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Hospitals worldwide are adopting electronic health record (EHR) software to support clinical decision making and improve patient care. EHR adoption involves dramatic changes to the workflow of the institution. Successful implementation programs must address these changes while providing technical training and support. The literature presented here describes EHR software, nurses’ information technology (IT) and informatics competency needs, and EHR implementation research.
Electronic Health Records 

Computers are a common sight in hospitals. They have been used for administrative functions for decades. EHRs bring IT into the clinical realm, providing a broad range of services from facilitating decision-making to reducing medical errors. Clinical functions are often marketed and implemented as modules, leading to a host of varied definitions and terms for the computerized support of clinical practices.

Lobach and Detmer (2007) define four characteristics of an EHR. It is a collection of information pertaining to the health and health care of individuals over time. It provides immediate electronic access to individual and aggregate data to authorized users, and has security features to insure that unauthorized retrieval is thwarted. It provides knowledge and decision support to enhance quality, safety and efficacy of patient care. Finally, it supports an efficient health care delivery system. The ultimate EHR vision is a national health information infrastructure that permits patients and their health care providers seamless access to the data needed to make informed clinical decisions. 

The terms electronic medical record (EMR), computer-based patient records (CPR), hospital information systems (HIS), and clinical information systems (CIS) are used as synonyms of EHR by some researchers, while others limit their definitions (Geibert, 2006a; Lobach & Detmer, 2007; Maviglia, Kuperman, & Middleton, 2005). An EMR can refer to a site-specific EHR whose data are not shared with other health care institutions, a CPR to electronic health records of individual patients that are not aggregated into a clinical knowledge repository, and a CIS or HIS to systems that include current information but do not store historical patient data. Brailer and Terasawa (2003) list nine additional terms from automated medical record to virtual patient record used to describe clinical information tools which have no clear differentiation between their uses. This lack of clarity may account for some of the differences found in EHR efficacy studies. In this paper the term EHR is used.

Three main components of EHR systems are clinical decision support (CDS), computerized physician order entry (CPOE), and electronic charting. CDS systems match individual patient characteristics with a computerized knowledge base and software algorithms to create patient-specific care recommendations, alerts of critical values, reminders for preventative health screenings, advice for drug prescriptions, and critiques of existing orders (Garg, Adhikari, McDonald, Devereaux, Beyene, Sam, and Hayes, 2005). CPOE allows physicians and other health care providers to enter orders, medication, tests, and procedures electronically (Maviglia et al., 2005). CPOE insures that orders are legible and complete. Standardized order scenarios can simplify the order process and provide standard levels of care. Like CDS systems, CPOE programs can provide clinical support. Medication dosage guidelines and alerts for drug allergies, cross-sensitivities, interactions, and dosage guidelines are common features. Some systems monitor lab results, notifying the provider by email or pager of critical values. CPOEs require providers to enter orders in a standard manner, rather than freely written text. This standardization is used to build the clinical knowledge base. Electronic charting moves data availability from one physical chart to any computer on the network, providing immediate access to the data and reducing time spent waiting to use or searching for the chart (Geibert, 2006b). Aggregated data are used for research, management, quality assurance and safety improvement efforts (Maviglia et al., 2005).

Hospitals and clinical practices adopt EHRs for varied reasons. Brailer and Teresawa (2003) classify them as administrative and clinical. Administrative reasons include the need to share data among different sites within a health care organization, to improve clinical documentation, to support billing, to reduce costs, and to meet regulatory, legal, and accreditation standards. Clinical factors include improved sharing of patient information, quality of care, patient safety, clinical workflow processes, and clinical data capture. EHRs provide the ability to collect structured, coded, electronic, longitudinal data to insure standardization and consistency of care, monitor health care delivery, drive an evidence-based medical system, and provide data for clinical and research purposes (Lobach & Detmer, 2007).

The efficacy of EHRs has not been proven. EHR research is challenged by the lack of standard definitions and comparable systems, and different implementation methods and adoption rates (Lobach & Detmer, 2007). Additional methodological issues include identifying study measures; determining the unit of analysis; identifying an appropriate study design; and identifying, quantifying, and measuring anticipated benefits. 

