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Executive Summary 
Introduction 

 
 Health information technology (health IT) applications, which provide computerized clinical 
information to health care providers and/or patients, have been viewed as facilitating improved to 
health care quality, enhanced patient safety and streamlined administration. The pace of health 
IT adoption in U.S. health care organizations will likely increase, owing in part to government 
incentive programs and pressures from purchasing groups and consumers.1-8 Evaluations of the 
impact of health IT on quality and safety show mixed results, however. The main reasons seems 
to be a lack of integration of health IT into clinical workflow in a way that supports the cognitive 
work of the clinician and the workflows among organizations (e.g., between a clinic and 
community pharmacy), within a clinic and within a visit. It is clear that if health IT is to provide 
optimum performance, it must be designed to fit the specific context in which it will be used, 
specifically practice and patient types. The purpose of this project is to develop a toolkit to help 
small and medium-sized outpatient practices to assess their workflows and to successfully 
implement health IT. Small and medium-sized practices are likely to need the most help in 
analyzing their workflows as they typically do not have access to IT support and quality 
improvement resources. 
 In this project, our team of human factors engineers, physicians, and project staff has 
examined existing research related to the impacts of health IT on workflow in outpatient settings 
and how health IT can be used to assess workflow in these settings. We have also identified 
currently available resources for workflow assessment in health care, as well as proven workflow 
analysis methods and instruments used in the fields of human factors and ergonomics, and 
industrial and systems engineering that could be applied in health care settings. We have 
synthesized the information gained into a toolkit that explains the importance of analyzing 
workflow when implementing and using health IT applications, summarizes commonly used 
methods for workflow assessment, explains the purpose of each method, describes how to 
implement the methods, explains the advantages and disadvantages of each approach, cites 
available resources for more in-depth information on each tool, and provides stories drawn from 
the literature and other sources that describe the experiences of small and medium-sized 
practices in implementing health IT. 

Literature Review 

Introduction 
 Grounded in the UW-Madison Systems Engineering Initiative for Patient Safety (SEIPS) 
Model of work system and patient safety,9 our literature review analyzes (1) how health IT for 
ambulatory health care delivery systems can impact workflow in small and medium-sized 
practices and (2) how health IT can be used to study workflow in these practices. We found that 
most research on health IT is not focused directly on workflows within health care organizations, 
and studies discussing workflow vary substantially in how much information they provide on 
process changes. 
 In evaluating the literature, we have identified several types of measures and classified these 
according to the amount of information each provides on changes in work processes. One such 
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type is proximal measures, which describe explicitly how health IT has affected work processes. 
An example of this would be the measurement of change in the time to complete patient 
documentation. If an article describes how the provider is required to respond to each pop-up 
reminder and that the time to finish documentation has increased on average, the article would be 
using a proximal measure of change in processing time related to the implementation of the 
application. In contrast, distal measures indicate that workflow has changed but do not describe 
directly how that change is related to health IT systems’ effects on work processes. An example 
of this would be the ordering of tests. A research study may show only that the computerized 
decision support (CDS) system recommends ordering a type of test and that the test is ordered 
more often when the CDS system is in use. These two facts imply that workflow has changed, 
but the measure of test ordering rates does not describe how the work processes have changed. 
Outcome measures similarly imply that work processes are likely to have changed, but give no 
indication of how. For example, a study describing the implementation of a registry system for 
heart disease patients and measuring changes in the percent of those patients with hypertension 
would be using an outcome measure. A single study could contain a combination of proximal 
and distal process measures, and outcome measures, and many studies do. 
 In this literature review, we primarily focus on articles that use proximal measures of 
workflow. We argue that these proximal indicators show the direct impact of health IT 
interventions on workflow, while distal process and outcome measures leave important process 
changes unexamined, or “in a black box.” Therefore, causality cannot be determined, the 
generalizability of results cannot be assessed and the mechanisms by which health IT makes an 
impact cannot be understood. Although we briefly discuss a small number of studies using distal 
measures and patient outcomes, we do so only to provide examples of some of the patterns we 
noticed in reviewing these types of articles. 

Methods  
 To identify research studies for inclusion in the literature review, we performed a systematic 
literature search of 13 databases covering the fields of medicine, public health, health services 
research, social science, engineering, business, information services and library science. We 
searched abstracts and titles for the conjunction of three sets of search terms, specifically those 
related to ambulatory care, health IT and workflow or human factors methods. In all, 3,544 
articles were found.  
 In an effort to include all relevant systematic literature reviews, we also searched PubMed® 
for review articles with one of the health IT terms in the title. We classified the articles by type 
of health IT and selected 30 for closer review by the entire team and the contract’s AHRQ 
project officer. Twelve articles were selected for inclusion. We also included their references and 
all publications citing them, adding 1,479 articles in all.  
 Excluding duplicates, 4,470 articles were reviewed by a member of the research team. The 
inclusion criteria were that the article must be published in 1980 or later, written in English, 
peer-reviewed, focused on the implementation of health IT in an ambulatory care setting or the 
use of health IT to analyze workflow in an ambulatory setting, and describing proximal measures 
of work process change. Full-text versions of the selected articles were then reviewed by a 
human factors engineer.  
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Results 
 In the end, 192 relevant articles were identified in the literature review, 4,068 articles were 
deemed not relevant because they did not meet one of the inclusion criteria, and 64 articles using 
distal measures of workflow change were found to be useful as examples. The latter group are 
not included in the literature review, but are briefly summarized in this report. For the 192 
relevant articles, findings on workflow changes related to health IT implementation and the use 
of health IT to analyze workflow have been summarized in a Microsoft® Office Access 2000 
database. The data were transferred to a searchable Oracle® database that is included in the 
“research” section of the toolkit. 
 The most common study design types were randomized controlled trials (18 percent), pre-
post design without a control group (15 percent), post-implementation analysis without a control 
group (35 percent) and systematic literature reviews (16 percent). By far, the most common care 
setting described in the articles was primary care (54 percent) or both primary and specialty care 
(20 percent). The majority of clinics described in these articles (61 percent) were affiliated with a 
medical center, HMO, the Veterans Administration or a national health care system outside of 
the United States. Only two of the articles described clinics that could be identified as 
independently run, though it is likely that some of the clinics with unknown affiliation status 
were also independent. Only 21 percent of the studies focus exclusively on small or medium-
sized clinics. Many of the articles describe large clinics (38 percent) or both small/medium and 
large clinics (12 percent). Approximately one-third of the articles described only clinics located 
in urban areas (33 percent). An additional 22 percent of the articles described at least some 
practices located in rural areas. Clinics in suburban areas were less likely to be studied and are 
discussed in 14 percent of articles. The most common type of health IT is decision support 
systems, including electronic alerts and reminders (40 percent). To allow more detailed analysis 
of this category, it was further divided according to the goal of the system, including chronic 
disease management (22 percent), preventive care (14 percent), and medication prescribing (20 
percent). Other common types of health IT applications are electronic health records (EHRs) and 
electronic medical records (EMRs, 23 percent), electronic prescribing (4 percent), telemedicine 
(19 percent), and informational resources for providers and patients (7 percent).  

Syntheses  
 To facilitate a clear discussion of the effects of health IT implementation on workflow, we 
have emulated Shekelle et al.10 in focusing on key topics of interest that can be addressed by the 
literature. In our case, we have written syntheses describing the workflow changes associated 
with specific types of health IT applications. Changes related to EHR/EMR implementation were 
found in the areas of interaction and communication between providers and patients, the work 
time of physicians and clinic staff, workload, access to information, legibility of records, ease of 
data extraction, and documentation. For decision support systems, we found effects on guideline 
adherence, length of consultations, communication between the provider and patient, providers’ 
time, new tasks, team coordination, and access to information. The implementation of electronic 
prescribing systems was found to affect the efficiency of processes and processing time. 
Telemedicine implementations were described in the literature as having an impact on the time 
of providers and patients, collaboration, coordination, communication, role flexibility, and 
workload. The implementation of informational resource systems was found to affect the 

3 
 
 
 
    



knowledge of providers and the reference information available to them. For each type of health 
IT applications, we also found changes related to acceptance and usability. 
 In the literature, we found that health IT had been used to analyze workflow in 54 studies. 
Most of these were evaluations of health IT usage or functioning, but some examined the time of 
clinic staff, physician adherence with decision support recommendations, coding accuracy, 
communication through electronic messaging, and the quality of documentation.  

Conclusion 
 We conducted an evaluation of the peer-reviewed literature on workflow changes related to 
health IT implementation and the use of health IT as a tool to analyze workflow. Although we 
aimed to review as much of this literature on these topics as possible, we may have missed some 
articles. To identify a reasonable amount of literature to review, we selected three sets of search 
terms—on ambulatory care, health IT and workflow—and searched the conjunction of the three. 
As we learned in reading articles identified through a search of systematic literature reviews on 
health IT implementation, however, several authors discussed workflow changes without 
explicitly using any of our workflow search terms in the abstract or title. Such articles could have 
been missed by our search, even though we reviewed almost 4,500 articles.  
 In doing this review, we also gave careful consideration to what “workflow” is and focused 
only on proximal measures of workflow change, those that provide an explicit description of 
how the health IT has affected workflow. We compiled the findings into syntheses for each type 
of health IT, highlighting patterns of workflow changes that were found. We also briefly describe 
a selection of articles using distal and outcome measures of workflow to provide a sense of the 
issues that these articles address. Detailed information on each article in the literature review and 
its findings are described in the database on “research” in the toolkit. This information was also 
used to inform the toolkit’s design and content. 

Environmental Scan 

Introduction 
 The purpose of the environmental scan was to learn what others were doing regarding health 
IT implementation and workflow in small and medium-sized ambulatory care practices. The 
objectives included: (1) identifying user stories and detailed data on workflow issues 
encountered in the development, implementation, adoption, and use of health IT; and (2) 
compiling a list of publicly available workflow design tools and methods applicable to 
ambulatory practice workflow analysis and redesign or related initiatives; including redesign 
efforts that use health IT as a tool. 

Methods 
 The project team followed a three-step approach: (1) identification and review of key health 
care organizations and associations; (2) a broad, comprehensive Web-based search on small and 
medium-sized ambulatory care clinics, workflow, and health IT; and (3) a comprehensive 
literature search. More specifically, based on the expertise of project team members, feedback 
from AHRQ, and suggestions made by the project consultants, a list of organizations and 
associations was compiled. Information regarding the organizations and associations was 
gathered from various resources and if more information was necessary, additional follow-up 
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was conducted. Secondly, a broad, comprehensive Web-based search on small and medium-sized 
ambulatory care clinics, workflow, and health IT was conducted using the literature search terms 
to perform focused and nonsystematic Web searches. A snowball technique was used as a Web 
site would often refer to relevant resources on another Web site. Resources involving a user story 
or tool were recorded in an EndNote® database and key information documented in Microsoft® 
Office Access 2000 databases. Thirdly, as part of the literature search a total of 13 academic 
research databases were searched. Both peer-reviewed and nonpeer-reviewed references 
containing user stories and tools relevant to the objectives of the environmental scan were 
recorded in the EndNote® database and key information documented. Relevant tools were also 
identified in a search of books in WorldCat using the same terms used in the literature search. 
Additional books were recommended by the research team, Technical Expert Panel (TEP), and 
consultants. The references were recorded in the EndNote® database and key information 
documented.  

Results 
  A total of 87 organizations’ and associations’ publicly available materials were identified 
and reviewed. Workflow issues encountered were summarized into the following categories: 
tasks, time and cost, and other. For example, several organizations commented on the additional 
time required to complete new tasks after health IT implementation. Workflow guidance found 
in reviewing these organizations was also summarized. The categories of advice were 
infrastructure, stakeholders, vendor advice, training, tools for analysis, types of workflow, 
workflow analysis, workflow enhancement, and general. For example, one organization noted 
that small or rural practices may encounter challenges with broadband connectivity and the lack 
of access to skilled professionals who could assist in hardware selection and maintenance.  
A list of useful Web links was compiled that included additional resources related to health IT 
implementation. The list includes links provided by associations such as the American 
Association of Family Physicians (AAFP), the American College of Physicians (ACP), the 
Institute for Healthcare Improvement (IHI) and the Medical Group Management Association 
(MGMA). These links are part of the toolkit. 
 We identified user stories that were included in the toolkit—published stories of workflow 
issues encountered before, during or after health IT implementation in small and medium-sized 
ambulatory care clinics. Through these user stories, toolkit users should be able to identify 
ambulatory clinics similar to themselves with the goal that they be able to anticipate workflow 
issues before, during or after health IT implementation. Summaries of these user stories are in 
the database that is part of the toolkit. The workflow results found in the user stories are 
categorized and summarized in Chapter 3. Tools for workflow analysis were also described in 
the user stories, as was the use of health IT as a tool to analyze workflow. 
A list of tools was compiled, including instruments, methods, and strategies used to (1) collect 
information on, depict, and understand workflow, (2) inform workflow issues being addressed, 
and (3) recognize how the impact of implementation and use of health IT affects workflow. 
These tools were classified into the following categories: data collection, data display and 
organization, idea creation, problem solving, process improvement, process mapping, project 
planning and management, risk assessment, statistical tools, task analysis, usability, and health 
IT.  
 From this list, number of basic tools were selected based on their relative ease-of-use, value 
for accurately assessing and capturing workflow and the frequency with which they were 
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reported in the user stories or literature review papers. Those chosen were check list, flowchart, 
interview, observation, risk assessment, usability, benchmarking, and health IT. 

Conclusion 
 The environmental scan produced many user stories and tools relevant to workflow analysis 
and redesign for health IT implementation in ambulatory care practices. A unifying theme 
amongst all references is that practices must have a comprehensive understanding of how clinical 
and administrative work is performed in their environment and how these processes might 
change with the introduction of health IT. All relevant information from the environmental scan 
and literature review are synthesized and displayed in the toolkit.  

Assessment of the State of the Field 
 
 Although our literature review unearthed a great deal of information on (1) the effects of 
health IT implementation on workflow and (2) the use of health IT to analyze workflow, the 
quality of the findings is weak for many reasons. Most of the articles we found were not focused 
directly on workflow, so the quality of evidence related to workflow change varied substantially. 
Workflow measures also include such a variety of topics that comparisons and generalizations 
are difficult to make. Even the definition of a specific type of health IT (such as electronic 
prescribing) varied across articles, making comparisons even more challenging. 
 The majority of studies described research completed in large clinics affiliated with academic 
medical centers, health maintenance organizations or national health systems outside the US. 
This greatly limits the generalizability of our findings for the small and medium-sized clinics that 
are the end users of the toolkit. Also, although a substantial minority of articles were randomized 
controlled trials (RCTs), most of the studies did not use a scientifically rigorous design, limiting 
inferences of causality. As we discuss in Chapter 4, however, many barriers make it difficult to 
conduct a RCT to study health IT. Finally, most of the literature did not include descriptions of 
the socio-technical context of health IT implementations and use, making it difficult to 
understand the role of potentially conflating or mediating factors such as training, technical 
support, and organizational culture. Thus, although our findings on workflow change and 
analysis are suggestive, intriguing, and sometimes consistent across many studies, more research 
is needed to draw firm conclusions about the relationship between health IT and workflow. 

Conclusions 
 
 In conducting the literature review and environmental scan, we have gathered a great deal of 
information about the effects of health IT implementation on workflow and the use of health IT 
to analyze workflow. Awareness is growing of the need to analyze workflow in order to ensure 
successful health IT implementation and the potential for health IT be used in process 
improvement. Our sources of information included peer-reviewed literature, grey literature, 
organizations helping clinics to implement health IT, health IT vendors, and professional 
associations. We have discovered that some workflow changes associated with implementation 
seem to be nearly universal, such as the increased workload of physicians in clinics that have 
implemented an EHR. Others may be unique to the context of a particular clinic, such as a 
physician’s lack of acceptance of a new health IT application. Unfortunately, most of the 
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evidence that fills this report is anecdotal, insufficiently supported, or otherwise deficient in 
terms of scientific rigor. 
 Nevertheless, the information has been important in shaping the toolkit. We have gleaned 
useful facts about the end users for whom we are creating the toolkit, their likely needs and the 
best way to provide information so that it will be useful to them. We have also compiled a very 
comprehensive list of tools for workflow analysis, their advantages, disadvantages, and how to 
use them. From this list we have selected a small group of basic tools that would be most helpful 
to the end users; these are highlighted in the toolkit. We have discovered stories of health IT 
implementation and use for 37 clinics, stories that may provide other clinics with helpful 
foreknowledge about implementing health IT applications. The best of these are also highlighted 
in the toolkit. 
 The toolkit is the culmination of all the processes described in this report. It brings together 
information gathered from contacting organizations, reading countless Web sites, speaking with 
experts and reviewing thousands of journal articles. We hope it will prove useful to the small and 
medium-sized practices that are facing the daunting challenge of large-scale health IT 
implementations. 
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Chapter 1. Introduction 
 
 Health information technology (health IT) applications, which provide computerized clinical 
information to health care providers and/or patients, have been viewed as facilitating improved 
health care quality, enhanced patient safety and streamlined administration. The pace of health 
IT adoption in U.S. health care organizations will likely increase, owing in part to government 
incentive programs and pressures from purchasing groups and consumers.1-8 Evaluations of the 
impact of health IT on quality and safety show mixed results, however. The main reasons seems 
to be a lack of integration of health IT into clinical workflow in a way that supports the cognitive 
work of the clinician and the workflows among organizations (e.g., between a clinic and 
community pharmacy), within a clinic and within a visit. It is clear that if health IT is to provide 
optimum performance, it must be designed to fit the specific context in which it will be used, 
specifically the type of practice and patients served. The purpose of this project is to develop a 
toolkit to help small and medium-sized ambulatory practices to assess their workflows and to 
successfully implement health IT. Small and medium-sized practices are likely to need the most 
help in analyzing their workflows as they typically do not have access to IT support and quality 
improvement resources. 
 In this project, our team of human factors engineers, physicians, and project staff has 
examined existing research related to the impacts of health IT on workflow in ambulatory 
settings and how health IT can be used to assess workflow in these settings. We have also 
identified currently available resources for workflow assessment in health care, as well as proven 
workflow analysis methods and instruments used in the fields of human factors and ergonomics, 
and industrial and systems engineering that could be applied in health care settings. We have 
synthesized the information gained into a toolkit that explains the importance of analyzing 
workflow when implementing and using health IT applications, summarizes commonly used 
methods for workflow assessment, explains the purpose of each method, describes how to 
implement the methods, explains the advantages and disadvantages of each approach, cites 
available resources for more in-depth information on each tool, and provides stories drawn from 
the literature and other sources that describe the experiences of small and medium-sized 
practices in implementing health IT. 
 One important issue for practices implementing electronic health records (EHRs) is the 
requirements for “meaningful use” that must be met to qualify for Medicare and Medicaid 
incentive payments. On July 13, 2010, the Secretary of the U.S. Department of Health and 
Human Services, Ms. Kathleen Sebelius, announced the final rule on meaningful use that will 
begin to apply in 2011. The final rule lists a total of 25 objectives, 20 of which must be met to 
qualify.11 Fifteen of the objectives are required and the eligible EHR user must choose 5 of the 
remaining 10 objectives. The core elements and optional elements of meaningful use affect many 
aspects and types of workflow.  
 In the final rule published in the Federal Register, the Centers for Medicare & Medicaid 
Services (CMS) makes it clear that workflow redesign is critical for successful implementation 
and use of EHR: “… there is an expectation that the clinical workflow necessary to support the 
Stage 1 priority of data capture and sharing will be in place in order to effectively advance 
meaningful use of EHRs” (p. 44,337). Some of the required objectives include a minimum usage 
of the health IT application such as utilizing computerized provider order entry (CPOE) for 
“more than 30 percent of all unique patients with at least one medication in their medication list” 
(p. 44,567). Another necessitates that providers regularly “maintain an up-to-date problem list of 

9 
 
 
 
    



current and active diagnosis” (p. 44,569), clearly affecting ways providers practice. Many affect 
communication between the provider, patient, and others including “clinical summaries provided 
to patients for more than 50 percent of all office visits within 3 business days” (p. 44,359).11 

Achieving these objectives will require workflow redesign for many clinics. 
 Workflow analysis is also essential for ensuring optimal use of other health IT applications, 
as well. Therefore, this toolkit will provide needed methods for analyzing and redesigning 
workflow that will be used by small and medium-sized practices before and during 
implementation of EHRs and other health IT systems, as well as after the implementation when 
they are aiming to achieve meaningful use of EHRs and optimal use of other health IT 
applications. 

Project Background 
 
 This project aims to develop a practical and easy-to-use toolkit on workflow analysis and 
redesign that can be used by both small and large ambulatory care settings in the selection and 
implementation of health IT to support practice redesign.  
 AHRQ contracted with the University of Wisconsin-Madison to conduct the following 
activities related to health IT and workflow in ambulatory care settings: 
 

• Assess existing research and evidence in the area of the impacts of health IT on 
workflow in ambulatory settings and how health IT can be used to analyze workflow 
in these settings,  

• Identify currently available resources for workflow assessment in health care as well 
as proven workflow analysis methods and instruments used in the field of human 
factors and ergonomics that could be applied in health care settings, and 

• Synthesize the information gained into a toolkit that explains the importance of 
analyzing workflow when implementing and using health IT applications, 
summarizes commonly used methods for workflow assessment, explains the purpose 
of each method, describes how to implement them, explains the advantages and 
disadvantages of each approach, cites available resources for more in-depth 
information on each tool, and provides “stories” drawn from the literature and other 
sources that describe the experiences of small and medium-sized practices in 
implementing health IT. 
 

 As part of the contract, a panel of experts in the field of health IT and workflow was created 
to provide feedback on the development of the toolkit. A list of the six experts who agreed to 
serve on the Technical Expert Panel (TEP) can be found in Appendix A. 

Structure of this Report 
 
 Chapter 2 describes the methods and findings of a review of the published academic 
literature. Chapter 3 contains the process and results of the environmental scan, including 
analysis of the grey literature and development of a list of tools for workflow analysis. Chapter 4 
is an assessment of the state of the field using data from the literature review and environmental 
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scan. It also describes gaps in knowledge that have been identified. Chapter 5 contains the 
conclusions of this report. 
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Chapter 2. Literature Review 
Introduction 

  
 The literature review for this contract examines (1) how health IT for ambulatory health care 
delivery systems can impact workflow in small and medium-sized practices and (2) how health 
IT can be used to study workflow in these practices. Our discussion of these topics is grounded 
in the UW Systems Engineering Initiative for Patient Safety (SEIPS) Model of Work System and 
Patient Safety,9 which has three main parts. The work system describes how a person at work 
performs a range of tasks using specific technology and tools, within a physical environment and 
within certain organizational conditions. The work system influences processes, or workflows, 
that often involve several workers and patients. These care processes create outcomes for the 
patient and the organization.9  

Figure 1: The SEIPS Model of Work System and Patient Safety 

 
  
 
 
 
Source: Carayon P, Hundt AS, Karsh B, et al. Work system design for patient safety: the SEIPS model. Qual Saf Health Care 
2006;15(Suppl I): i50-i8. 
 
 In terms of the SEIPS model, our literature review can therefore be understood as examining 
how particular types of technology, specifically health IT applications, affect and can be used to 
analyze work processes that are products of the work system in small and medium-sized 
ambulatory health care organizations. In this context, workflow can include (1) patient workflow, 
(2) clinic provider or clinic staff workflow, (3) workflow between organizations, or (4) workflow 
taking place during or in-between clinic encounters.  
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 Most research on health IT, however, is not focused directly on workflows within health care 
organizations. Typically, a study will aim to discover the effect of an application on adherence to 
care guidelines or on patient or organizational outcomes. For example, a researcher may examine 
whether the introduction of clinical decision support (CDS) affects the rate of screening for 
cancer in a specific type of patient. Such research clearly implies that process changes have 
occurred. If a reminder message “pops up” on the screen during a patient visit, the workflow of 
the provider is changed regardless of whether the provider responds to the reminder by 
counseling the patient about the need for cancer screening, whether the patient is screened or 
whether he has cancer. Studies vary substantially in how much information they provide on 
process changes, however.  
 In evaluating the literature, we have identified several types of measures that are used to 
assess the effects of health IT implementation on workflow, classified according to the amount 
of information each provides on changes in work processes. One such type is proximal measures, 
which describe how health IT has affected work processes. An example of this would be 
measurement of changes in the time to complete patient documentation. If an article describes 
how the provider is required to respond to each reminder and that the time to finish 
documentation has increased on average, the article would be using a proximal measure of 
change in processing time related to the implementation of the health IT. In contrast, distal 
measures indicate that workflow has changed but do not describe directly how that change is 
related to health IT systems’ effects on work processes. An example of this would be the 
ordering of tests. A research study may show only that the CDS recommends ordering a type of 
test and that the test is ordered more often. These two facts imply that workflow has changed, but 
the measure of test ordering rates does not describe how the work processes have changed. 
Outcome measures similarly imply that work processes are likely to have changed, but give no 
indication of how. For example, a study describing the implementation of a registry system for 
heart disease patients and measuring changes in the percent of those patients with hypertension 
would be using an outcome measure. A single study could contain a combination of proximal 
and distal process measures and outcome measures, and many studies do. 
 In Table 1 below, we describe the three types of measures related to workflow that were 
found in the literature and provide examples of each. 
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Table 1: Typology of workflow measures with examples 
PROCESS  OUTCOME  
Proximal measures Outcome measures 
Type of measure Examples Type of measure Examples 
Efficiency 
 

Duplication of work Patient health outcomes  Disease control 
Clinical test results 
Cost of care 
Rate of medication errors 

Processing time  
 

Patient waiting time 
Duration of consultation 

Organizational outcomes Profitability 
Quality measures 

Communication 
 

Number of questions 
asked by a patient 
Form of communication 
used between a nurse and 
provider 

 
  
 

 

Added tasks/ modified 
tasks 

Increased data entry 
Coding of services by 
physicians 

  

Coordination 
 

Change in triage 
procedures 

  

Information flow 
 

Information provided to 
specialist 

  

Usability of health IT Perceived ease of health 
IT use 

  

Acceptance of health IT Willingness and 
eagerness of providers to 
use the health IT 
application 

  

Distal measures   
Patient health process 
rates 

Ordering of tests 
Screening for disease  
Prescription of 
medications 
Performance of tests 

  

 
 In this literature review, we primarily focus on articles that use proximal measures of 
workflow. We believe that these proximal indicators show the direct outcomes of health IT 
interventions, while distal process and outcome measures leave important process changes 
unexamined, or “in a black box.” Therefore, causality cannot be determined, the generalizability 
of results cannot be assessed and the mechanisms by which health IT makes an impact cannot be 
understood. For example, a recent study showed that implementation of an electronic disease 
management system and provision of performance feedback to providers was associated with an 
improvement in control of diabetes symptoms for patients.12 The control of diabetes symptoms is 
an outcome measure. Positive findings do not definitively support the hypothesis that electronic 
disease management systems improve diabetes control because process changes must have 
occurred that explain how the health IT use had this effect. In such a study, we do not know if 
the electronic system: (a) provided more clear indications to the clinicians of which patients were 
diabetics, (b) automatically sent education letters to all diabetics, (c) was used to provide data to 
a case manager who called all diabetic patients to talk about control, or (d) caused any other 
process changes to be made. Positive outcome results would be suggestive, but proximal 
measures of change are needed to understand workflow change. Similarly, a study of patient 
outcomes may describe the implementation of specific types of health IT functions that have the 
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potential to change patient outcomes, but frequently do not measure if the functions were used. 
For example, Weber13 describes the functions of a registry for diabetes patients that is integrated 
into an EHR and how the new system allows providers to more easily access diabetes data and 
trends. This study was not included in the literature review for this contract because it did not 
measure how workflow changed after new data on diabetes patients became available.  
Thus, in this review of the literature we have focused our efforts on studies using proximal 
measures of workflow change related to health IT implementation in small and medium-sized 
practices and studies of the use of health IT to analyze workflow in these practices. Later in this 
chapter, we briefly discuss a small number of studies using distal process measures and patient 
outcomes but only to provide examples of some of the patterns we noticed in reviewing these 
types of articles. Another justification for focusing on proximal measures comes from our 
conversations with providers who are likely to be end users of the toolkit. In following up on 
request for information responses or environmental scan findings, some providers expressed 
concern about how workflow would change with health IT implementation. Specifically, they 
described worries about being required to change the way they practiced medicine, their 
interactions with patients, the time they had to spend in front of a computer and the flow of their 
work. All of these issues of concern are related to changes in proximal measures. As such, there 
appears to be strong face validity in focusing on studies of proximal changes.  
One implication of our argument is an expansion of the SEIPS Model of Work System and 
Patient Safety. In the case of health IT implementation, such a model might look like this.  

