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Preface 
 
To support research and policy formation in the area of Electronic Health Record (EHR) 

usability, the Agency for Healthcare Research and Quality (AHRQ) commissioned the “Use 
of Dense Display and Information Design Principles in Primary Care Health IT Systems” 
study. This study establishes a foundation of EHR interface design considerations and 
proposes an action-agenda for the application of information design principles to the use of 
health information technology (health IT) in primary care settings. The following activities 
were conducted to further these goals:  

• Existing research and evidence on information design, usability, and interface design 
was assessed. Where available, literature on specific EHR functions and the linkage 
between usability and the safety, quality, efficiency, and effectiveness of primary care 
delivery was summarized. 

• A multidisciplinary expert panel was identified and convened to discuss design 
principles and evaluation criteria and to propose an action-agenda to foster 
improvements in EHR usability. The members of that panel are detailed below. 

• The information gained through the above activities was used to develop two 
companion reports: Electronic Health Record Usability: Interface Design 
Considerations (this report); and Electronic Health Record Usability: Evaluation and 
Use Case Framework.  

 
This study was conducted for AHRQ by James Bell Associates and the Altarum Institute. 

We would like to thank the expert panel members for their many contributions to this report. 
Many disciplines, including medicine, information science, usability engineering, cognitive 
sciences, psychology, human factors, and others, offer insight into design improvements 
possible in EHRs. Effective exploration of this field requires expert input from multiple areas 
and the complete range of stakeholders. As such, a 2-day innovation meeting was held at 
AHRQ offices on February 26-27, 2009, with the purpose of evaluating the many 
perspectives and disciplines involved and bringing them together to develop a coordinated 
and comprehensive policy strategy for AHRQ. A distinguished panel of experts from 
academia, government, and the provider and vendor communities was assembled for this 
effort. Participants are listed in the following table. 

 
Expert Panel Members 

Name Affiliation 

Mark Ackerman, PhD (Presenter) Associate Professor, School of Information; Associate Professor, 
Department of Electrical Engineering and Computer Science, 
University of Michigan 

 

Daniel Armijo, MHSA (Presenter) Practice Area Leader, Information & Technology Strategies, Altarum 
Institute 

Clifford Goldsmith, MD Health Plan Strategist, Microsoft, Eastern U.S. 
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Executive Summary 
Health IT holds great promise in supporting the transformation and improvement of health 

care in America. The American Recovery and Reinvestment Act (ARRA) of 2009 has made 
available billions of dollars for health care providers to adopt and “meaningfully use” certified 
electronic health records (EHRs). 

An oft-cited limitation in the use of health information technology (health IT) is the 
“usability” or more broadly, information design, of EHRs. Information design represents the art 
and science of preparing and conveying information so that it can be used by human beings with 
efficiency and effectiveness.1 Recent articles in peer-reviewed and popular literature have 
identified shortcomings in usability and information design as both contributing to the poor 
uptake of EHRs in the market as well as new categories of errors in care delivery.2-4  

The usability of EHR systems, while recognized as critical for successful adoption and 
meaningful use, has not historically received the same level of attention as software features, 
functions, and technical requirements (e.g., interoperability specifications). Recognizing the 
importance of usability, the Certification Commission for Health Information Technology 
(CCHIT) recently formed a Usability Workgroup; however, current CCHIT criteria do not assess 
EHR product usability.5 

At the time of this report, very little systematic evidence has been gathered on the usability of 
EHRs in practice and the implications of their design on cognitive task flow, continuity of care, 
and efficiency of workflows. Further, the role of EHRs in patient care is evolving significantly as 
adoption is incentivized, health information exchanges operationalized, and new forms of 
comparative effectiveness codified and made available for clinical decision support. Given the 
significant Federal investment in EHR adoption, promoting improvements in EHR usability 
through fostering deliberations on the subject and furthering an action-based research agenda and 
policy recommendations are timely activities for the Agency for Healthcare Research and 
Quality (AHRQ). 

Based on recommendations from the AHRQ-commissioned report from the Institute for 
Healthcare Improvement,6 insight from the field, and the need for Federal leadership in this area, 
the Agency identified the adoption of information design principles as an opportunity for 
innovation in health IT. Improving the usability of EHRs will support care of the “whole patient” 
and improve the quality, safety, efficiency, and effectiveness of care delivered in the primary 
care setting. 

To begin exploration of improving EHR usability through the application of information 
design principles, AHRQ contracted with James Bell Associates and the Altarum Institute to: 

• Assess existing research and evidence in this area and its linkage to the safe, efficient, 
effective, patient-centered, equitable, and timely delivery of care. 

• Synthesize the information gained into recommendations for ongoing research, 
implementation, and policy work in this field. 

• Develop applicable “use cases” to evaluate how well information design in primary care 
health IT systems support care delivery processes and clinical decisionmaking. 
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To support these objectives, the project identified and convened a multidisciplinary panel 
including experts from the fields of health care delivery, health IT, information science, usability 
engineering, cognitive sciences, and human factors. Members of the expert panel included 
practicing clinicians, researchers, and leadership of care delivery organizations, health IT 
vendors, broader IT vendors, and health care member organizations. Multiple members of the 
expert panel serve or have served on the CCHIT. 