Garg et al. (2005) conducted an analysis of 100 randomized and nonrandomized controlled trials completed between 1975 and 2004 that evaluated the effect of practitioner performance and patient outcomes with and without a CDS system. Overall, 64% reported improved practitioner performance and 13% reported improved patient outcomes. Only two factors were significantly related to improved performance: systems with automatic rather user-instigated prompting, and studies whose authors developed the software. Wears and Berg (2005) criticize this study for being too broad. The systems studied varied in form, goals and implementation. Further, systems developed in 1975 are not comparable to those developed in the past five years. 

Poissant, Periera, Tamblyn and Kawasumi (2005) examined 20 studies addressing time efficiency as a measure of the quality of EHR implementation conducted between 1966 and 2004. Various study designs, data collection techniques, units of measure, and length of time following EHR implementation were used. Time efficiencies ranged from reductions of up to 45% to increases of up to 41%, with no clear trends emerging. 

EHR adoption can have unintended consequences. For example, although CPOEs are credited with reducing medication errors, Koppel, Metlay, Cohen, Agaluck, Localio, and Kimmel (2005) identified 22 types of errors enhanced by CPOE use. They argue that other research has not identified such outcomes because they were overlooked in the study design. 

EHR implementation strategies must address two issues: technical skills needed use the new software, and the impact the EHR implementation will have on the entire fabric of the organization. 

Technical Skills


The branch of nursing concerned with the integration of computer technology and nursing is known as informatics. The immaturity of the field is apparent in the issues being addressed in the literature: competencies (American Nurses Association, 2007; Staggers, Gassert, & Curran, 2001), educational standards (Barton, 2005; Flesner, Miller, McDaniel, & Rantz, 2006), and measurement tools (Hobbs, 2002). Unfortunately, no consensus has emerged in these areas. This section of the literature review focuses on nurses, the largest group of employees impacted by an EHR implementation.

Staggers et al. (2001) reviewed nursing informatics literature from 1986-1998, extracting 304 identified competencies from 35 articles and 14 informatics job descriptions. The American Nurses Association (2007) extended Staggers et al.'s competencies to include a more recent review of the literature, and topics addressed on the American Nurses Credentialing Center's nursing informatics certification exam. The American Nurses Association grouped the 300+ identified competencies into three major areas: computer literacy skills including the psychomotor use of computers and other technology; information literacy incorporating information retrieval and knowledge skills, knowing when there is a need for information, and then identifying, finding, evaluating, organizing and using the information effectively; and professional development and leadership skills that address ethical, procedural, safely and management issues. Flesner et al.(2006) identify three additional competency areas: critical thinking, exposure to research knowledge, and communication skills.
Staggers et al. (2001) found a lack of empirical studies of the informatics needs of practicing nurses, with most of the articles addressing faculty or student needs in formal nursing programs. In addition, there was a lack of research-based competency development in the articles they reviewed. The articles did not build on one another, tending rather to describe unique programs and competency lists. In addition, the main focus of most of the research was on computer literacy, rather than other informatics topics. These issues have not disappeared in the intervening years.
Hobbs (2002) examined nursing computer competency measurement instruments used in 17 published articles from 1988 to 2000 in three categories: computer knowledge, attitudes, and skills. These 17 studies used 14 different measurement tools. He found variability in the quality of the studies, with more than half having inadequate analysis or other serious methodological problems. In addition, the studies exhibited little agreement as to what specific knowledge, attitudes, and skills are needed for computer competence.

Informatics education is not a consistent part of nursing education programs. McNeil Elfrink, Beyea, Pierce, and Bickford (2005) surveyed US and Puerto Rican nursing programs about their nursing informatics and computer literacy programs. They found that many respondents could not differentiate between computer literacy and informatics, approximately half did not feel that future nurses would need informatics skills, and 46% had no plans to include informatics training in their curriculum. Problems teaching informatics are compounded by educators' lack of computer skills: survey respondents classified 18% of their faculty as novice users and 39% as advanced beginners. The plethora of software products in use poses additional challenges, as the products available in the training hospitals may not be found elsewhere. 