Figure 2: Expansion of the SEIPS Model for health IT implementation 

 
 

Literature Search Process 

Methods 
 To identify research studies for inclusion in the literature review, we performed a systematic 
literature search of 13 databases covering the fields of medicine, public health, health services 
research, social science, engineering, business, information services, and library science (see 
Table 2).  
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Table 2: List of databases searched in systematic literature review 
 Name of Database 
1 PubMed 
2 Web of Knowledge 
3 Cumulative Index to Nursing and Allied Health Literature (CINAHL) 
4 Cochrane Central Library  
5 Cochrane Healthcare Technology Assessment Library 
6 PsycInfo 
7 Engineering Village, including both Compendex and Inspec 
8 Health and Safety Science Abstracts 
9 ABI/Inform 
10 Business Source Elite 
11 Dissertations and Theses at CIC 
12 Library, Information Science and Technology Abstracts (LISTA) 
13 Human Factors and Ergonomics Society (HFES) journals in Ingenta 

  
 We searched abstracts and titles for the conjunction of three sets of search terms, specifically 
those related to ambulatory care, health IT and workflow or human factors methods. In order to 
focus on articles relevant for the toolkit’s target audience, we defined ambulatory care as 
excluding hospital emergency departments, ambulatory surgery centers, nursing homes, dialysis 
centers, school health facilities, dentist offices, optometrists, chiropractors, alternative medicine 
providers, and care provided solely in the patient’s home. We defined health IT as excluding 
medication bar-coding and the electronic medication administration record (eMAR). See Table 3 
for the specific terms searched. For databases with a thesaurus of indexed keywords, 
synonymous terms from the thesaurus were added to the set of search terms. 

Table 3: Search terms used in the literature review 
Topic Search terms 
Ambulatory care “ambulatory care” OR “clinic” OR “physician practice” OR “outpatient” OR 

“primary care” OR “family medicine” OR “general practice” OR “pediatric*” OR 
“women’s health” 

Health IT “information technology” OR “CPOE” OR “Order entry” OR “decision support” 
OR “CDS” OR “CDS” OR “electronic health record” OR “EHR” OR “electronic 
medical record” OR “EMR” OR “e-prescribing” OR “eRx” OR (“computer” AND 
“reminder”) OR (“electronic” AND “reminder”) OR (“computer” AND “alert”) OR 
(“electronic” AND “alert”) OR “CPRS” OR “Computerized Patient Record 
System” OR “PACS” OR “Picture Archiving and Communication System” OR 
“computerized radiology” OR “digital imaging” OR “telemedicine” OR “disease 
registries”  

Workflow or human 
factors methods 

“workflow” OR “work flow” OR “process flow” OR “usability” OR “process 
mapping” OR “six sigma” OR “flow charting” OR “task analysis” OR “process 
analysis” OR “time study” OR “industrial engineering methods” OR “human 
factors methods” OR “role network analysis” OR “lean management” OR “job 
analysis” OR “work analysis” or “work measurement” 

 
 Inclusion criteria at this stage of the search were that articles must be published in 1980 or 
later and written in English. In all, 3,544 articles were found.  
 In an effort to include all relevant systematic literature reviews, we searched PubMed for 
review articles with one of the health IT terms in the title. Of the 803 articles found, we excluded 
272 that were not published recently (in 2000 or later) or were not in English. We classified the 
remaining 531 review articles by type of health IT and selected 30 for closer review by the entire 
team and the AHRQ project officer. Twelve articles were selected and are listed in Appendix B. 
These articles, their references and all publications citing them were added to the list of 
potentially relevant articles, 1,479 in all.  
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 Excluding duplicates, 4,470 articles were found in the literature search. The abstracts and, as 
needed, full text, of these articles were reviewed by a member of the research team. The 
inclusion criteria at this stage were the same as described above, as well as that the articles must 
be peer-reviewed, focus on the implementation of health IT in an ambulatory care setting or the 
use of health IT to analyze workflow in an ambulatory setting, and describe proximal measures 
of work process change. Full-text versions of the selected articles were then reviewed by a 
human factors engineer. Grey literature articles (not peer-reviewed) were excluded from the 
literature review but assessed for inclusion in the environmental scan. A total of 146 grey 
literature articles were added to the environmental scan database.  
 In the end, 192 relevant articles were identified in the literature review, 4,068 articles were 
deemed not relevant because they did not meet one of the inclusion criteria, and 64 articles using 
distal measures of workflow change were found to be useful as examples. The latter group are 
not included in the literature review, but are briefly summarized in this report. For the 192 
relevant articles, findings on workflow changes related to health IT implementation and the use 
of health IT to analyze workflow have been summarized in a Microsoft® Office Access 2000 
database. A searchable version of the database is included in the “research” section of the toolkit. 
The fields in this database are described in Table 4. Thirty of the relevant articles are systematic 
literature reviews. Their conclusions are summarized in the database, but the findings of the 
individual articles described within the systematic reviews are not summarized. 

Table 4: Fields in the searchable database of literature review articles 
Field Description 
Full Reference  
Abstract  
Objective of the study  
Type of study design Randomized controlled trial (RCT) 

Pre-post design with intervention and control groups 
Pre-post design without a control group 
Post only design with intervention and control groups 
Post only design without a control group 
Systematic literature review 
Narrative 
Other design (such as a nationally representative survey) 

Care setting Primary care, specialty care, both types, unknown 
Type of care setting E.g., family practice, orthopedics, or dermatology 
System affiliation Affiliated with a larger health care organization (e.g., a medical center or an 

HMO), not affiliated, unknown 
Size of clinic Number of providers, number of staff and/or number of patient visits, as well 

as other text from the article describing practice size. These data were used 
to categorize the practice(s) described in the article as “small or medium-
sized practices” with fewer than 25 providers; “large practices” with 25 or 
more providers; small/medium and large practices; unknown size; or not 
applicable (because no individual clinics are described) 

Geography Rural; suburban; urban; rural and urban; suburban and urban; rural, suburban 
and urban; or unknown 

Study participants Description of the participants whose workflow is being analyzed 
Context: Other IT in place Description of other health IT existing in the clinic, e.g., a practice 

management system or HER 
Type of health IT Type of health IT whose effects on workflow are being analyzed, e.g., a CDS 

system 
Application name and 
vendor 

Name of the health IT system whose effects are being analyzed and the 
application vendor 

Functions Description of the functions of the health IT being analyzed 
Type of workflow being 
analyzed 

Categories describing the workflow, e.g., communication, processing time, 
efficiency, or information flow 
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Field Description 
Data collection method Method by which the workflow finding was assessed, e.g., a questionnaire, 

observation, interviews, or data extracted from the health IT system 
Results of workflow 
assessment 

Description of the change in workflow related to the implementation of health 
IT or found by using health IT to analyze workflow 

Tools Tools used to analyze workflow, e.g., flowcharts or usability testing 
Health IT used as a tool? Yes or no 
Web site or link Permanent Web address for a free full-text version of the article, if one is 

available  

Description of Findings 
 Table 5 describes the characteristics of the 192 articles included in the literature review. The 
most common study design types were randomized controlled trials (18 percent), pre-post design 
without a control group (15 percent), post-implementation analysis without a control group (35 
percent) and systematic literature reviews (16 percent). By far, the most common care setting 
described in the articles was primary care (54 percent) or both primary and specialty care (20 
percent). The care setting could not be identified in 19 percent of the articles. The majority of 
clinics described in these articles (61 percent) were affiliated with a medical center, health 
maintenance organization (HMO), the Veterans Administration, or a national health care system 
outside of the United States. Only two of the articles described clinics that could be identified as 
independently run, though it is likely that some of the clinics with unknown affiliation status 
were also independent. Only 21 percent of the studies focus exclusively on small or medium-
sized clinics. Many of the articles describe large clinics (38 percent) or both small/medium and 
large clinics (12 percent). In an additional 29 percent of the studies, individual clinics were not 
described (19 percent) or the size of the clinic is unknown (9 percent). Approximately one-third 
of the articles described only clinics located in urban areas (33 percent). An additional 22 percent 
of the articles described at least some practices located in rural areas. Clinics in suburban areas 
were less likely to be studied and are discussed in 14 percent of articles. Over one third of the 
articles (39 percent) do not provide information about the location of the clinics analyzed. 

Table 5: Types of articles found in the literature review 
 Number of articles Percentages 
Study Design   
Randomized Controlled Trial (RCT) 34 17.7% 
Pre-Post with Control Group 8 4.2% 
Pre-Post without Control Group 28 14.6% 
Only Post with Control Group 15 7.8% 
Only Post without Control Group 68 35.4% 
Systematic Literature Review 30 15.6% 
Narrative 5 2.6% 
Other 4 2.1% 
TOTAL 192 100.0% 
   
Type of Care Setting    
Primary Care 104 54.2% 
Specialty Care 14 7.3% 
Both Primary and Specialty Care 38 19.8% 
Unknown 36 18.7% 
TOTAL 192 100.0% 
   
System Affiliation of Clinic(s)   
Affiliated with Larger Health Care Organization 118 61.4% 
Unaffiliated 2 1.0% 
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 Number of articles Percentages 
Unknown 72 37.5% 
TOTAL 192 100.0% 
   
Size of Clinic(s)   
Small or Medium (25 or fewer providers) 41 21.4% 
Large (26 or more care providers) 73 38.0% 
Both Small/Medium and Large 23 12.0% 
Unknown 18 9.4% 
Not Applicable 37 19.3% 
TOTAL 192 100.00% 
 Number of articles Percentages 
Location of Clinic(s)   
Rural Area 15 7.8% 
Suburban Area 4 2.1% 
Urban Area 64 33.3% 
Rural and Urban Areas 13 6.8% 
Suburban and Urban Areas 7 3.6% 
Rural, Urban and Suburban Areas 15 7.8% 
Unknown 74 38.5% 
TOTAL 192 100.0% 

Note: The definitions of some types of health IT have changed over time. When possible we used the type indicated by the study 
authors; otherwise, we classified the article using the definitions commonly accepted now. 
 
Table 6 shows the types of health IT whose effect on workflow is analyzed in the literature 
review. The most common type is decision support systems, including electronic alerts and 
reminders (40 percent). To allow more detailed analysis of this category, it was further divided 
according to the goal of the system, including chronic disease management (22 percent), 
preventive care (14 percent), and medication prescribing (20 percent). Other common types of 
health IT are EHR and EMR (23 percent), electronic prescribing (4 percent), telemedicine (19 
percent), and informational resources for providers and patients (7 percent). 

Table 6: Types of health IT analyzed in the literature review 
Type of Health Information Technology Number of 

articles 
Percentage of all 
articles 

Electronic Health/Medical Records (EHR/EMR) 44 22.8% 
Computerized Provider Order Entry (CPOE) 6 3.1% 
Decision Support, including alerts and reminders 77 39.9% 
Chronic Disease Management 17 22.1% 
Preventive Care 11 14.3% 
Prescribing 15 19.5% 
All types  14 18.2% 
Other 20 26.0% 
Electronic Prescribing (e-Rx) 7 4.1% 
Telemedicine 36 18.8% 
Informational Resources 13 6.7% 
Messaging and Data Sharing 8 4.1% 
Digital Imaging 7 3.6% 
Registries 3 1.6% 
All Types 2 1.0% 
Other 5 2.6% 

Note: The percentages in this table do not add to 100 percent because several articles discuss more than one type of health IT. 
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Effects of Health IT Implementation on Workflow 
  
To facilitate a clear discussion of the effects of health IT implementation on workflow, we have 
emulated Shekelle et al.10 in focusing on key topics of interest that can be addressed by the 
literature found. In our case, we have written syntheses describing the workflow changes for 
specific types of health IT applications.  

Electronic Records (EHR/EMR) and CPOE 
 This section summarizes the effects of implementing electronic records on practice workflow. 
Two main types of electronic records have been described in the literature, electronic health 
records (EHR) and electronic medical records (EMR). However, several other terms have also 
been used for electronic patient records (e.g., computerized patient records), and the terms EHR 
and EMR have not been used consistently. According to the current definition proposed by the 
Healthcare Information Management Systems Society (HIMSS)14 and the National Alliance on 
Health Information Technology,15 an EMR is used within a single care delivery organization. In 
contrast, an EHR “conforms to nationally recognized interoperability standards and that can be 
created, managed, and consulted by authorized clinicians and staff across more than one health 
care organization” (p.15).15 Although we would prefer to correctly categorize the systems 
described in these studies as EHRs and EMRs so that we can explore the effects of each type of 
health IT application on workflow, the articles do not usually provide enough information to 
permit this. We will therefore use the term EHR/EMR in this synthesis to describe all types of 
electronic records.  
 One key component of most electronic record systems is computerized provider order entry 
(CPOE). In the literature, the effects of implementing this health IT are frequently difficult to 
separate from the effects of EHR/EMR, as often the two are implemented at the same time and 
the applications are integrated. We will therefore discuss the effects of CPOE on workflow in 
this synthesis as well.  
 Some of the articles on EHR/EMR focused on a specific aspect of the application, such as 
documentation templates,16 the use of computers in the exam room,17-19 the electronic receipt and 
display of test results,20 detection of adverse drug events,21 or the availability of prescription 
information.22 Other studies described comprehensive EHR/EMR systems that included 
electronic patient records, CPOE, and physician documentation.23-30 Some of these 
comprehensive systems had additional features, such as decision support with reminders or 
alerts,23, 24, 26-28, 31 electronic review of laboratory and radiology reports,23-25, 30 electronic 
prescribing,23, 24 documentation templates,32 secure messaging,16, 24, 27, 32, 33 registries,27 personal 
health records accessible to patients,24 integration with a practice management system,32 and 
scheduling, billing, or financial data.28, 30, 32, 33 Several studies examined the effect of 
implementing electronic records but did not describe the application well.34-42 Other articles 
lacked details about the EHR/EMR because they were systematic literature reviews,43-45 
described a variety of systems,46-50 or studied EHR/EMR applications in general instead of a 
particular system.31, 51 Two articles described EHR/EMRs with limited functionalities, such as 
access to basic patient records.52, 53 Of the few articles that were focused on CPOE, one stated 
that providers could use free text, or fill-in-the-blank templates in creating an order.30 The others 
did not describe the CPOE system in detail.54-57  
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 Commonly, workflow changes related to EHR/EMR implementation affected interaction, 
communication or the relationship between providers and patients. One study19 described several 
patterns of provider interaction with the computer system in the examination room: (1) the 
provider mostly looked at the screen and used computer-guided questioning while entering 
information, (2) the provider alternated attention between the patient and the screen, and (3) the 
provider gave the majority of attention to the patient during the visit, rarely entered data in front 
of the patient and frequently turned the screen so patients could see the records being reviewed. 
Another study found that use of an EHR/EMR was associated with less conversation, particularly 
on psychosocial issues, but more data gathering, patient education and counseling.18 Although 
some research found results to the contrary,25, 36 most studies indicated that the presence of the 
computer terminal in the examination room was distracting for the provider and took attention 
away from the patient42, 45, 52, 58 or that providers were concerned about the quality of 
communication42 or preserving their relationship with patients while using the system.33, 37, 45, 51 
Some providers attempted to compensate for the distraction by reviewing patient records before 
the appointment,33, 58 sharing information with patients during the appointment by turning the 
screen,23 maintaining eye contact by turning away from the computer,42 using a printout instead 
of the EHR/EMR during the appointment,58 doing documentation after the patient had left,33 or 
“using body language to show attention and empathy, [and] using humor to reduce tension” (p. 
345).42 One study found that physicians who were more proficient with computers were better 
able to communicate with patients while using a computer system.42 Others reported that 
physicians sometimes preferred documenting while the patient was present because it improved 
the quality of patient records.33, 54 In related research, providers using electronic records were 
found to be sensitive to subtle psychological cues, but in consultations about psychological 
issues, providers used the computer system less of the time relative to visits in which no 
psychological issues were discussed.36 Patients were also concerned about the effects of 
computer use on their interactions with providers,41 although one study found that 
implementation of the system did not affect patient satisfaction with patient-provider 
communication, even about their emotional concerns.17  
 Another common issue discussed in the literature is the effect of the health IT on the time of 
physicians and support staff. Several studies found time savings using features such as text 
templates,33 the automatic transfer of billing data,31 computer-printed prescriptions,45, 49, 58 
electronic prescription reordering,33, 58 and the automatic transferring of information into referral 
letters, requisitions and forms.33 One study noted that patients were satisfied with the heath IT 
system’s effect on the overall timeliness of activities.17 Other research described tasks requiring 
more time when electronic records were used, such as data entry37 (especially for providers who 
were not computer literate52), and working with patient data that was divided between paper 
charts and electronic records.39 Several studies noted that the patient spent more time in the 
examination room with the provider29, 45, 52 or in the waiting room34 after implementation of the 
electronic system, though two studies found the opposite effect, at least for some practices,32, 53 
and one found no significant change.26 In several studies, the use of CPOE was found to involve 
duplication of efforts, as information was transferred from paper to electronic records and later 
printed,54 or orders needed to be re-entered into a pharmacy system that was not integrated into 
the EHR/EMR.56 A systematic review57 found mixed results for the effect of CPOE on the time 
for physicians to complete orders, with some studies confirming physicians’ belief that CPOE 
requires more time than paper ordering, but one study showing that CPOE was time-neutral. The 
same systematic review noted that certain CPOE features can reduce physicians’ time burden, 
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including order sets, remote access to the CPOE system, and easy access to reference materials 
and patient data.57 One study found that physicians using the CPOE system “continued to 
perform certain tasks using paper-based methods even though the computer was automatically 
performing those tasks for them” (p. 367)30 and that time costs declined as physicians grew more 
familiar with the system.30  
 A related issue is the effect of the EHR/EMR and CPOE implementation on workload, 
defined as the hours of work and amount of work performed in a day. Several studies reported 
that physicians32, 33, 37, 44, 47, 54, 55 or all clinic staff35 experienced a higher workload after the 
implementation of an EHR/EMR system. Another study stated that physicians spent more time 
than expected in using the EHR/EMR.46 One article described the perception by physicians that 
they spent more time on documentation, scheduling, billing and other tasks after implementation, 
in part because documentation on a large number of screens was required for each patient visit.37 
Two studies referred to the shifting of administrative tasks from support staff to physicians33, 45 
as one reason why physicians spent more time using electronic records. 
 Changes in the access to information, legibility of records, and ease of data extraction are 
also key issues related to the implementation of EHR/EMR systems. Physicians appreciated 
greater access to information both on terminals in the clinic,31, 33, 34, 58 and at locations outside of 
the clinic,27, 31, 32, 58 such as the provider’s home or office. In one study, physicians mentioned the 
ease of finding a particular piece of information in the EHR/EMR,42 although another article 
described how redundant information in electronic records made searches time consuming and 
ineffective.33 Some features that providers found useful were the ability to prepare for 
appointments by examining the patient’s medical records,58 rapid updating of problem and 
medication lists,58 and access to features such as educational tools,58 prescription information,22, 

58 and medication formularies.58 Several studies mentioned that physicians were pleased by the 
legibility of electronic records.30, 37, 42, 47, 49 Findings on data extraction were mixed. Three studies 
found data extraction from an EHR/EMR to be much easier than using paper records,46, 48, 53 but 
one of these mentioned that extracting performance data from the EHR/EMR was resource-
intensive and required the programming of queries.46  
 The implementation of EHR/EMR also had effects on documentation by physicians and other 
providers, particularly when templates were used to guide the provider through a consultation or 
to ensure complete documentation. One study of several practices described a variety of methods 
for documentation in the EMR, ranging from dictated notes that were transcribed and imported 
into the system to the use of diagnosis-specific templates with prompts.47 Another described 
physicians who created their own templates for physical examinations or common problems and 
used them either for ease of documentation or as a checklist during the consultation.42 One study 
found that physicians had slightly positive opinions on templates16 and another showed that 
templates were more favored by pediatrics residents than internal medicine residents.25 Several 
studies found that templates improved the ease33 or the quality16, 47, 49 of documentation, and 
improved indicators of the quality of care.38 One study found that using templates, nurses were 
better able to handle tasks such as reviewing the need for preventive care activities, reconciling 
medications and documenting health services performed outside of the practice.38 In another 
project, clinicians avoided structured data entry using templates and the quality of documentation 
consequently suffered.28 One concern about the use of templates is unnecessary duplication of 
information that is stored elsewhere in the medical record.16 
 The implementation of EHR/EMR was also found to affect communication among the care 
team. One study found that communication using the EHR/EMR messaging system was 
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“egalitarian” (p.143-4) and “center[ed] on the goal of the interaction, with the content and 
direction being determined by the nature of the expertise required and the caregiver who 
possesses it” (p. 142).58 Another article stated that electronic messaging improved the 
“availability, timeliness and accuracy” (p. 119) of information, as well as increasing the quality 
of documentation and reducing the likelihood of errors.47 However, a study on CPOE reported 
that communication between physicians and staff was disrupted by implementation, so that staff 
only became aware of new orders when they heard the hum of the printer.54 
 A great deal of research addressed the acceptance of EHR/EMRs and CPOE by providers, 
clinic staff and patients. Most providers agreed that EHR/EMR systems were useful,21, 26, 29, 36, 42, 

