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Abstract

Clinical workflow represents the instantiation of all clinical activities. The transition from paper to
electronic health records (EHRS) over the past decade has been characterized by profound
challenges supporting clinical workflow, impeding frontline clinician ability to deliver safe,
efficient, and effective care. In response, there has been substantial effort to study clinical
workflow as well as workarounds — exceptions to routine workflow — in order to identify
opportunities for improvement. In this paper, we describe predominant methods of studying
workflow and workarounds as well as provide examples of the applications of these methods along
with the resulting insights. We also present challenges to studying workflow and workarounds,
along with recommendations for how to approach such studies. While there is not yet a set of
standard approaches, our work helps advance workflow research that ultimately serves to inform
how to coevolve the design of EHR systems and organizational decisions about processes, roles,
and responsibilities in order to support clinical workflow that more consistently delivers on the
potential benefits of a digitized healthcare system.

INTRODUCTION

The past decade has witnessed a rapid transition from largely paper-based documentation to
largely digital documentation, with the vast majority of hospitals(1) and the majority of
ambulatory providers using at least a basic electronic health record (EHR).(2) The transition
was motivated by the expectation of substantial quality and efficiency gains as well as the
ability to use digital data from EHRs to support clinical research, quality improvement,
public health, and more. A foundational assumption was that EHRs would be readily able to
integrate into and support clinical work. Reality proved more complicated and EHR
implementation has often resulted in profound challenges with supporting clinical workflow.
Suboptimal EHR-mediated workflows, in turn, promote clinicians working around the EHR.
Workarounds contribute to a digital record that does not accurately capture patient care and
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also drive clinician dissatisfaction as well as unintended adverse consequences for patients.
(3-5) (6-9)

There is therefore a critical need to study workflow and workarounds in the context of EHR
use. Such work serves to identify opportunities to improve EHRs and EHR-mediated
workflows as well as more broadly inform research and health system improvement in
domains of safety, quality, and efficiency. In contrast to traditional clinical research that has
been adapted to leverage EHR data, research focused on EHR-mediated workflows is a new
domain of inquiry. As a result, there are few research and reporting standards available. To
speed maturation, in this paper we provide an overview of commonly-used research
methodologies, followed by three examples of insights into safety, quality, and efficiency
that can be gleaned from using these methods to study workflow and workarounds. We then
discuss the methodological challenges to studying workflow and workarounds, and our
recommendations for how to improve the scientific rigor and results reporting consistency of
such studies.

OVERVIEW OF KEY CONCEPTS

Clinical workflow

Workflow is “a set of tasks, grouped chronologically into processes, and the set of people or
resources needed for those tasks that are necessary to accomplish a given goal.”(10) Clinical
workflow is the nexus of all clinical activities. It is essential to the effective and safe delivery
of patient care. In most care settings, clinical workflow is complex, reflecting the
multifaceted nature of clinical tasks and the interdependencies between them. Clinical
workflow is also fragile and can be easily disrupted by changes in the order or methods by
which clinical tasks are completed.(5)

In the EHR era, coordination of clinical workflow increasingly relies on the use of
computerized systems but evidence suggests that current-generation EHR systems
inadequately support clinical workflow and the cognitive tasks of clinicians.(11) Suboptimal
workflow is therefore a common phenomenon in EHR implementation projects, and results
from a wide range of problems, including poor software usability, complex intersystem
dependencies, and the lack of sociotechnical integration of software systems into complex
behavioral, organizational, and societal surroundings.

Workarounds

Workarounds are “informal temporary practices for handling exceptions to normal
workflow.”(12) In healthcare, workarounds are often characterized as clinicians’ self-created
solutions to accomplishing a work goal within a system of dysfunctional work processes that
prohibits or impedes accomplishing that goal.(13) (14) Nonetheless, a key reason for
adopting computerized systems in healthcare is to intentionally introduce blocking
conditions into workflow, such as electronic patient identity verification and computerized
medication safety alerts, to prevent unsafe practices (hard stops) or make them more difficult
to conduct (soft stops).(15) Some of these workflow blocks may however be perceived by
clinicians as unnecessary or inconvenient, provoking the workaround behavior.
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On the other hand, workflow blocks enforced through health IT could be introduced
improperly or unintentionally, due to the misalignment between the ideal workflow as
perceived by software designers and healthcare administrators versus what clinicians
experience in their day-to-day practice.(16) Thus, workflow predefined in EHR systems is
often idealistic, linear, and unable to accommodate complex or unexpected situations.(17)
This issue is further exacerbated by poorly designed software user interfaces, insufficient
user training, low specificity of computerized alerts, and adoption of a common EHR across
medical specialties.