The expert panel recommended the following actions to support the development of an 
objective usability evidence-base, incorporate lessons learned from other industries, and 
systematically improve the usability of EHRs made available to practicing physicians and their 
staff. The panel’s recommendations were categorized into research-based activities and policy 
actions: 

Research 
 

The panel recommended funding research on: 

• Documenting patterns of clinician information use in EHR systems. 
• Developing and evaluating “use cases” and tools for evaluating EHR implementations for 

adherence to usability principles and best practices. 
• Developing an understanding of, and ways to measure the impact of usability and 

information design on ergonomic (navigating, documenting) and cognitive (reading, 
thinking, deciding) workload, data awareness and comprehension, patient safety, 
clinician decisionmaking, and efficiency of care delivery. 

• The effectiveness of adaptive displays, defined as those data displays that change the 
nature or format of information presented for viewing on specific patient characteristics 
or physician preferences. 

• Assessing current vendor and health care organization practices with regard to 
information design in EHR product development lifecycle and implementation. 

• Identifying and evaluating existing evidence-based style sheets and guidelines for EHRs. 
• Identifying and evaluating innovative ways to display complex information in EHRs. 
• Identifying best practices in the use of shared (patient-clinician) EHR views, including 

applicable privacy and confidentiality issues. 
• Promoting fellowships in the area of EHR usability and information design. 

 
Policy 

 

The panel recommended the following policy actions: 

• Establishing certification requirements for EHRs, based on a practical and fair process of 
usability evaluation: 
 Include usability/information design as an essential part of the certification process. 
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 Require/strongly recommend that vendors establish and document their programs for 
testing the usability of their systems (people and processes), including evaluating 
potential impacts on quality and safety.  

 Include EHR design and functionality in standards and guidelines. 
• Developing a National EHR usability laboratory to: 

 Support public-private collaboration and sharing of best practices in this area. 
 Develop tools and processes to support evaluation of products and implementations.  
 Assist health IT vendors in product development and health care organizations in effective 

implementation of EHRs. 
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Chapter 1. Introduction 
Widespread adoption of health information technologies holds the promise of 

transformational change in the way health care is delivered—improving quality, enhancing 
safety, and reducing costs. The increased availability of patient information and decision support 
at the point of care has tremendous potential for reducing errors and increasing evidence-based 
care delivery. In pursuit of these goals, various initiatives have sought to foster the adoption of 
technology including the Institute of Medicine (IOM) which in 1991 called for paperless records 
in 10 years,7 the establishment of the Office of the National Coordinator for Health Information 
Technology with the goal of nationwide Electronic Health Record (EHR) use by 20148 and, 
more recently, EHR-related incentives and penalties introduced through ARRA.9 Despite these 
initiatives and the many successes achieved through EHR implementations,10-12 physician 
adoption of clinical EHR systems is still estimated at less than 10 percent nationally.13  

While much attention is paid to the financial and technical reasons for limited EHR use in 
this country, the usability of these systems and their ability to effectively integrate with clinical 
decisionmaking and workflow has not been adequately explored to date.14, 15 Information design, 
the art and science of preparing information so that it can be used by human beings efficiently 
and effectively,16 is central to system usability and implementation success.17 As such, the 
further exploration of EHR information design has been identified by AHRQ as an opportunity 
for innovation in health IT that will improve the safe, efficient, effective, patient-centered, 
equitable, and timely delivery of care.  

Insights gained from this report, and its companion (Electronic Health Record Usability: 
Evaluation and Use Case Framework) are intended to foster research and policy development to 
inform the next generation of EHR products and the clinical communities that use them. 
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Chapter 2. Current State of Research and Design 
As background to this report an extensive literature review was conducted to determine past 

and current research and trends in the areas of information design; EHR functions and use; and 
usability considerations. The research was organized around EHR use in primary care settings 
and topic selection based on the understanding that diagnostic and treatment decisions in those 
settings demonstrate the most variability in environment, workflows, patient populations, and 
information requirements among outpatient care delivery. The primary care environment is also 
often cooperative (involving patient, physician[s] and staff) as well as time and resource 
constrained, which makes barrier reduction and ease of use essential components of any strategy 
to effect process improvement. Only through a full understanding of workflow, practice patterns, 
and physician information needs will it be possible to develop technologies that truly integrate 
with and enhance the practice of medicine. 

Usability 
  

The National Institute of Standards and Technology (NIST) defines usability as the 
“…effectiveness, efficiency and satisfaction with which the intended users can achieve their 
tasks in the intended context of product use.”18 This concept is critically important in promoting 
both the widespread adoption and “meaningful use” of EHRs prescribed in ARRA. Usability has 
been cited as a major factor in both the acceptance19, 20 and effectiveness21, 22 of EHRs in the 
clinical setting. Examples describing potential negative impacts of EHRs on efficiency,23 
cognitive load,24 team collaboration,25 and medical errors26 can all be linked, at least in part, to 
issues directly related to usability and design. 

