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Abstract 

Medication administration challenges within the United States hospital system have led 

to adverse drug events from medication errors among patients, resulting in 1.3 million 

emergency room visits and 350,000 hospitalizations annually. Radio frequency 

identification (RFID) has been identified as a useful tool within hospital systems; 

however, this technology has been slow to be incorporated to manage medication 

administration processes, necessitating exploration of predicting factors of RFID 

adoption. This quantitative, cross-sectional study explored the contributing factors of 

United States hospital’s adoption of RFID for medication administration using the 

technology-organization-environment framework as a foundation and secondary data 

from the Health Information Management Systems Society’s survey of United States 

hospitals. A binary regression analysis was used to explore the relationships between 

technological (RFID interoperability, networked environment, and vendor selection), 

organizational (hospital size, financial status, and presence of a chief information officer), 

and environmental (presence of an Electronic Medical Record and the attainment of 

Health Information and Management Systems Society Stage 6) factors as predictors of 

RFID adoption for medication administration. The results of this study found an 

association between RFID interoperability and either no association or the inability to 

determine a relationship between the remaining variables and RFID adoption for 

medication administration. This research contributes and supports social change research 

as it provides information for hospital leaders exploring best practices for improving 

medication administration in hospitals via technological solutions.  
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Chapter 1: Introduction to the Study 

Introduction 

Patient safety continues to challenge the United States healthcare delivery system 

where adverse drug events (ADEs) or the results of medication errors (MEs) cause 

approximately 1.3 million emergency department visits and 350,000 hospitalizations each 

year (Centers for Disease Control and Prevention, 2018). Medication administration 

processes are continually assessed as these MEs and resulting ADEs occur when 

medications are processed, prepared, dispensed, and evaluated on their effectiveness 

(Baraki et al., 2018). The wrong drug, dose, rate, omission, and/or time may cause an 

error resulting in patient harm (U.S. Department of Health & Human Services, 2018). 

Hospitals have recognized the need to increase patient safety measures in their 

facilities via improved medication administration activities that are in line with the five 

rights of safe medication practice (right patient, right medication, right time, right dose, 

and right route; U.S. Department of Health & Human Services, 2018). Health information 

technologies (HIT) have been increasingly used to support quality measures, including 

patient safety outcomes in hospitals; however, a large majority of the data has centered 

on the electronic medical record (EMR; Chen, 2018; McKenna et al., 2018). Recent 

research has shown that other types of HIT, such as automatic identification and data 

capture (AIDC) methods (i.e., biometric and barcode technologies), are increasingly 

effective in improving patient safety and has reported success with medication 

administration activities (Smith-Ditizio & Smith, 2019). Radio frequency identification 

(RFID) technologies, a form of AIDC, are increasingly considered for medication 
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administration use where the research supporting its effectiveness has increased within 

several industries but has been slow to be adopted within the United States healthcare 

delivery system, including hospitals. 

Hospitals have been touted as complex entities where medical care is provided in 

a dynamic interactive matrix structure with competing goals, priorities, agencies, and 

paradigms that translate into inefficiencies and ineffectiveness (Aboelmaged & Hashem, 

2018). This complexity compounds the difficulty of incorporating technologies such as 

RFID as it requires significant contextual research, financial investment, and 

organizational buy-in to support the business need as well as an assessment from a 

technological, organizational, and environmental context as these are areas that are 

considered complex in a hospital setting and can constrain the adoption or 

implementation of innovations (Aboelmaged & Hashem, 2018). 

The following research addressed contributing factors to a hospital’s adoption of 

RFID for medication administration. This chapter provided a summary of the study, its 

significance to healthcare, as well as its significance to social change. Also included was 

a description of the selected methodology used to inform the study, the conceptual 

framework, selected research questions, as well as identified limitations, delimitations, 

and assumptions to support the identified research topic. 

Background 

Prescription drug usage has increased over the last 10 years in the United States 

where 48% of the United States population has reported using at least one prescription 

drug, a stark change from 1994 at 38% usage (Centers for Disease Control and 
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Prevention, 2017a). This dramatic change is also noted in the number of individuals 

reporting the use of three or more drugs at 23% and those reporting the use of five or 

more drugs at 12%, an increase since 1994 from 11% and 3.6% respectively (Centers for 

Disease Control and Prevention, 2017a). There is a recognized need for thorough 

initiatives to create efficiencies in medication administration, processes that facilitate the 

safe and effective use of medications. The safety concerns and public health risks are 

significant, oftentimes leading to ADEs or harms resulting from the use of medications 

and including allergic reactions, side effects, overmedication, and MEs (Centers for 

Disease Control and Prevention, 2018).  

This recognized need to assist with medication administration initiatives was 

noted through the creation of federal legislation such as the Health Information 

Technology for Economic and Clinical Health Act (HITECH) Act of 2009 to support the 

advancement of HIT capabilities throughout the United States healthcare delivery system. 

The adoption of HIT has led to quality, safety, and efficiencies throughout the industry, 

thus providing the catalyst to further incorporate specific metrics of assessing 

technology-enabled medication administration within the eight stages of the Health 

Information Management & Systems Society (HIMSS) electronic medical record 

adoption model (EMRAM) requirement (HIMSS Analytics, 2017). 

AIDC methods support these initiatives through their abilities to support real-time 

flow of materials and products to minimize costs and improve efficiencies (DeBusk et al., 

2021). These technologies can support customer value by way of monitoring and 

controlling functions; data analytics; and information sharing and collaboration abilities 
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to identify areas of improvement within business processes, and personalized care to 

support provider’s opportunities to positively influence patient behavior (Smith-Ditizio & 

Smith, 2019; Thakur & Thakur, 2019). 

Research has noted that the adoption of RFID technology has lagged due to its 

cost relevant to its return on investment, privacy concerns, and technical limitations, such 

as system errors, interference with medical equipment, and interoperability with other 

HIT such as EMR systems (Paaske et al., 2017). These factors have influenced the 

identification of organizational barriers limiting RFID adoption, which include ease of 

use, usefulness, security, credibility, relative advantage, cost, organizational readiness, 

and attitudes toward use (Pool et al., 2017). Other research studies have included 

characteristics of the organization’s employees such as gender, age, level of education, 

and job level as part of their organizational analysis (Fosso Wamba et al., 2016). 

However, these studies have not identified factors of influence of RFID adoption in 

hospitals, specific to medication administration in support of patient safety, hence the 

identified need for this research via the gap in the literature. 

Problem Statement 

The use of technology to assist with medication safety practices has increasingly 

gained the attention of legislatures to identify, develop, and implement several policy 

initiatives, regulations, and tools as this issue is estimated to cost $3.5 million annually 

across all healthcare settings (Centers for Disease Control and Prevention, 2018). RFID 

has emerged as a cutting-edge technology in the growing forms of AIDC methods, which 

also include biometrics and barcodes. RFID can capture data automatically from remote 
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distances and hands-free using Wi-Fi-enabled tags and labels to track the exact location 

of patients, providers, and medications in real-time throughout the hospital and at the 

point of care, streamlining the medication administration and reconciliation processes 

with reduced MEs (Paaske et al., 2017).  

Despite the growing evidence supporting the use of RFID to reduce MEs and 

improve patient safety within healthcare organizations, RFID has been slow to be 

implemented in the hospital setting (Fosso Wamba et al., 2016). Understanding the 

technological, organizational, and environmental influences involved in the adoption of 

RFID in hospitals can provide insight into the ability of this technology to support 

hospitals’ medication administration goals and its potential to support patient safety. For 

example, the technical consideration of an interoperable system to support performance 

and operational efforts is critical to the organization as there is significant evidence 

attesting to the usefulness that the exchange of information between the processes, 

services, and data provides (Holmgren & Ford, 2018; Leal et al., 2019). Conversely, from 

an organizational perspective, profit organizations are more likely to consider the 

financial performance of a technology whereas nonprofit organizations seek to minimize 

associated costs (Lee et al., 2017).  

Additionally, as it relates to the hospital’s management structure within the 

organization, top management has a significant impact on RFID adoption and is 

considered a critical component for an organization to move from considering RFID 

implementation to the implementation stage (Sulaiman & Wickramasinghe, 2018; Syahrir 

et al., 2018). From an environmental perspective, legislation such as the HITECH Act in 
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2009 spurred the increased use of HIT and the establishment of the HIMSS EMRAM 

stage model (Adler-Milstein & Jha, 2017; HIMSS Analytics, 2017; U.S. Department of 

Health & Human Services, 2017). It is necessary to further explore these, and other 

factors and their influence on the adoption of RFID in hospitals for medication 

administration and efforts towards patient safety. This study expanded the literature on 

RFID adoption factors for medication administration with a specific focus on the 

technological, organizational, and environmental factors of hospitals in the United States. 

Purpose of the Study 

The purpose of this nonexperimental, cross-sectional quantitative study was to 

explore the contributing factors of United States hospital’s adoption of RFID for 

medication administration. These factors were assessed via technological (RFID 

interoperability, networked environment, and vendor selection), organizational (hospital 

size, financial status, and presence of a chief information officer [CIO]), and 

environmental contexts (EMR adoption and HIMSS stage 6 certification). This study was 

designed to contribute to the knowledge of RFID adoption by providing an integrated 

view of RFID adoption and to determine the key factors that influence key decision 

makers’ intention to adopt RFID technologies. Understanding the relationship of these 

aspects of the organization will provide insight into the incorporation of RFID in 

hospitals to support medication administration activities, leading to improved patient 

safety outcomes and healthcare delivery. 
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Research Questions and Hypotheses 

The following research questions were used to guide the study to understand the 

relationship between the identified technological, organizational, and environmental 

influences of United States hospital’s adoption of RFID for medication administration: 

Research Question 1 (RQ1): Is there an association between hospitals’ technical 

influences (RFID interoperability, networked environment, and vendor selection) and the 

adoption of RFID for medication administration? 

H01: There is no association between hospitals’ technical influences (RFID 

interoperability, networked environment, and vendor selection) and the adoption 

of RFID for medication administration. 

Ha1: There is an association between hospitals’ technical influences (RFID 

interoperability, networked environment, and vendor selection) and the adoption 

of RFID for medication administration. 

Research Question 2 (RQ2): Is there an association between hospitals’ 

organizational influences (hospital size, financial status, and presence of a CIO) and the 

adoption of RFID for medication administration? 

H02: There is no association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID 

for medication administration. 

Ha2: There is an association between hospitals’ organizational influences (hospital 

size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration. 
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Research Question 3 (RQ3): Is there an association between hospitals’ 

environmental influences (presence of an EMR and the attainment of HIMSS stage 6) 

and the adoption of RFID for medication administration? 

H03: There is no association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 

Ha3: There is an association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 

Research Question 4 (RQ4): Is there an association between hospitals’ 

technological (RFID interoperability, networked environment, and vendor selection), 

organizational (hospital size, financial status, and presence of a CIO), and environmental 

(presence of an EMR and the attainment of HIMSS stage 6) influences and the adoption 

of RFID for medication administration? 

H04: There is no association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor selection), organizational 

(hospital size, financial status, and presence of a CIO), and environmental 

(presence of an EMR and the attainment of HIMSS stage 6) influences and the 

adoption of RFID for medication administration. 

Ha4: There is an association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor selection), organizational 

influences (hospital size, financial status, and presence of a CIO), and 
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environmental (presence of an EMR and the attainment of HIMSS stage 6) 

influences and the adoption of RFID for medication administration. 

Conceptual Framework 

The conceptual framework used for this study was the technology-organization-

environment (TOE) theory. Originally documented in 1990 (Tornatzky, Fleischer, & 

Chakrabarti, 1990), this theory describes three specific contexts that influence a firm’s 

likeliness to adopt technical innovations. The TOE is an organization-based theory that 

spans the process of innovation within an organization from development through to the 

implementation and incorporation of said innovations within the organization. It proposes 

three specific enterprise contexts that influence adoption and/or the implementation of 

innovations to include technological, organizational, and environmental, which interact 

with each other and influence technology decision making. 

The technological context refers to those technologies currently used, those 

available for use, their complexities and associated learning curve, usefulness, and 

organizational compatibility. These technologies may include supporting hardware, 

software, and processes that identify the maturity level of the organization (Tornatzky et 

al., 1990). Based on this context, hospitals can make the decision to adopt RFID within 

their organizations using their current technological landscape as a gauge to identify the 

most appropriate RFID solutions from the marketplace of vendors. Successful 

implementation of RFID depends on the technological competence of the organization or 

its ability to use the appropriate knowledge, skill sets, and analytics to analyze the 

functional and technical issues within the organization, including the product’s 
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interoperability and the networked environment as well as the selection of a vendor that 

may support decision making (David & Jahnke, 2018; Ng & Kee, 2018).  

The concept of organization is defined as the resources and the manpower 

available to support the innovation and refers to descriptive characteristics of the firm, 

such as size, structure, resources, and communication channels (Bhuyan et al., 2018; 

Olutoyin & Flowerday, 2016). Top management play a crucial role in HIT strategy and 

decision making for the organization as well as the identification of technical resources to 

support implementations (Bhuyan et al., 2018). The size of the hospital has shown to be 

an important variable to use as it has been found to have a moderating effect on RFID use 

and an economic benefit to the hospital (Hossain & Ahmad, 2018).  

The environmental context of this theory relates to the market elements, 

competitors, and government regulations that are all likely to influence an organization's 

propensity to adopt innovation (Tornatzky et al., 1990). Hospitals are impacted by these 

factors where they encourage quality improvement measures that will encourage 

providers to improve the quality of care provided, leading to an increased quality of 

service and the attraction of more customers (Short & Ho, 2019).  

The TOE has been used in varying types of organizations and industries as well as 

the social sciences to assess information technology (IT) adoption where it continues to 

inform the research (Kim et al., 2017). Additionally, TOE has been used to understand 

RFID investments leading to recommendations to improve efficiencies in healthcare, 

hence the reliability in applying this framework to this study (Bhattacharya & Wamba, 
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2018; Hossain & Ahmad, 2018). This conceptual framework informed the RQs and 

helped identify research design decisions. 

Nature of the Study 

The nature of this study was quantitative, nonexperimental, and cross-sectional in 

research and design. According to Queirós et al. (2017), quantitative research is highly 

utilized in human services as the preferred methodology where the statistical analysis is 

leveraged not only to investigate existing problems and future trends but also to inform 

policy. Additionally, the statistical nature of quantitative research allows for the study to 

be repeated, using the same formula or methods with different samples for comparison 

(Queirós et al., 2017). Different from qualitative research designs, quantitative research 

does not allow for interpretation from the researcher via an understanding of participant 

perspectives but allows generalization of the findings to a population using numerical 

data and measurable variables (Park & Park, 2016). The findings from this study on 

RFID adoption for medication safety was generalized to the total population of United 

States hospitals. 

The use of a cross-sectional design allows for the focus or measurement on 

existing differences between selected phenomena at a certain point in time, the use of 

existing and large data sets of data, and secondary data sets, which all allow for 

inferences based on the findings (Setia, 2016). This study leveraged secondary data from 

the HIMSS Analytics Database and focused on hospital data as they related to RFID 

adoption in United States hospitals. Additionally, as this study was non-experimental, I 
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did not manipulate the data, which allowed for conclusions to be drawn from the data 

provided. 

Definitions 

The following are definitions of terms and phrases used throughout this study:  

Adverse drug events (ADEs): Harms resulting from the use of medication and 

include allergic reactions, side effects, overmedication, and MEs (Centers for Disease 

Control and Prevention, 2018). 

American Recovery and Reinvestment Act of 2009: An economic stimulus 

package that provides appropriations for employment, infrastructure investment, energy 

efficiency, and fiscal stabilization purposes (Congress, n.d.). 

Automatic identification and data capture (AIDC): Category of technologies used 

to collect data from individuals, objects, or images with little to no human intervention 

and entered directly into computer systems that are used to track inventory, assets, 

delivery, security, and documents (Patil & Patil, 2018) 

Electronic health record (EHR): An electronic database that stores records of 

patient health information that focuses on the overall health of the individual (i.e., patient 

demographics, progress notes, medications, past medical history, immunizations) using 

the patient encounter to support its evidence-based decision support, quality management, 

and outcomes reporting (HIMSS, 2018a). 

Electronic medical record (EMR): A digital database that stores patient 

information collected during a medical visit by clinicians in that office, clinic, or hospital 

for the purpose of diagnosis and treatment (HealthIT.gov, 2019).  
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Electronic medical record adoption model (EMRAM): Algorithm depicting stages 

of EMR adoption and system capabilities to automatically score hospitals’ progression to 

a near paperless state (HIMSS Analytics, 2017).  

The Health Information Technology for Economic and Clinical Health (HITECH) 

Act: Law enacted in 2009 as part of the American Recovery and Reinvestment Act that 

promotes the use of information technology adoption and meaningful use of health 

information technology as well as increased identification and criminal enforcement of 

the Health Information Portability and Accountability Act privacy and security concerns 

associated with the electronic transmission of medical records (U.S. Department of 

Health & Human Services, 2017). 

Healthcare information and management systems society (HIMSS): A nonprofit 

organization dedicated to the support of health through information and technology, 

leveraging industry experts, predictive data modeling, and best practices for improved 

healthcare outcomes (HIMSS, 2018). 

Medication Error (ME): “A medication error is any preventable event that may 

cause or lead to inappropriate medication use or patient harm while the medication is in 

the control of the health care professional, patient, or consumer” (National Coordinating 

Council for Medication Error Reporting and Prevention, 2020, para. 1). 

Networked environment: A communications system that ties multiple users 

together (The Free Dictionary, n.d.). This network is comprised of computers that are 

linked to share resources and an exchange of data via an electronic connection. 
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Radio frequency identification (RFID): A technology that uses radio waves to 

automatically identify people or objects, using transponders to relay identification 

information to a reader where it is stored in a digital format that can be passed on to 

computers for analysis (RFID Journal, 2020a). 

Assumptions 

The assumptions identified in this study were consistent with those associated to 

quantitative research methods and the use of secondary data (Clarke & Cossette, 2016). It 

was assumed that the HIMSS data set used was indeed a comprehensive compilation of 

the use, implementation, and planning status of HIT, inclusive of more than 90% of 

United States hospitals and that the information provided from these organizations of 

their use or planned use of RFID technology was a true representation of their 

organization at the time of data collection. According to Fulton (2018), key leaders have 

the most access to proprietary data and have the most historical knowledge of the 

organization’s history and activities but are the least likely to respond to organizational 

studies. Per the requirements of the HIMSS research team, the data submitted should be 

from an authorized leader of the organization who could attest to its validity. 

Scope and Delimitations 

The scope of this study included an analysis of the technical, organization, and 

environmental factors on RFID adoption in United States hospitals for medication 

administration and safety practices. The scope was limited to the data contained in the 

secondary data set as it was comprehensive of the United States hospitals surveyed and 

was inclusive of the technical, organization, and environmental factors that were used in 



15 

 

the analysis. The secondary data used contained information solely pertinent to hospital 

units and did not include any personal health identifiers or patient level information. 

Additionally, the data did not include information for federal hospitals. The delimitations 

of the study were the selected independent variables, which represented the 

underpinnings of United States hospitals and represented a reasonable cross-section of 

the concept. 

Limitations 

Limitations are those influences for which the researcher has no control. A 

limitation identified for this study included the validity and reliability of the data 

collected in response to the HIMSS survey, which could not be verified and were 

assumed to be truthful accounts of the hospitals’ use, implementation, and planning status 

of HIT hardware, software, and infrastructure (see Jordan, 2018). Additionally, responses 

to the nonmandated HIMSS survey were received from 90% of nonfederal United States 

hospitals, which may call into question the representativeness of the sample to draw 

conclusions; however, it is considered the most comprehensive database for hospital 

information technology. 

Significance 

Technological change introduces a level of uncertainty within an organization 

where it is difficult to predict future outcomes. The outcomes of this research may 

influence the adoption trends of specific HIT-related technologies such as RFID, 

affording decision makers with the necessary data to allocate funds and incorporate these 

technologies throughout their organizations based on the evidence-based research 
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provided. This evidence-based research can advance the knowledge gained through social 

sciences research, contributing to the research on RFID and its adoption in healthcare 

organizations. 

Technology has an instrumental effect on social change where, according to 

Ogburn (as cited in Mutekwe, 2012), as technology changes, the culture makes a shift to 

adapt its systems and processes to meet the need. The social change significance of this 

research relates to its support of the American Recovery and Reinvestment Act of 2009, 

specifically the Title XIII statute establishing the HITECH Act, which supports the 

improvement of healthcare quality, safety, and efficiency through the use of IT whereby 

this research may provide a means toward reducing MEs, increasing patient safety 

measures and medication administration practices in United States hospitals (Text - 

H.R.1 - 111th Congress [2009-2010]). 

Summary 

The purpose of this study was to explore the factors of RFID adoption in United 

States hospitals for medication administration. This chapter provided an overview of the 

research to include a background of the study, its purpose, and its significance to the 

discipline as well as its significance to social change. I identified opportunities for RFID 

as a technological tool to support healthcare policy and regulations associated to 

medication safety initiatives. The exploration of RFID as a technological opportunity to 

improve medication administration practices may not only lead to improvements in 

patient safety in hospitals but may also pose an opportunity for larger adoption and 
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application in other areas of the United States healthcare delivery system, promoting a 

culture of patient safety. 

Chapter 2 provided a review of the literature and was organized to provide a 

summary of related evidence-based literature and supporting synthesis. I also identified 

gaps in the literature that this research helped to fill. 
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Chapter 2: Literature Review 

Introduction 

Patient safety is a serious public health issue in the United States healthcare 

industry and the value of incorporating advanced EMRAM levels of EMR certification 

and HIT-enabled technologies for medication administration may aid in the prevention of 

ADEs though the use of technology remains high (HIMSS Analytics, 2018). As hospitals 

are increasingly seeking full compliance with these regulations, many are incorporating 

additional HIT-enabled technologies to aid in medication administration processes; 

however, they often struggle with incorporating technologies within such complex 

organizational structures. As RFID continues to make gains in its usefulness within the 

industry, it would prove useful to assess the contributing factors of RFID adoption within 

United States hospitals for medication administration. Using a nonexperimental, cross-

sectional quantitative study research design, I focused on specific technological, 

organizational, and environmental factors. This study was designed to contribute to the 

knowledge of RFID adoption by providing an integrated view of RFID adoption and to 

determine the key factors that influence decision makers’ intention to adopt RFID 

technologies. Understanding the relationship of these aspects of the organization can 

provide insight into the incorporation of RFID in hospitals to support medication 

administration activities, leading to patient safety outcomes and improved healthcare 

delivery. 

This chapter focused on a review of the literature supporting the need to conduct 

the study. It included the search strategy used to identify pertinent research, a discussion 
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of the theoretical foundation used to guide the study, and a literature review related to key 

variables and concepts that were identified through a gap in the literature related to RFID 

adoption for medication administration. 

Literature Search Strategy 

The literature search strategy was developed to produce the most optimal results 

of relevant research information related to the area of RFID adoption and concepts 

supporting this research. It included an identification of the search engines, terms, and a 

description of the databases used as well as the scope of the literature review to include 

years searched and types of literature and sources searched. 

Search Engines, Databases, and Search Terms 

The search for relevant research began with an identification of search terms to be 

used to gather and retrieve a broad, yet relevant body of scholarly literature. Terms used 

included RFID, RFID adoption, hospital technology adoption, medication 

administration, and healthcare technology legislation and policy to include EMRAM and 

HITECH. Additionally, the variables selected for use in this study as they related to 

technology adoption including RFID interoperability, networked environment, vendor 

selection, hospital organization size, financial status, presence of a CIO, presence of an 

EMR, and HIMSS EMRAM certification were included in the search terms. These terms 

were used independently as well as in combination to maximize results. 

Google and Google Scholar were the primary search engines used for their 

accessibility, convenience, and far-reaching ability to retrieve related literature using their 

search algorithms. Health Science databases including CINAHL, MEDLINE, ProQuest, 
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and PubMed as well as Information Systems and Technology Databases including the 

Association for Computing Machinery Digital Library, Computers and Applied Science 

Complete, and ProQuest Computing were selected for their relevance to the search terms 

and content. These databases maintain up-to-date peer-reviewed data related to clinical 

research, healthcare systems, new technologies, and technology management in social 

and professional contexts. In addition to these resources, peer-reviewed journal articles, 

official government websites, and conference materials related to medication 

administration and patient safety, legislative support for this technology in healthcare, 

and RFID adoption were also referenced where the time period used for the inclusion of 

relevant literature was between 2016 to present, with outliers related to the theoretical 

foundation used and the evolution of RFID technology in the healthcare sector. 

