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CHAPTER 1: INTRODUCTION 

 

1.1. Electronic Health Record Systems and the Sub-optimal Usability 
  
Despite of the reported benefits ensuing from the meaningful use of Electronic Health 

Record  (EHR) systems (e.g., enhanced health care quality, efficiency and safety and 

improved health outcomes) (1), there exists a significant gap between the current state of 

their use and perceived potentials (2).  One of the fundamental reasons for this 

discrepancy is lack of incorporation of a “User-Centered Design” (UCD) (3) approach 

during the EHR System Development Life Cycle (SDLC) process. 

The term “User-Centered Design” (UCD) is not just an essential philosophy but a 

process entailing an array of methods where end-users take the central role in SDLC 

process with an aim that the resulting final product should suit the user, rather than 

making the users suit the product (3,4). UCD is defined as “a process in which the needs 

of the user are taken into consideration during each stage of design and development” (5). 

Despite of the longstanding history of UCD concepts in the Human Computer Interaction 

(HCI) domain as introduced by Norman and Draper (6,7), its scarce use in the real world 

including Health Information Technology (HIT) is not an exception (8,9). With increased 

EHR adoption and growing frustrations with poor EHR usability pertaining to EHRs’ 

Graphical User Interfaces (GUIs) (10), the importance of involvement of end users 

during software development processes has gained much recognition in recent years 

(11,12). 

Lately, the Office of National Coordinator (ONC) for Health Information 
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Technology, (HIT) has included “Safety Enhanced Design” requirements as one of the 

criteria for ONC certification in order to promote incorporation of UCD practices by 

EHR vendors (13). Despite of this revised regulations, studies have show shown poor 

adherence to ONC standards even among several certified EHR vendors (14). 

Additionally, with vendors using varied testing conditions (e.g., use cases/scenarios, 

numbers/characteristics of participants), it is challenging to make meaningful 

comparisons across vendor products. More so, most EHRs change dramatically during 

implementation phase making pre-implementation assessment ineffective for determining 

overall usability and safety of products. 

Among various essential tasks that physicians routinely perform while interacting 

with an EHR (e.g., admission orders, e-prescribing, labs/imaging orders, results review, 

medication reconciliation, billing), “clinical notes usage” including notes entry and 

related information-seeking tasks are the critical ones worth mentioning. Clinical notes in 

EHR systems are highly important to providers, who use them to communicate, 

summarize and synthesize patient care and decision-making. Information overload with 

usage of the display of clinical notes in EHR systems poses tremendous challenges to 

physicians and other clinicians, especially working under time limitations. Hence, 

functionality and design of EHRs around clinical notes usage are the critical elements of 

patient care delivery and optimizing EHR usability around these element is an area of 

opportunity demanding further improvements.     
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1.2. Existing knowledge in Health Information Technology Domain 

The role of usability evaluation in information technology domain, specifically around 

HIT have been examined in several papers (15-17). Experts have developed several 

methodologies to better understand the usability of a product from the end users’ 

perspective, the main focus in the UCD approach to be employed in various phases of 

SDLC process (15,18-20). The iterative process of an ideal SDLC to be integrated in an 

EHR system development along with it’s constantly evolving five phases are shown in 

Fig. 1.1.  

Research studies specific to HIT usability (e.g., clinical decision support systems, 

medical devices and EHR systems, in particular dentistry), have been done in the  

past (21-23), but there are not many studies focusing on issues of presentation and 

documentation within an EHR interface (24-27). Insufficient knowledge in this area is 

further augmented by the fact that there are only handful of studies done on usability 

evaluation and prototyping of clinical notes user interfaces in the medical domain 

(searched in Google Scholar and Web of Science using key words “usability evaluation”, 

“clinical notes”, “Graphical User Interface”) (24-30). Therefore, the study of Human 

Computer Interaction (HCI) pertaining to clinical notes Graphical User Interface (GUI) 

designing and its usability evaluation is an area of opportunity where further exploration 

is mandated. 
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Figure 1.1-User Centered Design (UCD) approach of Electronic Health Records (EHR) 
System Development Lifecycle (SDLC). 

Adapted from “Cognitive and usability engineering methods for the evaluation of clinical information 
systems’ by Andre W. Kushniruk and Vimla L. Patel (20) 
 
1.3. Significance of a Well-Designed Electronic Health Record System 

A well-designed user interface of an EHR could result in significant improvement in user 

acceptance and ease of adoption leading to overall improvement in health care      

delivery (31). This can be aided by rigorous interface design aimed at presenting data to 

users in a way that facilitates understanding, assimilation and usage of information in 

more efficient way (25,32). To achieve this goal, users, i.e., clinicians should be the 

center of focus during each phase of SDLC process. Despite of the significance of UCD 

process in generating an end product with high usability, EHR vendors shows a wide 

range of UCD practices (e.g., from having well developed approach to minimal or  
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none (33)). 

Any workflow process is built around intricate relationships among four 

important components for example (i) the environment, (ii) nature of the task, (iii) design 

and functionalities offered by the information system to support the task and (iv) usage 

behavior of users around that task (34,35) (Fig. 1.2).  In order to have efficient and 

effective outcomes, understanding these components and generating a fine balance 

among them is vital.    

              

Figure 1.2-Components of a workflow process 
               *CPOE: Computerized Patient Order Entry 

 
1.4. Usability Evaluation Methods 

There are three main approaches of doing usability evaluations depending upon the 

source of evaluation i.e., user-based, model-based, and usability-expert based (36) (Fig. 

                                               

                                                 Environment

Environment

Workflow process
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1.3).  However, the wide-ranging of usability testing methodologies available makes it 

difficult to decide on which to select for evaluation of various applications. Each usability 

evaluation method has its own merits and demerits. Information collected from 

combination of various methods collectively to triangulate findings is more powerful than 

one gathered from an isolated method (37). Therefore an amalgamation of different 

techniques appropriately applied, can compliment one another and should be the 

preferred approach (37). 

           

Figure 1.3-Usability evaluation methods based on the source 
GOMS*; Goals, Operators, Methods and Selection rules, EPIC*; Executive Process/Interactive Control 
 

Users are the main focus in a UCD approach, hence involving them from the 

beginning of SDLC is critical in generating an end product with high usability. Detailed 

understanding of “users” performing “task” on a particular “system” and in a certain 
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-Cognitive walk through
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“environment” should be essential elements of any system development process. Various 

usability methods employed to collect data from users described in literature are depicted 

in Fig. 1.4. 

 

Figure 1.4-User based usability evaluation methods 
 

1.5. Study Rationale, Specific Aims and Future Goals 

The rationale behind this research studies is to evaluate end users’ (physicians) clinical 

document usage in current EHR system in order to methodically understand their 

complex workflow processes through employing various user-centric usability evaluation 

techniques  (Fig. 1.4). The use of different methodologies would help us triangulate our 
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research and provide us with an opportunity to thoroughly understand physicians’ usage 

behavior around clinical documentation usage offered by existing EHR systems. 

This dissertation incorporates 4 studies with respect to critical components of 

physicians’ workflow process (e.g., users, their task, systems and environments). These 

overarching goals are achieved through following 4 aims: 

Aim # 1: By evaluating and comparing inpatient clinical note-entry & 

reading/retrieval styles adopted by physicians in an EHR system through ethnographic 

studies and post-observation questionnaire. 

Aim # 2: By evaluating and comparing functionality and design elements of 

existing EHR systems around clinical notes usage through observing users in a 

naturalistic settings. 

Aim # 3:  By qualitatively evaluating an existing EHR’s clinical notes interface 

by attendings and residents employing usability testing in a laboratory setting. 

Aim # 4: By evaluating and comparing H&P Documentation task flows adopted 

by providers in an existing EHR system, through data collected in a tightly controlled 

environment. 

This study is a promising step towards increasing meaningfulness of EHR system 

through a cogently designed GUI that would be better aligned with UCD approach and 

could result in enhanced EHR usability and eventual resulting in more effective and 

efficient patient-centered healthcare delivery with greater user satisfaction. 
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Abstract 

Objective: The objective of this study is to understand physicians’ usage of inpatient 

notes by (i) ascertaining different clinical note-entry and reading/retrieval styles in two 

different and widely used Electronic Health Record (EHR) systems, (ii) extrapolating 

potential factors leading to adoption of various note-entry and reading/retrieval styles 

and (iii) determining the amount of time to task associated with documenting different 

types of clinical notes. 

Methods: In order to answer “what” and “why” questions on physicians’ adoption of 

certain note-entry and reading/retrieval styles, an ethnographic study entailing Internal 

Medicine residents, with a mixed data analysis approach was performed. Participants 

were observed interacting with two different EHR systems in inpatient settings. Data was 

collected around the use and creation of History and Physical (H&P) notes, progress 

notes and discharge summaries.  

Results: The highest variability in template styles was observed with progress notes and 

the least variability was within discharge summaries, while note-writing styles were most 

consistent for H&P notes. The first section to be read in H&P and progress note were the 

Chief Complaint and Assessment & Plan sections, respectively. The greatest note 

retrieval variability, with respect to the order of how note sections were reviewed, was 

observed with H&P and progress notes. Physician preference for adopting a certain 

reading/retrieval order appeared to be a function of what best fits their workflow while 

fulfilling the stimulus demands. The time spent entering H&P, discharge summaries and 

progress notes were similar in both EHRs. 
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Conclusion:  This research study unveils existing variability in clinical documentation 

processes and provides us with important information that could help in designing a next 

generation EHR Graphical User Interface (GUI) that is more congruent with physicians' 

mental models, task performance needs, and workflow requirements. 

Keywords 

Electronic Health Records systems (EHR); Clinical documentation; Qualitative analysis; 

Human-Computer Interaction; Graphical User Interface (GUI); Usability 
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2.1. Background and Significance 

Clinical notes are an essential communication tool for summarization, synthesis and 

decision making for patient care. In addition to direct patient care, notes are valuable for 

other functions such as medical education, research, billing, quality-assessment and 

medico-legal inquiries/compensations (38-40). The importance of having high quality 

clinical notes was recognized in the 1960s by Dr. Lawrence Weed as part of the Problem-

Orientated Medical Record (POMR) framework, which was key in the establishment of 

the SOAP (Subjective, Objective and Assessment & Plan (A/P)) note format and 

documentation of patient problems by organ systems (41). Currently used common 

clinical note types include History and Physical (H&P) notes, progress notes, consult 

notes, operative notes and discharge summaries. 

Clinical notes documentation is considered to be a core aspect of a patient’s 

encounter and fundamental for health care delivery. While EHRs have enhanced direct 

access to patient data (42), clinicians continue to experience significant barriers in EHR 

usage, such as inefficiencies with structured data entry and retrieval, as we all as 

difficulty using and creating computerized patient documentation (10,38). Free text entry 

in clinical documents is typically considered ideal for communication between providers 

and for presenting complex sets of facts, but can be laborious and time consuming to 

create in an electronic interface. On the other hand, structured data entry, which is 

typically more difficult to read and synthesize, enables the reuse of data for downstream 

applications such as quality improvement and research (39,43,44). While clinicians 

appreciate the flexibility and efficiency of narrative free-text entry with the use of  “copy 
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and paste” or “copy forward” functions, they are challenged by long and verbose clinical 

notes that can be laborious to review or synthesize and could potentially contain 

erroneous information not appreciated during the documentation process.  

There is growing interest in understanding the different aspects of clinical 

documentation processes such as their integration with workflow (44,45), structured 

versus free-text entry (39) and usability studies of EHR systems pertaining to creation 

and use of clinical documents (46). In recognition of the importance of clinical 

documentation, recording electronic notes in patient charts is included as one of the menu 

objectives in Stage-2 of the Meaningful Use Program (47). Also, the lack of 

standardization in EHR clinical documentation and display styles provides interface 

designers with an area of opportunity to re-design EHR systems (48-51). 

Several researchers have previously examined tools and measurements to 

understand clinical documentation processes and potential areas of opportunity to 

improve clinical note quality. This includes development of validated instruments for 

assessing inpatient clinical documentation quality (52,53), techniques for generating 

clinical notes with clinically relevant information that is reusable and readable and use of 

eye tracking to discover how the visual attention of physicians is distributed while 

reading electronic notes (26).  

In order to improve our understanding of empiric behaviors of physicians around 

clinical documentation use and generation, the goal of this study was to discover different 

styles of physician inpatient note-entry as well as reading/retrieval styles in two different 

EHR systems in two observed settings and to extrapolate potential factors associated with 
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different behaviors/styles of system use. In addition, this study  aims to ascertain and 

compare the various time to complete key tasks of clinical note documentation 

2.2. Methods 

2.2.1. General Description and Setting 

A participant observation ethnographic field study approach, supplemented with post-

observation online questionnaire, was employed to collect data about the routine, day-to-

day activities of participants/users in a naturalistic setting  (54). While this approach does 

not offer a controlled experimental setting, the method was chosen since it provides a 

rich, realistic, and holistic view of the users’ routine by immersing in their environment. 

