocols for 
capturing and storing 
robotic data within EHR 
systems

Reviewing Kenya's 
Electronic Health Records 
(EHR) Standards

Science, Technology, and 
Innovation Act of 2013

Incorporate new robotics 
innovations

Amend the Science, 
Technology, and Innovation 
Act of 2013 to incorporate 
provisions that promote 
research, development, 
and adoption of robotic 
medicine within Kenya's 
innovation ecosystem

Standards Act 2016 Weak Robotics Standards Amend the Standards Act 
of 2016 to develop and 
enforce comprehensive 
standards specifically 
tailored to robotic medicine

Occupational Safety and 
Health Act of 2007

Lack specific regulations of 
robotic medicine.

Develop specific guidelines 
for robotic medicine. 
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Kenya Robotic Society of 
Kenya Bill of 2024

A clear plan on how RSK 
will assist in adoption of 
robotic medical services

Review the establishment 
of open medical datasets 
and comprehensive 
regulatory frameworks 
for data anonymization, 
ensuring compliance with 
privacy regulations

Social Health Insurance Act 
of 2023

Liabilities issues on robots 
conducting surgery and 
general lack of public 
awareness and acceptance 
of robotic medical services.

Review the Social Health 
Insurance Act and other 
relevant laws to explicitly 
cover robotic medical 
services

Primary Healthcare Act of 
2023

Procurement and 
maintenance of robotic 
medical systems 

Review the Primary 
Healthcare Act of 2023 
and other relevant laws 
to explicitly cover robotic 
medical services

Digital Healthcare Act of 
2023

Lack of clauses on use 
of digital technologies 
in healthcare, including 
telemedicine and electronic 
health records (EHRs)

Review the Digital 
Healthcare Act of 2023 
and other relevant laws 
to explicitly cover robotic 
medical services

By addressing these policy gaps in Table 2.1, it will be easier to enhance the full 
adoption of robotic medicine to achieve universal healthcare vision in Kenya. 

Overview of robotic medical services
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3. 	 Literature Review

3.1 	 Theoretical Literature

This theory's main objective is to offer explanations on how, why and the rate at 
which ideas and technology diffuse. Although adoption of robotic medicine relies 
on many factors, among them user acceptance, it has a potential of improving 
health service outcome and efficiency. The unified theory of acceptance and use of 
technology model (UTAUT) gives an elaborate framework explaining this theory, 
especially in the adoption of new technologies.

UTAUT in healthcare robots highlight the importance of its determinants, for 
example performance expectancy (PE), which explains the robot's ability to 
enhance healthcare delivery and effort expectancy (EE), which expounds on 
perceived ease of use (Vatandoost and Litkouhi, 2019). 

Social influence considers the impact of people’s perception and cultural norms 
affecting adoption decisions. Lastly, facilitation conditions comprise of technical 
support necessary for adoption of robotic in health care in Kenya (Kyrarini et 
al., 2021). In addition, cultural beliefs towards adoption of robots influences 
acceptance rates, highlighting the need for peer education.

3.1.1 	 Diffusion innovation theory

Innovation Diffusion Theory improved by Quinlan (2008) seeks to explain how 
and why new ideas, innovations, or technologies spread through societies over 
time. This economic theory provides insights into the adoption process, identifying 
the key factors that influence the rate of adoption and the characteristics of 
adopters. In addition, it offers a comprehensive framework for understanding 
the dynamics of how innovations spread within societies, considering the roles of 
communication, social systems, and individual adopter characteristics (Pradhan 
et al., 2021).

3.1.2 	 Technology acceptance model

Technology Acceptance Model (TAM) (Davis, 1989) was a key model in 
understanding the predictors of human behaviour towards potential acceptance 
or rejection of the technology. Additionally, TAM suggests that users’ attitudes 
towards using a particular technology are influenced by perceived ease of use and 
perceived usefulness (effortless of using technology and efficiency brought by 
using technology) respectively. 

The model contends that by knowing what makes one’s determination, it will 
allow the organization to manipulate those factors, hence increase adoption 
of Information Technology (IT) as in the case of robotic medicine (Bianchi et 
al., 2023) and offers a theoretical tool for Health IT to help try understanding 
why employees were not using ITs made available to them, thus increasing the 
adoption of information technology (IT) to first make people accept it. 
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3.2	 Empirical Literature 

As technology advances, the integration of robots continues to reshape industries, 
offering innovative solutions to complex problems and enhancing the overall 
efficiency and safety of various processes and thus reducing robotic surgery costs 
by 20 per cent (Pramod, 2021). 

Deo and Anjankar (2023), Sehume and Markus (2020), and Stasevych and 
Zvarych (2023) identified several key drivers for adoption of robotic medicine, for 
instance to enhance healthcare services such surgeries, diagnostics, rehabilitation, 
and medication dispensing, although use of robots in surgery is rising. However, 
robotic medicine could help alleviate this shortage of medical experts, make 
medical services affordable and increase the number of patients accessing the 
services. In India, urologic robot named Da Vinci S was first introduced in the 
year 2006 and since then there has been extensive increase of robotic surgery. By 
the year 2019, 66 medical centres with more than 500 skilled robotic surgeons 
had aided more than 12,800 surgeries (Deo and Anjankar, 2023).

For instance, shortage of urologists (in the USA, with a ratio of one urologist 
serving approximately 17,600 people, Brazil where there is 1 urologist for about 
50,000 people and even in China with a ratio of 1 urologist for roughly 108,300 
people, respectively), has led to adoption of robotic medicine globally. The strain 
on healthcare providers is noticeable and the demand for urological services poses 
a challenge (Vidya, 2010). 

While robots will contribute significantly to delivering the UN Sustainable 
Development Goals, they can also lead to emergence of new challenges that might 
lead to social disparities, change in environment, the redirection of resources away 
from established solutions and reduce freedom and privacy due to insufficient 
governance. These diverse threats are interconnected, posing risks to societal 
balance and global stability (Guntur et al., 2019). 

The success of robotics in healthcare has relied on many innovative technologies, 
and the effective integration of this technology into the intricate interactions 
between humans and machines within the healthcare environment. Now, here 
is the consideration of human factors more critical for the success of technology 
applications than in the use of robotics in clinical settings (Kyrarini et al., 2021). 
The use of robotics is more prevalent in surgery than in any other healthcare 
specialty. 

There is emerging policy interest in seeing a similar transition in health care; 
this is being fueled by the drive to improve the quality and safety of care while 
simultaneously controlling expenditure in many developing countries such as 
Kenya (Yang et al., 2020).