While the broad issue of usability is often cited in the literature in relation to less than ideal 
results of EHR use, there is evidence that this issue is often poorly understood and is not 
adequately addressed by EHR developers and users alike.15 Even the prevailing body for setting 
standards and certifying the use of EHRs, the CCHIT, specifically excluded usability 
requirements in their original certifications5 and have only recently formed a usability workgroup 
to address this issue.  

There are many potential reasons for this lack of attention on EHR usability. Unlike the more 
straightforward identification of desired software features, functions, and interoperability goals, 
EHR usability can be a more subjective and elusive concept. Effective usability measures 
involve a combination of heuristics and observations of direct use in clinical settings along with 
noting unexpected patterns of workarounds and design influenced errors. The complexities of 
outpatient clinical environments are difficult to replicate in laboratory settings, and ethical and 
privacy concerns may prevent some types of usability evaluations in clinical settings.27 This is 
further complicated by an inability or unwillingness of the vendor community to invest heavily 
in usability constructed user acceptance testing, information design, and usability expert 
involvement in product development. The market’s inability or unwillingness to consistently pay 
for the level of implementation support required to appropriately incorporate technology into 
clinical practice (which can involve a level of process improvement beyond the change capital 
available in many practices) has also limited the quality of usability “evidence” available. It is 
uncommon for EHR implementation teams to include usability experts, and EHR end users, so 
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critical for evaluating usability, typically lack the skills or training required to assist in designing 
for usability.28 These factors combine to create an environment where usability has not received 
the required level of attention and investment, despite the best intentions of both EHR vendors 
and users. 

 
Information Design 

 
EHRs are the tools through which physicians, nurses, and other staff enter, view, and share 

the information required to deliver high quality care. The presentation of patient information has 
a direct effect on clinical decisionmaking whether it is in paper or electronic form.29 Clinical 
decisionmaking is a product of the integration and interpretation of multiple pieces of patient 
information and clinical knowledge. When incomplete or inconsistent display of information is 
combined with the variability that inherently exists in physician knowledge, variability in clinical 
decisions can be expected.30 Intuitively designed displays can provide immediate clinician access 
to the large variety of information required for patient care without a significant increase in 
cognitive effort or a reduction in system usability.31 However, information density must be 
increased with careful consideration of the basic principles of cognition, task analysis, interface 
design, and visualization in order to be effective.32 

Exploration of these basic principles in information design revealed no shortage in theories 
and principles related to the effective display of information in multiple contexts. Strategies in 
use of color,33 numbers,34 graphs,35 visualizations,36 and general principles of information 
design37-40 can all be easily referenced at a general level. The difficulty appears to be in applying 
these principles with specificity within the complex clinical environment. Alignment of 
information displays (i.e., software interfaces) with physician cognition, workflows, and 
decisionmaking in particular is an aspect of EHR design often cited as lacking in the current 
product market.24,41-44 

These cognitive considerations have been extensively discussed within the research 
community. Multiple approaches for cognitively based design and evaluation have been explored 
for a variety of health care technologies including electronic health records,45,46 computerized 
physician order entry,41,44,47,48 medical devices,49-52 and health care information resources on the 
Internet.53 Vimla Patel, André Kushniruk, James Cimino, and Jiajie Zhang are well cited 
advocates of applying cognitive approaches to designing and evaluating health care software user 
interfaces.43,54-56 Examples of innovative approaches to the displays of medical information can 
also be found through efforts to identify and meet unmet physician information needs57-59 or 
define alternative ways to view or explore patient information.60-62 This research, however, has 
not resulted in comprehensive standards or guidelines that are accepted or applied across the 
EHR market. 

Given the reality that multiple vendor systems, each having unique styles and design 
constructs, coexist in the current health care environment, creating standard design elements and 
principles for EHR interfaces is an emerging need. In the user-interface (UI) design community 
this is partially addressed through the establishment of interactive patterns; a collection of 
building blocks that represent recurring solutions to common design problems.63,64 For example, 
the U.S. Department of Health and Human Services publishes The Research-Based Web Design 
and Usability Guidelines. These guidelines promote the use of research validated designs for 
building responsive and easy-to-use Web sites for the public.65 The Microsoft Health Common 
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User Interface is one early attempt to achieve some uniformity among health IT UI by collecting 
empirically validated designs with descriptions of their qualities and applicable contexts.66 
Continuing and building on this type of work will allow for the development of intuitive, 
adaptive displays with the capacity to effectively support the evolving role of EHRs in clinical 
practice. 
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Chapter 3. EHR Innovation Meeting and 
Recommendations 

Many disciplines, including medicine, information science, usability engineering, cognitive 
sciences, psychology, human factors, and others offer insight into possible usability and UI 
design improvements to EHR products. Each offers particular insight into the design and 
development of more effective EHRs. Effective exploration of this field requires expert input 
from multiple areas, the complete range of stakeholders, and incorporation of ideas from other 
industries. As such, a 2-day innovation meeting was held at AHRQ offices February 26-27, 
2009, with the purpose of evaluating the perspectives offered by many disciplines and bringing 
them together to develop a coherent, comprehensive, and successful policy strategy for AHRQ. 
A distinguished panel of experts from academia, government, and the provider and vendor 
communities was assembled for this effort. A full list of meeting participants can be found in the 
preface to this report. 

