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Abstract

:

Rising healthcare costs force healthcare organizations worldwide to reconsider their business strategies. Hospital managers are tasked with lowering operating costs while upholding the high quality of care, two goals perceived as contradictory by many healthcare professionals. Attempting to contribute towards reaching these goals, the study explores the digitalization of the healthcare supply chain through the adoption of enterprise resource planning (ERP) systems and its impact on hospital supply chain costs. Established technology adoption theories are synthesized to develop a research model that investigates the adoption of hospital ERP systems and its impact on supply chain cost performance. The framework is validated via structural equation modeling (SEM) with data collected from 107 Greek public hospitals. The results indicate that technological and organizational readiness, hospital size, governmental policies, and perceived benefits have a significant influence on the extent of ERP systems adoption. They also demonstrate a statistically significant association between the use of ERP systems and hospital supply chain costs. The present study highlights the influencing factors of ERP systems adoption in hospitals and provides empirical evidence on the resulting cost benefits., This implies greater urgency for hospitals to digitalize their supply chain by implementing and fully exploiting the ERP systems’ functionality in order to reach their goal of delivering quality care at a lower cost.
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1. Introduction


Public healthcare spending cuts force healthcare organizations worldwide to reduce their operating costs while being required to ensure the quality of care. One of the focal points is the healthcare supply chain, which can be defined as a complex system managing the flow of products, services, and information to satisfy the needs of those who serve patients [1]. Supply chain costs are estimated to account for 40 to 50% of a healthcare provider’s total costs [2], suggesting that supply chain performance improvement could be a major enabler for increasing the operational efficiency and reducing costs [3].



While other sectors deploy various supply chain management (SCM) practices to lower their supply chain costs, the healthcare sector is clearly lagging behind [4]. Some scholars attribute this fact to the relative complexity of healthcare supply chains due to (1) the existence of strong national and international regulatory frameworks, (2) the difficulty of demand forecasting because of patient heterogeneity, and (3) limited SCM knowledge by pharmacists and physicians who are key decision-makers regarding the procurement of drugs [5]. The relatively low adoption rate of enterprise resource planning (ERP) systems that support the management of hospital supply chains might be an additional reason [6]. The hospital supply chain encompasses the process of procuring, manufacturing, and delivering goods and services from providers to patients, including medical and non-medical products, such as pharmaceuticals, medical devices, food, and cleaning supplies. Effective coordination and communication among various partners are essential for ensuring optimal patient care and safety. The financial flows are closely linked to the supply chain’s product and information flow, which can be effectively managed by utilizing ERP systems [7]. ERP systems are comprehensive software applications designed to integrate the main functional areas of an organization’s business processes and are known to impact the adoption of SCM practices significantly [8]. Despite their importance in making hospitals more efficient and deliver their services more promptly, research studies involving the digitalization of healthcare supply chains and ERP implementations in healthcare are sparse. For example, a study of ERP adoption cases in healthcare organizations by Poba-Nzaou et al. [9] found only three empirical studies examining ERP implementation in healthcare facilities.



Within this context, the present study aims to develop a conceptual framework to investigate ERP systems adoption in healthcare settings and empirically validate their contribution towards reducing healthcare supply chain costs. To study the adoption of various technologies and innovations in general, a plethora of models and variations or combinations of these models have been suggested in the literature, such as (1) the technology–organization–environment (TOE) framework, (2) the technology acceptance model (TAM), (3) theory of planned behavior (TPB), (4) the innovation diffusion theory (IDT), (5) unified theory of acceptance and use of technology (UTAUT), and (6) the human organization and technology fit (HOT-fit). The TOE theory focuses specifically on technology acceptance and follows an integrative approach by complementing technology-oriented determinants of adoption with organizational and environmental constructs. It identifies three aspects of a firm’s context that may influence the adoption of technological innovation: (1) the technological context, which reflects both the existing IT infrastructure and IT expertise; (2) the organizational context, which relates to characteristics of the organization, such as organizational culture and size; and (3) the environmental context, which describes the framework in which an organization conducts its business, referring mainly to its business partners, its competitors and its interactions with the government.