Deployments of robots in healthcare settings are likely to rise because of increasing 
technological capabilities, reduced costs, and increasing pressure to curb costs. 
However, robots are potentially highly disruptive innovations, and it is essential 
to understand the socio-technical challenges likely to be encountered as robots are 
deployed to find mitigating strategies. The socio-technical approaches to studying 
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technology implementation view social and technical factors as shaping each 
other over time (Shuaib et al., 2020). It is assumed that technologies are shaped 
by their social environments, such as through designs being modified) but also 
that social environments are shaped by technological features, like when users' 
work practices change because of the introduction of technology.

Telepresence robots, equipped with screens on wheels, have emerged as valuable 
tools for remote healthcare consultations and monitoring. These robots enable 
healthcare professionals to interact with patients virtually, expanding access to 
medical expertise and enhancing the delivery of care (Patrício et al., 2020). 

3.3	 Analytical Framework 

In this study, we highlighted the importance of exploring the emerging trend 
and key drivers’ adoption of robotic medical services basing on scenarios India, 
China, Japan, and Germany. In academic literature, scenarios were classified into 
three categories referred to as predictive, explorative, and normative. Whereby, 
predictive tries what was going to happen in the future, while explorative was to 
explore the situation and normative scenarios focus on achieving specific goal in 
future(Sood and Leichtle, 2013). 
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4.1	 Introduction

The research study primarily employed futures foresight methodologies entailing 
systematic approaches utilized to anticipate and plan for potential future scenarios. 
Through this method, the study aimed to develop plausible and preferred 
scenarios, examining the implications of attaining an ideal state in adoption of 
robotic medicine (Gatune and Cloette, 2022).

As a foresight research tool, Social, Technological, Economic, Environmental, 
Political, and value factors (STEEPV) analysis was employed to examine the 
uncertainties and develop scenarios (Thakur, 2021). The study used STEEPV 
analysis to identify the key drivers of change on the adoption of robotic medicine 
in Kenya’s future healthcare industry. Figure 4.1 shows the STEEPV dimensions 
of Sustainable Robotic Medicine in Kenyan Healthcare.

Figure 4.1: Proposed foresight design under STEEPV dimensions

STEEPV analysis, part of the Systemic Foresight Methodology, offered a structured 
approach to predicting future trends and scenarios by examining key influencing 
drivers of change. A comprehensive scan of the environment was conducted to 
identify trends, drivers of change, and potential disruptors. The identified trends 
were analyzed to understand their potential impact, leading to the development of 
multiple future scenarios based on these trends and drivers. 
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4.2	 Data Sample and Collection Methods

The study used secondary data from a systematic literature review using STEEPV 
to identify the twelve drivers of change. Purposive sampling was used among the 
stakeholders when collecting their opinions. Data (experts’ opinions) was collected 
through Google forms for the two future foresight methodologies.

For Cross Impact Analysis, a total of 44 professional experts, which includes 
medics, robotic experts, and health insurance experts. For Impact Uncertainty 
Analysis, the expert opinion was sought from 200 professional experts including 
medics, robotic experts, and health insurance experts. The distribution of expert’s 
opinions is given in Appendix A1 and A2, respectively. The sample questionnaires 
are given in Appendix A3 and A4, respectively. 

4.3	 Impact Uncertainty Analysis

Impact Uncertainty Analysis is a futures foresight method of evaluating strategies 
by considering their impact (I) and associated uncertainty (U). In this study, each 
strategy's impact and uncertainty were assigned values, typically on a scale from 
1 to 5. We calculated the mean impact (μI) and mean of uncertainty (μU) of the 
drivers of change. Each strategy was represented as a point (I, U). 

We selected those drivers of change with the highest impact (μI) and mean of 
uncertainty (μU) and used it to develop future scenarios. We plotted the results 
on a 2D graph with impact on the x-axis and uncertainty on the y-axis. This 
visualization helped identify strategies with high impact and low uncertainty, 
aiding in effective decision-making in building future scenarios.

4.4	 Cross Impact Analysis

Cross Impact Analysis is a strategic planning method particularly useful in 
scenarios marked by complex interdependencies and evaluation on how various 
drivers of change under STEEPV might interact within different scenarios (Enzer, 
1971). The drivers of change were analyzed and quantified, typically using a matrix 
where rows and columns represented the variables, and each cell described the 
impact of one driver on another to facilitate scenario building analysis.
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Table 4.1: : Cross impact matrix

D1 D2 D3 … D(n-1) Dn K
D1 X1

D2 X2

D3 X3

… …
D(n-1) X(n-1)

Dn Xn

W Y1 Y2 Y3 … Y(n-1) Yn

where							     

D1, D2, D3,….,D(n-1), Dn  are drivers of change 					   
		

X1, X2, X3,….,X(n-1), Xn  are active sum values					   
		

Y1, Y2, Y3,….,Y(n-1), , Yn  are passive sum values					   
		

Passive sum =W=∑n
(i=1)Yi   		  				  

	

Active sum=K=∑n
(j=1)Xi   							    

The Cross-Impact matrix in Table 4.1 was used in building scenarios for the key 
drivers with the highest Active and passive sums. 

4.5	 Future Scenarios Building

Future scenario building is a strategic planning tool that helps stakeholders 
envision and prepare for potential future developments. In the context of robotic 
medicine adoption, building scenarios could illuminate pathways, challenges, 
and transformative impacts of integrating robotic technologies in healthcare 
systems(Winkler and Moser, 2016). 
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Figure 4.2: Frames for future scenarios

Figure 4.2 shows how the study employed a scenario-based approach to 
understand the key drivers of change for successful adoption of robotic medicine. 
It involved analyzing the current state (reference), forecasting future impacts, and 
developing detailed plans (elaborate storylines). The study included predictive 
analysis (forecasting), exploring innovative approaches, and implementing 
targeted interventions to ensure effective integration as shown in Table 4.2.
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5.	 Adoption of Robotics Health 

This section examines the outcomes for each driver of change, plausible scenarios, 
opportunities and challenges by focusing on two distinct facets: impact, and 
uncertainty and cross-impact analysis vital for building future scenarios for 
robotic medicine adoption in Kenya. 

5.1	 Identification of Drivers of change 

The STEEPV analysis approach identified the drivers of change with the greatest 
impact and highest uncertainty in this study. It focused on the two most pivotal 
areas of impact and uncertainty for scenario analysis. According to (Rha, 2008), 
scenarios were built on two key elements: impact and uncertainty. 'Impact' 
and 'Uncertainty' measured how significantly each driver and challenge and 
probability of various scenarios occurring may influence the future adoption of 
robotic medicine.