45, 58 that benefits outweighed disadvantages25 and that using the system did not disrupt 
practice.25, 52 Nurses and clerical workers also were found to prefer electronic records over 
paper.50 However, one study described how physicians found the EHR/EMR to be less useful 
than they had expected prior to implementation,37 and another discovered that providers who 
value a close relationship with patients felt less positively about electronic records.51 Patients 
were found to accept EHR/EMR well,45, 58 and approve of the way their provider used the system 
in the exam room.17, 33 In contrast, the acceptance of CPOE was mixed. A systematic review55 
described five studies showing that users were satisfied with the system and found it usable and 
three studies reporting that satisfaction and perceived usability declined after implementation. 
Many issues were found to affect the usability of EHR/EMR. Users complained about poor 
navigation,47 such as having to “click” too often or flip between screens.20 One physician 
developed a “workaround” for these navigation issues that involved keeping multiple windows 
open, but this increased the likelihood of errors in ordering or documentation.20 Physicians also 
complained when screens were too crowded or “busy.”20 Nurse practitioners in charge of a 
nurse-run clinic found that the EHR/EMR screens did not match their workflow, so they invested 
considerable time and resources in reworking the system.23 Other usability problems were 
difficulties in identifying the correct diagnostic and procedure codes,37 a documentation system 
that had a steep learning curve,47 lab orders that disappeared from the system once the lab was 
drawn,23 progress notes that were difficult to display,33 and low-speed internet connections that 
resulted in data interruption and loss.23 Research documented how the use of EHR/EMRs can 
create new errors,57 such as typos,42 selecting the wrong entry from a drop-down list,42 opening 
the wrong patient’s chart,42 or entering information into the wrong patient’s chart because two 
charts were open at the same time.42, 56 Clinicians discovered the need to double-check their 
orders to avoid these errors.42, 54 
 Summary. In all, many articles were found that describe the impact of EHR/EMR and CPOE 
implementation on workflow. After implementation, positive changes were found on the access 
to information, legibility of records, ease of data extraction and ability to easily create high 
quality documentation, especially using templates. Both positive and negative effects were found 
on the time of physicians and support staff and communication among the care team. Negative or 
neutral effects were found on physician workload and the interaction, communication and 
relationships between providers and patients. EHR/EMR systems were well accepted, while 
acceptance of CPOE showed no consistent pattern in the literature. A variety of issues affected 
the usability of these systems including navigation, interface design, and the creation of new 
errors. 
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Clinical Decision Support  
 We found 75 articles describing the effects of clinical decision support (CDS) applications on 
workflow. The types of care addressed by these systems varied widely, including chronic disease 
management, depression screening, diagnosis support, the identification of potential adverse 
drug events, medication prescribing and preventive care. In analyzing the descriptions of these 
systems, we noticed that those sharing a goal (such as improving physician adherence to 
preventive care guidelines) tended to be similar. The focus of a CDS typically had a strong 
impact on system design and how the application was incorporated into clinical workflows. For 
example, chronic disease management CDS are often triggered by patient characteristics 
indicating how well the disease is being controlled, while preventive care CDS typically produce 
reminders aimed at the primary care physician of a patient meeting specific criteria and attending 
the clinic for another purpose. Medication prescribing CDS are triggered by the selection of 
specific medications by the prescribing physician, and diagnosis support systems are triggered by 
the selection of a template or the entry of data on a specific type of patient symptom. Appropriate 
measures of adherence to the systems consequently vary. We chose to focus on three types of 
CDS systems for which the largest number of articles were found: chronic disease management, 
preventive care, and medication prescribing. Summaries of articles describing the workflow 
effects of other types of CDS systems are included in the toolkit’s research database, but the 
articles are not included in the syntheses below. 
 Chronic disease management. Seventeen studies were found describing workflow related to 
the implementation of CDS for chronic disease management, two of which were systematic 
literature reviews.59, 60 The conditions addressed were hypertension,61-63 diabetes,60, 64-66 heart 
failure/disease,60, 66-70 asthma,68, 71-73 chronic obstructive pulmonary disease,71, 73 declines in 
functional status,74 mental illness,60 and chronic pain.59 The design of most CDS systems was 
similar. All of the described systems produced recommendations for the care of a specific patient 
based on guidelines. Most systems drew data from an EHR or other electronic records but some 
required data to be entered into the CDS.69, 70, 72, 75 The latter tended to have low rates of use,69, 75 
and their acceptance was affected by the burden of additional data entry, as is discussed below. 
With two exceptions,65, 70 all described CDS were involuntarily triggered by rules applied to the 
electronic data (passive design), rather than requiring the physician to engage the system.  
The vast majority of studies examined whether CDS improved guideline adherence and thereby 
the quality of care. The workflow changes examined were often increases in desired clinician 
behavior. After implementation of the CDS, physicians were found to increase the frequency of 
ordering laboratory tests,64-66 prescribing drugs in a recommended class,63, 66, 67 performing 
physical examinations,64, 65 scheduling patient visits,71 measuring pulmonary function,71 and 
other guideline adherance.60 One study found that physicians less often prescribed medications 
that were not recommended.71 The findings of three studies showed no improvement in guideline 
adherence after CDS implementation.68, 72, 73 Three studies found that physicians more frequently 
documented information on the conditions addressed by the CDS,60, 61, 74 and one found they 
documented information in a more structured way so that it could be used by the decision 
support system.71 In one study, requiring physicians to document specific information led to 
them entering information about the nonoccurrence of unlikely events without verifying the 
information with the patient.61 A systematic literature review described mixed findings for the 
effects of decision support on visit frequency and referral rates and generally positive effects on 
treatment adherence and screening/testing.60  
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 Other workflow changes were of concern because they would make the CDS less desirable 
for the physicians to use. CDS was found in two studies to increase the average length of time 
the physician spent with each patient,61, 72 although one study found no significant increase.64 
Three studies reported that physicians felt using the CDS disrupted their interactions with the 
patient,59, 70, 75 and observational data in one study indicated that use of the system did impede 
communication between the patient and physician to some extent.70 However, in the same study 
patients did not report “experiencing any disturbance because their [physician] was using the 
computer or the CDS” (p.49)70 Other research showed that many patients saw the system as 
having no impact on their communication, and that some patients found it beneficial for 
communication.59 Two studies found that physicians avoided disrupting patient-physician 
interactions by using the system after the patient had left the exam room.70, 75 This workaround 
may be problematic because if the system is not used as intended, at the point of care, the 
decision support will not be appropriately triggered during the patient visit.75 
 Overall acceptance of the CDS systems was mixed. Several studies describe evidence 
suggesting that physicians found the systems useful59, 62, 66, 70, 72, 75 and believed their use led to 
better quality of care.66, 72, 75 Many studies reported practitioner use as an indicator of acceptance. 
For systems requiring initiation by the practitioner, results showed that some clinicians used the 
system very frequently and others never65, 70 or rarely75 used it. One of these studies found that 
the rates of use were explained by physicians’ comfort with and liking of computers.70 Only light 
and moderate users complained that the reminders took too much time to review and cut into 
their time with patients.70, 75 For some passive systems, the generated recommendations were 
frequently bypassed by physicians who did not open and read them,71 did not notice the 
reminders,66 or immediately exited from the CDS.68, 69, 73 According to one study, reasons for 
bypassing the recommendations included “time constraints, an overwhelming amount of other 
clinical information to process, insufficient time to document an intervention that was performed 
outside of the practice…, an intervention was potentially painful or dangerous to a patient…, or 
because the recommendations were not considered appropriate for a given patient” (p. 95).64 In 
another study, the authors commented that patients could present with an acute problem 
unrelated to the CDS recommendations and “might not wish to discuss” (p. 6) the chronic 
conditions that had triggered the system.68 Other research found that physicians had negative 
attitudes toward the systems because they were “oversimplified, … hamper[ed] physician 
autonomy, and were intended to decrease health care costs” (p. 972),69, 73 or were “annoying” (p. 
261).67  
 Preventive care services. Eleven studies were identified that described workflow changes 
related to the introduction of a CDS for preventive care services. These studies examined the 
effects of preventive care reminders on encouraging cancer screening,76-81 vaccination,77, 82 blood 
pressure screening,83 weight reduction,77 HIV screening,84or a variety of preventive care 
services.85, 86 One article was a systematic literature review of the cancer screening studies.80 
Five of these studies compared the effect of the decision support on rates of testing, response, 
adherence or overall effectiveness,76, 77, 79, 81, 84 relative to a prior system. Two studies compared 
CDS systems to determine the effectiveness of each.78, 82 One study aimed to determine 
facilitators and barriers to using CDS systems effectively for preventive care in a clinical 
setting.86 
 In all of these studies, the reminders were aimed at physicians, but three studies also 
examined the effect of sending reminders to patients.81, 82, 85 In only one study were the 
reminders generated by the CDS in real time.84 The systems used in five of the studies printed 
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out reminders prior to the patient visit.76-78, 82, 83 Two systems displayed reminders repeatedly 
until the desired action was completed.78, 82 Only one system76 required physicians to respond to 
the reminder by documenting why a preventive service was not provided. Also, in one study, 
physician managers were provided with feedback about the rates of screening in their group.84 
Three of the studies specifically stated that the CDS was integrated into an EHR/EMR system or 
analyzed data from electronic patient records in order to generate reminders.76, 77, 86 Four studies 
described the set of rules or logic used to generate clinical reminders.76, 77, 79, 86 
 The largest number of workflow changes was related to providers’ responses to the CDS 
reminders. Eight of the 11 studies discussed this topic,76-80, 82, 83, 85 with 3 reporting the rates of 
test completion.77, 82, 83 Three studies also reported outcomes that showed the decision support 
system had no impact.76, 78, 85 One of these studies theorized that the lack of improvement was 
due to the complex nature of the test, rather than simply an ineffective reminder.76 In another 
study, the results showed that the rate of patient screening was unaffected by whether their 
provider received an reminder,78 and the third study saw the rate of preventive services 
discussions decrease post-implementation.85 Three studies examining adherence found that rates 
for many measures improved as a result of the CDS,76, 79, 85 especially when providers are 
required to document a response to each clinical reminder.76 Also, study saw improved 
knowledge and a reduction in the difficulty of decisionmaking as a result of the reminders 
viewed by providers,80 though this was accompanied by only a modest improvement in screening 
rates. Another study found improvements in documentation, specifically higher adherence to 
recording corrections and deletions to the appropriate area of a preventive care sheet within the 
electronic database—14 percent for the intervention group versus 1 percent for the control 
group.76 
 Other workflow changes were related to new tasks and team coordination. Two studies 
described how CDS systems resulted in new tasks being added to workflows.81, 86 In the first 
study, clinic staff became responsible for all the data entry required for the system to work 
reliably.81 In the second study, a workaround was created so that nurses were not required to 
spend additional time using the CDS during patient intake. Instead, a document with all the 
patient’s reminders was printed during check-in, and the nurses recorded information on this 
paper printout during intake. The printout then traveled with the patient to the provider and back 
to the nurses, who later recorded the information in the EHR/EMR and “satisfied” the 
reminders.86 Effects related to coordination included the fact that team coordination at one 
research site helped to catalyze the increase in screening rates related to implementation.81 
However, another study found that a lack of defined roles in the care team resulted in a general 
confusion about who was responsible for satisfying reminders.86  
 Usability issues were identified in 6 of the 11 studies.76, 77, 80, 84-86 Of these six studies, three 
cited inappropriate alerts as a significant usability issue—providers received either false-
positives or alerts that were not clinically relevant for the situation.76, 77, 86 Customization was an 
issue in two of the studies.84, 86 A primary complaint was a lack of response options to 
appropriately resolve a computerized reminder.86 A slow, inefficient system was also found to be 
a problem in two studies.77, 86 Problems ranged from a lack of information and delayed results77 
to a system which was both inefficient and time-consuming to use.86 Clarity was also a key 
element in usability—one study described how a lack of clarity was a detriment to providers’ 
ability to counsel patients,84 and a second study demonstrated that a system providing clear and 
understandable messages simplified the patient counseling process.85 Other usability issues 

27 
 
 
 
    



mentioned include the helpfulness of having automated reminders,80 problems with alerts that 
could not be resolved,86 and confusion resulting from a poorly conceived user interface.84 
Five studies discussed acceptance of the CDS system.79, 81, 83, 85, 86 Three reported results on the 
use of systems that were not triggered automatically.81, 85, 86 These studies suggested that many 
providers were choosing to use the software—one reported an average system usage on 59 
percent of the days of the study’s duration.81 Another study noted that 30 percent of providers 
reported frequent use of the system, while another 48 percent said they used the system 
“sometimes.”85 One study observed that only 6 of 55 study participants did not use the system at 
all.86 Two studies reported issues related to a lack of acceptance.79, 86 Participants either did not 
view the computerized reminders as an important work task,86 or the system was initially 
accepted, but over time the use and intent to use the system decreased.79  
 Medication prescribing. Sixteen studies were identified that described workflow related to 
the introduction of a CDS for medication prescribing. Of these studies, three were systematic 
literature reviews.87-89 Three studies aimed to determine the clinical impact of implementation,90-

92 while six others examined the benefits or barriers to use and adoption of the new system.50, 87, 

93-96 Three additional studies examined changes in the prescribing habits of providers in response 
to the CDS.97-99  
 Common functions of the systems analyzed in these studies included some form of alerts for 
contraindications related to allergies, drug interactions, dosing or pregnancy87, 90, 93, 95, 96, 99 or 
similar safety checking involving the ordered drug and active medication orders. In four 
studies,88, 90, 91, 96 the systems linked to or analyzed the patient health record, either to find active 
medication orders or to retrieve other patient information for the alerts. One study examined a 
system that used both paper-based tools and a CDS application,100 and another featured a system 
with a drug-ordering pick-list.92 A systematic literature review88 reported that most “successful” 
CDS systems had the following characteristics: they provided a recommendation rather than just 
an assessment, they justified their recommendations by providing research evidence, and they 
used data standards that support integration with electronic patient records. 
 Twelve of the sixteen studies contained results pertaining to user response to alerts.87-93, 96-100 
Some of the topics included rates of alert acceptance,90, 93, 99 overrides,93, 96 and rates of reading 
educational information included in the alert.92 Eight of the studies discussed the alerts’ 
effectiveness.87, 89, 91-93, 97, 98, 100 One of these studies saw a decrease in inappropriate prescriptions, 
as well as an increase in the discontinuation of prescriptions that could cause drug interactions.91 
Another found a large decrease in inappropriate antimicrobial use.100 One study showed that 
physicians using the CDS more frequently ordered inexpensive generic medications in lieu of 
brand name alternatives.92 Some sites noticed that CDS use was associated with positive changes 
in prescribing and dosing practices,87, 97 as well as in the process of care, including medication 
timing and rates of sub-therapeutic dosing.89 Another study found that after CDS implementation, 
serious dosing errors decreased by 55 percent.93  
 Several studies had workflow results involving communication and coordination. 
Improvements in communication between the physician and pharmacy were found. One study 
observed a decrease in queries from pharmacists about prescriptions,94 and another study 
described how computerized messages facilitated discussions between pharmacists and 
physicians, which resulted in an improvement in the overall quality of care.99 Coordination was 
affected by the CDS in one study that described a lack of clarity regarding who is responsible for 
making changes to prescriptions in response to an alert: physicians were uncomfortable changing 
a prescription that was written by another provider.91 
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 The prescribing CDS systems also affected workflow in other ways.50, 87, 94, 101 Two articles 
discussed clinicians’ improved access to current medical information,50, 94 with one of these 
studies noting an improvement in documentation due to the implementation of the CDS.94 Others 
mentioned the helpfulness of dosing suggestions made in real time,87 and time savings related to 
using a computerized system for prescription refills.94 
 Nine of the sixteen studies discussed the effect of a system’s usability on workflow.87, 90-93, 95, 

96, 100, 101 One common issue was the relevance of alerts that were displayed.90, 96, 101 One study101 
found that when using a system that does not grade severity of alerts, providers were least likely 
to override the alert without reading it, because they feared missing an important alert. Another 
study found that frequent and irrelevant alerts were distracting and disruptive to workflow.93 
Two studies cited a lack of clarity as being problematic,87, 93 and one of these explained that 
problems arose when severe drug-drug interactions were displayed with several other alerts, 
making it difficult to discern which alerts were serious and required the most attention.93 Three 
studies discussed whether the system lived up to users’ expectations.90, 93, 95 In 2 of these studies, 
the system failed to do so in certain areas—specifically a lack of valid override reasons90 and 
inconsistent drug-allergy checking.93 Ease-of-use was mentioned in two studies,92, 93 with limited 
flexibility and customization noted as an issue in one of them.93 Other topics that were 
mentioned included unstable software and hardware,91 the value of an automated alerting 
system,87 and issues with manual entry and operation of the system.87, 100  
 Six of the sixteen studies described results relating to acceptance.89, 90, 92, 93, 95, 101 In one study, 
56.2 percent of end users reported that CDS alerts changed the provider’s initial decision 
“sometimes,” 75.5 percent of end users felt the system provided new information 
“frequently/very frequently,” 24.2 percent of users agreed that the CDS provided irrelevant 
information “never/rarely,” 49.6 percent of users felt the system caused annoyance 
“never/rarely,” and 88.1 percent of users felt the system drew attention to significant 
interactions.101 Results from other studies found that the system enhanced “enjoyment of the 
practice of medicine” (p. 714)95 and noted that acceptance increased as the number of 
interruptions from the system decreased.90, 93  
 Summary. Several patterns of workflow effects can be found in the syntheses on CDS 
systems. Although these syntheses are focused on CDS for chronic disease management, 
preventive care and medication prescribing, these patterns are likely to hold for most types of 
CDS. Many studies found that CDS systems improved the rates of desirable physician behavior, 
but not all. Several studies found no effect of CDS implementation, in some cases because 
providers routinely ignored the reminders. One common usability issue is the frequency of 
irrelevant alerts, which were disruptive of clinical workflow. Another problem was the clarity of 
alerts, either because confusing alerts were ineffective or because too many alerts made 
important ones difficult to identify. These usability issues affected acceptance of this type of 
health IT application. Some studies showed that physicians had negative views of the CDS 
systems and preferred not to use them, while others showed that physicians appreciated the 
information provided and used the system frequently. 

Electronic Prescribing 
 A total of seven studies were identified describing workflow related to the introduction of an 
e-prescribing system into clinical practice, although it is important to note that the definition of 
electronic prescribing has changed over time. Early definitions included both stand-alone 
systems and those capable of electronically transmitting prescription data.102 More recently, the 

29 
 
 
 
    



Centers for Medicare & Medicaid Services (CMS) have created a definition focused on 
electronic transmission of prescriptions.103 We found that aside from one study which covered 
multiple clinical sites and did not describe the functions of the application,49 three of the studies 
describe health IT applications fitting the CMS definition104-106and three did not.107-109 A number 
of the systems printed or faxed prescriptions for patients,104, 105, 107 had some form of formulary 
or medication list-related functionality,105-107, 109 utilized features to speed up the ordering 
process,105, 107 and provided drug information to the system users.106, 109 Other less common 
features included weight-based pediatric dosing,107 free-text entry with required fields,107 and the 
display of other active medication orders.105 
 The existence of another IT system used in conjunction with the e-prescribing system was 
mentioned in four of the seven studies.104, 105, 107, 108 These systems included EHRs105, 107 and 
computerized practice management systems.104, 108 In at least one of these studies,107 the EHR 
communicated with the e-prescribing system, as information entered in one system could update 
the other.  
 Three106, 107, 109 of the seven studies compared the e-prescribing system to a pre-existing 
noncomputerized prescribing system. Of the remaining four studies, two discussed 
implementation of e-prescribing systems49, 104 and the remaining two described the effect of the 
health IT on work patterns of pharmacists and physicians105 and the advantages and 
disadvantages of introducing an e-prescribing system into an office setting.108 
 All seven of the studies examined the effect of e-prescribing on efficiency. All studies except 
one107 reported an improvement in overall efficiency. The study that did not report an 
improvement had a neutral result—“e-prescribing did not greatly disrupt prescriber or staff 
workflow” (p. 727).107 Several of the studies were concerned about the effect on clinic staff;49, 104, 

105, 107-109 however, one study that investigated the effect of efficiency on patients found that the 
e-prescribing system saved patients time because it reduced the number of repeat trips to the 
pharmacy.108  
 Usability of the e-prescribing systems was an important area of evaluation, mentioned in four 
studies.49, 104-106, 108 All four articles cited problems with the system’s usability and explained the 
effects that these problems had on workflow. Providers at one site104 did not like the fact that 
they could not look up drugs by brand name. Another study49 noted that numerous and irrelevant 
warnings triggered within their e-prescribing system caused physicians to begin to ignore any 
warnings they saw. A third study105 noted that a change in the format in which prescriptions 
could be entered made drug ordering easier for physicians, but caused increased problems 
downstream because pharmacists needed to edit more orders. The fourth study108 cited more than 
one instance of the system being regarded as “cumbersome,” which led to prescriptions being 
entered only when the facility was fully staffed. Many orders were still phoned in and hand-
written. 
 The effect of e-prescribing on processing time was also evaluated in three studies.105, 107, 108 
The first reported improvements in processing time for pharmacy staff, but increased time spent 
on computer-based tasks for nurses and also increased time spent on miscellaneous tasks for 
nurses and medical assistants.107 Processing time increased for pharmacists in the second study105 
because they had to spend increased time interpreting and editing physicians’ orders. The time 
these pharmacists spent filling prescriptions decreased by 34 percent because they were spending 
more time troubleshooting incoming orders. The third108 study showed a time savings related to 
decreases in the number of phone calls from pharmacies to the clinics because some problems 
with a prescription were flagged by the system and corrected before the prescription was sent. 
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However, the study also showed that patients had to wait 15-20 minutes for their prescriptions to 
be transferred from the clinic to the pharmacy. 
 Three studies106, 108, 109 had results relating to the acceptance of e-prescribing. One study109 
found acceptance in the patient population—they believed that implementation of the e-
prescribing system generally improved their care and the quality of work of their providers. In 
another study,106 office managers expressed the opinion that e-prescribing made prescription and 
refill request completions easier to accomplish. In another site,108 however, the e-prescribing 
system was only used for patients with multiple prescriptions, and the staff were reluctant to use 
the application without a firm commitment from physicians.  
 Summary. In all, the implementation of e-prescribing systems was found to have a positive 
or neutral effect on clinic efficiency, but no consistent pattern was found for the effect on 
processing time, especially in pharmacies. Usability issues with these applications included 
ineffective search functions, irrelevant warnings, and a simplification of the ordering process that 
led to more corrections being required of pharmacists. One system was cumbersome, leading to 
low acceptance and use by clinic staff; otherwise, these applications were well accepted by both 
patients and staff. 

Telemedicine 
 The literature search on health IT implementation and workflow resulted in 40 articles about 
telemedicine. The next section briefly defines telemedicine and describes its common forms. 
Definitions. Telemedicine is the use of information and telecommunications technology 
applications to transfer medical information for the purposes of diagnosis, therapy and 
education.110 As defined by Norris,111 three types of telemedicine applications were found in the 
literature review: 
 

• Tele-consultation; 
• Tele-education; and 
• Tele-monitoring. 

  
 The most frequent type of telemedical procedure, tele-consultation, is used to support clinical 
decisionmaking by allowing caregivers, or the patient and one or more caregivers, to 
communicate over long distances either in real-time or using a store-and-forward method. Tele-
consultation services are now used mostly to connect remote areas to urban centers. For example, 
in the numerous studies on tele-dermatology,112-118 instead of referring patients to specialists, 
pictures of the affected area are taken by the primary care physician and then sent electronically 
to the specialist. If needed, a tele-conference consult can be conducted as well, to take the 
patients’ (dermatologic) history and discuss the case with the patient and primary care physician.  
Tele-education includes academic courses or clinical education via the Internet and accessing 
medical online databases such as PubMed®. An example of tele-education is the study by Chan 
et al.,119 in which pediatric patients with persistent asthma were provided with home computers 
and Internet access and were monitored bi-weekly over the Internet. Part of the sample 
(experimental group) received their asthma education via the Internet instead of receiving face-
to-face education like the control group. Results show that there were no differences between the 
two groups for a number of outcomes.  
 Tele-monitoring is the use of telecommunications links to gather routine or repeated data on a 
patient’s condition.111 The purpose of tele-monitoring is to become aware of the need for 
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adjustments in the patient’s treatment. For example, blood glucose measurements of diabetes 
patients are automatically transferred via a modem120, 121 or the internet122 to a clinic. The 
physician at the receiving end is automatically notified about the receipt of data, examines the 
data and, if necessary, modifies the therapeutic protocol. 
 A more recent development is tele-homecare, which is a combination of tele-monitoring and 
tele-consultation. Patients are monitored electronically, and the data is sent to the clinician. The 
patient can also directly contact his or her physician using interactive audio/video systems.123 
Another variant is that instead of the physician visiting the patient at home, a specially trained 
community nurse visits the patient and reports to the physician.124 
Most of the 40 studies found in this literature review were designed to evaluate tele-consultation 
or tele-monitoring applications. Some of the studies did include a tele-education component.  
 Effects on workflow. Among the results of the literature search, there were five systematic 
literature reviews. Three reviews focused on the impact of telemedicine applications on 
workflow. Curell et al.125 concluded that the implementation of telemedicine can have a major 
impact on the organization of health care services and service delivery and administration, but 
these factors have been largely ignored in studies on telemedicine published between 1966 and 
1999.125 Roine et al.126 examined a similar literature (published from 1966 to 2000) and included 
pilot projects and short-term outcomes in their review. They found evidence for the effect of 
telemedicine implementation on time-related consequences of health care services and on 
organizational issues. Jarvis-Selinger et al.127 wrote a focused literature review on the impact of 
video-conferencing (VC) on clinical workflow practices and inter-professional collaboration. 
Results of the review showed that referring providers were positive about the potential to reduce 
unnecessary patient transfers and maintain care within the home community. They also found 
consequences of VC implementation on clinical workflow. For example, VC has an impact on 
coordination between health care providers, creating temporal and logistical challenges. 
However, VC implementation also can create a new context for team-based management, 
enabling team members to better communicate, and can result in more effective case 
management and decreased treatment time for patients. Another review with implications for 
workflow was Hakansson and Gavelin’s survey of the telemedicine literature on cost 
effectiveness.128 They concluded that telemedicine has had little impact on the medical practice, 
structure and organization of health care.  
 Only two studies other than these systematic literature reviews were focused on the effect of 
telemedicine implementation on workflow. MacFarlane et al.129 examined role flexibility among 
telemedicine service providers and found that employees using telemedicine in primary care 
services act flexibly on a daily basis in order to ensure smooth operation of the systems. Aas130 
found that in four telemedicine services (tele-dermatology, tele-otolaryngology, tele-psychiatry, 
and a tele-pathology frozen-section service), implementation did not produce large changes in 
the distribution of tasks. He also found that implementation led primary care staff to do more 
patient care work, because learning effects over time allowed primary care physicians to treat 
some patients without referral to a specialist. As a consequence, telemedicine required more 
work for primary care practices than conventional referrals.130  
 Other studies mentioned the consequences of implementing telemedicine applications on 
workflow. For example, several studies examine clinical efficiency and productivity. In a 
randomized controlled trial comparing real-time tele-dermatology consultations to face-to-face 
appointments, Oakley et al.118 found that the proportion of patients in tele-dermatology group 
(N=109) followed up by the dermatologist was almost the same (24 percent) as after a 
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conventional appointment (26 percent) and for similar reasons. A study by Kruger et al.121 
examined whether modem transmission of blood glucose data by patients with gestational 
diabetes could provide faster communication of results, increased workflow efficiency, and 
equivalent accuracy of data. Results of the study showed no significant differences in 
consultation time, clinic workflow efficiency, or accuracy of data between the modem group and 
the control group who visited the clinic. Both patients and providers were very satisfied with the 
blood glucose meter and modem. Whited et al.115 examined the effect of a tele-dermatology 
system and found that the time to evaluation and treatment for patients in the experimental group 
was significantly shorter than for patients in the control group (median 41 days vs. 127 days). 
Furthermore, 19 percent of patients in the experimental group avoided a visit to the dermatology 
clinic for consultation. In another study that examined the number of clinic visits, Miyasaka et 
al.131 examined the clinical impact of a home digital video system for pediatric patients receiving 
long-term mechanical ventilation at home. The videophones allowed the transmission of 
clinically acceptable levels of chest wall movement, ventilator movement, chest radiographs, 
echocardiography, fiber-bronchoscopy images, and the emotional expression of patients and 
family members. Results of the study show that there were large reductions in number of house 
calls by physicians, unscheduled hospital visits, and hospital admission days after 
implementation of the system. Woods et al.132 examined the impact of the implementation of 
three telemedicine clinics on the treatment of patients with sickle cell disease. Because this 
disease requires a chronic disease medical management approach, including close monitoring of 
medication adherence, blood testing, and early detection of disease-related and other medical 
complications, patients in rural areas that have limited access to health care resources need 
special attention. Results of the study showed that by using telemedicine, the productivity of the 
sickle cell clinic increased from 1,413 to 1,889 encounters in a year, with an increase in rural 
outreach activity from 271 to 745 encounters a year. 
 Several studies examined the impact of telemedicine on consultation time from the 
perspective of the provider or patient. All studies compared the length of tele-dermatology 
consultations to face-to-face consultations. Nordal et al.117 found that on average, the duration of 
tele-dermatology consultations was slightly shorter (women (N=58): 9.6 minutes vs. 10.5 
minutes for in-person consultations; men (N=55): 9.3 minutes vs. 9.8 minutes, no significance 
mentioned in article). However, the results of a laboratory study by Berghout et al.113 showed 
that tele-dermatology consultations were longer on average by at least 3.5 minutes. Oakley et 
al.118 found that patients in the telemedicine group spent significantly less time per appointment, 
including travel time (51 minutes compared with 4.3 hours for those with conventional 
appointments at a hospital clinic). 
 Other studies examined whether telemedicine implementation had an effect on the 
distribution of clinical tasks. Chase et al.120 studied the modem transmission of glucose values 
and found that most modem transmission data were handled by nurses instead of physicians. 
However, as was mentioned above, Aas 130 showed that telemedicine does not produce large 
changes in the distribution of tasks between general practitioners and specialists, apart from tele-
dermatology, where staff in the primary care sector undertake more patient care. Jaatinen et al.133 
examined whether the implementation of tele-consultation reduced the number of referrals to 
specialists and found that in more than half of the tele-consultation cases, the responsibility for 
treatment was maintained in primary care, without any visit to the hospital specialist being 
required.  
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 Several studies examined the impact of telemedicine on the workload of physicians. In 
analyzing the effects of tele-consultation in the treatment of sickle cell disease in rural areas, 
Woods et al.132 found that dramatic increases in the productivity of the sickle cell clinic 
(described above) only required the addition of a single physician assistant. MacFarlane et al.129 
examined role flexibility among telemedicine providers and found that employees took 
responsibility for new tasks or duties in addition to their existing ones; those tasks were often 
outside their professional roles, such as administrative duties.129 A study of tele-consultation in 
otolaryngology found that primary care physicians are required to learn how to operate the 
equipment but that once proficiency has been achieved, the system will allow more efficient use 
of the specialist’s time.134 
 Other studies examined a range of effects of telemedicine on workflow. Results show that 
accuracy of the measured data/diagnosis in telemedicine is often equal to or even better than in 
clinic visits.112, 113, 116, 117, 121, 124 Results also show that quality of communication between 
patients and physicians and/or between primary care physicians and specialists generally 
increases as a result of telemedicine implementation;117, 133, 135-139 that patient adherence to 
treatment increases;132, 140 that the number of referrals and clinic visits is usually reduced;114, 115, 

132, 133, 141, 142 that the number of house calls by physicians is reduced;124, 131 and that travelling 
time by both physicians124 and patients118, 137, 138, 142, 143 is significantly reduced. Overall, both 
patients116, 117, 119, 120, 132, 133, 136, 140, 141, 144-147 and physicians140 are satisfied with telemedicine, and 
there are few problems with usability.122, 123, 142, 146, 148, 149 See Table 7 for details. 