 
Discussion Key Points 

 
The group was highly participatory, and the discussions surrounding the presentation topics 

were engaging and covered a wide range of topics. Several key points were made throughout the 
discussion; these are summarized below.    

There are strong indications that EHRs can dramatically improve quality and lower cost; 
however, the majority of products in the market require far too much effort and skill to achieve 
those ends. The resource intensive planning and training necessary for effective EHR 
implementation has limited the realization of benefits expected from widespread adoption.  

While usability as defined by NIST is a broad concept, a particular element of importance to 
health IT is intuitiveness or “learn-ability without teaching.” As tools offer more features and 
their relevance to clinical decisions grows, the ability to figure out how to accomplish a novel 
task without training grows in importance. 

There are differences in care complexity that need to be considered in EHR design: new vs. 
ongoing patients; patients with chronic conditions vs. those with self-limited ones; and those 
with common presenting symptoms vs. those with complex or undifferentiated ones. EHR design 
needs to effectively address the breadth of health care encounters.  

Existing efforts to evaluate EHR systems are insufficient for broad identification of best 
practices in information design. Further, the recognition of usability as a critical issue varies 
across organizations responsible for setting standards and not enough objective evidence exists 
for specific design considerations drawn from real-world patient care settings. Existing efforts 
have focused on patient safety issues. 

The group was in general agreement that to impact change, AHRQ needs to leverage 
existing groups that have a current set of engaged participants with practical recommendations 
that can be utilized immediately (e.g., medical associations, large provider organizations, user 
groups, certification organizations, etc.).  
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There are many ways to promote an action-agenda to foster improvements in EHR usability. 
There is a need to create a community and social structure that promotes usability evaluation and 
continuous EHR improvement. From workshops and panels at leading conferences to the 
creation of an annual conference on EHR usability and perhaps even a scientific journal to focus 
on these topics, there is much that can be done to foster purposeful discussion and stakeholder 
engagement. 

 
Areas of Recommended Focus 

 
As the primary output of the innovation meeting, participants developed a set of 

recommendations to identify concrete initiatives which could be promoted or supported by 
AHRQ to facilitate improved EHR design and usability. Participants agreed there are multiple 
areas of potential action to foster discussion and improvement. These areas are described below. 
 
Building a Base of Evidence 

 
In order to be effective, efforts to improve EHR design need to be firmly grounded in 

evidence. Further academic exploration was suggested by meeting participants to enhance our 
understanding of the clinician/EHR interaction. 

During the course of providing care, a physician may consult the EHR or other information 
sources to review a patient’s history or test results, identify appropriate treatment plans, or access 
knowledge resources. Multiple studies have documented that physicians often do not seek 
answers to information needs encountered when delivering care, citing difficulty in locating 
needed information or doubt as to the existence of information which will fit their specific 
needs.67 Evaluating and documenting the information needs of physicians and the rest of the care 
team is central to ensuring that information displays are effective in promoting quality care. The 
interchanges between human error and system design are of particular note. Information design 
considerations can foretell and prevent common points of human error and inattention to them as 
been shown to introduce new causes of human error.22 Further analysis should be conducted to 
improve our understanding of clinical information needs and explore proven and effective 
methods for presenting that information to enhance the delivery of care. 

As detailed in sections above, EHRs have historically had mixed impacts on physician 
workflow and cognition. While many have experienced marked improvements in care quality 
and efficiency after EHR implementation, others provided examples of negative results in the 
same areas. The lack of adequate consideration of the cognitive needs of computer users has 
been a significant impediment to the acceptance and routine use of computer-based systems in 
health care.42 Performing the research required to directly link aspects of information design to 
their effects on clinical practice will create a base of evidence which can directly inform the 
vendor community and improve EHR design. 
 
Evaluating and Measuring EHRs 

 
The EHR market is broad and is expected to grow significantly over the next several years.68 

New technologies are always being explored, and existing technologies are being implemented 
in a variety of different clinical settings. Not all of these features and functions are created equal, 

12 



 

 

nor are they equally effective in different environments. Clinicians attempting to purchase EHRs 
are often unfamiliar with the range of technological offerings and trade-offs and thus are at a 
disadvantage in determining which product will best suit their needs and requirements.69 For 
these reasons, while not necessarily a role for government, a need currently exists for improved 
EHR evaluation and measurement and the dissemination of these results to EHR researchers, 
developers, and purchasers. 