APPROACHES TO STUDYING WORKFLOW AND WORKAROUNDS

There is increasing recognition of the need for research that examines workflow and
workarounds in the context of EHR use. The following scenario describes an IT
implementation and key issues in designing a scientifically-rigorous study to investigate the
associated clinical workflow:

Hospital Hope recently implemented a computerized prescriber order entry (CPOE)
function in its EHR system. The purpose was to streamline medication ordering
processes and improve patient safety through adding computerized decision-
support capabilities such as drug-drug interaction alerts. Hospital administrators are
aware that use of the CPOE system to enter medication orders could produce
undesirable workflows that include unwanted workaround behaviors and have
detrimental effects on time efficiency and patient safety. They therefore ask a
research team to study provider workflow when using the CPOE function and to
identify any issues that could contribute to unintended adverse consequences for
providers or patients. To conduct the study properly, the researchers need to make
many choices on study design, including but not limited to: (1) what are core
attributes of clinical workflow related to medication ordering that could impact
efficiency and safety outcomes; (2) how to operationalize these attributes so that
they can be empirically measured; and (3) how to collect unbiased, empirical data
to create these measures in a manner that does not interfere with clinical work.

Identifying the aspects of clinical workflow that are important to study and can be reliably
measured is a longstanding challenge to workflow studies. While suboptimal workflow is a
commonly discussed subject in health IT research(18), few studies actually measure
workflow directly. Instead, most studies report indications that workflow had likely been
altered from it’s prior or intended state as evidenced by differences observed in distal
measures (e.g., improvement in guideline compliance) or clinical outcomes (e.g., reduction
in patient safety events).(19) Even among studies that directly assess changes in workflow,
many focus on health IT’s impact on time utilization (e.g., average total time spent in direct
patient care activities vs. using the computer), rather than flow of the work. This distinction
is important because the spirit of workflow lies in the chronological organization of clinical
tasks and the temporal (inter)dependencies among them.(20) More broadly, these studies
make an implicit assumption that pre-1T workflow is the appropriate comparator. However,
it may be that pre-1T workflow was also suboptimal, such that evidence of “improvement”
could result in misguided conclusions about a successful transition. Focusing on pre-to-post
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changes in workflow may also blind researchers to the unique IT-related issues that can lead
to suboptimal workflow, such as alert fatigue. Therefore, the appropriate research question
framing is not whether workflow is better or worse than prior to 1T adoption, but instead
whether there is any evidence that workflow is suboptimal when using IT to support clinical
work.

Collecting unbiased empirical data that accurately reflect the desired workflow measures is a
distinct but closely related challenge. The most commonly-used approaches in the literature
for studying workflow and workarounds are qualitative methods, such as ethnographic
observations (including video ethnography), interviews, and focus groups. For example,
through user interviews and document analysis, Niazkhani et al. found that workflow
interruptions from a CPOE system encouraged clinician workarounds.(21) Qualitative
methods are particularly well-suited to generating rich user accounts and capturing user
perspectives on workflow. However, they are susceptible to prejudices and biases commonly
found in self-reported data due to factors such as reluctance to change, negative emation,
and recall errors.(22)

Quantitative studies on workflow that do not rely on self-reported data typically assess what
aspects of the workflow are modified (pre-post) or assess cross-sectional variation. Among
these studies, time-motion and log analysis are two methods that have been most often used.
In time-motion studies, independent human observers shadow clinician subjects for a
continuous period of time to record how they perform their clinical tasks (what, when,
where, how, and for how long).(20) This method, originally developed in industrial
engineering, is considered the most accurate way to collect workflow data as compared to
alternative methods such as work sampling and time efficiency questionnaires.(23, 24)
However, conducting time-motion studies is resource intensive, and results are subject to
limitations such as small sample size, observer bias, and the Hawthorne effect (the alteration
of behavior by the subjects of a study due to their awareness of being observed).(25) A
comprehensive review of time-motion studies in healthcare can be found in Lopetegui et al.
(26)