This immersion helps in gathering additional detailed information, which users can 

sometimes inadvertently fail to communicate overtly with other more interactive or 

controlled (e.g., laboratory-based) methodological approaches. Various similar 

observational study methodologies have been widely used in scientific research, 

including healthcare  (55-59).  

Approval for this study was obtained from the University of Minnesota 

Institutional Review Board and from the Veterans Affairs Research and Development 

Committee. Internal Medicine resident physicians were observed interacting with two 

different EHR systems, Epic and Veterans Affairs Computerized Patient Record System 

(CPRS), in naturalistic inpatient environments, at the University of Minnesota Medical 

Center (UMMC) and Minneapolis Veterans Affairs Health Care System (VAHCS) 

respectively, at various times and days including on-call and off-call days. Since residents 
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spend most of their time interacting with EHRs in workrooms, particularly performing 

clinical note documentation, the majority of observations were made there. 

2.2.2 Study Sample 

Residents (2nd through 4th years), enrolled in Internal Medicine Categorical or Internal 

Medicine Combined programs, were recruited for the study. Interns, medical students, 

advanced practice providers and other clinical staffs were excluded. Participants were 

recruited after obtaining their verbal assent. Detailed characteristics of research 

participants are summarized in Table 2.1. 

 Table 2.1-Summary characteristics of research participants 
 

 
 
 
 
                       
                              *UMMC-Hospital (H1); VAHCS-Hospital (H2) 
 
2.2.3 Data Collection 

Qualitative and quantitative clinical documentation process data was collected focusing 

on clinical note data entry and reading/retrieval tasks. Direct observation was used to 

collect data regarding user behaviors, their workflow and EHR usage centering on 

different uses and tasks associated with clinical documentation. 

Residents follow different call and day schedules at UMMC and VAHCS  

(Fig. 2.1). To account for this variability, each participant was observed over different 

call routines and times of the day. The majority of field notes were taken while residents 

were doing clinical documentation in their workrooms. 

   

Characteristics UMMC *H1 VAHCS *H2 

Female (%) 4 (66.6%) 3 (50%) 
 Male (%) 2 (33.3%) 3 (50%) 
Mean age 31 (±3.6) 29.5 (±1.6) 
 Mean years in training 2.8 (±0.4) 3 (±0.6) 
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Figure 2.1-Typical call and day schedule of residents at UMMC-Hospital (H1) and 
VAHCS-Hospital (H2) 

The schedule shows approximate times. Residents on night calls or on sub-specialty rotations follow a 
different schedule.  
 

 The total observation time was greater than 110 hours. Details about observation 

times are provided in Table 2.2. 

 Table 2.2-Observation schedule and hours 
 

 
 
 

 
 
 
 
 
 

                    
*UMMC-Hospital (H1); VAHCS-Hospital (H2)                                                                                                 

H1

Pre-call
Call

Admitting till 
6:00 pm

Post-call

H2

Short call
Admitting till 
12:00pm

Medium call
Admitting12:00pm-
5:00 pm

Pre-call
Long call

Admitting till 
6:00 pm

Post-call

 UMMC-H1* VAHCS-H2* 
 On call 

hours 
Non-call 
hours 

Total  
 

On call 
hours 

Non-call 
hours 

Total 

P1 7 4 11 7 6 13 
P2 6 4 10 5 4 9 
P3 7 3 10 5 5 10 
P4 6 3 9 4 3 7 
P5 6 4 10 6 4 10 
P6 2 2 4 5 4 9 
Mean hours 5.6 (±1.8) 3.3 (±0.8) 9 (±2.5)  5.3 (±1.0) 4.3 (±1.0) 9.6 (±1.9) 
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Field notes were taken on an electronic tablet through a time-stamped application 

called “Time stamped Field Notes Application version 3.0”  (60). The data was later 

transferred to an encrypted device and stored on a secure PHI-compliant server.  We also 

collected hard copies of note templates (H&P, progress note and discharge summaries), 

consumed by each participant, for post-hoc data analysis purposes. At the end of 

observations, an electronic post-observation questionnaire regarding user perceptions 

about EHR clinical documentation practices was administered. The questionnaire 

contained multiple choice and open-ended questions on note styles, note documentation, 

workload and electronic interface usage. Each study participant filled out the 

questionnaire once with a 100% response rate.  Data was also collected  through 

questionnaire in order to get the subjective perception from physicians about their 

workflow, preferences and time conceptions about clinical documentation processes. 

Participants were provided with a nominal gift certificate ($50) for their participation.  

2.2.4 Data Analysis  

Ethnographic Content Analysis (ECA) was performed with integrated qualitative-

quantitative research designs  (61) using “NVivo version 10.1.3”  (62). Observations 

performed on multiple days and times were examined iteratively in order to generate 

broader generalizations.  

Observations and data parsing were primarily done by RR, a physician and health 

informatician and by GH, a health informatician and clinical research study coordinator. 

Each observation was used as a unit of analysis. Since this study is to be considered 

process driven (i.e., categories defined empirically by process as opposed to predefined), 
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the data collection process was performed without any prior conceptual framework. After 

repeated reviewing of field notes, the “theme” of clinical documentation usage styles as 

adopted by physicians was categorized in to four “sub-themes”, each consisting of a 

respective parent node with several child nodes i.e., note type (e.g., H&P, progress note, 

discharge summary, consult note), task performed (e.g., note-entry; notes 

reading/retrieval), style adopted (e.g., style 1, style 2, style 3) and time to task. The data 

under each sub-theme was validated by a set of senior clinicians (GMM, TA) and a user 

interface design expert (KH), arriving at agreement with the observers’ determination of 

nodal structure and general findings. Integration of different types and sources of data 

was also obtained for triangulation, thus increasing the validity to the overall findings. 

Triangulation was achieved by employing mixed method research design and collecting 

data in several different ways. Objective data was collected by observing participants in a 

naturalistic setting and taking down field notes. Subjective data was acquired directly 

from the participants using post-observation online questionnaire. Both objective and 

subjective data were later analyzed and compared. 

Inter-rater reliability was established by calculating percentage agreement 

between the two coders from a subset of data representing 16% of the field notes, with 

mean percentage agreement of 90% and kappa value of 0.73. Any inconsistencies were 

addressed via review and consensus. 

 

 

 
 



 

 19 

2.3. Results 
 
2.3.1. Note-entry 
 
2.3.1.1 Note Template Styles 

The template is defined as a pre-structured documentation tool, providing a basic format 

that could be used repeatedly and are often employed for generating clinical documents  

(63). Note templates were ubiquitously used by physician residents in our study while 

performing clinical note-entry tasks. For H&P and progress notes, the templates were 

either created by the user or shared from other users, however, for discharge summaries, 

a certain level of template standardization was observed with small areas of 

customization.  

Overall, five H&P template styles were seen, with common sections of: Chief 

Complaint (CC); History of Present Illness (HPI); Past Medical History (PMH); Past 

Surgical History (PSH); Family History (FM); Social History (SH); Allergies; 

Medications; Review of Systems (ROS); Physical Examination (PE); Laboratories; 

Imaging and Assessment & Plan (A/P). The most commonly observed styles were style 1 

and style 2 (each style being preferred by 4/12 participants (33%) and used together in 

(22/32 (69%)) instances (Fig. 2.2). Most H&P templates had Chief Complaint located at 

the top of the note (29/32 times (91%)), with Assessment & Plan   occasionally located at 

the beginning of a note (3/32 times (9%)) and with some order variation and preferences 

for other sections. 

Similarly, for progress notes, six styles were used including the  common sections 

of Subjective (S); Objective (O) (e.g., Physical Examination, Laboratories/Imaging; 
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Medications) and Assessment & Plan. Interval History, which is another name for the 

Subjective section, was also a common section title. The three different components of 

the Objective section also had several different order preferences. The most commonly 

used progress note templates were style 1 (4/12 participants (33%), used 19/73 times 

(26%)); style 2 (3/12 participants (25%), used 19/73 times (26%)) and style 3 (2/12 

participants (17%), used 14/73 times (19%)) (Fig. 2.2). In all cases, progress note 

templates started either with the Subjective or Interval History section (54/73 times 

(74%)), or less commonly from Assessment & Plan (19/73 times (26%)). 

For discharge summaries, there were five template styles with the following 

common sections: Discharge Diagnoses (DD); Pertinent Procedures and Imaging; 

Physical Examination; Hospital Course by Problem (HCP) and Discharge Instructions. 

Additional and less consistently used sections were Consults, Medications and History of 

Present Illness. For discharge summary templates, styles 1 and 2 were most commonly 

used (5/12 participants (42%) and 3/12 participants (25%); 21/48 (44%) and 9/48 (19%) 

times respectively) (Fig. 2.2). It was observed  in all instances that the discharge 

summary templates had Discharge Diagnoses at the beginning with some order 

customization of other sections. 
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Figure 2.2-Note template styles for H&P, progress note and discharge summary as  

*Sn: Number of participants; T=Total participants; Nn: Number of notes; CC: Chief Complaint; HPI: 
History of Present Illness; PMH: Past Medical History; PSH: Past Surgical History; ROS: Review of 
Symptoms; PE; Physical Exam; SH: Social History; FM; Family History; A/P: Assessment & Plan; S: 
Subjective;  DD: Discharge Diagnoses; HCP: Hospital Course by Problem 
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2.3.1.2 Note-Writing Styles 

For writing notes, physicians preferred to utilize a range of styles demonstrating both 

within and between participant variability in writing styles for different notes types.   

H&P note-writing styles corresponded directly to the five H&P template styles. The most 

preferred ordering was to use style 1 (5/12 participants (42%), used 9/32 times (28%)); 

style 2 (4/12 participants  (33%) used, 11/32 times (34%)); and style 3 (4/12 participants  

(33%), used 6/32 times (19%)) respectively (Fig. 2.3). The majority of users started 

writing notes with the Chief Complaint section (23/32 (72%)) and the minority of users 

starting with the Assessment & Plan section (9/32 (28%)). After completing the 

Assessment & Plan section, participants were observed to follow any of the other four 

writing patterns to complete the rest of the H&P note. The tendency for users to stick 

with a particular style each time was rather consistent with very minimal crossover. 

For progress notes, six common note-writing styles, corresponding roughly to the 

template styles, were employed. The preferred order for creating a progress note was 

style 1 (10/12 participants (83%), observed 40/73 instances (55%)) (Fig. 2.3). Within 

progress notes, most users started composing the note from either Assessment & Plan 

section (40/73 (55%) or Subjective/Interval History sections (33/73 (45%) times), 

followed by a variety of completion patterns.  

Compared to the five template styles for discharge summaries, six common 

discharge summary note-writing styles were used, including one additional note-writing 

style. The most preferred style was style 1 (9/12 participants (75%), with 22/38 instances 

(58%)) (Fig. 2.3). All participants started to compose discharge summaries from either 
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Hospital Course by Problem section (22/38 times (59%)) or the Discharge Diagnoses 

section (16/38 times (42%)). Those who preferred starting from Hospital Course by 

Problem completed the note following any of the other 5 patterns. 

          

Figure 2.3-Note-writing styles for H&P, progress note and discharge summary as 
adopted by physicians 

*Sn: Number of   participants; T=Total participants; Nn: Number of notes; CC: Chief Complaint; HPI: 
History of Present Illness; PMH: Past Medical History; PSH: Past Surgical History; ROS: Review of 
Symptoms; PE: Physical Exam; SH: Social History; FM; Family History; A/P: Assessment & Plan; S: 
Subjective; DD: Discharge Diagnoses; HCP: Hospital Course by Problem. Dotted lines represent various 
patterns adopted  
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2.3.2. Notes Reading and Retrieval Styles 

A number of reading styles were observed for each note type. The pattern was often 

related to the stimulus initiating the task. Physician preference for adopting a certain style 

appeared to be a function of what best fits in their workflow. Both within and between 

participant variability was observed in note reading/retrieval styles for various notes 

types and in response to different stimuli.  

