


INFLUENCE OF OPERATIONAL COSTS IN IMPLEMENTING CENTRALIZED DATA HEALTHCARE MANAGEMENT IN NANDI COUNTY, KENYA

Abstract
[bookmark: _GoBack]Most health systems continue to depend on more integrated data that lead to better health outcomes; hence, their cost dynamics must be clearly understood during implementation. The purpose of this study was to analyze and understand the effect of operational costs on implementation of centralized data healthcare management system in Nandi County, Kenya. The study was supported by Resource based view theory. The quantitative research approach used descriptive and regression analysis to test the impact of operational costs. The study thus provided rich insight into how cost aspects determine the effectiveness of centralized data healthcare management from a response rate as high as 87%. The findings suggested that efficient management of operations costs, especially regarding budget planning and adjustment, facilitates successful implementation through infrastructural and resource allocation. This study, therefore, underscores the fact that focused financial strategies, hand in hand with strong leadership and competent staff, are crucial in sustaining long-term efficiency and resilient health data systems in resource-constrained settings such as Nandi County. The study recommended that governments must carefully evaluate and allocate resources to cover expenses such as software development, hardware procurement, staff training and ongoing maintenance.
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INTRODUCTION
BACKGROUND OF THE STUDY
Centralized health information management is crucial for improved access to health care and quality health outcomes within resource-constrained settings such as Nandi County, Kenya. The centralized data systems combine patient records, health care services, and other information required for timely decisions, interventions, and effective follow-up care. The Digital Health Bill 2023 lays the groundwork for significant advancements in Kenya's healthcare system by establishing robust governance structures, promoting innovation in digital health technologies, and prioritizing data security and privacy (Ochieng, Rotich & Kipsang, 2019).  By centralizing health information systems and promoting best practices, there is emphasis on improved healthcare delivery and decision-making while ensuring transparency and accountability in financial management (WHO, 2019). Generally, infrastructural setting up of a centralized data healthcare management system is very costly; it requires huge investments in infrastructure, maintenance of ICT systems, and support. Therefore, the research investigated how operational costs bear on implementing centralized healthcare data management within the County of Nandi. 
Notably, this study explored how budget issues affect not only the deployment of the system but also its continued functionality and scalability within the county's healthcare framework. The study pinpointed the critical elements necessary to realize financial and operational sustainability in healthcare data management. The costs associated with implementing and maintaining centralized data health care management can be substantial (Njoroge et al., 2014).  Effective cost management strategies, including budget allocation and resource optimization, are necessary to prevent budget overruns and ensure long-term sustainability (Ministry of Health, Kenya, 2019).  The study agrees with Wanjau, Muiruri, and Ayodo (2012) on the need for effective cost management that guarantees the system's sustainability. 