Another popular quantitative method for studying clinical workflow is log file analysis. In
addition to time-stamped clinical data, all computerized systems in healthcare, mandated by
the Health Insurance Portability and Accountability Act and the Meaningful Use criteria,
must implement robust security auditing mechanisms for detecting malicious access to, or
alteration of, protected health information. Specifically, log files capture user activity while
logged in to the EHR, though the level of granularity and comprehensiveness of what user
behaviors are logged may differ across EHR systems. Despite limitations (including that
data only exist following EHR implementation), such data have been increasingly used by
researchers to examine clinician interaction with health IT systems. For example, Zheng et
al. studied clinicians” workflow in an EHR system using automatically recorded log files and
found that how clinicians actually navigated in the system deviated dramatically from how
designers of the system intended it to be used(27). Tai-Seale et al. used EHR log files to
examine physician workflow and Hirsch et al. examined time utilization in primary care
practices.(28, 29) A growing number of studies also use a mixed-methods approach that
leverages log analysis to supplement qualitative investigation.(30)
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In recent years, several new methods have emerged for studying workflow and workarounds
that leverage data automatically collected using software tools (e.g., screen capturing
software) or through sensor technology such as eye tracking devices, 3D infrared laser
projectors (e.g., Microsoft Kinect), and radio-frequency identification (RFID).(31-33) These
methods, collectively referred to as “computational ethnography,” have the potential to
substantially reduce the resource requirement for conducting large-scale workflow studies
while producing more granular data delineating detailed patterns of workflow and the
workaround behavior than are typically captured by direct observation or log files.(34)

EXAMPLES OF INSIGHTS FROM STUDYING WORKFLOW AND
WORKAROUNDS

To illustrate the value of these methods in generating insights to improve workflow and
associated outcomes, this section describes three examples of the application of these
methods and the specific resulting insights.

Example 1. Evaluating Computerized Provider Order Entry (CPOE) System Impact on
Pediatric ICU Workflow

Zheng et al. conducted a time-motion study in a pediatric ICU to observe resident
physicians’ clinical workflow before and after introducing CPOE.(20) The study was also
designed to investigate a disagreement in the literature between quantitative studies that
consistently found insignificant or marginal impact of CPOE on workflow compared to
qualitative investigations that consistently reported that “new work” and “unfavorable
workflow” were two prominent adverse consequences.

The investigators used a set of new workflow measures, such as workflow fragmentation
(the frequency of task switching and interruptions), and new workflow modeling
approaches, such as sequential pattern mining and task transition analysis, to uncover hidden
regularities embedded in clinical workflow. The results showed that, consistent with prior
quantitative studies, how clinicians distributed their time across different patient care tasks
only changed marginally before and after CPOE implementation. In particular, the post-
implementation workflow became more fragmented, consisting of shorter duration of tasks
and higher frequency of task switching. The authors argued that changes to the temporal
dynamics of workflow, rather than redistribution of clinician time, might explain why
clinicians perceived higher workload and disrupted workflow after health IT adoption, even
though the aggregated total amount of time they spent on performing each type of clinical
tasks did not change substantially. The results of the study also provided implications for
redesigning health IT, clinical practice routines, and the physical layout of medical facilities
to reduce workflow disruption, by minimizing cognitive load associated with fast task
switching and switching between tasks of distinct natures, and avoiding extra physical
activities (e.g., locating computer workstation or printer) and unnecessary waiting and idling
(e.g., waiting to be re-logged into the computer due to rapidly expired sessions).
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Example 2. Understanding Physician EHR Workflow Patterns and the Impact on Task Time

and Errors.

A study by Ratwani et al. used screen-capture software to record all EHR interface-level
interactions, such as mouse clicks and keystrokes, to understand emergency physician
workflow and workarounds.(35) The study was conducted at four healthcare systems that
use two different EHR vendor products (Epic and Cerner) and sought to measure the
variability in workflow and resulting time-on-task and error rates as physicians completed
six different clinical scenarios. Screen capture software enabled an understanding of EHR
interaction patterns that would not traditionally be captured by log data, such as processes
used to search for information or hovering the mouse over different medication options in a
non-intuitive display.

The results revealed wide variability in workflow, time-on-task, and error rates, both within
and across healthcare systems. Within a single healthcare system, physicians demonstrated
very different workflows, which resulted in some physicians completing tasks in half the
time as others and without any errors. Across healthcare systems, there was tremendous
variability for some tasks, such as ordering a lab that had an eight-fold difference in time and
clicks from one site to another. Error rates for a task such as ordering a medication ranged
from zero to thirty percent. These results highlight the need to more closely analyze
workflow to reduce burdensome processes and reduce the likelihood of error. Time-on-task
and error rates can be reduced by increasing physician awareness of different EHR
workflows so that those physicians using more cumbersome ones can change their behavior
and by simplifying EHR workflow through redesigning EHR systems to eliminate
unnecessary keystrokes and clicks.

