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What might the attendee be able to do after being in your session? 

This Panel Discussion will present data and results of an AHRQ-sponsored study to identify and elucidate the 

operational and technical performance characteristics and properties of an optimal electronic health record (EHR) for 

clinicians.  Attendees will understand the utility of applying parallel convergent mixed methods to identifying and 

validating the components of the optimized EHR framework, particularly from the perspectives of the need to improve 

workflow, to distribute data management across all members of the healthcare team, to integrate patients into the care 

team, to reduce clinician cognitive burden imposed by the EHR, and to understand system functionality targets that 

would actually provide value to the clinician. Attendees will recognize that clinical medicine is practiced similarly 

across the US such that a consistent, optimized EHR framework (independent of installed EHR) would dramatically 

improve healthcare efficiency, efficacy, and satisfaction.  

Description of the Problem or Gap 

Multiple studies have documented increasing clinician dissatisfaction and burnout, with the EHR frequently being 

identified as the primary culprit (1, 2). Current studies indicate that clinicians spend twice as much time with the 

computer than their patients (3). This has been attributed to poor EHR design and administrative burden (4). We sought 

to define and model the characteristics of an efficient, effective, and satisfying EHR framework that reduces the clinician 

burden imparted by current EHR systems.  

Methods: What did you do to address the problem or gap? 

Current EHR systems have largely promulgated classic paper-based charting approaches rather than transforming 

clinical documentation processes. We sought to understand the foundational needs of clinicians. Using parallel 

convergent mixed methods to identify and validate those needs, we constructed an EHR prototype following an agile 

methodology using user-centered design principles. We validated the framework across multiple institutions and 

providers. An early observation was that clinicians wanted to more deeply involve patients in their own care, we also 

developed and tested a personal health record (PHR) prototype that links content between the EHR and PHR (5).  

1-Understanding the issues and needs of clinicians: 

We defined clinicians as anyone having direct contact with patients.  This included front desk staff, nurses, advanced 

practice providers, physician assistants, house-staff, and physicians. We engaged clinicians across eight institutions 

(four academic and four private practice) in various phases of the work.  This included practices that primarily served 

critical access patients, clinicians within the Veterans Administration, as well as large multispecialty private and 

academic health systems. We elected to focus on cardiovascular disease as an archetype of the classes of patients 

typically encountered across healthcare (acute and chronic diseases, inpatient and ambulatory practices, imaging and 

procedures) in anticipation of identifying generalizable solutions applicable to the rest of healthcare. 

We first created a simulated patient and used a trained patient (actor). We tested multiple scenarios including coronary 

artery disease, heart failure, hypertension, and atrial fibrillation management. The actor was the same at all sites and 

across all evaluations.  The use of a simulated patient avoided issues of privacy and security and per exit surveys 

provided an accurate reflection of the clinical encounter.  Between 2015 and 2017 we surveyed 35 clinicians at 8 sites 

across the country (4 academic sites: Duke University, Indiana University, University of Nebraska, and the Veterans 

Administration Center in Omaha affiliated with Creighton University, and 4 private sites: Faith Regional Medical 

Center in Norfolk, NE, Swedish Medical Center in Seattle WA, Parkview Health in Fort Wayne, IN, and St. Vincent 

Heart Center in Indianapolis, IN).  The installed EHRs evaluated included Epic, Cerner, Allscripts, AthenaHealth, 

NextGen, and CPRS.  

Individual surveys included demographics, the system usability scale (6) to assess their satisfaction with their installed 

EHR, and recorded/transcribed qualitative surveys after the simulated patient encounters. 

2-Identification and prioritization of EHR framework clinical tasks and related component concepts: 
The qualitative surveys were deconstructed and analyzed using nVivo software (QSR International) by two independent 

investigators and adjudicated by a third independent investigator. These results were then presented and scored using 

modified Delphi modeling by a multidisciplinary team of clinical informatics and clinician subject matter experts using 

ThinkTank (GroupSystems Corp) with an expert, independent facilitator. ThinkTank is a collaboration software 

package that allows rapid consensus building using an anonymized on-line platform. Under the guidance of the 

facilitator, clinical tasks and related component concepts for the EHR framework were developed and validated through 



 

 

at least two rounds of voting.  

3-Prototype Construction and Validation: 
Using agile development techniques, a team of computer scientists, clinical informaticists and subject matter experts 

designed and developed a fully functional EHR prototype using bootstrap (Bootstrap.com) and Angular (Angular.IO) 

as the graphic user interface and Microsoft SQL for the database. A new simulated patient and actor were used for 

repeat testing.   

Validation was confirmed through qualitative interviews ad quantitative tools (SUS).  Between May-November, 2019, 

25 clinicians from each of the eight sites participated in the second round of testing. Training on the prototype system 

required an average of only 15 minutes. The clinicians rated their current installed EHR prior to testing and scoring the 

EHR prototype.  

 

Results: What was the outcome(s) of what you did to address the problem or gap? 

1-Understanding the issues and needs of clinicians: 
Stimulated by the American Recovery and Reinvestment Act of 2009, EHR systems have been installed in 96% of 

hospitals across the US. However, system usability scores have remained poor (Table 1) with concerns being similar to 

our initial studies of EHR adoption presented in 2007 (7). Key findings include the perception that the EHR impedes 

clinician workflow, inhibits communication, and adversely affects decision-making, ultimately concluding that the 

EHR interfered with patient care. There was great concern that reviewing patient records and documenting the patient 

encounter was burdensome, especially the documentation of “impertinent negatives”. It was a common comment that 

the EHR added 90 minutes to the workday.  Copying and pasting was frequently mentioned as a method to efficiently 

bring forward information from previous encounters. Most did not use the problem list because it became “bloated” 

and hard to manage. While this study was specifically not designed to compare one EHR versus another, we could not 

readily detect that one system performed substantially better than any other. 