Table 5.1: Drivers of change for robotic medical services under STEEPV

Foresight 
Framework

Indicators/driver 
of change

Short Labels of 
Drivers of change

Source

Social (SO) Level of societal 
acceptance of 
robotic medicine

SO1 Raje et al. (2021a); 
Bera et al., (2019); 
Bianchi et al., (2023); 
Vatandoost and 
Litkouhi (2019)

Medical health 
experts’ awareness 
and acceptance level

SO2 De Togni et al. 
(2021); Shevtsova et 
al. (2024); Gray et al. 
(2007)

Technological (TO) Compatibility 
levels of robotic 
medicine with 
existing healthcare 
infrastructure

TO1 King (2023); Kumar 
et al. (2021); Owolabi 
et al. (2022); Deo 
and Anjankar (2023); 
Guntur et al. (2019)

Level of data 
and internet 
infrastructure for 
AI algorithms for 
robotic medicine

TO2 Haidegger et al., 
(2011); Ng and Tam 
(2014); Appio et al., 
(2023); George et al. 
(2018)

Economical (EO) Cost of Investments 
in robotic medicine 
technologies. 

EO1 Jiang et al. (2023); 
Gunderman et al. 
(2023); Pandey 
(2024)
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National budget for 
Kenyan healthcare 

EO2 Sequeira(2019),(Yang 
et al., 
2020),(Kasimoglu et 
al., 2020)

Environmental 
(EN)

Level of recyclability 
of robotic medical 
technologies waste 

EN1 Deo and Anjankar 
(2023); Sharma et 
al. (2023); Cao et al. 
(2020), Guo and Li 
(2018)

The amount of 
robotics medical 
waste into the 
environment

EN2 Abdi et al. (2018); 
Alip et al. (2022; 
Altyar et al. (2023); 
Maibaum et al. 
(2022)

Political (PO) Government 
legislation, policies, 
and regulations on 
robotic medicine in 
Kenyan healthcare 

PO1 Cui et al. (2013); 
Kalan et al. (2010); 
George et al. (2018); 
Mbunge et al. (2022); 
Bhatnagar (2020)

Political global 
collaboration for 
standardized, safe 
robotic medicine 
development and 
use

PO2 Davenport and 
Kalakota (2019); 
Archibald and 
Barnard (2018); 
Sehume and Markus 
(2020; Rahimi et al. 
(2023)

Value (VE) Level of AI 
Intellectual 
property rights, 
liability issues, 
and compliance 
standards

V01 Wynsberghe, 2016); 
De Togni et al. 
(2021); Archibald 
and Barnard (2018) 
and Stasevych and 
Zvarych (2023)

The AI ethical issues 
like patient data 
privacy, algorithm 
transparency, and 
bias 

V02 Ebnali et al. (2024); 
Rahimi et al. (2023); 
Raje et al. (2021b); 
Baines et al. (2020)

Table 5.1 shows the drivers of change that were derived from the systematic 
literature review and experts’ opinion (both medics and robotics experts) as per 
the Delphi technique. 
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5.2 	 SWOT Analysis

SWOT analysis was crucial in studying the adoption of robotic medicine in Kenya 
as it provides a structured approach to evaluating the strengths, weaknesses, 
opportunities, and threats related to this technological advancement from Table 
5.1 (Albanese et al., 2024). 

Strengths lie in the presence of established research institutions that will foster 
the adoption of robotic medicine. However, weaknesses included a need for more 
human capacity and adequate regulatory and policy frameworks for full adoption. 
Opportunities arose from government partnerships and donor funding aimed 
at promoting robotic medicine. Conversely, threats encompass technological 
disruptions, misinformation, and public resistance to robotic medical solutions 
due to unfamiliarity or mistrust as per the STEEPV framework in Figure 4.1. 

Figure 5.1: SWOT analysis for the drivers of change

SWOT analysis in Figure 5.1 and identification of potential challenges and 
advantages were done to enable better strategic scenario planning, thus helping 
in aligning Kenya's healthcare objectives towards robotic medicine adoption from 
the drivers of change in Table 5.1.

5.3	 Impact Uncertainty Approach

The Impact Uncertainty Analysis enabled a comprehensive understanding of 
the risks and uncertainties associated with adoption of robotic medicine in the 
healthcare (Thakur, 2021).
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Figure 5.2: Impact-uncertainty analysis for the robotic medicine 
adoption

Figure 5.2 shows the systematic approach of the impact-uncertainty analysis used 
to scan the horizon for the drivers of the adoption of robotic medicine in terms of 
the primary trends, critical uncertainties and secondary elements that related to 
the key drivers in Table 5.1.
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Table 5.2: Horizon scanning output for the drivers of robotic medicine 
adoption

Primary Trends Critical Uncertainties Secondary elements 
1.	 Government funding 

allocation for 
healthcare

2.	 Regulatory 
framework for 
medical robotics

3.	 Skilled workforce 
availability

4.	 Technological 
advancements in 
robotic medicine

5.	 Public acceptance 
of robotic medical 
solutions

6.	 Robotic-enabled 
healthcare 
infrastructure 
development

Evolution of robotic 
technology and 
knowledge transfer

Global health threats 
and pandemics

Intellectual property 
regulations on robotic 
medical devices

Political stability 
and alignment 
with technological 
advancements

Public perception and 
acceptance of robotic 
medical solutions

Collaboration between 
public and private 
sectors

Advancements in 
regulatory standards for 
robotic medicine

1.	 Demographics 
dynamics

2.	 Technological 
literacy

3.	 Interconnectivity

4.	 Supply chain 
resilience for robotic 
medical equipment.

5.	 Population growth 
and increase in 
healthcare demand

Table 5.2 shows the horizon scanning output for the drivers of robotic medicine 
adoption identified in Table 5.1. They provided the enabling environment in which 
the drivers of change were classified as per the STEEPV framework.

5.4	 Applications and Analysis of Key Drivers of change 

These analyses were designed to ascertain the significance, influence, and 
unpredictability of drivers of change as the STEEPV framework. The drivers of 
change with the highest mean scores indicated the most significant uncertainty 
and impact on adoption of robotic medicine adoption. Under Cross-Impact 
Analysis, the drivers with the highest active and passive sums were identified. The 
top two predominant drivers of change, characterized by their significant impact 
and uncertainty, were employed in subsequent sections during the construction 
of future scenario analysis.

Adoption of robotics health
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5.4.1 Impact Uncertain Analysis

5.4.1.1 Mean of drivers of change corresponding with Impact

Table 5.3 delineated the mean values and the respective tendencies regarding 
the impact of each driver. “T02/ Level of data and internet infrastructure for AI 
algorithms for robotic medicine” emerged as the driver with the highest mean 
score of 4.1550, indicating its substantial impact. This was narrowly followed by 
“S01/ Level of societal acceptance of robotic medicine”, which attained a mean 
score of 4.115. “E01/ Cost of Investments in robotic medicine technologies” and 
“E02/ National budget for Kenyan healthcare” both followed closely, each with 
a mean score of 3.770 and 3.550, respectively. Conversely, 'P01/Government 
legislation, policies, and regulations on robotic medicine in Kenyan healthcare ' 
was identified as the driver with the least impact, reflected by its lower mean score 
of 3.080. 