Theoretical Foundation 

Technology-Organization-Environment Theory 

The conceptual framework used for this study was the TOE theory. Originally 

documented in 1990 (Tornatzky et al., 1990), this theory was developed to explain an 

organization’s adoption of technical innovation in which the authors theorized that 

innovation adoption takes place at the organizational level and may be influenced by 

factors associated to the theory’s concepts (Yoon & George, 2013). It proposed three 

specific enterprise contexts that influence adoption and/or the implementation of 

innovations to include technology (currently used and those available for use), 

organization (descriptive characteristics of the firm such as size, structure, resources, and 
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communication channels), and environment (market elements, competitors, and 

government regulations; Awa et al., 2016; Thomas et al., 2016).  

The technological context of this theory included all the technology related to the 

organization, including those that are currently in use and those that are available for use 

in the market. According to Tornatzky et al. (1990), the technologies currently in use 

within the organization have an impact on business processes, procedures, and needs 

where the technological landscape is considered when assessing the incorporation of any 

new technologies, hence influencing technology adoption decisions. The same influence 

can be applied from technologies being considered and/or available in the marketplace 

for use where they are limited to showcase their functioning abilities to assist the 

organization evolve and adapt in their respective field. The TOE theory purports that the 

descriptive characteristics of organization such as its size, structure, resources, and 

communication channels have a propensity to influence innovation adoption. Per 

Tornatzky et al. (1990), these characteristics comprise the theory’s organizational context 

where the presence or lack of the inner workings of these factors also influence 

technology decisions. The environmental context of this theory is related to the market 

elements, competitors, and government regulations that are all likely to influence an 

organization's propensity to adopt innovation (Tornatzky et al., 1990).  

Alternative theories were assessed for applicability to this study; however, they 

did not meet the scope of the research from an organizational perspective and/or were 

geared towards human behaviors, hence additional support for the use of the TOE theory. 

The diffusion of innovations (DOI) was among the initial theories developed to assess 
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innovation acceptance and adoption of technological innovations where the theory posits 

that members of a social system communicate or diffuse information regarding an 

innovation, which then goes through several stages, including understanding, persuasion, 

decision, implementation, and confirmation, leading to the adoption of said technologies 

(Rogers, Singhal, & Quinlan, 2014). According to this theory, innovation is an idea, 

process, or technology that is new to individuals within the social system, which is then 

communicated throughout the organization via various communication channels (i.e., 

mass media and interpersonal communication; Lambert, 2019). 

This theory has demonstrated its usefulness in research related to the study of 

individuals’ adoption of new healthcare information technologies, assisting in the 

explanation of the social processes that occur (Davidson et al., 2018; Dearing & Cox, 

2018; Dearing et al., 2017; Lambert, 2019). However, critics of the DOI theory have 

contended that using behavioral-based models to assess innovation acceptance and 

adoption weakens the argument as there are cultural and economic differences between 

individuals that may influence decision making, an undetermined link between the 

innovation properties and a proper expected attitude, and conflicting information 

available regarding the innovation (Daim et al., 2016). The power of this theory to 

explain the adoption of technology is limited to its focus on system characteristics, 

organizational attributes, and environmental aspects (Taherdoost, 2018). Due to these 

criticisms and the theory’s focus on the individual and social networks of the 

organization, this theory would not have been helpful to assess the factors affecting RFID 
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adoption in hospitals for medication administration as this was not a focus of the 

research. 

The technology acceptance model is used to assess technology innovation 

acceptance and adoption via behavioral-based reasoning on how users leverage personal 

reasoning towards the adoption of technology (Davis, 1989). Included and assessed in 

this model are two specific beliefs: perceived usefulness and perceived ease of use,) 

which defines the potential user’s likelihood of the system to improve their action and for 

the system to be effortless in its use (Davis, 1989; Lai, 2017).  

This theory has also proved its usefulness in explaining RFID adoption-related 

research results; however, it does not consider external barriers and factors on technology 

adoption (Werber et al., 2018). Additionally, it is limited by its inability to explain some 

of its results and its effect of social, individual, and cultural influences on the acceptance 

of technology, and it lacks full measures that prove its validity, which led to later 

revisions of the theory (Dwivedi et al., 2019; Zhang et al., 2019). These limitations also 

deem this theory non useful to assess factors affecting RFID adoption in hospitals for 

medication administration. 

Venkatesh et al. (2003) identified other factors as relevant in the assessment of 

technology innovation acceptance and adoption using four predictors of users’ behavioral 

intention (performance expectancy, effort expectancy, social influence, and facilitating 

conditions), a combination of constructs used in the technology acceptance model and 

other theories (Lai, 2017). Similar to the DOI theory and the technology acceptance 

model, the unified theory of acceptance and use of technology theory is largely used in 
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assessing an individual’s behavior as it relates to the adoption of technology. Specific to 

this theory, it is unclear as to whether actual usage or behavioral intention is measured as 

well as the quantitative benefits of adopting a technology (Rautiainen, 2017; Shachak et 

al., 2019). As the methodology selected for this research was quantitative, the unified 

theory of acceptance and use of technology theory was not applicable to this research. 

TOE and RFID Adoption 

The TOE has been used in varying types of organizations to assess IT adoption 

and has been increasingly used in the healthcare industry and other areas of social 

sciences research where it continues to prove effective (Kim et al., 2017). Additionally, 

TOE has been used to assess RFID investments leading to recommendations to improve 

efficiencies in healthcare, hence the reliability in applying this framework to this study to 

inform the RQs and help identify research design decisions (see Bhattacharya & Wamba, 

2018). Abugabah (2017) developed an incorporated view of a theoretical framework 

examining the factors of RFID adoption using the contexts of technology adoption 

theories including TOE, as many of the contexts contain similar characteristics. In a 

survey to employees of six government hospitals in varying cities of the United Arab 

Emirates, this quantitative study extended the TOE theory to include economic and 

human factor contexts to determine RFID adoption where the results identified that all of 

these factors have a significant effect on the adoption of RFID within the hospital setting, 

with the most significant factors being the technological context followed by the human 

factor, and environmental and organizational contexts such as upper management buy-in 

(Abugabah, 2017). The author summarized the need to explore these factors prior to the 
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adoption of RFID as these factors have varying levels of influence and therefore 

implications to a successful implementation. 

A review of technological factors was considered for an RFID proof-of-concept 

system developed by Álvarez López et al. (2018) to track medical items and medications 

in a Spain-based hospital where the proposed architecture was integrated within the 

medical systems and network infrastructures of hospitals. Once integrated within the 

hospital, testing of the proposed application showed positive results where the tags were 

able to read and identify medications accordingly (identifying tagged items correctly if 

within or out of the service areas); and update readings once items were moved to another 

location outfitted with RFID capabilities (Álvarez López et al., 2018). The authors 

contended that the value-add for this research lied in the technological considerations of 

the software such as an understanding of its hardware, the advantages and limitations of 

different kinds of RFID technology, and its coverage and effects (intended and 

unintended) on specified services as well as its ability to connect and adapt to the existing 

network infrastructure or wireless networks, and a review of the product offerings to 

include low-cost, disposable sensors that can be tagged. These studies provided support 

for the applicability and use of the TOE framework for assessing RFID via an 

understanding of how the technological variables influenced RFID adoption and may 

provide the same insight on this research of RFID using similar variables. 
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Literature Review Related to Key Variables and/or Concepts 

About RFID 

RFID is a form of AIDC technology that is used to identify and collect data about 

objects electronically, transferring and storing the data into computer systems, without 

human involvement. RFID does not require line-of-sight readers from its tags yet uses 

three specific components to capture data: a transponder (tag), a transponder reader, and a 

database software application (Paaske et al., 2017). RFID tags have microchips and an 

antenna that are attached to the item or individual for tracking/data collection and can be 

classified as active (battery-powered), passive (the reader signal is used for activation) or 

semi passive (battery assisted, activated by a signal from the reader; Turcu, 2017). The 

reader is responsible for communicating with the tag using the antenna and 

radiofrequency signals to identify the data within the tag as well as the location of the 

item (Paaske et al., 2017). This information is stored within the organization’s database 

using an RFID-enabled network and software for information processing and retrieval by 

users (Duroc & Tedjini, 2018). 

RFID vs Barcode Technology 

There are other forms of AIDC, including biometrics, optical scanner recognition, 

magnetic stripes, and barcodes technologies, which have been more widely used in 

healthcare settings including hospitals to automate processes and improve operations 

management (Jain et al., 2017). Barcode technologies have been more widely associated 

in its functionality to RFID as they both work well for tracking purposes, collecting data, 

and their data storage and retrieval functions; however, RFID has several advantages over 
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barcode technology. Barcode labels are printed, placed on an item, and are susceptible to 

wrinkle and/or fade over time, making it more likely that the barcode will error upon 

matching the correct patient with the correct medications, which is a large issue within 

medication administration processes (Lotlikar et al., 2013). RFID tags are less sensitive 

to adverse conditions, creating a near flawless read rate where medical and human errors 

caused by patient misidentification are reduced as they are made using bonded in-lay 

components, affixing three different substrate layers of components (Haddara & Staaby, 

2018; Smith et al., 2018). 

Barcodes are designed to be read one item at a time using human interaction with 

a scanner device to be in proximity of the barcoded label. The scanner devices require 

line-of-sight access to each label for the accurate recording of the data associated to the 

label. Barcode technologies require manual tracking, the identification of a type of item, 

and can only read data within a range of several inches to feet (Lotlikar et al., 2013). 

Conversely, RFID tags do not require human intervention, thereby reducing 

human resource costs and errors during data collection (Khattab et al., 2017). RFID tags 

have a longer range than barcodes (30 feet to 100s of feet, depending on active vs passive 

tags) to identify data due to its reliance on radio waves and antennas for its basic 

functioning (Lotlikar at al., 2013). RFID tags can also store larger amounts of data than 

barcodes, which is a very distinct difference between the two as RFID can store 2,000 

bytes of data where barcodes can store up to 85 characters (Nilsson & Elmar Merkle, 

2018). Additionally, as noted in Table 1, RFID systems have read/write functionalities to 
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process more than one tag simultaneously and more flexibility to be attached to items as 

they are small in stature and do not require line of sight readers (Ishtiaq et al., 2019).  

These benefits are a realistic challenge for hospitals implementing RFID as their 

hospital IT systems may require a level of sophistication, including interoperability and 

integration capabilities (Haddara & Staaby, 2018; Kumar & Ting, 2019). Further, if these 

IT systems are not in place, this may pose a challenge to many hospitals as the costs 

associated to adopting RFID begins ~$0.07- $25 for tags ($200- $2,000 for readers) 

versus $0.01-$0.05 for barcodes (RFID Journal, 2020b).  

Table 1 

 

Comparison: Barcode and RFID 

Characteristic Barcode RFID 

Design Printed; susceptible to 

wrinkling and fading over 

time. 

Bonded in-lay components 

on different substrate. 

Usage requirements Requires human 

intervention using a line-

of-sight reader to scan each 

item individually. 

Does not require human 

intervention; uses radio 

frequency waves to 

identify objects. 

Read rate Line of sight required; 

identifies items 

individually but not 

uniquely. 

Uses radio waves to 

identify multiple items 

uniquely. 

Reach Inches to several feet 30 feet to 100’s of feet 

Data storage ~85 characters 2,000 bytes of data storage 

Cost $0.01-$0.05 ~$0.07 and up (depending 

on passive or active) 
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Technological Contexts for HIT Adoption 

The use of technology as a variable in assessing HIT adoption is considered key 

as its contexts have been found to influence decision-making. The technology context of 

the TOE framework relates to all the technology related to the organization, including 

those that are currently in use and those that are available for use in the market 

(Evwiekpaefe et al., 2018; Tornatzky et al., 1990). Specific to the technological contexts 

for HIT adoption, the technological factors selected to assess RFID adoption will include 

interoperability, networked environment, and vendor selection.  

Interoperability 

The interoperability of a platform is a commonly utilized characteristic of a 

technology that is assessed. Interoperability refers to the ability of two or more systems to 

integrate between all shared information services, taking into consideration its scalability, 

flexibility, portability, and security as well as its ability to ensure continuity of data, 

process, and context (Oyeyemi & Scott, 2018; Azarm et al., 2017). The challenge 

confronted with the interoperability of many platforms are the limits placed on its 

architecture where the standards and heterogeneity among each may differ, causing 

increased challenges for industries, especially within healthcare delivery as its clinical, 

medical, and administrative systems exhibit these limitations (Satti et al, 2019). The 

heterogeneity of these platforms includes the lack in plug and play integration, 

infrastructure functionality including physical location and positioning, security and 

privacy, data management as well as the identification of application areas prudent for the 

technology (Rajkumar et al., 2018). 
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RFID is a technology that has not matured in the marketplace as there isn’t a ‘one 

size fits all’ with this technology that allows for the ease of integration within the current 

technological landscape of an organization, causing the technology to function 

improperly and increase its risk of interference if considerable effort is not spent on 

integrating RFID properly into an organization’s existing business processes (Gillenson 

et al., 2019). 

A significant characteristic of RFID technology is its hardware (tags and readers) 

and software (database application) components, needed to fully function within any 

environment, including healthcare organizations (Abugabah et al., 2020). According to 

Almanaseer (2019), the technological make-up of RFID systems has been known to 

cause interference in hospitals with medical/surgical equipment and other HIT, increasing 

the read failure rate of RFID tags and other system errors. Further, standardization across 

software and vendors as well as the lack of international RFID standards have further 

impeded the incorporation of this software into hospital systems (Almanaseer, 2019). 

This standardization would call for a unified language and operating mechanism that is 

easily understood by all systems in a global environment as well as the interoperability 

and communication between them, lending to further research in this area (Hadjer et al., 

2019; Tu et al, 2019).  

Although there are no standards between various applications and vendors 

supporting healthcare services within the hospitals, there are technical standards that 

support applications using a wireless connection. 802.11 and 802.11X, originally created 

in 1997 and revised in 1999, are a family of specifications for wireless local access 
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network (WLAN) technology which establishes the speed of data transmission between 

the router and devices connected to it wirelessly as well as ensures that devices maintain 

their connectivity to the router where they coordinate the distribution of data between the 

router and devices (IEEE Standards Association, 2020). The use of WLAN that meets 

802.11 and 802.11X specifications assists with the interoperability challenges of RFID 

and other wireless-related technologies within the hospital setting (Tamai et al., 2019; 

Deepika & Usha, 2017). This research assesses interoperability as a technological factor 

in adopting RFID for medication administration by the identification of these 

specifications with the hospital setting. 

Networked Environment 

A networked environment is a communications system that ties multiple users 

together (The Free Dictionary, n.d.). This is achieved via a group of computers, servers, 

mainframes, and other devices supporting the organization’s infrastructure that allow the 

sharing of data, is also a key characteristic of a technology that is assessed. To compound 

the challenges that networking presents for connection, technology has continued to 

transform in this area from a wired network (connected devices via cables) to a wireless 

network; however, the hospitals in the United States are challenged to incorporate these 

technologies due to power efficiencies of sensors; standards and protocols; network 

mobility; and scalability, hence its inclusion in the assessment of HIT for adoption 

(Dantu et al., 2019). 

RFID systems are generally tied to the internet and the network of systems 

supporting these connections are a key consideration for its adoption. The use of 
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complimentary hardware and software networks and systems are a challenge as 

uniformity amongst RFID manufacturers and standards does not exist. The networking of 

an embedded system integrating all these parts is critical to the safety and reliability of a 

connected system within a clinical environment (Misser et al, 2020; Nursuwars & 

Rahmatulloh, 2019). For example, Song et al. (2020) discussed how the use of internet of 

things such as RFID could improve medical conditions such as severe acute respiratory 

infections and recommend an enhancement of the distributed network where sensors 

must communicate with services such as the Internet and wireless networks such that 

information can be relayed to remote health workers. This recommendation can be 

furthered by this research where the networked environment to support RFID adoption in 

hospitals for medication administration was included as an assessment variable.  

Vendor Selection 

The identification of technology vendors is also considered a characteristic highly 

used for HIT adoption as the technological offerings of products may vary from vendor to 

vendor. Patri and Suresh (2018) identify the vendor selection process as a key factor in 

influencing technology implementations in healthcare organizations, as this process must 

be strategically aligned, planned, and agreed upon within the organization to prevent 

future implementation and functionality changes. According to Norton et al. (2019) 

vendors develop a wide variety of software capabilities to facilitate patient engagement 

and performance measurement, causing an increased digital divide among healthcare 

organizations. Additionally, the authors refer to the resources available to support new 

HIT systems where it was found that larger healthcare systems that allocate resources and 
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purchase software centrally have more bargaining power with vendors, allowing 

increased adoption capabilities (Norton et al., 2019). 

Vendor selection is also seen as a challenging factor to hospital’s adoption of HIT 

as healthcare organizations are unique and bring a myriad of considerations to the 

decision-making process. Stillwell et al. (2018) identified a lack of research in the vendor 

selection process as it relates to EHRs in targeted areas such as time management; 

patient, provider, and other medical team collaboration, and access to data including 

physician notes and test results.  

Vendor selection challenges were also identified among healthcare practitioners 

via a qualitative study of their perceptions in the adoption and implementation of HIT 

where a main descriptive outcome of these challenges was the lack of vendor 

understanding of the organizational environment and the specific workflows supporting 

patient care, contributing to user frustration (Mukono & Tokosi, 2019). This data led to 

the recommendation to use in-house IT staff or local vendors to develop the IT as this 

will increase the engagement and involvement of key users of HIT to improve ownership 

and acceptance of the system (Mukono & Tokosi, 2019). 

Makhni et al. (2017) explored the results of HIT innovation at healthcare 

institutions throughout the United States as the level of innovation was much lower as 

compared to well-established drug and device industries. In comparison of the two 

industries through the HIT processes of discovery, proof of concept, regulatory review, 

and post-market monitoring and distribution, the process of HIT innovations were not 

held to the same standards where there is a breakdown in several areas including the lack 
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of review expertise and capabilities where the reliance on vendors is high and often does 

not meet the claims made (Makhni et al., 2017). Additionally, the authors cite a lack of 

post-market transparency where vendors lack incentives to provide unfavorable data and 

are unable to identify or articulate clear financial savings (Makhni et al, 2017). This data 

led to the recommendations for regulatory and third-party monitoring, institutional 

alignment of relevant bodies to create visibility for decision-makers to fully evaluate the 

innovation (Makhni et al, 2017). 

The identification of characteristics leading to the variability among health 

systems in the adoption of advanced HIT such as predictive analytics and patients access 

to records was conducted by the National Survey of Healthcare Organizations and 

Systems (NSHOS) which found 78.9% of health systems reported conducting vendor 

selection at the system level which indicates that the people, organizations, and actions of 

these systems are integral to the decision-making process (Norton et al., 2019). These 

findings lead to the recommendation of standardization and uniformity of technology 

across systems including the consideration among HIT vendors of ways to standardize 

products across systems to ensure greater adoption (Norton et al., 2019). 

RFID products are not exempt from the heterogeneity found amongst RFID 

vendors as, common to other technologies, the number of companies developing and 

marketing RFID products are vast, increasing the heterogeneity of products and vendor-

supported services. Aboelmaged and Hashem (2018) discussed the application of RFID 

in patient and medical asset operations management where the technical complexities of 

health care organizations impede the adoption of RFID systems in managing patients and 
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asset operations. Vendors of RFID services were identified as playing a crucial role to 

better understand RFID implementation issues, increase its technology fit into service 

operations, and accelerate its implementation (Aboelmaged & Hashem, 2018). Thus, 

vendor selection as a key variable to assess RFID adoption in the hospital environment 

for medication administration. 

Organizational Context for HIT Adoption 

The organizational context of this theory in assessing HIT adoption is also 

considered key as its factors have been found to influence decision-making. The 

organizational context of the TOE framework relates to all the descriptive characteristics 

of the firm such as size, structure, resources, and communication channels (Evwiekpaefe 

et al., 2018; Tornatzky et al., 1990). Specific to the organizational contexts for HIT 

adoption, the organizational factors selected to assess RFID adoption will include 

hospital size, financial status, and presence of a CIO. 

Hospital Size 

Hospital size is oftentimes viewed by the number of functional units or areas of 

the hospital such as clinical laboratories, imaging, emergency rooms, and surgery; 

hospitality functions, such as food service and housekeeping; and the fundamental 

inpatient care or bed-related functions which can have competing priorities and influence 

technological opportunities (National Institute of Building Science, 2019). However, 

hospital size is derived by the number of beds that can be used for patient care services 

and medical treatment (Centers for Medicare and Medicaid Services, 2019-a). 
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Hospital size (specifically the number of beds) is a driver of HIT adoption as 

noted by Almeida et al. (2017). A 10-year literature review during the period 2004-2014 

for a proposed theoretical framework on the organizational drivers of technology 

adoption supported the inclusion of organizational size, structure, and innovativeness of 

senior executives are key drivers of technology adoption and are recommended for 

inclusion in the development of theoretical frameworks conducting research pertaining to 

this subject area (Almeida et al., 2017). 

These findings were also supported by Feibert and Jacobsen (2019), in their study 

on factors impacting technology adoption in hospital bed logistics, hospital size and 

staffing levels were significant indicators of hospital quality which should be assessed 

prior to adopting technology. The authors state that the bed logistics process involves 

several different organizational units including general cleaning staff and nurses where 

the number of staff involved in the bed logistics process increases the fragmentation of 

services and requires collaboration between several staff and groups (Feibert & Jacobsen, 

2019). 

Hospital Financial Status 

The identification of the hospital’s financial status may exhibit differences in the 

use of HIT; however, this research was not able to draw a supporting conclusion on this 

characteristic (Williams et al., 2016). Conversely, HIT adoption among for-profit 

hospitals was significantly higher than nonprofit hospitals when hospital characteristics 

associated with complete and partial implementation of EHRs were assessed (Bhounsule 

& Peterson, 2016). In a retrospective cross-sectional study using the 2012 American 



37 

 

Hospital Association Annual Survey Database, the authors assessed several 

organizational factors including size, ownership, staffing, and services where larger-sized 

hospitals were associated with increased instances of EHR adoption and hospitals with 

higher staffing, a function of larger size, have the financial means to invest in progressive 

strategies such as HIT adoption (Bhounsule & Peterson, 2016).  

Presence of a CIO 

Traditionally, the role of the Chief Information Officer within the hospital is a 

non-medical professional with expertise in managing all things IT including the people, 

processes, policy, and financial aspects of IT within the hospital environment (Sridharan 

et al., 2018). The role of the CIO has shown to foster innovation within hospitals through 

strategic visioning, guidance, and implementation of technology where the resulting 

process innovations lead to improved organizational outcomes (Esdar et al., 2017). 

Substantiating the role of CIOs is challenging as there is no scientific evidence 

supporting the innovation capabilities of CIOs in healthcare including the hospital setting 

(Esdar et al., 2017). An empirical assessment of the innovation capabilities of hospital 

CIOs was conducted via an online survey of 1,284 German-based CIOs where the data 

identified that the hospital organizational environment, specifically the financial 

promotion and strategic support from top management, is aligned to HIT innovation 

(Esdar et al., 2017). Additionally, the data supported an entrepreneurship personality 

(personal motivation and self-determination) and the openness towards users (i.e., their 

participation and involvement, Esdar et al., 2017). 
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Liebe et al. (2017) furthered these empirical findings on the innovative capability 

of hospital CIOs via research on the antecedent or pre-existing origin of CIOs’ innovation 

capability utilizing a regression analysis on the same dataset to measure the perceived 

innovation capability of CIOs. Using the results of the previous study to build a 

composite score tool along with attributes of the variables resulting in valid relationships 

(innovative organizational culture, intrapreneurial personality and openness towards 

users), the data found that CIOs’ innovation capability can be significantly explained by a 

formalized, intense, professional and strategic cooperation between the CIO and the 

hospital board and a function of management conditions, lending the role to be a lead on 

IT initiatives (Liebe et al., 2017). 

