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Abstract

This paper describes a  methodological
framework for conducting eval uations of clinical
workflow and systems impact based on
simulated user interactions. The approach
involves the collection of a rich set of data
consisting of audio and video recordings of
interactions between healthcare workers and
health care information sysems and their
associated devices. Methodol ogical
considerations and issues in conducting such
studies are discussed. The steps involved in
carrying out such sudies are also described
along with a description of our current work in
the application of the approach to the analysis of
clinician workflow.

Introduction

Methods based on simulations have been used in
biomedical informatics to study aspects of
human computer interaction in a number of
health research domains including: human
factors, usability, doctor patient interactions
involving  technology, health professional
information needs, health professional decision-
making, new device testing and medical error [1-
5]. In this paper we describe a new approach
towards evaluating the effects of health
information systems upon clinician workflow in
the performance of both routine and complex
clinical tasks in a laboratory environment. The
approach involves video and audio taping
clinicians thinking aloud while observing their
interactions with health information systems and
their associated devices while undertaking
representative routine and atypical tasks.

Background

Health information systems can have a
significant impact upon clinician work. The
impact of health information systems upon
clinician work has been both positive (e.g.
reducing medical error, length of stay) and
negative (e.g. altering traditional workflow
patterns that promote clinician communication

and coordination of work). This has led a
number of biomedical informaticians to theorize
about the socio-technical implications (i.e. task-
technology fit) between health information
systems and real world clinical environments [6].
More specifically, some researchers have
suggested many of difficulties experienced by
biomedical informaticians when implementing
health information systems arise from a poor fit
between clinical tasks and technology, leading to
unintended clinical practice [7] and workflow
effects [6]. Over the past decade considerable
researcher effort and energy has been directed
towards documenting the unintended effects of
technology upon clinician workflow using
observational approaches in real life settings well
after a health information system has been
deployed. More recently, biomedical informatics
researchers have been advocating the use of
simulations as a methodology for assessing the
potential impact of health information systems
upon clinician work before a health information
system is deployed in order to prevent undue
aggravation and disruption to clinical workflow
[5-7]. Simulations allow clinicians and
informaticians to determine the impact of a
system and improve workflow changes before
the system is deployed in a real world context.

Simulations have been used in a number of
research domains to study varying aspects of
human computer interaction with significant
success. There are a number of differing types
of simulations, including computer based
simulations that attempt to model human
behaviour [2], and simulations that are developed
to test specific system components [5]. In this
paper we demonstrate the potential value of
using simulations to document and evaluate the
impact of health information systems upon
clinician  workflow  before real world

implementation is undertaken. Specifically, we
explore the value of using simulations that
involve real users interacting with information

systems and devices in simulated clinical
environments as they perform routine and
atypical tasks to determine the systems impact
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on clinical workflow. Historically, such
simulations have been used to effectively
develop and pilot test systems across the System
Development Life Cycle (SDLC) from user
needs assessment through to system design.
Our work extends this research, to examining the
impact of health information systems upon
workflow as it allows software and hardware
developers to document, develop, refine and
improve clinician workflow and thereby ensure a
more seamless fit between task and technology
during systems implementation.

Using Simulations to Document, Develop and
Refine Health Information System Wor kflow

The development of representative, ecologically
valid simulations that allow for the study of
workflow to enhance task-technology fit requires
careful attention to factors that may influence
internal and external validity and thereby the
generalizability, applicability and value of
findings. In order to ensure internal validity
there is a need to control extraneous variables
and their impact on the quality of the data that
can be obtained from the simulation. External
validity must also be considered, including
attention to subject, setting, case, task, and
scenario representativeness. External validity
ensures the ‘research has generality, is
representative of the so-called real world, and
does not distort the question under
investigation”[9]. External validity requires that
real behaviours are studied in realistic situations.

M ethodological Approach

In this section of the paper we describe a step-
by-step approach to developing workflow
simulations.  Although there may be some
variation in the method, the development of
simulations to evaluate health information
system impact on clinical workflow involves
consideration of each of these steps to ensure the
generalizability, applicability and value of the
findings in informing health information systems
deployment and implementation (see Figure 1
for an overview of the steps).

Step 1: Subject Selection

This step involves identifying and selecting
representative subjects for the simulation.
Subjects should be representative of health
information system end users in terms of their

Step 1: Subject Selection

Step 2: Routine and Atypical Task Selection

Step 3: Scenario Design

Step 4: Designing the Attributes of a Scenario

Step 5: Equipment and Recording Materials

Step 6: Data Collection

Step 7: Qualitative Analysis: Coding Scheme

Step 8: Quantitative Data Analysis

Step 9: From Laboratory to Real World Health
Information System Design

Figure 1. Overview of Simulation Approach to
Health Information System Workflow Study

level of disciplinary, domain and technology
expertise [9,10].