The literature search revealed that the TOE framework could form a suitable basis for investigating the adoption of ERP systems as it has received consistent empirical support within various business sectors, including the healthcare sector [10,11]. However, questioning whether a single theoretical model can sufficiently examine the adoption and diffusion of various technologies in different business settings, this research aims at expanding this framework to increase its explanatory and predictive power. Therefore, a synthesized framework that combines the established theoretical lens of the TOE model with the theory of perceived benefits is proposed and expanded by a performance component. Several weaknesses identified by other scholars as part of previous technology adoption studies [12] were addressed during the development of the proposed synthesized framework. The study’s research framework has distinct advantages compared to other frameworks used in the past as it (a) expands existing models through the inclusion of new constructs, (b) incorporates both organizational characteristics and personal belief components, and (c) emphasizes the extent of technology adoption, rather than treating adoption as a dichotomous (yes/no) variable.




2. Research Framework and Hypotheses Development


The resulting theoretical framework serves as a foundation that guides the understanding, explanation, and prediction of the extent of ERP systems adoption in hospitals and their impact on hospital supply chain costs. This is enabled through the inclusion of the following six dimensions: (1) technological context, (2) organizational context, (3) environmental context, (4) perceived benefits, (5) extent of ERP systems adoption, and (6) hospital supply chain costs.



2.1. Technological Context of ERP Systems Adoption in Hospitals


The technological context of the conceptual framework is represented by the hospital’s technological readiness, which comprises IT infrastructure and IT expertise [12,13]. IT infrastructure establishes a platform that provides the foundation for implementing ERP systems, and IT expertise entails the knowledge and skills to implement ERP systems. Research has shown that firms with sophisticated IT infrastructure and skilled IT resources have increased chances of successfully implementing technology innovations [14]. Accordingly, the first hypothesis is postulated:



H1. 

The extent of ERP systems adoption in hospital supply chains is positively affected by technological readiness.






2.2. Organizational Context of ERP Systems Adoption in Hospitals


Various organizational factors have been suggested to impact innovation and technology adoption. One factor in many technology adoption studies is organizational readiness, which reflects an organization’s internal capability to accept new technologies [15]. Organizational readiness is impacted by the organization’s culture and the availability of skilled, knowledgeable, and well-trained resources regarding new technologies [16]. An additional aspect of organizational readiness considered crucial in many IT adoption studies is top management support and commitment, as it is necessary to ensure adequate resources and to overcome barriers and resistance to change inherent in the organization [17]. Therefore, the second hypothesis is formed:



H2. 

The extent of ERP systems adoption in hospital supply chains is positively impacted by organizational readiness.





The organization’s size constitutes one of the most commonly researched variables in the organizational context. However, there has been some disagreement regarding the direction of the relationship. Some scholars have suggested that smaller organizations are more likely to be innovative since a smaller size translates into a higher flexibility and less bureaucracy [13]. More studies, however, conclude that the organization’s size positively impacts innovation [18] since larger organizations are more likely to have the financial resources to invest in new technologies and absorb the associated risks [19,20]. Thus, the third hypothesis is proposed:



H3. 

The extent of ERP systems adoption in hospital supply chains is positively affected by hospital size.






2.3. Environmental Context of ERP Systems Adoption in Hospitals


The environmental context refers to influencing factors from the external environment in which an organization conducts its business. This study will focus on two key environmental variables, considered the most important for ERP systems adoption in healthcare institutions: business partner influence and government influence. The environmental factor of competitive pressure, which is included in many TOE-based studies, was not incorporated into the model, as Greek public hospitals operate in a nonmarket environment [21].



Pressure from supply chain partners and government influence constitute environmental factors that may influence an organization’s adoption of technologies. Suppliers may advocate certain technologies and suggest their adoption or even use their power and influence to pressure their business partners to do so [19]. Governments can provide incentives or even mandate technology adoption, especially in highly regulated sectors, such as healthcare. Hence, the fourth and fifth hypotheses are set:



H4. 

The extent of ERP systems adoption in hospital supply chains is positively affected by business partner readiness.





H5. 

The extent of ERP systems adoption in hospital supply chains is positively affected by government policies.