When reading information from H&P notes in both systems, providers’ preferred 

to start reviewing either from the Chief Complaint section (23/31 times (74%)) or from 

the Assessment & Plan section (8/31 times (26%)). For progress notes, the commonly 

observed preference was to start reading notes from the Assessment & Plan section 

(47/53 times (89%)) and less often from the Subjective or Interval History section (6/53 

times (11%)). On the other hand, while reading a discharge summary, users started with 

the Hospital Course by Problem section (24/32 times (75%)) or Discharge Diagnoses 

section (8/32 times (25%)) (Fig. 2.4). Apart from these three main note types, consult 

notes were mostly read starting from the Recommendations section, which is analogous 

to the Assessment & Plan section of an H&P note, where providers enter their assessment 

and relevant plan suggestions for managing the patient.  

Overall, the chronological order of reading a particular note after studying the 

initial section, often appeared dependent upon the type of the retrieving stimulus. For 

example,  when looking for information about the vitals or laboratories and medications, 

providers almost exclusively preferred to read and synthesize this information directly 

from the primary data entry  section of the chart containing the results and ancillary 
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studies as opposed to the obtaining the information from re-entered data in the note. One 

exception to this observation was noticed when providers were reading a discharge 

summary or a H&P note from previous admissions, where it was observed that they 

tended to skim through all the entered data. 

 
Figure 2.4-Note retrieval/reading styles for H&P, progress note and discharge summary 

as adopted by physicians 
*Sn: Number of participants; T=Total participants; In: Number of Instances; CC: Chief Complaint; HPI: 
History of Present Illness; PMH: Past Medical History; PSH: Past Surgical History; ROS: Review of 
Symptoms; PE; Physical Exam; SH: Social History; FM; Family History; A/P: Assessment & Plan; S: 
Subjective; DD: Discharge Diagnoses; HCP: Hospital Course by Problem. 
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Summary of notes template, writing and retrieval styles is depicted in Fig. 2.5. 

 
Figure 2.5-Summary of preferred note-entry and retrieval styles as adopted by physicians  
*CC: Chief Complaint; HPI: History of Present Illness, PE: Physical Exam; PMH: Past Medical History; 
SH: Social History; FH: Family History; PSH: Past Surgical History; ROS: Review of Symptoms; A/P: 
Assessment & Plan; S: Subjective: O: Objective; A/P: Assessment & Plan; DD: Discharge Diagnoses; 
HCP: Hospital Course by Problem 
 
2.3.3. Comparison of Observed and Self-Reported data 

Observations on note templates, writing and reading/retrieval style were later compared 

with self-reported as collected from the questionnaire (Table. 2.3). 

Table 2.3-Sample questions and response options 

Note 
Type 

Note Template Note-Writing Note Retrieval 

 
 
H&P 

CC→HPI→ROS→PE→PMH→ 
PSH→Allergies→Medications→ 
SH→FH→ Labs/Imaging→A/P 
 

CC→HPI→ROS→PE→ 
PMH→PSH→Allergies→
Medications→ SH→FH 
→Labs/Imaging→A/P 

CC→Varies with 
the stimulus 
 

Progress 
Note 

S→O (PE→Labs/Imaging→ 
Medications)→A/P 

A/P→S→O A/P→Varies with 
the stimulus 

 
Discharge 
Summary 

DD→Pertinent images 
/Procedures→HPI→HCP→PE→  
Labs/ Imaging→ Discharge- 
instructions→Medications 

HCP →Varies HCP→Varies with 
the stimulus 
 

 Questions Response Options 
Q1. What style do your prefer while entering an H&P 

note? 
-Start form subjective data entry 
-Start from Assessment & Plan 
-Other 

Q2. How much time do you think you spend on 
average writing an H&P? 

-<10 
-10-20 
-21-30 
-31-40 
->40 

Q3. Do you use templates for entering H&P? -Yes 
-No 
-Other 

Q4. What style do your prefer while reading an H&P? -Start from Subjective data  
-Start from Assessment & Plan 
-Other 

Q5. What are the major limitations of EHR’s 
Graphical User Interface in terms clinical note-
entry tasks? How do you think they can be 
rectified? 

 
Free text 

Q6. What are the major strengths of EHR’s Graphical 
User Interface in terms clinical note-entry tasks? 
How do you think they can be rectified? 

 
Free text 
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For note-writing and reading/retrieval styles, considerable discrepancies were 

discovered between physician self-report and their observed actions (Table 2.4).  These 

observed variances in reading/retrieval styles could be explained by types of stimuli 

triggering the tasks. We also observed that physicians had a tendency to utilize the same 

template every time they entered a particular type of a note, having consistent results for 

both self-reported and observed data. 

Table 2.4-Comparison of participants self-report versus observed template style, writing, 
and reading/retrieval styles 

 
* CC: Chief Complaint; A/P: Assessment & Plan; S: Subjective; SOAP: Subjective, Objective, Assessment 
& Plan; APSO: Assessment & Plan, Subjective, Objective; DD: Discharge Diagnoses; HCP: Hospital 
Course by Problem 
 

Based upon our observations, overall, similar amounts of time were spent on each 

type of note in both Epic and CPRS, with the H&P taking the most time (mean 39 and 42 

minutes, respectively) and progress notes taking the least time (mean 11 and 12 minutes 

respectively) (Fig. 2.6 and Table 2.5).  

 

 

 Template style Writing Styles Note Reading/Retrieval 
Styles 

H&P *CC *A/P CC A/P *No 
particular 
style  

CC A/P No 
particular 
style  

     Self-Report 11 1 10 2 0 6 6 0 
     Observed 11 1 7 1 4 6 1 5 
Progress notes *SOAP *APSO *S A/P No 

particular 
style  

S A/P No 
particular 
style  

     Self-report 9 3 8 4 0 4 8 0 
     Observed 9 3 2 6 4 0 5 7 
Discharge 
summaries 

*DD *HCP DD HCP No 
particular 
style  

DD HCP No 
particular 
style  

     Self-report 12 0 6 6 0 6 6 0 
     Observed 12 0 3 2 7 0 3 9 
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Table 2.5-Time to complete a note in Epic and CPRS, a comparison between objective 
and subjective data 

 
 
 
 
 
 

 H&P Progress notes Discharge summary 
 Observed 

(Mean, 
Median, 
Range) 

Self-report 
(Frequently 
selected 
range) 

Observed 
(Mean, 
Median, 
Range) 

Self-report 
(Frequently 
selected 
range) 

Observed 
(Mean, 
Median, 
Range) 

Self-report 
(Frequently 
selected 
range) 

Epic 
P1 30,35,43 

(36,35,30-43) 
31-40 8,10,12,30 

(15,11,8-30) 
31-40 25,40 

(33,33,25-40) 
21-30 

P2 30,35 
(33,33,33-35) 

10-20 5,5,6,7,15 
(8,6,5-15) 

10-20 30,30 (30,30) 21-30 

P3 40,45,55 
(47,45, 40-55) 

31-40 4,4,12 
(7,4,4-12) 

<10 20,36,55 
(37,36,20-55) 

21-30 

P4 40,50 (45, 45, 
40-50) 

31-40 7,13,14,15,1
5 (13,14,7-
15) 

10-20 25,26,30 
(27,26,25-30) 

31-40 

P5 45 (45,45) 21-30 7,10,30 
(16,10,7-30) 

10-20 35 (35,35) 21-30 

P6 30,30,35 (32, 
30,30-35) 

21-30 5,6,8,8,11 
(8,8,5-11) 

10-20 9,20,34 
(21,20,9-34) 

10-20 

 (39,38,30-55) 
SD-8 

(31-40) (11,8,5-30) 
SD-6.8 

(10-20) (30,30,9-55) 
SD-10.8 

(21-30) 

CPRS 
P1 35,40 

(38,38,35-40) 
10-20 5,10,10,12 

(9,10,5-12) 
<10 15,20,25,25 

(21,23,15-25) 
10-20 

P2 50 (50,50) 21-30 14,15                      
(14.5,14.5) 

10-20 17,25 
(21,21,17-25) 

21-30 

P3 30,30 (30,30) 31-40 6,15,30 
(17,15,6-30) 

10-20 25, 27 
(26,26,25-27) 

31-40 

P4 55 (55,55) 10-20 8,8 (8,8) <10 28,33 
(31,31,28-33) 

10-20 

P5 32,45,50 
(42,45,32-50) 

31-40 10,12,15 
(12,12,10-
15) 

10-20 25,33,40 
(33,33,25-40) 

31-40 

P6 40,50 
(45,45,40-50) 

21-30 10,12 
(11,11,10-
12) 

10-20 17,25,25,29 
(24,25,17-29) 

10-20 

 (42,40,30-55) 
SD=9 

Equivocal (12,115-30) 
SD-5.7 

(10-20) (26,25,15-40) 
SD-6.3 

(10-20) 

       



 

 29 

 
  
Figure. 2.6-Observed time in minutes for entering different types of notes in two EHRs 

2.4. Discussion 

Our study demonstrates that physicians have several preferences for performing clinical 

note-entry and reading/retrieval tasks, which vary with note types, tasks and by stimuli.  

Progress note template usage among residents showed the greatest variability, while the 

discharge summary templates had the least (Fig. 2.2). On the other hand, note-writing 

styles were most consistent for H&P notes (Fig. 2.3). The first section to be read in the 

most consistent fashion was observed with H&P and progress notes (i.e., starting from 

Chief Complaint and Assessment & Plan sections respectively). Conversely, the greatest 

note retrieval variability (i.e., the chronological orders of how note sections were 

reviewed), was observed with H&P and progress notes (Fig. 2.4). Various note 

reading/retrieval styles appeared to result from the type of stimulus mandating specific 

information to be extracted from a particular note type and as well as a result of personal 

preferences leading to adoption of a few dominant styles.   
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The observed variability in note-entry and reading/retrieval styles, as adopted by 

physicians, could be explained from three different perspectives.  First, the relevance and 

priority of data being entered or retrieved focused on accomplishing the task effectively 

and efficiently. For example, a physician initially wants to know “what” brought the 

patient to emergency department and then “why.” Subsequently, the physician then 

works towards establishing and documenting reasons for those “what” and “why” 

questions, proceeding later to “how” to solve those problems and finally to documenting 

the “summary of the whole encounter.” Secondly, the type of stimulus also dictates the 

chronological order of how a note might be reviewed (e.g., a progress note from the 

previous day is most often opened for writing the subsequent progress note). Finally, 

while we do not have direct evidence, other factors such as earlier training, colleagues’ 

styles, and the physician’s personality could all potentially contribute towards adopting 

different styles/patterns. The exact contribution of these factors remains unclear and 

could be an interesting area of further study. 

Our findings also demonstrate differences between actual practice and perceived 

usage of note template organization and styles pertaining to the clinical documentation 

process. Among users of both EHR systems, the observed and perceived times on 

entering progress notes and discharge summaries were fairly similar with some 

inconsistencies in time data on H&P notes. Our observations were externally validated 

and consistent across two different established EHR systems and at two different 

inpatient sites with considerable inter-participant consistency.  



 

 31 

This research study identifies variations, which exist in note-writing and 

reading/retrieval styles resulting from varied physicians’ preferences and workflow 

demands. Understanding the various styles/time to tasks consumed by users, which are 

centered on their preferences and the workflow demands, could be used to address the 

disparities existing in current EHR system design. For example, improved consistency in 

clinical notes documentation could be established with standardization of note template 

structure. A more modular, streamlined, task-oriented style, congruent with users’ 

preferences and their mental models, would be beneficial, particularly for the notes 

showing greatest variability i.e., progress notes and H&P. Designing a GUI, defined as  

“a program that allows a person to work easily with a computer by using a mouse to point 

to small pictures and other elements on the screen” (64), for  clinical documentation, 

should reflect the  users’ mental model which could potentially lead to more uniformity 

in note-writing styles. Similarly, designing an interface that provides users with task 

and/or stimuli specific presentation views, could potentially facilitate more efficient and 

effective data comprehension and retrieval from notes. Furthermore, while not examined 

directly here, clinical notes usage by physicians could also be reinforced or improved 

through refinement of automated methods to detect and visualize new information  (65). 

Our analysis of template styles revealed a number of predominant note 

organization patterns, which was somewhat but not fully congruent with the styles used 

for writing or reading/retrieving. For instance, an H&P most often had Chief Complaint 

or less often Assessment & Plan first in the note, which was the same as the writing style 

and initial reading style. However, the chronological order of how additional H&P 
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sections were reviewed, was dependent upon the type of stimulus. For example, when 

writing a discharge summary, physicians tended to pull the H&P note from current 

admission, utilizing information from the Subjective sections (e.g., Chief Complaint and 

History of Present Illness). We also observed that H&Ps were most commonly opened 

for the purposes of writing another H&P (Fig. 2.4). 