Step 2: Task Selection

This stage involves the selection of
representative tasks (i.e. routine and atypical)
that end users are expected to undertake when
using a specific type health information system.
A range of representative tasks can be selected
[8]. For example, in a study of a medication
administration system, this may include routine
tasks such as administering a once a day oral
medication to a patient to more atypical tasks
such as mixing an IV medication and then
administering it via IV pump.

Step 3: Scenario Design

Scenarios can involve simple  written
descriptions of a task that are given to subjects to
read and perform when using a health
information system or they can be as complex as
scenarios involving actors playing patients or
computer  controlled  mannequins  (e.g.
programmed with a range of physiologic
responses intended to emulate human behaviour)
following a script [13].

Step 4: Designing the Attributes of a Scenario
Attention should be paid to the attributes or
gualitative dimensions of each scenario.
Researchers should consider varying levels of
scenario complexity, task urgency and the role of
time constraints in scenario design as each of
these factors may influence clinician workflow
[13]. Scenarios should also be representative of
the range of clinical tasks (i.e. routine and
atypical) that would be performed by clinicians
to ensure all possible workflows and their
variations are adequately represented and
studied. For example, when studying the impact
of an online documentation system upon
clinician information needs at the bedside, a
researcher might use scenarios that stimulate a
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clinicians’ desire for additional information (e.g.

a clinician has encountered a symptom of a
disease that is unfamiliar to them in their day to
day work) at the bedside. The impact of the
clinical environment upon workflow associated
with health information systems should also be
considered when developing scenarios. For
example, if the researcher wishes to understand
the impact of the clinical environment upon
clinician workflow there may be a need to vary
the demands of the environment — clinicians
should be observed attempting to acquire
information from a health information system
given environmental constraints in terms of
available time to perform a task and the sense of
urgency associated with managing life
threatening situations.

Step 5: Equipment and Recor ding M ethods

The complexity of equipment required to
conduct simulations varies from low fidelity to
high fidelity. A low fidelity simulation roughly
approximates the real world. For example, a
simple study may involve presenting physicians
with a short written case description of a patient
and asking the physician to enter information
about the patient into the patient record system
while recording the interaction with simple video
or audio devices. A high fidelity simulation
would more closely reproduce the real world.
For example, a simulation may involve actors
playing the role of patient and staff in a clinic in
a study of how doctors use patient record
systems in clinics. Such a study may involve
multiple recording devices to precisely document
all subject interactions (e.g. audio and video
recordings of all verbalizations, computer
activities and the examining room to document
actions).

Step 6: Data Collection

As described in step 5, varying types of data can
be collected. We recommend that audio data be
collected in all cases. Audio data provides
information about what is being focused on and
considered by the subjects during simulations
[15]. Other forms of data collection include
video and computer screen recordings of human
computer interaction. Video data and computer
screen recordings can provide additional insights
when triangulated with audio data. Increasingly,
the role of computer screen recordings and video
data has been found to both inform and
contextualize collected audio data — helping the
researcher to better understand the underlying
cognitive processes and the effects of

computerization upon them. For example, in one
of our recent studies examining the relationship
between medical error and system usability,

video and computer screen data informed audio
transcripts of subjects interacting with a system
resulting in the emergence of new findings. In

this study audio data indicated subjects believed
they had entered the correct prescription when
using an electronic prescribing program, while

corresponding video data and computer screen
recordings revealed usability issues led subjects
to unknowingly enter incorrect prescriptions [5].

Step 7: Qualitative Analysis: Coding Schemes
Fundamentally, all coding schemes should be
theoretically motivated [11,14]. Theory drives
gualitative coding of audio, video and computer
screen recording data. Data is coded using an
inductive, deductive or mixed method approach
[14,15]. In deductive coding, existing workflow
theory/models are used to code data. In
inductive coding, research findings lead to the
development of workflow theories/models [15].
Mixed method approaches involve the use of
both inductive and deductive approaches. There
are a number of benefits associated with using
mixed method approaches: (1) empirically
validated theories/models from  previous
workflow research are used and (2) in cases
where existing theory/models cannot explain a
phenomena theory/models can be extended or
falsified [15].

Step 8: Quantitative Data Analyss

Qualitative data (i.e. coded verbal transcripts,
coded observations from video data or recorded
computer screen information) can be converted
into quantitative data or quanticized [16,17].
Coded verbal data can be reduced to concepts or
representations ‘intended to mean one thing”
([16], p. 253). For example, frequencies can be
tabulated for each aspect of workflow that has
been coded, and as a consequence inferential
statistics can be undertaken to make comparisons
between health information system workflows
[16].