2.4. Impact of the Perceived Benefits on the Extent of ERP Systems Adoption


Perceived benefits, also referred to as “relative advantage” in classical innovation literature, relate to the anticipated advantages that ERP systems adoption can provide to the organization. Perceived benefits are associated with direct and indirect benefits, such as inventory cost reductions, improved patient safety, and quality of care, respectively. Although other studies chose to incorporate perceived benefits in their technological or organizational contexts, other scholars’ approaches were followed, such as Gibbs and Kraemer [22] and Oliveira and Martins [13]. They treated perceived benefits as a separate construct since they represent the decision-makers’ personal beliefs rather than reflect the organization’s attributes. Thus, the sixth hypothesis is postulated:



H6. 

The extent of ERP systems adoption in hospital supply chains is positively affected by perceived benefits.






2.5. Impact of ERP Systems Adoption on Hospital Supply Chain Costs


Several scholars have called for empirical evidence on the relationship between technology adoption and hospital performance [23]. Therefore, apart from studying the determinants of ERP systems adoption in hospitals, this research aimed to examine their impact in hospitals. Supply chain costs, encompassing costs related to the purchase, distribution, and management of supplies, are critical to improving the hospital cost performance as they account for about one-third of the operating costs of healthcare facilities [24]. Considering the global trends towards healthcare cost reductions and the fiscal policies aiming at public healthcare spending cuts, the focus was placed on the cost side of hospital performance. It should be noted that cost performance has to be used in concert with quality performance—including process, outcome, and patient experience—when assessing overall hospital performance. Therefore, the final hypothesis is proposed:



H7. 

Hospital supply chain costs are positively affected by the extent of ERP systems adoption.





Figure 1 depicts the theoretical model with the associated hypotheses.





3. Research Methodology


The theoretical underpinning of the research framework is followed by an explanation of the methodology employed to investigate the postulated hypotheses. The widely used survey research method was applied to collect the primary data needed for hypothesis testing. The scope of the study was concentrated on the Greek public healthcare sector, which provided a sufficient base considering it represents over 72% of the total Greek healthcare sector in terms of hospital bed capacity [25].



The questionnaire developed to support the survey is divided into two parts. The first part relates to demographic information. The second part includes multiple items for measuring the model’s independent variables on a 5-point Likert scale (see Supplementary Materials). To increase confidence in the validity of the research findings, the hospital’s supply chain cost performance was evaluated using secondary data from a different source rather than relying on subjective estimates of the key informants. This provided a more fine-grained analysis and reduced the possibility of potential informant bias. To operationalize Greek public hospitals’ supply chain costs, the average supply chain costs per inpatient day were calculated using data from the Greek Ministry of Health’s business intelligence health portal [26]. Initially, the supply chain costs per patient were calculated by dividing the yearly total hospital supply chain costs by the number of hospitalized patients per year. The supply chain cost per patient is expectedly higher for hospitals treating more severe cases as they require longer lengths of patient stays; thus, this measure needed to be adjusted to be suitable for relative performance comparisons. Consequently, the average length of stay (ALOS), an indicator often used as an efficiency metric, was considered [27]. The supply chain cost per patient was divided by the ALOS to calculate the average supply chain cost per patient day. This was the metric used as a benchmark for the hospital’s supply chain cost performance per patient day.



Prior to final data collection, the questionnaire was piloted in three hospitals to test and examine the face validity. In most of the cases, the key informant selected was the inventory/storeroom manager (72%); in some cases, the procurement manager (22%), and in a few cases, the financial manager (6%). Due to their role as active mid-level managers of Greek public hospitals, characterized by flat hierarchical structures, they were expected to have a good understanding of the intra-organizational characteristics besides being knowledgeable about the issues under investigation. Of the 125 questionnaires handed out or sent out via email, 107 were filled out and returned, exceeding the initial expectations, as approximately 86% of the total population of public hospitals was covered.



Following the data collection, the possibility of non-response bias was investigated by examining the differences in the mean of all measured variables between early and late respondents. The rationale behind such an analysis is that late respondents are more similar to non-respondents than to early respondents [28]. No statistically significant differences were found, suggesting that non-response bias is not a serious issue for the study.



The objective of this study was not simply to provide a basic statistical analysis and identify individual factors and behaviors, but to uncover the causal relationships and connections among the areas of interest. To achieve this, advanced methods and techniques of statistical data analysis were necessary, specifically those related to causal analysis and the examination of multiple variables. Structural equation modeling (SEM) was chosen as the method of analysis for the study as it is a multivariate method used to test hypotheses regarding the influences among interacting variables and allows the testing of direct and indirect effects on pre-assumed causal relationships [29].