The informatics skills of practicing nurses have not been well-studied:

The existing empirical literature about nurses' use of IT is inadequate. Nothing is known about the extent of differences in IT use across job types, specialties, and settings of care. In addition, no data have been collected about the perceived impact of IT on nursing practice or on the adequacy of training and support in the workplace. (Gaumer, Koeniger-Donohue, Friel, & Sudbay, 2007, p. 345) 

Gaumer et al. (2007) surveyed a convenience sample of nurse practitioner graduates from Simmons College since 1978 to assess their IT usage and perceptions. Tellingly, only 7% of the respondents chose to complete the web-version of the survey rather than the hard-copy version. Exemplifying Staggers et al.’s (2001) criticism of informatics research, rather than use an existing survey or building from the literature, Gaumer et al. developed their own survey instrument from discussion with the Simmons College nursing faculty and practicing nurses. They report that most respondents used computers at work, but the functions used varied widely. The survey did not allow the authors to determine whether functions were available and not used, or whether the functionality was not available. Overall, less than half of the respondents felt that their IT training was adequate, and one-third reported that they did not feel competent using the software available to them. Although there is no formal informatics training at Simmons, the more recent graduates felt their academic IT preparation was adequate, while 70% of those with more than eleven years of practice since graduation felt it was not. This is as likely due to technological change as it is to inadequacies in the Simmons coursework, and highlights the need for educational programs to focus on general IT and informatics competencies, rather than system-specific skills. In addition, practicing nurses' ongoing professional development must include informatics training. 

Researchers at the Medical Center of Louisiana in New Orleans surveyed their nurses, nursing assistants and unit secretaries about their perceived computer skill proficiency in 11 areas they used to perform their job (Wilbright, Huan, Romano, Krutzfeldt, Fontenot, & Nolan, 2006). Like Gaumer et al. (2007), Wilbright et al. developed their own list of proficiencies based on input from nursing directors rather than building on existing instruments or research. They found that their nursing staff were lacking in basic computer literacy and work-related computer skills including managing windows, using a Web browser, searching bibliographic databases and using job-related scheduling and spreadsheet applications, although training is provided in these applications during new-hire orientation. Averaging the results from all areas, the overall score was 2.7 (between good and fair) on a 5-point Likert scale. Although the authors point out the need for further studies in this area, they did not respond when asked for a copy of their survey instrument and permission to use it in a hospital in northern Vermont in the summer of 2007.

Research is needed in three major areas: what skills are necessary for practicing nurses, how to measure them, and how to teach them. Gaumer et al. (2007) present several areas for research including observational studies and benchmarks of computer skills from best practice organizations and the contribution of demonstrated informatics competency within education programs to perceived competency and actual informatics use of practicing nurses. Wilbright et al. (2006) recommends studies to define current computer literacy levels of health care workers and to identify best practices for training. Hobbs (2002) identifies the need for robust measurement tools.


While many researchers call for more training, there are few discussions of effective training programs. Wilbright et al. (2006), for example, describe a six-step plan for implementing an information technology strategy that includes implementing programs to enhance computer literacy, but they provide no discussion of how to implement such a program, or what it should entail. Gaumer et al. (2007) identify three sources of IT competency attaining: employer training and support, academic program preparation, and self-training, but provide no details. Kirkley (2004) recommends solid informatics and technical training before EHR implementation, but again, offers no specifics.