Table 7: Indirect effects of telemedicine applications on workflow 
No. Effect 
1 Accuracy of measured data/diagnosis112, 113, 116, 117, 121, 124 
2 Communication between patient and physician117, 135-139 
3 Communication between primary care physician and specialist133, 135 
4 Patient adherence to treatment 132, 140 
5 Number of clinic visits115, 132, 142 
6 Number of house calls by physicians124, 131 
7 Number of referrals114, 133, 141 
8 Patient satisfaction116, 117, 119, 120, 132, 133, 136, 140, 141, 144-147 
9 Physician satisfaction140 
10 Traveling time for (visiting) physician124 
11 Traveling time for patient118, 137, 138, 142, 143 
12 Perceived usability by patients122, 123, 146, 149 
13 Perceived usability by physicians142, 148 

 
 Summary. In conclusion, Currrell et al.125 stated in 2000 that the implementation of 
telemedicine can have a major impact on the organization of health care services and service 
delivery and administration, but that these factors have been largely ignored in studies of 
telemedicine. Now, 10 years later, the situation has not changed drastically. Results of this 
literature review show that relatively few studies have focused on workflow. Most of the studies 
focused on cost-benefit assessment of telemedicine and clinical efficiency. With regard to the 
effects of telemedicine on workflow, most of the studies show that work activities are transferred 
from specialists to physicians, support staff, and technicians in primary care settings. Most of the 
physicians, both specialists and primary care providers, are satisfied with telemedicine 
implementations. Results of many studies show that the clinical effectiveness of telemedicine is 
most of the time equal to or better than traditional care, although there are also several studies 
that report lower effectiveness. For most patients, telemedicine means less travel time, and less 
lost work time. Perhaps consequently, patients are satisfied with the telemedicine interventions. 
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Thus, telemedicine implementation could potentially have a large impact on workflow, but based 
on the results of this literature review, we can only conclude that telemedicine has not been 
implemented on a large scale, and therefore has had relatively limited impact. 

Informational Resources 
 A total of 12 studies were identified that describe workflow changes related to the 
implementation of an informational resource application. One of these studies was a systematic 
literature review.150 Five studies looked into the effects of introducing an informational resource 
program,150-154 and 3 discussed implementation strategies and results.155-157  
 The health IT applications in this category were diverse both in their structure and in their 
purpose. Two of the systems were either entirely Web-based or had some Web-based 
components.155, 156 The others were stand-alone applications available on a desktop computer151, 

152, 154, 158-161 or hand-held device.153 Two systems were information retrieval applications for 
clinicians who needed the answer to a specific question—one searched a database of evidence 
based medicine located on a hand-held device,153 and the other sent a request to a research 
librarian, who created a written synthesis of the appropriate literature and sent it to the clinician 
via e-mail.157 Three systems provided a variety of information to physicians for browsing or 
searching. One provided a structured “knowledge management system” that contained links to 
multimedia files,161 one was a Web page providing links to online health resources such as 
MedlinePlus,156 and one was a comprehensive Web site containing care guidelines, drug 
formularies, administrative procedures and other information.155 Other systems aimed at 
physicians included one that calculated the risk of coronary heart disease for each patient,151 one 
using a free-text search to provide a list of suggested terms for coding,158 and one aimed to 
educate clinicians about cultural differences in ethnic elderly adults.160 Three systems were 
intended for use by patients: one aimed to increase their interest in colorectal cancer screening by 
using video and narration to provide information about the tests,159 another provided explanatory 
information to patients about their diagnosis and treatment to patients with migraines,152 and a 
third asked patients questions about health behaviors and provided feedback about how changing 
the behaviors would improve related symptoms they experienced.154 
 Three studies found that the application enhanced the knowledge of its users in a meaningful 
way.152, 153, 159 A systematic literature review150 described how clinical information retrieval 
applications had improved decisionmaking, the use of clinical evidence, and overall patient care. 
It also mentioned that the applications update physicians’ knowledge and help them to remember 
forgotten information.150 One study found that electronic resources were used despite the time 
constraints of heavy patient loads.156 Patients receiving educational information through the 
system in one study felt that it improved information exchange with their physician.152 Two other 
studies noted an improved dialogue and conversation between physicians and patients,151, 153 in 
one case as a result of “up-to-date information” provided by the system.153  
 Seven studies found results relating to acceptance of the systems.151, 152, 155, 157, 160, 161 Two 
studies found that the majority of users felt that the program had a positive impact on patients151, 

155 and that it saved the physicians time.155 Another reported that several patients wanted to 
spend over an hour learning from the system.152 In four studies, the amount of software use 
indicated its acceptance. One found that two-thirds of clinicians with access to the application 
used it on average 4 times per month;151 another study found that over 80 percent of physicians 
had used the health IT application at least 10 times in the last year.155 One study found that use of 
the system increased, reaching a maximum at the end of the research period, and that most 
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physicians wanted to continue using the software, though some desired small modifications to be 
made.161 However, one study found that only 1 out of 10 offices incorporated the patient 
education program into their workflow, perhaps because patients were intimidated by the 
computer and staff did not encourage its use.154 Several studies reported on willingness to 
recommend the system. One found that 79 percent of physicians had recommended the system to 
other potential users,157 and another that 99 percent of users were willing to recommend it.160 A 
third study found that over 80 percent of patients using the application said they would 
recommend it to a friend.152 Also, all patients in this study said that they would use the 
application again if they were asked to and that it was “worth the trouble” (p. 148) of using it.152  
Seven articles discussed issues related to the system’s usability.151-155, 158, 161 Four studies noted 
positive characteristics of applications that were easy to use.152, 155, 158, 161 One of these studies155 
reported that the system’s usefulness was due to the selection of included material by physicians 
who were familiar with the information needs of end users. This system was designed to be 
“one-stop shopping” (p. 274). Another study reported that users’ difficulty in finding information 
led to frustration,153 and a third study found that a search function was difficult to use because it 
lacked spell checking.158 In one study, patient users found at least some of the information 
confusing.152 The requirement that physicians re-enter patient data led to one application not 
being used.151 Another study154 found that an application was disruptive to the office visit 
because patients spent approximately 10 minutes using it prior to seeing the physician and were 
not finished when the physician was ready to see them. This disruption to the schedule “placed 
an additional time burden on staff who already felt overworked” (p. 43).  
 Summary. Overall, a diverse group of information resource applications were described in 
the literature. Three of these articles examined the effect of the health IT on the knowledge of 
end users; all found positive effects. Information resource applications were also found to be 
well accepted, with one exception.154 Many systems were described as easy to use, although 
some usability issues were reported, such as difficulties in finding information, duplicate data 
entry being required, and workflow disruptions related to the time required to use the system. 

Other Health IT Applications 
 Other articles described the effect of health IT implementation on ambulatory workflow. The 
applications whose effects were analyzed varied widely, including digital imaging;162-167 data 
feedback systems;168, 169 a disease registry network;170 an electronic health records search 
function;21 an e-mail triage system;171 health information exchange (HIE);172-174 immunization 
registries;175 patient access systems;176, 177 secure messaging;178 and the use of handheld 
computers for clinical applications including writing and transmitting prescriptions, capturing 
charges, accessing reference resources, performing research tasks and completing educational 
activities.179 Several articles described decision support systems related to advanced directives,180 
coding terminology,158 depression screening,40, 181, 182 diagnosis support,183-187 potential adverse 
drug events,188-190 test ordering,191, 192 triage decisions,193 use by nurses,194 guideline adherence 
not previously discussed,195-197 or an unknown topic.198 Other articles were systematic literature 
reviews of health IT in general,60, 199, 200 or discussions of all types of decision support systems.43, 

45, 56, 201-209 Further information on the workflow changes described in these articles is available 
in the “research” database in the toolkit. 
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Use of Health IT as a Tool to Analyze and Redesign Workflow 
  
 Health IT applications have the potential to be a powerful tool for analyzing and redesigning 
workflows. Using health IT, practices can improve work processes to make them safer, improve 
their quality, and maximize efficiency. Health IT applications collect and store information 
relevant to many of the proximal measures of workflow previously discussed (see Table 1) 
including efficiency, information and people flow, communication, and coordination of care. 
Health IT often records and stores workflow data automatically, without the need for additional 
end user data entry but solely based on user actions taken within the system. For example, some 
EHR systems log users’ actions, such as order entry, with date and time stamps, and the person 
performing the action. Thus, valuable data about the timing of events and who performed them is 
frequently available from health IT systems, information that is rarely available for nonelectronic 
data. One potential advantage of using health IT is that data are often stored in discrete fields and 
therefore can be retrieved and even analyzed in an automated fashion. This could obviate the 
need for a human to manually review the patient record, find the needed information, and record 
the information in a separate database for analysis, thereby decreasing the likelihood of errors of 
omission and data re-entry. It also reduces the human resources required for data collection. 
Health IT also has the potential to allow performance measurement, quality reporting, and to 
assist in providing population-based care through the use of registries. New models of care rely 
heavily on health IT to provide patient-centered, high quality of care.210 However, currently 
many health IT systems are not designed to allow clinicians to easily abstract data to improve 
their workflows or the quality of care they provide.211, 212  
 The goal of this synthesis is to gain a better understanding of how health IT is being used as a 
tool to evaluate workflow in ambulatory clinics. This synthesis includes articles found in the 
literature review that: 
 

• Use data from a health IT system implemented in an ambulatory clinic; 
• Collect data from the health IT system in an automated fashion (data may be analyzed in 

an automated fashion or manually); 
• Use the data obtained from the health IT system to evaluate workflow; and 
• Evaluate proximal measures of workflow. 

 
 Articles with distal measures were only included in this analysis if proximal measures were 
also evaluated. In addition, patient and organizational outcome measures collected from health 
IT are noted. All articles were reviewed and the use of health IT as a tool was documented. 
These evaluations were then categorized into proximal, distal or outcome measures. The 
proximal measures were further classified into categories of workflow evaluation like those used 
for the literature review database.  
 There were 54 articles describing the use of health IT as a tool to evaluate clinic workflow 
(see Table 8). Thirty of these articles primarily evaluated the impact of a decision support 
system; 11 evaluated telemedicine workflow, 4 evaluated EHRs; 3 evaluated electronically 
available informational resources; and 1 article each evaluated e-prescribing, electronic search 
functionality in an EHR, and an e-prescription renewal system. Three of the articles evaluated 
more than one type of health IT. These articles utilized a qualitative data collection and analysis 
approach.  
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Table 8: Types of health IT used as a tool 
Type of Health IT Number of Articles Percentage of articles 
EHR/EMR 4 7.4% 
Decision Support Systems 30 55.6% 
Electronic Prescribing 1 1.9% 
Telemedicine 11 20.4% 
Informational Resources 3 5.6% 
Other 2 3.7% 
More than one type 3 5.6% 
TOTAL 54 100.0% 

 
 Other studies have evaluated usage based on how often the goal of health IT use is met (see 
Table 9). For example, the use of e-prescribing95 or electronic laboratory order forms191 instead 
of paper forms, the use of a CDS tool for depression screening,181 or the use of an EHR,168 
telemedicine,114, 141 or prescription renewal system94 to document patient information. Some 
articles documented the use of telemedicine by evaluating the frequency and type of information 
uploaded into the system, e.g., physicians sending and receiving referrals,145 and patients 
entering blood pressure readings,146 asthma medication use videos and symptom diaries,119 or the 
answers to health related questions.140 

Table 9: Types of proximal workflow measures evaluated using health IT as a tool 
Type of Proximal Measure Number of Articles Percentage of articles 
Usage 32 59.3% 
Time 14 25.9% 
Decision Support Functioning 19 35.2% 
Decision Support Adherence 4 7.4% 
Acceptance 2 3.7% 
System Functioning 3 5.6% 

 
 Health IT has also been used as a tool to evaluate provider response to CDS reminders and 
alerts. Use has been evaluated based on whether or not a provider responds to reminders, e.g., 
calculating a response rate or completion rate of the reminders.75, 77, 84, 96, 198, 207 In addition, the 
actions taken to respond to a reminder or alert have been evaluated,81, 84, 90, 182, 195, 198 for example, 
whether the reminder was overridden/cancelled or accepted. At times, the CDS design also 
allows users to enter information about the CDS tool or the specific reminder or alert, e.g., why 
an alert was overridden.62, 90, 181, 191 
 Time. Fourteen articles evaluated aspects of time related to the use of health IT. These 
include the processing time for a CDS tool to review patient information and present 
recommendations,71, 189 or the processing time for a digital radiology image to become available 
for physician interpretation.213 Physician/provider and staff time have also been measured. 
Examples are the number of telemedicine days or sessions per week on the clinic schedule,141 
physician time spent reviewing informational resources161 or CDS recommendations,71 the time 
elapsed from when the CDS alert is presented until the physician/provider responds182 or takes 
action on the CDS recommendation,182 physician time spent taking digital photographs and 
entering data into the computer for a telemedicine consultation,112 or staff time spent to assist a 
patient using a CDS tool.201 In addition, patient time and distance traveled are measured for 
telemedicine consultations and compared to those of conventional clinic visits.141 Lastly, the time 
for completion of a process or task in its entirety has been measured. For telemedicine 
consultations, these measures include the time until an intervention was performed,115 an 
appointment was scheduled,141 or a study was received, interpreted and the results sent back to 
the referring provider.214 For CDS these measures were the duration of a task using the CDS 
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system compared to without using the CDS system,193 the time elapsed between a CDS alert 
about ordering lab tests and the lab result appearing,188 or the time elapsed from an alert to the 
ordering of a guideline recommended medication.63 
 Decision support functioning. Many articles also used data from a health IT system to 
assess an aspect of CDS functioning, such as the end user’s frequency of receiving CDS alerts or 
reminders and the types of alerts or reminders received. Most commonly, the total number of 
alerts or reminders sent to physicians/providers69, 73, 77, 146, 188, 196, 198, 201, 215 or to patients146 were 
evaluated. Many studies also evaluated the number of recommendations or alerts by type of 
alert,69, 73, 90, 189 by severity,90, 196 or by the recommendation generated.196 The number of CDS 
alerts and reminders has also been evaluated at many levels of analysis: at the physician level 
(e.g., the number of reminders per physician76), at the patient level (e.g., the number of patients 
eligible for a reminder,189 the number of reminders, alerts, or opportunities per patient,66, 188, 201 
or the number of indications for alerts per patient77), at an encounter level (e.g., the number of 
patient visits with asthma CDS trigger in record and the number of patient visits with 
recommendations given71 or the number of patient visits with reminders per physician76), and on 
a practice level (e.g., the number of times the guidelines for patient care were triggered during a 
patient encounter for each practice.68) Most of these studies used health IT as a tool to evaluate 
the CDS intervention during a research study; however, others could use this data for 
nonresearch purposes to better understand provider workflow related to receiving CDS alerts and 
reminders.  
 Finally, health IT has been used to evaluate other decision support functions, such as the 
content of a hypothesis list presented to a user from an informational resource that assists with 
diagnosis186 and the ability to identify preventable adverse drug events from an EHR.21 
 Adherence to CDS recommended actions. Health IT has been used to evaluate the 
physician or provider adherence to the CDS recommendations, e.g., test ordering in accordance 
to guidelines,76, 195 prescriptions written based on a recommended medication63 or duration of 
treatment,97 or a recommendation to not prescribe a medication.97 These articles carefully 
followed the actions of the physician or provider after interacting with the CDS to evaluate their 
actions within a specific time period. This method allows the studies to reasonably assume that 
the actions were related to the interaction of the physicians with CDS. 
 Other proximal measures. Two other proximal measures were less commonly evaluated 
using health IT: acceptance and health IT system functioning of applications other than decision 
support. One study programmed a satisfaction questionnaire into the telemedicine system and 
evaluated parent satisfaction with the use of the system and with the time required to perform the 
electronic data entry.119 Another programmed patient and physician questionnaires into the tele-
dermatology system in order to evaluate satisfaction with the system and confidence in the 
generated diagnosis and treatment plan.114 As part of a telemedicine study on diabetes, 
researchers evaluated the accuracy of blood sugars relayed by patients over the telephone by 
comparing these to blood sugar values obtained from a glucose meter and uploaded into the 
system using a modem.121 Another research team used a call management system to evaluate the 
number of telephone calls being handled per day and the time of day the calls were placed.193 
 Observational studies. Four articles discussed the use of health IT as a tool using qualitative 
and quantitative data from interviews, focus groups and surveys38, 47, 49 and/or literature 
reviews.44, 49 These articles discussed changes to physician time utilization,44 improved ability to 
perform surveillance and monitoring for disease conditions and care delivery,44 improved 
adherence to guidelines and protocols,44, 47, 49 increased billing revenue due to increased service 
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capture and increased level of coding based on documentation,47, 49 improved tracking of test 
status and test results,47 improved timeliness, availability and accuracy of messages within the 
organization,47 decreased documentation errors47 and increased completion of documentation.47 
However, it is difficult to tell from the articles whether the data used to draw these conclusions 
originated from the health IT system.  
 Distal workflow measures and outcome measures. Although distal workflow or outcomes 
measures were not the main focus of this synthesis, some articles used health IT as a tool to 
assess proximal measures of workflow and distal or outcome measures. Twenty-one articles 
measured distal workflow and 10 articles measured outcome. Examples of distal measures 
include ordering or performance of laboratory or diagnostic tests,38, 68, 69, 71, 73, 77, 188, 196, 201 or the 
prescription or discontinuation a medication.68, 69, 71, 73, 77, 91, 119, 168, 196, 215 In some cases, data 
originated from claims databases rather than health IT in the clinic. Further discussion on distal 
process measures and outcome measures can be found in a later section of this report. 
 Limitations. The analysis in this section has some limitations. Journal articles are not always 
explicit about the source of the data or whether the data is extracted from the health IT system in 
an automated fashion, so studies may have been excluded from the analysis that actually used 
health IT as a tool. More often, we found in our review of the articles that data were collected 
manually from an EHR in lieu of automated data collection. This fact may reflect the limited 
capabilities of the health IT system and the end users inability to easily and reliably abstract the 
data automatically. 

Articles Using Distal Measures of Workflow 
  
Our literature review identified a number of studies that measured the impact of health IT on 
various care processes and outcomes, but not directly on workflow. Our literature review was not 
designed to systematically address the impact of health IT on distal measures of care processes 
and outcomes measures; therefore, we did not review these papers in a systematic manner. In this 
section, we describe examples of the studies that reported on distal measures of workflow; we 
also provide some potential explanation of how these distal measures may have been influenced 
by changes in workflow. 

Health IT Other than Telemedicine 
 Our literature review identified 54 papers on health IT, other than telemedicine, and distal 
measures of workflow: 
 

• 10 literature review papers 
• 15 papers on preventive services 
• 9 papers on adherence to guidelines and procedures 
• 8 papers on patients with cardiac conditions and for hypertension management 
• 6 papers on medication prescription 
• 6 papers on testing performance (e.g., childhood immunization and HIV testing) and 

efficiency of test ordering. 
 
 The majority of the literature review papers were published after 2000. Several literature 
review papers selected to review only RCTs in various areas, such as health IT in both 
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ambulatory and inpatient settings,216 CDS,217, 218 preventive care,219 and computerized reminders 
and feedback in medication management.220 The literature review papers focused on various 
areas: preventive care,219, 221 medication management,220, 222 guideline implementation,223 CDS in 
general,217, 224 and CDS for specific conditions such as osteoporosis.218 
 The 15 studies on preventive services typically reported on the impact of health IT on the 
percent of patients who received preventive services. For instance, numerous studies examined 
the impact of computerized feedback and reminders to providers on screening for blood pressure, 
cholesterol and other conditions,225-230 and mammogram ordering.231, 232 The increases in 
screening that occurred as a result of the computerized feedback and reminders were likely due 
to changes in the workflow in the practices, such as the work of providers (e.g., access to 
computerized recommendations for specific patients at the time of the visit). However, these 
studies did not provide information on the changes in workflow that occur as a consequence of 
the implementation of computerized feedback and reminders. 
 The nine studies that examined adherence to guidelines often provided the guidelines in an 
electronic format, such as using a personal digital assistant (PDA).233, 234 The guidelines covered 
various issues, such as management of HIV infection,235 management of asthma,234 identification 
of latent tuberculosis infection,236 osteoporosis management after a fracture,237 and treatment of 
diabetic patients.12 
 Eight studies focused on the care of patients with cardiac problems,238-241 hypertension 
management,242-244 and cardiovascular disease risk assessment.245 These studies evaluated the 
impact of the health IT interventions on various process and outcome measures related to 
cardiovascular conditions (e.g., blood pressure). 
 Six studies examined the impact of health IT on medication prescription, such as in 
ambulatory pediatrics246 and for diabetic patients.247, 248 These studies examined the extent to 
which prescriptions were ordered according to evidence,246, 248 the appropriateness and safety of 
medication prescribing,249, 250 and changes made to the medication regimen.247 It is very likely 
that these health IT interventions involved changes in the workflow, in particular the cognitive 
workflow of physicians who changed their prescribing behaviors. 
 Four studies focused on the impact of health IT (e.g., alerts) on testing performance, 
including influenza vaccination,251, 252 childhood immunization,253 and HIV testing.254 Two 
studies focused on the efficiency in test ordering.255, 256 

Telemedicine Articles Using Distal Measures of Workflow 
 A total of 11 studies examined various forms of telemedicine such as providing an ear, nose 
and throat (ENT) consultation,257 neurology consultation258 or a range of specialists,259-261 
providing access to mental health specialists262 or nurses,263 and tele-monitoring of patients at 
home.264-267 These studies examined a range of process and outcomes measures: 
 

• Costs,257, 259-261, 264 including cost to patients;257, 260 
• Number of tests ordered;258 
• Various indicators of physical and mental health for patients with depression;262, 263 
• Various physiological indicators for home-monitored cardiac patients such as blood 

pressure and heart rate;265, 266 and  
• Diagnosis performed by the tele-cardiology specialists.267 
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Conclusion 
 
 This chapter summarizes our evaluation of the peer-reviewed literature on workflow changes 
related to health IT implementation and use of health IT as a tool to analyze workflow. Although 
we aimed to review as much of this literature on these topics as possible, we may have missed 
some articles. To identify a reasonable amount of literature to review, we selected three sets of 
search terms—on ambulatory care, health IT and workflow—and searched the conjunction of the 
three. As we learned in reading articles identified through a search of systematic literature 
reviews on health IT implementation, however, several authors discussed workflow changes 
without explicitly using any of our workflow search terms in the abstract or title. Such articles 
could have been missed by our search, even though we reviewed almost 4,500 articles.  
In doing this review, we also gave careful consideration to what “workflow” is, and realized that 
some measures of workflow change—distal and outcome measures—suggest the types of 
process changes that have occurred but do not provide enough information about those changes. 
We therefore chose to focus on proximal measures of workflow change—those that describe 
how processes have been modified. We have compiled the information on these proximal 
measures of change into syntheses describing the effects of implementation for several types of 
health IT: EHR/EMR and CPOE; decision support systems on chronic disease management, 
preventive care, and medication prescribing; electronic prescribing; telemedicine; information 
resources; and the use of health IT as a tool. We also briefly describe a selection of articles using 
distal process measures and outcome measures of workflow to provide a sense of the issues that 
these articles address.  
 Detailed information on each article in the literature review and its findings are described in 
the database of published papers in the toolkit. This information was also used to inform the 
toolkit’s design and content. 
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Chapter 3. Environmental Scan 
 

Background 
 
 The purpose of the environmental scan was to learn what others were doing regarding health 
IT implementation and workflow in small and medium-sized ambulatory care practices. The 
objectives included identifying: 
 

• User stories on workflow issues encountered in the development, implementation, 
adoption and use of health IT, and 

• Publicly available workflow design tools and methods applicable to ambulatory 
practice workflow analysis and redesign or related initiatives, including redesign 
efforts that use health IT as a tool. 
 

The project team followed a three-step approach to conduct the environmental scan: 
 

1. Identification of key health care organizations and associations. Based on the expertise of 
project team members, feedback from AHRQ, and suggestions made by the project 
consultants, a list of organizations and associations was compiled. Information regarding 
the organizations and associations was gathered from various resources and if more 
information was necessary, additional follow-up was conducted. 

2. A broad, comprehensive Web-based search on small and medium-sized ambulatory care 
clinics, workflow, and health IT. Using the literature search terms, focused and 
nonsystematic searches were conducted on the World Wide Web. A snowball technique 
was used as a Web site would often refer to relevant resources on another Web site. 
Resources involving a user story or tool were recorded in the EndNote® database and key 
information documented in a Microsoft® Office Access 2000 database.  

3. Comprehensive literature search. A total of 13 literature databases were searched using 
synonymous key terms for ‘ambulatory care,’ ‘health IT’ and ‘workflow’. Detailed 
instructions regarding the methodology of the literature search can be found in the 
Chapter 2. Both peer-reviewed and nonpeer-reviewed references containing user stories 
and tools relevant to the objectives of the environmental scan were recorded in an 
EndNote® database and key information documented. 
 