They also noted that financial constraints are a significant obstacle to the delivery of high-quality services in the public health sector. In the context of centralized data systems, in order to make sure that the long-term advantages surpass the early costs, a comprehensive cost-benefit analysis is crucial (WHO, 2019). Moreover, securing sustainable funding sources and optimizing resource allocation can help mitigate financial challenges, ensuring that the system remains operational and effective over time (Ministry of Health, Kenya, 2019).  Nyangena, Rajgopal, and Ombech (2021) conducted a study to examine the implementation of centralized healthcare data systems in Kenya. The research used workshops and discussions with participants from Kenya's Ministry of Health, universities, NGOs, and the private sector to assess leadership, governance, human resources, and technology. They found that most parts of Kenya’s health information systems were still at early or developing stages of maturity. Key problems included weak governance, poor financial management, and inadequate ICT infrastructure, all of which reduced efficiency and hindered system integration. The study recommended enhancing governance, increasing investment in ICT infrastructure, and implementing more effective monitoring systems to address these challenges and improve the overall implementation of centralized healthcare data systems in Kenya.
STATEMENT OF THE PROBLEM
The lack of proper data protection mechanisms not only erodes public trust in the healthcare system but also exposes individuals to identity theft, fraud and other security threats. Research indicates that challenges such as outdated infrastructure and insufficient ICT resources often obstruct the successful execution of ICT solutions in healthcare (Moqaddasi et al., 2020). The implementation of centralized healthcare data management in Nandi County is hindered by significant operational cost challenges. These include high initial investments in ICT infrastructure, ongoing maintenance, and staff training, which strain the county's limited resources.  Additionally, inadequate funding allocation exacerbates the sustainability of the system, leading to potential inefficiencies in its adoption and operation. Without effective cost management strategies, such as resource optimization and alternative funding mechanisms, the system risks failure to meet its intended objectives of enhancing healthcare delivery, efficiency, and data accuracy. Furthermore, operational costs, if not effectively managed, can result in budget overruns and financial inefficiencies, undermining the long-term viability of centralized data systems. These challenges emphasize the need for a comprehensive understanding of operational cost dynamics to ensure successful and sustainable implementation of a centralized data healthcare management in Nandi County.
THEORETICAL FRAMEWORK
The study draws on Resource-based view theory that popularized by scholars like Edith Penrose (1959) that assumes that organizations can be viewed as bundles of assets and capacities, and the heterogeneity of these resources leads to differences in performance among firms. It was further developed by Barney (1991), who argued that resources and capabilities that the VRIN criteria can provide viable advantages. In the context of operational costs, this theory highlights the importance of leveraging internal resources such as financial assets, skilled personnel, and technological infrastructure to minimize costs and maximize efficiency. Nandi County faces challenges such as limited financial resources, underdeveloped ICT infrastructure, and insufficient skilled personnel. These gaps significantly affect the cost structure of implementing centralized data healthcare management. The RBV framework suggests addressing these issues by developing unique organizational capabilities, such as efficient resource allocation and capacity building, to reduce operational inefficiencies and sustain the system​ 
LITERATURE REVIEW
Operational costs are a critical factor influencing the implementation of centralized data healthcare management systems, encompassing expenses such as initial investments, maintenance, and staff training. Effective cost management is necessary to ensure the sustainability and efficiency of these systems. The implementation of centralized data systems requires substantial initial investments in ICT infrastructure, including hardware, software, and reliable network connectivity. Studies emphasize the need for secure data centers, scalable systems, and energy-efficient technologies to minimize long-term costs (Nyangena, Rajgopal, & Ombech, 2021).
Ongoing maintenance costs, including software updates, hardware replacements, and system repairs, are significant contributors to operational expenses. Studies in Sub-Saharan Africa highlight the dependency on donor funding, which often jeopardizes sustainability once external support diminishes (Awad et al., 2021). The financial sustainability of centralized data systems requires governments to establish predictable funding streams and partnerships with the private sector to share maintenance burdens. Studies in the USA reveal that centralized systems, despite high initial costs, lead to long-term benefits such as reduced duplication of tests, streamlined resource allocation, and improved decision-making (Adler-Milstein & Huckman, 2018). A focus on cost-benefit analysis can justify investments by highlighting potential savings in administrative and operational inefficiencies. Training healthcare staff on data management and technology use accounts for a considerable portion of operational costs. Inadequate training programs often lead to inefficiencies, data errors, and underutilization of systems (Beyene et al., 2021). A case study in Kenya revealed fragmented ICT infrastructure and inadequate financial management as barriers to effective implementation. These challenges necessitate robust financial planning to optimize resources and reduce unnecessary  Research in rural Kenya indicated that targeted capacity-building programs could reduce operational inefficiencies, enabling better resource allocation (Wanyonyi et al., 2020).
CONCEPTUAL FRAMEWORK
Independent Variables      	                                                     Dependent Variable   The implementation of Centralized Data health care management