Brettle (2003) examined 24 articles published between 1995 and 2002 describing training in searching skills in the health field. The articles described training in academic and clinical practice settings. Training methodologies included didactic sessions, demonstrations, hands-on, one-on-one, small group, large group, web-based and e-mail delivered content in various combinations. Study designs included experimental, quasi-experimental, cohort, observational, qualitative and questionnaire protocols. The content of the training varied widely as did the session length, which ranged from one hour to multiple sessions. Outcome measures included perceived improvement, post-skills testing, pre- and post-skills testing, recall and precision measures and assessments of the curriculum. Overall, the quality of the studies was problematic, with flawed design, execution and reporting. Many relied on questionnaires for measuring outcomes and most did not include the questionnaire in the report. Mirroring Staggers et al.’s (2001) criticism of informatics education, Brettle found that most authors developed their own unvalidated reporting questionnaires rather than using pre-validated tools, and that there was a substantial duplication of effort in the development of training material. Outcomes were not conclusive. Two studies compared training with no training in the clinical setting. One found the training to be effective, while the other did not. Two studies looked at patient care improvement, but used user perception as their outcome measure. Finally, for those that considered skill improvement, there was limited evidence that the training was effective. Brettle calls for further research in the development of validated measurement tools, comparisons of training methods using large studies with longer follow-up and using objective outcome measures, and determining the connection between perceived and actual effect of information skills on patient care.

EHR Implementation
Given the contradictory EHR efficacy research findings described in the first section of this paper, establishing a framework for framing, implementing and evaluating EHR adoption is critical. EHRs are complex, expensive systems and the effects of their implementation can be far-reaching. For example, real-time charting changes the social interaction of the nursing staff who no longer gather to document at the end of their shift (Kirkley, 2004). Poor outcomes could be due to poor system design, poor use of technology by the clinicians, a poor interface, or conflicting goals (Wears & Berg, 2005). 

Many researchers have examined the adoption of EHRs based on Roger's diffusion of innovation theory (Davidson & Heineke, 2007; Geibert, 2006b; Greenhalgh, Robert, MacFarlane, Bate, & Kyriakidou, 2004; Kirkley, 2004; Wolf, Greenhouse, Diamond, Fera, & McCormick, 2006). The theory posits five characteristics of innovation that help explain the rate of adoption by individual users: relative advantage, compatibility, complexity, trialability, and observability. Although Roger's model was developed to describe the unplanned, decentralized diffusion of technology, its processes have been incorporated in projects to disseminate an innovation in planned, formal centralized fashion, such as the implementation of an EHR (Greenhalgh et al., 2004) .

Relative advantage refers to the perceived view that the innovation is better than the current methodology, addressing whether or not the innovation will substantially improve existing conditions. The relative advantage answers the question What is in it for me (Geibert, 2006b)? For EHR implementations, administrators may focus on organizational cost savings; physicians on anytime-anywhere access to patient data; and nurses on the opportunity to spend more time with patients (Geibert, 2006b; Kirkley, 2004; Wolf et al., 2006). In their analysis of factors related to the spread and sustainability of innovations in health care organizations, Greenhalgh et al. (2004) found that while relative advantage is a required factor, it is not enough, in and of itself, to assure adoption.

Compatibility refers to the perception that the innovation is consistent with the user's individual values, past experiences and needs. For example, those who have experienced failed computer implementations may view new implementation plans skeptically. Those planning the implementation must address whether or not the innovation will work in the specific organizational environment and culture (Geibert, 2006b). In an EHR implementation in a community hospital in Pennsylvania, planners demonstrated the compatibility of the new system with existing radiology and laboratory systems and assured users that all the information in the existing paper records would be found in the new electronic chart (Wolf et al., 2006).

Complexity addresses the perceived difficulty of understanding or learning to use the innovation; the higher the perceived complexity, the slower the rate of adoption. EHRs are complex, entailing fundamental changes in the organization's workflow. Not only must the user learn a new software system, but also a whole new way of working. Greenhalgh et al. (2004) found that simpler projects fared better. Complexity can be reduced by providing users demonstrations and hands-on experience, and breaking the innovation into manageable modules that are phased in incrementally.