 Relevant tools were also identified in a book search in WorldCat using the same terms used 
in the literature search and books recommended by the research team, TEP, and consultants. The 
references were recorded in the EndNote® database and key information documented.  

Key Organizations and Associations 

Methods 
 With the enactment of the American Recovery and Reinvestment Act of 2009 (ARRA) and 
the Health Information Technology for Economic and Clinical Health (HITECH) Act provisions 
contained within ARRA, many organizations and associations are interested in issues related to 
health IT. Identification of key organizations and associations for this project began with a 
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brainstorming session by project team members. Two project consultants and AHRQ then 
provided feedback to complete the list. Additional organizations and associations were identified 
through focused Web searches using key terms identified in the literature search methodology. A 
snowball technique was used in the focused Web searches as key organizations were identified 
through the discovery of a reference on the Web sites of a previously identified key organization. 
Data was collected through Web site review; follow-up was conducted if more information was 
necessary. Information was summarized and recorded in electronic documents. 
Organizations and associations were considered ‘key’ if they focused on issues pertaining to 
small and medium-sized ambulatory care clinics, health IT, and workflow. Many covered the 
first two topics but did not include information regarding workflow. Detailed information 
follows only for those organizations and associations that addressed all three topics. Workflow 
issues and advice from organizations and associations are also highlighted. All organizations and 
associations reviewed are referenced in Appendix C.  



Table 10 lists the missions/goals and URL of each organization and association. Detailed information for each follows the table. 

Table 10: Organization mission/goals and URL 
Organization category Organization  Mission/Goals of the Organization Website URL 

Agency for 
Healthcare 
Research and 
Quality 
(AHRQ)—
Health IT 
Initiative 

The mission of the Agency for Healthcare 
Research and Quality (AHRQ) is to improve the 
quality, safety, efficiency and effectiveness of 
health care for all Americans. The Agency has 
focused its health IT activities on the following 
three goals: (1) improve health care 
decisionmaking, (2) support patient-centered care, 
and (3) improve the quality and safety of 
medication management. 

http://healthit.ahrq.gov  

Health 
Resources and 
Services 
Administration 
(HRSA) - Office 
of Health 
Information 
Technology and 
Quality 
(OHITQ)a 

The Health Resources and Services 
Administration (HRSA) is the primary Federal 
agency for improving access to health care 
services for people who are uninsured, isolated or 
medically vulnerable. HRSA’s Office of Health 
Information Technology and Quality (OHITQ) 
seeks to improve the quality of health care for 
safety net populations and strengthen the health 
workforce that serves these populations.  
 

http://www.hrsa.gov/publichealth/business/healthit/ 

Office of the 
National 
Coordinator for 
Health 
Information 
Technology 
(ONC) 

The Office of the National Coordinator for Health 
Information Technology (ONC) is at the forefront of 
the administration’s health IT efforts and is a 
resource to the entire health system to support the 
adoption of health information technology and the 
promotion of nationwide health information 
exchange to improve health care. 

http://healthit.hhs.gov  
 

Federal Government 
Agencies 

Centers for 
Medicare & 
Medicaid 
Services (CMS) 

To ensure effective, up-to-date health care 
coverage and to promote quality care for 
beneficiaries. 

http://www.cms.hhs.gov/  
 

National Organizations And 
Associations 

American 
Academy of 
Family 
Physicians 
(AAFP)’s Center 
for Health 
Information 
Technology  

The American Academy of Family Physicians 
(AAFP) was founded in 1947 to preserve and 
promote family medicine and to ensure high-
quality, cost-effective health care for patients. 

http://www.aafp.org/online/en/home.html  
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Organization category Organization  Mission/Goals of the Organization Website URL 
American 
Academy of 
Pediatrics (AAP) 

The American Academy of Pediatrics (AAP) is 
committed to optimal physical, mental, and social 
health and well-being of infants through young 
adults.  

http://www.aap.org/ 

American 
College of 
Physicians 
(ACP) 

The American College of Physicians (ACP) is a 
national organization whose members include 
internists, internal medicine subspecialists, 
medical students, residents, and fellows. ACP has 
several major initiatives involving the medical 
home, medical informatics and workflow analysis.  

http://www.acponline.org/ 

American 
Medical 
Association 
(AMA)  

The American Medical Association (AMA) was 
founded in 1847 by Dr. Nathan Smith Davis. Its 
mission is to promote medicine and the 
improvement of public health. 

http://www.ama-assn.org/  
 

American 
Medical 
Informatics 
Association 
(AMIA)  

The American Medical Informatics Association 
(AMIA) promotes organization, analysis, 
management, and use of information to support 
health care. Members of AMIA promote health IT 
in clinical care and clinical research, personal 
health management, public health/population 
health, and translational science to improve health. 

https://www.amia.org/  
 

Association of 
Medical 
Directors of 
Information 
Systems 
(AMDIS) 

The Association of Medical Directors of 
Information Systems (AMDIS) was formed to 
advance the field of applied medical informatics. 
AMDIS is the professional organization for 
physicians interested and involved in health IT. 
AMDIS members are the leaders and decision-
makers in their field. 

http://www.amdis.org  
 

The Center for 
Improving 
Medication 
Management  

The Center for Improving Medication Management 
provides a collaborative forum to establish 
priorities for projects that demonstrate the value of 
pharmacy interoperability to improve medication 
management. Founding groups of the center 
include AAFP, Humana, Intel Corporation, MGMA, 
and Surescripts. 

http://www.thecimm.org/  
 

Certification 
Commission for 
Healthcare 
Information 
Technology 
(CCHIT®)  

The Certification Commission for Health 
Information Technology (CCHIT®) strives to 
improve the quality, safety, efficiency, and access 
of health IT with the goal to accelerate its adoption. 
 

http://www.cchit.org/  
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Organization category Organization  Mission/Goals of the Organization Website URL 
eHealth Initiative 
 

The mission of the eHealth Initiative is to “to drive 
improvement in the quality, safety, and efficiency 
of health care through information and information 
technology.” The organization focuses on 
engaging stakeholders to address health care 
system challenges through the use of IT. The 
eHealth Initiative is involved in information therapy, 
e-prescribing, drug safety, care coordination, and 
comparative effectiveness.  

http://www.ehealthinitiative.org/  

Healthcare 
Information and 
Management 
Systems Society 
(HIMSS)  

The Healthcare Information and Management 
Systems Society (HIMSS) provides leadership on 
the optimal use of IT and management systems for 
improving health care.  

http://www.himss.org/ASP/aboutHimssHome.asp  
 

Institute for 
Healthcare 
Improvement 
(IHI) 
 

The Institute for Healthcare Improvement (IHI) is 
an organization dedicated to the improvement of 
health care throughout the world. IHI is improving 
health care by “building the will for change, 
cultivating promising concepts for improving 
patient care, and helping health care systems put 
those ideas into action.” 

http://www.ihi.org  
 

Medical Group 
Management 
Association 
(MGMA)  

The Medical Group Management Association 
(MGMA) is dedicated to improving the 
performance of medical group practice 
professionals and the organizations they 
represent. 

http://www.mgma.com/  
 

Colorado 
Foundation for 
Medical Care 
(CFMC) 
 

The Colorado Foundation for Medical Care 
(CFMC) is the QIO of Colorado. CFMC works to 
improve the quality of health care by collaborating 
with government programs, health providers, and 
managed care companies. The CFMC was funded 
by the Centers for Medicare & Medicaid Services 
to examine workflow in the context of EHR 
adoption.  

http://www.cfmc.org/  
 

Quality Improvement 
Organizations (QIOs) 
 

Illinois 
Foundation for 
Quality Health 
Care (IFQHC)  

The Illinois Foundation for Quality Health Care 
(IFQHC) is the QIO of Illinois and provides 
assistance to Medicare consumers and health care 
providers who participate in the Medicare program.  

http://www.ifqhc.org/  
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Organization category Organization  Mission/Goals of the Organization Website URL 
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MetaStar MetaStar is the QIO of Wisconsin that works with 
health care providers to improve the quality of 
care. Metastar believes health care should be 
patient-centered, safe, effective, timely, 
efficient and equitable. They bring providers 
together to collaborate and learn from one another. 

http://www.metastar.com  
 

Massachusetts 
eHealth 
Collaborative  
 

The Massachusetts eHealth Collaborative was 
formed by the physician community “to bring 
togetherthe s tate's major health care stakeholders 
for the purpose of establishing an EHR system that 
would enhance the quality, efficiency and safety of 
care in Massachusetts.”  

http://www.maehc.org/ 

Michigan 
Improving 
Performance In 
Practice (IPIP) 

The Michigan Improving Performance In Practice 
(IPIP) is funded by a Michigan State public health 
grant to help primary care practices in process 
improvement.  

http://ipip.aiag.org/  
 

New York 
Primary Care 
Information 
Project (PCIP)  
 

The Primary Care Information Project (PCIP) 
works to improve health care through health 
IT and data exchange. The program supports 
the adoption and use of EHRs among primary 
care providers in the underserved 
communities of New York City.  

http://www.nyc.gov/html/doh/html/pcip/pcip.shtml  
 

State-level Organizations 
And Associations 
 

Wisconsin 
Medical Society 
(WMS)  

The Wisconsin Medical Society (WMS) is the 
largest association of physicians in Wisconsin and 
is a trusted source for health policy leadership.  

http://www.wisconsinmedicalsociety.org/  
 

American 
Society for 
Quality (ASQ) 
 

ASQ is a community of experts that “advances 
professional development, credentials, knowledge 
and information services, membership community, 
and advocacy on behalf of its more than 85,000 
members worldwide. As champion of the quality 
movement, ASQ members are driven by a sense 
of responsibility to enrich their lives, to improve 
their workplaces and communities, and to make 
the world a better place by applying quality tools, 
techniques, and systems.” 

http://www.asq.org/  
 

Non-Health care 
Organizations and 
Associations 
 

Carnegie Mellon 
Center for 
Computational 
Analysis of 
Social and 
Organizational 
Systems 
(CASOS) 

CASOS combines computer science, dynamic 
network analysis and the empirical study of 
complex socio-technical systems.  

http://www.casos.cs.cmu.edu  
 

http://www.metastar.com/
http://www.maehc.org/
http://ipip.aiag.org/
http://www.nyc.gov/html/doh/html/pcip/pcip.shtml
http://www.wisconsinmedicalsociety.org/
http://www.asq.org/
http://www.casos.cs.cmu.edu/
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Organization category Organization  Mission/Goals of the Organization Website URL 
Institute of 
Industrial 
Engineers (IIE) 
and the Society 
for Health 
Systems (SHS) 

The Institute of Industrial Engineers (IIE) is a 
professional society dedicated to the advancement 
of technical and managerial excellence of 
industrial engineers. The Society for Health 
Systems (SHS) is a society of IIE that enhances 
career development and continuing education of 
industrial engineering professionals working in the 
health care industry. 

http://www.iienet.org  
 

Surescripts  
 

Surescripts, a privately owned business entity, 
operates a national infrastructure that enables the 
exchange of information on patient pharmacy 
benefits and prescriptions.  

http://www.surescripts.com  
 

Other Organizations 

Upstate 
Neurology 
Consultants, 
LLP 

Upstate Neurology physicians are “specialists in 
the medical care of the brain, spine, peripheral 
nerves, and muscles.” 

http://www.upstateneurology.com/  
 

aThe Health IT Toolbox had been located at the AHRQ National Resource Center for Health IT Web site but has since migrated to HRSA’s OHITQ Web site. HRSA-OHITQ is 
listed in Table 10 to reference its URL. 

http://www.iienet2.org/SHS/Details.aspx?id=13208
http://www.iienet2.org/SHS/Details.aspx?id=13208
http://www.iienet.org/
http://www.surescripts.com/
http://www.upstateneurology.com/


Federal Government Agencies 
 

U.S. Department of Health and Human Services (http://www.hhs.gov/) 
 
 Agency for Healthcare Research and Quality (AHRQ)—Health IT Initiative: AHRQ’s 
Health IT Initiative’s Web site, the National Resource Center for Health Information Technology, 
includes health IT tools, a knowledge library, funding opportunities, and FAQs.  
The following resources regarding workflow, which are available at http://healthit.ahrq.gov/tools, 
are of particular interest: 
 

• The Time and Motion Database is a tool that evaluates workflow efficiencies by 
capturing how time is spent on clinical and administrative tasks. The tool can be used 
to measure time spent on tasks such as time spent per patient, time spent on 
medication orders, medication turnaround times, nurse time spent on direct patient 
care and other measures. The Journal of Biomedical Informatics published an article, 
“Primary care physician time utilization before and after implementation of an 
electronic health record: A time-motion study”,26 that provides relevant information 
on the use of time-motion studies in primary care. 

• The Health IT Evaluation Toolkit268 references the Canada Health Infoway Benefits 
Evaluation Indicators Technical Report.269 The toolkit and report discuss methods 
such as observations, time and motion studies, interviews and focus groups for 
evaluating workflow efficiencies, e.g., patient throughput and percentage of orders 
requiring a pharmacy callback. 

• The Quick Reference Guides for Health IT Evaluation Measures provide details on 
workflow measures that can be used to evaluate health IT. Measures include impact 
of health IT on nurses’ time spent on direct patient care, length of stay, patient use of 
secure messaging, prescribing patterns of preferred or formulary medications, 
improved accuracy of coding, percentage of alerts or reminders that resulted in 
desired action, and others. 

 
 Health Resources and Services Administration (HRSA) - Office of Health Information 
Technology and Quality (OHITQ): HRSA’s Office of Health Information Technology and 
Quality (OHITQ)’s Web site includes several resources under its Health IT Toolbox, one of 
which is of particular interest: 
  

• The Health IT Adoption Toolbox contains workflow analysis and redesign 
worksheets and diagrams in ‘Planning for Technology Implementation.’ The 
worksheets and diagrams are designed to develop a visual representation of the 
current state of work and assist in the redesign of processes such as patient visits. 
 

The Health IT Toolbox had been located at the AHRQ National Resource Center for Health IT 
Website but has since migrated to HRSA’s OHITQ Website. Details about this toolbox arenow 
listed under HRSA-OHITQ. 
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http://www.hrsa.gov/publichealth/business/healthit/toolbox/index.html
http://www.hrsa.gov/publichealth/business/healthit/toolbox/HealthITAdoptiontoolbox/


 Office of the National Coordinator for Health Information Technology (ONC): ONC’s 
Web site covers topics such as funding opportunities, regulations and guidelines, ONC initiatives 
and a health IT tools Web page for CDS, EMR, e-prescribing, personal health records, remote 
monitoring, secure messaging, and telehealth. The health IT tools Web page provides brief 
descriptions of types of health IT applications and resources/links for additional information on 
each type. 
 Of particular interest are the Health Information Technology Regional Extension Centers 
(RECs) and the national Health Information Technology Research Center (HITRC) authorized 
by the HITECH Act. The RECs will provide assistance (including workflow analysis and 
redesign) to health care providers for EHR adoption, use, and provider support.  
Additionally, Curriculum Research Centers will support health IT curriculum development that 
will enhance programs of workforce training primarily at the community college level. The 
curriculum will include training in the fundamentals of ‘Health Workflow Process Analysis and 
Redesign’ in addition to 19 other health IT curriculum areas such as working with health IT 
systems, installation and maintenance of health IT systems, and quality improvement. 
 Centers for Medicare & Medicaid Services (CMS): CMS has contracted a number of 
demonstration projects and initiatives on health IT. CMS created a demonstration initiative that 
rewards physician practices for delivering high-quality care through the use of EHRs. 
Additionally, CMS, as authorized by the Medicare Improvements for Patients and Providers Act 
of 2008 (MIPPA), offers an Electronic Prescribing (eRx) Incentive Program where eligible 
practices may quality for an incentive payment for meeting specified success criteria.  
 Of particular interest is the Doctor’s Office Quality Information Technology (DOQ-IT) 
University. The DOQ-IT University was launched in 2007 by CMS to provide guidelines and 
recommendations to clinical practices for the adoption and implementation of EHR and care 
management. Masspro was selected by the CMS to develop the DOQ-IT University. They 
provide EHR readiness assessments that practices can use to evaluate themselves, white papers 
that describe required characteristics for EHR systems and guidelines for contracting with EHR 
vendors. 
 DOQ-IT University also offers a workbook, A Systems Approach to Operational 
Redesign,270 which provides an introduction to operational redesign. Its purpose is to help 
practices evaluate current state workflows and identify areas to improve upon or change with the 
implementation of health IT. The workbook targets four key workflow areas for redesign: patient 
flow, point of care documentation, in-office communication, and documentation management. 
Each workflow area is highlighted by providing an overview, a methodology to evaluate current 
and future workflow states and a plan to develop the new state. Tools such as questionnaires and 
check lists are used for evaluating current workflows and tools such as process flows are 
suggested for future workflow states. Best practice recommendations are also provided. 

National Organizations or Associations 
 American Academy of Family Physicians (AAFP)’s Center for Health Information 
Technology: To assist family physicians in the transition to health IT systems, the AAFP’s 
Center for Health Information Technology provides information resources, interactive tools and 
a network of colleagues in the U.S. and around the world who have successfully implemented 
EHRs. The Web site includes information on various government incentives, standards 
development and other projects. Some links are publicly available and others are available to 
members only.  
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 Of particular interest is their EHR Adoption web page that discusses details on four phases of 
adoption: preparation, selection, implementation, and maintenance. The importance of studying 
workflow issues such as inefficiencies, duplicated effort, and wasted time is emphasized. 
Examples include time spent on the phone following up with the pharmacy on medication 
changes or refills, delays in locating paper records, delays in locating outside lab results, or costs 
associated with transcription. An article, “Strategies for Better Patient Flow and Cycle Time”,271 
discusses, amongst other topics, tools for evaluating patient care processes such as flow mapping, 
cycle-time measurement, and creating interruption lists. They also reference the Institute for 
Healthcare Improvement (IHI) Patient Cycle Tool that can be used to evaluate the time spent by 
a patient in the office.  
 In their Implementation 201 Web page, AAFP suggests that selecting the correct health IT 
application is only one factor in success. Other factors include understanding office functionality 
and addressing any redesign issues. They describe two categories of workflow: the flow of 
patients and the flow of patient information. Suggestions to consider for enhancing patient flow 
include implementing kiosks for patients to access, providing the ability to fax and printing 
patient information in the exam room and others. To enhance the flow of patient information 
they suggest robust electronic messaging systems.  
 American Academy of Pediatrics (AAP): AAP has a toolkit, “Implementing an Electronic 
Health Record,” that is available to their members. They also have a course, “Electronic Health 
Records in Primary Pediatric Care,” available for purchase that covers topics including benefits 
and barriers of adoption EHR systems, questions for pediatric primary care practices to consider, 
plans to address technical, organizational, and economic challenges in EHR implementation, 
evaluating EHR products and identifying resources. They have a Web site where members can 
rate their EHR performance and share experiences with others.  
AAP stresses the involvement of many users when addressing workflow. Beyond physicians and 
practice managers, it is important to involve other practice staff such as billers, triage nurses, 
receptionists, and all members of the practice team. AAP notes that some practices will even 
consult families because of their unique perspective on workflow patterns.  
 
Suggestions include: 

• Set up the exam room so the provider can face both the patient and computer at the 
same time. 

• Utilize consultants to determine the necessary infrastructure for implementing health 
IT (e.g, what hardware to buy, building a network, backing up data, conform to 
privacy regulations, security, training staff). 

• Invest in as much training as possible up front to avoid costly setbacks after the health 
IT is implemented. 

• Evaluate the implementation of health IT through measures such as revenue, patient 
satisfaction, numbers of drug errors or interactions, office and staff efficiency (such 
as time to complete tasks), and others. 

 
Comments include: 

• Benefits of health IT include the ability to delegate tasks at the point of care, having 
clinical decision support resources available at the point of care, the ability to access 
data from many locations, and e-prescribing. Some of these benefits may have an 
increased burden of data entry. 
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• Interfaces may be necessary for exchanging data between applications. Examples 
include auxiliary systems for generating preventive care reminders, systems to 
translate data from an old health IT to a new health IT, systems for immunization or 
disease registries and laboratory systems. 

 
 American College of Physicians (ACP): The ACP practice management Web page contains 
many links to patient care and office forms. Included are forms and/or flowsheets for charting 
issues such as extended histories, medications, health maintenance, progress notes and others. 
There are also links to office signs and forms for screening and vaccinations.  
The ACP health IT Web page contains articles, guides and toolkits pertaining to health IT 
selection, implementation and workflow analysis. Much of the information (toolkits and guides) 
is available only to ACP members—including the EHR Partners Program that conducts 
evaluations of vendor EHR systems. The Web page on EHR Adoption Road Map and Tools 
contains a number of tools including EHR evaluation and selection checklists, case studies and 
the “Advance Planning & Workflow Analysis” document that covers workflow considerations 
prior to EHR implementation. ACP has made a chapter available from the Electronic Health 
Records, 2nd Edition,272 on starting the EHR selection process (chapter 14). This chapter 
mentions the need to fit the practice to the EHR product through a detailed analysis of how tasks 
are performed by staff members and then reengineering/redesigning the practice to accomplish 
its goals and complement the EHR.  
 The ACP Center for Practice Innovation and Improvement conducted workflow analysis 
coaching with approximately 30 small medical practices. They also interviewed physicians, 
practice staff and patients. The interview videos are publicly available and highlight issues such 
as how technology can improve care, efficiency in communication and challenges associated 
with operating small practices. Findings from this project revealed the following: 
  

• Practice personnel did not respond to attempts at quality improvement using tools 
such as Plan-Do-Study-Act (PDSA) cycles and other formal tools for workflow 
analysis or change management. They did, however, respond to simple, step-by-step 
instructions. Rather than flow charts, practices would often provide text descriptions 
of patient flow.  

• Practices that were only marginally profitable had a hard time performing any new 
tasks. It was necessary for them to first receive coaching on basic financial issues and 
how to improve income before even considering implementing workflow 
improvements. 

• Many vendors use value added resellers (VARs) who are often responsible for 
implementation, training, and support. As a result, tools used in workflow analysis 
and redesign are often variable depending on who is responsible for health IT 
implementation, training, and support. 

• Often, when a practice rushes to implement an EHR system, not enough time is spent 
properly analyzing and redesigning workflows. As a result, workarounds are 
implemented and these tend to be permanently integrated into the workflow. These 
workarounds can defeat the usefulness of the system. 

• EHR vendors rarely provide support for higher level functionalities such as reporting 
patient safety measures, e-prescribing, electronic test results, alerts, and others. 
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Practices often learn to use these high-level functions through trial and error or user 
groups. 

• From the perspective of a practice, publicly available implementation tools are not 
tailored enough to the specific EHR system being implemented. As a result, practices 
rely on vendor tools. 
  

 American Medical Association (AMA): The AMA ePrescribing Learning Center provides 
information on effectively planning for and implementing e-prescribing, calculating the impact 
on the practice, estimating the potential CMS incentive payment and the ability to view an e-
prescribing vendor list based on identified needs. Common e-prescribing workflow issues are 
described. All documents, videos, and applications are publicly available.  
Of particular interest is AMA’s Web page dedicated to health IT. They provide information for 
selecting a health IT, implementing health IT, benefits and risks associated with health IT, self-
assessment, and vendor assessment. They also provide general information about health IT 
including current health IT debates such as privacy and security, interoperability, and quality 
improvement. Health IT resources and activities such as Webinars, the ePrescribing Learning 
Center, the CMS ePrescribing Incentive Program, and the AMA Health IT in the News are 
available. Regarding workflow, there are models, diagrams, and checklists for workflow 
assessment and redesign. These include assessments for front desk procedures, patient visit tasks 
for MAs, RNs, MDs, labs, referrals and check-out processes, prescription refills and phone calls. 
Several ‘operational redesign’ documents can be used to analyze patient flow, point of care 
documentation, in-office communication, document management, prescriptions and scheduling. 
AMA also provides links to guidelines for process mapping (from the DOQ-IT project) and 
documents addressing patient communication models, tips for exam room setup, and vendor 
contracting models. 
 American Medical Informatics Association (AMIA): AMIA’s GotEHR? Web page lists 
several EHR resources. GotEHR? states that EHRs have the ability to improve the quality, safety 
and cost of health care services and that they can strengthen the patient-clinician relationship. 
GotEHR? resources include several papers such as “How to successfully select and implement 
electronic health records (EHR) in small ambulatory practice settings.”31 This paper discusses 
the need to understand and document workflows within the practice such as how appointments 
are scheduled, activities during a patient visit, identifying processes after a patient visit, and the 
handling of unscheduled patient visits. The importance of identifying and testing workflows 
before implementing an EHR system can mitigate problems after going live with an EHR. The 
paper also emphasizes considering workflows for how the office will function during 
unanticipated system downtime. For redesigning workflows, basic principles include simplicity, 
accessibility for patients, safety, thorough documentation, and task delegation. Physicians should 
only do what no one else in the practice is able to. 
 AMIA conducts a CMIO Boot Camp where chief medical information officers (CMIOs) and 
others can learn how to make effective use of EHRs and qualify for Medicare and Medicaid 
incentives. The 2010 course schedule covers many topics including process redesign for EHR 
implementation. 
 Association of Medical Directors of Information Systems (AMDIS): AMDIS provides an 
e-journal, The Informatics Review, which publishes topics including health IT and workflow. 
Additionally, the Useful Links Web page provides information on decision support systems, 
computerized provider order entry, personal health records and others. 
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HIMSS along with AMDIS conduct a Physicians’ IT Symposium where topics including 
planning, implementation, workflow, vendor guidance, and the legal aspects of EHRs are 
examined.  
 The Center for Improving Medication Management: The Center for Improving 
Medication Management “educates clinicians and their staff on the best approaches to 
implementing prescribing technology and integrating it with the day-to-day workflow”. They 
emphasize that to automate the prescribing process it is necessary to adopt and use e-prescribing 
applications that have physician-pharmacy interoperability. The systems should also have the 
ability to improve patient adherence to prescribed medications. The Center conducts research in 
these areas. 
 The Center launched the "Get RxConnected" program in conjunction with the American 
Academy of Family Physicians, American Academy of Pediatrics, American Academy of 
Physician Assistants, American College of Cardiology, American College of Obstetricians and 
Gynecologists, American Osteopathic Association, and Medical Group Medical Association 
(MGMA). Get RxConnected helps to support practice efforts to secure an e-prescribing 
connection to their local pharmacies. If the practice has an EHR, Get RxConnected helps them 
determine the necessary functionalities in order to qualify for government programs such as 
Medicare Improvement for Patients and Providers Act (MIPPA). If the practice does not have an 
EHR, they provide technology assessment and a customized guide that lists e-prescribing 
solutions, questions to ask vendors and an estimate of time and money spent in faxing and 
calling in prescriptions—which e-prescribing automates. 
 Certification Commission for Healthcare Information Technology (CCHIT®): CCHIT 
provides an online library of presentations, town halls, comments and testimony, and education 
through workshops. Additionally, CCHIT certifies EHR systems. The CCHIT certification 
process ensures that health IT applications have specified capabilities that were defined through 
voluntary, consensus-based feedback from stakeholders. 
 eHealth Initiative: The eHealth Initiative provides a toolkit to support health IT and health 
information exchange (HIE) adoption. The toolkit provides information on (1) engaging the 
consumer, (2) organization and governance, and (3) value and sustainability. The toolkit includes 
public education tools to engage the consumer. ‘Organization and governance’ tools include a 
project planning tool, a readiness questionnaire, lessons learned, an interview template and 
evaluation tools. ‘Value and sustainability’ tools including a market readiness assessment tool, a 
risk adjusted discount rate tool, an HIE business value tool and a financial pro forma tool. 
 The eHealth Initiative published, in collaboration with The Center for Improving Medication 
Management, AMA, AAFP, ACP and MGMA, the Clinician’s Guide to Electronic 
Prescribing.273 Workflow benefits of e-prescribing include reduced time spent on phone calls and 
call-backs to pharmacies, reduced time in faxing prescriptions, automating prescription renewal 
and authorization, and greater prescriber mobility. Workflow challenges include additional time 
to complete new tasks (such as creating new prescriptions or capturing preferred pharmacy 
information at patient intake) and changes in roles in responsibilities (such as activities handled 
by staff in the past being taken on by the physician). The guide emphasizes that small practices 
would benefit from additional resources during the transition. Additionally, small or rural 
practices may encounter other challenges such as broadband connectivity and access to skilled 
professionals to assist in hardware selection and maintenance. Information is provided for 
assessing practice readiness, defining practice needs, understanding costs and financing options, 
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and selecting and deploying systems. Additionally, they provide a list of technical and workflow 
issues others have encountered in the past and plausible solutions: 
 

• Multiple requests for renewal 
• Pharmacies not checking their e-prescribing system 
• Pharmacies sending renewal requests in multiple manners, i.e., fax and e-Rx, causing 

confusion in the practice about which request to act on and lack of confidence that the 
system works 

• Patients refusing e-prescribing as a result of a bad experience or because they do not 
know which pharmacy they will use 

• Physicians questioning the advantage of e-prescribing over computer-generated 
faxing and feel it creates more work and potentially additional costs. 