Step 9: From Laboratory to Real World
Health Information Systems Design

In step nine we use our findings to redesign or
modify workflows to improve task-technology
fit to meet the demands of end users and the
clinical environment. This is done before
institutional deployment to ensure the “right”
workflow is present.
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Use of Simulation Early in the Development
Cycle: Assessing Workflow

As described above the methodological approach

that we have refined and can be used to study the

effect of health information systems upon
workflow (e.g. physician use of electronic
prescription writing systems while undertaking
patient care rounds). Simulations can be used to
study a wide range of health information systems
[18]. In addition, we have been recently working
on extending the simulation approach to the

assessment of user workflow as the basis for the 2. Kushniruk, AW, Patel

development of new systems. This can involve
observing clinicians (e.g. physicians or nurses)
interacting with the paper record under simulated

conditions to assess what parts of the record are

relevant to assessment, planning and decision-
making tasks in real world environments. Such
an approach allows one to study workflow
without influencing patient care prior to system
implementation. Simulations can be conducted
early in the SDLC during system development to
inform the design to ensure task-technology fit.
In such studies, subjects are asked to carry out
routine and atypical clinical tasks. An analysis of
the type and frequency of specific workflows can
be used to guide selection, design and
implementation of health information systems.

Discussion

In this paper we have described our work in the

systems during
patients).

life threatening events for

References

1. Kushniruk, AW, Kaufman, DR, Patel, VL,

Levesque, Y, Lottin, P. Asssessment of a
computerized patient record system: A cognitive
approach to evaluating an emerging medical
technology, MD Computing, 1996;13(5), 406-
415.

VL. Cognitive and
usability engineering approaches to the
evaluation of healthcare information systems.
Journal of Biomedical Informatics, 2004; 37, 56-

3. Anderson, JG. Evaluation in health informatics:

Computer simulation. Computers in Biology and
Medicine, 2002;32,151-164.

4. Anderson, JG., Aydin, CE, Jay, SJ Evaluating

health care information systems. London: Sage
Publications, 1994.

5. Kushniruk, AW, Triola, M, Borycki, E, Stein, B,

Kannry, J. Technology induced error and
usability: The relationship between usability
problems and prescription errors when using a
handheld application. International Journal of
Medical Informatics, 2005; 74(7-8), 519-26.

development, refinement and application of an g, Berg, M. Patient care information systems and

approach to evaluating the impact of health
information systems upon clinician workflow
based on use of simulated user interactions
involving routine and atypical clinical tasks. The

health care work: A sociotechnical approach.
International Journal of Medical Informatics,
1999; 55(2), 87-101.

approach builds on previous work in the area of 7 Koppel, R et. al. Role of computerized physician

simulation [3] and leads to collection of a rich set
of qualitative and quantitative data. In addition,
as described, the approach can be used
throughout the System Development Life Cycle,
from requirements gathering (as the basis for
system design) to assessment of the impact of
information systems upon workflow. In
particular, simulations can form the basis for
subsequent evaluation of system use in clinical

order entry systems in facilitating medication
errors. JAMA, 2005; 293(10):1197-203.

8. Kushniruk, AW. Evaluation in the design of

health information systems: Application of
approaches emerging from usability engineering.
Computers in Biology and Medicine, 2002;32,
141-149.

settings. Results from such simulations can guide 9. Keppel, G. Design and analysis: A researcher’s

and provide focus for health information systems
development and implementation in real-world

settings. It is argued that such an approach has

handbook (¥ ed.) Englewood Cliffs, New
Jersey: Prentice Hall, 1982.

considerable potential for areas where it may be 10, Ericsson, KA, Smith, J. Prospects and limits of

difficult to obtain useful data under uncontrolled
conditions (e.g. workflows involving information

the empirical study of expertise: An introduction.
In K. A. Ericsson and J. Smith (Eds.). Toward an

AMIA 2006 Symposium Proceedings Page - 64



general theory of expertise (pp.1-38). U.S.A:
Cambridge University, 1991.

11. Patel, VL, Groen, GJ. The general and specific
nature of medical expertise: A critical look
(pp.93-125). In K. A. Ericsson and J. Smith
(Eds.) Toward a general theory of expertise
prospects and limits. New York: Cambridge.
(1991).

12. Kushniruk, AW, Patel, VL, Cimino, JJ.
Usability testing in medical informatics:
Cognitive  approaches to evaluation of
information systems and user interfaces. In D.
Masys (Ed.) Proceedings of the 1997 Fall
AMIA, 218-222.

13. Gaba, D. The future vision of simulation in
health care. Quality and Safety in Health Care,
2004, Oct. 13, suppl. 1:i2-10.

14. Jackson, W. Methods: Doing social research
(2". Ed.). Scarborough, Ontario: Prentice Hall
Allyn and Bacon Canada.

15. Ericsson, KA, Simon, HA. Protocol analysis:
Verbal reports as data2edition, Cambridge,
Massachusetts: MIT Press.

16. Sandelowski, M. Combining qualitative and
guantitative sampling, data collection and
analysis technigues in mixed-method studies.
Research in Nursing and Health, 23: 2046-255.

17. Babour, R. The case of combining quantitative
approaches in health services research. Journal of
Health Services Research Policy, 4(1), 39-43.

18. Kushniruk, AW, Owston, R, Ho, F, Pitts, K,
Wideman, H, Brown, C, Chu, S. Design of the
VULab: An integrative tool for analyzing use of
on-line health information resources. Paper
submitted to Fall AMIA 2006.

AMIA 2006 Symposium Proceedings Page - 65