Trialability is the degree to which a user has the opportunity to experience the innovation on a limited basis before its adoption (Geibert, 2006b). With an EHR implementation this may be accomplished by phasing in software modules, allowing users to gain familiarity with the system in measured steps. Greenhalgh et al. (2004) found that adoption improved when users were given the opportunity to experiment with the software on a limited basis before implementation. In the community hospital implementation described previously, prior to actual go-live on the system, a test environment was made available in every department and in the physicians' lounge, and physicians practiced with an individual trainer in mini-workshops before implementation (Wolf et al., 2006). 

Finally, observability addresses the degree to which the innovation's results are visible to others (Geibert, 2006b). Demonstrations are useful for promoting observability, as are site visits to organizations who have already adopted an EHR (Geibert, 2006b, Greenhalgh et al., 2004). Some EHR implementations bring up the software in one department, which lets others observe its use before they are required to use it. This was the case when George Washington University Medical Faculty Associates implemented their EHR (Badger, Bosch, & Toteja, 2005). The other approach, known as the big bang, which brings up the entire organization at once does not provide such a period of observability. 
Greenhalgh et al. (2004) found six additional adoption factors in their analysis of innovations in health care. First, not only do EHRs change the workflow patterns of an organization, but the users of the EHR may change or modify the uses of the software to meet their needs (Davidson & Heineke, 2007; Geibert, 2006b). EHR adoption was improved when users were able to adapt, refine and modify the software to meet their needs, a process Greenhalgh et al. term reinvention. Organizations are both social and technical. These elements are interdependent and interrelated, and good system design must take both into account. Technical change is iterative. Technology changes work practices, which in turn changes how the technology is used, which leads to changes in technology. EHR implementation must address the process of organizational change, with an attitude of flexibility, experimentation and learning (Wears & Berg, 2005). Second, EHRs have an inner core of irreducible elements, surrounded by a periphery of organizational structures and systems required for full implementation. Fuzzy boundaries refers to the ability of the peripheral components to be adapted to meet user needs. The more adaptive the system, the greater the likelihood of adoption. Third, adoption is hurt if the EHR has a high degree of uncertainty and is perceived as being individually risky. The fourth component addresses task issues. Adoption is improved when innovations are relevant to the user's work, improve task performance, and are feasible, workable and easy to use. Fifth, adoption is improved with knowledge management that codifies the information required to use the EHR and allows it to be transferred from one context to another. Finally, adoption is improved with customization, training, and help desk support.

Roger's diffusion theory identifies five stages of the innovation-decision process (Geibert, 2006b). The stages address the uncertainty that is involved in deciding whether or not to accept a new idea. They occur over time, and can be applied to both individuals and decision-making units such as organizations.

The first stage is the knowledge stage, during which participants are exposed to the innovation and gain an understanding of its functionality (Geibert, 2006b). There are three types of knowledge: awareness knowledge, or knowing that the innovation exists; how-to knowledge, which refers to understanding how to use the innovation correctly; and knowledge of the underlying principles of the innovation. While it is possible to adopt an innovation without principle knowledge, such knowledge enhances participant's ability to evaluate the innovation. 

Of these three types of knowledge, the most critical for EHR adoption is how-to knowledge (Geibert, 2006b). When adequate how-to knowledge is not obtained before or during adoption, the EHR is likely to be rejected. Training needs to have a prominent place before and during implementation to assure how-to knowledge dissemination. When users do not reach competency prior to go-live, they require intensive one-on-one training in the post-implementation period (Geibert, 2006a).

Roger's second stage is the persuasion stage where participants form a favorable or unfavorable opinion of the innovation (Geibert, 2006b). During this stage, individuals actively seek and evaluate information about the innovation. They reinforce and validate their conclusions with others of similar values. While health care organizations can identify key spokespeople, or champions to help promote the EHR during this stage (Wolf et al., 2006), the literature on how to identify and harness them is sparse and contradictory (Greenhalgh, 2004).

During the decision stage, the third stage, users adopt or reject the innovation. Trialability is helpful at this stage. It is useful for users to participate in a pilot or partial trial. The implementation stage occurs when individuals use the innovation. Ideally this closely follows the decision stage, although this is not always possible in large scale implementations such as EHRs. Finally, during the final confirmation stage, users seek reinforcement for the decision they made (Geibert, 2006b). 