 
 Healthcare Information and Management Systems Society (HIMSS): The HIMSS Topics 
& Tools Web page introduces pages for many topics including meaningful use, EHRs, clinical 
informatics, privacy and security, interoperability, standards, ambulatory IS, financial systems 
and resources from sponsors/partners. 
 The Electronic Health Record Web page addresses return on investment (ROI), standards, 
EHR adoption, tools for professionals, project management, case studies, and usability. HIMSS 
provides Davies Awards of Excellence that recognize “excellence in the implementation and 
value from health information technology, specifically EHRs.”  
The EHR Adoption Web page lists publications and presentations from 2007 to the present. A 
number of documents address usability such as the presentation, Clinicians, HIT and Usability 
that focuses on the principles of usability, potential current and future health IT and workflows, 
and introduces the HIMSS EHR Usability Task Force. 
 The HIMSS EHR Usability Task Force created the “Defining and Testing and EMR 
Usability: Principles and Proposed Methods of EMR Usability Evaluation and Rating”274 
document. This document defines usability principles in the context of EHRs including 
simplicity, naturalness, consistency, minimizing cognitive load, efficient interactions, 
forgiveness and feedback, effective use of language, effective information presentation, and 
preservation of context. There are usability and workflow evaluation and rating methods, 
including information for evaluating efficiency, effectiveness, ease of learning, cognitive load, 
and user satisfaction. Task evaluation is discussed along with challenges of evaluating usability 
due to the complex nature of user tasks and workflows. Workflow associated with a task is often 
a combination many steps. An example is provided for refilling a medication consisting of: prior 
information (medication history, last visit date, etc), future information (next lab or visit date), 
medical evidence personalized for the patient, contextualized relevance, task of 
creating/approving the refill, cost and formulary considerations, and communication with 
assistants or the pharmacy. Recommendations, references, and benchmark examples are also 
provided. 
 Of interest on the HIMSS Ambulatory Practice IS Web page are the sections on EMR 
Adoption and HIT Resources and Tools. HIMSS provides brochures for “Getting Started with an 
EMR” and “Selecting the Right EMR Vendor.” For understanding the EMR, they provide links 
to several publications such as: 
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• A white paper, “EMR Implementation in Ambulatory Care.”275 The white paper 
discusses choosing an EMR, project management, health IT configuration, training, 
quality, and ROI. The paper presents cases of technology infrastructure such as how 
various users access the health IT (e.g., providers and nurses using tablet PCs and 
administrative personnel using terminals). The paper discusses project management 
skills for converting a practice from paper to health IT. This includes a brief 
discussion on analyzing workflow through mapping current practice processes and 
decisions for future states. The paper also discusses health IT configuration. There are 
many configuration issues to consider such as importing lists of local pharmacies, 
scanning paper notes and physician signatures, and security settings. The paper notes 
that, generally, configuration must be done by the clinicians and is quite costly.  

• A document, “So You Are Thinking About Computerizing Your Office…” written by 
a physician with health IT implementation experience. The author emphasizes the 
following points: “quality does not (yet) pay,” “go slow,” “find a champion,” “don’t 
fixate on cost,” “find a flexible system,” and “be flexible yourself.” Regarding “going 
slow,” the suggestion is made to first start with changes that will improve workflow.  
 

 The HIT Resources and Tools Web page contains many documents such as the 2010 
Ambulatory Fact Sheet, EMR/ROI Calculator, the HIMSS E-prescribing Wiki, the HIMSS E-
prescribing Work Group, and many others.  
 The HIMSS Web page on e-Prescribing offers information on e-prescribing fundamentals, 
access to a wiki, a Web page on Implementation Challenges and Solutions, Quick Tips, and 
others.  
 The Management Engineering and Process Improvement (ME-PI) Web page offers access to 
information regarding the value of ME-PI and access to many tools that can be used in workflow 
analysis and redesign. While not all ME-PI tools are publicly available, included are tools and 
descriptions for benchmarking (e.g., a cycle time template, guidelines, etc.), change management 
tools (e.g., such as readiness assessments), lean six sigma, process management and mapping, 
charting (e.g., sample size calculator), and others. 
 HIMSS has a variety of publications regarding health IT. Health IT news is published in 
partnership with HIMSS and provides timely information regarding “new technologies, IT 
strategies and tactics, statutory and regulatory issues, as well as provider and vendor updates.” 
There is a section that specifically targets ambulatory care practices. HIMSS also publishes 
Government Health IT. Topics include ambulatory care, EHR, e-prescribing, standards, 
telemedicine, and others.  
 HIMSS and AMDIS together formed the HIMSS Physician Community. The Community 
focuses on four areas including “tools, resources, education, research and professional 
development for physicians engaged in the development, implementation, and/or use of IT and 
management systems.”  
 Institute for Healthcare Improvement (IHI): IHI has a Web page on improving workflow 
and removing waste in the clinical office so that an office can run efficiently and effectively. 
Tools are available to members and include: 
 

• Minutes behind graph that shows the effect of staff hours,  
• Patient cycle tool that collects data on the amount of time a patient spends at an office 

visit,  
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• Rooming criteria example that standardizes the process for rooming patients by 
diagnosis, and  

• Standard room stocking checklist that leads to decreased re-work, high predictability 
of needs, and fewer interruptions.  

 
There is also information for: 
 
• Finding and removing bottlenecks,  
• Removing intermediaries such as unnecessary involvement of staff in tasks,  
• Using automation and technology,  
• Moving steps in a system closer together such as physically moving staff closer 

together,  
• Standardization,  
• Just-in-time processing,  
• Doing tasks in parallel,  
• Synchronizing patient, provider and information,  
• Using continuous flow to avoid batching such as doing work as it occurs to remove 

bottlenecks, and 
• Reducing scheduling complexity.  

  
 The Group Visits 101 tool provides information for visit formats including sample handouts, 
space formats and coding for group visits—the information is available from chapter 9 of the 
book, What Works: Effective Tools and Case Studies to Improve Clinical Office Practices.276  
 Medical Group Management Association (MGMA): MGMA conducts research on health 
IT implementation. In 2005, they conducted a random nationwide survey of practices and, in 
2007, a follow up survey of those that responded in 2005 was completed. Their research shows 
that the most successful practices are those that conduct workflow analysis prior to health IT 
implementation. Many workflow issues were identified including efficiency of staff, availability 
and accessibility of information, increased productivity, decrease in staff time and frustration, 
ability to see more patients, reduction in cost and wasted time, increased physician responsibility, 
redundant processes, integration with other health IT systems and many others. Findings also 
demonstrated that many practices had problems with connectivity and that small practices do not 
have the leverage to make others coordinate with them. 
 MGMA shared several tools used in workflow analysis including a billing process checklist, 
patient wait time benchmarks, medical record audit risk assessment, ROI for IT purchases, and a 
SWOT analysis tool. Additionally, MGMA provided an EHR readiness assessment tool and an 
article, “Think lean: Redesign workflow to adopt,”277 that discusses lean management for 
workflow analysis. The fundamental components include: 
 

• A statement that articulates goals and expected outcomes,  
• Current process diagrams,  
• A targeted group process for analyzing workflow maps, sharing knowledge and 

redesigning workflow and processes, 
• Identification of methods to measure the impact of new workflows,  
• Testing workflow redesign on a small scale,  
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• A process for continuous improvement, and 
• Application of the process redesign approach to other areas. 

Quality Improvement Organizations (QIOs) 
  
 Colorado Foundation for Medical Care (CFMC): CFMC worked with practice staff to 
improve identified processes. They started by observing and mapping the current state. When 
mapping a process, the focus was less on clinician workflow and more on the flow of the patient. 
Tools utilized included observations, interviews, process mapping and value-added time analysis. 
Value-added time analysis was used to evaluate practice efficiency by measuring four 
components of a patient visit—check-in, intake by a nurse or medical assistant, time with the 
provider and check out. The areas with the most time variance were targeted for improvement 
(e.g., they found that the time spent waiting for the physician in the exam room was highly 
variable). CFMC staff had difficulty transferring the skill of mapping to practice staff and this 
highlighted the need for a practice champion.  
 The next steps were to help practice staff develop and implement improvements. 
Unfortunately, CFMC staff noted that many of the practices did not permanently integrate 
improvements and often returned to old processes.  
 CFMC is currently working to improve communication between practices and patients, labs, 
and pharmacies. They are also helping practices to use data from their EHR systems for reporting. 
CFMC would like to develop a process map library—similar to a Craig’s List. They would also 
like to teach practice teams to use observational tools and then have them conduct observations 
at another practice so the practice learns firsthand about processes.  
 Illinois Foundation for Quality Health Care (IFQHC): IFQHC has a Web page dedicated 
to EHR selection assistance and resources. The American Medical Association links to IFQHC 
resources including models, diagrams, and checklists for workflow assessment and redesign. 
These include assessments for front desk procedures, patient visit tasks for MAs, RNs, MDs, labs, 
referrals and check-out processes, prescription refills and phone calls. Several ‘operational 
redesign’ documents can be used to analyze patient flow, point of care documentation, in-office 
communication, document management, prescription refills or renewals and patient appointment 
scheduling.  
 MetaStar: Through their involvement in the CMS DOQ-IT project, particularly the 8th scope 
of work, MetaStar provided support to primary care physician practices that served a Medicare 
population in the adoption and use of EHRs. A total of 25 practices and approximately 95 sites 
participated in the project. They coached many of the practices, particularly during the phases of 
planning and selection of health IT. Additionally, they worked with the practices in process 
mapping. Practices needed a lot of coaching to grasp process mapping, but they found it very 
useful. When mapping processes, MetaStar teams typically started with a group of practice staff 
to draw the process on a laptop that was projected—a couple iterations were necessary to finalize 
the process map. Practices then, typically, followed the vendor’s methodology for 
implementation. Vendors did not provide much support in workflow design or redesign and were 
more concerned about data flow. MetaStar learned from practices that their primary sources of 
information for health IT came from vendors or HIMSS. 
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State-Level Organizations and Associations 
  
Massachusetts eHealth Collaborative (MAeHC): MAeHC conducted a demonstration 
program where EHR systems were successfully implemented in approximately 200 practices 
within 2 years. Three communities in Massachusetts participated in the project. Implementation 
was successful in both the willing and resistant practices. Approximately 60,000 records per 
month are reported to a central repository, so it appears the systems are being used although the 
data have not yet been analyzed. Implementation was a two-step process with the practice 
management system being implemented first. The EHR was customized at the practice level (e.g. 
templates) with a lot of hands-on personnel time working with the vendor and conducting 
workflow redesign and training. 
 The MAeHC conducted surveys both pre- and post-implementation. The pre-implementation 
survey measured attitudes, existence of health IT and other issues. The post-implementation 
survey addressed what was useful, what was good with training and consulting, how often the 
EHR was used, and use of functions such as templates, flow sheets, patient recalls, billing alerts, 
access to patient records before and after, etc. They will revisit the communities in a few years to 
conduct another survey evaluating the use of EHR, updates, and use of expanded functionality.  
The following papers highlight their experiences along with workflow issues: 
  

• “Community-wide Implementation of Health Information Technology: The 
Massachusetts eHealth Collaborative Experience”278 

o Factors for large-scale EHR adoption include, “strong financial backing, 
intensive practice support, commitment to collective action, clear goals, 
leadership from the physician community, governmental support, and a 
community-based focus” (p. 136). Converting from paper to electronic records 
is a fundamental change and smaller practices may not be able to manage the 
change without assistance. Standards for representing data and vocabulary are 
inadequate. 

•  “A tale of two large community electronic health record extension projects”279 
o Lessons learned include: (1) work with the community by helping to set 

expectations, providing additional support, facilitating a learning community 
and knowing when to give up, (2) work with EHR vendors to create “scalable 
solutions” through standardization—which may involve new workflows for 
practices, (3) “focus on functional interoperability” (p. 354) through data 
exchange, and (4) remember that the ultimate goal is “improved public health, 
quality of care, and health system efficiency” (p. 355). 

• “Engaging patients for health information exchange”280 
o Two lessons learned include: (1) the importance of “engaging the trust and 

willingness” of all stakeholders for sharing and exchanging medical records, 
and (2) sustainability depends on the “clinician’s willingness to use the product” 
and “patient engagement” (p. 442). 

• “Physician attitudes toward health information exchange: Results of a statewide 
survey”281 
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o A survey revealed the majority of physicians believed health information 
exchange (HIE) would have a positive effect on health care costs, quality, and 
time savings. Many physicians, however, were concerned about privacy and 
security. Both primary care providers and specialists had positive attitudes 
towards HIE. Advanced EHR users had a more positive attitude than those with 
no EHR. Those in medium-sized practices were more positive than those in 
larger or smaller practices. 

  
 Additionally, MAeHC, with other associations, published the Clinician’s Guide to Electronic 
Prescribing.273 
 Michigan Improving Performance In Practice (IPIP):The Michigan Improving 
Performance In Practice (IPIP) focuses on the Wagner Chronic Care Model, which provides 
guidelines to improve chronic illness care. They also include the IPIP ‘change package’ to 
improve quality of care using coaches (http://www.ipipprogram.org/). 
 Michigan IPIP coaches are experts in process engineering/improvement and quality 
management from the manufacturing industry who volunteer their time to assist practices. Before 
beginning their work with practices, coaches are exposed to the clinical environment and trained 
in health care terminology and practices. When discovering how inefficient many of the practices 
were, they decided to focus first on providing resources to improve practice operations and 
finances before working on clinical aspects. 
 Coaches use various tools when assisting practices in workflow analysis and redesign 
including value stream mapping, process maps, plan-do-study-act methodology, and the Cost of 
Current Quality (COCQ) method. Coaches encountered a lack of ‘readiness’ for change, staff 
blaming each other for problems in their current processes, a lack of leadership (e.g., practice 
champion), a lack of understanding of the value of coaching, and lack of time for workflow 
analysis and redesign. Practices need to understand the benefits of coaching and coaches need to 
use language that practices will understand. Additionally, there needs to be an awareness of 
practice culture (e.g., interactions between physicians and other practice staff) to effectively 
analyze processes. 
 New York Primary Care Information Project (PCIP): The New York Primary Care 
Information Project (PCIP) has both EHR implementation and quality improvement (QI) teams. 
The implementation team conducts three to five visits at each practice for analyzing and 
redesigning workflow. There are 16 standard workflows developed by the vendor that are 
modified, as necessary, by the practices. The goal is to have each practice conduct workflow 
analysis on their own. PCIP will work with the practice to redesign processes that need 
improvement prior to EHR implementation. Workflow is often analyzed using Microsoft Visio®. 
Workflows analyzed include: telephone and e-mail encounters, patient check-in and check-out, 
document management, visits such as well child checks, lab tracking with and without lab 
interfaces, internal and external referrals, immunizations, prescription refills, billing and 
helpdesk. Test tracking is often evaluated later when the practice is live with the lab interface. 
Implementation occurs in two phases with the first being billing and appointment scheduling. 
The front office staff is then able to train the providers when the EHR goes live for the entire 
practice. The amount of time from signing the EHR contract to going live varies with a range of 
approximately 20-23 weeks. 
 For small practices, the QI team consists of five specialists—each with a case load of 
approximately 30 practices. PCIP focuses each specialist in a particular NYC borough so similar 
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practices have the ability to network with one another. Each team consists of an EHR super-user 
and a billing/coding specialist. QI teams conduct 10 visits at each practice where they help them 
think through EHR issues pertinent to patient safety and quality. The patient-centered medical 
home provides a strategic framework to think through EHR usage. Practices are required to 
participate in quality improvement measures (the Department of Public Health focuses on 10 
core areas for QI and 40 quality measures such as mental health). Practices are obligated to use 
the EHR fully and their usage is tracked. Data on utilization (e.g., the percent of visits using e-
prescribing) and quality measures are automatically aggregated on a monthly basis and sent to a 
data warehouse. Practices are also able to run their own quality measures at the patient level. QI 
teams note that the main barrier to quality improvement is limited resources in time and finances. 
PCIP has observed the following workflow issues: 
 

• The EHR selected for the PCIP project has approximately 30 templates and it is easy 
for practices to build their own. 

• PCIP provides an online forum where practices are able to share information with 
each other. 

• The barrier with billing and coding is that sites have additional data to enter into the 
system. The system will automatically perform billing calculations but needs the 
additional data to do so. 

• Many providers do not know how to treat a small practice as a business—they do not 
understand the impact EHR has on billing, workflows, training, work hours, and other 
issues. Thus, providers need a starting point such as templates and best practice 
recommendations. 

• It helps to transfer some of the provider responsibilities to nurses or medical 
assistants and incorporate this into standard workflows. 

• Training must be done at the pace of the practice. 
• They have a number of valuable references including the following: 
• “Electronic Health Records for the Primary Care Provider.”282 This publication 

discusses improving workflow and care management processing through the use of 
EHRs including point-of-care reminders, benchmark reporting, population disease 
management and patient education. There are also discussions of the clinical function 
of EHRs, choosing vendors, and financial considerations. 

o Lessons learned include: (1) “establish a good working relationship with your 
EHR vendor,” (2) “plan adequately for implementation” such as taking 
advantage of group purchases, being realistic about timeframes and costs, 
ensuring adequate support, identifying practice champions, conducting 
readiness assessments, thinking through workflow changes, and evaluating staff 
computer proficiency, (3) “minimize the period during with both paper and 
electronic systems are used concurrently,” and (4) “commit to ongoing training 
to address underutilized aspects of the system” (p. 5). 

• The PCIP booklet, “What Do Electronic Health Records Mean for Our Practice,” 
discusses the challenges of paper-based systems and the benefits of EHRs. 
Efficiencies added through the use of EHRs include practice management, chart 
management, communication, reduced medical errors and others. It also discusses the 
workflow implications for various staff members (providers, nurses, MAs, front 
office staff, back office staff and billing staff) such as the use of templates, electronic 
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scheduling and prescribing, remote access, call logs, patient check-in process, 
accuracy of billing and claims and many other features. 

• PCIP provides an Electronic Health Records Readiness Worksheet and a Small 
Practice Economics Information and Worksheet that discusses the return on 
investment of EHRs. 

  
 Wisconsin Medical Society (WMS): The Quality and Efficiency team at WMS has 
historically done work in advocacy but is now growing in research. They conduct 
teleconferences on coding and compliance and have created “hubs” of practices to share 
experiences and information received from vendors. WMS is participating in health IT and 
statewide health information exchange activities with the State of Wisconsin Department of 
Health Services.  
 
With regards to workflow, WMS notes the following: 
 

• The billing system is just as important as the clinical system and vendors need to 
understand the billing system and requirements for compliance. 

• During implementation, you must have buy-in from all the players in the organization 
including regulatory compliance officers, coding and accounting in addition to 
practice staff. 

• Length of training is very important and there may be issues with trainers who have 
no clinical background. 

• It is important for a practice to understand themselves in terms of physical 
environment, size of practices, finances and workflow before shopping for an EHR.  

• Methods for workflow analysis include a fill-in-the-blank text method or mapping 
processes with Microsoft Visio®. It is also important to think about workflow from a 
hardware perspective.  

• Practices often do not understand that workflow is crucial to EHR implementation 
and often need a coach to encourage them to follow through with workflow analysis. 

Non-Health Care Organizations and Associations 
 
 American Society for Quality (ASQ): ASQ has tools and resources within the Knowledge 
Center Web page. Tools include process analysis methods such as flow charting, check sheets, 
control charts, and failure modes and effects analysis (FMEA) plus many others. Each tool 
includes a description of when to use it, a procedure and examples. Additionally, ASQ has a 
Web page dedicated to quality in health care with much of the information available through 
purchase or membership. 
 Carnegie Mellon Center for Computational Analysis of Social and Organizational 
Systems (CASOS): CASOS research involves the development of metrics, theories, computer 
simulations, toolkits, and new data analysis techniques and is combined with an understanding of 
the underlying cognitive, social, political, business and policy issues. 
CASOS offers numerous open source tools that may be used for workflow analysis.  
 Institute of Industrial Engineers (IIE) and the Society for Health Systems (SHS): SHS 
publishes conference proceedings, articles and papers which address many topics including 
methods in analyzing and improving workflow in health care. Examples include: 
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• “Value Stream Mapping Got You Down? The Problem May Not Be You.” that 
provides a brief discussion of when value stream mapping may not be an appropriate 
tool. 

• There are numerous conference proceedings discussing Lean Six Sigma publications 
on a variety of topics and applications such as, “Improve Outpatient Clinic Access 
and Service with Lean Six Sigma” that evaluates appointment wait times and cycles 
and “Engaging Staff in Lean Improvements for Patient Care Settings”—both papers 
require membership for viewing. 

Other Organizations 
 Surescripts: Surescripts certifies all their application vendors for three sevices: prescription 
benefit, medication history, and prescription routing. They provide a team of experts that work 
with the vendors to develop tools and resources for their customers to make transitions as smooth 
as possible. Surescripts recommends http://getrxconnected.org as a resource for e-prescribing 
and using the Clinician’s Guide to Electronic Prescribing273 as a resource for getting started with 
e-prescribing. They also provide a list of case studies of e-prescribing success stories. 
The drivers of success for EHR implementation, according to Surescripts, include having buy-in 
throughout the practice, the presence of a champion, having a designated person responsible for 
workflow issues and having a vision and strong belief that the health IT will improve quality, 
safety and communication. Common workflow issues encountered in e-prescribing include the 
management of prescription renewals, prescriptions not being available at a pharmacy when a 
patient has been told otherwise and personnel training in health IT functionality.  
 Upstate Neurology Consultants, LLP: Upstate Neurology Consultants, LLP is a single 
specialty practice with two locations, seven physicians, one physician assistant, and 20 
employees. Upstate Neurology had three reasons for implementing their EHR: (1) in a period of 
declining reimbursements for health care, they needed to find a means to reduce costs, (2) health 
IT was becoming an item of interest and the underlying IT backbone was tested and reliable, and 
(3) they came across a product that addressed their issues including improving practice 
management, allowing scanning of business and clinical records, and others. Their EHR record 
went live in 2005 and they now have 4 years of electronic patient data. 
 Upstate Neurology observed there was very little information available regarding EHR 
implementation and workflow analysis when they were going through the implementation 
process. Before implementing their EHR, a consensus was reached amongst all the providers to 
use the same workflow methods and approaches—no variations were accepted. Every patient 
flow process was identified and broken down to maximize efficiency and ensure successful 
integration with the EHR. When rolling out their EHR, processes were tested to ensure efficiency. 
Workflow issues that surfaced were adapted and adjusted to make efficient use of time. They had 
explored conducting the workflow analysis in-house or through a consulting firm and decided on 
in-house analysis where each member involved in a particular workflow process was included in 
the analysis. Scribes and charting were used to record and analyze workflow discussions. 
Methods were then tested with various groups to get reactions. During the rollout phase, issues 
were found with the software that was not intuitive to their practice workflow. They compiled 
their list of software improvements and submitted to the vendor—the vendor was very 
responsive and they were generally able to get what they wanted; although not everything. 
Upstate Neurology identified their lessons learned for health IT implementation processes: 
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• Make all processes efficient. Recognize that any unaddressed broken process would 
be magnified with the implementation of EHR.  

• Obtain uniform backing from all the physicians in following processes once 
established. 

• Involve all staff in the process analysis. 
• Allow time to test, make and correct mistakes, and analyze workflow. Do not rush the 

process. 
 

 Upstate Neurology noted that their EHR impacted workflow by helping and expediting 
communication across the practice. It also facilitated the flow of information between practices 
and outside institutions. They have also been able to use their EHR to mine data on clinical 
information to help physicians in determining treatments and to help improve patient care 
processes. 

Findings: Highlighted Workflow Issues from 
Organization/Association Review 

 
 Workflow issues found in the organization/association review of the environmental scan 
were categorized by their relation to tasks, time and cost, and other. Categories were determined 
based on the workflow issue that was discussed and are not mutually exclusive. 