· Ease of access
· Data accuracy
· Operational Efficiency

Operational Costs 
· Low cost of operations
· Budget Cuts  
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 Figure 1 Conceptual Framework 
RESEARCH METHODOLOGY
The study followed a descriptive and a correlational research design, which facilitated a focused examination of operational cost variables. The descriptive design was utilized because the researcher aimed to document context-specific factors without the need for experimental manipulation. This design aided in identifying the overall characteristics of a specific group. It also assists in the identification of an individual's genuine views and perspectives in order to determine how the situation compares to the target group. Descriptive statistics allow an analysis of each variable on its own. The target population consisted of 80 healthcare professionals in Nandi County, including Senior Hospital Manager, Hospital ICT Managers and Medical Officers. The inclusion of these groups ensured that the study captured perspectives from individuals directly involved in the management and operation of healthcare systems. A census approach was used, involving all members of the target population. This approach ensured comprehensive representation and allowed for a detailed examination of operational cost factors affecting implementation. Primary data were collected using structured questionnaires tailored to gather insights into operational costs, including initial investments, maintenance, and training expenses. The collected data were analyzed using SPSS software, employing descriptive statistics such as mean and standard deviations and inferential Statistics such as Correlation and regression analyses were conducted to identify significant relationships between operational costs and implementation outcomes.
The regression model used was:
Y=β0​+β4​X4​+ϵ
Where:
Y: Implementation of centralized data management
 X4: Operational costs
𝜖: Error term
Approval was obtained from the University Graduate School and NACOSTI. Participants' anonymity and confidentiality were maintained. Ethical standards were upheld in data collection, analysis, and reporting.





RESULTS
Response rate
[bookmark: _Toc183685427]Table 1: Response Rate 
	Category
	Number of Questionnaires
	Percentage

	Sent
	80
	100%

	Filled and returned
	70
	87.5%

	Not Returned
	10
	12.5%



Table 1 shows an 87.5% response rate. This response rate exceeds a recommended threshold of 23.9% of the total population suggested by Kothari (2006). Response rate is considered sufficient for data analysis and aligns with the guidelines provided by Mugenda and Mugenda (2003), stating that a response rate of 70% and above is adequate.
Descriptive results of Operational Costs
Table 2: Operational Costs
	Operational Costs Statement
	Mean
	Standard Deviation

	The county is enjoying low operations costs
	4.340
	0.690

	The county operations are planned
	4.410
	0.650

	The county considers costs in its major operations
	4.470
	0.620

	The county has budget cuts and plans
	4.360
	0.680

	Average Mean
	4.395
	



Table 2 pinpoint operational costs involving budgetary allocations, planned expenses, and executions of budget cuts or adjustments when required is a prime consideration needed to deploy centralized healthcare data management systems effectively. Responses generated a very high mean score of 4.395 agrees that appropriately and adequately carried out budget allocations enable the setting up of infrastructure and procurement of the necessary resources at the center for data management. The planned expenditures, in turn, enable keeping an eye on what is necessary; hence, it allows for decreasing superfluous spending while managing one's resources for longevity. The statistical analysis further reinforced these findings by illustrating that any laxity in cost management may result in backwardness, which comprises data quality, accessibility, and system continuity. Due to this fact, efficient cost management will not only guarantee the survivability of these data systems but also strengthen the healthcare infrastructure of the county to enhance its capacity toward integrated, reliable data management that supports health service delivery.

Descriptive results on the implementation of Centralized Data Healthcare Management
Table 3: Nandi County's Implementation of Centralized Data Healthcare Management
	
	Mean
	Standard
Deviation

	The county has experienced operational efficiency
	4.320
	0.670

	The county is enjoying high access to data
	4.410
	0.640

	The county is enjoying high data accuracy
	4.380
	0.660

	The county is witnessing achievement of goals within time
	4.350
	0.680

	Average Mean
	4.365
	


Source: Research Data (2024)
The items in this table 3 represent key indicators of centralized data healthcare management in Nandi County. The high mean values (each exceeding 4 on a likely 5-point scale) suggest that respondents generally agree or strongly agree with these positive statements, reflecting favorable perceptions regarding operational efficiency, data accessibility, data accuracy, and the timely achievement of goals within the county’s healthcare management system. The overall average mean is 4.365, reinforcing the respondents' positive outlook on the county’s operational efficiency, data accessibility, accuracy, and timely achievement of goals due to centralized data management.
RESULTS FOR REGRESSION ANALYSIS
Model Summary
In thus study, R (the correlation coefficient) shows how strongly and in what direction the response factor is related to the regressor element in the model. 
Table 4: Model Summary Results
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	0.831
	0.690
	0.680
	0.625



Table 4 indicates that there was a positive relationship (R = 0.831) between independent variables and dependent variables. With an explained 69.08% of the variance (R-squared = 0.690), this unveils a strong link amid the studied factors and the successful implementation of centralized data healthcare management in Nandi County. 