Based on their literature review, Greenhalgh et al. (2004) found that the Concerns Based Adoption Model better fit the empirical findings than Roger's model. This model identifies concerns that must be addressed in three adoption stages. In the pre-adoption stage, concerns can be allayed by making the intended users aware of the innovation, giving them sufficient information about what it does and how to use it, and clarifying how the innovation will affect them personally. During the early-use stage, adoption is improved when users have continuing access to information about what the innovation does, and sufficient training and support on task issues such as fitting the innovation into daily work.  Finally, in the established-use stage, users are more likely to embrace the innovation when feedback about the results and consequences of the implementation are forthcoming, and they are provided with autonomy and support to adapt and refine the innovation to meet their needs. 
Davidson and Heineke (2007) present yet a different set of adoption stages - steps they contend EHR adoption must pass through or be derailed. While not strictly linear, they do follow one another in a logical order. The first step is system availability. To impact health care as a whole, EHRs must be widely available. While administrative systems that handle scheduling billing and patient tracking are relatively straight forward to build and their resulting productivity gains and revenue enhancements relatively easy to measure, clinical systems are more complex to develop and their outcomes more difficult to ascertain. 


Adoption of the application is Davidson and Heineke's (2007) second step. New technology generally replaces old technology rather than building on it. Until an innovation becomes common, adoption is expensive. Thus, there may not be a business case for early adoption. There is a lack of literature addressing a comprehensive overview of the costs and benefits, purchase and use decisions, and conditions affecting these decisions regarding EHRs. 
Step three in Davidson and Heineke's (2007) model is the use of the EHR by individuals. Many models, including Roger's and Davidson and Heineke's use Tarde's adopter classification scheme first described in the early 1900s. This bell-curve pattern of adoption begins with a small group of innovators, followed by a slightly larger group of early adopters. The innovation becomes more wide-spread as the early majority accept it. They are followed by the smaller late majority who are more risk-adverse and wait for respected peers to go first, but who do not want to be left behind. The last to adopt the innovation are the laggards who bring up the rear. 


Greenhalgh et al. (2004) object to Tarde's categories, finding them stereotypical, value-laden, and failing to acknowledge the complex nature of EHR adoption:

People are not passive recipients of innovations. Rather (and to a greater or lesser extent in different persons), they seek innovations, experiment with them, evaluate them, find (or fail to find) meaning in them, develop feelings (positive or negative) about them, challenge them, worry about them, complain about them, “work around” them, gain experience with them, modify them to fit particular tasks, and try to improve or redesign them- often through dialog with other users. (p. 598)
Greenhalgh et al.'s (2004) research identified several individual variables that can influence EHR adoption: general individual traits associated with willingness to try and use innovations including tolerance of ambiguity, intellectual ability, motivation, values, and learning styles; context-specific psychological antecedents including the innovation's ability to meet identified user needs; user ability in terms of specific skills necessary for system use; how meaning attached to the project by management and other users aligns with the meaning attached by the individual; and how the decision to adopt the EHR is made, whether authoritatively by upper management or collectively by those who will use it. 

Social factors also influence individual adoption (Davidson and Heineke, 2007). Adoption is more likely among users that share a similar socio-economic status, and education, professional and cultural background, that is, they exhibit homophily (Greenhalgh et al., 2004). Different health professions have different social network structures. Physicians tend to have informal horizontal networks, which are effective for spreading peer influence and supporting the construction and reframing of meaning. Nurses, on the other hand, tend to have formal vertical networks which are more effective for disseminating codified information and passing on authoritative decisions. 
When addressing the individual use of the EHR in their third step, Davidson and Heineke (2007) pose two questions for further research. Among those adopting new systems, what proportion of health care professionals use them, and to what extent? What factors differentiate users and non users? Factors might include demographics, profession, specialty area, and the nature of the organization.