Example 3. Improving Value in the Emergency Department Setting from Rapid Access to
Outside Records.

A study by Everson, Kocher, and Adler-Milstein used log files to capture the workflow in
two emergency departments (ED) within a large academic medical center related to
requesting and viewing patient records from outside provider organizations.(36) The study
sought to measure how often requested records were returned and, when returned, how
quickly they were viewed by the requesting provider, using log file measures to compare the
usual care workflow (i.e., EHR-based request and viewing of scanned records that were
retrieved by phone/fax) to a newly available EHR-based workflow in which records could be
queried for and retrieved from EHR-to-EHR (i.e., electronic health information exchange, or
HIE). Ultimately, the research sought to assess whether there was a relationship between
information request-to-viewing time and clinical outcomes for ED patients.

The research revealed that, while a greater proportion of requests were fulfilled via usual
care, when fulfilled, providers were more likely to view those returned via HIE and to view
them on average 58.5 minutes earlier. Further, for every hour saved between requesting and
viewing outside records, patients spent less time in the ED, they were less likely to receive
imaging, and they were less likely to be admitted to the hospital. Beyond revealing the value
from designing a workflow that ensures rapid availability of outside records to ED
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clinicians, the study also revealed the need to address upfront challenges with patient
matching as well as the downstream challenge of returned records that were never viewed.

METHODOLOGICAL CHALLENGES TO STUDYING WORKFLOW AND
WORKAROUNDS

In this section, we describe the methodological challenges related to proper measurement of
workflow and how to collect unbiased empirical data that accurately reflect the desired
workflow measures. We then provide our recommendations for how to improve the rigor in
conducting workflow studies and the consistency in results reporting. These
recommendations are also summarized in Table 1.

First, while workflow disruption is frequently discussed in the health IT evaluation literature,
few studies measure it directly. Instead, time efficiency, clinician performance, or patient
outcomes are commonly used as distal or proxy measures.(19) It is also not uncommon that
an investigation into workflow changes is only conducted as an afterthought especially when
desirable outcomes of a health IT implementation were not achieved. We therefore
recommend future efforts recognize the importance of direct study of workflow and
workarounds, and use pertinent workflow measures to directly capture the completion of a
set of tasks, and their chronology, that seek to accomplish a given goal. In the context of the
scenario, the former is represented by the hospital administrators asking a research team to
study provider workflow as part of the CPOE implementation. While resource intensive,
routine assessment of workflow as part of implementation efforts is likely to result in early
identification of potential issues and avoidance of unintended consequences. The latter could
be put into practice by the research team by first mapping out all clinical tasks relevant to
medication ordering, identifying which ones are likely affected by the CPOE
implementation, and identifying members of the clinical team that are involved and the
responsibility that each assumes.

Second, workflow is a highly elastic concept that is often interpreted differently across
people, settings, and research goals. The research definition of clinical workflow thus tends
to be elusive.(37) Consequently, findings on health IT’s impact on workflow can be
inconclusive or even conflicting. For example, workflow studies using the time-motion
approach have commonly found that health IT implementation does not have a detrimental
impact on time efficiency.(38) However, decreased time efficiency and disrupted clinical
workflow are among the most frequently reported unintended adverse consequences by end
users.(9) This problem is exacerbated by variability in clinical workflow, even within the
same institution. We therefore recommend that future research clearly define clinical
workflow in the context of the study, and adopt proper workflow measures in line with the
research objectives, as well as report on observed variability in the measures once collected.
A clear definition would involve specifying the goal of the workflow as well as the tasks and
their chronology that are expected to result in the goal, along with how each was measured.
In the context of the scenario, this would extend the workflow mapping effort by developing
and reporting workflow measures that could specifically contribute to adverse outcomes for
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patients or providers (e.g., creation of new tasks, shift of responsibility by clinical roles, and
altered chronological order of task execution).

Third, data sources and methods that can be used to study workflow and workarounds vary
to a great extent.(19) For example, ethnographic observations would be adequate to study
the tasks and their chronology, but not support quantifying pre-to-post changes. We therefore
recommend that researchers develop familiarity with the range of available data sources and
methods, as well as strengths and limitations of each. Further, even among studies using the
same method, a considerable degree of discrepancy exists in how the method is applied and
how study results are interpreted. For example, among the time-motion studies published to
date, there has been a large degree of methodological inconsistency, such as how inter-
observer reliability is calibrated and how multitasking is handled.(25) We therefore
recommend that, whenever possible, researchers use established methods for common
research activities used in workflow studies. These include adopting common workflow
measures, using a standardized taxonomy of clinical tasks, and reducing variation in how
workflow data are collected (particularly in a pre-post implementation study). In the context
of the scenario, the researchers may choose to use the time-motion method to capture
workflow data. If they did, they should consider maintaining the consistency of observer-
observee pairs across pre- and post-implementation stages, using a clinical task taxonomy
based on standard CPOE task classifications (e.g. the one developed by Overhage et al. (38)
and extended by Pizziferri et al.(39)), and adopting an existing, validated time-motion data
collection tool such as the Time Capture Tool (TimeCat(40)) or the Work Observation
Method by Activity Timing (WOMBAT (41)).