The innovativeness of hospital CIOs was also a key factor of research in 

identifying innovation criteria of Information Security (IS) technology adoption in 

organizations (Kosasi et al., 2018). Data was obtained via an online survey of managing 

IT directors in southeast Asia along with in-depth follow-up interviews of the 

respondents analyzed through the combined use of the TOE Framework and the HOT-Fit 

model where the resulting data identified several criteria as related to the adoption 

success of IS security including CIO innovativeness as relevant to the strategic decision-

making process of innovation adoption (Kosasi et al., 2018). 

Environmental Context for HIT Adoption 

The environmental context of this theory in assessing HIT adoption is also 

considered key as its factors have been found to influence decision-making. This context 

relates to the market elements, competitors and government regulations that are all likely 
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to influence an organization's propensity to adopt innovation (Evwiekpaefe et al., 2018; 

Tornatzky et al., 1990). In this study, the environmental context of RFID adoption for 

medication administration was assessed via the presence of an EMR and HIMSS 

EMRAM Certification. 

Presence of an EMR and HIMSS EMRAM Certification 

The use of HIT in hospitals to assist in medication administration processes is 

usually centered on the EMR, which is a database tool used to store patient information 

collected during a medical visit by clinicians in that office, clinic, or hospital for the 

purpose of diagnosis and treatment (HealthIT.gov, 2019). EMRs have assisted the 

management of patient medical data, outcomes, quality, and overall cost savings via 

federal guidelines on their use and function such as Meaningful Use (MU), which 

incentivizes organizations to implement EHRs and EMRs as a means towards efficiencies 

within the industry (Centers for Medicare & Medicaid Services, 2019-b). 

HIMSS supported these efforts with the introduction of EMRAM certification 

which identifies the level (Stages 0-7) of EMR capabilities implemented by the hospital 

with Stage 7 indicating that the hospital no longer uses paper charts to manage patient 

medical care (HIMSS Analytics, 2017). Of specific relevance to this research, Stage 6 

identifies the level where technology is used to achieve a closed-loop process for 

administering medications or an administration system that seamlessly integrates 

electronic medication management automation and administrative processes (Burkoski et 

al, 2019). This closed-loop process also allows for improved patient safety by removing 

errors common in the medication administration process (Furniss et al., 2019). 
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This stage also calls for a more advanced level of clinical decision support to 

provide for the “five rights” of medication administration, systems which provide timely 

patient care information leading to improved outcomes and increased quality healthcare 

(Agency for Healthcare Research and Quality, 2019). These systems can also provide 

alerts at the time of ordering as well as reduce MEs and ADEs via the integration within 

an EMR (Anker et al., 2017). 

RFID technology has been increasingly utilized to support the improved technical 

capabilities of closed-loop and clinical decision support processes when integrated with 

an EMR system. According to Vankipuram et al. (2018), RFID systems complement 

human actions and can identify potential areas of concern via its technical capabilities. 

Historical Perspective of Medication Administration 

Challenges within the medication administration process have been identified as a 

key threat to patient safety and remains a significant public health threat in the United 

States where ADEs result in 1 in 3 of all hospital adverse events, affect about two million 

hospital stays each year, and prolong hospital stays by 1.7 to 4.6 days (Office of Disease 

Prevention and Health Promotion, 2019). MEs contribute to the large number of ADEs in 

hospitals who struggle with the overall medication administration process where, 

according to HIMSS (2018), 56% of healthcare professionals surveyed indicated that the 

medication administration processes within the hospital facility failed to capture 20% or 

more of MEs with 6% of these individuals claiming the number is at least at a 75% 

failure rate. The following provides a discussion of the challenges within medication 

administration processes as it relates to the hospital settings and clinical resources 
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involved in those processes leading to a discussion of interventions used to reduce these 

issues. 

Medication Administration Challenges in the Hospital Setting 

Research has made great strides to further understand the challenges of 

medication administration and the depth of its impact on patient safety. Nanji et al. 

(2016) assessed the rates of MEs and ADEs in an inpatient setting as percentages of 

medication administrations, to evaluate their root causes and target solutions to prevent 

them. In their prospective observational study of a United States-based academic medical 

center, a retrospective abstraction and review of charts with medication administrations 

where 277 operations were observed of which 193 cases involved a ME (153 or 79.3%) 

and/or ADE (91 or 64.7%). The authors concluded that 1 in 20 of perioperative 

medication administrations involved a ME and/or ADE with the potential harm to the 

patient as being significant and life-threatening and suggest assessments of technology-

based solutions to address the root causes of the errors to reduce their incidence, hence, 

increase patient safety (Nanji et al., 2016). 

Inpatient medication administration patterns were also of interest to Loresto et al. 

(2019) who utilized medication administration event data from a level I trauma safety-net 

hospital in Colorado from April 2013-March 2015 where the resulting outcome of the 

linear regression test found time differences between medication schedule and 

administration (Loresto, et al., 2019). Medications were delayed by an average of 12 

minutes, Spanish-speaking patients had a significant 2.3-4.2-minute delay, and certified 

nurses routinely gave medications earlier than the scheduled time as compared to 
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noncertified nurses by 1.6 minutes (Loresto, et al., 2019). These outcomes lend to the 

observation that medication administration patterns in a clinical setting is a multifactorial 

process involving clinical staff, the consideration of patient demographics and conditions 

as well as culture and unit-level layout (Loresto, et., 2019). 

Medication administration and patient safety in hospitals has also been studied 

from a patient population lens to identify impacts among specific patient groups. For 

example, neonates were the target population of research for Krzyzaniak and Bajorek 

(2016), who utilized a literature review study to examine the medication safety of this 

population compared to other age groups in a hospital setting as this age group is 

particularly vulnerable to harm due to their physiological inability to buffer MEs. In 

review of fifty-eight articles related to hospitalized pediatric, adult, and elderly patients 

versus neonatal patients, the study found that although medication administration errors 

were found across each age population, that patient misidentification and overdosing 

were particularly prevalent in neonates, where 46% of the errors were ten times the 

number of overdoses in the compared groups (Krzyzaniak & Bajorek, 2016). 

Additionally, the study found that specific medications were prevalent amongst all 

groups, however, these medications (heparin, antibiotics, insulin, morphine, and 

parenteral nutrition) are complex in use for neonates and hence, greater consequences 

(Krzyzaniak & Bajorek, 2016). 

Pediatric patients cared for in hospital emergency departments were identified as 

a high-risk group for associated MEs where a multidisciplinary team of healthcare 

providers including emergency care providers, EHR representatives, pharmacists, patient 
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safety leaders and parents of children who experienced ADEs, sought to review the 

systematic research and recommend strategies for improvements to address the issue 

(Benjamin et al., 2018). The research gathered found several factors that attributed to the 

prevalence of MEs including the medical complexity of patients with multiple 

medications, challenges with weight-based dosing, lack of standards in pediatric drug 

dosing and formulations, lack of information technology systems, lack of emergency 

department staff and numerous transitions in care where the majority of pediatric patients 

are treated in non-dedicated pediatric emergency departments (EDs) which may not have 

the experience as dedicated Eds (Benjamin et al., 2018). The error rates in pediatric 

patients identified up to one-third of medication dosing errors of commonly used 

medications among 8 Michigan emergency medical service agencies, an error rate of 10-

31% among hospitals with dedicated pediatric Eds, and an error rate of 39% in children at 

4 rural EDs in California, with 16% of these errors having the potential to cause serious 

harm (Benjamin et al., 2018). Based on this data, the team recommends a 

multidisciplinary approach to medication safety specific to pediatric care across all 

services prior to, during and after emergency care to include standardized medication 

dosing guidelines, better integration and use of information technology and increased 

education efforts for healthcare providers (Benjamin et al., 2018). 

Ni et al. (2018) conducted a prospective observational study to timely identify 

medication administration errors in a neonatal intensive care unit via automated real-time 

medication usage data and messaging summary data from the EHR system at Cincinnati 

Children’s Hospital Medical Center. Using logic-based rules and electronic processing 
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techniques for targeted medications/infusions built within the EHR to analyze the real-

time messages delivered to physicians, 116 out of 10,104 or 1.15% of MAEs were 

identified during the study period in comparison to the baseline system which found 111 

MAEs, indicating good decision-making capabilities within the automated system and the 

potential to reduce patient exposure to harm from 256 minutes to 35 minutes per patient 

as well as guarding against alert fatigue amongst medical providers (Ni, 2018). 

Pediatric and adult patients were the object of study for Ruano et al. (2016), who 

further explored how the strategy implementations of new technologies have impacted 

MEs in children and adults. Similar to Krzyzaniak and Bajorek (2016), the authors also 

found through a review of the available research, significant incidences of MEs in 

neonates as part of the pediatric group but also among the adult population, with a rate of 

74% for both groups due to dosage errors (28%), prescriptions (13.2%), and drug 

administration (19.6%) (Ruano et al., 2016). Their research also found that the 

implementation of new technologies such as computerized physician order entry (CPOE), 

AIDC, and others have improved the incidence of MEs in both populations and proven 

effective for inpatient safety. Further, the authors recognize that the implementation of 

such technologies are not easy but highly recommend these strategies for improved 

patient safety (Ruano et al., 2016). 

Medication Administration Challenges in the Hospital Setting and the Clinical 

Resource 

Several studies have extensively researched medication administration and its 

effect on patient safety through the lens of clinical resources involved in the processes. 
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Farzi et al. (2017) conducted an exploratory qualitative study involving nineteen 

members of the healthcare team (physicians, nurses, and clinical pharmacists) across 16 

Intensive Care Units (ICUs). The data was categorized into four areas: low attention of 

healthcare professionals to medication safety, lack of professional communication and 

collaboration, environmental determinants, and management determinants (Farzi et al., 

2017). Among the common themes included unsafe drug administration, incorrect 

prescribing among physicians, lack of pharmaceutical knowledge of the healthcare team, 

and weak professional collaboration leading to MEs (Farzi et al., 2017). As a result of the 

analyzed data, the authors recommend increased interactions with patients and their 

families, interprofessional collaboration, the use of information technologies such as 

EHRs and computerized prescription order entry (CPOE) (Farzi et al., 2017). 

Specific to nurses as they administer most medications and are deemed 

accountable, Johnson et al. (2018) conducted a qualitative study aimed of nurses of 

varying levels within a hospital environment to examine the nature of interruptions 

during medication administration. The findings from the semi-structured focus group 

indicated common sources of interruptions including nurse initiated, other health 

professionals, support staff, patients, relatives or self-initiated, all of which could be 

considered predictable (could be managed by other team members) or unpredictable 

(requiring immediate attention by the nurse) (Johnson et al., 2018). The authors lend to 

recommended behavioral strategies such as prevent, block, engage, mediate, multitask, 

engage, and mediate to address these interruptions which will lead to decreased 

medication administration errors among the nursing staff and increased patient safety 
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(Johnson et al., 2018). 

Härkänen et al. (2018) analyzed inpatient MEs via incidence reports related to 

wrong-patient classification among two specialized care hospitals in Finland where 

nurses have the responsibility to administer medications to patients. Of the 1,102 

incidence reports related to medication administration at the two hospitals, 103 were 

classified as wrong patient-related where drugs were administered to neighboring patients 

or other patients within the same room; patients were similar to one another; nurses took 

the wrong patient’s drugs from the medication tray; and other explanations of the 

incidents were given (Härkänen et al., 2018). The identification of the wrong-patient 

issue was found immediately during or just after medication administration; patient or 

relative noticed; and other methods were contributing factors of unsafe acts and 

omissions and other error provoking conditions. The authors contend that each individual 

has responsibilities in patient identification processes to reduce the onset of MEs and 

recommend additional system support including technology to improve the accuracy of 

limiting these errors (Härkänen et al., 2018). 

Rasheed et al. (2018) also examined medication administration errors across 

teaching hospitals across Erbil, Iraq among 250 nurses working in acute, subacute, and 

general wards with direct contact to medication administration processes. In an attempt to 

determine the most common types of MEs present among these hospitals and across this 

sample group as well as the identifying factors that lead to the medication administration 

errors, the authors utilized a cross-sectional research method which found that the highest 

amount of errors occurred where the administration of the drugs occurred at the wrong 
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time, allergies were not noted until after administration, medication orders from the 

physician were not legible, lack of adequate staffing and high workload, leading to the 

conclusion that there are various causes and types of medication administration errors and 

a recommendation for an interventional program designed to treat each of these factors 

(Rasheed et al., 2018). 

Utilizing a mixed methods study design to analyze the medication administration 

procedures among the nursing staff of 3 inpatient units of teaching hospitals in Brazil 

between January 2014 and March 2015, Magalhães et al. (2019) found there are 

organizational weaknesses that attribute to these errors to humanistic reasons 

(distractions, disruptions, lack of attention, fatigue, stress) but also to systemic challenges 

such as the diversity of types and routes of drug administration and an increasing work 

demand caused by patients with increasing clinical conditions warranting an increase of 

prescribed medications. The authors contend that detailing the care process in the 

management of drug administration is needed and that measures to prevent errors using 

the ‘five rights’ when preparing and administering medications is necessary. 

Medication administration-related errors have also been reviewed from the lens of 

the physician where Murray et al. (2017) examined MEs among attending physicians of 

an academic medical center-based emergency department for discharged patients where 

13.4% of the 1,000 prescriptions written contained errors with the most common error 

being incomplete or inadequate prescription (Murray et al., 2017). The authors 

recommend dedicated emergency department pharmacists as resources to improve the 

error rates and decreasing unintended medications, training, and a dedicated discharge 
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prescription review policy (Murray et al., 2017). The authors do not mention HIT as an 

intervention; however, this is another opportunity where the value of RFID can be 

realized via its incorporation into these discharge processes. 

Westbrook et al. (2018) examined the medication prescribing errors of twenty-

eight emergency physicians in an observational study where out of 239 prescriptions 

ordered, 209 consisted of errors that were associated to interruptions (9.4 times /hour), 

multi-tasking and lack of sleep. Given these findings, the authors raise evidence-based 

questions on the rates of multitasking and interruption in clinical environments and the 

issue is of increasing importance as the opportunities to multitask increase with 

technology (Westbrook et al., 2018). To combat these issues, targeted recommendations 

are suggested including the introduction of information technology which can provide 

cues to allow more effective recovery from interruptions (Westbrook et al., 2018). Based 

on the recommendation for the introduction of information technology, this would be 

opportune for RFID use as it could be used to alert clinicians prior to the error 

occurrence. 

Medication Administration 

RFID has been increasingly regarded in healthcare organizations for its positive 

impact on managing medication processes. Aldeer et al. (2018), in their review of 

medication monitoring technologies, assessed the usefulness of RFID as a proximity-

sensing tool to assist in medication processes. When RFID tags and readers are attached 

to medication drawers, bottles and platforms, the technology may notify the patient to 



49 

 

take the medication and/or informs healthcare providers of the location and inventory of 

the medication inside RFID-enabled bottles and dosing instructions (Aldeer et al., 2018). 

To further exhibit how RFID can automate medication dispensing solutions in an 

inpatient setting, Chen et al. (2016) created a prototype automatic medication dispensing 

machine (AMDM) equipped with RFID tags and readers to create an effective inpatient 

medication management safety system using RFID. Upon analysis, the authors identified 

significant results upon review of the key performance indicators for the application 

where it was shown that the use of human resources to manage the AMDM for 

corrections was reduced by 50%, the cost of these associated resources were reduced by 

50% and MEs were reduced by 70%, hence the proposal of a novel system to improve 

medication safety measures within the inpatient setting (Chen et al., 2016). 

RFID has also proved useful in the tracking and storage of emergency 

medications for use in the hospital setting (Martínez-Pérez et al., 2016; Pérez et al., 

2017). Hamm et al. (2018) introduced an RFID web-based program at the Cleveland 

clinic that replaced the emergency medication kit restocking/inventory and location 

tracking paper process. This web-based program allowed for the identification of kits 

nearing expiration or containing recalled medications where 119 days post 

implementation, there was a 74% decrease in the amount of time pharmacists spent on 

approving these tasks as opposed to the prior paper-based process which decreased 

pharmacist review, minimized compliance risk, and increased access to real-time data 

(Hamm et al., 2018). 
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The use of RFID to aid in medication administration activities in hospitals are 

increasingly found in the literature. Dey et al. (2016), conducted an exploratory 

investigation of RFID adoption in United States hospitals utilizing the TOE framework. 

The survey responses from identified contacts of United States hospitals was small, 

resulting in a sample size of n=85 where the study found that a high percentage of 

respondents have adopted or are considering adopting RFID where organizational and 

technological factors have a positive influence on the decision-making, yet the 

environmental factor did not have a significant impact. Hence, the recommendation to 

replicate the study with a larger sample size as the technology matures. This current 

research will utilize a similar approach; however, the database includes a larger sample 

size from which to draw conclusions, specifically to how this technology can be 

leveraged to support medication administration processes to improve patient safety. 

These efforts to further explore RFID technology are not only an indicator of 

industry interest but are also an indication of an industry increasingly moving towards 

AIDC technological solutions to support business needs. 

Operational Benefits 

Research is continuing to expand as it relates to RFID technology in healthcare 

settings, particularly its application in hospitals for its perceived benefits to improving 

efficiency and effectiveness of business operations, customer service, and strategic plans. 

Hossain and Ahmad (2018) examined the determinants of RFID use and benefits within 

hospitals where resulting survey data of 142 hospitals showed that RFID use in hospitals 

is influenced by TOE factors. The TOE factors utilized in this study included information 
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privacy (technology), absorptive capacity and resource readiness (organization), and 

coercive pressure (environment) and hospital size as a control variable. A further analysis 

of the combined effect of hospital size and RFID use on perceived benefits showed a 

significant relationship between RFID use and economic benefits but not between RFID 

use and operational benefits (Hossain & Ahmad, 2018). 

The efficiency and effectiveness of RFID on business operations was supported 

via the research of Aboelmaged (2017) where a voluntary survey of healthcare workers 

(technicians, managers, nurses, and physicians) in charge of asset and patient 

management within public and private hospitals in the United Arab Emirates. 311 total 

individuals responded to questions pertaining to their assessment, knowledge, and/or 

experience of RFID’s ability to improve asset management processes, to monitor 

patients’ whereabouts and their medical status throughout the facility, to increase 

efficiencies in inventory management, service quality and security (Aboelmaged, 2017). 

Resulting data found strong effects of RFID from the factors supporting technical 

advantages and organizational capacity on both asset and patient management with 

environmental competitiveness having an effect only on patient management operations, 

supporting the implications for healthcare managers to better understand RFID 

implementation issues and increase its technological fit within the various operational 

services offered throughout the organization (Aboelmaged, 2017). 

Landry et al. (2016), via a longitudinal case study of two Canadian hospitals with 

differing approaches, examined the logistical strategic deployment of an RFID-enabled 

solution to improve their materials management systems. Utilizing step-by-step 
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deployment practices, strategic planning tools incorporating leadership and departmental 

involvement, and logistics planning incorporating the unique characteristics and 

complexity of hospitals, interviews of logistics personnel and resources key to the 

implementations were gathered via a semi-structured framework (Landry et al., 2016). 

With the common aim of relieving the clinical staff of logistical tasks and hiring a 

manager to lead the materials management practice, the resulting data found that the 

utilization of strategic logistical methods to implement an RFID-enabled solution to 

improve efficiencies in materials management, proved that RFID solutions can be 

implemented within the hospitals when there is a concerted effort among resources and 

the time to incorporate these innovations given the complex nature of the hospital 

environment (Landry et al., 2016). 

Dey et al. (2016), in their exploratory investigation of technology adoption of 

RFID in US hospitals, utilized the TOE framework to demonstrate how United States 

hospitals are adopting RFID. Utilizing an online survey targeting Chief Information 

Officers and top information technology executives of United States acute care hospitals, 

the respondents (n=86) have adopted or are considering adoption of RFID technology 

where organizational and technical factors have a strong influence on the decision-

making, whereas the environmental factors do not play a significant role in the adoption 

of RFID (Dey et al., 2016). Additionally, the respondents indicated the main reasons for 

implementing this technology was improved hospital operations including inventory 

management, asset control, workflow and patient flow with concerns related to the cost 

of the tags and implementation, data that can be utilized to further inform healthcare 
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managers on the challenges and opportunities presented by RFID adoption (Dey et al., 

2016). 

Summary and Conclusion 

This literature review provided further support to explore the relationship between 

technological, organizational, and environmental factors and the adoption of RFID for 

medication administration. The theoretical concept as well as alternative theories was 

reviewed to demonstrate the usefulness of the TOE theory for this research as opposed to 

the other identified theories. Additionally, the importance of examining the key concepts 

related to the adoption of RFID for medication administration was provided via a review 

of the challenges of medication administration and patient safety within the inpatient 

setting; among differing patient populations; and from a clinical lens as well as 

legislation supporting improvements to medication administration practices; and the 

adoption of RFID for medication administration. 

Chapter 3 of the proposal delved further into the methodology utilized, offering 

insight into the study’s research design, data collection, supporting analysis and the 

rationale for conducting the study. 
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Chapter 3: Research Method 

Introduction 

The purpose of this research study was to explore contributing factors to RFID 

adoption in United States hospitals for medication administration. These factors are 

identified as technological, organizational, or environmental-related aspects of the 

hospital. This study was designed to contribute to the knowledge of RFID adoption by 

providing an integrated view of RFID adoption and to determine the key factors that 

influence key decision makers’ intention to adopt RFID technologies. Understanding the 

relationship of these aspects of the organization can provide insight into the incorporation 

of RFID in hospitals to support medication administration activities, leading to patient 

safety outcomes and improved healthcare delivery. 

Chapter 3 of this research study expanded upon the research design and the 

research rationale for conducting the study. It also included a methodology section that 

identified the population selected, sampling and sampling procedures, data collection, 

and instrumentation and operationalization of constructs. Threats to validity and ethical 

procedures were included prior to a summarization of the chapter and transition to 

Chapter 4. 

Research Design and Rationale 

Variables 

The variables selected for this research study were used to determine the 

relationship between the characteristics of the hospitals and RFID adoption to determine 

whether the relationships affect medication administration practices. There were eight 
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independent variables for this study, which included specific technological, 

organizational, and environmental constructs related to hospital facilities that attribute to 

their complexity and the adoption of HIT. Specific variables and associated constructs 

from the database were identified further in the discussion. 

Technological Variables 

Technology within hospitals is complex and refers not only to the amount and use 

of multiple technological innovations and their interrelated parts to support business 

processes and services but also to the relative measure of difficulty for programmatic and 

technical risk that those innovations may have on an organization (see Cresswell et al., 

2016). Hospitals, considered complex adaptive systems due to their multiple processes 

and subsystems, have invested in a myriad of technologies and technical systems to 

support patient care, including medication administration efforts (Reale et al., 2016). 

To manage the complex landscape that the incorporation of technical innovations 

may present, the consideration of RFID interoperability within the technical landscape of 

systems within the hospital is necessary. This technical landscape, comprised of 

numerous competing and complimentary systems, poses challenges needing considerate 

evaluation prior to the integration of any new technologies. It is important that the 

hospital uses 802.11 or 802.11X standard WLAN to support the functionality and 

interoperability of RFID and other wireless technologies. This technological construct, 

RFID interoperability, was defined by the presence of an 802.11 or 802.11X standard 

WLAN. 
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The networked environment within the organization and the introduction of new 

technology is also pertinent for further analysis. RFID requires solid network connections 

including reliable WLAN capabilities to perform at optimal capacities; however, an 

increased number of access points to a WLAN system is considered complex and less 

technically secure and can be addressed via the deployment of access points between 

buildings and clinical areas with the capacity to handle users moving throughout the 

coverage area using varying mobile devices (Khan & Sarfaraz, 2018). This technological 

construct was defined by the location of a WLAN within the hospital, specifically in 

areas that support medication administration processes. 

The use of a RFID vendor for assistance into the integration of this technology 

into the technical landscape is also pertinent for further analysis. Vendors of RFID 

services were identified as playing a crucial role to better understand RFID 

implementation issues, increase its technology fit into service operations, and accelerate 

its implementation (Aboelmaged & Hashem, 2018). Thus, vendor selection as a key 

variable to assess RFID adoption in the hospital environment for medication 

administration. This technological construct was defined by vendor ID and type. 