4. Results


Following the collection of the data, structural equation modeling (SEM) using the AMOS 22.0 software [30] was employed to analyze the data, following the two-step approach suggested by Anderson and Gerbing for the assessment of both measurement and structural components [31]. A confirmatory factor analysis (CFA) was applied to validate the conceptual soundness of the latent variables used in the structural model, to examine the variables and path relationships hypothesized in the study, and to further test the unidimensionality and reliability, as described by Hair et al. [32]. The final measurement model consists of five latent variables measured by multiple indicators. As suggested by Hair et al., the widely used absolute indices (measuring how well the hypothesized model reproduces the covariance matrix obtained from the sample data) and incremental indices (measuring how well the hypothesized model provides benefits beyond the worst-case model) were calculated, as reported in Table 1 [32]. Although the normed fit index (NFI), one of the incremental fit indices, is slightly below conventional levels, all other incremental indices are well above the recommended thresholds; thus, the measurement model results reflect the acceptable absolute and incremental measurement model fit, indicating unidimensionality, reliability, and model acceptability.



Then, the reliability and validity, particularly the constructs’ convergent and discriminant validity, were assessed. The reliability and the convergent validity were confirmed, as all five factors reached construct reliabilities (CRs) exceeding the generally recommended 0.70 threshold [31] and (b) the average variances extracted (AVE) exceeding the suggested 0.50 threshold [33], indicating that more than 50% of a factor’s variance is due to its measurement items. The discriminant validity was also supported, considering that the inter-factor correlations were less than the square root of the factor’s AVEs, as advocated by Fornell and Larcker and depicted in Table 2 [33].
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Table 1. Goodness of fit measures.






Table 1. Goodness of fit measures.











	The Goodness of Fit Indices
	Recommended Value (Source)
	Measurement Model Result
	Structural Model Result





	Absolute fit
	
	
	



	χ2/df

Chi-square/Degrees of freedom
	<3.00

Jöreskog and Sörbom [34]
	1.047
	1.094



	GFI

Goodness of Fit Index
	>0.90

Jöreskog and Sörbom [34]
	0.901
	0.977



	AGFI

Adjusted Goodness of Fit Index
	>0.85

Jöreskog nd Sörbom [34]
	0.851
	0.932



	RMSEA

Root Mean Square

Error of Approximation
	<0.05

Hu and Bentler [35]
	0.022
	0.031



	Incremental fit
	
	
	



	IFI

Incremental Fit Index
	>0.95

Hu and Bentler [35]
	0.993
	0.997



	NFI

Normed Fit Index
	>0.90

Hu and Bentler [35]
	0.864
	0.948



	TLI (NNFI)

Tucker Lewis Index
	>0.95

Hu and Bentler [35]
	0.990
	0.975



	CFI

Comparative Fit Index
	>0.95

Hu and Bentler [35]
	0.993
	0.991








The study’s findings indicate that the analysis employed a well-explained factor structure and that the developed constructs can be used to test the conceptual model and the associated hypotheses. Following the positive assessment of the measurement model, the structural model was analyzed to test the hypotheses. Similarly to the measurement model, the previously outlined absolute and incremental indices were calculated. They all demonstrated results within the recommended ranges, as seen in Table 1. No post-hoc modifications were conducted as all calculated fit indices for the structural model indicated that the hypothesized model represents a good fit to the data.



As can be seen in Figure 2 and Table 3, support was found for hypotheses 1, 2, 3, 5, and 6, indicating that technological readiness, organizational readiness, organizational size, governmental policies, and perceived benefits have a direct positive impact on the extent of ERP systems adoption in hospital supply chains. In contrast, hypothesis 4 was not supported, suggesting that business partners do not significantly impact the extent of ERP systems adoption in hospital supply chains. Finally, hypothesis 7 was supported, indicating that the extent of ERP systems adoption in hospital supply chains has a significant direct positive impact on hospital supply chain costs. These results demonstrate the explanatory power of the research model. The r2 values show that technological readiness, organizational readiness, organizational size, governmental policies, and perceived benefits explain 44% of ERP systems adoption in hospital supply chains. In comparison, 15% of hospital supply chain costs can be attributed to ERP systems adoption. These results suggest some interesting interpretations, which will be discussed in the next section.