Step four in Davidson and Heineke’s (2007) adoption model addresses the work process changes that result from the EHR implementation. Not all EHRs are equally capable of improving health care quality or efficiencies. Research is needed to address work processes changes for those using the EHR and the factors that differentiate organizations whose processes change from those whose do not. Because EHRs lead to such large-scale changes Kirkley (2004) recommends that implementers expect and embrace the chaos that change brings, and use it as an opportunity to reinvent outdated and ineffective practices. In the George Washington University project, workflow project teams mapped out existing paper-based procedures and then analyzed how to improve efficiency electronically, identifying steps that could be automated, and those requiring human interaction (Badger et al., 2005). Before the system was rolled out to the entire organization, enthusiastic physicians were recruited to test different modules one at a time in selected departments. These tests identified work flow challenges that needed to be fixed before the EHR was made operational. Wolf et al. (2006) recommend that clinical users and information technology analysts be paired to make sure that the new systems will work for both groups.


Finally, step five examines the EHR's effect on quality, efficiency and cost of care (Davidson & Heineke, 2007). Studies showing benefits from EHR adoptions generally report modest gains, and the authors suggest that researchers in the future examine why - is it that too few people use the software, the software is used incorrectly, too few patients are affected, or are the systems unlikely to ever produce their intended benefits? Currently, they suggest that there is insufficient implementation data to conduct this research, and they recommend that research focus on steps two through four.

Because EHR adoption involves such far-reaching changes they can produce unexpected results. Harrison, Koppel, and Bar-Lev (2007) identify several factors that can lead to unintended consequences of EHR implementation. The first factor is the changes the EHR makes to existing social systems. For example, use of an EHR reduced the direct communication between physicians and nurses taking care of critically ill infants, leading to a decline in beneficial medication changes based on nursing feedback. Sometimes direct oral communication is the fastest, safest, most clinically accurate way to transmit data. The goal of an EHR implementation should be to improve problems, such as illegible prescriptions, without disrupting effective practices. 

The second factor is technical and physical infrastructures that affect EHR use (Harrison et al., 2007). A common source of EHR problems is a poor fit between the new software and the existing technical infrastructure. When data cannot be transmitted freely throughout the infrastructure, data loss, errors, delays and paper persistence can result. In extreme cases data may be printed out of one system and re-entered into another. 

Ergonomic factors, Harrison et al.'s (2007) third factor, are described by a number of researchers and address the availability, location, and ease of use of the computers (Moody, Slocumb, Berg, & Jackson, 2004; Timmons, 2003). Adding computers to patient rooms raises issues of space and confidentiality. Some rooms do not have enough space to allow nurses to chart at the bedside, causing them to write data on scraps of paper to enter later. This leads to errors and time delays in the data. Without proper safeguards, monitors in patient rooms can allow visitors to view confidential health information. Charting needs to be completed in a non-distracting environment. Often computers are added to the nursing station, but these areas are noisy. In addition, patients and their families tend to interrupt nurses using computers at the nurse’s station because they do not understand the importance of the work. Finally, a lack of sufficient computers will result in work-arounds that severely compromise the effectiveness of the EHR.

Finally, Harrison et al. (2007) identify unanticipated work-arounds of the EHR. In one EHR implementation, new expensive antibiotics could not be used without approval by the Infectious Disease (ID) fellow on duty. Residents learned that they could order the drugs if they waited until after the fellow went off-duty at 10 PM. This stealth dosing undermined the ID oversight process. In severe cases, the work-arounds can lead to redesigns of the EHR. A system that was too sensitive in its warnings about possible drug doses or interactions caused excessive physician annoyance and their ignoring the warnings, which led to their managers deactivating the warning system all together. The system was redesigned with tiered alarms levels: low-harm alarms which could be ignored, serious alarms that had to be acknowledged, and high-alert alarms that could only be overridden with an explanation. 