Organizational Variables 

Hospitals as organizational entities are also complex due to the dynamic nature of 

its organizational components and their interactions as part of a whole system 

(Mosadeghrad & Mojbafan, 2019). Hospitals are considered organizationally complex 

due to their large size, financial status, greater differentiation in personnel such as 

multiple levels of clinical staff, and distributed systems or functional services as major 
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providers of healthcare services where these factors have impacted technological 

adoption (Thune & Mina, 2016). Operationalization of this construct was indicated by 

hospital size (measured by the number of beds in the hospital), financial status (measured 

by profit/nonprofit status), and the registered identification and presence of a CIO.  

Environmental Variables 

Environmental factors play an increasing role on the complex nature of hospitals 

due to legislative and political changes and have a direct impact on healthcare. 

Legislation such as the HITECH Act in 2009 spurred the increased use of HIT and the 

establishment of HIMSS EMRAM stage model (Adler-Milstein, & Jha, 2017; HIMSS 

Analytics, 2018; U.S. Department of Health & Human Services, 2017). The presence of 

an EMR in tandem with the attainment of stage 6 HIMSS certification was used to assess 

the impact of this environmental factor on RFID adoption within the hospital. 

RFID Adoption for Medication Administration 

RFID adoption for medication administration is the dependent variable in this 

study. Through the review of the literature, it was shown that the decision to adopt RFID 

within the hospital setting is a complex process influenced by varied inputs throughout 

the hospital organization. This organizational complexity further challenges the ability of 

hospitals to adopt RFID technology for medication administration practices. Attainment 

of stage 6 of the HIMSS EMRAM EMR certification status indicates that the hospital has 

achieved an advanced certification level via the incorporation of an EMR-enabled closed 

loop system that supports medication administration, supports the five rights of 

medication administration (the right patient, the right drug, the right dose, the right route, 
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and the right time), and allows for the integration of an advanced technology such as 

RFID to integrate within medication processes, thus leading to patient safety within the 

hospital (HIMSS, 2017). Figure 1 shows the conceptual model for the adoption of RFID. 

Figure 1 

 

Conceptual Model for the Adoption of RFID 

 

Research Design 

A quantitative research design was used for this study to explore the contributing 

factors of United States hospital’s adoption of RFID for medication administration. The 

selection of the quantitative design allowed for the relationships between the independent 

and dependent variables to be measured numerically. It is also intended for this research 
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to be repeated (using the same or different variables), a process that is allowable via the 

choice of the research design, using the same formula or methods with different samples 

for comparison (see Queirós et al., 2017). Additionally, quantitative research allows 

generalization of the findings to a population using numerical data and measurable 

variables (Park & Park, 2016). The findings from this study on RFID adoption for 

medication administration was generalized to the total population of United States 

hospitals. 

The use of a cross-sectional design allowed for the focus or measurement of 

existing differences between selected phenomena at a certain point in time as well as the 

use of existing and large data sets of data and secondary data sets, which all allowed for 

inferences based on the findings (see Setia, 2016). This study leveraged secondary data 

from the HIMSS Analytics Database and focused on hospital data as they related to RFID 

adoption for medication administration in United States hospitals (HIMSS Foundation, 

2020). The use of secondary data was advantageous for this research as it significantly 

reduced the time and resources available to me, allowing a more efficient timeframe for 

completion (see Johnston, 2017). Additionally, as this study was nonexperimental, the 

data were not manipulated, and conclusions were drawn from the data provided. 

Methodology 

The methodology section of this chapter provided information on how the 

research was conducted to answer the RQs. It included a description of the study’s 

population, sampling and sampling procedures, procedures for archival/secondary data, 

processes for instrumentation, and the operationalization of constructs. 
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Population 

The population for this study included published data of the information 

technology status of nonfederal United States hospitals from the HIMSS Analytics 

Database (see HIMSS Foundation, 2020). Hospitals are provided with an opportunity to 

submit input into this survey, which is touted as the largest healthcare IT database in the 

industry, a motivator for hospital representatives to respond accurately to the 

questionnaire (Park et al., 2019). HIMSS Analytics used structured processes to identify, 

collect, and analyze the data received from the organizations and provided each 

participating organization with a copy of the detailed report (HIMSS Foundation, 2020).  

Sampling and Sampling Procedures 

This study used data from the 2017 HIMSS Analytics Database, which offers data 

on hospitals and their information technology use (see HIMSS Foundation, 2020). 

Market segmentation and size statistics, IT purchase plans for healthcare organizations, 

and the software, hardware, and infrastructure installed throughout all facilities are 

examples of the information included in this dataset. The demographic and IT 

information provided in this dataset includes nearly 40,000 facilities, specifically 5,527 

hospitals, 2,317 subacute care facilities, 35,132 ambulatory facilities, 1,375 home health 

care facilities, and 180 free standing data centers. 

The sample size for this research was derived using a recommended approach for 

binary logistic regression analysis. According to Bujang et al. (2018), the use of events 

per variable (EPV) in the formula (n = 100 + xi) is highly effective in determining sample 

size for binary logistic regression analyses where 100 is a fixed value as determined for 
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logistic regression, x equals the EPV or a multiplication factor of 10 to 50, and i 

represents the number of independent variables in the research study (Bujang et al., 

2018). 

To determine the EPV to use for this calculation, a review of the research on the 

recommended values for EPV was conducted. An EPV value of 10 is widely used in the 

literature and is considered the rule of thumb where 10 events per variable is desired to 

maintain validity of the research (Peduzzi et al., 1996). The literature on EPV also 

advises of the potential bias in the statistics using an EPV of 10, which oftentimes exhibit 

poor performance in large-scale simulations, leading to the recommended use of EPV > 

50 to reduce these challenges in large populations (Riley et al., 2019; van Smeden, et al., 

2019). 

A review of the literature was also conducted to determine potential use cases 

within the dataset as it related to this research study. A review of a previous study on the 

use of RFID for medication administration in hospitals leveraging the 2015 release of the 

HIMSS dataset of 5,400 U.S. hospitals indicated that approximately 100 hospitals 

surveyed used RFID for medication administration, with an increase of 4% from 2012 to 

2015 (Uy et al., 2015). This finding was relevant in determining the appropriate EPV 

value to use as the sample size itself should generally reflect the number of cases in the 

selected population. Although the current number of hospitals using RFID for medication 

administration purposes is unknown in the current 2017 dataset being used for this study, 

it contains approximately 100 additional participating hospitals, potentially reflecting an 

increase of hospitals using RFID for medication administration. Based on this 
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information, an EPV of 10 was used. Applying this value within the formula for this 

research study where there were eight predictor variables selected to assess the adoption 

of RFID in hospitals for medication administration, it was determined that 180 was the 

minimum sample size needed [n = 100 + 10 (8) = 180]. 

Archival Secondary Data 

The data was obtained from the HIMSS Analytics Database, which is currently 

managed and updated yearly by the HIMSS Foundation’s Dorenfest Institute (see HIMSS 

Foundation, 2020). This database is a comprehensive compilation of the use, 

implementation, and planning status of HIT, which includes more than 90% of all United 

States hospitals (Jordan, 2018). According to Sun and Lipsitz (2018), the use of 

secondary data is an efficient use of data collected to address new RQs, whereby existing 

data may be leveraged for additional means of study. Additionally, it is advantageous due 

to its low cost, accessibility, documentation of the data, and data collection processes 

made available to potential users of the data by the original team (Sun & Lipsitz, 2018). 

This database is free to academic researchers interested in contributing to the 

knowledge of HIT in the United States and is made available for a year from the 

provisioning date, extensions granted by request. Represented in the database is self-

reported data from over 5,000 nonfederal hospitals whose designated representatives 

responded to specific questions regarding the facilities’ IT use and planned usage as well 

as other demographic, personnel, and organizational characteristics, including those 

identified as variables in this study (i.e., bed size, financial status, and wireless 
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connectivity). There were no human subjects used in this research study as only historical 

data using this database were obtained. 

Operationalization of Constructs 

This section further defined or operationalized the concepts utilized in this study 

into quantifiable factors. Included were the descriptions of each construct along with 

research-accepted variable scale measurements for each. There were three identified 

constructs for analysis (Technology, Organization and Environment) which included 

eight independent or predictor variables as well as one dependent or outcome variable 

which was RFID adoption, all of which are described below and identified in Table 2. 
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Table 2 

 

Operationalization of Constructs 

Type of variable  Construct 
Variable 

Description 
Database field 

name 

SPSS field 

name 
Categorization 

Independent 

Variables 

Technological 

RFID 
interoperability 

 
802.11 or 

802.11X 

WLAN 

availability 

Version Version Nominal 

 

Networked 
environment 

 Location of 

WLANs in 

the facility 

 Location  Location  Nominal 

Vendor selection 
Vendor 

used? 

VendorID 

 
Type 

VendorID 

 
Type 

Interval 

 
Nominal 

Organizational 

     

Hospital size Number of 

Beds 
NofBeds NofBeds  Interval 

Financial status Financial 

Status 
ProfitStatus ProfitStatus Nominal 

Presence of a 

CIO 

Presence of 

a CIO 
Name Name Nominal 

Environmental 

Presence of an 
EMR 

EMR 

Adoption 
Function Function Nominal 

Attainment of 
HIMSS stage 6 EMRAM 

Adoption 

Level 

Stage Stage Nominal 

Dependent 

Variable 

RFID for 
Medication 

Administration 

RFID for 

medication 

administration 
RFID in use 

at the 

hospital? 

InUseFlag InUseFlag Nominal 

Type Type Nominal 

DepartmentN
ame 

Department
Name 

Nominal 
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Technological Factors 

This construct was operationalized via three area fields from the database. 

RFID interoperability: RFID interoperability was defined by the presence of an 

802.11 or 802.11X standard WLAN supporting hospital operations and was categorized 

as a nominal variable: “yes” or “no”. The database field is ‘Version’, and the variable 

was named as such in SPSS.  

Networked environment: Networked environment was defined by the location of 

Wireless Local Access Networks within the hospital. “Location” was the identified field 

from the database and was assessed by the areas which support medication administration 

processes. There was a total count for each medication administration-supported area 

identified to include Cardiology, Emergency Department, Laboratory, Operating Room, 

Pharmacy, and Radiology departments. The areas identified as supporting medication 

administrative processes was displayed in a comma delimited string format and totaled 

per hospital where the number of hospitals with WLANs (0-6) was displayed. The 

variable was named “Location” in SPSS. 

Vendor selection: Vendor selection was defined by the database variables 

“Vendor ID and Type”. “Vendor ID” was categorized as a nominal variable: “yes” or 

“no”. “Type” was categorized as a nominal variable: “yes” or “no”. The variable was 

named as such in SPSS.  

Organizational Factors 

This construct was operationalized via three area fields from the database. 
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Hospital size: Hospital size was defined as the number of beds. It was identified 

using the database field “NofBeds” and was categorized via an interval: 1= small (<100 

beds); 2= medium (100-499 beds); and 3= large (500+ beds). The variable was named 

and coded as such in SPSS. 

Financial status: Financial status was defined using the financial status of the 

hospital and was identified by the database field “ProfitStatus”. It is a dichotomous or 

nominal variable and was categorized as ‘profit’ or ‘not for profit’. The variable was 

named and coded as such in SPSS.  

The presence of a CIO: The presence of a CIO was defined by the identification 

of a CIO as part of the organization. It was identified in the database as “Name” and was 

categorized as a nominal variable: “yes” or “no”. The variable was named and coded as 

such in SPSS.  

Environmental Factors 

This construct was operationalized via two area fields from the database. 

Presence of an EMR: The presence of an EMR was defined by the indication of a 

certified EMR within the hospital. “FunctionName” was the database field used and was 

categorized as a nominal variable: “yes” or “no”. The variable was named and entered as 

such in SPSS. 

The attainment of HIMSS Stage 6: The attainment of HIMSS stage 6 was 

identified using the database field “Stage”. It is a dichotomous or nominal variable and 

was categorized on a nominal level with no calculated relationship assumed. The variable 

was named and entered as such in SPSS. 
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RFID Adoption for Medication Administration 

The indication that the hospital has adopted RFID for medication administration 

was identified via three database fields: “InUseFlag” (categorized as a nominal variable: 

“yes” or “no”), coded at the nominal level with no calculated relationship assumed. 

“Yes” value indicates that the hospital utilizes bar coding, RFID, or bar coding/RFID. 

“Type” was the second field needed which will specifically identify the auto 

identification type. It was categorized as a nominal variable and coded as such in SPSS. 

“DepartmentName” was the third field needed to identify this dependent variable and the 

department where bar coding, RFID, or bar coding/RFID is being used. It was 

categorized as a nominal variable and coded as such in SPSS. 

Data Analysis Plan 

The data for this study was analyzed using Statistical Package for the Social 

Sciences (SPSS) v28 software program which provides researchers with varying types of 

statistical analyses (IBM, n.d.). Using SPSS, regression analysis was the process whereby 

the relationship between the dependent variable (RFID adoption for medication 

administration) and the eight independent variables (RFID interoperability, networked 

environment, vendor selection, hospital size, financial status, the presence of a CIO, the 

presence of an EMR, and HIMSS stage 6 attainment) as categorized as a specific 

Technological, Organizational, or Environmental construct is determined via inferential 

statistics. Specifically, a binary logistic regression analysis was conducted to assess the 

relationship between the dependent variable and the multiple independent variables. This 

analysis is commonly used when there is one nominal dependent variable and two or 
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more nominal (measurement) independent variables taken into consideration 

simultaneously to predict an effect. Additionally, regression analyses assume the 

observations are independent of each other, that the dependent variable is coded 

accordingly, and the sample size is large to maximize likely estimates (Statistics 

Solutions, 2022). The utilization of the HIMSS data set met the independent nature of 

responses as each hospital organization responded based on their individual hospital 

characteristics at the time of response. Also, the associated coding for the variables was 

unique within the data set, furthering the independent nature of the data. And finally, the 

size of the data set was large, allowing for the maximization of likely estimates between 

variables. This analysis was used to assess the following RQs: 

RQ1: Is there an association between hospitals’ technical influences (RFID 

interoperability, networked environment, and vendor selection) and the adoption of RFID 

for medication administration? 

H01: There is no association between hospitals’ technical influences (RFID 

interoperability, networked environment, and vendor selection) and the adoption 

of RFID for medication administration. 

Ha1: There is an association between hospitals’ technical influences (RFID 

interoperability, networked environment, and vendor selection) and the adoption 

of RFID for medication administration. 

RQ2: Is there an association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration? 
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H02: There is no association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID 

for medication administration. 

Ha2: There is an association between hospitals’ organizational influences (hospital 

size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration. 

RQ3: Is there an association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of RFID for 

medication administration? 

H03: There is no association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 

Ha3: There is an association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 

RQ4: Is there an association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor selection), organizational (hospital 

size, financial status, and presence of a CIO), and environmental (presence of an EMR 

and the attainment of HIMSS stage 6) influences and the adoption of RFID for 

medication administration? 

H04: There is no association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor selection), organizational 
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(hospital size, financial status, and presence of a CIO), and environmental 

(presence of an EMR and the attainment of HIMSS stage 6) influences and the 

adoption of RFID for medication administration. 

Ha4: There is an association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor selection), organizational 

influences (hospital size, financial status, and presence of a CIO), and 

environmental (presence of an EMR and the attainment of HIMSS stage 6) 

influences and the adoption of RFID for medication administration. 

Threats to Validity 

The validity of a study referenced the extent to which the researcher answers the 

RQs whereas the validity of the measurement can influence the conclusions drawn 

because of hypothesis testing (Andrade, 2018). Threats to the validity of a study are 

related to the internal validity (changes in the independent variable are indeed a direct 

result of changes in the dependent variable) or external validity (research findings are 

generalized to a larger population) of a study (Frankfort-Nachmias & Nachmias, 2008). 

Threats to the internal validity of this study were controlled by the nature of the 

research design which minimizes the potential for alternative explanations of results and 

increases the resulting confidence of the independent variable (s) having an effect on the 

dependent variable. As secondary data was used, there were no changes to the history or 

maturation of the variables utilized, measurement of the instrumentation, or design of the 

study which reduces the possibility of threats to internal validity. Additionally, the use of 

secondary data in this study was further reduced as human subjects were not used in the 
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gathering of the data; therefore, threats such as differential selection; 

attrition/withdrawals/dropouts; or any other human subject-related threats (compensation, 

experimenter bias) were not problematic for this research. 

Threats to external validity were also minimalized for this research study. Large 

datasets that are collected and funded by agencies such as the HIMSS dataset utilized for 

this study contain substantial breadth and are said to be more representative of the target 

population which allows for greater validity and generalizability of the findings 

(Johnston, 2017). Also, as it relates to the voluntary nature of the HIMSS data, the 

potential threat to validity was noted for voluntary surveys as they are subject to bias and 

the misreporting of data may affect validity (Gallagher, 2016). Using multiple 

independent technological, organizational, and environmental variables to assess the 

dependent variable (RFID for Medication Administration), the threat is minimalized. 

Ethical Procedures 

Ethical procedures in research are necessary and required to protect the rights of 

participants and compliance standards (Johnston, 2017). This research study utilized 

secondary data obtained from HIMSS Analytics, a large-scale survey, where hospitals 

voluntarily provided data specific to their organization and was not inclusive of any 

personnel-related information or personal identifiable data (HIMSS Foundation, 2020). 

The surveys were administered online and compiled into a database for public research 

access for which permissions via a user agreement was secured by the researcher. The 

agreement to gain access to the database identifies the roles and responsibilities of the 

researcher, scope of data use, and timelines for data access and retrieval. Additionally, 
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Walden University’s Institutional Review Board (IRB) was consulted to review the 

research study for compliance with federal research standards and ethical procedures, 

resulting in an approval (12-09-20-0346444) to conduct the research. 

Summary 

The purpose of this research study was to explore the relationships between RFID 

adoption in United States hospitals for medication administration and associated 

technological, organizational, and environmental independent factors. This chapter 

provided a detailed understanding of this study’s research, highlighting three specific 

areas: research design, methodology, and threats to validity. The research design selected 

for the study was quantitative, non-experimental, and cross-sectional in nature and was 

chosen due to the kind of RQs selected to guide the study. Included was the identification 

of the independent and dependent variables utilized as the measurement of their 

characteristics were key to the outcome of the research and ability to answer the RQs. 

The methodology section of this chapter focused on the study’s population, 

sampling and sampling procedures, procedures for archival/secondary data, processes for 

instrumentation and the operationalization of constructs. The utilization of the HIMSS 

dataset and its role within the study was a crucial aspect of the methodology as the use of 

secondary data is a flexible and viable tool to exercise systematic evaluation processes 

(Johnson, 2017). Threats to validity were identified and controlled via the use of a 

secondary dataset. Additionally, ethical procedures were in line with the use of 

procedures governing standard scientific research including the use of Walden 

University’s IRB process and the maintenance of the integrity of the Dataset. 
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Chapter 4 of the proposal provided a review of the data collection, techniques, 

analysis, and results. 
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Chapter 4: Results 

Introduction 

The purpose of this nonexperimental, cross-sectional quantitative study was to 

explore the contributing factors of United States hospital’s adoption of RFID for 

medication administration. These factors were assessed via technological (RFID 

interoperability, networked environment, and vendor use for RFID), organizational 

(hospital size, financial status, and presence of a CIO), and environmental (EMR 

adoption and HIMSS stage 6 certification) contexts. This research study was designed to 

contribute to the knowledge of RFID adoption for medication administration by 

providing an integrated view of RFID adoption and understanding the key factors that 

influence key decision makers’ intention to adopt RFID technologies. Understanding the 

relationship of these aspects of the organization provided insight into the implementation 

of RFID in hospitals to support medication administration activities. 

Research Questions and Hypotheses 

The following RQs were used to guide the study to understand the relationship 

between the identified technological, organizational, and environmental influences of 

United States hospital’s adoption of RFID for medication administration.  

RQ1: What is the association between hospitals’ technological influences (RFID 

interoperability, networked environment, and vendor used for RFID) and the adoption of 

RFID for medication administration? 
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H01: There is no association between hospitals’ technological influences (RFID 

interoperability, networked environment, and vendor used for RFID) and the 

adoption of RFID for medication administration. 

Ha1: There is an association between hospitals’ technological influences (RFID 

interoperability, networked environment, and vendor used for RFID) and the 

adoption of RFID for medication administration. 

RQ2: What is the association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration? 

H02: There is no association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID 

for medication administration. 

Ha2: There is an association between hospitals’ organizational influences (hospital 

size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration. 

RQ3: What is the association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of RFID for 

medication administration? 

H03: There is no association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 
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Ha3: There is an association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 

RQ4: What is the association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor used for RFID), organizational 

(hospital size, financial status, and presence of a CIO), and environmental (presence of an 

EMR and the attainment of HIMSS stage 6) influences and the adoption of RFID for 

medication administration? 

H04: There is no association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor used for RFID), 

organizational (hospital size, financial status, and presence of a CIO), and 

environmental (presence of an EMR and the attainment of HIMSS stage 6) 

influences and the adoption of RFID for medication administration. 

Ha4: There is an association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor used for RFID), 

organizational influences (hospital size, financial status, and presence of a CIO), 

and environmental (presence of an EMR and the attainment of HIMSS stage 6) 

influences and the adoption of RFID for medication administration. 

The following chapter provided a detailed review of the data analysis used to 

address the RQs. It began with the data collection process, an explanation of the data 

cleaning procedures, and a description of the resulting data. It also included an analysis of 

associations identified between the variables via the binary logistic regression analysis 
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and a statistical presentation of the results and findings summarizing the analysis 

conducted. 

Data Collection 

Data Collection and Cleansing 

Secondary data from the 2015 HIMSS Analytics Database was used for this 

study, which publishes data of the information technology status of nonfederal United 

States hospitals (see HIMSS Foundation, 2020). The demographic and IT information 

provided in this dataset included nearly 40,000 facilities, specifically 5,527 hospitals; 

2,317 subacute care facilities, 35,132 ambulatory facilities, 1,375 home health care 

facilities, and 180 free standing data centers in the United States. 

The database contained several tables that included survey data responses 

collected from these organizations. The specific tables used for this research study were 

identified using the data dictionary provided by the HIMSS organization where each 

variable (dependent and independent) was mapped to a specific element(s) in a table 

based on its descriptive characteristic. MS Access was then used to analyze the variables 

related to the specific RQs, linking individual tables via the field HAEntityID, which is 

the identification number associated to each surveyed entity. This field and its associated 

facility type was also used to identify hospital-only facilities (N=5,527) to include in this 

research, allowing focus on these specific facilities.  

It is important to note that there were independent variables identified for analysis 

that did not return any data from any hospital during the query process, or for those 

variables that did return data, there were hospitals that did not include data for one or 
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more variables as responses for each question on the survey were not mandated for 

participation and submission. The remaining variables (independent and dependent) 

included within this research study and their associated constructs can be summarized in 

Table 3.  
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Table 3 

 

Frequency Distribution of Constructs and Independent Variables 

 

Construct 
Independent 

variable (table 

name) 

Variable 

type 

Categorization 

(if applicable) 

DV = 0 
(where 

IV = 0) 

DV = 0 
(where IV 

= 1) 

DV = 1 
(where IV 

= 0) 

DV = 1 (where 

IV = 1) 

Technological  

n= 1,088 

RFID 

interoperability 
(version) 

Continuous N/a 744 282 53 9 

networking 

capabilities 
(location) 

Continuous N/a 115 911 5 57 

vendor selection 
(vendor_type) 

Continuous N/a 984 42 58 4 

Organizational  
n = 3,748 

number of beds  Categorical 

Small (<100 

Beds) 
0 0 0 1,691 

Med (100-499 

Beds) 
0 0 0 1,799 

Large (500+ 
Beds) 

0 0 0 258 

financial status Continuous N/a 0 0 0 0 

presence of CIO  Continuous N/a 0 0 0 3,748 

Environmental  
n = 5,527 

presence of an 
EMR (function) 

Continuous N/a 0 0 0 0 

HIMSS EMRAM 

certification 
(stage)  

Continuous N/a 5,416 0 0 111 
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Each table was exported from MS Access and saved as separate MS Excel data 

files where additional coding occurred, including the renaming of the variables according 

to the crosswalk table as well as coding for variable conditions where 1 was entered for 

yes (meeting the true condition) and 0 was entered for no (not meeting the true 

condition). Once completed, each file was imported individually into SPSS v28 using the 

DataImport function. 