Users reviewed progress notes  most commonly starting from the Assessment & 

Plan section and less often from Subjective. This was the most commonly seen style 

regardless of whether they had read the H&P earlier or not. This observation is congruent 

with another study where an eye tracking methodology was used to discover how the 

visual attention of physicians is distributed while reading electronic progress notes. In 

terms of fixations and glances, physicians directed the most attention to the Assessment & 

Plan section with very little attentiveness given to other parts of the note (26). Moreover, 

similar to H&P notes, the chronological order for reviewing various sections within a 

progress note appeared to be heavily dependent upon the stimulus. For example, when 

paged regarding an alteration in a patient’s condition, a covering physician who might be 

less familiar with a given patient, tended to look first at the Subjective from that day to 

contextualize the patient’s condition and status. On the other hand, when writing a 

progress note, physicians would often read the Assessment & Plan section of a note 

followed by the Physical Examination section. In our observation, the highest number of 

progress notes was pulled up for the purposes of writing a subsequent progress note. 

These observations were similar between two locations. 

On the other hand, while reading a discharge summary, the tendency was to read 
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the Hospital Course by Problems first or in some instances Discharge Diagnoses. Similar 

to H&P and progress notes, the type of stimulus appeared to help dictate the physician 

reading styles (e.g., when writing an H&P note for readmission, physicians preferred to 

review the Hospital Course by Problem from the previous discharge summary followed 

by Discharge Diagnoses and other available data). Discharge summaries were often 

pulled up to write an H&P or to write a new note on a patient getting readmitted to the 

hospital or a patient getting transferred to another unit. 

In general, we also observed that when the goal was to retrieve data for vitals, 

labs and medications, physicians tended to gather data directly from primary data entry 

points rather than from electronic notes. An exception to this behavior was observed 

when providers were reading discharge summaries or H&Ps from previous admissions 

where it was observed that they tended to skim through all the entered data. 

We also observed that for H&Ps and progress notes, the templates were either 

created by the user or shared from other users, depending upon their preferences. On the 

contrary, discharge summaries contained a significant level of template standardization 

with small areas of customization. The tendency for users to stick with a particular 

template style was rather consistent with very minimal crossover between styles. 

Physicians had a tendency to utilize the same template every time they entered a 

particular type of a note, which was consistent in both self-reported and observed data, 

thus strengthening our inference about physicians sticking to a particular style. All the 

above observations were comparable between two sites, during different times of the day 

and whether the participants were being observed on on-call and/or off-call days.  
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Additionally, we also observed some discrepancy between physicians’ self-

reported behavior as gathered from electronic questionnaire and our observations. The 

inconsistencies noted are mainly for writing and reading/retrieval styles for H&Ps, 

progress notes and discharge summaries. These observed conflicts between some of the 

perceived and observed reading/retrieval styles could be explained by the difference in 

the type of stimulus instigating a specific task. 

There are several limitations associated with this study. Qualitative research is 

highly dependent on a researcher’s skill and more easily influenced by the researcher’s 

personal biases. We have tried to address this limitation to enhance trustworthiness in the 

study through content validation involving other co-authors (MDs, health informaticians 

and usability experts) and assessing inter-rater reliability between coders. Any 

inconsistencies were addressed via review and consensus. Another limitation is the small 

sample size posed by recruitment of only Internal Medicine residents in their second, 

third and fourth years. Because of our small sample size, our findings are limited by a 

lack of significant statistical analysis. In addition, this study presents more of a 

quantitative representation of qualitative data and provides readers with a broader view of 

the observed dissimilarities between the objective and subjective data. Further 

exploration is needed to make comment on statistically significant differences between 

observed and self-reported time. Additionally, we did not examine note retrieval styles at 

a macro level, including navigation between different types of notes along with what 

information was contained in each type of note. These findings should be corroborated 

with a larger set of physicians and possibly with providers working in non-academic 
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settings or with established clinicians working in a wider variety of hospital types. Also, 

our time data for notes should be considered as approximate times. Use of a stopwatch, 

asking MDs to self-report time required for tasks, or directly extracting time stamped data 

from EHRs, are some other approaches that could have resulted in more accurate data 

collection. In addition, within questionnaire, we provided participants with preset ranges 

of time needed to complete a particular note rather than keeping the response open-ended, 

which could have provided us with more accurate time data. 

We also anticipate that the ambulatory setting could have different findings, 

stemming in part from significantly different workflows. Future studies will also aim to 

assess usability features offered by each system in detail. In addition, this paper does not 

provide the relative amount of time for each section in either reading/retrieving or 

creating a note. More detailed time motion studies are required to further elaborate on 

time data and utilize this knowledge in creation of new, improved GUI. Ultimately, 

prospective studies linking note styles and different note GUIs within EHRs to their 

impact on associated care, patient outcomes and potentially clinician comprehension of 

the patient’s clinical status are needed. 

2.5. Conclusion 

In summary, different but congruent styles were utilized by physicians while performing 

data entry and reading/retrieval tasks for different types of inpatient clinical notes in two 

different EHR systems. The differences in note-entry styles and reading/retrieval styles 

appeared to be primarily based on physician preferences, note type and the stimulus type 

initiating a task. There were inconsistencies seen in physician self-reported and observed 
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note-writing and reading/retrieval styles. Additionally, the times to write the full H&P, 

progress note and discharge summary were comparable in both systems with H&P taking 

the most time and progress notes taking the least time. This study provides EHR interface 

designers with valuable information to help define requirements and potential designs for 

improved EHR system interfaces for clinical notes that could be more aligned with the 

users’ mental model and task performance for clinical note documentation.  
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Abstract 

Background: A significant gap exists between current Electronic Health Record (EHR) 

usability and potential optimal usability, which is often attributed to poor incorporation 

of a user-centered approach during the Graphical User Interface (GUI) design process. 

Objectives: To evaluate usability strengths and weaknesses of two widely implemented 

EHR GUIs for critical clinical note usage tasks using data collected from real users 

observed in their actual inpatient work environments. 

Methods: Twelve Internal Medicine resident physicians were observed by two usability 

evaluators while interacting with one of two EHR systems (Epic at University of 

Minnesota Medical Center and CPRS at Veterans Affair Hospital Care Systems), 

employing an ethnographic approach. User comments and observer findings were 

analyzed for two critical tasks: (i) clinical note entry and (ii) related information-seeking 

tasks, and from two standpoints: (a) usability references categorized by usability 

evaluators as positive, negative or equivocal and (b) usability impact of each feature 

measured through a seven-point severity rating scale. Findings were also validated by 

user responses to a post-observation questionnaire.  

Results: For clinical note entry, Epic surpassed CPRS with more positive (26% vs. 12%) 

than negative (12% vs. 34%) usability references. Greatest impact features on EHR 

usability (severity score after each feature) for clinical note entry were auto-population 

(6), screen options (5.5), communication (5), copy pasting (4.5), error prevention (4.5), 

edit ability (4) and dictation & transcription (3.5). Neither system did better for 

information-seeking tasks with CPRS having more positive (28% vs. 14%) but also more 
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negative (41% vs. 34%) references. Features pertaining to information–seeking tasks 

with greatest impact on EHR usability were navigation for notes (7) and others (e.g., 

looking for ancillary data) (5.5). Ethnographic observations were also supported by 

follow-up questionnaire responses.  

Conclusion: This study provides usability specific insights of two widely used EHR 

systems that could help with future design of EHR interfaces better aligned with a user-

centered approach. 

Keywords: Electronic Health Records; Interfaces and usability; Graphical User 

Interface; Clinical Documentation; Qualitative Methodologies 
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3.1. Background and Significance 

While adoption of EHR systems through the Meaningful Use (MU) program and other 

regulations incentivizing EHRs ultimately aims to improve the quality of health care in 

the United States  (1), substantial gaps exist between the current state of EHRs and their 

potential usefulness  (2). Recently, the healthcare end-user community and EHR experts 

have pointed specifically to the significant cognitive challenges resulting from poor EHR 

usability as one of the key reasons for this gap  (2).  A well-designed EHR GUI could 

help address these challenges by improving system usability and potentially lead to 

improvements in healthcare delivery  (31).  

Usability has been defined in various ways and it typically encompasses a set of 

evaluation methods to understand user experiences for the purpose of creating more 

desirable, usable and useful products  (66). The International Organization for 

Standardization (ISO) defines usability as, “an extent to which a product can be used by 

specified users to achieve specified goals with effectiveness, efficiency and satisfaction in 

a specified context of use”  (67). Nielsen defines usability as, “a quality attribute that 

assesses how easy user interfaces are to use” and describes five basic principles (i.e., easy 

to learn, easy to remember, efficient with minimal error and with greater user 

satisfaction) (68,69).  An essential approach to account for and resolve usability problems 

is user-centered design, with the philosophy that “the final product should suit the users, 

rather than making the users suit the product” (70).   

To date, several EHR usability studies employing various methodological 

approaches (e.g., surveys, focus groups, ethnographical studies, cognitive walkthrough, 
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heuristic evaluation, usability testing) have been conducted in diverse contexts, such as 

usability work with clinical decision support systems and dental EHR systems  

(15,21,22,46,71-73).  Among these methods, “Ethnography” is one of the earliest 

techniques where subjects are observed in a naturalistic setting and has been utilized in 

the software development cycle for evaluating information systems  (74).  This approach 

to data collection provides a rich, realistic, and holistic view of user behavior in task 

completion and could aid in gathering additional detailed information which users 

sometimes fail to communicate during more controlled (e.g., laboratory-based) 

methodological approaches. Similar observational study methodologies have been used 

widely in healthcare research  (56,57,73,75).  

There is a growing amount of literature providing guidelines and 

recommendations that could help improve EHR usability and could ultimately enhance 

patient safety and quality of care  (12,76,77). For a comprehensive usability evaluation, a 

multi-method approach is preferred  (78-80).  Despite these recommendations, there are 

limited numbers of studies where the Health Information Technology (HIT) usability has 

been assessed employing more than one methodological approach. Few examples of such 

multi-method studies are: dental EHR evaluation employing user testing along with 

observations, interviews and GOMS modeling techniques  (30); computerized provider 

order entry system assessment using two different sets of heuristics along with usability 

testing  (81) and diabetes mHealth system evaluation employing combination of user 

testing with semi-structured interviews and questionnaires around patients’ experiences 

using the system  (78). Furthermore, there is limited number of research studies out there 
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where any usability comparison is being done from viewpoints of people with a diverse 

set of perspectives (e.g., expert users vs. novice users  (82); physician vs. patients  (83) 

and users vs. usability experts  (84). 

One specific area needing attention is the design and functionality offered by 

these EHR systems’ GUI around clinical notes usage. There are several challenges 

associated with clinical notes usage such as clinical notes may be difficult to find, time 

consuming to enter, contain poorly formatted information that is difficult to read, 

incorporate erroneous or out-of-date information, or lack standardized content display 

within EHR systems  (25,39). Despite these known usability problems, EHR clinical 

notes remain essential resources for clinicians who use them to communicate, summarize 

and synthesize patient care information for decision-making. Physicians and other 

clinicians are challenged, both when entering information into and retrieving information 

from clinical notes, as current EHRs may not sufficiently support these tasks. To date, 

only few studies have examined usability of the user interfaces pertaining to clinical 

notes. Few examples of more recent studies are: usability testing of user-constructed 

point and click progress notes construction set showing favorable responses by users  

(29); time-and-motion study reporting that note documentation should be treated as 

synthesis rather than composition and the documentation process could be best supported 

by incorporation of various search tool that’s could facilitated note construction  (85) and 

eye tracking studies on physicians’ visual attention while reading electronic progress 

notes revealing that most time was spent in slowly reading the “Impression and plan” 

section of progress notes with minimal time spent on sections like “Medications”, “Vital 
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signs” and “Laboratory results” even when there was additional information in these 

sections  (26). 

3.2. Objectives 

This research study was conducted to seek answer for the following questions: What are 

the various design and functionality features pertaining to the clinical note usage offered 

by GUIs of two existing EHRs systems? and how these features could potentially 

influence EHR usability  ascertained from viewpoints of usability evaluators and users? 

We hypothesized that the two EHR systems would offer various features around clinical 

note usage and each system would have its  own usability strengths and weaknesses. It is 

anticipated that the insights derived from user observations and comments would help 

interface designers in generating the future EHR clinical note interfaces that is better 

aligned with user needs and usability evaluators suggestions based on usability 

guidelines.  