Table 5.3: Mean of drivers on impact

No Short Labels of 
Drivers of Change

Mean Trend Projections

1 SO1 4.11500 High 
2 SO2 3.49000 Moderate 
3 TO1 3.46000 Moderate
4 TO2 4.15500 High 
5 EO1 3.77000 Moderate
6 EO2 3.55000 Moderate
7 EN1 3.25000 Moderate
8 EN2 3.30500 Moderate 
9 PO1 3.08000 Moderate
10 PO2 3.23500 Moderate
11 VO1 3.29500 Moderate
12 VO2 3.33000 Moderate 

5.4.1.2 Mean of drivers of change corresponding with Uncertainty 
levels

Table 5.4 presents the mean values and tendencies pertaining to the uncertainty 
associated with each driver.” V01/ Level of AI Intellectual property rights, liability 
issues, and compliance standards” was identified as having the highest level of 
uncertainty, with a mean score of 2.3050, followed by “V02/ The AI ethical issues 
like patient data privacy, algorithm transparency, and bias “at 2.2400. “E02/ 
National budget for Kenyan healthcare” also showed a notable level of uncertainty, 
scoring 2.1150. 
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On the other end of the spectrum, the drivers with the lowest degree of uncertainty 
were “T02/ Level of data and Internet infrastructure for AI algorithms for robotic 
medicine” and “P02/Political global collaboration for standardized, safe robotic 
medicine development and use”, which had a mean score of 1.8250 in both cases.

Table 5.4: Mean drivers on uncertainty

No Short Labels of 
Drivers of Change

Mean Trend Projections

1 SO1 1.8850 Low
2 SO2 2.0100 Low
3 TO1 2.0900 Low 
4 TO2 1.8250 Very Low 
5 EO1 1.9650 Very Low 
6 EO2 2.1150 Low
7 EN1 2.1000 Low 
8 EN2 2.1750 Low 
9 PO1 2.0000 Low
10 PO2 1.8250 Low 
11 VO1 2.3050 Low
12 VO2 2.2400 Low 

After calculating the mean values for both impact and uncertainty, Table 5.4 was 
constructed to provide clear data on these two distinct aspects in preparation for the 
impact-uncertainty analysis. Consequently, the two most critical drivers—"T02/ 
Level of data and internet infrastructure for AI algorithms for robotic medicine" 
and "S01/Level of societal acceptance of robotic medicine"—were selected for the 
development of scenario-building analysis.

Adoption of robotics health
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Figure 5.3: Impact-uncertainty analysis

Figure 5.3 shows in the Impact-Uncertainty Analysis that the level of data and 
Internet infrastructure for AI algorithms for robotic medicine and societal 
acceptance of robotic medicine play a crucial role in realizing robotic medical 
services in Kenya. It means we could build a future while considering these key 
drivers of change. 

5.4.2 Cross impact analysis 

A Cross Impact Analysis Matrix is a tool used to evaluate how different events or 
changes influence each other within a system. It involved creating a table where 
rows and columns represent various factors or variables, with each cell detailing 
the impact one variable has on another. 

This matrix helped in visualizing interactions and dependencies, aiding in 
scenario planning and strategic decision-making by highlighting potential effects 
and interactions between factors. MICMAC tool was used for analysis and ranking 
of the key drivers of change necessary for building future scenarios. 
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Table 5.5: Cross impact analysis matrix

S01 S02 T01 T02 E01 E02 EN01 EN02 P01 P02 V01 V02 K

S01 3 3 3 2 3 3 3 3 3 3 3 32

S02 2 2 3 2 2 2 2 2 2 2 2 23

T01 3 2 3 2 2 2 2 2 2 2 1 23

T02 3 3 3 2 3 3 3 3 3 3 3 32

E01 3 2 2 3 2 2 2 2 2 2 2 24

E02 3 2 2 2 3 2 2 2 2 2 1 23

EN01 3 2 1 3 2 2 2 2 2 1 2 22

EN02 2 3 2 2 2 2 2 2 2 2 2 23

P01 2 1 2 2 2 2 1 2 2 2 2 20

P02 3 2 1 3 2 2 2 2 2 1 1 21

V01 3 2 2 2 2 1 2 2 2 2 2 22

V02 3 2 2 2 1 2 2 2 2 2 2 22

W 30 24 22 28 22 23 23 24 24 24 22 21
 

From Table 5.5 in the Cross Impact Analysis Matrix, drivers of change "S01", "T02", 
which were Level of societal acceptance of robotic medicine and Level of data 
and internet infrastructure for AI algorithms for robotic medicine, respectively, 
recorded the highest passive and active sums denoted stronger influences, thus 
supporting strategic planning and the anticipation of potential future scenarios.

Figure 5.4: Direct Influence graph

Adoption of robotics health
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Figure 5.5 of "Direct Influence Graph," showed that "S01", "T02" which are 
Level of societal acceptance of robotic medicine and Level of data and internet 
infrastructure for AI algorithms for robotic medicine, respectively, had the 
strongest influence on the adoption of robotic medical services. Other drivers 
of change had a relatively strong influence on the key drivers of change such as 
"P01", "E01", "S02" as from Table 2.

Figure 5.5: Direct Influence/Dependence Graph

Figure 5.5 shows the direct influence and dependence graph with "S01", "T02” 
which are Level of societal acceptance of robotic medicine and Level of data and 
internet infrastructure for AI algorithms for robotic medicine, respectively, as the 
strongest drivers of change in terms of influence and dependence on the adoption 
of robotic medical services in Kenya as shown in Table 5.1 and Table 5.5. Other 
drivers of change had relatively low influence on the adoption thus we could build 
scenarios as the key drivers of change.
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Figure 5.6: Rank of drivers of change by influence

Figure 5.6 shows that "S01", "T02" which were Level of societal acceptance of 
robotic medicine and Level of data and internet infrastructure for AI algorithms 
for robotic medicine, respectively, had the highly ranked drivers of change thus 
important in building future scenarios as derived from Table 5.1 and Table 5.5.

5.5	 Building of Future Scenarios

Based on the analysis of key drivers of change (degrees of social acceptance and 
protection against data manipulation concerning robotic medicine in Kenya), we 
developed the following potential scenarios as shown in Figure 5.7. 

Adoption of robotics health
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Figure 5.7: Future Scenarios for robotic medicine in Kenyan Healthcare

The scenario matrix quadrant was used as is a strategic tool to plan for various 
potential futures by considering how different levels of social acceptance and data 
security could interact and influence the trajectory of robotic medicine in society 
and the healthcare industry. 