A binary logistic regression analysis was conducted to determine the relationship 

of the selected technological, organizational, and environmental variables on the adoption 

of RFID for medication administration in hospitals and was used for each RQ. This 

analysis is commonly used when there is one nominal or categorical dependent variable 

with two categories and two or more nominal (measurement) independent variables taken 

into consideration simultaneously to predict an effect. Additionally, regression analyses 

assume the observations are independent of each other, the dependent variable is coded 

accordingly, and the sample size is large to maximize likely estimates (Statistics 

Solutions, 2022, para. 3-7). The use of the HIMSS data set meets the independent nature 

of responses as each hospital organization responded based on their individual hospital 

characteristics at the time of response. Also, the associated coding for the variables was 

unique within the data set, furthering validating the independent nature of the data. 

Finally, an adequately calculated sample size reflecting the size of the dataset, allowing 

for the maximization of likely estimates between variables, should equate to an EPV of 

50 or formula of n = 100 + 50 (I or the number of independent variables; Bujang et al., 

2018). This would equate to a minimum sample of 250 for RQs 1 and 2, 200 for RQ3, 
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and 500 for RQ4. The sample size for each RQ resulted in 1,088; 3,748; 5,527; and 779 

records for RQs 1 to 4 respectively, exceeding the minimum sample required for each 

question. 

The cases returned for each analysis represented the unweighted sample used, 

increasing the statistical significance of associations, and limiting assumptions made by 

weighing data via calculated methods to create a nonrepresentative sample (see Black et. 

Al, 2019). To determine the relationship between the variables, the resulting p-values of 

the analysis was used as the indicator of a statistically significant relationship where p ≤ 

.05 (Di Leo & Sardanelli, 2020). 

RQ1: What is the association between hospitals’ technological influences (RFID 

interoperability, networked environment, and vendor used for RFID) and the adoption of 

RFID for medication administration? 

H01: There is no association between hospitals’ technological influences (RFID 

interoperability, networked environment, and vendor used for RFID) and the 

adoption of RFID for medication administration. 

Ha1: There is an association between hospitals’ technological influences (RFID 

interoperability, networked environment, and vendor used for RFID) and the 

adoption of RFID for medication administration. 

 To determine the association between hospitals’ technological influences (RFID 

interoperability, networked environment, and vendor used for RFID) and the adoption of 

RFID for medication administration, the identified variables were combined for analysis, 

resulting in 1,088 records. A binary logistic regression analysis was conducted, which 
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resulted in a 1-Step output, displaying the predictor or independent variables, and 

associated data in its model (see Table 4). 

RFID interoperability (as defined with the variable name version) was the only 

technological variable related to RFID for medication administration at a statistically 

significant level (p = < .05) at 0.027. This finding is supported by CI values of 0.215 for 

the lower limit and 0.91 for the upper limit, where values less than 1 for both limits 

indicates that if the study is conducted multiple times (multiple sampling from the same 

population) with corresponding 95% CI for the mean constructed, it is expected that 95% 

of the data will contain the true population mean (Tan & Tan, 2010). The OR (0.443) and 

probability (31%) of a hospital adopting RFID for medication administration has a 

predicted change (Beta (B)) of -0.815, a value < 1, which is the predicted change in the 

logistic odds where every 1 change in the version predictor, there is a change of the OR 

or the probability of the outcome, a change that has a negative risk factor present. The 

OR, which is a measure of association and its associated strength, does not suggest a 

strong relationship between RFID interoperability and RFID adoption for medication 

administration as the value is < 1, and although a significant relationship exists, it is not a 

strong relationship or causal in nature. 

Conversely, networked environment (location) and vendor used for RFID 

(vendor_type) were not significant predictors of RFID for medication administration. 

They reflect an OR > 1, indicating that hospitals are 47% and 60% more likely, 

respectively, to adopt RFID for medication administration (p > 0.05). However, the 

effects of these variables are not significant, which is confirmed as the range of the CI 
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includes 1 or the crossing of the mean of the interval. Based on these results, the 

conclusion is to fail to reject the null hypothesis as there is only one variable within this 

construct that is statistically significant. 

Table 4 

 

Binary Logistic Regression—Technological Construct 

  

 

Variables in the 

equation 
B S.E. Wald df Sig. OR 95% CI for OR 

        Lower Upper 

 RFID 

Interoperability 
0.815 0.368 4.913 1 0.027 0.443 0.215 0.91 

 Location 0.385 0.478 0.649 1 0.421 1.47 0.576 3.754 

 Vendor_type 0.467 0.543 0.739 1 0.39 1.595 0.55 4.627 

 Constant 3.012 0.46 42.945 1 <.001 0.049     

 a Variable(s) entered on Step 1: version, location, vendor_type. 

 

RQ2: What is the association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration? 

H02: There is no association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID 

for medication administration. 

Ha2: There is an association between hospitals’ organizational influences (hospital 

size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration. 
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To determine the association between hospitals’ organizational influences 

(hospital size, financial status, and presence of a CIO) and the adoption of RFID for 

medication administration, the identified variables were combined for analysis, resulting 

in 3,748 records. It is important to note that the independent variable financial status did 

not return any results for any hospital entity upon initial query of the HIMSS database 

and was, therefore, not included in this research. Using the remaining variables, a binary 

logistic regression analysis was conducted where the resulting data for the independent 

variable presence of a CIO terminated at iteration number 6 as parameter estimates 

changed by less than .001.  

The independent variable hospital size (as defined with the variable name 

‘NofBeds’) was the only organizational variable that produced results in the analysis. 

Identified as a categorical variable, the three categories of hospital size (Small<100 beds; 

Medium: 100-499 beds; Large: +500) were assessed as predictors in the model where 

NofBeds (100-499) and NofBeds (500+), when compared to the comparison outcome of 

NofBeds (0-99), the Odds Ratio for these predictors are <1 (0.952 and 0.993 

respectively). This indicates that the comparison outcome becomes less likely relative to 

the reference outcome when the categorical predictor changes from the reference level to 

the comparison level or changes from one category of bed size to the next will be less 

relative to each level. The results also indicate 49% and 50% more likely to adopt RFID 

for medication administration in medium (100-499 beds) and large (500+)-sized hospitals 

than small-sized ones (0-99 beds), respectively. Medium- and large-sized hospitals are 

associated to a lower odds of adopting RFID for medication administration. As it relates 
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to the significance values, each of the predictors indicated significance values higher than 

the threshold (p=<.05) with values of 0.961, 0.783, and 0.983 respectively and is 

confirmed as the range of the CI includes 1 or the crossing of the mean of the interval 

(Table 5), resulting in a failure to reject the null hypothesis for this construct as there are 

no variables that indicate a statistically significant association to the adoption of RFID for 

medication administration. 

Table 5 

 

Binary Logistic Regression--Organizational Construct 

 

Variables 

in the 

equation B S.E. Wald df Sig. OR 

95% CI for OR 

              Lower Upper 

NofBeds 

(0-99)     0.079 2 0.961       

NofBeds 

(100-499) -0.049 0.177 0.076 1 0.783 0.952 0.673 1.347 

NofBeds 

(500+) -0.007 0.346 0 1 0.983 0.993 0.504 1.956 

Constant -3.204 0.126 650.9 1 <.001 0.041     

a Variable(s) entered on step 1: NofBeds. 

 

 

RQ3: What is the association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of RFID for 

medication administration? 

H03: There is no association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 
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Ha3: There is an association between hospitals’ environmental influences 

(presence of an EMR and the attainment of HIMSS stage 6) and the adoption of 

RFID for medication administration. 

The independent variable ‘presence of an EMR’, did not return any data from the 

original HIMSS database and was, therefore, not included in the analysis for this RQ. The 

remaining independent variable attainment of HIMSS stage 6, was used to determine the 

association of this environmental construct and the adoption of RFID for medication 

administration among hospitals and resulted in 5,527 cases for analysis. The data analysis 

indicated that this solution was not unique because a perfect fit was detected among the 

compared variables. This can occur when the predictor variable (attainment of HIMSS 

stage 6) perfectly predicts the outcome or the dependent variable (RFID for medication 

administration) where there is no variability and an association could not be determined; 

often caused by coding errors, the use of several categorical variables whose categories 

are coded by indicators, and/or a small sample size (UCLA, 2022).  

RQ4: What is the association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor used for RFID), organizational 

(hospital size, financial status, and presence of a CIO), and environmental (presence of an 

EMR and the attainment of HIMSS stage 6) influences and the adoption of RFID for 

medication administration? 

H04: There is no association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor used for RFID), 

organizational (hospital size, financial status, and presence of a CIO), and 
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environmental (presence of an EMR and the attainment of HIMSS stage 6) 

influences and the adoption of RFID for medication administration. 

Ha4: There is an association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor used for RFID), 

organizational influences (hospital size, financial status, and presence of a CIO), 

and environmental (presence of an EMR and the attainment of HIMSS stage 6) 

influences and the adoption of RFID for medication administration. 

To determine the association between hospitals’ technological (RFID 

interoperability, networked environment, and vendor used for RFID), organizational 

(hospital size, financial status, and presence of a CIO), and environmental (presence of an 

EMR and the attainment of HIMSS stage 6) influences and the adoption of RFID for 

medication administration, the identified variables were combined for analysis, resulting 

in 779 records. A binary logistic regression analysis was conducted where the 

independent variables RFID interoperability and attainment of HIMSS stage 6 (as 

identified here with the variable names ‘Version’ and ‘Stage’ respectively) were the only 

2 variables related to RFID for medication administration at a statistically significant 

level (p=<.05) with values of 0.038 and <.001, respectively (Table 6). This association is 

confirmed with the resulting CI range of values for each which do not indicate the value 

of ‘1’. Additionally, several of the odds ratio values for the predictor variables indicated 

negative relationships (values <1) where for every one increase in unit, the odds of RFID 

for medication administration experienced a decrease by that factor. Positive 

relationships were noted by the odds ratio values for vendor_type (1.5) and stage (9.9) 
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indicated by the odds ratio values >1. These results also indicated 60% and 91% 

likeliness to adopt RFID for medication administration, for these variables, respectively. 

The utilization of a vendor for RFID may not have been significant in this study but the 

odds ratio does note that the odds of adopting RFID for medication administration 

increases by a factor of 1.5. Based on these results, the conclusion is to fail to reject the 

null hypothesis as there are only two variables within this combined construct that are 

statistically significant.  

Table 6 

 

Binary Logistic Regression--Technological, Organizational, Environmental Constructs 

 

Variables in the 

equation B S.E. Wald df Sig. OR 
95% CI for OR 

              Lower Upper 

RFID 

interoperability -0.962 0.463 4.31 1 0.038 0.382 0.154 0.948 

Location -0.02 0.629 0.001 1 0.975 0.98 0.286 3.367 

VendorType 0.422 0.786 0.288 1 0.592 1.525 0.326 7.122 

NofBeds (0-99)     0.661 2 0.719       

NofBeds (100-

499) -0.17 0.402 0.178 1 0.673 0.844 0.384 1.856 

NofBeds (500+) -0.564 0.699 0.651 1 0.42 0.569 0.145 2.238 

Stage 2.29 0.617 13.77 1 <.001 9.874 2.946 33.098 

Constant -4.411 0.828 28.35 1 <.001 0.012     

a Variable(s) entered on Step 1: version, location, vendortype, Nofbeds, stage. 
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Discussion 

The statistical analysis and resulting outcomes were presented where a multiple 

logistic regression analysis was conducted to identify associations between independent 

variables (categorized as either a technological, organizational, or environmental 

construct) and the adoption of RFID for medication administration. The results of this 

analysis indicated that there were no significant relationships identified for any of the 

constructs, however, the individual variables RFID interoperability and Attainment of 

HIMSS stage 6 (as defined with the variable names version and stage respectively) did 

indicate a significant relationship when combined with all the other variables (p=<.05). 

Version also indicated a significant relationship within its Technological construct 

whereas stage presented with not enough variability to determine an association to the 

adoption of RFID for medication administration. 

Summary 

This chapter provided a review of the data presented to address the RQs. It began 

with the data collection process, an explanation of the data cleaning procedures and an 

analysis of each of the RQs via a binary regression analysis. Chapter 5 expanded on these 

findings including limitations to the study, recommendations for further research and 

implications for social change. 
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Chapter 5: Discussion, Conclusions, and Recommendations 

Introduction 

Patient safety continues to challenge the United States healthcare delivery system 

where ADEs or the results of MEs cause approximately 1.3 million emergency 

department visits and 350,000 hospitalizations each year (Centers for Disease Control 

and Prevention, 2018). Hospitals have recognized the need to increase patient safety 

measures in their facilities via improved medication administration activities that are in 

line with the five rights of safe medication practice (right patient, right medication, right 

time, right dose, and right route; U.S. Department of Health & Human Services, 2018). 

HIT have been increasingly used to support quality measures, including patient safety 

outcomes in hospitals; however, a large majority of the data has centered on the EMR 

(Chen, 2018; McKenna et al., 2018). Recent research has shown that other types of HIT 

such as AIDC methods (i.e., biometric and barcode technologies) are increasingly 

effective in improving patient safety and has reported success with medication 

administration activities (Smith-Ditizio & Smith, 2019). RFID technologies, a form of 

AIDC, are increasingly considered for medication administration use where the research 

supporting its effectiveness has increased within several industries but has been slow to 

be adopted within the United States healthcare delivery system, including hospitals. This 

study explored select technological, organizational, and environmental factors to gauge 

the adoption of RFID in hospitals for medication administration where it was found that 

select factors were influential in adoption, but others did not show an association or did 

not have enough data to determine an association. 
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Interpretation of the Findings 

This study explored the predictors of RFID adoption for medication 

administration in U.S. hospitals using a quantitative methodological approach, secondary 

data, and TOE -related constructs. Conducting a preliminary analysis in MS Access to 

gauge the potential statistical findings in SPSS provided insight into the potential 

relationship among the variables pertaining to this research. Both analyses indicated a 

limited amount of data for several of the select variables as reported by the hospital 

participants, yet it provided some insight on those variables with presenting data. 

Technological Context 

The technological context of this study referred to those technologies currently 

used, those available for use, their complexities and associated learning curve, usefulness, 

and organizational compatibility. Successful implementation of RFID depends largely on 

the technological competence of the organization or its ability to use the appropriate 

knowledge, skill sets, and analytics to analyze the functional and technical issues within 

the organization, including the product’s interoperability and the networked environment 

as well as the selection of a vendor that may support decision making (David & Jahnke, 

2018; Ng & Kee, 2018).  

The technological context of this research was addressed in the first RQ, which 

asked whether there was a relationship between hospitals’ technical influences (RFID 

interoperability, networked environment, and vendor presence) and the adoption of RFID 

for medication administration. RFID interoperability (identified here as the independent 

variable wireless version), was significantly associated with hospitals adopting RFID for 
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medication administration, with a .4 times greater chance of adopting this technology 

over the other technological variables. This finding supports research that hospitals are 

equipped to meet the interoperability challenges presented by the incorporation of RFID 

as WLAN specifications are adequately in place. These specifications (802.11 and 

802.11X) establish the speed of connectivity to the router and coordinate the distribution 

of data between the router and connected devices, thereby assisting with the challenges of 

RFID integration and other wireless-related technologies in the hospital setting. It 

supports the literature that indicates that hospitals are leveraging this type of WLAN or 

this type of Wi-Fi to add on or make use of already incorporated Wi-Fi in their buildings 

for new technological opportunities (see Thewan et al., 2019). 

Conversely, networked environment (identified here as location of wireless) and 

vendor used for RFID (identified as vendor_type) did not indicate an association to the 

adoption of RFID for medication administration by hospitals, however indicated 1.5 

times greater chance of adopting this technology over the other technological variables. 

Hospitals in the United States are challenged by their organizational infrastructure to 

incorporate fully networked systems due to power efficiencies of sensors, standards and 

protocols, network mobility, and scalability (Dantu et al., 2019). The challenges of fully 

incorporating networked systems in the hospital due to organizational infrastructure 

issues is supported by the results of this research where the location of wireless 

capabilities within specific hospital areas where medication administration is performed 

were not associated to the adoption of RFID. Improving these capabilities may improve 
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leadership’s willingness to support technological solutions such as RFID to assist with 

their medication administration challenges.  

Additionally, vendor used for RFID (identified as vendor_type) did not indicate 

an association to the adoption of RFID for medication administration by hospitals. These 

results did not support Patri and Suresh (2018), who identified the vendor selection 

process as a key factor in influencing technology implementations in healthcare 

organizations, as this process must be strategically aligned, planned, and agreed upon 

within the organization to prevent future implementation and functionality changes. 

Angeles (2022) also indicated that the use of an RFID vendor is a contributing factor to 

the successful deployment and implementation of an RFID-enabled system,; hence, 

leveraging a vendor to support RFID implementations may lead to increased use of this 

technology and improvement in medication administration processes. The results of this 

research did not support the literature assertions of an association between the presence 

and use of RFID vendors and RFID adoption for medication administration. 

Successful implementation of RFID depends largely on the technological 

competence of the organization or its ability to use the appropriate knowledge, skill sets, 

and analytics to analyze the functional and technical issues within the organization, 

including the product’s interoperability and the networked environment as well as the 

selection of a vendor that may support decision making (David & Jahnke, 2018; Ng & 

Kee, 2018). Overall, in review of the three independent variables used for the 

technological construct, the analysis supported the acceptance of the null hypothesis, 

where there is no association between all the combined technological variables of this 
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RQ. This analysis showed that in combination, the data did not support hospitals’ ability 

to incorporate RFID technology with the necessary interoperability (wireless 

capabilities), networked environment (location of wireless in pertinent areas where 

medication is administered), or the use of a vendor to support RFID implementation 

within the hospital system to support improved medication administration processes, 

leading to improved patient safety outcomes. 

Organizational Context 

The organizational context of this study referred to the descriptive characteristics 

of the firm such as size, structure, resources, and communication channels (Evwiekpaefe 

et al., 2018; Tornatzky et al., 1990). Successful implementation of RFID is dependent 

upon human, technology, environment, and organization, which are significant factors of 

adoption within the different sizes of hospitals (Ahmadi et al., 2018). The organizational 

characteristics were addressed in the second RQ, which asked whether there was a 

relationship between hospitals’ organizational influences (hospital size, financial status, 

and presence of a CIO) and the adoption of RFID for medication administration. The 

analysis did not return any values for the independent variable financial status and was 

not included in the results. As noted, responses to the HIMSS survey were completely 

optional, and there is a risk of not having completed data in this instance, which is cited 

as a common barrier to open data (Schöpfel et. al, 2015). As these responses were not 

mandated for completion, these data were necessary to understand the relationship 

between financial status and RFID adoption for medication administration in U.S. 

hospitals. However, as the literature noted, the identification of the hospital’s financial 
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status may exhibit differences in the use of HIT and hospitals with higher staffing, a 

function of larger size, and the financial means to invest in progressive strategies such as 

HIT adoption (Bhounsule & Peterson, 2016; Williams et al., 2016). This finding could 

not be supported with this research study. 

The organizational influence indicated by the independent variable presence of 

CIO did not show an association to the adoption of RFID for medication administration 

by hospitals. This finding does not support the literature presented where it was found 

that the role of the CIO has been shown to foster innovation within hospitals through 

strategic visioning, guidance, and implementation of technology, where the resulting 

process innovations lead to improved organizational outcomes. Also, the CIO leadership 

role is needed to effect change with technological integration with hospital systems 

(Tanniru et al., 2018). However, substantiating the role of CIOs is challenging as there is 

no scientific evidence supporting the innovation capabilities of CIOs in healthcare, 

including the hospital setting (Esdar et al., 2017). 

The independent variable hospital size (no. of beds) also showed no association to 

the adoption of RFID for medication administration by hospitals. Hospital size is derived 

by the number of beds that can be used for patient care services and medical treatment 

and was analyzed categorically according to these commonly used size measurements 

(small [<100 beds], medium [100-499 beds], large [500+ beds]) (Centers for Medicare 

and Medicaid Services, 2019a). This result does not support the literature, which showed 

that hospital size is a driver of HIT adoption. Overall, in review of the independent 

variables used for the organizational construct, the analysis supported the acceptance of 
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the null hypothesis where there is no association between all the combined organizational 

variables of this RQ and the adoption of RFID for medication administration in hospitals.  

Environmental Context 

The environmental context of this research relates to the market elements, 

competitors and government regulations that are all likely to influence an organization's 

propensity to adopt innovation (see Tornatzky et al., 1990). Successful implementation of 

RFID from an environmental context would rely on hospital organizations managing and 

incorporating necessary changes within their organizations to align with the impact of 

these influences. The environmental context was addressed in the third RQ, which asked 

whether there was a relationship between hospitals’ environmental influences (presence 

of an EMR and the attainment of HIMSS stage 6) and the adoption of RFID for 

medication administration. The analysis did not return any values for the independent 

variable presence of an EMR and, hence, was not included in the analysis. Although there 

were no data available for this variable to determine any relationship to RFID adoption 

for medication administration, prior research studies did purport an association of RFID 

adoption where an EMR was already in place. This finding could not be supported with 

this research study. 

The environmental influence indicated by independent variables attainment of 

HIMSS stage 6 suggested that the solution was not unique because a perfect fit among 

the compared variables was detected as there was no variability and an association could 

not be determined. The inability to determine a relationship is an unfortunate finding as 

RFID technology has been increasingly used to support the improved technical 
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capabilities of closed-loop and clinical decision support processes when integrated with 

an EMR system. The EMRAM certification identifies the level (stages 0-7) of EMR 

capabilities implemented by the hospital, with stage 7 indicating that the hospital no 

longer uses paper charts to manage patient medical care (HIMSS Analytics, 2017). Stage 

6 identifies the level where technology is used to achieve a closed-loop process for 

administering medications or an administration system that seamlessly integrates 

electronic medication management automation and administrative processes (Burkoski et 

al, 2019). This stage also calls for a more advanced level of clinical decision support to 

provide for the five rights of medication administration, systems that provide timely 

patient care information, leading to improved outcomes and increased quality healthcare 

(Agency for Healthcare Research and Quality, 2019). These systems also can provide 

alerts at the time of ordering and can reduce MEs and ADEs via the integration within an 

EMR (Ancker et al., 2017).  

Limitations of the Study 

There were several limitations of this study that contributed to its findings. The 

use of secondary data, although flexible in their use as they can be affordable and easily 

accessible and can reduce time spent on behalf of the researcher on data collection, may 

not always provide the data needed for a specified study. This study was limited to the 

completeness of the responses provided by its participants. Hospital participation in the 

data collection effort was voluntary, and those hospitals who chose to participate were 

not required to complete all areas of the questionnaire, leading to missing data for the 
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selected variables needed for analysis in this research study and, hence, the inability to 

find a meaningful relationship amongst them. 

Also associated with the data set, the exclusion of federal hospitals may have 

limited the amount of data potentially collected for these variables. Participants are often 

excluded when they meet the inclusion criteria but may present with characteristics that 

may interfere with potential study results (Patino & Ferreira, 2018). It is unclear as to the 

reason these hospitals were not invited to participate, a potential challenge to generalize 

findings to the general population or external validity of the study. 

There is also a limitation imposed by the use of secondary data which is the 

accuracy of responses from the surveyed participants. I am hopeful that the participants 

responding to the HIMSS hospital survey have answered truthfully to the questions but 

do note this as a limitation as the use of secondary data or data collection efforts in 

general.  

Recommendations 

Further research is needed to fully explore contributing factors to the adoption of 

RFID in U.S. hospitals for medication administration use. It is recommended to identify a 

dataset that is more robust in data on RFID from responding participants or for the 

researcher to conduct a primary data collection effort to potentially maximize 

participation and data for analysis. Alternatively, researchers may choose to reassess 

and/or expand upon the framework used in this research study using different 

technological, organizational, and/or environmental factors that may provide insight into 

the adoption of RFID within hospitals. 
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Reviewing each of the variables independently and not as a group for each 

context may provide insight as to which variables have an impact on the adoption of 

RFID for medication administration. 

Also, as this research study was a cross-sectional approach, allowing the research 

to take a snapshot of data at a specific time, without manipulating data and reviewing 

multiple characteristics at a time to review the targeted characteristics of the population, a 

potential change to a longitudinal approach where one could assess hospital’s adoption of 

RFID over a period may provide further insight into this phenomenon. 