Table 11: Workflow issues found in the environmental scan 
Workflow category Workflow issue 

Role responsibility changes (e.g., physicians now handling activities that staff 
previously had previously) 
Ability to see more patients 
Changes in the number of calls returned to pharmacies 
Multiple requests for renewal 
Pharmacies not checking the e-prescribing system 

Tasks 

Pharmacies sending renewal requests in multiple manners causing confusion in the 
practice  
Additional time to complete new tasks  
Time spent on the phone following up pharmacies about medications 
Delays in locating paper records or outside lab results 
Costs associated with transcription 

Time and Cost 

Reduced time in faxing prescriptions 
Finding and removing bottlenecks in workflow processes 
Improved communication across the practice 
Facilitated flow of information between practices and outside institutions 
Patients refusing e-prescribing  

Other 

Prescription not available at a pharmacy when a patient was told otherwise 

Findings: Highlighted Workflow Guidance from 
Organization/Association Review 

 
 Workflow advice found in the organization/association review of the environmental scan was 
identified and categorized by its relation to infrastructure, stakeholders, vendor advice, training, 
tools for analysis, types of workflow, workflow analysis, workflow enhancement, and general. 
Categories were determined based on the guidance content. 
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Table 12: Workflow guidance found in the environmental scan  
Guidance 
category Specific guidance 

Interfaces may be necessary for exchanging data applications.  
Small or rural practices may encounter challenges (e.g., broadband connectivity and access to 
skilled professionals). 
Ensure tools are in place before training and workflow redesign by reviewing items such as 
internet connectivity, network infrastructure and hardware.  
Use consultants to determine the necessary infrastructure for implementing health IT.  

Infrastructure 

Set up the exam room so the provider can face both the patient and computer. 
Involve many users when addressing workflow (e.g., physicians, practice managers, billers, 
triage nurses, receptionists, and all members of the practice team). 
Obtain buy-in from all the players in the organization. 
Obtain agreement from all physicians to follow processes once established. 

Stakeholders 

Stakeholder trust and willingness is important for sharing and exchanging medical records.280  
Tools for workflow analysis and redesign can vary depending on who is responsible for health 
IT implementation, training, and support.  
Vendors may not provide much support in workflow design or redesign. 
EHR vendors rarely support high-level functionalities such as reporting patient safety 
measures, e-prescribing, electronic test results, alerts, and others.  

Vendor advice 

Vendors need to understand the billing system and requirements for compliance. 
Invest in training upfront to avoid costly setbacks after the health IT is implemented. 
Training must be done at the pace of the practice. 
There may be issues with trainers who have no clinical background. Training 

Visuals and applied learning concepts are important during training. 
Use value-added time analysis to evaluate practice efficiency. 
Practices need a lot of coaching to grasp process mapping. 
Methods for workflow analysis may include a fill-in-the-blank text method or using Microsoft 
Visio®. 
Practices may not respond to using formal tools for workflow analysis. They will likely respond 
to simple, step-by-step instructions.  

Tools for analysis 

When mapping a process, focus less on clinician workflow and more on the flow of the patient. 
Document workflows within the practice such as appointment scheduling, unscheduled visits, 
and patient visit activities. 
Consider workflows for how the office will function during unanticipated system downtime. 
Understand office functionality and address any redesign issues. 
Fit the practice to the EHR through a detailed analysis of how tasks are performed. 
Reengineer/redesign the practice to complement the EHR. 
Transfer some of the provider responsibilities to nurses or medical assistants and incorporate 
into standard workflows. 
Smaller practices may not be able to manage converting from paper to electronic records 
without assistance.278 
Understand the practice in terms of physical environment, size, finances and workflow before 
selecting an EHR.  

Types of workflow 

Think about workflow from a hardware perspective. 
Workarounds may be implemented and integrated into workflow if a practice rushes EHR 
implementation.  
Identify and test workflows before implementing an EHR system to mitigate problems.31  
Basic workflow redesign principles include simplicity, accessibility for patients, safety, thorough 
documentation and task delegation.31 
Practices that conduct workflow analysis prior to health IT implementation are usually 
successful. 
Be aware of practice culture (e.g., interactions between physicians and other practice staff) in 
order to effectively analyze processes. 
Practices often need a coach to encourage them to follow through with workflow analysis. 
Unaddressed, broken processes will be magnified with the implementation of EHR. Allow the 
necessary conversations for making all processes efficient. 

Workflow analysis 

Do not rush the process. Allow time to test, correct mistakes, and analyze workflow.  
Workflow Implementing kiosks for patients to access.  
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Guidance 
category Specific guidance 

Provide the ability to fax and print patient information in the exam room. 
Implement electronic messaging systems to enhance flow of patient information. 
Translating workflow from paper to the computer may be subject to ‘rebuilding’. 

enhancement 

Post-workflow analysis can be used to optimize workflow. 
Providers need a starting point such as templates and best practice recommendations. 
Show that health IT can improve workflow. 
Small practices would benefit from additional resources during the transition. General guidance 
Implementing in two phases, with the first being billing and appointment scheduling, allows 
front office staff the ability to train providers when the EHR goes live for the entire practice. 

 

Links Identified for Toolkit 
 
 The goal of the Links Web page in the toolkit is to help the toolkit end users identify 
additional resources for their concerns regarding implementation of health IT. In Table 13 is a 
list of some links included in the toolkit. 

Table 13: Useful Web links  
Name of Source Link 
DOQ-IT University DOQ-IT University: http://www.masspro.org/HIT/DOQU/index.php 

 
American Academy of 
Family Physicians 
(AAFP): The Center for 
Health IT 

AAFP Center for Health IT: http://www.centerforhit.org/online/chit/home.html 

American College of 
Physicians (ACP): Health 
Information Technology 

ACP Health IT: http://www.acponline.org/running_practice/technology/ 
Implementation: 
http://www.acponline.org/running_practice/technology/ehr/roadmap/ehr.htm#inst 
Patient Centered Medical Home: http://www.acponline.org/running_practice/pcmh/help.htm 

Institute for Healthcare 
Improvement (IHI) 

IHI: http://www.ihi.org/ihi 
Improve workflow and remove waste: 
http://www.ihi.org/IHI/Topics/OfficePractices/Access/Changes/ImproveWorkFlowandRemove
Waste.htm 

Medical Group 
Management Association 
(MGMA) 

MGMA: http://www.mgma.com/  
EHR and Meaningful Use: 
http://www.mgma.com/solutions/landing.aspx?cid=16706&id1=16690&id2=17076&id3=16998
&id4l=17002&id4r=17006&id5l=17010&id5r=16996&id6=17008 

Institute of Industrial 
Engineers - Society for 
Health Systems (SHS) 

SHS: http://www.iienet2.org/SHS/ 
 

HIMSS Davies awards HIMSS Davies Awards: http://www.himss.org/davies/pastRecipients_ambulatory.asp 
Office of the National 
Coordinator for Health 
Information Technology 
(ONC) 

ONC: http://healthit.hhs.gov 

Healthcare Technical 
Group of the Human 
Factors and Ergonomics 
Society (HFES) 

Healthcare TG: http://hctg.wordpress.com/ 

American Medical 
Association 

e-Prescribing Learning Center: http://www.ama-assn.org/ama/pub/eprescribing/home.shtml 
Putting Health Information Technology (Health IT) into Practice: http://www.ama-
assn.org/ama/pub/physician-resources/solutions-managing-your-practice/health-information-
technology/putting-hit-practice.shtml 
Physician Resources—Tools: http://www.ama-assn.org/ama/no-index/physician-
resources/16878.shtml 

ACP Internist ACP internist: http://www.acpinternist.org/archives/2008/02/pmctips.htm 
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User Stories 

Methods 
Identification of user stories. The objective in identifying user stories was to find published 
stories of workflow issues encountered before, during or after health IT implementation in small 
and medium-sized ambulatory care clinics. Through these user stories, toolkit users should be 
able to identify ambulatory clinics similar to themselves with the goal that they be able to 
anticipate workflow issues before, during or after health IT implementation. 
 
User stories were identified through: 
 

1. Literature search: Gray literature identified in the literature search that addressed user 
experiences of health IT, workflow, and ambulatory care was reviewed for inclusion as 
user stories. See the Chapter 2 for a description of the literature search methods. 

2. Focused Web searches: User stories were identified through focused Web searches using 
key terms identified in the literature search methodology. See the Chapter 2 to review the 
key terms. 

3. Request for Information: Several responses to the Request for Information provided 
sufficient information for inclusion as user stories. 

 
 All identified user stories were reviewed and included for use in the toolkit if they were 
applicable to small and medium-sized ambulatory care clinics and involved a discussion of 
health IT and workflow. User story references can be found in Appendix D.  
 Characterization of user stories. A total of 37 user stories were identified for inclusion; 24 
from the environmental scan (including 3 from the RFI) and 13 from the literature review. Each 
user story was evaluated for the following components: 
 

• Source: Who provided the information and how the information was gathered 
• Summary: A detailed summary of user story 
• Objective: A concise summary of user story 
• Setting: type of clinic(s), health care system affiliation, size (numbers of specific staff 

and visits), geography (urban, suburban, rural), contributors of story information, 
context 

• Type of health IT being studied and its functions 
• Workflow issues and results: identify workflow issues, how workflow data was 

collected, workflow results 
• Tools: tools used to analyze workflow 
• Contact information: user story URL. 

  
 All information was recorded in a database for use in the toolkit according to the data entry 
instructions prepared for the literature review summaries (see the literature search methods for 
instructions). The synopses that follow are descriptions of the 24 user stories identified in the 
environmental scan. 
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User Story Synopses  
 
 Practice Characteristics. Of the 24 user stories identified in the environmental scan 14 were 
about/regarding primary care clinics (general care, pediatrics, family medicine, internal 
medicine),283-2964 were about specialty clinics (ambulatory chronic disease care, neurology, 
cardiac rehabilitation, diabetes and maternity clinics)297-300 and 3 were about both.301-303 Nearly 
all of the clinics were affiliated with a system.283, 285, 287, 288, 290-303 Few of the user stories 
provided information on the number of providers, staff, and patient visits. Of those that provided 
information on the number of providers and staff, the majority had 20 or less.283-286, 289, 292, 296, 299, 

300 The number of visits varied from 11,000 to nearly 100,000. The majority of the clinics were 
either urban or suburban.283-285, 287-296, 298-303 Only one identified rural clinics amongst its urban 
and suburban clinics.298 Study participants consisted primarily of clinical and administrative staff 
with a few user stories specifically identifying primary care physicians,290, 294 nurse 
practitioners,299 nurses,297-299, 301, 303 paramedics,297 or social workers.298 Some of the user stories 
noted that they already had practice management systems,283, 284, 286, 287, 289-291, 300 including 
billing and scheduling, in place during the time they were implementing their health IT. The 
majority of the health IT applications discussed were EHRs or EMRs;283-289, 291-293, 295, 296, 298-300, 

302 a few solely discussed disease registries,290, 303 clinical decision support,297 e-prescribing,301 
and one referenced a “paper-based” information system.294 
 Workflow issues identified in user stories. Experiences with the health IT applications 
represent both pre-, intra- and post-health IT implementation activities or outcomes and are 
positive, negative or neutral. All of the experiences demonstrate some impact on workflow. 
We grouped the results of the user stories into six major categories: 
 

• Reminders, alerts, and reports that, when provided, increased efficiency and 
improved workflow. 

• Administrative and clinical workflow, and work/job design having positive and 
negative impacts on workflow and job content. 

• Patient-provider consequences of the health IT system that affected workflow. 
• Interface design that affected job content and workflow. 
• System integration that, in all cases, positively affected workflow. 
• Planning activities and their impact on workflow. 

 
 Within each of the categories we identify more specific workflow issues or consequences 
associated with a particular health IT application. 
 Reminders, alerts and reports. Because of the automatic nature of health IT-driven reminders, 
alerts and reports, the user stories that discuss these all reflect positive consequences on both the 
work and workflow of the providers and patients, and ultimately the quality of care and services 
rendered. The reminders and alerts included notices to patients in need of screening procedures, 
preventive care, vaccinations, and other clinical services. Physicians received similar notices 
(e.g., preventive care reminders) at the point of care.284, 286, 289, 290, 292, 294, 302, 303 
Administrative and clinical work(flow) and work/job design. Consequences reported post-
implementation on administrative workflow varied by the type of health IT. Two user stories on 
integrated EMR/practice management systems291, 292 and a registry303 reported positive results 
that included greater efficiency in terms of the work performed and improved information access 
that promoted more efficient workflow (e.g., decreasing the number of steps associated with 
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refilling prescriptions from11 to 2 steps). The most frequently reported positive experiences from 
the other stories included improved information (and “chart”) availability such as easier access to 
patient histories, current medications, and lab results,284-286, 289, 296 as well as better internal 
communication,284 and a streamlined workflow that had a positive impact on increasing patient 
volume and decreasing patient waiting time.287 One user story describes utilizing the EMR for 
process improvement activities that addressed medication refilling, lab result reporting and 
phone call response processes.286 All of the other consequences reported that had an impact on 
workflow demonstrated: shifts in responsibilities that most often adversely affected the workload 
of the providers because tasks shifted to them284-286, 289, 299, 300 and variations in clinical practice 
(and user perceptions) that made streamlining and standardization of clinical tasks difficult.284, 299 
Four user stories note the increase in work associated with scanning documents and reports from 
patients’ records pre-implementation and paperwork received from external sources post-
implementation.284, 285, 289, 298 One user story reported initial delays in patient waiting time 
immediately post-implementation that ultimately resolved.284  
 The use of vendor services was discussed in two of the user stories. An organization that 
implemented an integrated EMR/practice management system recognized the benefit of 
receiving regular coding and billing updates that enhanced the billing process and practice cash 
flow.291 Another user story in which an EHR was implemented discussed the lack of support the 
vendor provided. Thus the EHR support function fell to the practice.289 
 Patient-provider consequences. The provider-patient interaction was affected in two very 
different ways. Health IT applications (in these instances EMRs and EHRs) offered tools for 
patient education and information gathering directly from the patient that preceded and then 
complemented the care provided.289, 299, 303 Additionally, these systems provided a means of 
communicating electronically between the provider and patient that positively affected workflow. 
On the other hand, some providers felt the health IT applications interfered with their patient 
interaction and workflow, at least in part due to the physical placement of the system.284, 285 
Interface design. When user stories discussed a less-than-optimal interface it was at least 
partially due to poor planning for the implementation, vendor restrictions, and/or a lack of 
sufficient understanding of workflow and information capture (converting paper documents to 
their electronic equivalent) pre-implementation.285, 296, 298-300 Customized templates that captured 
direct visit-related information and offered links to internal and external resources were generally 
regarded as having a positive impact on workflow.283, 289, 292, 299 Neutral comments concerning 
templates reflected provider-dependent use299 and the need to re-learn work cues based on 
system use.286 Charting by exception was effective when physicians’ clinical workflows could be 
documented.292 Patient portals providing access to electronic patient records292, 299 were generally 
viewed positively but responses varied by patient.  
 System(s) integration. Every user story that discussed integration of the system within their 
practice or between their practice and another practice reported positive impacts on workflow.283, 

285, 287, 289-293 Integration included: 
 

• A joint clinical/practice management system that eliminated duplicate data entry in 
the two systems and also integrated the previous stand-alone systems in pharmacy 
and laboratory,291, 293  

• Reports of patient test and procedure results regardless of a patient’s status as an 
inpatient or ambulatory,  
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• Collection and automatic assignment of external documents by the health IT system 
to the respective patient or clinical service (e.g., external laboratory reporting, 
automatic scanning and assignment of faxes between patients and their associated 
orders),287, 291 

• Joint communication, order processing, results reporting and scheduling systems, 
• E-prescribing capabilities, and 
• Links to other external software (e.g., e-mail) that in turn facilitated communication 

with other providers.292 
 
 Planning activities. Workflow-related planning activities were discussed in a limited number 
of user stories. Four of the user stories discussed the need to document and understand workflow 
pre-implementation, with one of them300 indicating insufficient attention to this activity. The 
other three stories293, 301, 303 offered positive experience from the effort. Stakeholder involvement 
was deemed critical to the success of the implementation288, 303 and stakeholder acceptance of the 
system was credited to the workflow efforts undertaken.302 
 Tools identified in user stories to analyze workflow. Workflow issues presented in the user 
stories were collected using a variety of tools (see Table 12). 

Table 14: Tools identified in the user stories  
Tools Workflow information collected 
Focus groups290, 298 Feedback on health IT, in general290, 298 

Feedback on user interface298 
How tasks are performed298 

Usability290 Assessment of user interface290 
Observation283, 290, 295, 299, 300, 303 How tasks are performed290, 300 

Pre-implementation state283 
Information flow300 
Duplicated tasks300 
Nonintegration of existing systems300 
Type and format of information collected299, 300 
Patient handoff processes300 
Nonstandardization of work processes299 
Inflexibility of system295, 299 
Time to complete tasks299, 303 
How system used299 
Inter-provider communication295 
System use295 

Interview287, 293, 295, 299, 301 User feedback on system293 
How tasks are performed287, 299, 301 
Who performs what tasks301 
Steps in process287 
Processing time287 
User workload287 
Integration of systems287 
Type and format of information299 
Reasons for poor user satisfaction295 

Flowchart, process map, cross-
functional flowchart, activity 
diagram284, 288, 293, 295, 298, 300, 301, 303 

Workflow (“reality state”)293, 295, 300, 303 
Pre-implementation workflow284 
Pre- and (planned) post-implementation workflow288 

Gantt chart288 Project management288 
Checklist283 System configuration requirements283 
Lean288 Present and future workflows288 
Questionnaire/survey294, 295, 297 Acceptance297 

Attitude toward health IT297 
User satisfaction with health IT292, 294 
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 Using health IT as a tool. The user stories primarily reported using health IT to enhance or 
assess workflow for reminders and/or alerts, quality reporting, and to facilitate process 
improvement efforts. 
  
 Reminders and alerts for:  

• Physician Quality Reporting Initiative (PQRI)290 
• Screening reminders related to pay-for-performance measures303 
• Preventive care, wellness, and/or vaccination reminders283, 286, 289, 292 
• Allergy or lab abnormality alerts292 
• At-risk patients overdue for mammography screening, or other patient services284 
• Clinical guideline adherence302 
• Diabetic management coordination303 
• Reports or reporting for: 
• Patient education (e.g., demonstration of the impact of lowering blood pressure on 

cardiac risk)289 
• Disease management reports related to pay-for-performance measures287 
• Graphical display of measures for patient education and physician use299 
• Adherence to clinical guidelines302 
• Billing data sets that eliminate the need for medical abstractors302 
• Physician prompting to complete screening and prevention measures and 

appropriately manage disease294 
• Patient lab results292 
• Process improvement activities: 
• Process improvement for prescription refills and scheduling286 
• Tracking process inefficiencies for prescription refills and lab results287 

Tools 
 
 The tools found in the toolkit include instruments, methods, and strategies used to (1) collect 
information on, depict, and understand workflow; (2) inform workflow issues being addressed; 
and (3) recognize how the impact of implementation and use of health IT affects workflow. 
There are many tools that can be appropriately used within the domain of health care workflow 
(re)design. The intent of the tools section of the toolkit is to provide individuals relevant, user-
friendly, useful information on each tool.  

Methods 
 We defined a tool (that would be included in this toolkit) as any instrument, method, or 
strategy employed to perform, inform, or assist workflow analysis and redesign at any point in 
the selection, implementation, and/or use of health IT. A tool can be used in clinical and/or 
administrative applications. To meet the needs of users, we identified other similar human 
factors and ergonomics (HFE) toolkits against which to benchmark (e.g., FAA - 
https://www2.hf.faa.gov/workbenchtools/). 
 Identification and characterization of tools. Tool identification began with a focused Web 
search using internet search engines. We initially used keywords such as “workflow tools,” 
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“process analysis,” and “health information technology tools” to identify specific tools or 
sources providing information on tools. We also utilized a free online keyword suggestion tool 
(http://freekeywords.wordtracker.com/) to ensure that we searched as many keywords related to 
our definition of a tool as possible. Many of the pertinent sources identified offered links to other 
sources providing additional valuable information on either tools or workflow in health care. 
In order to ensure completeness of the tools compendium and their specified fields of 
information, the search for tools expanded to include the following: 
 

1. Books: Books reviewed were primarily from the human factors engineering domain. We 
searched the Books in Print database using the workflow and key ambulatory care terms 
identified in the literature search. Nearly 400 books were reduced to 72 by excluding 
those that did not address workflow tools in the title or synopsis. The list was further 
refined to include 40 books. Additionally, books were identified through a nomination 
process by team members, TEP members and an Improving Performance In Practice 
(IPIP) group in Michigan on key workflow topics. The final list of books identified many 
new tools and content in terms of the quality and quantity of information. Several of these 
books are included in references for specific tools as suggested readings because they 
contain more in-depth content.  

2. Request for Information (RFI): A number of responses to the RFI published on the 
Federal Register provided tool information or examples of tools. 

3. Environmental Scan: We examined gray literature resulting from the structured literature 
search for workflow tools used. Organizations and associations with health IT initiatives 
were also reviewed for tools they recommend or report on to assess workflow. 
Additionally, nonindexed conference proceedings from the Society for Health Systems 
(SHS) and Health Information and Management Systems Society (HIMSS) and the 
digital archives for Patient Safety and Quality Healthcare (PSQH) were reviewed. 

4. Literature search: Workflow tools discussed in the peer-reviewed papers included in the 
literature review identified other tools or examples of tools used. 
 

 We selected categories of information that would be helpful for users and guide them in their 
understanding and appropriate use of each tool. The categories of information we chose to 
collect for each tool include:  
 

• The name of the tool (and acronym if it has one),  
• Other names the tool is known by (“AKA”),  
• A description of the tool, 
• When or in what situation the tool could be used, 
• The procedure for using the tool, 
• Resources needed to use the tool (including technical expertise and supplies), 
• Ddvantages and disadvantages of the tool, 
• References (e.g., books, Web sites) maintained in an EndNote® database that 

provided any technical or educational information on the tool,  
• Examples of the tool used in a health care setting identified in case studies and 

research projects or pdf copies of tools collected from organizations during the life of 
the contract, and 
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• Other resources incorporated in the toolkit from project-related activities (e.g., the 
environmental scan, RFI and Web searches). 
 

 We subsequently entered all relevant information on each tool into these categories in a 
Microsoft® Office Word 2003 table—a tool compendium. 
 The tool compendium was continuously updated over the course of the project. New tools or 
additional tool information emerged from the user stories and literature review database. Any 
tool reported from either of these sources was “double-checked” to ensure its inclusion in the 
tools database. If a new tool was identified through this process, it was added to the database. If a 
synonym for a tool was identified, it was added as an “AKA” in the respective database field. 
Related user stories and scientific papers were also verified for inclusion in the respective output 
for a tool. The result of these efforts is a compilation of about 100 instruments, methods, and 
strategies that can be used to perform and inform workflow analysis and redesign in the context 
of health IT implementation. 
 In many instances, information on a tool was collected from multiple sources, and thus many 
tools had several complementary definitions, procedures and other information. For example, as 
the tool compendium approached completion, information on flowcharts came from 16 different 
sources, offered nine complementary descriptions, and seven similar procedures. The final 
“toolkit” version of the tool description and/or its procedure integrates the information obtained 
from the multiple sources so that there is one complete definition and procedure for each tool. 
Small edits and additions were often made to the information captured in order to make it more 
user-friendly and understandable. During this refinement process some tools were eliminated 
because there was not enough useful information or they did not correspond with the types of 
tools we chose to include in the toolkit. The final tool compendium containing all tools and their 
respective information is found in Appendix F.  
 Categorization of tools. We determined that, much like the FAA HFE internet toolkit 
(https://www2.hf.faa.gov/workbenchtools/), a guided search for tools would offer a means of 
both educating and assisting users in their search for appropriate tools that could be used to meet 
their needs. Therefore, once a significant number of the tools were collected, we identified 
categories of tools. Categories represented common uses of the tools and came from various 
HFE references including Human Factors Methods: A Practical Guide for Engineering and 
Design.304 We created a spreadsheet in Microsoft® Office Excel 2003 where tools were listed in 
the first column and the category listed as a column heading on the subsequent 12 columns. 
Assignment of tools to a category(ies) was an iterative process. Two team members worked on 
the assignment independently. When they disagreed on category assignment, discussion ensued 
until an agreement was reached. Categories are not mutually exclusive and, thus, a tool may 
appear in more than one category. Table 15 describes the 12 tool categories.  

74 
    

https://www2.hf.faa.gov/workbenchtools/


75 
    

Table 15: Tool categories 
Tool category Tool category description 
Data collection These tools provide a means of gathering information related to a task or issue.  
Data display/organization These tools provide standard and readily comprehensible means of visually presenting 

data. 
Idea creation These tools offer varying formats for identifying new or different ideas. 
Problem solving These tools provide team members organized, established methods for better 

understanding and then solving problems. 
Process improvement These tools offer means of scrutinizing and improving processes to enhance 

output/outcomes. 
Process mapping These tools offer visual means of conveying the flow and interaction of information, 

work and processes. 
Project 
planning/management 

These tools furnish project managers, participants, and upper management a means 
of understanding tasks associated with a project as well as progress associated with 
the project’s timeline.  

Risk assessment These tools are used for identifying and/or analyzing known or anticipated problems 
associated with specific processes. 

Statistical Statistical tools attempt to provide meaning to a larger group of data by conveying 
relationships between the data and/or summarizing them. 

Task analysis These tools provide a variety of methods that can be used to better understand tasks, 
generally those associated with work processes. 

Usability Usability evaluations are conducted to obtain user input and/or identify design issues 
related to aspects of a system (e.g., a specific health IT system) such as appearance, 
function and navigation. 

Health IT Health IT applications can provide tools by reporting data or identifying poor 
performance (e.g., through exception reporting). These data can be used to better 
understand known or potential workflow issues. 

 
The tools and their respective category(ies) are listed in Table 16.