5. Discussion


There seems to be a consensus about the added value ERP systems can have for the digitalization of healthcare organizations. However, it is mainly based on assertion rather than demonstration [36]. The main objective of the present study was to make this added value more explicit through performance metrics and investigate the conditions under which this added value emerges. Responding to calls for more theory-driven empirical research, the adoption of ERP systems and their impact on cost performance was examined by developing and empirically validating a conceptual framework that integrates the established theoretical lens of the TOE theory with the theory of perceived benefits. Furthermore, the framework employs a business performance lens, thus moving beyond the traditional scope of other technology adoption frameworks in order to enhance its explanatory power.



The study is foremost in exploring the business value of ERP systems in healthcare settings. The analysis results highlight the significant impact of ERP systems usage on hospital supply chain costs and confirm the core TOE technological, organizational, and environmental relationships of ERP systems adoption, thus creating an in-depth understanding of the phenomenon. These findings are of paramount importance because hospitals, as every other firm, need to show the business value derived from the application of ERP systems. The findings imply that hospitals’ rising supply chain costs, which comprise a large percentage of the total cost of care, can be counteracted by digitalizing their supply chains, by implementing and fully exploiting ERP systems. Consequently, hospital management can better justify the investment in ERP systems, which is often neglected as it competes with investment in clinical technologies. The study’s results align with previous research in the manufacturing and public services sectors, demonstrating that ERP adoption improves operational efficiency and financial performance [37,38]. Furthermore, by emphasizing the extent of ERP systems usage, the study encourages other researchers to look beyond the mere adoption of information technologies by digging deeper into their evolutionary process.



The study found support for several drivers of ERP systems adoption in hospital supply chains. The results imply that hospitals with established, integrated technology infrastructure and skilled IT resources are better suited for ERP systems adoption. Efforts to increase technological readiness will yield the expected results only if they are embedded within a learning and continuous improvement culture in an organization characterized by organizational readiness [39]. Upper management support was found to play a critical role in ERP systems adoption, suggesting managers should secure adequate financial and organizational resources, launch related initiatives, actively support the implementation projects and clear the way by removing barriers. Personnel attitude towards change is another component of organizational readiness. Therefore, hospital executives need to promote the positive impact of ERP systems on the business processes and tasks performed by the hospital’s employees, alleviate possible concerns and provide incentives to personnel actively involved in the implementation of these systems.



Moreover, findings suggest that there is no one-size-fits-all approach. Larger hospitals are more likely to adopt ERP systems and expand their depth. This finding can be attributed to economies of scale [40] and the fact that larger hospitals enjoy resource advantages [41], as is the case for the Greek public healthcare sector. The unique aspects of the healthcare supply chain and the uniquely complex organizational structures and characteristics that are impacted by various stakeholders with different priorities and seemingly competing interests—effective care vs. efficient operations—do not counterbalance the adoption mechanics of technological and organizational readiness. Regarding the Greek healthcare sector, the results indicate that despite the severe financial crisis and the resulting difficulties, certain public hospitals are leading the way to higher efficiency by digitalizing their supply chains through adopting ERP systems. They demonstrate that determining factors, such as knowledgeable and motivated employees, skilled IT professionals, positive attitude towards change, and supportive upper management can compensate for limited financial resources, raising the bar for less productive hospitals.



The role of the third pillar of technology adoption, the environmental context, could only be partially confirmed in the study. Governmental policies, on the one hand, play a significant role in the adoption of ERP systems as public hospitals operate in a tightly regulated sector. Governments are often willing to promote and provide incentives for adopting ERP systems to enable centralized planning, control, and reporting functions. On the other hand, the influence of business partners could not be confirmed in the study, which might be attributable to the lack of trust and collaboration between hospitals and their suppliers. The healthcare sector is known to be lagging behind other sectors in recognizing the critical contribution of suppliers to the ongoing and sustainable success of an organization [42]. Furthermore, the essential role of perceived direct and indirect benefits suggests that ERP systems vendors should make more significant marketing efforts to let hospitals appreciate the benefits of ERP systems adoption.