Future research in this area may also benefit from a mixed methods research 

model to allow for the qualitative responses to inform the results of the quantitative 

aspect of the research. This model may have proved useful in this research, potentially 

assisting in understanding why there were so many missing data fields and why the data 

analysis returned a limited number of case studies. A qualitative analysis may have also 

helped to understand the extent of RFID knowledge as a useful technology to assist in the 

reduction of MEs and as a tool in medication administration processes. 

Implications and Social Impact 

The results of this study contribute to our understanding of the key factors which 

influence decision makers’ intention to adopt RFID technologies to support medication 

administration activities, using a quantitative methodological approach, secondary data, 

and TOE-related constructs. It provided an understanding of RFID technology and the 

benefits of its use in other industries where the data suggests high benefits of its use 

within the health care industry as well. Hospital leaders looking to identify improved 
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patient safety and healthcare delivery outcomes may leverage this study as a starting 

point in the recognition of RFID to assist in these efforts. 

Conclusions 

The use of technology to assist with medication safety practices has increasingly 

gained the attention of legislatures to identify, develop, and implement several policy 

initiatives, regulations and tools as this issue is estimated to cost $3.5 million annually 

across all healthcare settings (Centers for Disease Control and Prevention, 2018). RFID 

has emerged as a cutting-edge technology as it can capture data automatically from 

remote distances and hands-free using Wi-Fi-enabled tags and labels to track the exact 

location of patients, providers, and medications in real-time throughout the hospital and 

at the point of care streamlining the medication administration and reconciliation 

processes with reduced MEs (Paaske et al., 2017).  

Despite the growing evidence supporting the use of RFID to reduce MEs and 

improve patient safety within healthcare organizations, RFID has been slow to be 

implemented in the hospital setting (Fosso Wamba et al., 2016). This study expanded on 

the literature on RFID adoption factors for medication administration with specific focus 

on the technological, organizational, and environmental factors of hospitals in the United 

States using a quantitative methodological approach and secondary data. Although the 

analysis resulted in a limited number of cases to identify relationships among the 

identified variables, this study has supported the additional need for further research on 

RFID and its adoption in hospitals. The identification and use of technological advances 



101 

 

that prevent life-threatening medical errors will have long-lasting social implications, 

enhancing the health and safety of those served by U.S. hospitals. 

  



102 

 

References 

Aboelmaged, M. G. (2017). Enablers and impediments of RFID implementation in health 

service operations. 2017 8th IEEE International Conference on Software 

Engineering and Service Science (ICSESS), 213–219. 

https://doi.org/10.1109/ICSESS.2017.8342899 

Aboelmaged, M., & Hashem, G. (2018). RFID application in patient and medical asset 

operations management: A technology, organizational and environmental (TOE) 

perspective into key enablers and impediments. International Journal of Medical 

Informatics, 118, 58-64. https://doi.org/10.1016/j.ijmedinf.2018.07.009 

Abugabah, A. (2017). Integrating RFID with healthcare information systems: Toward 

smart hospitals. Asian Journal of Information Technology, 16(9), 734-737. 

http://dx.doi.org/10.36478/ajit.2017.734.737 

Abugabah, A., Nizamuddin, N., & Abuqabbeh, A. (2020). A review of challenges and 

barriers implementing RFID technology in the healthcare sector. Procedia 

Computer Science, 170, 1003-1010. https://doi.org/10.1016/j.procs.2020.03.094 

Adler-Milstein, J., & Jha, A. K. (2017). HITECH Act drove large gains in hospital 

electronic health record adoption. Health Affairs, 36(8), 1416-1422. 

https://doi.org/10.1377/hlthaff.2016.1651 

Adu, E. S. (2017). Organizational complexity and hospitals’ adoption of electronic 

medical records for closed-loop medication therapy management (Publication 

No. 1907551305) [Doctoral Dissertation, Walden University]. Proquest 

Dissertations and Theses. 

https://doi.org/10.1109/ICSESS.2017.8342899
https://doi.org/10.1016/j.ijmedinf.2018.07.009
http://dx.doi.org/10.36478/ajit.2017.734.737
https://doi.org/10.1016/j.procs.2020.03.094
https://doi.org/10.1377/hlthaff.2016.1651


103 

 

Agency for Healthcare Research and Quality. (2016). Medication errors. 

https://psnet.ahrq.gov/primers/primer/23/medication-errors 

Agency for Healthcare Research and Quality. (2019). Clinical decision support. 

https://www.ahrq.gov/cpi/about/otherwebsites/clinical-decision-

support/index.html 

Ahmadi, H., Shahmoradi, L., Sadoughi, F., Bashiri, A., Nilashi, M., Sheikhtaheri, A., 

Samad, S., & Ibrahim, O. (2018). A narrative literature review on the impact of 

organizational context perspective on innovative health technology adoption. 

Journal of Soft Computing and Decision Support Systems, 5(4), 1-12. 

http://www.jscdss.com/index.php/files/article/view/171 

Ajzen, I. (1985). From intentions to actions: A theory of planned behavior. In J. Kuhl & 

J. Beckmann (Eds.), Action control: From cognition to behavior (pp. 11-39). 

Springer-Verlag. https://doi.org/10.1007/978-3-642-69746-3_2 

Aldeer, M., Javanmard, M., & Martin, R. (2018). A review of medication adherence 

monitoring technologies. Applied System Innovation, 1(2), 14. 

https://doi.org/10.3390/asi1020014 

Allen, M. (Ed.). (2017). The SAGE encyclopedia of communication research methods. 

SAGE publications. https://doi.org/10.4135/9781483381411 

Almanaseer, M. (2019). Optimal Supply Network with Vendor Managed Inventory in a 

Healthcare System with RFID Investment Consideration (Doctoral dissertation, 

University of Windsor (Canada)). 

Álvarez López, Y., Franssen, J., Álvarez Narciandi, G., Pagnozzi, J., González-Pinto 

https://psnet.ahrq.gov/primers/primer/23/medication-errors
https://www.ahrq.gov/cpi/about/otherwebsites/clinical-decision-support/index.html
https://www.ahrq.gov/cpi/about/otherwebsites/clinical-decision-support/index.html
http://www.jscdss.com/index.php/files/article/view/171
https://doi.org/10.1007/978-3-642-69746-3_2
https://doi.org/10.3390/asi1020014
https://doi.org/10.4135/9781483381411


104 

 

Arrillaga, I., & Las-Heras Andrés, F. (2018). RFID technology for management 

and tracking: e-health applications. Sensors, 18(8), 2663. 

https://doi.org/10.3390/s18082663 

Andrade C. (2018). Internal, external, and ecological validity in research design, conduct, 

and evaluation. Indian Journal of Psychological Medicine, 40(5), 498–499. 

https://doi.org/10.4103%2FIJPSYM.IJPSYM_334_18 

Ancker, J. S., Edwards, A., Nosal, S., Hauser, D., Mauer, E., Kaushal, R., & With the 

HITEC Investigators. (2017). Effects of workload, work complexity, and repeated 

alerts on alert fatigue in a clinical decision support system. BMC Medical 

Informatics and Decision Making, 17(1), 36. https://doi.org/10.1186/s12911-017-

0430-8 

Angeles, R. (2022). Understanding the RFID deployment at Sacred Heart Medical 

Center: Using technology-organization-environment framework lenses. Procedia 

Computer Science, 196, 445-453. https://doi.org/10.1016/j.procs.2021.12.035 

Awa, H. O., Ukoha, O., & Emecheta, B. C. (2016). Using TOE theoretical framework to 

study the adoption of ERP solution. Cogent Business & Management, 3(1), 

1196571. https://doi.org/10.1080/23311975.2016.1196571 

Azarm, M., Backman, C., Kuziemsky, C., & Peyton, L. (2017). Breaking the Healthcare 

Interoperability Barrier by Empowering and Engaging Actors in the Healthcare 

System. Procedia computer science, 113, 326-333. 

https://doi.org/10.1016/j.procs.2017.08.341 

Baker, J. (2012). The technology–organization–environment framework. Information 

https://doi.org/10.3390/s18082663
https://doi.org/10.4103%2FIJPSYM.IJPSYM_334_18
https://doi.org/10.1186/s12911-017-0430-8
https://doi.org/10.1186/s12911-017-0430-8
https://doi.org/10.1016/j.procs.2021.12.035
https://doi.org/10.1080/23311975.2016.1196571
https://doi.org/10.1016/j.procs.2017.08.341


105 

 

systems theory, 231-245. https://doi.org/10.1007/978-1-4419-6108-2_12 

Baraki, Z., Abay, M., Tsegay, L., Gerensea, H., Kebede, A., & Teklay, H. (2018). 

Medication administration error and contributing factors among pediatric 

inpatient in public hospitals of Tigray, northern Ethiopia. BMC pediatrics, 18(1), 

1-8. https://doi.org/10.1186/s12887-018-1294-5 

Benjamin, L., Frush, K., Shaw, K., Shook, J. E., Snow, S. K., AMERICAN ACADEMY 

OF PEDIATRICS Committee on Pediatric Emergency Medicine, & 

EMERGENCY NURSES ASSOCIATION Pediatric Emergency Medicine 

Committee. (2018). Pediatric medication safety in the emergency department. 

Pediatrics, 141(3), e20174066. https://doi.org/10.1542/peds.2017-4066 

Bhattacharya, M., & Wamba, S. F. (2018). A Conceptual Framework of RFID Adoption 

in Retail Using TOE Framework. In Technology Adoption and Social Issues: 

Concepts, Methodologies, Tools, and Applications (pp. 69-102). IGI Global. 

https://doi.org/10.4018/978-1-5225-5201-7.ch005 

Bhuyan, S., Dash, M., & Anusandhan, S. O. (2018). Predicting Cloud Computing 

Adoption in Hospitals Using Regression Analysis. Journal of Engineering and 

Applied Sciences, 13(6), 1436-1441. 

http://dx.doi.org/10.36478/jeasci.2018.1436.1441 

Bhounsule, P., & Peterson, A. M. (2016). Characteristics of Hospitals Associated with 

Complete and Partial Implementation of Electronic Health Records. Perspectives 

in Health Information Management, 1–13. 

https://pubmed.ncbi.nlm.nih.gov/27134608/ 

https://doi.org/10.1007/978-1-4419-6108-2_12
https://doi.org/10.1186/s12887-018-1294-5
https://doi.org/10.1542/peds.2017-4066
https://doi.org/10.4018/978-1-5225-5201-7.ch005
http://dx.doi.org/10.36478/jeasci.2018.1436.1441
https://pubmed.ncbi.nlm.nih.gov/27134608/


106 

 

Black, J. C., Rockhill, K., Forber, A., Amioka, E., May, K. P., Haynes, C. M., Dasgupta, 

N., & Dart, R. C. (2019). An online survey for pharmacoepidemiological 

investigation (survey of non-medical use of prescription drugs program): 

validation study. Journal of medical Internet research, 21(10), e15830. 

https://doi.org/10.2196/15830 

Brogi, E., Cyr, S., Kazan, R., Giunta, F., & Hemmerling, T. M. (2017). Clinical 

performance and safety of closed-loop systems: a systematic review and meta-

analysis of randomized controlled trials. Anesthesia & Analgesia, 124(2), 446-

455. https://doi.org/10.1213/ANE.0000000000001372 

Budlong, H., Brummel, A., Rhodes, A., & Nici, H. (2018). Impact of comprehensive 

medication management on hospital readmission rates. Population Health 

Management, 21(5), 395-400. https://doi.org/10.1089/pop.2017.0167 

Bujang, M. A., Sa’at, N., & Bakar, T. M. I. T. A. (2018). Sample size guidelines for 

logistic regression from observational studies with large population: emphasis on 

the accuracy between statistics and parameters based on real life clinical data. The 

Malaysian Journal of Medical Sciences: MJMS, 25(4), 122. 

https://dx.doi.org/10.21315%2Fmjms2018.25.4.12 

Burkoski, V., Yoon, J., Solomon, S., Hall, T. N., Karas, A. B., Jarrett, S. R., & Collins, 

B. E. (2019). Closed-Loop Medication System: Leveraging Technology to 

Elevate Safety. Nursing leadership (Toronto, Ont.), 32(SP), 16-28. 

https://doi.org/10.12927/cjnl.2019.25817 

Cara, M., Birkinshaw, J., & Heywood, S. (2017). Structural versus experienced 

https://doi.org/10.2196/15830
https://doi.org/10.1213/ANE.0000000000001372
https://doi.org/10.1089/pop.2017.0167
https://dx.doi.org/10.21315%2Fmjms2018.25.4.12
https://doi.org/10.12927/cjnl.2019.25817


107 

 

complexity: a new perspective on the relationship between organizational 

complexity and innovation. In Entrepreneurship, Innovation, and Platforms (pp. 

115-150). Emerald Publishing Limited. https://doi.org/10.1108/S0742-

332220170000037005 

Cardoso, L., Marins, F., Quintas, C., Portela, F., Santos, M., Abelha, A., & Machado, J. 

(2018). Interoperability in healthcare. In Health Care Delivery and Clinical 

Science: Concepts, Methodologies, Tools, and Applications (pp. 689-714). IGI 

Global. https://doi.org/10.1108/S0742-332220170000037005 

Centers for Disease Control and Prevention (2016). Medication Safety Basics. 

https://www.cdc.gov/medicationsafety/basics.html 

Centers for Disease Control and Prevention (2017a). Therapeutic Drug Use. 

https://www.cdc.gov/nchs/fastats/drug-use-therapeutic.htm 

Centers for Disease Control and Prevention (2017b). CDC Grand Rounds: Improving 

Medication Adherence for Chronic Disease Management — Innovations and 

Opportunities. https://www.cdc.gov/mmwr/volumes/66/wr/mm6645a2.htm 

Centers for Disease Control and Prevention (2018). Medication Safety Basics. 

https://www.cdc.gov/medicationsafety/basics.html 

Centers for Medicare & Medicaid Services (2016). National Health Expenditure Data 

(Historical). https://www.cms.gov/Research-Statistics-Data-and-

Systems/Statistics-Trends-and-

Reports/NationalHealthExpendData/NationalHealthAccountsHistorical.html 

Centers for Medicare and Medicaid Services (2019a). Mapping Medicare Disparities. 

https://doi.org/10.1108/S0742-332220170000037005
https://doi.org/10.1108/S0742-332220170000037005
https://doi.org/10.1108/S0742-332220170000037005
https://www.cdc.gov/medicationsafety/basics.html
https://www.cdc.gov/nchs/fastats/drug-use-therapeutic.htm
https://www.cdc.gov/mmwr/volumes/66/wr/mm6645a2.htm
https://www.cdc.gov/medicationsafety/basics.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsHistorical.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsHistorical.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsHistorical.html


108 

 

https://data.cms.gov/mapping-medicare-disparities/hospital-view 

Centers for Medicare & Medicaid Services (2019b). Certified EHR Technology. 

https://www.cms.gov/Regulations-and-

Guidance/Legislation/EHRIncentivePrograms/Certification 

Chen, E. T. (2018). The Impact of Healthcare Information Technology on Patient 

Outcomes. International Journal of Public Health Management and Ethics 

(IJPHME), 3(2), 39-56. https://doi.org/10.4018/978-1-7998-1204-3.ch093 

Chen, C. L., Lai, Y. L., Chen, C. C., Zheng, C. Y., & Chang, L. C. (2016). A non-

repudiated and intelligent RFID medication safety management system. 

Intelligent Automation & Soft Computing, 22(3), 415-421. 

https://doi.org/10.1080/10798587.2015.1126452 

Clarke, S. P., & Cossette, S. (2016). Secondary analysis: Theoretical, methodological, 

and practical considerations. Canadian Journal of Nursing Research Archive, 

32(3). https://cjnr.archive.mcgill.ca/article/view/1595 

Cresswell, K. M., Bates, D. W., & Sheikh, A. (2016). Ten key considerations for the 

successful optimization of large-scale health information technology. Journal of 

the American Medical Informatics Association, 24(1), 182-187. 

https://doi.org/10.1093/jamia/ocw037 

Cresswell, K. M., & Sheikh, A. (2015). Health information technology in hospitals: 

current issues and future trends. Future Hospital Journal, 2(1), 50-56. 

https://doi.org/10.7861/futurehosp.2-1-50 

da Costa, W. B., da Silva Macedo, M. A., Yukari Yokoyama, K., & de Almeida, J. E. F. 

https://data.cms.gov/mapping-medicare-disparities/hospital-view
https://www.cms.gov/Regulations-and-Guidance/Legislation/EHRIncentivePrograms/Certification
https://www.cms.gov/Regulations-and-Guidance/Legislation/EHRIncentivePrograms/Certification
https://doi.org/10.4018/978-1-7998-1204-3.ch093
https://cjnr.archive.mcgill.ca/article/view/1595
https://doi.org/10.1093/jamia/ocw037
https://doi.org/10.7861/futurehosp.2-1-50


109 

 

(2017). The Determinants of the Life Cycle Stages of Brazilian Public 

Companies: A Study Based on Financial-Accounting Variables. Brazilian 

Business Review (Portuguese Edition), 14(3), 304–320. 

https://doi.org/10.15728/bbr.2017.14.3.3 

da Silva, B. A., & Krishnamurthy, M. (2016). The alarming reality of medication error: a 

patient case and review of Pennsylvania and National data. Journal of Community 

Hospital Internal Medicine Perspectives (JCHIMP), 6(4), 1–N.PAG. 

https://doi.org/10.3402/jchimp.v6.31758 

Daim, T. U., Behkami, N., Basoglu, N., Kök, O. M., & Hogaboam, L. (2016). Healthcare 

Technology Innovation Adoption. Innovation, Technology, and Knowledge 

Management. Switzerland: Springer. https://doi.org/10.1007/978-3-319-17975-9 

Dantu, R., Dissanayake, I., & Nerur, S. (2019, January). Exploratory Analysis of Internet 

of Things (IoT) in Healthcare: A Topic Modeling Approach. In Proceedings of 

the 52nd Hawaii International Conference on System Sciences. 

https://aisel.aisnet.org/hicss-52/in/wearable_and_iot/2/ 

David, Y., & Jahnke, E. G. (2018). Planning Medical Technology Management in a 

Hospital. Global Clinical Engineering Journal, (1), 23-32. 

https://doi.org/10.31354/globalce.v0i1.23 

Davidson, E., Baird, A., & Prince, K. (2018). Opening the envelope of health care 

information systems research. Information and Organization, 28(3), 140-151. 

https://doi.org/10.1016/j.infoandorg.2018.07.001 

Davis, F. D. (1989), "Perceived usefulness, perceived ease of use, and user acceptance of 

https://doi.org/10.15728/bbr.2017.14.3.3
https://doi.org/10.3402/jchimp.v6.31758
https://doi.org/10.1007/978-3-319-17975-9
https://aisel.aisnet.org/hicss-52/in/wearable_and_iot/2/
https://doi.org/10.31354/globalce.v0i1.23
https://doi.org/10.1016/j.infoandorg.2018.07.001


110 

 

information technology", MIS Quarterly, 13(3): 319–340. 

https://doi.org/10.2307/249008  

Dearing, J. W., Beacom, A. M., Chamberlain, S. A., Meng, J., Berta, W. B., Keefe, J. M., 

... Cook, H. (2017). Pathways for best practice diffusion: the structure of informal 

relationships in Canada’s long-term care sector. Implementation Science, 12(1), 

11.  https://doi.org/10.1186/s13012-017-0542-7 

Dearing, J. W., & Cox, J. G. (2018). Diffusion of innovations theory, principles, and 

practice. Health Affairs, 37(2), 183-190. https://doi.org/10.1377/hlthaff.2017.1104 

DeBusk, B. C., Smith, J. L., Kaylor, M. E., & McBee, M. R. (2021). System for 

prevention of fraud in accounting for utilization of medical items (U.S. Patent No. 

15/813,208). U.S. Patent and Trademark Office. 

https://patft.uspto.gov/netacgi/nph-

Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch

-

bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=15%2F813,208&OS=15/

813,208&RS=15/813,208 

Deepika, K., & Usha, J. (2017, July). Design & development of location identification 

using RFID with WiFi positioning systems. In 2017 Ninth International 

Conference on Ubiquitous and Future Networks (ICUFN) (pp. 488-493). IEEE. 

https://doi.org/10.1109/ICUFN.2017.7993832 

Dey, A., Vijayaraman, B. S., & Choi, J. H. (2016). RFID in US hospitals: an exploratory 

investigation of technology adoption. Management Research Review, 39(4), 399-

https://doi.org/10.2307/249008
https://doi.org/10.1186/s13012-017-0542-7
https://doi.org/10.1377/hlthaff.2017.1104
https://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=15%2F813,208&OS=15/813,208&RS=15/813,208
https://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=15%2F813,208&OS=15/813,208&RS=15/813,208
https://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=15%2F813,208&OS=15/813,208&RS=15/813,208
https://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=15%2F813,208&OS=15/813,208&RS=15/813,208
https://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=1&f=G&l=50&co1=AND&d=PTXT&s1=15%2F813,208&OS=15/813,208&RS=15/813,208
https://doi.org/10.1109/ICUFN.2017.7993832


111 

 

424. https://doi.org/10.1108/MRR-09-2014-0222 

Di Leo, G., & Sardanelli, F. (2020). Statistical significance: p value, 0.05 threshold, and 

applications to radiomics—reasons for a conservative approach. European 

radiology experimental, 4(1), 1-8. https://doi.org/10.1186/s41747-020-0145-y 

Diaz, C., Castilla, R., & Lebersztein, G. (2017). The Hospital: A Complex Adaptive 

System. Asian Journal of Medicine and Health, 5(1), 1-5. 

https://doi.org/10.9734/AJMAH/2017/34421  

Duroc, Y., & Tedjini, S. (2018). RFID: A key technology for Humanity. Comptes Rendus 

Physique, 19(1-2), 64-71. https://doi.org/10.1016/j.crhy.2018.01.003 

Dwivedi, Y. K., Rana, N. P., Jeyaraj, A., Clement, M., & Williams, M. D. (2019). Re-

examining the unified theory of acceptance and use of technology (UTAUT): 

Towards a revised theoretical model. Information Systems Frontiers, 21(3), 719-

734. https://doi.org/10.1007/s10796-017-9774-y 

Esdar, M., Liebe, J. D., Weiß, J. P., & Hübner, U. (2017). Exploring Innovation 

Capabilities of Hospital CIOs: An Empirical Assessment. Stud Health Technol 

Inform, 235, 383-387. https://doi.org/10/3233/978-1-61499-753-5-383 

Evwiekpaefe, A. E., Chiemeke, S. C., & Haruna, M. Z. (2018). Individual and 

organizational acceptance of technology theories and models: Conceptual gap and 

possible solutions. Pacific Journal of Science and Technology, 10(2), 189-197. 

https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizati

onal%20acceptance%20of%20technology%20theories%20and%20models%3A%

20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacifi

https://doi.org/10.1108/MRR-09-2014-0222
https://doi.org/10.1186/s41747-020-0145-y
https://doi.org/10.9734/AJMAH/2017/34421
https://doi.org/10.1016/j.crhy.2018.01.003
https://doi.org/10.1007/s10796-017-9774-y
https://doi.org/10/3233/978-1-61499-753-5-383
https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizational%20acceptance%20of%20technology%20theories%20and%20models%3A%20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacific%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&pages=189-197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%2CSC&author=Haruna%2CMZ
https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizational%20acceptance%20of%20technology%20theories%20and%20models%3A%20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacific%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&pages=189-197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%2CSC&author=Haruna%2CMZ
https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizational%20acceptance%20of%20technology%20theories%20and%20models%3A%20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacific%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&pages=189-197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%2CSC&author=Haruna%2CMZ


112 

 

c%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&

pages=189-

197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%

2CSC&author=Haruna%2CMZ 

Farzi, S., Irajpour, A., Saghaei, M., & Ravaghi, H. (2017). Causes of medication errors in 

intensive care units from the perspective of healthcare professionals. Journal of 

Research in Pharmacy Practice, 6(3), 158. 

https://dx.doi.org/10.4103%2Fjrpp.JRPP_17_47 

Faul, F., Erdfelder, E., Lang, A.-G. & Buchner, A. (2007). G*Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences. Behavior Research Methods, 39, 175-191. 

https://doi.org/10.3758/BF03193146 

Feibert, D. C., & Jacobsen, P. (2019). Factors impacting technology adoption in hospital 

bed logistics. The International Journal of Logistics Management.  30(1), 195–

230. https://doi.org/10.1108/IJLM-02-2017-0043 

Fosso Wamba, S., Gunasekaran, A., Bhattacharya, M., & Dubey, R. (2016). 