Medical care is delivered in a highly interruptive environment composed of complex work 
processes performed by multidisciplinary teams. These teams primarily operate in heavily 
tailored (site and provider specific) rules-based decisionmaking modes. This environment is 
difficult to replicate in a laboratory setting, creating challenges for the design of EHR systems 
required to be effective in varied clinical environments. Even direct involvement of clinicians in 
EHR product development has failed to consistently produce products which accurately reflect 
clinician workflow.70  

Evaluation of EHRs in use in clinical settings presents a potential solution; however, direct 
observation of EHR use can be disruptive and costly. As it would be inefficient to require each 
vendor to undertake such field studies of their products in use, alternative strategies should be 
pursued. These strategies include the creation of a mechanism to support structured observations 
of mature EHR offerings in use through government-supported efforts like Practice-Based 
Research Networks (PBRNs) and improving the ability to track and evaluate actual EHR use 
through expanded use of audit trails and structured analysis of navigation patterns, etc. These 
would provide valuable information to EHR researchers and developers including deficiencies in 
design, definition around usability issues, and clinician behavior within the context of 
interactions with EHRs. Products designed to more closely reflect the desired work patterns of 
physicians and support staff would reduce EHR implementation difficulties and improve the long 
term efficiency and effectiveness of the application of technology on clinical practice.  

Increased measurement is also needed to more accurately describe user interaction with 
EHRs and the computing devices they run on. The development of metrics to describe an EHR’s 
impact on ergonomic workload, cognitive workload, and data comprehension would all be useful 
tools in the evaluation and comparison of currently available EHR products. Measurements 
specifically focused on usability would provide insight into the ease with which clinicians are 
able to integrate EHR use into the care setting. 

Evaluation of EHR offerings is a complex but necessary undertaking.71 Once practical 
metrics have been developed, high performing EHRs (in terms of information design and 
usability) can be identified and direct comparisons can be made which would help end users 
make more effective purchasing decisions. New entrants into the market will also be able to be 
effectively compared to existing programs, increasing the ability for promising technologies to 
enter into clinician use. While government-funded Regional health IT Extension Centers may 
serve as a mechanism to support evaluative efforts and disseminate product comparisons, actual 
product rankings should likely be conducted by the private sector. 
 
Creating Standards and Guidelines 

 
When research, measurement, and evaluation leads to knowledge of design characteristics 

that are clearly associated with ease of use and improved patient care potential, guidelines and 
standards should be released to the EHR vendor and user communities. As specific EHR displays 
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and functions are tested in laboratory and real-world environments, a basis of evidence can be 
created which should be used in the creation of style sheets and guidelines for EHR design. 
These style sheets can focus on best practices in commonly used EHR functions and tasks, 
increasing overall EHR usability and consistency. Dissemination of proposed standards, style 
sheets, and design guidance should be open and available for comment. One approach would be 
the development of an online EHR usability library that could be used to disseminate proven 
design approaches and as a clearinghouse for guidelines under development. 

Standards can also be used to encourage best practices in EHR development (i.e., 
encouraging reliable incorporation of usability metrics into the development cycle). At 
minimum, requesting that all EHR vendors actively test for usability and supporting the posting 
of processes and personnel devoted to this effort would help promote putting appropriate 
structures in place to encourage quality in the EHR design process. 

The creation of standards and certification for EHR products is currently performed through 
the CCHIT. This commission is developing standards and certification criteria in the areas of 
EHR functionality and interoperability. The recently formed CCHIT Usability Workgroup 
should begin by defining the appropriate level of government involvement in usability standard 
setting and evaluation. The work of multidisciplinary committees such as CCHIT will enhance 
the acceptance of standards in EHR design, thus promoting usability considerations market-wide. 
 
Encouraging Innovation 

 
EHR product offerings are constantly evolving, improving functionality and design to better 

meet end user needs. Encouraging and broadening this innovation will serve to more quickly 
identify and incorporate new technologies and strategies into EHR design. Chief among the ideas 
for encouraging innovation was the idea of a usability competition for both new and existing 
EHR products. Competing EHRs could be loaded with de-identified real world data sets and 
evaluated by trained physicians on their performance of specific clinical tasks. This type of 
forum could be utilized to bring together vendors, researchers, and users and publicly showcase 
the performance of both new and existing EHR technologies. 

Regardless of the forum, innovation meeting participants stressed the need for increased 
coordination between EHR developers, visualization experts, health informaticists, and users to 
encourage innovation in the field of EHR design. Whether through the development of a national 
usability laboratory and corresponding library or encouraging cross-field collaboration through 
fellowships and conference discourse, participants agreed that innovation could be promoted 
through the combined efforts of a variety of fields of study. 

 
Targeted Recommendations 

 
The above discussions can be summarized through a set of targeted research and policy 

initiatives which can serve to both improve our understanding of and spur innovation in EHR 
usability and information design. A condensed set of high-priority recommendations developed 
by the expert panel follows. 
 
Research 

 

14 



 

 

The panel recommended funding research on: 
• Documenting patterns of clinician information use in EHR systems. 
• Developing and evaluating “use cases” and tools for evaluating EHR implementations for 

adherence to usability principles and best practices. 
• Developing an understanding of, and ways to measure the impact of usability and 

information design on ergonomic and cognitive workload, data comprehension, usability, 
patient safety, clinician decisionmaking, and clinical outcomes. 

• Research the effectiveness of adaptive displays, defined as those data displays that 
change the nature or format of information presented for viewing on specific patient 
characteristics or physician preferences. 