Table 16: List of tools by category 
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Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

5S         x               
                          
5W2H       x                 
                          
Affinity Diagrams   X                     
                          
Allocation of 
Function 
Analysis             X           
                          
AΔT          x               
                          
Balanced 
Scorecard x X         X           
                          
Bench-marking     x   x               
                          
Benefits and 
Barriers Exercise         x   X           
                          
Box and Whisker 
Plot   X                     
                          
Brainwriting     x                   
                          
Cause-and-Effect 
Diagram    X   x       x         
                          
Checklist x X                     
                          
Cognitive Task 
Analysis x                   x   
                          
Cognitive x                 x     
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Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

Walkthrough 
                          
Comms Usage 
Diagram (CUD) x       x   X           
                          
Contingency 
Diagram     x x       x         
                          
Cost-of-Poor-
Quality Analysis          x               
                          
Critical Decision 
Method (CDM) x                       
                          
Critical Incident       x                 
                          
Critical Incident 
Technique (CIT) x                       
                          
Critical Path 
Method             X           
                          
Critical-to-Quality 
Analysis       x                 
                          
Cross-functional 
Flowchart   X       x             
                          
Cycle Time Chart   X       x             
                          
Decision Action 
Diagrams (DAD)   X       x             
                          
Decision Matrix   X                     



  

Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

                          
Decision Tree   X       x             
                          
Event Tree 
Analysis (ETA)   X           x         
                          
Failure Modes 
and Effects 
Analysis (FMEA)               x         
                          
Fault Tree 
Analysis (FTA)   X           x         
                          
Flowchart   X       x             
                          
Focus Group x   x x                 
                          
Force-field 
Analysis   X   x                 
                          
Gantt Charts   X         X           
                          
Gap Analysis       x x               
                          
Goals, 
Operators, 
Methods, and 
Selection Rules 
(GOMS)         x           x   
                          
Groupware Task 
Analysis (GTA)       x x           x   
                          
Heuristic 
Evaluation                   x     
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Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

Hierarchical Task 
Analysis (HTA)         x x         x   
                          
Histogram   X                     
                          
Interview x                       
                          
Kano Analysis   X                     
                          
Kepner-Tregoe 
Matrix x     x       x         
                          
Lean         x               
                          
Lean Six Sigma         x               
                          
List Reduction       x                 
                          
Log x                       
                          
Matrix Diagram   X         X           
                          
Metrics 
Evaluation         x               
                          
Multi-vari Chart   X             x       
                          
Multivoting       x                 
                          
Murphy 
Diagrams       x       x         
                          
NASA Task Load 
Index (NASA 
TLX) x                   x   
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Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

                          
Needs 
Assessment     x x                 
                          
Nominal Group 
Technique (NGT)     x                   
                          
Observation x                       
                          
Operation 
Sequence 
Diagrams (OSD)   x           x         
                          
Pareto Chart   x                     
                          
Plan–Do–Check–
Act (PDCA) 
Cycle         x               
                          
Political, 
Economic, 
Social, and 
Technological 
Forces (PEST) 
Analysis       x       x         
                          
Potential 
Problem Analysis 
(PPA)               x         
                          
Process Decision 
Program Chart 
(PDPC)               x         
                          
Process 
Scorecard x                   x   
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Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

Program 
Evaluation and 
Review 
Technique 
(PERT) Charts             x           
                          
Questionnaire for 
User Interface 
Satisfaction 
(QUIS) x                       
                          
Radar Chart   x                     
                          
Regression 
Analysis                 x       
                          
Relations 
Diagram   x         x           
                          
Requirements 
and Measures 
Tree   x                     
                          
Requirements 
Table   x                     
                          
Root Cause 
Analysis               x         
                          
Scatter Diagram   x                     
                          
Simulation                   x x   
                          
Simulation 
Modeling       x         x       
                          
SIPOC (Supplier, 
Inputs, Process,   x                     
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Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

Outputs, 
Customer) 

                          
Six Sigma         x               
                          
SMART Matrix             x           
                          
Social Network 
Analysis (SNA)   x                     
                          
Statistical 
Process Control 
(SPC)   x             x       
                          
Strategic 
Planning             x           
                          
Stratification   x                     
                          
Strength, 
Weakness, 
Opportunities, 
and Threats 
(SWOT) Analysis         x   x           
                          
Survey x                       
                          
Tabular Task 
Analysis (TTA)                     x   
                          
Task 
Decomposition                      x   
                          
Time and Motion 
Study  x                       
                          
Time Value Map   x                     
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Data 
Collection  

Data 
Display/ 
Organi-
zation 

Idea 
Creation 

Problem 
Solving 

Process 
Improvement 

Process 
Mapping 

Project 
Planning/ 
Management 

Risk 
Assessment Statistical Usability 

Task 
Analysis 

Health 
IT 

                          
Top-down 
Flowchart   x       x             
                          
Tree Diagram   x                     
                          
Trend Analysis   x                     
                          
Usability 
Evaluation                   x     
                          
Use Case       x   x             
                          
Value Stream 
Mapping   x       x             
                          
Value-added 
Analysis   x     x x         x   
                          
Verbal Protocol 
Analysis (VPA) x                   x   
                          
Workflow 
Diagram   x       x             
                          
Workflow 
Editor/Engine                         
                          
Workload Profile 
Technique x                   x   
 



Basic Tools 
 
 The team recognized that many of the toolkit users would not have the time or skills to 
become familiar with all the tools identified. Therefore, we selected a small number of “basic 
tools.” We agreed that by using at least one basic tool appropriately, an individual would gain a 
better understanding of the impact of the health IT on workflow. The “basic tools” were chosen 
based on their relative ease of use, value for accurately assessing and capturing workflow, and 
the frequency with which they were reported in the user stories or literature review papers. Those 
chosen include: 
 

• Check list 
• Flowchart 
• Interview  
• Observation 
• Risk assessment 
• Benchmarking 
• Usability  
• Health IT 

 
 The output for each of these tools is “rich” in pertinent information and examples. Links 
between the various databases in the toolkit are provided to offer users immediate access to 
others’ experiences and concrete examples of their work. For example, the toolkit describes 
instances in which flowcharts were effectively used and reported in user stories and literature 
review papers. Examples (e.g., PDFs) of, in this case, flowcharts are also available.  
We understand how use of the toolkit could influence the success of health IT implementation 
through workflow analysis and redesign. We, therefore, recognize the need to provide relevant, 
user-friendly information to users of the toolkit. 

Conclusion 
 
 The environmental scan produced many user stories and tools relevant to workflow analysis 
and redesign for health IT implementation in ambulatory care practices. A unifying theme 
amongst all references is that practices must have a comprehensive understanding of how clinical 
and administrative work is performed in their environment and how these processes might 
change with the introduction of health IT. All relevant information from the environmental scan 
and literature review are synthesized and displayed in a toolkit to assist practices in their 
workflow analysis and redesign efforts. This information is presented in a user friendly and 
searchable format. Usability evaluations conducted with identified user groups from small and 
medium-sized practices and intermediaries will ensure relevancy and ease. 
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Chapter 4. Assessment of the State of the Field 
 
 In 2006, Chaudhry et al. systematically reviewed the impact of health IT on quality, 
efficiency, and costs of health care.44 They found that high-quality research was performed at 
four benchmark institutions with internally developed health IT, describing six studies on the 
impact of health IT on provider time and seven studies on how health IT was used as a tool to 
change practice. Their overall conclusions on these two themes were that health IT had mixed 
impact on provider time and can be a positive vehicle for practice change. As for most other 
studies—those performed at nonbenchmark institutions that used commercial health IT 
systems—Chaudhry et al. noted that study quality was poor and that “published evidence of the 
information needed to make informed decisions about acquiring and implementing health IT in 
community settings is nearly nonexistent. For example, potentially important evidence related to 
initial capital costs, effect on provider productivity, resources required for staff training (such as 
time and skills), and workflow redesign is difficult to locate in the peer-reviewed literature” (p. 
E-18, emphasis added).44  
 In 2010, evidence about the impact of health IT on workflow is still lacking. The reasons for 
this are multi-factorial, relating to definitions of workflow and measurement, definitions of 
health IT, samples, study quality, and socio-technical context. Each of these factors is discussed 
in this chapter. 

Workflow Definitions and Measuring Workflow 
 
 The literature review in this report is a first attempt to examine workflow changes across a 
wide variety of types of health IT systems and care settings and highlights many weaknesses of 
the body of research. Less than 15 percent of the articles found were focused on the topics of 
clinical workflow change related to health IT implementation or workflow analysis using health 
IT as a tool. Another 6 percent of articles were focused on acceptance and 3 percent on usability. 
For the remaining 75 percent of studies, the workflow findings had to be pulled from articles that 
primarily discussed health IT implementation and use. This meant that the amount of evidence 
supporting the results varied, from measured differences in the durations of consultations in an 
RCT121 to anecdotal evidence based on the author’s experience in a single-clinic 
implementation.153 Some findings are relatively well supported by scientific evidence in a pre-
post study without a control group, others are anecdotal asides in an RCT.  
 Because no standard definition of workflow exists (see Unertl305 for a comprehensive list of 
definitions), workflow measures varied substantially in this literature. Effects of health IT 
systems on workflow were indicated by changes to, for example, communication patterns, 
treatment adherence, guideline adherence, consultation time, travel time, distribution of tasks, 
information flow, health IT click patterns, number of visits, waiting time, referral time, or 
workload. This diversity of measures raises several issues. First, it makes comparisons between 
studies difficult, if not impossible. Second, many possible workflow measures could be impacted 
by the implementation and use of health IT systems, but a single study is likely to measure only 
fraction of the total. Although understandable, we must emphasize that each individual study 
only speaks to a subset of the workflow changes that may have occurred.  
 The diverse sets of workflow variables can be coarsely divided into those that use distal 
workflow measures and those that measure more proximal workflow changes. As mentioned 
previously, distal measures are those examining rates of preventive services, adherence to 
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guidelines and procedures, and patient outcomes without clearly explaining how workflow has 
changed. Even in articles where the relationship between distal measures and workflow change is 
made explicit, the analysis of workflow change needs to be systematic. Otherwise we cannot 
determine how health IT affected workflow or how much it was affected.  
 Other papers studied proximal measures of workflow such as efficiency, processing time, use 
patterns, and coordination, e.g., Zheng et al.28 To understand the impact of health IT on 
workflow in more depth and with more precision, we need studies that that link diverse proximal 
measures to distal measures. However, such research would require more theoretical 
developments linking the proximal and distal measures to provide measurement specificity and 
clearly describe the relationship between the proximal and distal outcomes.  
 Another limitation in the literature was a lack of study on the topic of administrative 
workflows such as those related to registration, regulation compliance, and billing. Health IT 
certainly has significant impacts on the workflows of those processes, but little evidence exists. 
Also, few of the studies examined how health IT could be used to improve or redesign clinic 
workflow. Fifty-four studies were identified that used health IT to study workflow (e.g., using 
computer generated logs to analyze use of clinical decision support), of which only 13 were 
identified that used health IT to redesign workflow. The rest used health IT as a data capture tool 
for evaluation purposes.  

Definitions and Functions of Health IT 
  
 The studies used varied definitions of several types of health IT, notably telemedicine, e-
prescribing, and EHR. Even when a system was well described, it only served to highlight the 
differences in each type of health IT application. Each vendor creates a different EHR, yet EHRs 
made by the same vendor also differ after being implemented in diverse institutions. Even within 
a single institution, the functionality used in units and clinics may differ. This fact limits the 
generalizability of single studies and speaks to the importance of research synthesis. In addition, 
studies provided limited description of the health IT intervention, its functionality, and other 
variables (e.g., implementation process). 

Samples 
  
 Generalizability is also limited by the fact that most of the research was done in large 
practices affiliated with medical centers, HMOs, or national health systems outside the US. We 
only found two studies that focused on unaffiliated practices, though affiliation status was not 
known for the clinics in another 72 articles. Some results of the research performed in large 
clinics is likely to be true regardless of the setting, e.g., computer use in the exam room has the 
potential to disrupt patient-physician communication,75 but others may not be, e.g., information 
flow among the care team improved because of secure messaging.47 
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Study Design 
 
 Only 18 percent of the studies meeting our inclusion criteria were randomized controlled 
trials. Only 4 percent were pre-post designs with control groups. The remaining original studies 
were of lesser quality designs, making evaluation of results difficult. As Table 17 shows, except 
in the case of studies examining decision support, the modal design was that of a post-only with 
no control group, a weak design for inferring causality. 

Table 17: Study design of articles analyzing selected types of health IT 
 Number of articles Percentages  
Type of Health IT    
EHR/EMR and CPOE 50 100.0% 
Randomized controlled trials (RCT) 5 10.0% 
Pre-post with control group 1 2.0% 
Pre-post no control group 10 20.0% 
Only Post with control group 2 4.0% 
Only Post no control group 22 44.0% 
Systematic literature review 7 14.0% 
Other 3 6.0% 
Decision Support, including alerts and reminders 77 100.0% 
Randomized controlled trials (RCT) 23 29.9% 
Pre-post with control group 6 7.8% 
Pre-post no control group 8 10.4% 
Only Post with control group 5 6.5% 
Only Post no control group 15 19.5% 
Systematic literature review 20 26.0% 
Telemedicine 36 100.0% 
Randomized controlled trials (RCT) 8 22.2% 
Pre-post with control group 1 2.8% 
Pre-post no control group 4 11.1% 
Only Post with control group 5 13.9% 
Only Post no control group 12 33.3% 
Systematic literature review 5 13.9% 
Narrative 1 2.8% 
TOTAL 192 100.0% 
Randomized controlled trial (RCT) 35 18.1% 
Pre-post with control group 8 4.1% 
Pre-post without control group 28 14.5% 
Only Post with control group 15 7.8% 
Only Post without control group 68 35.8% 
Systematic literature review 30 15.5% 
Narrative 4 2.1% 
Other 4 2.1% 

 
 Another complicating factor is that few of the studies provided all of the details 
recommended by Talmon et al.306 for evaluation studies of health IT. Study designs were not 
always obvious, rarely was a theoretical background provided, participants were not always well 
described, and measures and analytical methods were not always provided.  
 However, planning a RCT to evaluate a health IT implementation is very difficult. In many 
cases, groups cannot be created that differ only in the random assignment to the intervention or 
control conditions. Regardless of whether the intervention and control groups are comprised of 
physicians working in different clinics or different departments within a clinic, they are likely to 
differ in ways other than implementing the health IT application. Even within a single practice or 
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department, physicians may have very different practice styles and workflows at baseline, which 
creates confounding. Rigorous assessments of the impact of health IT on workflow or on the use 
of health IT to improve workflow will be challenging. We encourage the exploration of designs 
other than RCTs, particularly pre-post studies and in-depth case studies that can help develop 
hypotheses. 

Socio-technical Context 
  
 Equally important is that most of the studies did not provide sufficient information on the 
context with which to evaluate the impact of the health IT on workflow, even when an RCT was 
used. It is commonly assumed that when a health IT is implemented, subsequent changes, 
positive or negative, are caused by the health IT. However, perfectly confounded with any health 
IT implementation can be any one of the following: 
 

• Functionality of the system; 
• Usability of the system; 
• Training—amount, quality, and latency between training and go-live; 
• Technical support—duration, density, and quality; 
• User participation—who participates, when, and quality; 
• Top management commitment—money, time, and resources; 
• Culture; 
• Timeline of implementation; and 
• Location and physical ergonomic considerations of the hardware. 

 
 Each of those factors, and many others that have been studied as part of implementation 
science,307, 308 has an impact on process and outcomes. The studies meeting our inclusion criteria 
typically provided descriptions of functionality. Some also provided information about training, 
but this information was generally less detailed. The other factors were rarely discussed, and 
when mentioned, details were lacking. For example, Christakis et al.97 state that “a computer 
workstation was placed in each examination room as well as in the physician work area and 
nursing stations” (p. 1). This information provides useful context, but the authors fail to describe 
where the computers were positioned relative to patients in the room or the size of the computer 
monitor, for example. As such, when a study found that health IT had a positive or negative 
impact on workflow, we could not tell how much of the effect may have been related to poor 
training, positive culture, poor usability, or other variables. In contrast, one article did provide 
excellent detail on the socio-technical context of a decision support implementation: Goldstein et 
al 2004.62 This is a rare exception, however. Some studies, such as Eccles et al. 2002,68 
speculated that contextual factors (in this case training) could partially explain their null findings. 
Without systematic assessment of socio-technical context factors, however, solid determinations 
are difficult to make.  
 We recommend that the criteria recommended by Talmon et al.306 for reporting on health IT 
studies be expanded to include socio-technical variables that are inherent in health IT 
implementation. We recommend future studies provide detail about:  
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• Hardware and physical layouts of the computer systems, including at minimum where 
computers are available, where they are stationed relative to patient seating in exam 
rooms and monitor size; 

• Specific functionality; 
• Evidence of usability, if any; 
• Training—amount, quality, latency between training and go-live, whether the training 

system was the same as the implemented system, competency assessments, 
requirements to complete training, and tracking of training completion; 

• Technical support—duration, density, and quality; 
• User participation—who participated, when, and quality; 
• Top management commitment—money, time, and resources;  
• Change management processes—new structures to manage the change, participants in 

change management, and resources devoted to change management; 
• Culture—evidence of supportiveness; and 
• Timeline of implementation.  

Conclusion 
 
 Although our literature review unearthed a great deal of information on (1) the effects of 
health IT implementation on workflow and (2) the use of health IT to analyze workflow, the 
quality of the findings is lacking for many reasons. Most of the articles we found were not 
focused directly on workflow, so the quality of evidence related to workflow change varied 
substantially. Workflow measures also include such a variety of topics that comparisons and 
generalizations are difficult to make. Even the definition of a specific type of health IT (e.g., e-
prescribing) varied across articles, making comparisons even more difficult.  
 The majority of studies described research completed in large clinics affiliated with academic 
medical centers, health maintenance organizations, or national health systems outside the US. 
This greatly limits the generalizability of our findings for the small and medium-sized clinics that 
are the end users of the toolkit. Also, although a substantial minority of articles were RCTs, most 
of the studies did not use a scientifically rigorous design, limiting inferences of causality. Finally, 
most of the literature did not include descriptions of the socio-technical context of health IT 
implementation and use, making it difficult to understand the role of conflating or mediating 
factors such as training, technical support and organizational culture. Thus, although our findings 
on workflow change and analysis are suggestive, intriguing and sometimes consistent across 
many studies, more research is needed to draw firm conclusions about the relationships between 
health IT and workflow in ambulatory settings. 
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Chapter 5. Conclusions 
 
 In completing the tasks for this project, we have gathered a great deal of information about 
the effects of health IT implementation on workflow and the use of health IT to analyze 
workflow. Awareness is growing of the need to analyze workflow in order to ensure successful 
health IT implementation and the potential for health IT be used in process improvement. Our 
sources of information included peer-reviewed literature, grey literature, organizations helping 
clinics to implement, health IT vendors, and professional associations. We have discovered that 
some workflow changes associated with implementation seem to be nearly universal, such as the 
increased workload of physicians who have implemented an EHR. Others may be unique to the 
context of a particular clinic, such as the refusal of a physician to use new health IT application. 
Unfortunately, most of the evidence that fills this report is anecdotal, weakly supported, or 
otherwise questionable in terms of scientific rigor.  
 Nevertheless, the information has been important in shaping the toolkit. We have gleaned 
useful facts about the end users for whom we are creating the toolkit, their likely needs and the 
best way to provide information so that it will be useful to them. We have also discovered stories 
of health IT implementation and use that may provide other clinics with helpful foreknowledge. 
Most importantly, we have compiled a very comprehensive list of tools for workflow analysis, 
their advantages, disadvantages, and how to use them. From this list we have selected a small 
group of basic tools that would be most helpful to our end users. The basic tools are presented by 
stage in the implementation process: (1) considering implementation, (2) selecting a vendor, (3) 
preparing for installation, and (4) post implementation. Toolkit users may select each stage for 
detailed information on the basic tool(s) that may be useful.  
 The toolkit is the culmination of all the processes described in this report. It brings together 
information gathered from contacting organizations, reading countless Web sites, speaking with 
experts and reviewing thousands of journal articles. We hope it will prove useful to the small and 
medium-sized practices that are facing the daunting challenge of large-scale health IT 
implementations. 
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Appendix C: Organizations and Associations Reviewed 
 

 Organization/Association  Web site 

1 American Academy of Family Physicians: The 
Center for Health IT (AAFP) 

http://www.aafp.org/online/en/home.html 
http://www.centerforhit.org/online/chit/home.html 

2 American Academy of Pediatrics (AAP) http://www.aap.org/ 
3 Affinity Health System http://www.affinityhealth.org/ 

4 American Health Information Management 
Association (AHIMA) http://www.ahima.org/ 

5 Agency for Healthcare Research and Quality—
Health IT Initiative  

http://www.ahrq.gov/  
http://healthit.ahrq.gov  

6 Ambulatory Pediatric Association (APA) or 
Academic Pediatric Association http://www.ambpeds.org/  

7 American College of Physicians (ACP) http://www.acponline.org/  
8 American Health Quality Association (AHQA) http://www.ahqa.org/  
9 American Medical Association (AMA) http://www.ama-assn.org/ 
10 American Medical Group Association (AMGA) http://www.amga.org/ 
11 American Medical Informatics Association (AMIA) https://www.amia.org/ 
12 American Nurses Association http://www.nursingworld.org/ 
13 American Nursing Informatics Association (ANIA) http://www.ania-caring.org/  
14 American Osteopathic Association http://www.osteopathic.org/ 
15 American Physical Therapy Association (APTA) http://www.apta.org/ 
16 American Society for Quality (ASQ) http://www.asq.org/ 
17 American Society of Health System Pharmacists http://www.ashp.org/ 

18 Association of Medical Directors of Information 
Systems (AMDIS) http://www.amdis.org/  

19 Association of Primary Care Physicians (APCP) http://www.apcpky.com/  

20 Aurora UW Medical Group http://www.aurorahealthcare.org/facilities/display.asp?ID=
0036&Kind=Clinic 

21 Bridges to Excellence  http://www.bridgestoexcellence.org/  
22 The Boeing Company http://www.boeing.com/ 
23 California Healthcare Foundation  http://www.chcf.org/ 

24 Carnegie Mellon Center for Computational Analysis 
of Social and Organizational Systems (CASOS) http://www.casos.cs.cmu.edu/ 

25 The Center for Improving Medication Management http://www.thecimm.org/  
26 Centers for Medicare and Medicaid Services (CMS) http://www.cms.hhs.gov/  

27 Certification Commission for Healthcare Information 
Technology (CCHIT) http://www.cchit.org/ 

28 Coleman Associates http://www.patientvisitredesign.com/ 
29 Colorado Foundation for Medical Care http://www.cfmc.org/ 
30 Colorado Health Foundation http://www.coloradohealth.org/ 
31 Cooley Dickinson Hospital http://www.cooley-dickinson.org/ 
32 Department of Biomedical Informatics, U of Utah  http://www.bmi.utah.edu/ 
33 eHealth Initiative http://www.ehealthinitiative.org/  
34 Enhydra http://www.enhydra.org/ 
35 Health Affairs http://www.healthaffairs.org/ 

36 Healthcare Information and Management Systems 
Society (HIMSS) http://www.himss.org/  

37 The Hiser Group  http://www.hiser.com.au/ 

38 Human Factors and Ergonomics Society: Healthcare 
Technical Group (HFES TG) http://www.hfes.org/web/TechnicalGroups/technical.html 

39 Illinois Foundation for Quality HealthCare (IFQHC) http://www.ifqhc.org/  

40 Improving Performance In Practice Program–
Michigan group (MI IPIP) http://ipip.aiag.org/ 

41 Institute for Operations Research and the 
Management Sciences (INFORMS) Online http://www.informs.org/ 

42 InfoSys Technologies, Ltd. http://www.infosys.com/ 
43 Institute for Healthcare Improvement (IHI) http://www.ihi.org/ihi  
44 Institute for Safe Medication Practices (ISMP) http://www.ismp.org/ 
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 Organization/Association  Web site 
45 Institute of Industrial Engineering (IIE) http://www.iienet2.org/  

46 Internet Center for Management and Business 
Administration, Inc. http://www.netmba.com/site/about/ 

47 Iowa Foundation for Medical Care (IFMC) http://www.ifmc.org/ 
48 Kaiser Permanente https://www.kaiserpermanente.org/ 
49 MA eHealth Collaborative http://www.maehc.org/  
50 Margaret\A Consulting, LLC http://www.margret-a.com/ 
51 Markle Foundation http://www.markle.org/ 
52 Marshfield Clinic Research Foundation http://www.marshfieldclinic.org/research/ 
53 Massachusetts General Hospital http://www.massgeneral.org/ 
54 Masspro http://www.masspro.org/ 
55 Medical College of Wisconsin (MCW) http://www.mcw.edu/ 
56 Medical Connectivity Consulting http://medicalconnectivity.com/ 
57 Medical Group Management Association (MGMA) http://www.mgma.com/ 
58 MedTrak http://www.medtraksystems.com/ 
59 MetaStar http://www.metastar.com/  
60 Mind Tools Ltd http://www.mindtools.com/ 

61 MPRO, the Medicare Quality Improvement 
Organization for Michigan http://www.mpro.org/ 

62 Mycoted http://www.mycoted.com/ 
63 National Alliance for Primary Care Informatics  N/A 
64 National Committee for Quality Assurance http://www.ncqa.org/ 
65 New York Primary Care Information Project (PCIP) http://www.nyc.gov/html/doh/html/pcip/pcip.shtml  
66 The New York Times http://www.nytimes.com/ 

67 Office of the National Coordinator for Health 
Information Technology (ONC) http://healthit.hhs.gov/  

68 Patient-Centered Primary Care Collaborative http://www.pcpcc.net/ 
69 Perot Systems http://www.perotsystems.com/ 
70 Physicians EHR, Inc. http://www.physiciansehr.org/ 
71 Siemens Medical Solutions USA http://www.medical.siemens.com/ 
72 Society for Health Systems (SHS) http://www.iienet.org/SHS/  
73 Society of General Internal Medicine http://www.sgim.org/ 

74 Southern California Evidence-based Practice Center 
(EPC)  http://www.rand.org/health/centers/epc/ 

75 St. Mary’s Outpatient Center http://www.deancare.com/doctors-locations/clinic/dean-
clinic-profile.aspx?id=60914 

76 Surescripts http://www.surescripts.com 
77 UMass Memorial Health Care http://www.umassmemorial.org/  
78 United Physicians (UP) http://www.updoctors.com/  
79 University HealthSystem Consortium https://www.uhc.edu/ 
80 University Research Co., LLC http://www.urc-chs.com/ 
81 Upstate Neurology (via MGMA) http://www.upstateneurology.com/ 
82 UW Health http://www.uwhealth.org/ 
83 W.K. Kellogg Foundation http://www.wkkf.org/ 
84 Westat http://www.westat.com/ 

85 Wisconsin Collaborative for Healthcare Quality 
(includes IPIP program) http://www.wchq.org/ 

86 Wisconsin Medical Society (WMS) http://www.wisconsinmedicalsociety.org/ 

87 Wisconsin Research and Education Network 
(WREN) http://www.fammed.wisc.edu/research/wren/ 
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Appendix D: User Story References (including those 
identified in the literature review) 
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Baron R, Fabens E, Schiffman M, et al. Electronic health 
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Intern Med 2005;143(3):222-6.  
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Appendix F: Tool Compendium  
 
 
 
The Tool Compendium is a table of all the workflow analysis tools and methods that 
will be incorporated into the final Workflow Toolkit.  
 
It is available at:  http://healthit.ahrq.gov/workflowtoolcompendium 
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