Each scenario hypothesizes what could happen in the future, helping stakeholders 
and government agencies to prepare. 

(1) Scenario 1: "Successful adoption of robotic medicine"

High social acceptance and high protection of data manipulation characterized 
this scenario. It implied a future where patients and all medical practitioners 
widely accept robotic medicine, effectively preventing data manipulation and 
leading to successful and secure adoption.

Scenario 1 materialized under conditions of high social acceptance and robust 
protection against data manipulation within robotic medicine technology. 
"Successful robotic medicine" denotes the AI's capacity to enhance robotic 
medicine in Kenya. The immutable robotic medicine and good database network 
infrastructure could mitigate incidents of doctors making treatment errors and 
long booking queues (Zhang et al., 2023). It could reduce the overhead costs 
associated with traditional medical services where the patient has to visit the 
hospital, promoting efficiency in healthcare (Raje et al., 2021a).

Hospitals could track real-time updates of healthcare services provision data 
flows through robotic medicine, improving healthcare delivery (Bera et al., 2019). 
Sacha and Varona (2013) advocated for the use of robotic medicine in tracking 
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recovery rates, noting its precision in recovery rates, dates, and times of different 
patients, which allows improved healthcare distribution and provision (Chan 
and Muralidharan, 2024). Robotic medicine could help streamline healthcare 
operations, ensuring access to relevant and high-quality diagnosis, boosting 
efficiency, reducing medical and logistic costs, and building trust of patients, all 
of which contribute to the superior provision of healthcare products (Cui et al., 
2013).

Robotic medicine has the potential to achieve significant cost reductions in 
healthcare, which has been a huge problem for many Kenyans. As more medical 
facilities engage in the globalization of healthcare, robotics becomes more critical 
(Alip et al., 2022). Robotic medicine could offer a solution to Kenya due to the 
increase in the number of diseases and the aging population with high cases of 
cancer-related deaths due to delays in treatment. Telemonitoring facilitated by 
robotic medicine could remove the need for intermediaries, enhance remote 
treatment and management of patients remotely, and simplify patient-health 
practitioner interaction. Healthcare hospitals in Kenya could use robotic medicine 
to increase the number of surgical operations, resulting in faster delivery and cost 
reductions (Altyar et al., 2023).

(2) Scenario 2: "Low adoption of robotic medicine"

Low adoption will be in the quadrant with low social acceptance and high protection 
of data manipulation. This scenario suggests a future where robotic medicine will 
not be widely accepted and fails to provide adequate data protection, resulting in 
low adoption rates by patients and medical practitioners. 

In Scenario 2, robotic medicine will have a low adoption rate, with inadequate 
data manipulation safeguards and minimal social acceptance. This scenario 
suggests that despite the known benefits of robotic medicine, Kenyan patients 
are reluctant to adopt robotic medicine due to these two prevailing issues. Slow 
adoption rates may stem from unexpected barriers that hinder healthcare from 
progressing as desired. Many global hospitals and healthcare firms in India and 
Europe benefiting from the Kenyan patients visiting them might resist innovation 
to preserve existing revenue streams (Archibald and Barnard, 2018). Healthcare 
experts who are resistant to change could be apprehensive about integrating 
robotic medicine into their healthcare operations (Appio et al., 2023), while other 
medical intermediaries may fear being made redundant by the new method of 
operation.

The complexity of robotic medicine might overwhelm individual users, making it 
difficult for them to understand, adopt, and utilize AI technology (Ahmed et al., 
2024). Adoption challenges could be compounded by the time and effort required 
to transition to new technologies, with some healthcare facilities being early 
adopters and others remaining cautious or inactive due to limited resources or 
unconvincing benefits.

Adoption of robotics health
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Furthermore, lack of education in robotic medicine impedes its broader social 
acceptance. Many people mistakenly believe robotic medicine could restrict 
healthcare growth and its potential applications in nursing and drug delivery. 
Public education will be essential for fostering understanding and effective use 
of this robotic medicine (Ajmera and Jain, 2019). Given that robotic medicine is 
a relatively recent innovation, there could be a general mistrust among patients 
who are unfamiliar with it, especially in developed countries. Significant effort is 
required before robotic medicine gains widespread trust and recognition (George 
et al., 2018). Nonetheless, robotic medicine technology will gradually make 
inroads in medicine.

(3) Scenario 3: "Dark side of robotic medicine"

This scenario, found in the quadrant with high social acceptance but low protection 
against data manipulation, portrays a paradoxical future where robotic medicine 
will be socially accepted despite its inability to protect against data manipulation, 
possibly leading to unforeseen negative consequences.

Scenario 3, termed the "Dark Side of Robotic Medicine," emerges in an environment 
where technology is widely accepted but the protection against data manipulation 
is weak. This scenario highlights the potential downsides of robotic medicine in 
hospitals and patients' concerns about the risks and downsides associated with 
its implementation. Despite its growing popularity in recent years in developed 
countries such as Germany, Japan, and India, among others, have embraced 
robotic medicine despite high investment costs. For instance, buying Da Vinci will 
cost US$ 3 million, necessitating substantial investment to implement effectively. 
Adopting robotic medicine will not be without significant expense, including hiring 
developers, assembling a team of experts, procuring robotic medicine solutions, 
and other associated costs (Sharma, Rahul and Pavika, 2024). Kenyan hospitals 
could also factor in ongoing maintenance expenses, which could reach millions 
of Kenya shillings for commercial robotic medicine projects. More financial 
resources can delay significantly improving healthcare provision through robotic 
medicine.

One of the primary disadvantages of robotic medicine is the immutability of its 
data, as robots have to learn from imputed data (Nelivigi, 2007). This financial 
barrier could limit access to this advanced medical technology for certain 
healthcare facilities and patients, hindering the widespread adoption of robotic-
assisted procedures and potentially exacerbating already existing disparities in 
healthcare access in Kenya.

(4.) Scenario 4: "Lack of trust in robotic medicine"

Despite low protection against data manipulation, this quadrant had low social 
acceptance. This scenario suggests that, even though the technology will be 
secure, a lack of trust from the public or stakeholders will prevent its widespread 
adoption.
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In Scenario 4, despite high data manipulation protection, the low social 
acceptance of robotic medicine reflects a pervasive lack of trust. Camarillo et al. 
(2004) noted that trust bolsters collaborative efforts by increasing the propensity 
to share information and skills. Given the nascent stage of robotic medicine, its 
acceptance is limited, necessitating time to win over skeptics of robotic medicine. 
Establishing robotic medicine in Kenya's healthcare system might face challenges, 
as skepticism prevails, and participants need more incentives to adhere to rules. 
The general public's understanding of robotic medicines could often be conflated 
with high death care due to Internet instability (Jiang et al., 2023).