3.3. Methods 

3.3.1. General Description and Setting 

An ethnographic field study  (86,87), supplemented by a post-observation questionnaire 

was performed to collect data about the routine, day-to-day activities of EHR users in 

their naturalistic settings. Participant observation was performed by immersing in 

physicians’ routine day to day activities and collecting rich data about their interaction 

with EHRs while performing clinical documentation tasks. Participant physicians were 

briefed about project goals, the methodology employed to collect data and instructions on 

think out loud (i.e., to share their thoughts audibly about the EHR’s clinical notes while 
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interacting with the GUI of their EHR system). Informal conversation was also carried 

out between observers and physicians in order to get an understanding of any emerging 

issues, or asking questions. Field notes were documented with an electronic tablet using a 

time-stamped application (Time stamped Field Notes Application 3.0) (60). 

Internal Medicine resident physicians were observed interacting with one of the 

two different EHR systems in the inpatient environment of two tertiary care centers 

(Epic, a commercial vendor system at University of Minnesota Medical Center (UMMC) 

and CPRS, an open source system at Veterans Affair Hospital Care Systems (VAHCS)). 

Because residents who participated in this study spent most of their time interacting with 

EHRs in workrooms, particularly for clinical note usage related tasks, the majority of 

observations were carried out in physician workrooms.  Each resident was observed on 

different days of the week (4-5 days) and during various sections of the day (e.g., pre-

rounding, rounding and post-rounding (mean hours/day/resident=2-2.5)) (Fig. 3.1). In 

general, UMMC has a more diverse patient population needing treatment for more 

complex medical and surgical conditions, whereas at VAHCS patients are older, 

predominantly male and mainly coming in for treatment of chronic medical conditions 

and psychiatric diseases. 

3.3.2. Study Sample 

A total of 12 (6 per system), mid and senior-level resident physicians in their 2nd through 

4th years enrolled in Internal Medicine Categorical or Internal Medicine Combined 

programs, were recruited for the study. Interns, medical students, advanced practice 

providers, attendings and other non-provider clinicians were excluded. The 
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characteristics of participants, summarized in Table 3.1, were similar across the two sites. 

Study participants were given a $50 gift certificate as incentive for their participation.   

Because of the complexities associated with evaluating EHR system usage, 

employing usability evaluators with dual domain knowledge (both usability experience 

and health care knowledge) was crucial  (88). Two of the authors (RR – a health 

informatician and physician and GH– a health informatician and clinical researcher with 

a Masters of Public Health) were assigned this role. 

Table 3.1- Characteristics of resident participants 

 

  

3.3.3-Data Collection 

Data regarding the usability and functionality of each EHR’s clinical notes was collected 

at both sites by RR and GH. As noted earlier, the majority of data collection was done in 

the residents’ workroom. To ensure a representative sampling of different activities for 

each EHR system, each resident was observed on various different days of the week (e.g., 

on-call and off-call days (refers to admitting and non-admitting days), weekends, and 

inpatient sections of clinic days) for a total of four to five days. Observations times were 

approximately between 7:00 am-6:00 pm, where each resident was individually observed 

for a 2-2.5 hours/days and during various sections of the day (e.g., pre-rounding, 

rounding and post-rounding). On average, each participant was observed for 9 hours 

(±2.5) at UMMC and 9.6 (±1.9) hours at VAHCS, with a total of over 110 hours spent on 

 *UMMC-H1 VAHCS-H2 
Mean Age (Yrs.) 31 (±3.6) 29.5 (±1.6) 
Mean years in training 2.8 (±0.4) 3 (±0.6) 
Gender   

Female (%)  4 (66.6%) 3 (50%) 
Male (%)  2 (33.3%) 3 (50%) 
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observation. The total time included time spent on note documentation, order entry, chart 

review and others.  Note documentation consumed an average of 20-30% of the total time 

that conforms to the findings from previous time-motion studies  (89).  

Observation data were further supplemented by a post-observation questionnaire.  

Both closed and open-ended questions were employed to collect residents’ subjective 

responses from two standpoints—clinical note entry and information-seeking tasks.  (The 

sample questions from the questionnaire can be seen in Appendix A)  

                      
 
Figure 3.1-Typical call and day schedule of residents at UMMC (H1) 

& VAHCS (H2) 
The schedule shows approximate times. Residents on night calls or on sub-specialty rotations follow a 
different schedule. * H1 (Hospital): University of Minnesota Medical Center (UMMC); H2 (Hospital): 
Veterans Affairs Health Care System (VAHCS))  
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3.3.4-Data Analysis 

An Ethnographic Content Analysis (ECA)  (90) of qualitative data was performed on the 

observatory notes documented as “field notes”, employing an integrated qualitative-

quantitative research design  (61). These field notes consisted of information on clinical 

documentation task (e.g., clinical note entry or related information-seeking tasks) noted 

down while physicians were interacting with EHRs and were a combination of direct 

observations by observers and comments volunteered by resident physicians. This raw 

data was later dissected into groups of words or phrases (the meaning unit, referred as 

‘usability references’ in this study).  Each usability reference pertaining to the study 

“theme” i.e., functionality and design elements around clinical documentation tasks, was 

coded in terms of the EHR system (e.g., Epic or CPRS) it is referring to and its perceived 

impact on usability (Positive (P), Negative (N) or Equivocal (E)) (Fig.3.2). Usability was 

coded as positive, negative, or equivocal if the usability evaluators considered the EHR 

features to be desirable, undesirable, or ambivalent, respectively. NVivo (version 10.1.3)  

(62), a qualitative data analysis tool, was used in this study.  

        

Figure 3.2- Attributes of interest 
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The coding schema pertaining to functionality and design elements around 

clinical documentation tasks (i.e., clinical note entry or related information-seeking) (Fig. 

3.3) was generated in NVivo through an iterative process of brainstorming and 

refinement among research team members. The team included health informaticians (RR, 

GH, TA, GM, JM), physicians (RR, TA, GMM), and usability evaluators (RR, GH, JM, 

KH ), with the latter two members having additional industrial engineering and 

experimental cognitive psychology expertise, respectively. Conflicts were iteratively 

addressed and resolved.  

 

Figure 3.3-Visual depiction of coding scheme used in content analysis 



 

 50 

Two team members (primarily RR and GH) coded the notes through repetitive 

and comprehensive scanning of the field notes and brainstorming among other co-

authors, ensuring that the final coding schema represents the majority of the source 

domain and not merely a small non-representative slice. Inter-coder agreement was 98%, 

with a kappa of 0.8  (91). Any remaining coding discrepancies were discussed and 

resolved through a consensus process. 

Data was analyzed and presented at three hierarchical levels: (i) at the higher level 

of sub-themes, (ii) at the more granular level of categories within those sub-themes and 

(iii) at the deepest levels of codes within those categories. We analyzed the usability 

reference data in the context of various usability features from two standpoints: (a) 

frequency (percentage) of being evaluated as positive, negative or equivocal under each 

sub-theme, category or code and (b) their impact on usability as measured through 

gauging references to denote a specific usability feature.  The references were gauged by 

assigning weights against a severity impact scale based on three variables: (1) percentage 

frequency of total references, (2) the perceived impact on user interaction/performance 

and (3) the usage (sporadic or recurrent) of that particular usability feature. Two co-

authors, RR and TH, both physicians and health informaticians with expertise in EHR 

usability evaluation, performed the scoring. A 7-point severity rating scale was employed 

to perform the scoring as follows: high impact (>5), medium impact (3-5) and low impact 

(<3).  The results were further validated by analyzing responses obtained from physicians 

through post-observation questionnaires.  
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3.4. Results 

In total, there were more usability references specific to clinical notes use for Epic (347) 

than CPRS (132). For both Epic and CPRS, there was greater number of positive and 

negative references under note entry (276, 103) than information seeking tasks (71, 29). 

Usability references were dissected at three levels of granularity i.e., sub-themes, 

categories and codes (Fig. 3.4, 3.5 & 3.6), cataloged as either positive, negative or 

equivocal and were reported as percentage frequency. 

3.4.1. Analysis at the Level of Sub-themes 

Analysis at the level of sub-themes (Fig. 3.4) revealed that Epic as compared to CPRS 

excelled in note entry features by having higher percentage of positive usability 

references (P=26% vs. 12%) and substantially lower negative references (N=12% vs. 

34%). Inconclusive results were attained for information-seeking tasks as Epic in 

comparison to CPRS had both lower percentages of positive (P=14% vs. 28%) and 

negative references (N=34% vs. 41%).   

                   

Figure 3.4-Frequency analysis of usability references at the level of sub-themes 
       *SY-1=Epic, SY-2=CPRS 

SY-1	 SY-2	 SY-1	 SY-2	

Note	entry		 Information-seeking	
tasks	

Positive	 26	 12	 14	 28	
Equivocal	 62	 54	 52	 31	
Negative	 12	 34	 34	 41	
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3.4.2. Analysis at the Level of Categories 

More granular analysis at the level of categories (Fig. 3.5) showed similar results i.e., 

Epic surpassed CPRS in note entry by having higher percentage of positive and lower 

percentage of negative usability references, specifically with respect to error control, 

user control & freedom and work flow accelerators. Whereas inconclusive results were 

obtained for information-seeking tasks related to navigation and ability to search i.e., 

Epic as compared to CPRS showed both lower percentages of positive and negative 

usability references.  

 

Figure 3.5-Frequency analysis of usability references at the level of categories 
*SY-1=Epic, SY-2=CPRS; EC: Error Control; UF: User control & Freedom; WA: Workflow Accelerators; 
NS: Navigation & Search ability 
 
3.4.3. Analysis at the Level of Codes 

Analysis done at the deepest level of codes (Fig. 3.6) further revealed the details of note 

entry features having higher percentage of positive and lower percentage of negative 

usability references under Epic as compared to CPRS, for example error prevention and 
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spell check; edit ability and formatting; dictation & transcription, screen options, auto-

population and communication, except under copy pasting. With respect to information-

seeking tasks related to navigation and ability to search, the percentages of positive and 

negative references under Epic vs. CPRS under all four codes i.e., navigating for notes, 

navigating for templates, online help and others, showed inconclusive results Overall, 

under all three levels, a greater percentage of references were coded as equivocal for Epic 

than for CPRS under both note-entry and information-seeking tasks to the coders’ 

uncertainty surrounding particular usability items warranting further studies. 

  
 

Figure 3.6-Frequency analysis of usability references at the level of codes 
*SY-1=Epic, SY-2=CPRS; EP: Error Prevention; SC=Spell Check; ED=Editability; FO=Formatting; 
DT=Dictation & Transcription; CP=Copy Pasting; SO=Screen Options; AP=Auto Population; CM= 
Communication; NN=Navigating for Notes; NT= Navigating for Templates; OH=Online Help; OT=Others 
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3.4.4. Severity Impact Rating 

The data on usability references denoting a specific usability feature was further analyzed 

by assigning them an overall severity score. The references were gauged by two 

coauthors, (RR and TA) after assigning each feature a score against a severity impact 

scale based on percentage frequency of total references, its perceived impact on user 

interaction/performance and its usage (sporadic or recurrent).The score was later 

categorized into three groups as high impact (>5) (e.g., navigating for notes (score=7), 

auto-population (score=6), screen options (score=5.5) and others (score=5.5)); medium 

impact (3-5) (e.g., communication (score=5), error prevention (score=4.5), copy pasting 

(score=4.5), edit ability (score=4), and dictation & transcription (score=3.5)) and low 

impact (<3) (e.g., spell check (score=2.5), formatting (score=2.5), navigating for 

templates (score=2.5) and online help (score=2.5)) (Fig. 3.7).                          

 

Figure 3.7-Frequency comparison of total usability references under Epic & CPRS 
*SY-1=Epic, SY-2=CPRS; EP: Error Prevention; SC=Spell Check; ED=Editability; FO=Formatting; 
DT=Dictation & Transcription; CP=Copy Pasting; SO=Screen Options; AP=Auto Population; 
CM=Communication; NN=Navigating for Notes; NT= Navigating for Templates; OH= Help; OT=Others 
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The severity impact scale used was grounded on three variables: (1) proportion of 

references in total, (2) the perceived impact it will have on user interaction/performance, 

and (3) its usage (sporadic or recurrent). The severity impact scale is presented as mean 

of individual ratings from RR and TA (physician and health informaticians).  The above 

results were further validated by consolidating residents’ innovative ideas (Table 3.2) 

and representative quotes (Table 3.3) collected during observation and from a 

questionnaire administered to physicians. 

3.2-Innovative ideas from users 

 

    

 

 

 

 

 

 

 

 

 

 

 

 Innovative ideas 
 
 
 
Users-Epic 

-“If the physician entered a term BNP (Brain natriuretic peptide) in 
the notes, it should pull up the most recent BNP lab results on that 
particular patient.” 
*BNP:  Brain natriuretic peptide 
-“Other encounters & clinician notes (telephone encounters/nurses’ 
notes), crowd provider notes. There should be a separate tabs for 
these.” 
  -“Limited search function, could be improved if it had a Google-type 
search engine for notes, labs, orders.” 