• Assessing current vendor and health care organization practices with regard to 
information design in EHR product development and implementation. 

• Identifying and evaluating existing evidence-based style sheets and guidelines for EHRs. 
• Identifying and evaluating innovative ways to display information in EHRs. 
• Identifying best practices in the use of shared (patient-clinician) EHR views, including 

applicable privacy and confidentiality issues. 
• Promoting fellowships in the area of EHR usability and information design. 

 
Policy 

 
The panel recommended the following policy actions: 

• Establishing certification requirements for EHRs that: 
 Include usability/information design as an essential part of the certification process. 
 Require/strongly recommend that vendors establish and document their programs for 

testing the usability of their systems (people and processes), including evaluating 
potential impacts on quality and safety.  

 Include EHR design and functionality in standards and guidelines. 
 

• Developing a national EHR usability laboratory to: 
 Support public-private collaboration and sharing of best practices in this area. 
 Develop tools and processes to support evaluation of products and implementations.  
 Assist health IT vendors in product development and health care organizations in 

effective implementation of EHRs. 
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Chapter 4. Concluding Thoughts 
This document provides recommended actions to support the development of an objective 

EHR usability evidence base and formative policies to systematically improve the usability of 
EHR systems. In a companion document, Electronic Health Record Usability: Evaluation and 
Use Case Framework, the evolving role of EHRs and the need for a practical, common 
evaluation framework is discussed. Information design principles tailored to EHR considerations 
along with initial approaches to heuristic usability evaluation and representative use cases are 
also provided. These two companion documents on EHR usability are intended to foster 
discussion on the importance of usability and guide federally funded research activities as well as 
inform policy development in this area. Through collaborative efforts between physicians, 
researchers, and vendors these recommendations and frameworks can be further refined to 
promote the necessary industry focus on EHR design and its significance to consistently 
delivering desired improvements in care quality and efficiency.  

 

17 



18 

 

 



 

 

References
1. Jacobson R. Information design: emergence of a new information systems. Health Aff (Millwood) 2005 

profession. In: Jacobson R, ed. Information design. Sep-Oct;24(5):1323-33. 
Boston: MIT Press; 2000. p. 15. 

15. Schumacher RM, Webb JM, Jonson KR. How to 
2. Terhune CK, Epstein AC. The dubious promise of select an electronic health record system that 

digital medicine. BusinessWeek 2009;4129):30-7. healthcare professionals can use. Oakbrook Terrace, 
IL: User Centric, Inc.; 2009. 

3. Kuehn, BM. IT vulnerabilities highlighted by errors, 
malfunctions at veterans' medical centers. JAMA 16.  Horn, RE. Information design: emergence of a new 
2009 Mar 4;301(9):919-20.  profession. In: Jacobson R. ed. Information design. 

Cambridge, MA: MIT Press; 1999. p. 15-33. 
4. Jha AK, DesRoches CM, Campbell EG, et al. Use of 

electronic health records in U.S. hospitals. N Engl J 17. Biffl S, Aurum A, Boehm B, et al. Value-based 
Med 2009 Apr 16;360(16):1628-38.  software engineering. Heidelberg: Springer Press; 

2006. 
5. Certification Commission for Healthcare 

Information Technology. Certification handbook. 18. National Institute of Standards and Technology. 
Certified 08 Programs. Chicago, IL: CCHIT; 2008. Common industry specification for usability 

requirements NISTIR 7432. Gaithersburg, MD: 
6.  Langley J, Beasley C. Health information Author; 2007. Publication number IUSR:CISU-R 

technology for improving quality of care in primary v0.90. 
care settings. (Prepared by the Institute for 
Healthcare Improvement for the National Opinion 19. Linder, JA, Schnipper JL, Tsurikova R, et al, 
Research Center under contract No. 290-04-0016.) Barriers to electronic health record use during 
AHRQ Publication No. 07-0079-EF. Rockville, MD: patient visits.  AMIA Annu Symp Proc 2006:499-
Agency for Healthcare Research and Quality; July 503. 
2007. 

20. Schellhase KG, Koepsell TD, Norris TE. Providers' 
7. Wolfe A, Institute of Medicine report: Crossing the reactions to an automated health maintenance 

Quality Chasm: a new health care system for the reminder system incorporated into the patient's 
21st century. Policy Polit Nurs Pract 2001;2(3):233- electronic medical record. J Am Board Fam Pract 
5. 2003;16(4):312-7. 

8. Ford EW, Menachemi N, Phillips MT. Predicting the 21. Steele E. EHR implementation: who benefits, who 
adoption of electronic health records by physicians: pays? Health Manag Technol 2006 Jul; 27(7):44,43. 
when will health care be paperless? J Am Med 

22. Koppel R, Metlay JP, Cohen A, et al. Role of Inform Assoc 2006;13(1):106-12.  
computerized physician order entry systems in 

9.  Blumenthal D. Stimulating the adoption of health facilitating medication errors. JAMA. 2005 Mar 
information technology. N Engl J Med 2009 Apr 9;293(10):1197-203. 
9;360(15):1477-9. 

