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Abstract: This paper describes an implementation of an Electronic Medical
Record (EMR) which has been adapted for the purposes of teaching health
professional students, including medical and nursing students. Off-the-shelf
EMR software, while suited for physicians in practice settings does not
completely satisfy the needs of these students and educators. There are many
unique requirements of a teaching EMR compared to one used in a production
environment. This paper describes the specific architecture and unique features
of an EMR that was employed in the University of British Columbia Medical
School teaching program in December, 2007 with 200 participating medical
students distributed across three physical sites in the Province of British
Columbia.
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1. Introduction

In Canada, the Federal Government through its initial investment of 1.2 billion dollars
formed Canada Health Infoway (CHI) in 2000. Its mandate to accelerate and to enable
information technology in healthcare, has gained considerable momentum over the last
several years. Its focus is around creating a pan-Canadian electronic health record system
(EHR). This goal, if achieved, would allow for electronic entry and retrieval of patient
data by physicians and healthcare professionals across Canada. Its original specific
objective was to achieve a 50% adoption rate across the country by 2009 (Canada Health
Infoway, 2006). The EHR would connect up patient data from different sources,
including the electronic medical record (EMR) which is the electronic patient record in
the physician’s office or clinic. The benefits of achieving this would be a reduction in
number of patient records being kept on paper and the potential for greatly modernizing
and streamlining healthcare processes across Canada. CHI partnered primarily with the
provincial and territorial jurisdictions in a co-funding relationship sharing in the cost of
this venture. Its initial mandate was not to deliver EMRs to the desktops of every
physician; however, many provinces and territories have taken their own initiative to
fund this dissemination of this key information technology.

The British Columbia government in a deal ratified by the British Columbia
Medical Association in March 2006 negotiated substantial funding to provide EMRS in
physicians’ offices (PITO, 2007). Such funding was an integral part of the province’s
investment in the eHealth framework (eHealth Steering Committee, 2005; Ministry of
Health of BC, 2006) as a whole. By enabling information sharing, avoiding duplicate or
unnecessary tests, and medical errors (Kohn, Corrigan, & Donaldson, 2000; Bates et al.,
1999), clinical guideline adherence and decision support, it is hoped that improvements in
the quality of care is achieved in a cost effective and sustainable manner (Romanow,
2002) through the use of an EMR.

With its high level of commitment in eHealth, the British Columbia government
also allocated specific funding to be utilized for teaching our future health care providers
the new tools of the trade. The University of Victoria (UVIC) in British Columbia has
considerable expertise in health informatics, was given the opportunity to architect the
introduction of EMRs into the University of British Columbia (UBC) medical teaching
program for the final year students.

Currently, the use of EMRs in education is in its infancy. A recent review found
fewer than 50 articles with evidence of their use in medical education (Keenan, Nguyen,
& Srinivasan, 2006). Some implementations have focused on teaching fundamental
concepts only (Speedie, & Niewoehner, 2003), whereas others have attempted to
integrate an EMR in a family practice setting (Zelnick, & Nelson, 2002). There are no
implementations known which introduce an EMR in a didactic problem based teaching
program.

A review of the current commercial and non-commercial systems revealed very
few options. Non-commercial systems lacked basic functionality and commercial systems
were too costly and configured to operate in actual practice settings only. All systems
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lacked the ability to create a standardized patient from which all students could work.
Additional requirements of an educational EMR included comparing each individual
student’s actions, is not be possible with off the shelf solutions.

In this paper we describe our work in creating a unique EMR simulator for health
professional education. The simulator was designed to have the features of a real working
EMR (and was designed based on a system in use in medical practice), plus additional
simulation-based features that allow for use and customization of the software for health
professional education. The simulator has the ability to present medical students with
patient cases within an electronic health record environment.

2. The Requirements

The authors, in May 2007 initiated discussions for designing an EMR to suit the specific
needs of teaching. The specific requirements were determined through teleconference
meetings with the faculty staff at both the UVIC and UBC. It was agreed that the basic
requirement of an educational EMR should have a generic look and feel not too
dissimilar to that seen in commercial systems in existence. In addition to the basic
requirement, there is a need for customizing an EMR to have specific student and
educator roles.

The educator’s requirements would include: an ability to build a standardized
patient case that contains information about a specific hypothetical patient case, a clinical
scenario that describes the course of illness of the standardized patient, and the ability to
view and compare each student’s interaction with the case. Whereas, the student’s
requirements would include: access to their private workspace in which to store the
standard case, and the ability to store of any subsequent changes to the case inputted by
the student.