 
 
 
 
 
Users-CPRS 

-“I think CPRS would most likely benefit from the ability to have 
multiple charts open at the same time, and from use of sidebar similar 
to Epic.” 
-"If we could better understand/billing requirements for note entry, 
we can have more structured /standardized notes.” 
“In order to address the variability issue in notes structure, we should 
have standard templates.” 

-“What if the current problems gets blown in and then you can 
actually click on the problem which takes you to the relevant 
previous notes.” 
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Table 3.3-Representative sample of quotes from users 

 Negative Equivocal Positive 
 
 
 
 
 
 
 
 
 
Users-Epic 

-“Screens with too many 
options/tabs that are not 
needed or used.” 
-“Too many ways to 
perform the same task adds 
confusion.” 
-“Auto-population 
introduces tons of junk and 
nobody wants to look at this 
crap.”  
-“ The auto-populated data 
is not accurate always.”  
-“It can be overwhelming at 
times, because there are so 
many options to do the same 
thing."  
-“Filters are cumbersome.” 

-“Probably we spend 
same time spend 
interacting with EHRs 
i.e. Epic vs. CPRS since 
more complicated 
patient & efficient 
system here at UMMC 
vs. less complicated & 
efficient system at 
VAHCS.” 
-“Notes comes last, 
patient care comes 
first." 
 

-“Summary tab is very 
useful. I can customize 
it the way I want.” 
-“It has much more 
reliability/support to 
have notes/data from 
outside uploaded in the 
charts. I know that if 
something was given to 
the records department, 
it will be there.” 
-“Best thing in is the 
short-cut templated 
phrases!” 
-“I can create a well 
organized note with 
different fonts/colors 
stressing importance.”  
-“Note entry is way 
better!” 

 
 
 
 
 
 
 
 
 
Users-CPRS 

-“To multi-task is one of its 
biggest limitations, and the 
ability to open multiple 
patient charts (in one 
instance) would greatly 
simplify this." 
-“I feel that it's biggest 
challenge is multitasking, as 
we can only work on one 
patient at a time without 
being able to look at 
multiple data (split screen), 
very frustrating when 
entering notes on a complex 
patient.” 
-“It is quite slow at retrie-
ving large numbers of notes, 
which is necessary for 
complex patients to be able 
to look further back in their 
history.” 
-“I find it challenging to 
retrieve records from 
outside VAHCS. The ability 
to find records from 
nationwide is certainly a 
strength, although it can be 
rather challenging to 
actually find what you're 
looking for.”  

-"Notes documentation 
is the least important 
chores for the day." 
 

-“I like its’ black and 
white, simplistic 
interface.” 
-“Retrieving notes is 
awesome, the reason 
why we love this 
system”. 
-“Retrieving notes 
function is pretty 
good.” 
-“Consistency in 
finding documents is 
one of the strengths of 
CPRS.”  
-“ I like its simplicity 
since there is only one 
way to find most data 
points you would like to 
see.” 
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3.5. Discussion 

Usability evaluation was performed on two widely implemented EHR GUIs around 

critical tasks of clinical note usage through data collected from ethnographic studies 

along with post-observation questionnaires. Each EHR system was appraised in terms of 

percentages of respective usability references being perceived and cataloged by usability 

evaluators as positive, negative or equivocal. Results were later validated by analyzing 

physicians’ responses. 

We discovered that overall, Epic surpassed CPRS in clinical note usage specific 

to note entry related tasks, while neither of the systems did better with respect to 

information-seeking tasks associated with clinical note usage. Usability features scored 

as “high impact” were auto-population, screen options, navigating for notes and others; 

as “medium impact” were communication, error prevention, copy pasting, edit ability 

and dictation & transcription and as “low impact” being spell check, navigating for 

templates, and online help. 

3.5.1. EHR Usability Pertaining to Note Entry 

Under note entry, Epic had considerably more positive and comparatively less negative 

feedback. The most desirable note entry related features were auto-population and screen 

options, classified as high impact. Auto-population functionality, executed through smart 

phrases, served as a catalytic agent in the note writing process and was thought to 

improve user efficiency during task performance. Conversely, it was also considered as a 

source of introducing inaccurate, repetitive, dated and redundant information leading to 

lengthy notes as quoted by various users (Table 3.3). Similarly, the ability to have various 
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screen display options (e.g., split panes, floating screens) was also considered as a 

strength because these features facilitated concurrent information-seeking tasks with note 

entry related tasks. On the contrary, the inability to multitask was considered to be one of 

the least favorable aspects of the system despite of the fact that multitasking could be 

associated with increase chances of errors. For instance, users were not allowed to open 

more than one patient chart at a time, an error prevention feature, or view previous 

notes/data within the same window of the same patient's chart in order to inform the 

content of the current note, thus hindering timely access to relevant patient information. 

The ease of communication between other clinicians and EHRs with regard to 

interoperability, error prevention through screen alerts, ability to copy paste/easy edit 

options and proficient dictation & transcription services were few of the other medium 

impact usability strengths pertaining to the note entry task that were repeatedly praised by 

the respective system users.  The formatting and spell check feature, despite having a low 

impact on usability, were also frequently praised because it gives users the freedom to 

customize their notes in different fonts styles/sizes/colors.  

3.5.2. EHR Usability Pertaining to Information-Seeking Tasks 

Under information-seeking tasks, CPRS had a greater percentage of positive as well as 

negative observations whereas ease of navigating for notes was the most favorable 

feature having the greatest impact on usability. The likely explanation for the positive 

feedback was the simplistic GUI design with intuitive default notes listing display (e.g., 

notes from previous encounters were cataloged according to the specialties with better 

consistency and ease of finding desired notes). This was in contrast to the frustration 
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users expressed with the extensive list of notes containing a number of options to perform 

the same tasks (over-functionality) and the perception that note filters, offered as a 

feature, were cumbersome to use. Hence, a sense of information overload negatively 

affects intuitiveness and ease of use.  Similarly, others, corresponding to the ease of 

locating ancillary data (e.g., labs, imaging), was considered to be another important 

aspect of GUI that could substantially impact its usability. Having ancillary data 

accessible through various screens rather than through a sole homepage and a search box 

to find specific information are a few of the favorable features that could enhance EHR 

usability pertaining to clinical note usage. In addition, navigating for templates and 

online help were also considered to be desirable features despite of their low impact on 

usability. 

3.5.3. Equivocal Results 

Under both sub-themes for the two systems i.e., note entry and information-seeking tasks, 

a considerable portion of data was coded into the equivocal category more under Epic 

than CPRS, because of their uncertain effect on usability. These items would require a 

more in-depth and individual study of each feature/item in order to understand their 

influence on usability. We expect that this analysis, however, could yield some 

interesting additional findings about these systems. 

3.5.4. Innovative and Comments and Ideas by Users 

We also solicited a number of suggestions from users of both systems, which could help 

us in designing a new and improved GUI having better overall usability. One user 

recommended incorporating advanced technologies, such as login with finger scans or 



 

 60 

pupil iris scan to enhance the EHR usability, whereas having a “Google” like search 

engine was a common suggestion received from several users. According to some users, 

standardizing the structure of the templates used for different note types and establishing 

a structured curriculum for medical students/residents about the coding/billing 

requirements for notes writing, could result in more standardized note entry, potentially 

decreasing note format and content variability. According to one of the users, linking the 

name of a lab test with the most recently reported result would enhance user efficiency. 

With respect to improving usability pertaining to information seeking tasks associated 

with clinical note usage, users offered several suggestions such as the idea of reducing 

the crowding of notes by incorporating separate locations/tabs based on encounter types 

and authors and enhancing user efficiency by entering current problems automatically 

and retrieving relevant data pertinent to these problems (e.g., notes, labs, imaging results) 

by clicking on them.  

3.5.5. Study Limitations  

Several limitations are associated with this study including a small sample size and 

restriction to users from one specialty. All users were 2nd- 4th years residents, working in 

an academic setting having similar ages, training experience and technology skills.  Also, 

the field studies were limited to the inpatient setting. Because of limited resources and 

paucity of double evaluators, we employed two authors as evaluators rather than 

recruiting them from outside the study team. Our findings are limited by a lack of robust 

statistical analysis, because of our small sample size and the qualitative nature of our 

data. In addition to these limitations, there are potential biases linked with qualitative data 



 

 61 

collection and analysis methods, which could result in variability in how results were 

presented. 

3.5.6. Relevance and Contributions  

Suboptimal EHR usability, resulting from lack of incorporation of UCD design approach 

in the SDLC, results in ineffective and inefficient tasks performance (e.g., poor quality or 

missing data, increase error rate, challenges with care coordination, compromised patient 

safety) leading to dissatisfaction among users (providers and patients) and ultimately 

resulting in poor health care delivery. 

This research study explores the two existing EHRs in terms of their design and 

functionality features pertaining to critical tasks centered on clinical note usage. Data was 

collected employing multi-method approach, analyzed both from users’ and usability 

evaluators’ perspectives and employing both qualitative and quantitative approaches. By 

getting in-depth understanding of desirable and undesirable usability features offered by 

existing EHR GUIs and using this information as a platform to redesign future EHR 

interface, we could ultimately succeed in generating an ideal EHR interface GUI. Hence, 

more efficient and effective task performances associated with greater user satisfaction 

that could ultimately result in enhanced healthcare delivery and better health outcomes. 

3.5.7. Future work 

Comparative analysis of usability features embedded in various other competing EHR 

systems performed by employing different usability evaluation methods (e.g., heuristic 

evaluations, cognitive walk through, formal usability testing) with varied and larger sets 

of physicians and usability evaluators (e.g., attendings, specialists, nurses, experts in 
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usability) and in diverse settings (e.g., ambulatory, urgent care, emergency department), 

could enhance generalizability of our study findings.  Time motion studies could also be 

performed to gauge the efficiency of performing a particular task and to report more 

precise time to task data.  In addition, further studies are warranted to understand 

observed discrepancies in user and usability evaluator feedback about the impact of 

various features on usability. 

3.6. Conclusion 

In summary, each EHR offered a varied set of usability features pertaining to clinical 

note usage tasks and had its own strengths and weaknesses with regard to presence or 

absence of certain features. This study helps to illuminate some of the underlying issues 

and could lead to improved future EHR functionality by integrating the findings into 

future EHR development. This study is a promising step towards enhancing EHR 

usability by designing GUIs with a user-centered approach that could ultimately result in 

more effective and efficient patient-centered healthcare delivery. 
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Abstract 

Background: Usability gaps between current and future improved Electronic Health 

Record (EHR) system designs exist due to insufficient incorporation of User-Centered 

Design (UCD) principles during System Development Life Cycle (SDLC).  

Objectives: To evaluate the usability aspects of a commonly used EHR system specific to 

clinical notes usage from attendings’ and residents’ standpoints by analyzing objective 

measures of users’ performance and their subjective perceptions employing mixed 

methods approach.  

Methods: Usability of a commercial, inpatient EHR clinical notes documentation 

interface was analyzed from standpoints of two provider groups employing two 

standardized patient cases. Both objective and subjective data were collected from 

attending (n=6) and resident physicians (n=8) through usability testing employing a 

mixed method approach.  

Results: The study results suggested that  (i) EHR usability and desirability is influenced 

by user characteristics, (ii) workloads associated with H&P and progress notes writing 

are perceived differently between two groups, (iii) repeated task performance improves 

user efficiency and (iv) user performance is correlated to their subjective system 

assessments.  

Conclusion: Understanding usability of clinical documentation interface from 

perspectives of two different user groups, provides interface designers with an 

opportunity to develop an EHR system centered on UCD principles. 