Government intervention will be required to prevent the misuse of patient data 
generated within the system. Decentralization of patient data complicates the 
tracking of illicit activities such as cybercrimes. Some users might overlook these 
risks, deeming them the price of freedom, but criminal exploitation of networks 
remains intolerable (Haidegger et al., 2011). The presence of autonomous robots 
could cause too much dependence on robots, thus threatening the number of 
medical doctors being hired in hospitals. However, inadequate regulation could 
undermine public confidence in robotic medicine (Gomes, 2011).

Table 5.6 presents various future scenarios for other remaining drivers of change 
and their archetypes essential for the successful adoption of robotic medicine in 
Kenya as shown in Table 5.1. It highlighted drivers of change for the different 
future scenarios of successful adoption of robotic medicine, low adoption of 
robotic medicine, darkside of robotic medicine, and lack of trust in robotic 
medicine in terms of technological advancements, regulatory frameworks, 
economic conditions, and societal readiness. 

Each future scenario outlined how these elements interact and influence the 
integration of robotic medical services in the Kenyan healthcare. The archetypes 
served as models or patterns that depict potential outcomes, guiding stakeholders 
in making informed decisions to foster a conducive environment for the widespread 
implementation of robotic medicine. 
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6.	 Conclusion and Policy Recommendations

6.1	 Conclusion

The study sought to explore the adoption of robotic medical services and the 
future of healthcare in Kenya. The literature review identified twelve drivers of 
change in the future of the adoption of robotic medicine, including societal and 
expert acceptance of robotic medicine, compatibility with existing infrastructure, 
robustness of data and Internet for AI, investment costs, national healthcare 
budget, recyclability and environmental impact of medical waste, legislative 
frameworks, global political collaboration, and AI-related intellectual property, 
liability, and ethical issues such as patient data privacy, transparency, and bias. 
The stakeholders and experts ranked these drivers of change according to Impact 
Uncertainty and Cross Impact analysis methodologies.

The drivers with the highest influence and least dependency was the robustness 
of data and Internet for AI and the societal acceptance of robotic medicine 
adoption. Based on the study findings, adopting robotic medicine, a key disruptive 
technology of the Fourth Industrial Revolution (4IR), promises to revolutionize 
healthcare delivery in Kenya. This initiative aligns with the government's Bottom-
Up Transformative Agenda (BETA) and Medium-Term Plan IV (MTP IV), 
aimed at achieving universal healthcare (UHC), thus enhancing the availability, 
accessibility, affordability, and efficiency of healthcare, addressing persistent 
challenges many Kenyans face. As the population increases, the number of people 
who seek specialized medical services will increase in the future due to existence 
of many diseases (Cresswell et al., 2018). 

The study employed the driving forces to create plausible future scenarios such 
as Successful Adoption, Low Adoption, Chaotic Change, and Rejection of the 
Adoption were identified. The main opportunities were identified as rapid AI 
technological developments, opportunities in medical tourism, and robotic 
medical innovations. At the same time, the critical challenges in the plausible 
future were found to be regulatory uncertainty, ethical concerns, data privacy, and 
public misconceptions from social acceptance levels. These drivers of change will 
foster robotic medicine adoption in Kenya.

6.2	 Policy Gaps

Based on the two key drivers of change or driving forces based on the findings of 
the study, policy gaps are as follows. One, societal acceptance of robotic medical 
services is hindered by limited public awareness, as many Kenyans are unfamiliar 
with these robotic medicine technologies, leading to mistrust and reluctance 
to embrace AI-powered healthcare. In addition, ethical concerns such as data 
privacy, algorithmic bias, and potential job placement within the healthcare sector 
require thorough consideration and mitigation strategies. Cultural considerations, 
including the role of traditional medicine and cultural beliefs towards healthcare, 
must also be acknowledged and integrated when adopting AI technologies.
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Two, AI algorithms' success in healthcare relies heavily on robust data and 
Internet infrastructure. Limited access to high-quality anonymized medical data 
hampers developing and training effective AI models for healthcare applications. 
Uneven Internet connectivity, particularly in rural areas, restricts the reach and 
potential benefits of AI-powered healthcare services, which are crucial for remote 
diagnostics and telepresence surgery. Robust data security frameworks are 
essential to protect patient privacy and prevent cyberattacks, ensuring AI's safe 
and effective use in Kenyan healthcare.

6.3	 Policy Recommendations

The recommendations include: 

Improve societal acceptance level 

•	 Public Awareness Campaigns: Launch comprehensive campaigns to educate 
the public on the benefits, safety, and efficacy of robotic medicine. Use 
various media platforms to reach diverse audiences and dispel myths and 
misconceptions.

•	 Community Engagement: Involve community leaders and local organizations 
in promoting acceptance. Host town hall meetings, workshops, and interactive 
sessions where citizens can learn about and experience robotic technologies 
firsthand.

•	 Patient Education: Develop educational programmes for patients and their 
families in healthcare settings. Provide detailed information on how robotic 
medicine works, its advantages, and address any concerns.

•	 Transparency and Trust: Ensure transparency in the implementation process. 
Share success stories, clinical trial results, and case studies demonstrating the 
effectiveness of robotic medicine.

•	 Regulatory Framework: Establish robust regulatory standards to ensure the 
safety and ethical use of robotic medicine. Ensure compliance with these 
standards to build public trust.

•	 Collaboration with Healthcare Providers: Partner with healthcare professionals 
to advocate for robotic medicine. Provide training and support to doctors 
and nurses and other healthcare providers to enhance their confidence and 
competence in using robotic technologies.

Enhance the level of data and Internet infrastructure for AI

•	 Investment in Broadband Infrastructure: Prioritize investment in high-
speed broadband infrastructure, especially in rural and underserved areas. 
Collaborate with private sector partners and international donors to expand 
Internet coverage and improve connectivity.
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•	 Development of Data Centres: Establish state-of-the-art data centres across 
the country to ensure robust data storage, processing, and management 
capabilities. Promote public-private partnerships to build and operate these 
facilities efficiently.

•	 Regulatory Framework for Data Management: Implement a comprehensive 
regulatory framework for data management, focusing on data security, 
privacy, and interoperability. Ensure compliance with international standards 
to protect patient information and foster trust in AI systems.

•	 Training and Capacity Building: Invest in training programmes for IT 
professionals, healthcare providers, and policy makers to enhance their 
understanding of AI technologies and data management practices. Encourage 
higher education institutions to offer specialized courses in AI and data 
science.

•	 Support for Research and Development: Provide grants and incentives 
for research and development in AI and data infrastructure. Encourage 
collaboration between universities, research institutions, and tech companies 
to drive innovation and create locally adapted solutions.

•	 Public-Private Partnerships: Foster public-private partnerships to leverage 
the expertise and resources of the private sector. Encourage tech companies 
to invest in Kenya’s data and Internet infrastructure, offering incentives such 
as tax breaks and streamlined regulatory processes.