While these requirements are natural expectations in an educational setting,
commercial systems are not designed to hold multiple copies of the same patient to be
accessible and for changes to be made by different students. Demonstration modes in
existing EMRs may be the closest to this ability, however, this mode cannot track and
store changes made by each individual student on a single patient case.

The cost and the ancillary resources needed to customize and implement a
commercial system to add student and educator interactive roles would be prohibitive.
The timeframe for the roll out of the EMR software was also short.

The authors therefore, decided to customize their own system. The basic system
called the Anthrologix EMR core engine is a generic object orientated medical record
keeping system written in the Microsoft .NET framework. The EMR core engine uses
modern object orientated structures. This is in contrast to the majority of EMR systems in
existence today using older software systems or components. These older systems are
difficult to change and if it were possible would require development of a separate
customized software solution.

The advantage of a well organized and flexible object oriented EMR data
structure in the Anthrologix core leads itself to making the necessary changes easily.
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3. The EMR Case

The teaching was conducted during the week of the 10th of December, 2007. The hands
on use of the EMR was integrated into the problem based learning series in the final year
medical school program (Borycki et al., 2009). The EMR case comprised of a
hypothetical patient named Tom Miller who is a 45 year old male presenting with a
history of back pain experiencing a complicated course eventually requiring surgery. An
introductory course consisting of basic information relating to EMRs preceded a
demonstration of the software. During the course of the week, small groups were formed
sharing a laptop with the EMR software installed to give the student hands on experience.
Some of the functions suggested included entering an encounter, disease coding,
obtaining a consultation from an orthopaedic surgeon and retrieving a hospital discharge
summary. There was also an opportunity to discuss issues exposed in a shared record to
include privacy and security issues.

4. The Implementation

The specifics of the software implementation at the initial meetings was to deploy a
system which consisted of a centralized database and clients would log onto the EMR, or
what is commonly know as a client — server. Unfortunately, as the technical requirements
were being fleshed out, there were insurmountable barriers to this type of implementation.
The UBC course was being taught at three physical sites and not all of students had equal
access to computers from which to log in and use the EMR. Some students were located
at hospital sites as they were part of clinical electives. Hospitals had restricted access to
external applications including the Windows Remote Desktop application which was the
intended means of accessing the central database. The EMR was application based and
not web based, so a browser solution was not possible. The client — server approach was
therefore abandoned and local installation into laptops was decided upon. A supplemental
option of downloading the software into the student’s home computer was also offered
through the UBC educational portal. This UBC educational portal was also used to
disseminate the user manual for the EMR.

5. The Software

The preexisting Anthrologix EMR graphical user interface (Fig. 1) was used with minor
modifications. This included a tab to expose a control panel for students and another for
educators (Fig. 5). The panel for the students would be the means within the software to
subscribe to a preset case and to keep track of all cases subscribed to. The panel for
educators would be the means to create one or many cases in addition to setting up the
conditions in which the objects of the patient case would appear.

To enable most of new functions of an educational EMR new student and
educator modes (Fig. 2) needed to be added to the existing user object in the EMR. The
user object of the EMR contains all information about users of the system. The contents
of this object also determine access privileges. In this case, an additional field was added
to the user object to hold the user mode, whether it is: an educator, a student, or a normal
or default mode. The normal or default mode would to allow the EMR to function as it
was originally designed or for a typical physician’s office. Mode selection, therefore,
allows a single application to handle the needs of a typical production system as well as
those needed for education purposes. This refers back to most commercial systems
needing to produce a customized solution that is a separate application.
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Figure 1. Screen shot of the EMR
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Figure 2. Setting the user modes of the EMR
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Each user in the EMR system (i.e. each health professional student and each
educator) would need to be assigned one of these modes upon creation of a new user
account. A user logging into the EMR system will always possess the mode
predetermined at the time of account creation. It is intended that each educator and each
student would appear as unique users in the system.

The operation of the EMR would then be determined by the mode of the user
logged into the system. A small change made to the application software was necessary
to filter database queries of the storage system for each user mode. This small change was
sufficient to orchestrate and differentiate between these new roles or modes. Resulting in
students having access their own patients and educators access their own workspace to
create patient cases. Normal or physician users were still able to use their system in their
practices all through one application.