ANOVA (Analysis of Variance)
In this study, ANOVA was employed to assess whether there are significant differences in the implementation of centralized data healthcare management based on different categories or groups of independent variables.  
Table 5: ANOVA Results
	Source of Variation
	Sum of Squares (SS)
	Degrees of Freedom (df)
	Mean Square (MS)
	F-Statistic
	Significance (p-value)

	Regression
	45.678
	4
	11.420
	36.369
	0.000

	Residual
	20.422
	65
	0.314
	
	

	Total
	66.100
	69
	
	
	


		
Table 5 provides insight into the regression findings, where the F-statistic, which stands at 36.369, is an important measure in assessing the overall adequacy of the regression model. It specifically examines whether the model effectively fits the data, indicating how well the predictor variables account for the variation in the outcome variable. A higher F-value implies that the model explains a substantial proportion of the variability in the dependent variable. In this analysis, the p-value associated with the F-statistic is 0.000, significantly lower than the conventional threshold of 0.05. This provides compelling evidence that the regression model is statistically relevant, suggesting that the relationship between the predictor variables and the dependent variable is unlikely to have occurred by chance.
Model Coefficient of the factors influencing the implementation of a centralized data healthcare management within Nandi county.
In this assessment, the coefficients showed a solid strength and direction of operation costs on the success of the implementation, along with their statistical significance.as analyzed and the discoveries are depicted in table 6

Table 6: Model Coefficient results
	Variable
	Unstandardized Coefficients (Î²)
	Standard 
Error
	t-Value
	p-Value

	Constant (Î²o)
	0.215
	0.115
	1.95
	0.056

	Operational Costs (x4)
	0.417
	0.035
	11.71
	0.002



Table 6 indicates that operational costs (x4) significantly influence the implementation of centralized data healthcare management within Nandi County. Operational costs have a positive effect on implementation with an unstandardized coefficient (β = 0.417, p = 0.002), indicating that managing costs effectively is essential.

Regression Analysis
Table 7: Regression Analysis Results
	Predictor Variable
	Unstandardized Coefficients (B)
	Standard Error
	Standardized Coefficients (Beta)
	t-Statistic
	Significance (p-value)

	Constant (βо)
	1.250
	0.350
	-
	3.571
	0.001

	Operational Costs (X4)
	0.990
	0.100
	0.270
	2.900
	0.006


The model above is based on the following equation
Y=1.250+0.990X4+ϵ…………………. Equation 4.1
The analysis revealed a significant positive relationship between operational cost management and implementation success (β = 0.990, p < 0.05), underscoring that well-allocated budgets are essential for sustaining centralized data healthcare systems. Respondents highlighted that training, system upgrades, and budget controls were critical to minimizing costs while maximizing system efficiency.

CONCLUSIONS 
The study concludes that operational cost management is a critical factor in the successful implementation of centralized data healthcare management in Nandi County. Aligning operational budgets with the needs of a centralized data system provides the necessary support for system upgrades and personnel training. It also emphasized that for centralized data systems to be sustainable, there must be a clear focus on budget allocation and cost-effective strategies to prevent financial strain. By aligning these expenditures with the available resources, Nandi County can enhance the longevity and effectiveness of its data management efforts.
Effective management of operational costs, including initial investments, maintenance expenses, and staff training, is critical for ensuring the sustainability of centralized healthcare data systems. Poor financial planning and resource allocation have been identified as major barriers to successful implementation

RECOMMENDATIONS
The study provides actionable recommendations such as phased adoption, budget reallocation, optimization resource utilization, seeking alternative funding and engaging with national and international donors to secure financial support for initial infrastructure investments and ongoing maintenance to address operational cost challenges and enhance the implementation of centralized data healthcare management in Nandi County. This will assist in to spreading financial burdens over time, supplementing limited county resources and encourage investment in scalable and adaptable systems. These recommendations aim to address the financial constraints while ensuring the successful and sustainable implementation of centralized data healthcare management systems in Nandi County, Kenya
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