Determinants of RFID adoption intention by SMEs: an empirical investigation. 

Production Planning & Control, 27(12), 979-990. 

https://doi.org/10.1080/09537287.2016.1167981 

Food and Drug Administration (2018). Wireless Medical Devices. 

https://www.fda.gov/medical-devices/digital-health/wireless-medical-devices#8 

Food and Drug Administration (2015). CPG Sec. 400.210, Radiofrequency Identification 

https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizational%20acceptance%20of%20technology%20theories%20and%20models%3A%20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacific%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&pages=189-197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%2CSC&author=Haruna%2CMZ
https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizational%20acceptance%20of%20technology%20theories%20and%20models%3A%20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacific%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&pages=189-197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%2CSC&author=Haruna%2CMZ
https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizational%20acceptance%20of%20technology%20theories%20and%20models%3A%20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacific%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&pages=189-197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%2CSC&author=Haruna%2CMZ
https://scholar.google.com/scholar_lookup?title=Individual%20and%20organizational%20acceptance%20of%20technology%20theories%20and%20models%3A%20Conceptual%20gap%20and%20possible%20solutions&journal=The%20Pacific%20Journal%20of%20Science%20and%20Technology&volume=10&issue=2&pages=189-197&publication_year=2018&author=Evwiekpaefe%2CAE&author=Chiemeke%2CSC&author=Haruna%2CMZ
https://dx.doi.org/10.4103%2Fjrpp.JRPP_17_47
https://doi.org/10.3758/BF03193146
https://doi.org/10.1108/IJLM-02-2017-0043
https://doi.org/10.1080/09537287.2016.1167981
https://www.fda.gov/medical-devices/digital-health/wireless-medical-devices%238


113 

 

Feasibility Studies and Pilot Programs for Drugs. https://www.fda.gov/regulatory-

information/search-fda-guidance-documents/cpg-sec-400210-radiofrequency-

identification-feasibility-studies-and-pilot-programs-drugs 

Food and Drug Administration (2004). Combating Counterfeit Drugs: A Report of the 

Food and Drug Administration. https://www.fda.gov/media/77086/download  

Frankfort-Nachmias, Chava & Nachmias, David (2008). Research methods in the social 

sciences (7th ed). New York: Worth Publishers. 

Fulton, B. R. (2018). Organizations and survey research: Implementing response 

enhancing strategies and conducting nonresponse analyses. Sociological Methods 

& Research, 47(2), 240-276. https://doi.org/10.1177%2F0049124115626169 

Furniss, D., Dean Franklin, B., & Blandford, A. (2020). The devil is in the detail: how a 

closed-loop documentation system for IV infusion administration contributes to 

and compromises patient safety. Health informatics journal, 26(1), 576-591. 

https://doi.org/10.1177%2F1460458219839574 

Gallagher, P. J. (2016). Relationships Among Administrative Computerization, Hospital 

Size, and Administrative Expenses. Walden Dissertations and Doctoral Studies. 

Retrieved from https://scholarworks.waldenu.edu/dissertations/2123 

Gillenson, M. L., Zhang, X., Muthitacharoen, A., & Prasarnphanich, P. (2019). I've Got 

You Under My Skin: The Past, Present, and Future Use of RFID Technology in 

People and Animals. Journal of Information Technology Management, 30(2), 19-

29. http://jitm.ubalt.edu/XXX-2/article2.pdf 

Haddara, M., & Staaby, A. (2018). RFID Applications and Adoptions in Healthcare: A 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cpg-sec-400210-radiofrequency-identification-feasibility-studies-and-pilot-programs-drugs
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cpg-sec-400210-radiofrequency-identification-feasibility-studies-and-pilot-programs-drugs
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cpg-sec-400210-radiofrequency-identification-feasibility-studies-and-pilot-programs-drugs
https://www.fda.gov/media/77086/download
https://doi.org/10.1177%2F0049124115626169
https://doi.org/10.1177%2F1460458219839574
https://scholarworks.waldenu.edu/dissertations/2123
http://jitm.ubalt.edu/XXX-2/article2.pdf


114 

 

Review on Patient Safety. Procedia Computer Science, 138, 80-88. 

https://doi.org/10.1016/j.procs.2018.10.012                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Hadjer, S., CE, Y. M., & Rachida, T. (2019). Role and Application of RFID Technology 

in Internet of Things: Communication, Authentication, Risk, and Security 

Concerns. ISeCure, 11(3). https://dx.doi.org/10.22042/isecure.2019.11.0.2 

Hamm, M. W., Calabrese, S. V., Knoer, S. J., & Duty, A. M. (2018). Developing an 

electronic system to manage and track emergency medications. The Bulletin of the 

American Society of Hospital Pharmacists, 75(5), 304-308. https://doi-

org.ezp.waldenulibrary.org/10.2146/ajhp160956 

Härkänen, M., Tiainen, M., & Haatainen, K. (2018). Wrong-patient incidents during 

medication administrations. Journal of Clinical Nursing, 27(3–4), 715–724. 

https://doi-org.ezp.waldenulibrary.org/10.1111/jocn.14021 

Healthcare Information and Management Systems Society (HIMSS) (2018). Electronic 

Health Records. http://www.himss.org/library/ehr 

HealthIT.gov (2019). What are the differences between electronic medical records, 

electronic health records, and personal health records? 

https://www.healthit.gov/faq/what-are-differences-between-electronic-medical-

records-electronic-health-records-and-personal 

Heinrich Heine University Düsseldorf (2019). General Psychology and Occupational 

Therapy. http://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-

und-arbeitspsychologie/gpower.html 

Help University, Malaysia, & Lai, P. (2017). The literature review of technology 

https://doi.org/10.1016/j.procs.2018.10.012
https://dx.doi.org/10.22042/isecure.2019.11.0.2
https://doi-org.ezp.waldenulibrary.org/10.2146/ajhp160956
https://doi-org.ezp.waldenulibrary.org/10.2146/ajhp160956
https://doi-org.ezp.waldenulibrary.org/10.1111/jocn.14021
http://www.himss.org/library/ehr
https://www.healthit.gov/faq/what-are-differences-between-electronic-medical-records-electronic-health-records-and-personal
https://www.healthit.gov/faq/what-are-differences-between-electronic-medical-records-electronic-health-records-and-personal
http://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html
http://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html


115 

 

adoption models and theories for the novelty technology. Journal of Information 

Systems and Technology Management, 14(1). https://doi.org/10.4301/S1807-

17752017000100002 

HIMSS Analytics (2017). EMRAM. https://www.himssanalytics.org/emram 

HIMSS Analytics (2018). How EMRAM Improves Patient Safety. 

https://www.himssanalytics.org/news/how-emram-improves-patient-safety 

HIMSS Foundation (2020). About the Database. 

https://foundation.himss.org/Dorenfest/About 

HIMSS Media (2018). Medication Management and Safety Study: Professionals, Patients 

Cite Progress, Concerns. 

https://www.interoperabilityshowcase.org/sites/interoperabilityshowcase/files/me

dication_managment_and_safety_study_bd.pdf 

Holmgren, A. J., & Ford, E. W. (2018). Assessing the impact of health system 

organizational structure on hospital electronic data sharing. Journal of the 

American Medical Informatics Association, 25(9), 1147-1152. 

https://doi.org/10.1093/jamia/ocy084 

Hossain, M. A., & Ahmad, A. (2018, October). The Determinants of RFID Use and Its 

Benefits in Hospitals: An Empirical Study Examining Beyond Adoption. In 

Conference on e-Business, e-Services and e-Society (pp. 468-479). Springer, 

Cham. https://doi.org/10.1007/978-3-030-02131-3_42 

IBM (n.d.). IBM SPSS Statistics. https://www.ibm.com/us-en/marketplace/spss-statistics-

gradpack 

https://doi.org/10.4301/S1807-17752017000100002
https://doi.org/10.4301/S1807-17752017000100002
https://www.himssanalytics.org/emram
https://www.himssanalytics.org/news/how-emram-improves-patient-safety
https://foundation.himss.org/Dorenfest/About
https://www.interoperabilityshowcase.org/sites/interoperabilityshowcase/files/medication_managment_and_safety_study_bd.pdf
https://www.interoperabilityshowcase.org/sites/interoperabilityshowcase/files/medication_managment_and_safety_study_bd.pdf
https://doi.org/10.1093/jamia/ocy084
https://doi.org/10.1007/978-3-030-02131-3_42
https://www.ibm.com/us-en/marketplace/spss-statistics-gradpack
https://www.ibm.com/us-en/marketplace/spss-statistics-gradpack


116 

 

IBM Knowledge Center (n.d.). Add Variables. 

https://www.ibm.com/support/knowledgecenter/SSLVMB_23.0.0/spss/base/idh_a

ddv_main.html 

IEEE Standards Association (2020). IEEE 802. https://standards.ieee.org/featured/ieee-

802/  

Ishtiaq, S., Sajid, A., & Wagan, R. A. (2019). Rfid Technology Working It’s 

Applications And Research Challenges. Acta Informatica Malaysia (AIM), 3(2), 

05-06. https://doi.org/10.26480/aim.02.2019.05.06 

Jain, V., Dave, R., & Gupta, S. (2017). Modern Extensions to Hospital Information 

Systems. International Journal of Computer Applications, 165(12). 

https://doi.org/10.5120/ijca2017914092 

Johnson, M., Weidemann, G., Adams, R., Manias, E., Levett-Jones, T., Aguilar, V., & 

Everett, B. (2018). Predictability of interruptions during medication 

administration with related behavioral management strategies. Journal of Nursing 

Care Quality, 33(2), E1-E9. https:/doi.org/10.1097/NCQ.0000000000000260 

Johnston, M. P. (2017). Secondary data analysis: A method of which the time has 

come. Qualitative and Quantitative Methods in Libraries, 3(3), 619-626. 

http://www.qqml-journal.net/index.php/qqml/article/view/169 

Jordan, J. L. (2018). The Effect of Health IT Adoption Stage on the Inpatient Length of 

Stay for Children Diagnosed with Asthma (Doctoral dissertation, Rutgers The 

State University of New Jersey, Rutgers School of Health Professions). 

https://www.proquest.com/openview/d7d0f79fefca5b904b78fbb757a7c0d3/1?pq-

https://www.ibm.com/support/knowledgecenter/SSLVMB_23.0.0/spss/base/idh_addv_main.html
https://www.ibm.com/support/knowledgecenter/SSLVMB_23.0.0/spss/base/idh_addv_main.html
https://standards.ieee.org/featured/ieee-802/
https://standards.ieee.org/featured/ieee-802/
https://doi.org/10.26480/aim.02.2019.05.06
https://doi.org/10.5120/ijca2017914092
https://doi.org/10.1097/NCQ.0000000000000260
http://www.qqml-journal.net/index.php/qqml/article/view/169
https://www.proquest.com/openview/d7d0f79fefca5b904b78fbb757a7c0d3/1?pq-origsite=gscholar&cbl=18750&diss=y


117 

 

origsite=gscholar&cbl=18750&diss=y 

Kerstenetzky, L., Birschbach, M. J., Beach, K. F., Hager, D. R., & Kennelty, K. A. 

(2018). Improving medication information transfer between hospitals, skilled-

nursing facilities, and long-term-care pharmacies for hospital discharge transitions 

of care: A targeted needs assessment using the Intervention Mapping framework. 

Research in Social and Administrative Pharmacy, 14(2), 138-145. 

https://doi.org/10.1016/j.sapharm.2016.12.013 

Khan, A., & Sarfaraz, A. (2018). Practical guidelines for securing wireless local area 

networks (Wlans). International Journal of Security and Its Applications, 12(3), 

19–28. https://doi.org/10.14257/ijsia.2018.12.3.03 

Khattab, A., Jeddi, Z., Amini, E., & Bayoumi, M. (2017). Introduction to RFID. In RFID 

Security (pp. 3-26). Springer, Cham. https://doi.org/10.1007/978-3-319-47545-

5_1 

Kim, S. H., Jang, S. Y., & Yang, K. H. (2017). Analysis of the determinants of software-

as-a-service adoption in small businesses: Risks, benefits, and organizational and 

environmental factors: journal of small business management. Journal of Small 

Business Management, 55(2), 303–325. https://doi.org/10.1111/jsbm.12304 

Kosasi, S., Vedyanto, V., & Ayu Eka Yuliani, I. D. (2018). Appropriate sets of criteria 

for innovation adoption of is security in organizations. 2018 5th International 

Conference on Electrical Engineering, Computer Science and Informatics 

(EECSI), 608–613. https://doi.org/10.1109/EECSI.2018.8752816 

Krzyzaniak, N., & Bajorek, B. (2016). Medication safety in neonatal care: A review of 

https://www.proquest.com/openview/d7d0f79fefca5b904b78fbb757a7c0d3/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.1016/j.sapharm.2016.12.013
https://doi.org/10.14257/ijsia.2018.12.3.03
https://doi.org/10.1007/978-3-319-47545-5_1
https://doi.org/10.1007/978-3-319-47545-5_1
https://doi.org/10.1111/jsbm.12304
https://doi.org/10.1109/EECSI.2018.8752816


118 

 

medication errors among neonates. Therapeutic Advances in Drug Safety, 7(3), 

102–119. https://doi.org/10.1177/2042098616642231 

Kumar, A., & Ting, P. (2019). RFID & Analytics Driving Agility in Apparel Supply 

Chain. https://hdl.handle.net/1721.1/121286 

Lai, P. C. (2017). The literature review of technology adoption models and theories for 

the novelty technology. JISTEM-Journal of Information Systems and Technology 

Management, 14, 21-38. https://doi.org/10.4301/S1807-17752017000100002 

Lambert, P. A. (2019). The Complex Adaptive Process of Innovation Diffusion. 

Manuscript Submitted for Publication. 

https://www.researchgate.net/profile/Philip-Lambert-

6/publication/329210943_Innovation_Diffusion_A_Complex_Adaptive_Process/l

inks/5d41d4c24585153e59324880/Innovation-Diffusion-A-Complex-Adaptive-

Process.pdf 

Landry, S., Beaulieu, M., & Roy, J. (2016). Strategy deployment in healthcare services: 

A case study approach. Technological Forecasting and Social Change, 113, 429–

437. https://doi.org/10.1016/j.techfore.2016.09.006 

Leal, G. D. S. S., Guédria, W., & Panetto, H. (2019). Interoperability assessment: A 

systematic literature review. Computers in Industry, 106, 111-132. 

https://doi.org/10.1016/j.compind.2019.01.002 

Lee, S., Park, Y. J., Rim, M. H., & Kim, B. G. (2017). Are factors affecting RFID 

adoption different between public and private organisations? International 

Journal of Mobile Communications, 15(4), 437. 

https://doi.org/10.1177/2042098616642231
https://hdl.handle.net/1721.1/121286
https://doi.org/10.4301/S1807-17752017000100002
https://www.researchgate.net/profile/Philip-Lambert-6/publication/329210943_Innovation_Diffusion_A_Complex_Adaptive_Process/links/5d41d4c24585153e59324880/Innovation-Diffusion-A-Complex-Adaptive-Process.pdf
https://www.researchgate.net/profile/Philip-Lambert-6/publication/329210943_Innovation_Diffusion_A_Complex_Adaptive_Process/links/5d41d4c24585153e59324880/Innovation-Diffusion-A-Complex-Adaptive-Process.pdf
https://www.researchgate.net/profile/Philip-Lambert-6/publication/329210943_Innovation_Diffusion_A_Complex_Adaptive_Process/links/5d41d4c24585153e59324880/Innovation-Diffusion-A-Complex-Adaptive-Process.pdf
https://www.researchgate.net/profile/Philip-Lambert-6/publication/329210943_Innovation_Diffusion_A_Complex_Adaptive_Process/links/5d41d4c24585153e59324880/Innovation-Diffusion-A-Complex-Adaptive-Process.pdf
https://doi.org/10.1016/j.techfore.2016.09.006
https://doi.org/10.1016/j.compind.2019.01.002


119 

 

https://doi.org/10.1504/IJMC.2017.084864 

Leppink, J., O'Sullivan, P., & Winston, K. (2016). Effect size - large, medium, and small. 

Perspectives on Medical Education, 5(6), 347–349. 

https://doi.org/10.1007/s40037-016-0308-y 

Liebe, J.-D., Esdar, M., Thye, J., & Hübner, U. (2017). Antecedents of CIOs’ Innovation 

Capability in Hospitals: Results of an Empirical Study. Studies in Health 

Technology and Informatics, 243, 142–146. https://doi.org/10.3233/978-1-61499-

808-2-137 

Loresto, F. L., Welton, J., Grim, S., Valdez, C., & Eron, K. (2019). Exploring Inpatient 

Medication Patterns: A Big Data and Multilevel Approach. Journal of Nursing 

Administration, 49(6), 336–342. https://doi-

org.ezp.waldenulibrary.org/10.1097/NNA.0000000000000762 

 Lotlikar, T., Kankapurkar, R., Parekar, A., & Mohite, A. (2013). Comparative study of 

Barcode, QR-code and RFID System. International Journal of Computer 

Technology and Applications, 4(5), 817. 

https://journaldatabase.info/articles/comparative_study_barcode_qr-

code_rfid.html 

Magalhães, A. M. M. de, Kreling, A., Chaves, E. H. B., Pasin, S. S., & Castilho, B. M. 

(2019). Medication administration - nursing workload and patient safety in 

clinical wards. Revista Brasileira De Enfermagem, 72(1), 183–189. https://doi-

org.ezp.waldenulibrary.org/10.1590/0034-7167-2018-0618 

Makhni, S., Atreja, A., Sheon, A., Van Winkle, B., Sharp, J., & Carpenter, N. (2017). 

https://doi.org/10.1504/IJMC.2017.084864
https://doi.org/10.1007/s40037-016-0308-y
https://doi.org/10.3233/978-1-61499-808-2-137
https://doi.org/10.3233/978-1-61499-808-2-137
https://doi-org.ezp.waldenulibrary.org/10.1097/NNA.0000000000000762
https://doi-org.ezp.waldenulibrary.org/10.1097/NNA.0000000000000762
https://journaldatabase.info/articles/comparative_study_barcode_qr-code_rfid.html
https://journaldatabase.info/articles/comparative_study_barcode_qr-code_rfid.html
https://doi-org.ezp.waldenulibrary.org/10.1590/0034-7167-2018-0618
https://doi-org.ezp.waldenulibrary.org/10.1590/0034-7167-2018-0618


120 

 

The broken health information technology innovation pipeline: a perspective from 

the NODE Health consortium. Digital Biomarkers, 1(1), 64-72. 

https://doi.org/10.1159/000479017 

Martínez Pérez, M., Vázquez González, G., & Dafonte, C. (2016). Evaluation of a 

tracking system for patients and mixed intravenous medication based on RFID 

technology. Sensors, 16(12), 2031. https://doi.org/10.3390/s16122031 

McKenna, R. M., Dwyer, D., & Rizzo, J. A. (2018). Is HIT a hit? The impact of health 

information technology on inpatient hospital outcomes. Applied Economics, 

50(27), 3016-3028. https://doi.org/10.1080/00036846.2017.1414934 

Misser, N. S., Jaspers, J., Van Zaane, B., Gooszen, H., & Versendaal, J. (2020). A 

protocol for the implementation of new technology in a highly complex hospital 

environment: the operating room. International Journal of Networking and 

Virtual Organisations, 22(2), 199-217. 

https://doi.org/10.1504/IJNVO.2020.105543 

Mosadeghrad, A. M., & Mojbafan, A. (2019). Conflict and conflict management in 

hospitals. International Journal of Health Care Quality Assurance, 32(3), 550-

561. https://doi.org/10.1108/IJHCQA-09-2017-0165 

Mukono, W., & Tokosi, T. O. (2019). Premier service medical investments: Challenges 

and perceptions of healthcare practitioners in the adoption and implementation of 

healthcare information technology (HIT). In Proceedings of the South African 

Institute of Computer Scientists and Information Technologists 2019 (pp. 1-10). 

https://doi.org/10.1145/3351108.3351114 

https://doi.org/10.1159/000479017
https://doi.org/10.3390/s16122031
https://doi.org/10.1080/00036846.2017.1414934
https://doi.org/10.1504/IJNVO.2020.105543
https://doi.org/10.1108/IJHCQA-09-2017-0165
https://doi.org/10.1145/3351108.3351114


121 

 

Murray, K. A., Belanger, A., Devine, L. T., Lane, A., & Condren, M. E. (2017). 

Emergency department discharge prescription errors in an academic medical 

center. In Baylor University Medical Center Proceedings (Vol. 30, No. 2, pp. 143-

146). Taylor & Francis. https://doi.org/10.1080/08998280.2017.11929562 

Mutekwe, E. (2012). The impact of technology on social change: a sociological 

perspective. Journal of Research in Peace, Gender and Development, 2(11), 226-

238. http://www.interesjournals.org/JRPGD 

Nanji, K. C., Patel, A., Shaikh, S., Seger, D. L., & Bates, D. W. (2016). Evaluation of 

perioperative medication errors and adverse drug events. Anesthesiology, 124(1), 

25–34. https://doi.org/10.1097/ALN.0000000000000904 

National Coordinating Council for Medication Error Reporting and Prevention (2020). 

About Medication Errors. https://www.nccmerp.org/about-medication-errors 

National Institute of Building Science (2019). Hospital. https://www.wbdg.org/building-

types/health-care-facilities/hospital 

Neethirajan, A., Maheshwari, P., Talla, R., Goyal, S., Kim, J., & Daim, T. (2017). 

Technology Forecasting: Case of RFID Technology. In Research and 

Development Management (pp. 137-162). Springer, Cham. 

https://doi.org/10.1007/978-3-319-54537-0_9 

Ng, H. S., & Kee, D. M. H. (2018). The core competence of successful owner-managed 

SMEs. Management Decision, 56(1), 252-272. https://doi.org/10.1108/MD-12-

2016-0877 

Ni, Y., Lingren, T., Hall, E. S., Leonard, M., Melton, K., & Kirkendall, E. S. (2018). 

https://doi.org/10.1080/08998280.2017.11929562
http://www.interesjournals.org/JRPGD
https://doi.org/10.1097/ALN.0000000000000904
https://www.nccmerp.org/about-medication-errors
https://www.wbdg.org/building-types/health-care-facilities/hospital
https://www.wbdg.org/building-types/health-care-facilities/hospital
https://doi.org/10.1007/978-3-319-54537-0_9
https://doi.org/10.1108/MD-12-2016-0877
https://doi.org/10.1108/MD-12-2016-0877


122 

 

Designing and evaluating an automated system for real-time medication 

administration error detection in a neonatal intensive care unit. Journal of the 

American Medical Informatics Association, 25(5), 555-563. 

https://doi.org/10.1093/jamia/ocx156 

Nilsson, A., & Elmar Merkle, D. (2018). Technical solutions for automation of 

warehouse operations and their implementation challenges (Dissertation). 

http://urn.kb.se/resolve?urn=urn:nbn:se:lnu:diva-74930 

Norton, P. T., Rodriguez, H. P., Shortell, S. M., & Lewis, V. A. (2019). Organizational 

Influences on Health Care System Adoption and Use of Advanced Health 

Information Technology Capabilities. The American Journal of Managed 

Care, 25(1), e21-e25. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6581444/ 

Office of Disease Prevention and Health Promotion (2018). Overview: Adverse Drug 

Event. https://health.gov/hcq/ade.asp 

Office of Disease Prevention and Health Promotion (2019). Overview: Adverse Drug 

Events. https://health.gov/hcq/ade.asp 

Olutoyin, O., & Flowerday, S. (2016). Successful IT governance in SMES: an application 

of the Technology-Organisation-Environment theory. South African Journal of 

Information Management, 18(1), 1-8. https://hdl.handle.net/10520/EJC189661 

Oyeyemi, A. O., & Scott, P. (2018). Interoperability in health and social care: 

organizational issues are the biggest challenge. Journal of Innovation in Health 

Informatics, 25(3), 196-198. http://dx.doi.org/10.14236/jhi.v25i3.1024 

Paaske, S., Bauer, A., Moser, T., & Seckman, C. (2017). The Benefits and Barriers to 

https://doi.org/10.1093/jamia/ocx156
http://urn.kb.se/resolve?urn=urn:nbn:se:lnu:diva-74930
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6581444/
https://health.gov/hcq/ade.asp
https://health.gov/hcq/ade.asp
https://hdl.handle.net/10520/EJC189661
http://dx.doi.org/10.14236/jhi.v25i3.1024


123 

 

RFID Technology in Healthcare. Online Journal of Nursing Informatics, 21(2), 

10–11. http://search.proquest.com/scholarly-journals/benefits-barriers-rfid-

technology-healthcare/docview/1984766816/se-2 

Park, J., & Park, M. (2016). Qualitative versus quantitative research methods: Discovery 

or justification?. Journal of Marketing Thought, 3(1), 1-8. 

https://papersearch.net/thesis/article.asp?key=3560136 

Park, Y., Bang, Y., & Kwon, J. (2019). The effects of health IT adoption on hospital 

readmission reduction: Evidence from US Panel data. 

https://aisel.aisnet.org/hicss-52/os/sites/13/ 

Patil, H. J., & Patil, D. T. (2018). Internet of Things & Its Application to the Libraries. 