•	 Monitoring and Evaluation: Establish a monitoring and evaluation framework 
to track the progress of infrastructure development initiatives. Regularly 
assess the impact of these initiatives on the healthcare system and make 
necessary adjustments to ensure continuous improvement.
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Appendices

Appendix 1: Summary statistics for impact uncertainty analysis

The expert opinion was sought from 200 professional experts with the following 
distribution:

A1: Distribution of experts under Delphi

Specialist Title Number % 
Burns /Plastic Surgeons Doctor 1 1%
Cardiologist Doctor 7 4%
Cardiothoracic Surgeons Doctor 2 1%
Chest Specialists Doctor 3 2%
Clinical Psychologist Doctor 1 1%
Dentist Doctor 7 4%
Dermatologist Doctor 5 3%
Diagnostic Centres Doctor 4 2%
Endocrinologists Doctor 4 2%
ENT Doctor 10 5%
Facilities Pharmacy/

Hospital/
Laboratory/
agnostic Cent/
Physiotherapy

26 13%

Gastroenterologist Doctor 4 2%
General Physician Doctor 6 3%
Maxillofacial Surgeons Doctor 5 3%
Neurologist Doctor 1 1%
Neurosurgeon Doctor 3 2%
Obs / Gynaecologist Doctor 18 9%
Oncologist Doctor 3 2%
Ophthalmologist Doctor 5 3%
 Nurse Medical 

Practioner
25 10%

Pediatrician Doctor 14 7%
Anesthesiologist Medical 

Practioner
16 8%
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Health Insurance expert Health 
Insurance 
expert

15 8%

Robotic Expert Robotic Expert 15 10%
 Total 200 100%

Table A1 presents the distribution of 200 experts involved in a Delphi study, 
categorized by their medical specialties and roles. The table enumerates each 
category, detailing the number of professionals and their respective percentages 
of the total participant pool. The specialties include various types of doctors, such 
as cardiologists and neurosurgeons, along with nurses, robotic experts, and health 
insurance experts.

Appendix 2: Summary statistics for cross impact analysis

The expert opinion was sought from 44 professional experts with the following 
distribution:

A2: Distribution of experts for cross impact analysis

No. Healthcare Professional/Experts Experts %
1 Burns /Plastic Surgeons 2 4.5%
2 Cardiologists 2 4.5%
3 Cardiothoracic Surgeons 2 4.5%
4 Chest Specialists 2 4.5%
5 Dentists 2 4.5%
6 Dermatologists 2 4.5%
7 Diagnostic Centres/Healthcare centres 2 4.5%
8 Endocrinologists 2 4.5%
9 ENTs 2 4.5%
10 Gastroenterologist 2 4.5%
11 General Physicians 2 4.5%
12 Maxillofacial Surgeons 2 4.5%
13 Neurologists 2 4.5%
14 Neurosurgeons 2 4.5%
15 Obs / Gynae 2 4.5%
16 Oncologist 2 4.5%
17 Ophthalmologists 2 4.5%
18 Nurses 2 4.5%
19 Pediatricians/ Anesthesiologists 2 4.5%
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20 Researchers 2 4.5%
21 Health Insurance experts/Actuary 2 4.5%
22 Robotic Experts 2 4.5%
Total 44 100%

Table A2 illustrates the distribution of 44 experts participating in a Cross Impact 
Analysis, each category featuring exactly 2 experts, approximately 4.5 per cent 
of the total panel. These professionals range across various medical and related 
fields, including surgeons, specialists such as cardiologists and neurologists, 
and non-medical experts such as robotic experts and health insurance experts. 
This uniform distribution ensures a balanced representation of diverse fields, 
facilitating a comprehensive cross-impact evaluation in the healthcare sector.

Appendix 3: Questionnaire for impact uncertainty analysis

Robotic Medical Services: Kenyan Healthcare Foresight 

Dear Respondent,

On behalf of KIPPRA, we are conducting a study on the adopting robotic medical 
services and the future of healthcare in Kenya. Your valuable insights will help us 
understand the current landscape, challenges, and opportunities in integrating 
robotic technologies into healthcare practices. Your participation is crucial in 
shaping the future of healthcare delivery in Kenya. 

Thank you for your time and contribution.

SECTION A: IMPACT ANALYSIS

This examines on how the following drivers of change as per STEEPV have an 
impact on robotic medical services adoption in Kenya.

(a) Social factors influencing adoption of Robotic Medical Services 
and the future of healthcare in Kenya. 

To what level of impact do you consider the following social factors to be influencing 
adoption of Robotic Medical Services and the future of healthcare in Kenya for 
sustainable healthcare system in the next 10-20 years? Where very low=1; low=2; 
moderate=3; high=4 and very high=5 

Very low Low Moderate High Very 
high

Level of societal acceptance 
of robotic medicine.
Medical health experts’ 
awareness and acceptance 
level.

Appendices
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(b)	 Technological factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya. 

To what l level of impact do you consider the following technological factors to 
be influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20 years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Very low Low Moderate High Very 
high

Compatibility levels of 
robotic medicine with 
existing healthcare 
infrastructure.
Level of data and internet 
infrastructure for AI 
algorithms for robotic 
medicine.

(c)	 Economic factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya.

To what level of impact do you consider the following economic factors to be 
influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Very low Low Moderate High Very 
high

Cost of Investments 
in robotic medicine 
technologies. 
National budget for 
Kenyan healthcare.

. 

(d)	 Environmental factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya

To what level of impact do you consider the following environmental factors to 
be influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20 years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 
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Very low low moderate high Very high
Level of recyclability 
of robotic medical 
technologies waste
The amount of 
robotics medical waste 
into the environment.

(e)	 Political factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya.

To what level of impact do you consider the following political factors to be 
influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Drivers of change Very low Low Moderate high Very 
high

Government legislation, 
policies, and regulations 
on robotic medicine in 
Kenyan healthcare
Political global 
collaboration for 
standardized, safe 
robotic medicine 
development and use.

(f)	 Value factors influencing adoption of Robotic Medical Services 
and the future of healthcare in Kenya. 

To what level of impact do you consider the following value factors to be influencing 
adoption of Robotic Medical Services and the future of healthcare in Kenya for 
sustainable healthcare system in the next 10-20 years? Where very low=1; low=2; 
moderate=3; high=4 and very high=5 

Very Low Low Moderate High Very high
Level of AI Intellectual 
property rights, 
liability issues, and 
compliance standards
The AI ethical issues 
like patient data 
privacy, algorithm 
transparency, and 
bias.