Timmons (2003) examined resistance to an EHR at a medical center in the United Kingdom through semi-structured interviews with nurses and nurse managers two to three years after implementation. His theoretical approach was based on a social construction of technology. Technological change has interpretive flexibility, that is, it can have different meanings for different people. This flexibility results in implementation being a process of negotiation and definition. Resistance is not due to technophobia, but rather a lack of fit between the system and existing nursing culture and practice. Timmons did not find any formal resistance to the implementation such as union action, unofficial protest, or sabotage of equipment. Outright refusal to use the system was also rare. Resistance took the form of attempts to minimize system use, for example leaving the development of a care plan for the next shift, ergonomic complaints, and criticism of the system as being unreliable and time consuming. Reasons for resistance could be traced to nursing issues. Nurses felt that using the EHR took them away from their primary job, working with patients. The EHR introduced nursing care models that provided standard care plans for different diagnoses. Nurses felt that the models were not well implemented in the EHR, that they prevented them from developing the individualized care plans they felt their patients needed, and that they degraded their assessment skills.

An analysis of underlying issues would strengthen Moody et al’s (2004) description of an EHR implementation at Sarasota Memorial Health Care in Sarasota, FL. The authors conducted a convenience sample of nurses following an EHR implementation to gather information about their perceptions of and satisfaction with the system. The authors do not indicate how long after the implementation the survey was conducted. General implementation perceptions were high with 96% feeling confident about using the EHR, 80% rating themselves as experienced computer users and 99% reporting that help was available when needed. Like Timmons (2003), nurses reported ergonomic issues and criticisms of the system. Only 44% felt the EHR was optimally functional, and 54% wrote their notes on scraps of paper to be entered later. Timmons' in depth interviews uncovered the underlying change issues that Moody et al.’s survey could not. Demographically, Moody et al. found a significant correlation between attitude toward the EHR and self-reported computer experience, a weak significant correlation between EHR attitude and age correlation, and no correlation between attitude and years of nursing or nursing shift.

Badger et al. (2005) recommend three techniques to help overcome resistance: identify a respected spokesperson for the project, impress users with a very beneficial aspect of the EHR to win them over, and implement technical fixes as necessary. Finally, they advise not presenting the EHR as a panacea for all the problems in an organization, because it cannot be. Rather, identify specific goals and objectives for the EHR, and monitor progress against them. Kirkley (2004) recommends managing expectations because not all EHR benefits will be realized immediately.


Kirkley (2004) and Geibert (2006b) point out the importance of nurses in the EHR implementation. Hospital administrators may focus on physician acceptance, but they are usually the last clinicians to be brought online. Nurses are responsible for the documentation on which other clinicians’ interactions and decisions are based. Stressing the importance of timely documentation in the decision making process is important. Including nurses in discussions of major workflow changes early in Roger’s knowledge or Greenhalgh’s pre-adoption stage is critical because nurses will work around systems they do not like or understand. Kirkley suggests clearly stating the vision and goals of the project, soliciting information using dedicated phone lines and one-on-one or small group meetings, and acknowledging input.

Summary

Hospitals implement EHRs for a variety of reasons, from improving patient safety and quality of care to promoting evidence-based research. While the sCPOE and content of EHRs vary, the ultimate goal is a national health information infrastructure that provides patients and their providers with information necessary for their care. EHRs are complex software programs whose successful implementation requires both adequate program functionality and the incorporation of the functionality into the workflow of the health care organization. 


Nursing informatics is concerned with incorporating technology into the practice of nursing. The field is relatively young, and currently there is no consensus surrounding the informatics skills that nurses need, how they should be taught, or how they should be measured. Much of the research that is available is of dubious quality, and there is a need for further research on a variety of issues.


Roger’s diffusion of innovation theory has been applied by a number of theorists to EHR implementations. While the theory addresses the unplanned, decentralized spread of technology, the process has been applied to projects such as EHRs that disseminate technology in a planned, centralized fashion. Adoption of an EHR involves complex processes including individual, social, organization, and technical factors. Research areas include organizational factors affecting the decision to implement an EHR, factors that differentiate users from non-users, the means and extent of organizational change and its impact on EHR implementation, and factors that affect whether or not an EHR meets its stated goals.
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