Fourth, there is a large degree of inconsistency in how workflow studies report their study
design and results, which makes cross-study synthesis very difficult, diminishing the ability
to accumulate knowledge as a field. In response, there have been attempts to develop
guidelines to improve methodological and results reporting consistency for certain types of
workflow studies. For example, Zheng et al. previously developed a checklist called
Suggested Time and Motion Procedures (STAMP) that defines a minimum set of 29
information elements that should be reported in workflow studies utilizing the time-motion
method.(25) These 29 data elements are organized into nine key areas that guide researchers
to provide detailed accounts of the intervention studied, the empirical setting, the research
approach (e.g., randomized controlled trial vs. pre-post comparison), the clinical task
taxonomy used, observer training and inter-rater reliability assessments, characteristics of
study subjects, data recording methods, data analysis methods, and how interruption and
interaction are handled. We recommend future workflow studies use such publication
standards for reporting their research methods and results.

CONCLUSION

Given the critical patient safety risks as well as broader concerns about burnout and clinical
inefficiencies that result from suboptimal workflow, there is an urgent need to continue to
devote effort and attention to studying and improving clinical workflow in the EHR context.
Workflow and workarounds are complex phenomena and a robust understanding of the
challenges and opportunities for improvement require greater attention to the rigor of the
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research methods and consistency in results reporting. Since the field is sufficiently new that
there are not yet widely-adopted standard approaches, our work describes commonly-used
qualitative and quantitative research methodologies along with examples of how these
methods have been used to glean insights into safety, quality, and efficiency from studying
workflow and workarounds. We seek to advance the field by discussing four methodological
challenges to studying workflow and workarounds, and offering recommendations on how to
improve the scientific rigor and results reporting consistency of such studies. Doing so will
spur efforts to continuously improve how EHRs, and the broader work systems in which
they are embedded, support clinical workflow.
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Table 1.

Summary of Research and Reporting Recommendations for Studying Workflow and Workarounds in EHR-

supported Work

Recommendations
for research

Recommendations

Examples

Recognize the importance of direct study
of workflow and workarounds, as opposed
to distal or proxy measures.

Clearly define clinical workflow and
develop proper measures of workflow in
the context of the study.

Become familiar with the range of
available data sources and methods, as
well as strengths and limitations of each.
If appropriate, gather data beyond what is
captured in the EHR to gain a fuller
picture of work.

Use established methods for common
research activities used in workflow
studies.

Workflow measures directly capture the completion of a set of tasks, and
their chronology, that seek to accomplish a given goal. Instead of directly
measuring workflow, studies instead report indications that workflow is
suboptimal as evidenced by distal measures (e.g., guideline compliance) or
proxy measures (e.g., time spent using EHR).

A clear definition involves specifying the goal of the workflow as well as
the tasks and their chronology that are expected to result in the goal, along
with how each was measured. If relevant, people/roles and resources can
also be defined and measured.

Key data sources include human observational data and software/sensor
observational data (e.g., log-file data, screen-capture data, eye-tracking
data). Key methods include human-factors workflow modeling, time-
motion analysis, and computational ethnography.

There are established methods for conducting common workflow research
activities such as calibrating inter-observer reliability, reducing variation in
pre-post data collection, and accounting for multitasking.

Recommendations
for reporting

Recommendations

Examples

Use standards for reporting work and
workflow studies.

Report variability in measures of
workflow and workarounds.

Consistency in results reporting is desired to provide adequate details
regarding research design, as well as findings that can be readily compared
across studies. Publication guidelines exist for certain types of workflow
studies, e.g. the Suggested Time and Motion Procedures (STAMP) (25)
offer reporting guidance.

While workflow often aspires to be standardized, standardization is rarely
achieved. Studies of workflow and workarounds should therefore
explicitly measure and report variability — either to provide context for
study findings or as a direct measure that explains variation in outcomes
achieved.
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