Educators would typically create patients or cases and then publish them. Students
of newly created accounts would start with an empty workspace and would subscribe to
one or more of these publications. When subscribed to a particular patient, all the data
that comprises the patient is duplicated into the students account. In effect, the students
account holds a private copy of the patient case, separate to that of the educator. This
enables the software to maintain a store for each student’s actions. Within this framework,
the software, therefore, has the capacity to evaluate students either at an individual level
or to analyze aggregate responses and possible variations between students.
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Figure 5. Educator view of Tom Miller. Items 14 and 15, “the results” appear on
day 6 and 7 respectively

The concepts of publishing and subscribing is borrowed from database
management programs. The EMR, for a typical student login would list the patients
available for subscription. When one is chosen from the list (Fig. 3, Fig 4), the entire
patients data is copied into the student’s private storage space as described above. The
ability to subscribe to a patient in this manner allows for an unlimited number of students.
For educators, constructing a patient is more involved. In addition to publishing the
patient, each object which forms the entire patient record is tagged with an “appearance
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day” attribute. This attribute allows the software to control the day in which each object
appears as the case progresses. It may be necessary for certain objects to be hidden from
view until their day of appearance (Fig. 5).

For example, tests results and consultation reports based on preceding test orders
or referrals respectively would need to be simulated. Therefore, these objects must be
hidden from view until at their appropriate time. Constructing a case, therefore, requires a
significant amount of planning. An educator’s control panel in the software allows the
educator to create these objects and set up the “appearance day” attribute for each object.
A playback slider conveniently animates the appearance of each aobject in time sequence
by way of a graphical presentation. This same slider also controls the actual staging or
appearance of the case as it is being taught in class. Each subscribing student is linked
back to appearance slider in this manner, so that every student views the patient case at
the appropriate point in time. This feature does not affect the ability for each student to
modify their own copy of the subscribed patient case.

In the actual case used for the students, the patient “Tom” was referred for a
specialty opinion and the consultation report of the specialist is revealed in the EMR at
the appropriate time. Using the above described mechanism, the consultation report
therefore, is not accessible to viewing until after the referral is made.

The above method can lead itself to more complex case scenarios by controlling
the appearance of certain objects based on certain preceding actions by the student. For
example, in a hypothetical respiratory case, a student may order a sputum culture; the
sputum result may appear on day four. Alternatively a student ordering a chest x-ray
would see the appearance of a typed report on day two. Although different scenarios were
not employed in this iteration, the fundamental extensible nature of the EMR allows for
more complex scenarios to be built.

There is also a simple mechanism to randomize students to receive the same case
but with some variance. For example, using the respiratory case, one set of students may
receive a patient complaining of a wet cough and the other set, a dry cough. Objects may
also appear by means other than that described above. They can appear based on an
interview situation, for example, by asking certain questions, an object representing a
response may appear. It is conceived that the flexibility of an object oriented EMR may
fulfill the technical requirements of a full medical simulator in the future.

6. Discussion

The purpose of the initial implementation was to achieve the delivery of an electronic
medical record (EMR) system that could be used for teaching health professional students.
The software was unique in that it is not only realistic (being modified from a system
currently being used in medical practice) but at the same time it is modifiable from an
educational perspective, constituting a unique real-world educational simulation
environment. Furthermore, integration of this form of technology into the teaching
program of a health professional had not been done in the past at the UBC site or other
locations in British Columbia. The risk of failure was significant due to many of the
technical glitches which could have occurred with implementing software of this
complexity. The initial tested implementation was of a client — server model, however
due to the difficulties in obtaining connectivity at all the sites to a central database store,
free standing local installations were necessary. There were also difficulties in obtaining
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the hardware for a sophisticated client — server set up including the bandwidth for 200
users potentially accessing the database simultaneously.

To this end, the implementation was successful. The software was stable and did
not cause install and execution problems. Preliminary and informal feedback from the
students and educators was good. The interface was considered by both groups to be
intuitive enough to sit down, to browse and to enter data after the introductory session.
Fortunately, technical issues never appeared as a foreground issue. Rather, the intent of
the education experience was achieved with the majority of the time spent on discussing
the issues of the case and how an information system can document and facilitate care.
Thus the project has had two important goals that have been met, namely (1) providing an
electronic format for presenting medical cases to be used in education, and (2) at the
same time providing health professional students with their first exposure to this
important technology which they will be expected to use and master once they graduate.
Regarding the second point, it is expected that exposing students to this technology will
lead to increased understanding of what it is and how it can be used, and as a
consequence will help in increasing the adoption of EMR and electronic health records in
general.

The next steps in our work to develop an evaluation framework for student
performance as well as a framework to obtain formal feedback in order to improve the
software and implementation for future courses.

7. Conclusion

It is gratifying to be involved in enriching health professional education and to be able to
introduce this new technology into teaching programs as part of overall eHealth
initiatives. In this implementation, we satisfactorily introduced an EMR customized for
this purpose.
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