Keywords: Electronic Health Record (EHR); User-Computer Interface; Documentation 
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4.1. Introduction 

While Electronic Health Record (EHR) systems have been widely adopted with the 

ultimate goal of improved health care delivery (1), substantial gaps exist between the 

current state of EHRs and their potential usefulness (2). Poor EHR usability appears to be 

a major factor for this discrepancy (2). To facilitate optimal end product usability, it is 

critical to understand end users’ “usage behavior”, considered a core feature of a User-

Centered Design (UCD) approach  (6,92). The UCD philosophy is that “the final product 

should suit the users, rather than making the users suit the product” (70). According to 

the International Organization for Standardization (ISO)-framework used in this research 

study, usability is defined as the, “extent to which a product can be used by specified 

users to achieve specified goals with effectiveness, efficiency and satisfaction in a 

specified context of use”  (93). Similarly, in EHR design, user involvement throughout 

the System Development Life Cycle (SDLC) can facilitate the development of systems 

that are easy to learn and remember, efficient, minimize errors and improve user 

satisfaction  (94), which could improve EHR adoption and better patient outcomes (9)   

Despite the critical role of the Human Computer Interaction (HCI) in the SDLC 

process  (66), it is often neglected during EHR interface design. Usability studies on 

EHRs’ clinical decision support system and user interfaces for medical equipment have 

been done in the past (21,22), but there are not many studies focusing on clinical notes 

documentation within an EHR interface (24-27), with only few studies done on usability 

evaluation and prototyping of clinical notes user interfaces in the medical domain (24-

29). Similarly, usability of a system could vary with vendor types and user profiles (e.g., 
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clinical experience, EHR training, age, gender, technology skills). However, few research 

studies incorporate usability comparisons from diverse user perspectives (e.g., expert 

users vs. novice users; physician vs. patients; users vs. usability experts) (82-84).  

Usability testing is accepted as the most effective usability methodology with 

greatest strategic impact  (95). It is an “activity that focuses on observing users working 

with a product and performing tasks that are real and meaningful to them”  (66). The 

purpose of this study is to quantify EHR usability around inpatient notes usage focusing 

on the clinical note documentation and clinical note viewing interface, an area that poses 

tremendous challenges to physicians and other clinicians working under time limitations 

(25). Both objective and subjective data on users’ task performance were collected from 

two user groups (i.e., attendings and residents) and analyzed via usability metrics as 

defined by ISO (i.e., effectiveness, efficiency and satisfaction)  (93). Supplementary data 

were also analyzed for subjective workload using the NASA-TLX instrument  (96) and 

system desirability with Product Reaction Cards (PRC)  (97).  The insight gained through 

this research provides an opportunity to better understand EHR usability around clinical 

documentation from the standpoints of two provider groups and identify usability gaps to 

benchmark future EHR design. 

4.2. Methods 

This research study evaluated the usability of an enterprise EHR (Epic Systems 

Corporation) system at Fairview Health Services, University of Minnesota Medical 

Center (UMMC). The study specifically focused on clinical documentation tasks (e.g., 

H&P and progress note-writing). Scenario-based usability testing was conducted on two 
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high fidelity simulated test patient charts  (98) in an Epic test environment replicating  the 

real work environment, both in design and functionality. Testing was done at the usability 

laboratory.  

4.2.1. Study Sample 

Physician participants (n=14) were from two user groups: attendings (n=6) and residents, 

excluding interns (n=8). Participants were in all cases either trained in Internal medicine 

or Family medicine with past and/or current inpatient experience with the Epic Fairview 

EHR. Detailed user characteristics categorized are summarized in Table 4.1.  

Table 4.1-Users characteristics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 A=Attendings; R=Residents; Clinical Exp.: Clinical Experience (Residency training and later);  
Epic Exp.: Total years of experience using Epic 
 

Participation was voluntary and participants received $50/hour. Each session was 

2.5-3 hours long and each physician was at least 24 hours off night call on his or her day 

of data collection. The study protocol was approved by the Institutional Board Review.  

 Age 
(M/F)  

Clinical  
Exp. 
(Yrs.) 

Technology 
Exp.  

 Epic  
 Exp. 
(Yrs.) 

Epic  
proficiency  

A 31 (F)  ≤5 Somewhat 5-10 Average 
A 43 (F) > 10 Less 5-10 Average 
A xx (F) ≤5 Somewhat 5-10 Average 
A 43 (F) > 10 Very > 10 Proficient 
A 36 (M) ≤5 Somewhat < 5 Proficient 
A 39 (M) ≤ 5 Somewhat  5-10 Average 
R 30 (F) ≤ 5 Somewhat  < 5 Average 
R xx (F) ≤ 5 Somewhat  < 5 Average 
R xx (M) ≤ 5 Somewhat  < 5 Average 
R 30 (F) ≤ 5 Somewhat  < 5 Average 
R 29 (M) ≤ 5 Somewhat  < 5 Proficient 
R 26 (M) ≤ 5 Very < 5 Proficient 
R 29 (M) ≤ 5 Somewhat  < 5 Proficient 
R 29 (F) ≤ 5 Somewhat  < 5 Average 
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4.2.2. Data Collection and Analysis  

Two simulated, high fidelity test patient charts with rich, realistic clinical data were 

created in an Epic test environment to provide scenario-based EHR usability testing  (98). 

Patients were built from representative cases after extensive discussion among five 

experts: the lead EHR physician trainer (MS) and four physician informaticists (RR, TA, 

GMM & EA). Patient cases with similar complexities were selected using a Charlson 

weighted comorbidity index and number of prior admissions, clinic visits, and clinical 

notes. In both clinical scenarios, patients with a history of Chronic Obstructive 

Pulmonary Disease and Congestive Heart Failure presented in the emergency department 

with sudden onset shortness of breath. Each participant was assigned two patient cases in 

a random order employing an online randomization tool  (99). A Randomized blocked 

design approach was used to create balanced distribution of test patients across two 

groups. Each participant performed the same tasks of entering a H&P and a day 1 

progress note, on each test patient’s chart.  

Raw data was extracted employing Tobii studio version 3.4.5 and was evaluated 

in three ways: (a) user satisfaction, via the System Usability Scale (SUS) questionnaire  

(100,101) (b) efficiency, via time on tasks, key presses, & mouse clicks and (c) 

effectiveness, via note quality using the Physician Documentation Quality Instrument-9 

(PDQI-9) (53) and overall Gestalt judgment  (102). Data from each user group was also 

analyzed for subjective workload index using the NASA-TLX questionnaire  (96) and 

system desirability via Product Reaction Cards (PRC) listing 118 words  (97). All 
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participants were asked to circle their top 5 choices, which were later compiled as a word 

cloud and Venn diagram to visualize total and unique word selection by each user group. 

Note quality assessment was performed by two co-authors/physicians (RR and 

TA), using standardized metrics as previously reported with the Physician 

Documentation Quality Instrument-9 (PDQI-9) (53) and overall Gestalt judgment  (102). 

Pretesting of these instruments for note quality assessment was conducted on a set of 

unrelated notes to ensure that both reviewers shared a common understanding of item 

scoring. Once consensus was achieved, both evaluators reviewed and assessed 

approximately 14% of notes (8 of 56 notes). The consistency in quality assessment was 

checked by inter-coder agreement with final mean agreement for PDQI-9 of 81% 

(kappa=0.69) and  Gestalt scoring of 87.5% (kappa=0.71). We report summative statistics 

using  SAS enterprise guide 5.1 and StatPlus LE 6.0.3 (a statistical software plugin for 

Macintosh), with means and standard deviation (sd).  

4.3 Results 

While not statistically different, user satisfaction with respect to overall usability of 

clinical note documentation was perceived worse by attendings (mean SUS = 60.8 ± 15.6 

(i.e., marginal usability)), compared to residents (mean SUS = 73.4 ±13.5, (i.e., 

acceptable usability)), despite longer average Epic experience among attendings (≥ 5 

years, n=5/6) compared to residents (< 5 years, n=8/8).  The SUS and their interpretation  

(101) are illustrated in Fig. 4.1. 
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Figure 4.1-SUS based on users’ characteristics 

Efficiency was quantified based on time on task, key presses, and mouse clicks. 

H&P writing was more time-intensive than progress notes for both attendings (26.2 ± 9.7 

vs. 14.0 ± 6.4 minutes) and residents (24.2 ± 7.7 vs. 12.3 ± 4.5 minutes). Residents took 

slightly less time than attendings writing both H&P (24.2 ± 7.7 vs. 26.2 ± 9.7 minutes) 

and progress notes (12.3 ± 4.5 vs. 14.0 ± 6.4 minutes). Time on task decreased from the 

1st to 2nd patient, except for progress note-writing among residents (Fig. 4.2).  

 

Figure 4.2-Time to tasks comparison between two user groups 
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More key presses (KP) and mouse clicks (MC) were observed with H&P as 

compared to progress note-writing for both attendings (KP=2,644 ± 1535 vs. 1,433 ± 

682, MC=201 ± 83 vs. 126 ± 60) and residents (KP=3,468 ± 1,199 vs. 1,758 ± 689 

MC=214 ± 82 vs. 112 ± 46) with residents generally performing more key presses and 

mouse clicks compared to attendings with exception of progress notes where attendings 

had more mouse clicks. The number of key presses and mouse clicks decreased from the 

1st to 2nd patient, except for number of mouse clicks by residents during progress note-

writing (Fig. 4.3, 4.4).   

        

Figure 4.3-Number of key presses comparison between two user groups 

 

Figure 4.4-Number of mouse clicks comparison between two user groups 
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Effectiveness, as measured through PDQI-9 scores on note quality showed no 

quality differences between H&P and progress notes by attendings (34.9 ± 3.8 vs. 34.8 ± 

4.8), though resident progress notes were slightly higher quality than H&P notes (35.5 ± 

6.3 vs. 33.8 ± 4.0). Attendings’ H&P notes (34.9 ± 3.8 vs. 33.8 ± 4.0) and residents’ 

progress notes (35.5 ± 6.3 vs. 34.8 ± 4.8), showed only minimal quality differences. No 

noticeable differences in note quality between attending and residents were detected 

through Gestalt scoring both for H&P (3.7 ± 0.7 vs. 3.8 ± 0.8) and progress notes (3.9 ± 

0.9 vs. 4.0 ± 1.0).  PDQI-9 scores increased from the 1st to 2nd patient, except for 

residents’ progress notes (Fig. 4.5). 

 
 

Figure 4.5-PDQI-9 scores comparison between two user groups 
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while attendings had higher subjective OW for progress note-writing (27.2 ± 16.0 vs. 

22.5 ± 10.2). There was no effect of patient order on perceived workload (Fig. 4.6). 

 
                

  Figure 4.6-NASA-RTLX scores comparison between two user groups 
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word cloud images (Fig 4.7).  Similar results were seen for unique word selection as 

shown in the Venn diagram. 

 
Figure 4.7-Product Reaction Cards selected by attendings and residents 
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4.4. Discussion 

This research study is an important initial step towards understanding the usability of 

EHR clinical notes documentation from attending and resident physician perspectives.  

EHR usability, as quantified through objective measures of user performance and their 

subjective perceptions, varied with each group, note type, and repeated tasks. Varying 

degrees of correlation were also discovered between variables, suggesting that user 

performance is related to their subjective system assessments. The insight gained through 

this research provides an opportunity to better understand EHR clinical documentation 

usability, identify and address existing usability gaps, and establish benchmarks for 

future EHRs. 

Based on the SUS, residents perceived the system to have “acceptable usability” 

while attendings perceived the system to have “marginal usability”, despite attendings 

having more experience with Epic than residents. Similarly, system desirability was 

considered better among residents compared to attendings, with a higher percentage of 

positive words used to describe the system. Since residents are generally exposed to 

EHRs early in their medical training and tend to have little exposure to traditional paper 

charting, this may explain more favorable responses to EHR usability and desirability. 

Additionally, resident participants, predominantly males, tended to be younger, and rated 

themselves as having more technical experience, leading to easier technology adoption 

(Table 4.1). Thus, user characteristics appear to be a critical factor for EHR usability.  

In terms of efficiency, as quantified by time on task, key presses and mouse 

clicks, attendings and residents both took significantly more effort with H&P compared 
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to progress note-writing. Residents perceived less subjective workload associated with 

progress notes suggesting that residents were more at ease  in writing progress notes. A 

potential reason for this is the nature of progress note-writing task itself, which is more 

repetitive and most likely to be influenced by a system’s usability (e.g., copying and 

pasting, auto population, multiple screen panel functionalities.). In comparison, 

attendings showed less subjective workload with H&P writing suggesting that they are 

better skilled in writing H&P notes, a cognitively demanding task which involves 

providing a reason for admission and providing initial patient management direction. 

Thus, targeted note documentation training of physicians where there is a lack of 

proficiency (e.g., H&P among residents and progress note in attendings), would be a 

reasonable approach to consider. No noticeable difference in note quality between 

attending and residents was detected through Gestalt scoring. 

Generally, efficiency improved as users performed the same note-writing tasks on 

the 2nd patient with the exception of progress note-writing among residents. The 

plausible explanation of the observed differences may be due to user familiarity with the 

system and faster cognitive processing as a result of repeated task performance, as well as 

specifics around the second patient case. No effect of patient order was observed on 

perceived workload while there was some indication of improvement in note quality, 

especially progress note documentation among attendings and H&P writing among 

residents.  