 

2- Identification and prioritization of EHR framework clinical tasks and related component concepts: 
It became clear from our initial interviews that the ability to improve usability (efficiency, effectiveness, and 

satisfaction) could not be accomplished simply by reducing clicks; therefore, we evaluated all of the tasks necessary to 

complete a clinical encounter then deconstructed the encounter into the essential components. Again leveraging the 

ThinkTank system, we independently validated assumptions and designs of the research team via survey of the 

American College of Cardiology Informatics and Health Information Technology Taskforce. 

 

The key findings included the following;  

-A clinical encounter is deconstructed into three steps: review, interview, and document, and that process in iterative. 

-Moving from primarily analog text to semi-structured data-based documentation is essential. 

-Care needs to move from encounter-based to a continuum. 

-Data can be entered by the patient or the clinician but must be verified by the treating physician or APP. 

-Clinical problems (symptoms, diagnoses, or therapeutics) can efficiently drive dataflow and workflow. 

-Domain knowledge and clinical expertise drive the information/data needs of the clinicians. 

-Based on Delphi modeling the data needed for computational purposes is typically constrained and independent of 

clinical location or installed EHR. 

-Clinicians want appropriate data pushed to them, including clinical images. What clinicians want pushed can be 

managed by their domain expertise and the clinical problem being addressed, thereby reducing time needed to review 

information and create a mental model of the patient’s conditions.  

-Understanding that data has persistence beyond the encounter, i.e., moving from encounter-based to a continuous care 

model.  Thus, data relevant to a patient with, say a heart transplant should persist beyond the individual encounter. 

-A well curated problem list is important to improve efficiency and effectiveness. 

-Robust structured data plus a concise clinical narrative can accurately and efficiently convey the patient’s problems. 

-Of note, in 60 simulations no clinician requested or used on-line educational material during the clinical encounter.  

 

3-Prototype Construction and Validation: 
Development of the EHR prototype reflected integration of the key findings elucidated via the qualitative work 

(clinical tasks, data flow, workflow, distribution of healthcare documentation across the members of the healthcare 

team, active inclusion of the patient, etc.). The prototype required two high resolution monitor screens to achieve the 

desired efficiency, effectiveness and satisfaction targets. Reviewing and validating data was predominately a function 

of the left monitor screen. By keeping key data and narrative persistent on the left screen, information synthesis was 

facilitated. We created a library metaphor to house information relevant to billing and collections that was otherwise of 

little use in clinician and patient communication to reduce “note bloat”. Persistence of key data, the ability to review 



 

 

the raw data/images and ability to easily validate patient and nursing entered data was viewed by clinicians as major 

efficiency gains.  Although concerns about the utility and curation of the problem list were voiced, clinicians 

understood and appreciated having the EHR compile and aggregate data while anticipating diagnostic testing and 

therapeutic intervention recommendations.  

  
Installed EHR SUS (Initial) Installed EHR SUS (final) Prototype EHR SUS (final) 

SUS Score 46.7 +/- 16.6 48.1 +/- 16.7 77.8 +/- 12.4 

Satisfaction Score 3.10 +/- 0.93 3.16 +/- 0.85 4.40 +/- 0.58 

 

Table 1 presents the System Usability Surveys at the time of initial testing (n=35) and final testing (n=25) of the 

installed EHR, and the prototype EHR.  There was no statistically significant improvement in SUS or Satisfaction 

scores (1-5, from strong disagree to strongly agree) between initial and final installed EHR, p=NS.  There is a highly 

significant increased level of SUS scoring and satisfaction with the prototype EHR, p<0.001 

 

Discussion of Results 

This project had three goals: to understand clinician issues and needs in terms of EHR functionality, to refine and 

validate these expectations into a framework that supports clinician defined functionality, and to demonstrate a 

system with improved usability that reduces clinician burden. As demonstrated between baseline and final EHR 

testing, system usability scores remain poor despite familiarity with the installed EHR, (SUS scores below 68 are 

considered poorly designed) Despite a very short training period , our prototype EHR overcame the barriers of 

currently installed EHRs with scores that indicate high satisfaction with the EHR. The major enhancements include: 

bringing the patient actively into the data collection process, the pushing of domain specific content (including images) 

with a concomitant reduction in the need to search for relevant content,, creation of a bookshelf for data that was 

reviewed but is not needed for information synthesis or communication (i.e., separating billing requirements from 

clinical documentation), and bringing quality documentation into the workflow.   

Conclusion 

Clinician-centered design can substantially enhance user experience without sacrificing the accuracy or quality of the 

documentation.  

Attendee’s Take-away Tool 

Clinical care is practiced the same across the country and is independent of installed EHR, therefore best practices in 
EHR implementation can be established.  Clinicians want good data pushed to them, and easy access to good patient 

narratives. They want intuitive support for documentation and ordering. They also want to eliminate “impertinent 

negatives” and note bloat. User-centered design can be a powerful tool to reduce clinician burn-out without sacrificing 
quality and patient safety.  

Use of Knowledge Acquired at Previous AMIA Events 

Knowledge is a product of cumulative exposure and the right timing.  Presentations at AMIA from the early 2000’s 

through today have had a major impact on this research.  The pioneering work of Larry Weed and his “Problem 

connectors” deserve a special shout-out. 
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