23. Crabtree BF, Miller WL, Tallia AF, et al. Delivery 
10. Garg AX, Adhikari NK, McDonald H, et al. Effects of of clinical preventive services in family medicine 

computerized clinical decision support systems on practitioner offices. Ann Fam Med 2005 Sep-Oct;3(5):430-5. 
performance and patient outcomes: a systematic review.  

24. Tang PC, Patel VL. Major issues in user interface JAMA 2005 Mar 9;293(10):1223-38. 
design for health professional workstations: 

11. Hunt DL, Haynes RB, Hanna SE, et al. Effects of summary and recommendations. Int J Biomed 
computer-based clinical decision support systems on Comput 1994;34(1-4):139-48. 
physician performance and patient outcomes: a 

25. Han YY, Carcillo JA, Venkataraman ST, et al. systematic review.  JAMA 1998 Oct 
Unexpected increased mortality after implementation 21;280(15):1339-46. 
of a commercially sold computerized physician order 

12. Jimbo M, Nease DE Jr., Ruffin MT 4th, et al. entry system. Pediatrics 2005 Dec;116(6):1506-12. 
Information technology and cancer prevention. CA Erratum in: Pediatrics 2006 Feb;117(2):594.  
Cancer J Clin 2006 Jan-Feb;56(1):26-36; quiz 48-9.  

26. Ash J, Berg M, Coiera E. Some unintended 
13. Zhang J,  Patel VL. Electronic health records: a consequences of information technology in health 

human project. In: Touch briefings. London; E- care: the nature of patient care information system-
Health and Medical IT Solutions; 2006: p. 35-6. related errors. JAMA 2005;11(2):104-12. 

14. Gans D, Kralewski J, Hammons T, et al. Medical 27. Lilholt LH, Pedersen SS, Madsen I, et al. 
groups' adoption of electronic health records and Development of methods for usability evaluations of 

19 



 

EHR systems. In: Hasman A, Haux R, van der Lei J, Computational technology for effective health care: 
et al. eds. Ubiquity: technologies for better health in immediate steps and strategic directions. 
aging societies. Fairfax, VA: IOS Press; 2006. p. Washington, DC: National Academies Press; 2009. 
331-46. 

43. Patel V, Kushniruk A. Interface design for health 
28. Walker JM. Usability. In: Walker JM, Bieber EJ, care environments: the role of cognitive science. 

Richards F, eds. Implementing an electronic health Proc AMIA Symp 1998:29-37. 
record system. London: Springer; 2005. p. 47-59. 

44. Horsky J, Kaufman DR, Oppenheim MI, et al. A 
29. Marchionini G, Rimer BK, Wildemuth B. Evidence framework for analyzing the cognitive complexity of 

base for personal health record usability: final report computer-assisted clinical ordering. J Biomed 
to the National Cancer Institute. Chapel Hill, NC: Inform;36(1-2):4-22. 
University of North Carolina; 2007. p. 33. 

45. Kushniruk A, Kaufman DR, Patel VL, et al. 
30. Elson RB, Faughnan JG, Connelly DP. An industrial Assessment of a computerized patient record system: 

process view of information delivery to support a cognitive approach to evaluating medical 
clinical decision making: implications for systems technology. MD Comput 1996;13(5):406-15. 
design and process measures. J Am Med Inform 

46. Patel VL, Kushniruk AW, Yang S, et al, Impact of a Assoc 1997;4(4): 266-78. 
computer-based patient record system on data 

31. Tufte E. The visual display of quantitative collection, knowledge organization, and reasoning. J 
information. 2nd ed. Cheshire, CT: Graphics Press; Am Med Inform Assoc 2000;7(6):569-85. 
2001. p. 197. 

47. Gorman P, Lavelle M, Ash J. Order creation and 
32. Tufte, E, Beautiful evidence. Cheshire, CT: Graphics communication in healthcare. Methods Inf Med 

Press; 2006. p. 213. 2003;42(4):376-84. 

33. Few S. Information on dashboard design. 48. Beuscart-Zéphir MC, Pelayo S, Anceaux F, et al. 
Sebastopol, CA: O'Reilly Media; 2008. p. 223. Cognitive analysis of physicians and nurses 

cooperation in the medication ordering and 
34. Few S. Show me the numbers: designing tables and administration process. Int J Med Inform 2007 

graphs to enlighten. Oakland, CA: Analytics Press; Jun;76 Suppl 1:S65-77. 
2004. p. 280. 

49. Zhang J, Johnson TR, Patel VL, et al. Using 
35. Wickens C, Gordon S, Liu Y. Introduction to human usability heuristics to evaluate patient safety of 

factors engineering. 2nd ed. Englewood Cliffs, NJ: medical devices. J Biomed Inform 2003 Feb-
Prentice Hall; 1998. p. 608. Apr;36(1-2):23-30. 

36. Ancker JS, Senathirajah Y, Kukafka R, et al. Design 50. Liljegren E, Osvalder A. Cognitive engineering 
features of graphs in health risk communication: a methods as usability evaluation tools for medical 
systematic review. J Am Med Inform Assoc equipment. Int J Ind Ergon 2004;34:49-62. 
2006;13(6):608-18.  