We also discovered that increases in subjective workload (NASA) were 

associated with decreases in user satisfaction (SUS) and note quality (per Gestalt). Higher 
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satisfaction (SUS) was associated with better quality notes (per Gestalt).  We found a 

strong positive correlation between PDQI-9 & Gestalt, but no correlation was detected 

between PDQI-9 & SUS or with time on task and note quality for both PDQI-9 & 

Gestalt. 

There are some limitations associated with this study, including a small sample 

size lacking significant inferential statistical results. Generalizability is limited due to the 

inclusion of physicians (MDs), with training in either Internal medicine or Family 

medicine, and testing of inpatient EHR interfaces only. Additionally, the impact of other 

user characteristics needs to be explored further. There are some limitations associated 

with usability testing itself, due to individual differences among users, relevance of tasks 

being tested, and system speed and connectivity. Future studies with larger sample sizes, 

more diverse groups of users and tasks, and extension beyond inpatient clinical notes are 

needed. Also, understanding physicians’ EHR usage behaviors around clinical note 

documentation, the goal of our next study, is an important area that needs to be further 

explored.   

4.5. Conclusions 

We discovered that EHR usability measures of satisfaction, efficiency, and effectiveness 

vary with users’ characteristics, specific note types, and from repeated performance of the 

same task on consecutive patients’ charts. This study provides preliminary, yet essential 

information on objective measures of user performance and their perceptions of EHR 

usability around clinical notes usage. These measures can serve as initial guidance to 

build EHR interfaces grounded on a “User-Centered Design” approach. 
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5.1. Introduction 

Despite high Electronic Health Record (EHR) system adoption rates by hospital (103) 

and office-based practices  (104), many users remain highly dissatisfied with the current 

state of EHRs in various areas. Sub-optimal EHR usability around clinical documentation 

processes can often result from insufficient incorporation of User-Centered Design 

approach and is considered as a leading factor for this observed discrepancy (10). The 

purpose of this study is to expand our knowledge around physicians’ EHR usage 

behaviors around note documentation by examining the History and Physical (H&P) note 

task flow processes that could be applied in designing a future EHR with more efficient 

and effective task performances, ultimately with greater user satisfaction and enhanced 

EHR usability. 

5.2. Methods 

Scenario-based usability testing was performed by two user groups (attending and 

resident physicians (n=6, 7)), in a commercial, inpatient EHR system, employing high 

fidelity test patient cases  (98). Videos with visual tracking of the interface by user and 

captured through a screen mounted eye tracker (Tobii X300), were manually coded 

around H&P note documentation task flow processes. Data were normalized on a per 

note basis and analyzed using mixed methods to compare task flow efficiency (i.e., time-

motion study (minutes), number of data sources and number of transitions among 

structural notes components); effectiveness (note quality); and impact on perceived 

system’s usability and subjective cognitive workload. Transition frequencies among 

various note components were also analyzed by generating scaled frequency matrices 
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employing R.  

5.3. Results  

The H&P documentation task flow process was found to be comprised of two 

predominant paths, Pathway (PW)-“A” and “B”. PW-A was overall longer (2.8+24 

minutes), employed less commonly (n=5), where an initial clinical record view was 

followed by note creation/concurrent clinical record view phase. In contrast, PW-B was 

shorter (24 minutes), used more commonly (n=7) and started directly from note creation 

with a concurrent clinical record view phase. Users tended to follow a single pathway 

with one employing both. Both pathways showed 23 data sources allied with clinical 

record viewing and 10 note components linked with note creation. Assessment and Plan 

(AP) and Current History (CH) sections were the most time consuming (mean=5.6, 5.5 

minutes) as well as data driven (5.7, 6.6) note components, while same note component 

transitions were highest for CH (2.3), Systems Review/ Physical Exam (2), AP (1.7) and 

Uncategorized (1.7). Although PW-B and PW-A showed similar number of note 

component transitions (14.8 vs. 13.7), as well as the number of data resources (23 vs. 22), 

accessed, on average, PW-B spent more time on AP (6.5 vs. 4.8 minutes) and CH (6.3 vs. 

4.9 minutes) and showed more same note transitions for three or more components (e.g., 

CH (2.8 vs. 1.8), SRPE (2.5 vs. 1.5), UC (2.3 vs. 1.0), AP (1.9 vs. 1.4)). Overall, 

transition frequencies among different note components were also higher for PW-B  

(Fig. 5.1). No difference in note quality (PDQI-9 and Gestalt scores), was observed for 

the two pathways. Interestingly, system usability was scored as “marginal” by PW-B 

users and “acceptable” by PW-A users with similar subjective cognitive workloads. 
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Figure 5.1-H&P documentation start-to-end task flow processes 

 



 

 84 

5.4. Discussion and Conclusion 

Most inpatient physicians utilize one of the two main pathways while performing H&P 

note documentation task. Despite PW-B being more efficient in terms of overall shorter 

total time spent/note, it is less efficient in terms of time spent on most time-consuming 

note components and having higher numbers of note component transition frequencies. 

System usability was also perceived lower by PW-B users compared to PW-A users, with 

both groups showing similar subjective cognitive burden with no impact on note quality. 

Hence, initial comprehensive clinical record review, if done efficiently, could be a likely 

factor resulting in less chaotic transitioning and patient information synthesis while 

performing clinical documentation tasks, potentially enhancing EHR usability 

experience, a notion mandating further exploration. Overall, incorporating these practices 

in future EHR interface design and tailoring providers’ training around these optimal 

users pathways could result in more efficient and effective task flow processes and 

ultimately better user satisfaction and EHR usability. 

Conflicts of Interest 

The authors declare that they have no conflicts of interest in the research. 

Human Subjects Protection 

Residents and attending’s participation was voluntarily after provision of verbal assent. 

Collected data was stored on a university encrypted device and server.  The study was 

conducted following approvals and in compliance with Institutional Review Board (IRB) 

#1308E41121 and Research and Development committee (R&D) #R140720X standards. 

 



 

 85 

Acknowledgements 

We would like to thank staff members at the Center for Neurobehavioral Development 

and Fairview Health Services for collaborating on this project. This work was supported 

by National Science Foundation (NSF) Award #CMMI-1150057 (JM) and the Agency 

for Healthcare Research and Quality Award (AHRQ) #R01HS022085 (GM). The content 

is solely the responsibility of the authors and does not represent the official views of NSF 

or AHRQ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 86 

CHAPTER 6: CONCLUSION 
 

The purpose of this research work across four separate studies is to attain the 

comprehensive, essential background knowledge of inpatient clinical documents usage in 

an EHR system with respect to critical components of physicians’ workflow processes 

(e.g., users, their task, systems and environment). In the first two studies (Study-1 and 2), 

we did a comparative analysis of GUI pertaining to clinical documents usage in two 

existing, widely implemented EHRs-a commercial vendor system and an open source 

system employing ethnographic studies and post observation inquiries. Study-1 unveiled 

the existing variability in clinical documentation processes by users of two different EHR 

systems whereas, Study-2 provides specific insights around the usability strengths and 

weaknesses of two widely used EHR systems around clinical notes usage (e.g., clinical 

note-entry and related information-seeking tasks). In the next two studies (Study-3 and 4), 

usability of a commercial, inpatient EHR clinical notes documentation interface was 

analyzed through usability testing employing mixed methods. Study-3 provided essential 

information on objective measures of user performance and their perceptions of EHR 

usability around clinical notes usage, while the rationale behind Study-4 was to 

understand physicians’ usage behaviors around note documentation by examining the 

History and Physical (H&P) note task flow processes.  

In the first study, we discovered that physicians utilized different but congruent 

styles while performing data entry and reading/retrieval tasks for different types of 

inpatient clinical notes, in two different EHR systems. The differences in note-entry 

styles and reading/retrieval styles appeared to be primarily based on physician’s 
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preferences, note type and the stimulus type initiating a task. There were some 

inconsistencies seen in physician self-reported and observed note-writing and 

reading/retrieval styles. Additionally, the time to write the full H&P, progress note and 

discharge summary were comparable in both systems with H&P notes taking the most 

time and progress notes taking the least time.  

The in depth analysis of usability strengths and weaknesses of two widely 

implemented EHR GUIs as performed in the second study showed that the GUI of each 

EHR system had its own, unique strengths and weaknesses specific to functionality and 

design features around clinical note documentation. This appraisal was done on the basis 

of frequency of usability references in the context of various usability features and the 

impact of each feature on usability measured through a severity impact rating scale. The 

findings were further validated by responses from the participants collected post-

observation. 

In the third study, usability testing was performed by real users (physicians), 

executing representative common tasks within a specific EHR system. Despite the 

increased emphasis on creating a User-Centered Design, the process of developing 

representative experimental tasks and clinical contexts to be utilized in EHR usability 

evaluation studies remains an ongoing gap. We tried to enhance the quality of test patient 

charts and improve the efficiency and validity of usability testing by leveraging a test 

environment comparable to the user’s “real” work environment with richer, real life data 

than most training environments, by extending scenarios, replicating test patients, adding 

chronologic new data and by reproducing patients and their scenarios for multiple test 
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users. Details of these “ Smart tests patients” creation are given in the Appendix-B. 

Through this study, we discovered that EHR usability measures of satisfaction, 

efficiency, and effectiveness vary with users’ characteristics, specific note types, and 

from repeated performance of the same task on consecutive patients’ charts. Varying 

degrees of correlation were also discovered between variables, suggesting that user 

performance is related to their subjective system assessments. 

Physicians adopted one of the two predominant, H&P task flow process as 

discovered in our fourth study through analyzing data from usability testing performed by 

on smart tests patients as described earlier. The two pathways varied in terms of adoption 

frequency, overall total time spent/note, time spent on most time-consuming note 

components, numbers of note component transitions and their impact on subjective 

perception of system usability. No difference was observed in subjective cognitive 

burden and note quality.  

There are several common limitations associated with all the four studies such as, 

small sample size posed by recruitment of either only Internal Medicine residents in their 

second, third and fourth years and/or attendings with prior training in either Internal 

Medicine or Family medicine. As a consequence of small sample size, our findings are 

limited by a lack of significant statistical analysis and generalizability.  Secondly, the 

studies were limited to only inpatient settings of academic institutions. In addition to 

these limitations, there are potential biases linked with qualitative data collection and 

analysis methods (Study-1 and 2), which could result in variability in how results were 

presented. Similarly, there are some limitations associated with usability testing itself 
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(Study-3 and 4), due to individual differences among users, relevance of tasks being 

tested, and system speed and connectivity. 

Future studies are required involving usability evaluation of various other 

competing EHR systems, with larger and more diverse group of clinicians (e.g., MDs, 

nurses, physician assistants, medical students), having varied expertise (e.g., sub-

specialties of medicine and surgery and other specialized fields) and in different hospital 

settings (e.g., ambulatory, emergency room, ICU)  

These research studies, representing one of the aims of an ongoing extensive 

project on “Discovery and Visualization of New Information from Clinical  

Reports”  (65,105), provides EHR interface designers with valuable information to help 

define requirements and potential designs for improved EHR system interfaces around 

clinical notes that could be better aligned with the users’ mental model and task 

performance for clinical note documentation. Learnings from these studies could also by 

employed as a guideline for tailoring providers’ training around clinical note usage.  

Hence, successfully utilizing the knowledge gained through this research work, 

could help in mitigating the existing gap between the current state and the perceived 

potentials of EHRs systems through enhancing EHR usability and ultimately more 

effective and efficient patient-centered healthcare delivery. 
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APPENDIX 
 

Appendix-A 

Sample questions from the post observation questionnaire: 

  
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

Q1. How much time on average do you think you spend entering a specific note type (e.g., 
H&P Progress note, discharge summary)?  

Q2. How do you work around templates of various note types (e.g., H&P Progress note, 
discharge summary)?  

Q3. What style do your prefer while entering a specific note type i.e., chronological order of 
various sections of different notes (e.g., H&P Progress note, discharge summary)? 

Q4. What style do your prefer while reading a specific note type i.e., chronological order of 
various sections of different notes (e.g., H&P Progress note, discharge summary)? 

Q5. What are the major limitations of the EHR’s Graphical User Interface (GUI) in terms of 
note-entry/note retrieval tasks?  

Q6. How do you think these limitations can be rectified? 
Q7. What are the major strengths of the EHR’s Graphical User Interface (GUI) in terms of 

note-entry/retrieval tasks? 
Q8. How do you think these strengths can be further improved? 



 

 100 

Appendix-B 

Poster: iHealth Clinical Informatics Conference 

(Poster presented, May, 2016) 

 