Appendices
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SECTION B: UNCERTAINTY ANALYSIS

This examines on how the following drivers of change as per STEEPV have an 
uncertainty on robotic medical services adoption in Kenya.

(a)	 Social factors influencing adoption of Robotic Medical Services 
and the future of healthcare in Kenya. 

To what level of uncertainty do you consider the following social factors to be 
influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20 years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Very 
low

Low Moderate High Very high

Level of societal 
acceptance of robotic 
medicine.
Medical health experts’ 
awareness and acceptance 
level.

(b)	 Technological factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya. 

To what level of uncertainty do you consider the following technological factors to 
be influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20 years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Very low Low Moderate High Very high
Compatibility levels of 
robotic medicine with 
existing healthcare 
infrastructure.
Level of data and 
internet infrastructure 
for AI algorithms for 
robotic medicine.

(c)	 Economic factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya.

To what level of uncertainty do you consider the following economic factors to 
be influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 
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Very low Low Moderate High Very high
Cost of Investments 
in robotic medicine 
technologies. 
National budget for 
Kenyan healthcare.

(d) Environmental factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya. 

To what level of uncertainty do you consider the following environmental factors 
to be influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20 years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Very low Low Moderate High Very 
high

Level of recyclability 
of robotic medical 
technologies waste
The amount of robotics 
medical waste into the 
environment.

(e)	 Political factors influencing adoption of Robotic Medical 
Services and the future of healthcare in Kenya

To what level of uncertainty do you consider the following political factors to be 
influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Drivers of change Very low Low Moderate High Very high
Government 
legislation, policies, 
and regulations on 
robotic medicine in 
Kenyan healthcare
Political global 
collaboration for 
standardized, safe 
robotic medicine 
development and use.

Appendices
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(f)	 Value factors influencing adoption of Robotic Medical Services 
and the future of healthcare in Kenya. 

To what level of uncertainty do you consider the following value factors to be 
influencing adoption of Robotic Medical Services and the future of healthcare 
in Kenya for sustainable healthcare system in the next 10-20 years? Where very 
low=1; low=2; moderate=3; high=4 and very high=5 

Very low Low Moderate High Very high
Level of AI 
Intellectual 
property rights, 
liability issues, 
and compliance 
standards
The AI ethical issues 
like patient data 
privacy, algorithm 
transparency, and 
bias.

Appendix 4: Questionnaire for Cross Impact Analysis

Robotic Medical Services Adoption and the future of Healthcare in Kenya

Dear Respondent,

On behalf of KIPPRA, we're conducting research on the adoption of robotic 
medical services in Kenya on cross impact analysis and would value your insights. 
Could you spare a few minutes to fill out our questionnaire? Your input will help 
shape our research. Your responses will be kept confidential.

Thank you for your participation.

Q1:

How does Government legislation, policies, and regulations on robotic medicine 
in Kenyan healthcare affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
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Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine with 
existing healthcare infrastructure. 
Level of data and internet infrastructure for 
AI algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste into 
the environment. 
Level of AI Intellectual property rights, 
liability issues, and compliance standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 

Q2: How does Political global collaboration for standardized, safe robotic medicine 
development affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in Kenyan 
healthcare 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of data and internet infrastructure 
for AI algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste into 
the environment. 
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Level of AI Intellectual property rights, 
liability issues, and compliance standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 

Q3: How does the Cost of Investments in robotic medicine technologies affect the 
following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in 
Kenyan healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic 
medicine with existing healthcare 
infrastructure. 
Level of data and internet 
infrastructure for AI algorithms for 
robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste 
into the environment. 
Level of AI Intellectual property 
rights, liability issues, and compliance 
standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and 
bias 
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Q4: How does the National budget for Kenyan healthcare affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in 
Kenyan healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of data and internet infrastructure 
for AI algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste 
into the environment. 
Level of AI Intellectual property rights, 
liability issues, and compliance standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 

Q5: How does the Level of societal acceptance of robotic medicine affect the 
following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in Kenyan 
healthcare 
Political global collaboration for standardized, 
safe robotic medicine development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
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Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine with 
existing healthcare infrastructure. 
Level of data and internet infrastructure for AI 
algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste into the 
environment. 
Level of AI Intellectual property rights, liability 
issues, and compliance standards. 
The AI ethical issues like patient data privacy, 
algorithm transparency, and bias 

Q6: How does medical health experts’ awareness and acceptance level affect the 
following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in 
Kenyan healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of data and internet 
infrastructure for AI algorithms for 
robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste 
into the environment. 
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Level of AI Intellectual property 
rights, liability issues, and compliance 
standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and 
bias 

Q7: How do Compatibility levels of robotic medicine with existing healthcare 
infrastructure affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in Kenyan 
healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Level of data and internet infrastructure 
for AI algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste 
into the environment. 
Level of AI Intellectual property rights, 
liability issues, and compliance standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 
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Q8: How Level of data and internet infrastructure for AI algorithms for robotic 
medicine affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in 
Kenyan healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste 
into the environment. 
Level of AI Intellectual property rights, 
liability issues, and compliance standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 

Q9: How does the Level of recyclability of robotic medical technologies waste 
affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in Kenyan 
healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
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National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of data and internet infrastructure 
for AI algorithms for robotic medicine. 
The amount of robotics medical waste into 
the environment. 
Level of AI Intellectual property rights, 
liability issues, and compliance standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 

Q10: How does the amount of robotics medical waste in the environment affect 
the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in 
Kenyan healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of data and internet infrastructure 
for AI algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
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Level of AI Intellectual property 
rights, liability issues, and compliance 
standards. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 

Q11: How do the level of AI Intellectual property rights, liability issues, and 
compliance standards affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in Kenyan 
healthcare 
Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of data and internet infrastructure 
for AI algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste into 
the environment. 
The AI ethical issues like patient data 
privacy, algorithm transparency, and bias 

Q12: How does The AI ethical issues like patient data privacy, algorithm 
transparency, and bias affect the following:

High=3, Moderate=2, and Low=1 

Low Moderate High
Government legislation, policies, and 
regulations on robotic medicine in 
Kenyan healthcare 
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Political global collaboration for 
standardized, safe robotic medicine 
development and use. 
Cost of Investments in robotic medicine 
technologies. 
National budget for Kenyan healthcare. 
Level of societal acceptance of robotic 
medicine. 
Medical health experts’ awareness and 
acceptance level. 
Compatibility levels of robotic medicine 
with existing healthcare infrastructure. 
Level of data and internet infrastructure 
for AI algorithms for robotic medicine. 
Level of recyclability of robotic medical 
technologies waste
The amount of robotics medical waste 
into the environment. 
Level of AI Intellectual property rights, 
liability issues, and compliance standards. 
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