In conclusion, the provided insights on ERP systems adoption in hospitals and their demonstrated impact on hospital supply chain costs bring attention to this less explored area of research and reinforce the role of ERP systems as a strategic asset for the digitalization of the healthcare supply chain. The study’s results imply greater urgency for hospitals to digitalize their supply chain by implementing and fully exploiting ERP systems functionality to deliver quality care at a lower cost. They also provide essential policy recommendations, such as the need for hospital executives to secure adequate financial and organizational resources, provide active support, remove barriers during the implementation process, provide incentives to those involved, and promote the benefits of ERP systems to employees. It is important to note that each hospital has unique characteristics, so a tailored approach to adopting ERP systems is necessary [43]. Additionally, fostering a learning and continuous improvement culture is crucial for increasing technological readiness. The government, as a major public health stakeholder, top management of healthcare institutions, and the research community should engage in coordinated actions toward increasing awareness of the role of ERP systems. A greater understanding of their potential benefits and positive impact on hospital cost performance may lead to a faster and more comprehensive adoption.




6. Limitations and Future Research


While this study makes significant contributions, it comes with some limitations that offer opportunities for further research. Difficulties in gathering data for Greek hospitals cause some of these limitations, such as the exclusion of private hospital data. Their inclusion as part of a future research phase will expand the research model by allowing them to investigate competitive pressure as an additional component within the environmental context and add hospital ownership as a meaningful control variable. Moreover, a second phase will equip the study with a longitudinal dimension. Its current cross-sectional character constitutes a definite limitation, especially considering that the fit between ERP systems adoption and cost performance is a gradual process.



Furthermore, testing the model and the associated hypotheses using data collected from Greek public hospitals may limit the generalizability of the findings. The Greek public sector operates in an environment of resilient economic recession and is influenced by frequent shifts in the direction of governmental policies. Therefore, the findings should be cautiously extended to other contexts, and the research should be replicated in hospitals in other countries.



Finally, as in every research study examining relationships among variables, endogeneity and common method bias limitations cannot be ruled out completely. Potential informant bias and random errors are drawbacks common to survey research as the measures for some of the study’s constructs are subjective. Much effort was put into dealing with these issues upfront while conceptualizing the research framework and the methodology design. Additionally, potential effects were assessed as part of the post hoc data analysis by performing appropriate tests. As a result, the authors hope that a study of convincing robustness has been presented, which will spur further interest in exploring the business value of ERP systems adoption within the healthcare sector.
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Figure 1. Theoretical research framework. 
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Figure 2. Results of the hypotheses (* p < 0.05; ** p < 0.01; *** p < 0.001). 
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Table 2. Construct reliabilities (CR), average variances extracted (AVE), and inter-factor correlations.
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	CR
	AVE
	TR
	OR
	BR
	PBs
	GPs





	TR
	0.829
	0.618
	0.786
	
	
	
	



	OR
	0.749
	0.508
	0.589
	0.713
	
	
	



	BR
	0.754
	0.511
	0.127
	0.369
	0.715
	
	



	PBs
	0.768
	0.529
	0.059
	0.104
	0.411
	0.727
	



	GPs
	0.849
	0.654
	0.602
	0.554
	0.410
	0.368
	0.809







Note 1: diagonal elements (in bold) are the square root of the average variance extracted (AVE). Off-diagonal elements are the inter-construct correlations. Note 2: TR = technological readiness; OR = organizational readiness; BR = business partner readiness; PBs = perceived benefits; GPs = government policies.
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Table 3. Results of the hypotheses.
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Hyp.

	
Path from

	
Path to

	
r2

	
Path Coeff.

	
p-Value

	
Supported?






	
H1

	
Technological readiness

	
Extent of

ERP systems adoption

	
0.442

	
0.28 **

	
0.009

	
Yes




	
H2

	
Organizational readiness

	
0.33 **

	
0.006

	
Yes




	
H3

	
Organization size

	
0.18 *

	
0.043

	
Yes




	
H4

	
Business partner readiness

	
0.07

	
0.254

	
No




	
H5

	
Government policies

	
0.19 *

	
0.041

	
Yes




	
H6

	
Perceived benefits

	
0.22 *

	
0.034

	
Yes




	
H7

	
Extent of ERP

systems adoption

	
Hospital supply chain costs

	
0.154

	
0.39 ***

	
<0.001

	
Yes








* p < 0.05; ** p < 0.01; *** p < 0.001.
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