51. Malhotra S, Laxmisan A, Keselman A, et al. 
37. Nielsen J. Usability engineering. San Francisco: Designing the design phase of critical care devices: a 

Morgan Kaufmann; 1994. p. 362. cognitive approach. J Biomed Inform 2005 
38. Shneiderman B, Plaisant C. Designing the user Feb;38(1):34-50. 

interface: strategies for effective human-computer 52. Laxmisan A, Malhotra S, Keselman A, et al. 
interaction. 4th ed. Reading, MA: Addison Wesley; Decisions about critical events in device-related 
2004. p. 672. scenarios as a function of expertise.  J Biomed 

39.  Tognazzini B. First principles of information Inform 2005;38(3):200-12. 
design. 2003. Available at: 53. Lau AY, Coiera EW. Do people experience 
http://www.asktog.com/basics/firstPrinciples.html. cognitive biases while searching for information? J 
Accessed April 2, 2009. Am Med Inform Assoc 2007;14(5):599-608. 

40. University of Washington Computing and 54. Patel VL, Kaufman DR. Medical informatics and the 
Communications. Graphics and Web design based science of cognition. J Am Med Inform Assoc 
on Edward Tufte's principles. 1999. Available at: 1998;5(6):493-502. 
http://www.washington.edu/computing/training/560/
zz-tufte.html. Accessed April 2, 2009. 55. Kushniruk AW, Patel VL. Cognitive evaluation of 

decision making processes and assessment of 
41. Weir CR, Nebeker JJ, Hicken BL, et al. A cognitive information technology in medicine. Int J Med 

task analysis of information management strategies Inform 1998 Aug-Sep;51(2-3):83-90.  
in a computerized provider order entry environment. 
J Am Med Inform Assoc 2007;14(1):65-75. 56. Johnson CM, Johnson TR, Zhang J. A user-centered 

framework for redesigning health care interfaces. J 
42. Stead WW, Lin HS, eds., Committee on Engaging Biomed Inform 2005;38(1):75-87. 

the Computer Science Research Community in 
Health Care Informatics, National Research Council. 

20 

 



 

 

57. Cimino J. An integrated approach to computer-based 64. Tidwell J. Designing interfaces: patterns for 
decision support at the point of care. Trans Am Clin effective interaction design. Sebastopol, CA: 
Climatol Assoc 2007;118:273-88. O'Reilly Media; 2005. 

58. Cimino J, Li J, Bakken S, et al. Theoretical, 65. Koyani S, Bailey R, Nall J. Research-based Web 
empirical and practical approaches to resolving the design and usability guidelines. Washington, DC: 
unmet information needs of clinical information Department of Health and Human Services, General 
system users. Proc AMIA Symp 2002:170-4.  Services Administration; 2006. 

59. Collins SA, Currie LM, Bakken S, et al. Information 66. Microsoft. Microsoft’s health common user 
needs, infobutton manager use, and satisfaction by interface. 2008. Available at: http://www.mscui.net/. 
clinician type: a case study. J Am Med Inform Assoc Accessed November 17, 2008. 
2009 Jan-Feb;16(1):140-2.  

67. Coumou HC, Meijman FJ. How do primary care 
60. Charette RN. Visualizing electronic health records physicians seek answers to clinical questions? A 

with Google-Earth for the Body. IEEE Spectrum literature review. J Med Libr Assoc 2006 
2008 January. Available at: Jan;94(1):55-60. Review. 
http://www.spectrum.ieee.org/biomedical/diagnostic

68. Brailer DJ. Presidential leadership and health s/visualizing-electronic-health-records-with-
information technology. Health Aff googleearth-for-the-body. 
2009;28(2):w392-8. 

61. Cafer J. Medication iconographs: data visualization 
69. Ermini EB. Creating a national health information to prevent medication errors. 2007.  Available at: 

network: the importance of provider participation. N http://health2con.crowdvine.com/posts/show/597512
C Med J 2005 May-Jun;66(3):212-5.  . Accessed November 17, 2008. 

70. Zheng K, Padman R, Johnson MP, et al. An 62. Lamy JB, Venot A, Bar-Hen A, et al. Design of a 
interface-driven analysis of user interactions with an graphical and interactive interface for facilitating 
electronic health records system. J Am Med Inform access to drug contraindications, cautions for use, 
Assoc 2009 Mar-Apr;16(2):228-37. interactions and adverse effects. BMC Med Inform 

Decis Mak 2008 Jun 2;8:21. 71. Lobach DF, Detmer DE. Research challenges for 
electronic health records. Am J Prev Med 2007 63. Alexander C, Ishikawa S, Silverstein M. A pattern 
May;32(5 Suppl):S104-11. language: towns, buildings, construction. New York: 

Oxford University Press; 1977.  

 

 

 

 
 

21 


	Frontmatter
	Citation
	Preface
	Contents

	Executive Summary
	Chapter 1. Introduction
	Chapter 2. Current State of Research and Design
	Chapter 3. EHR Innovation Meeting andRecommendations
	Chapter 4. Concluding Thoughts
	References