Internet of Things and Current Trends in Libraries, 12. 

https://www.researchgate.net/profile/Chintan-Pandya-

8/publication/327416369_Internet_of_things_and_current_trends_in_libraries_IT

CTL/links/5b8e26baa6fdcc1ddd0a1385/Internet-of-things-and-current-trends-in-

libraries-ITCTL.pdf#page=21 

Patino, C. M., & Ferreira, J. C. (2018). Inclusion and exclusion criteria in research 

studies: definitions and why they matter. Jornal Brasileiro de Pneumologia: 

Publicacao Oficial da Sociedade Brasileira de Pneumologia e Tisilogia, 44(2), 

84. https://doi.org/10.1590/s1806-37562018000000088 

Peduzzi, P., Concato, J., Kemper, E., Holford, T. R., & Feinstein, A. R. (1996). A 

simulation study of the number of events per variable in logistic regression 

analysis. Journal of clinical epidemiology, 49(12), 1373-1379. 

http://search.proquest.com/scholarly-journals/benefits-barriers-rfid-technology-healthcare/docview/1984766816/se-2
http://search.proquest.com/scholarly-journals/benefits-barriers-rfid-technology-healthcare/docview/1984766816/se-2
https://papersearch.net/thesis/article.asp?key=3560136
https://aisel.aisnet.org/hicss-52/os/sites/13/
https://www.researchgate.net/profile/Chintan-Pandya-8/publication/327416369_Internet_of_things_and_current_trends_in_libraries_ITCTL/links/5b8e26baa6fdcc1ddd0a1385/Internet-of-things-and-current-trends-in-libraries-ITCTL.pdf%23page=21
https://www.researchgate.net/profile/Chintan-Pandya-8/publication/327416369_Internet_of_things_and_current_trends_in_libraries_ITCTL/links/5b8e26baa6fdcc1ddd0a1385/Internet-of-things-and-current-trends-in-libraries-ITCTL.pdf%23page=21
https://www.researchgate.net/profile/Chintan-Pandya-8/publication/327416369_Internet_of_things_and_current_trends_in_libraries_ITCTL/links/5b8e26baa6fdcc1ddd0a1385/Internet-of-things-and-current-trends-in-libraries-ITCTL.pdf%23page=21
https://www.researchgate.net/profile/Chintan-Pandya-8/publication/327416369_Internet_of_things_and_current_trends_in_libraries_ITCTL/links/5b8e26baa6fdcc1ddd0a1385/Internet-of-things-and-current-trends-in-libraries-ITCTL.pdf%23page=21
https://doi.org/10.1590/s1806-37562018000000088


124 

 

https://doi.org/10.1016/S0895-4356(96)00236-3 

Pellegrin, K., Chan, F., Pagoria, N., Jolson-Oakes, S., Uyeno, R., & Levin, A. (2018). A 

Statewide Medication Management System: Health Information Exchange to 

Support Drug Therapy Optimization by Pharmacists across the Continuum of 

Care. Applied Clinical Informatics, 9(01), 001-010. https://doi.org/10.1055/s-

0037-1620262 

Pérez, M. M., González, G. V., & Dafonte, C. (2017). The development of an RFID 

solution to facilitate the traceability of patient and pharmaceutical data. Sensors, 

17(10), 2247. https://doi.org/10.3390/s17102247 

Pestka, D. L., Sorge, L. A., McClurg, M. R., & Sorensen, T. D. (2018). The Philosophy 

of Practice for Comprehensive Medication Management: Evaluating Its Meaning 

and Application by Practitioners. Pharmacotherapy: The Journal of Human 

Pharmacology and Drug Therapy, 38(1), 69-79. 

https://doi.org/10.1002/phar.2062 

Podaima, B. W., Friesen, M., & McLeod, R. D. (2018). A review of emerging smart 

RFID in healthcare. CMBES Proceedings, 33(1). 

https://proceedings.cmbes.ca/index.php/proceedings/article/view/559 

Pool, J. K., Asian, S., Arabzad, S. M., Jamkhaneh, H. B., & Lashaki, J. K. (2017). 

Development of a model to analyse the factors affecting RFID technology 

acceptance in small and medium-sized enterprises. International Journal of 

Services and Operations Management, 28(4), 468-494. https://doi.org/ 

10.1504/IJSOM.2017.087850 

https://doi.org/10.1016/S0895-4356(96)00236-3
https://doi.org/10.1055/s-0037-1620262
https://doi.org/10.1055/s-0037-1620262
https://doi.org/10.3390/s17102247
https://doi.org/10.1002/phar.2062
https://proceedings.cmbes.ca/index.php/proceedings/article/view/559
https://doi.org/%2010.1504/IJSOM.2017.087850
https://doi.org/%2010.1504/IJSOM.2017.087850


125 

 

Queirós, A., Faria, D., & Almeida, F. (2017). Strengths and limitations of qualitative and 

quantitative research methods. European Journal of Education Studies, 3(9). 

http://dx.doi.org/10.46827/ejes.v0i0.1017 

Rasheed, H. A., Osman, G. A., & Aziz, N. G. (2018). Nurses’ experiences and 

perceptions of medication administration errors. Zanco Journal of Medical 

Sciences, 22(2), 217-226. https://doi.org/10.15218/zjms.2018.029 

Rautiainen, J. (2017). Determining factors contributing to software adoption on a 

personal level: testing TAM and UTAUT and a new combined model based on 

the two models. http://urn.fi/URN:NBN:fi:aalto-201712208316 

Reale, C., Saleem, J. J., Patterson, E. S., Hettinger, A. Z., Anders, S., & Miller, A. (2016, 

September). Promoting Patient Safety with Human Factors Methods: Practical 

Approaches to Current Medication Management Issues. In Proceedings of the 

Human Factors and Ergonomics Society Annual Meeting (Vol. 60, No. 1, pp. 647-

651). Sage CA: Los Angeles, CA: SAGE Publications. 

https://doi.org/10.1177%2F1541931213601149 

Reio Jr, T. G. (2016). Nonexperimental research: strengths, weaknesses and issues of 

precision. European Journal of Training and Development, 40(8/9), 676-690. 

https://doi.org/10.1108/EJTD-07-2015-0058 

RFID Journal (2020-a). About RFID Journal. http://www.rfidjournal.com/site/about 

RFID Journal (2020-b). Frequently Asked Questions. 

http://www.rfidjournal.com/site/faqs 

Riley, R. D., Snell, K. I., Ensor, J., Burke, D. L., Harrell Jr, F. E., Moons, K. G., & 

http://dx.doi.org/10.46827/ejes.v0i0.1017
https://doi.org/10.15218/zjms.2018.029
http://urn.fi/URN:NBN:fi:aalto-201712208316
https://doi.org/10.1177%2F1541931213601149
https://doi.org/10.1108/EJTD-07-2015-0058
http://www.rfidjournal.com/site/about
http://www.rfidjournal.com/site/faqs


126 

 

Collins, G. S. (2019). Minimum sample size for developing a multivariable 

prediction model: PART II‐binary and time‐to‐event outcomes. Statistics in 

Medicine, 38(7), 1276-1296. https://doi.org/10.1002/sim.7992 

Rogers, E. M., Singhal, A., & Quinlan, M. M. (2014). Diffusion of innovations. In An 

Integrated Approach to Communication Theory and Research (pp. 432-448). 

Routledge. https://www.taylorfrancis.com/chapters/edit/10.4324/9780203887011-

36/diffusion-innovations-everett-rogers-arvind-singhal-margaret-quinlan 

Rosen, O. Z., Fridman, R., Rosen, B. T., Shane, R., & Pevnick, J. M. (2017). Medication 

adherence as a predictor of 30-day hospital readmissions. Patient Preference and 

Adherence, 11, 801–810. http://doi.org/10.2147/PPA.S125672 

Ross, P. T., & Zaidi, N. L. B. (2019). Limited by our limitations. Perspectives on 

Medical Education, 8(4), 261-264. https://doi.org/10.1007/s40037-019-00530-x 

Ruano, M., Villamañán, E., Perez, E., Herrero, A., & Alvarez-Sala, R. (2016). New 

technologies as a strategy to decrease medication errors: how do they affect adults 

and children differently?. World Journal of Pediatrics, 12(1), 28-34. 

https://doi.org/10.1007/s12519-015-0067-6 

Rubasri, R., Aravind, I. D., Sridhar, I. M., & Rajkumar, I. M. V (2018). Health Care 

Monitoring System in Internet of Things by Using RFID. International Journal of 

Emerging Technologies in Engineering Research (IJETER), Volume 6, Issue 6. 

https://www.ijeter.everscience.org/Manuscripts/Volume-6/Issue-6/Vol-6-issue-6-

M-05.pdf 

Sari, K. (2013). Selection of RFID solution provider: A fuzzy multi-criteria decision 

https://doi.org/10.1002/sim.7992
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203887011-36/diffusion-innovations-everett-rogers-arvind-singhal-margaret-quinlan
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203887011-36/diffusion-innovations-everett-rogers-arvind-singhal-margaret-quinlan
http://doi.org/10.2147/PPA.S125672
https://doi.org/10.1007/s40037-019-00530-x
https://doi.org/10.1007/s12519-015-0067-6
https://www.ijeter.everscience.org/Manuscripts/Volume-6/Issue-6/Vol-6-issue-6-M-05.pdf
https://www.ijeter.everscience.org/Manuscripts/Volume-6/Issue-6/Vol-6-issue-6-M-05.pdf


127 

 

model with Monte Carlo simulation. Kybernetes, 42(3), 448-465. 

https://doi.org/10.1108/03684921311323680 

Satti, F. A., Khan, W. A., Ali, T., Hussain, J., Yu, H. W., Kim, S., & Lee, S. (2020, 

January). Semantic Bridge for Resolving Healthcare Data Interoperability. In 

2020 International Conference on Information Networking (ICOIN) (pp. 86-91). 

IEEE. https://doi.org/10.1109/ICOIN48656.2020.9016461 

Setia, M. S. (2016). Methodology series module 3: Cross-sectional studies. Indian 

Journal of Dermatology, 61(3), 261. https://dx.doi.org/10.4103%2F0019-

5154.182410 

Shachak, A., Kuziemsky, C., & Petersen, C. (2019). Beyond TAM and UTAUT: Future 

directions for HIT implementation research. Journal of Biomedical Informatics, 

100, 103315. https://doi.org/10.1016/j.jbi.2019.103315 

Short, M. N., & Ho, V. (2020). Weighing the effects of vertical integration versus market 

concentration on hospital quality. Medical Care Research and Review, 77(6), 

538-548. https://doi.org/10.1177%2F1077558719828938 

Smith, A. D. (2016). Exploring RFID Healthcare Operational Strategies. In Encyclopedia 

of E-Commerce Development, Implementation, and Management (pp. 1813-

1824). IGI Global. https://doi.org/10.4018/978-1-4666-9787-4.ch128 

Smith, S., Oberholzer, A. E., Land, K. J., Korvink, J. G., & Mager, D. (2018). Printed 

RFID tags on paper and flexible substrates towards low-cost connected sensor 

systems. http://hdl.handle.net/10204/10533 

Smith-Ditizio, A. A., & Smith, A. D. (2019). Using RFID and Barcode Technologies to 

https://doi.org/10.1108/03684921311323680
https://doi.org/10.1109/ICOIN48656.2020.9016461
https://dx.doi.org/10.4103%2F0019-5154.182410
https://dx.doi.org/10.4103%2F0019-5154.182410
https://doi.org/10.1016/j.jbi.2019.103315
https://doi.org/10.1177%2F1077558719828938
https://doi.org/10.4018/978-1-4666-9787-4.ch128


128 

 

Improve Operations Efficiency Within the Supply Chain. In Advanced 

Methodologies and Technologies in Business Operations and Management (pp. 

1277-1288). IGI Global. https://doi.org/10.4018/978-1-5225-7362-3.ch096 

Sridharan, S., Priestman, W., & Sebire, N. J. (2018). Chief information officer team 

evolution in university hospitals: Interaction of the three C's (CIO, CCIO, CRIO). 

Journal of Innovation in Health informatics, 25(2), 88-91. 

https://doi.org/10.14236/jhi.v25i2.997 

Statistics Solutions (2022). Assumptions of Logistic Regression. 

https://www.statisticssolutions.com/free-resources/directory-of-statistical-

analyses/assumptions-of-logistic-regression/ 

Stillwell, M., Gowin, K., & Klimant, E. (2018). Selection of an Electronic Health Record 

System for a Community-based Integrative Oncology Center. Perspectives in 

Health Information Management, 1-12. http://nclive.org/cgi-

bin/nclsm?url=http://search.proquest.com/scholarly-journals/selection-electronic-

health-record-system/docview/2133763298/se-2?accountid=10939 

Sulaiman, H., & Wickramasinghe, N. (2018). Healthcare Information Systems (HIS) 

Assimilation Theory. Theories to Inform Superior Health Informatics Research 

and Practice, 283-308. https://doi.org/10.1007/978-3-319-72287-0_18 

Sun, M., & Lipsitz, S. R. (2018). Comparative effectiveness research methodology using 

secondary data: A starting user’s guide. In Urologic Oncology: Seminars and 

Original Investigations, 36(4), 174-182. Elsevier. 

https://doi.org/10.1016/j.urolonc.2017.10.011 

https://doi.org/10.4018/978-1-5225-7362-3.ch096
https://doi.org/10.14236/jhi.v25i2.997
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/assumptions-of-logistic-regression/
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/assumptions-of-logistic-regression/
http://nclive.org/cgi-bin/nclsm?url=http://search.proquest.com/scholarly-journals/selection-electronic-health-record-system/docview/2133763298/se-2?accountid=10939
http://nclive.org/cgi-bin/nclsm?url=http://search.proquest.com/scholarly-journals/selection-electronic-health-record-system/docview/2133763298/se-2?accountid=10939
http://nclive.org/cgi-bin/nclsm?url=http://search.proquest.com/scholarly-journals/selection-electronic-health-record-system/docview/2133763298/se-2?accountid=10939
https://doi.org/10.1007/978-3-319-72287-0_18
https://doi.org/10.1016/j.urolonc.2017.10.011


129 

 

Syahrir, I., Suparno, S., & Vanany, I. (2018). Strategic management for logistics and 

supply chain operation in healthcare. IPTEK Journal of Proceedings Series, (3), 

10-15. http://dx.doi.org/10.12962/j23546026.y2018i3.3699 

Taherdoost, H. (2018). A review of technology acceptance and adoption models and 

theories. Procedia Manufacturing, 22, 960-967. 

https://doi.org/10.1016/j.promfg.2018.03.137 

Tamai, M., Hasegawa, A., & Yokoyama, H. (2019, July). Design and Implementation of 

Sensing System for Quality Analysis of 802.11 Wireless Links. In 2019 28th 

International Conference on Computer Communication and Networks (ICCCN) 

(pp. 1-2). IEEE. https://doi.org/10.1109/ICCCN.2019.8847105 

Tan, S. H., & Tan, S. B. (2010). The correct interpretation of confidence intervals. 

Proceedings of Singapore Healthcare, 19(3), 276-278. 

https://journals.sagepub.com/doi/pdf/10.1177/201010581001900316 

Tanniru, M., Khuntia, J., & Weiner, J. (2018). Hospital leadership in support of digital 

transformation. Pacific Asia Journal of the Association for Information Systems, 

10(3), 1. https://doi.org/10.17705/1pais.10301 

Text - H.R.1 - 111th Congress (2009-2010): American Recovery and Reinvestment Act 

of 2009. (2009, February 17). http://www.congress.gov/ 

Thakur, R., & Thakur, A. (2019). Enabling Technologies and Applications of the Internet 

of Things. Proceedings of Recent Advances in Interdisciplinary Trends in 

Engineering & Applications (RAITEA). https://dx.doi.org/10.2139/ssrn.3365534 

The Free Dictionary (1981-2019). Networked environment. In The Free Dictionary.com 

http://dx.doi.org/10.12962/j23546026.y2018i3.3699
https://doi.org/10.1016/j.promfg.2018.03.137
https://doi.org/10.1109/ICCCN.2019.8847105
https://journals.sagepub.com/doi/pdf/10.1177/201010581001900316
https://doi.org/10.17705/1pais.10301
http://www.congress.gov/
https://dx.doi.org/10.2139/ssrn.3365534


130 

 

dictionary. https://encyclopedia2.thefreedictionary.com/networked+environment 

Thewan, T., Seksan, C., Pramot, S., Ismail, A. H., & Terashima, K. (2019). Comparing 

WiFi RSS Filtering for Wireless Robot Location System. Procedia 

Manufacturing, 30, 143-150. https://doi.org/10.1016/j.promfg.2019.02.021 

Thomas, M., Costa, D., & Oliveira, T. (2016). Assessing the role of IT-enabled process 

virtualization on green IT adoption. Information Systems Frontiers, 18(4), 693-

710. https://doi.org/10.1007/s10796-015-9556-3 

Thune, T., & Mina, A. (2016). Hospitals as innovators in the health-care system: A 

literature review and research agenda. Research Policy, 45(8), 1545-1557. 

https://doi.org/10.1016/j.respol.2016.03.010 

Tornatzky, L. G., Fleischer, M., & Chakrabarti, A. K. (1990). Processes of technological 

innovation. Lexington books. 

https://openlibrary.org/books/OL2207473M/The_processes_of_technological_inn

ovation 

Tu, Y. J., Chi, H., Zhou, W., Kapoor, G., Eryarsoy, E., & Piramuthu, S. (2019, 

November). Critical Evaluation of RFID Applications in Healthcare. In 

International Conference on Future Network Systems and Security (pp. 240-248). 

Springer, Cham. https://doi.org/10.1007/978-3-030-34353-8_18 

Turcu, C. T. (2017). RFID-based Solutions for Smarter Healthcare. 

https://doi.org/10.48550/arXiv.1705.09855 

UCLA: Statistical Consulting Group (2016). Introduction to SAS. 

https://stats.oarc.ucla.edu/sas/seminars/proc-power/ 

https://encyclopedia2.thefreedictionary.com/networked+environment
https://doi.org/10.1016/j.promfg.2019.02.021
https://doi.org/10.1007/s10796-015-9556-3
https://doi.org/10.1016/j.respol.2016.03.010
https://openlibrary.org/books/OL2207473M/The_processes_of_technological_innovation
https://openlibrary.org/books/OL2207473M/The_processes_of_technological_innovation
https://doi.org/10.1007/978-3-030-34353-8_18
https://doi.org/10.48550/arXiv.1705.09855
https://stats.oarc.ucla.edu/sas/seminars/proc-power/


131 

 

U.S. Department of Health & Human Services (2018). Medication Administration Errors. 

https://psnet.ahrq.gov/primers/primer/47/Medication-Administration-Errors 

U.S. Department of Health & Human Services (2017). HITECH Act Enforcement Interim 

Final Rule. https://www.hhs.gov/hipaa/for-professionals/special-topics/hitech-act-

enforcement-interim-final-rule/index.html 

U.S. Department of Health & Human Services (2016). Strategic goal 1: Strengthen health 

care. http://www.hhs.gov/about/strategic-plan/strategic-goal-1/ 

Uy, R. C., Kury, F. P., & Fontelo, P. A. (2015). The State and Trends of Barcode, RFID, 

Biometric and Pharmacy Automation Technologies in US Hospitals. AMIA ... 

Annual Symposium proceedings. AMIA Symposium, 2015, 1242–1251. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4765644/ 

van Smeden, M., Moons, K. G., de Groot, J. A., Collins, G. S., Altman, D. G., Eijkemans, 

M. J., & Reitsma, J. B. (2019). Sample size for binary logistic prediction models: 

beyond events per variable criteria. Statistical Methods in Medical Research, 

28(8), 2455-2474. https://doi.org/10.1177%2F0962280218784726 

Vankipuram, A., Traub, S., & Patel, V. L. (2018). A method for the analysis and 

visualization of clinical workflow in dynamic environments. Journal of 

Biomedical Informatics, 79, 20-31. https://doi.org/10.1016/j.jbi.2018.01.007 

Venkatesh, V., Morris, M.G., Davis, F.D., & Davis, G.B. (2003). User Acceptance of 

Information Technology: Toward a Unified View. MIS Quarterly, 27, 425-478. 

https://doi.org/10.2307/30036540 

Werber, B., Baggia, A., & Žnidaršič, A. (2018). Factors Affecting the Intentions to Use 

https://psnet.ahrq.gov/primers/primer/47/Medication-Administration-Errors
https://www.hhs.gov/hipaa/for-professionals/special-topics/hitech-act-enforcement-interim-final-rule/index.html
https://www.hhs.gov/hipaa/for-professionals/special-topics/hitech-act-enforcement-interim-final-rule/index.html
http://www.hhs.gov/about/strategic-plan/strategic-goal-1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4765644/
https://doi.org/10.1177%2F0962280218784726
https://doi.org/10.1016/j.jbi.2018.01.007
https://doi.org/10.2307/30036540


132 

 

RFID Subcutaneous Microchip Implants for Healthcare Purposes. Organizacija, 

51(2), 121-133. https://doi.org/10.2478/orga-2018-0010 

Westbrook, J. I., Raban, M. Z., Walter, S. R., & Douglas, H. (2018). Task errors by 

emergency physicians are associated with interruptions, multitasking, fatigue and 

working memory capacity: a prospective, direct observation study. BMJ Qual Saf, 

27(8), 655-663. http://dx.doi.org/10.1136/bmjqs-2017-007333 

Williams, C., Asi, Y., Raffenaud, A., Bagwell, M., & Zeini, I. (2016). The effect of 

information technology on hospital performance. Health Care Management 

Science, 19(4), 338-346. https://doi.org/10.1007/s10729-015-9329-z 

Wright, S., O'Brien, B. C., Nimmon, L., Law, M., & Mylopoulos, M. (2016). Research 

design considerations. Journal of Graduate Medical Education, 8(1), 97-98. 

https://doi.org/10.4300/JGME-D-15-00566.1 

Yoon, T. and George, J., (2013). "Why aren't organizations adopting virtual worlds?", 

Computers in Human Behaviour, 29, 772-790. 

https://doi.org/10.1016/j.chb.2012.12.003 

Zhang, X., Zhou, X., & Yoruk, E. (2019). Re-examining the Technology Acceptance 

Model from stakeholders’ management perspective in health sector. In British 

Academy of Management. British Academy of Management. 

https://pure.coventry.ac.uk/ws/portalfiles/portal/26129998/Binder5.pdf 

https://doi.org/10.2478/orga-2018-0010
http://dx.doi.org/10.1136/bmjqs-2017-007333
https://doi.org/10.1007/s10729-015-9329-z
https://doi.org/10.4300/JGME-D-15-00566.1
https://doi.org/10.1016/j.chb.2012.12.003
https://pure.coventry.ac.uk/ws/portalfiles/portal/26129998/Binder5.pdf

	Predictors of Radio Frequency Identification Adoption for Medication Administration in Hospitals
	tmp.1690234562.pdf.t6FQc

