Observing End-User Customisation of Electronic Patient
Records

Cecily Morrison and Alan F. Blackwell

University of Cambridge, Computer Laboratory
JJ Thompson Avenue, Cambridge, UK, CB3 9EU
{Cecily.Morrison,Alan.Blackwell}@cl.cam.ac.uk

Abstract. The contemporary practice of medicine, which is concerned both
with national standards of audit and innovation through local customisation, is a
prime domain for end-user development. In this paper we describe four experi-
ences of end-user development in this domain that offer interesting empirical
examples. We look at existing practices through considering end-user customi-
sation of paper charts (1), compare the end-user customisation facilities
provided by two applications for electronic patient records (2), assess the struc-
ture of an actual end-user development using one of these (3), and propose a
longitudinal study of end-user customisation building on this work (4).
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1 Introduction

Contemporary medical practice is fundamentally concerned with the definition and
execution of standardised procedures. The creation of new standard procedures by
individual hospitals or units, and the local refinement of existing procedures, is com-
monplace. Such local customization, even if minor, can be seen in a positive light,
encouraging reflective professional practice [1], as well as innovation. Despite these
potential benefits that procedural diversity carries, it causes problems for the applica-
tion of information technology to clinical practice, which for economic reasons is
often deployed across a large number of client institutions. This conflict is well illus-
trated by the significant difficulties encountered in the implementation of the British
National Program for Information Technology, a very large scale deployment of stan-
dardised clinical administration software [2].

The combination of requirements, for both standardisation and customisation,
means that Electronic Patient Record (EPR) systems are a natural target for end-user
development or end-user customisation. (In this paper, we will refer to both as EUD.)
Indeed, leading EPR products offer in addition to their standardised set of procedures
and record formats, significant capabilities to support local end-user development.
The already established medical practice of defining and refining procedures
makes EUD application use in medical environments particularly interesting to study,
as the practitioners are familiar with the process but not the technology. Such a
situation provides the opportunity to assess customisation procedures without the use
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of technology as well as a capability to home in on the problems stemming from the
technology use, as we can assume that the process of negotiating customised proce-
dures is already smoothly established.

This paper highlights a number of examples from our experiences with customisa-
tion procedures and EUD technology employed in healthcare environments. We
begin by investigating the process of customisation without technology, by detailing
how paper charts were developed in an intensive care unit (1). Moving on to look at
customisation of technology, we present a comparison of the initial customisation
procedures of two EPR systems, GE Healthcare Centricity EMR [3] and IMDsoft
Metavision [4] (2). We then focus on a single system, Metavision, and explore how
system structure affects end-user development (3). Finally, we change focus from the
initial to the long-term practice of customisation, and propose how one might study
long-term EUD usage in a medical environment (4). Despite the brevity of these
examples, we aim to demonstrate in our conclusion that studies in the medical
environment can offer insight into a wide variety of issues in the EUD application
development process.

2 Customisation on Paper (Case 1)

As noted in the introduction, the creation and refinement of new procedures in medi-
cal contexts is both common and productive. Indeed it is considered an important skill
for senior clinical practitioners and a way to provide innovative patient care. These
procedures are traditionally deployed through the development of appropriate charts.
Below we look at the customisation of paper charts found in an intensive care unit
(ICU) of a cardiothoracic specialist, research-oriented hospital in the UK. We first
detail a brief example of process and then discuss the end-result.

2.1 Customisation of the CCOC Paper Chart

A tremendous amount of data about a patient's state is collected from the many ma-
chines to which she is attached — heart rate, fluid balance, oxygen levels and blood
results to name just a few. This data is organized in various charts, perhaps as many
as 10, for use by different kinds of practitioners (e.g. nurses vs. doctors). In order to
utilize such a wealth of information, the director of this ICU discouraged narrative
observations on charts, in favour of formalised tabular formats that could be easily
reviewed and compared. The most commonly used chart shared by all practitioners,
the Critical Care Observation Chart (CCOC), became, as a result, formalised to an
extent that it did not accommodate the more diverse aspects of patient care with
which nurses are concerned.

In response, nurses developed the habit of turning the CCOC over, to write less
structured observations on the back. However, as unstructured text presents problems
in consistency and standard interpretation, the ICU nursing staff decided to define a
standardised structure for nursing observations too. They revised the CCOC by print-
ing another grid on the reverse side, providing another, but different, knowledge
structure for use by nurses.
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We might note two points from this example of the customisation process. First,
the process of formalisation and categorisation is a feature of organisational data
management, a point observed by Bowker and Star [5] in an analysis of case studies
that included the formalisation of nursing practices. It is therefore a process that is
well practised, even when customisation happens without any EUD technology, a
point that will be discussed further in section three. Second, it demonstrates a reac-
tive, incremental developmental process which suggests the importance of looking at
long term usage of patterns of EUD application and not just the initial period of cus-
tomisation, something that will be done in section four.

Addressograph

Papworth Hospital NHS Trust

Critical Care Name:

Plan for Today

Date.........

Hospital Numbsr:

Print and sign instructions clearly - All sections must be comple

Ventilation (e.g. mode, pressures, volumes, efc..)

Targets: PaO2..........kPa.
Hurmidfication: YESINO
Chest drains:

PaCO2........

Sedation breal * """~

Refer 1o CCA procdures and guidelines where approprs

Summary of actions planned for today:

kPa.

SPO2......er0.%.

Papworth Hospital NHS Trust
Critical Care

Daily Laboratory Result

Papworth Hospital NHS Trust

Critical Care

Lung transplant
Postoperative

Patient Name:

DOB:

Hospital Number:

Information & Instruction

Print and sign instructions clearly — All sections must be completed

INTRAOPERATIVE INFORMATION

Pre-op creatinine:..............umollL

Operation: Right/ Left / Double Lung transplant

Use exclusively for Lung transplant patients.

CPB: YES /NO

Baseline ACT:

. sec

Epidural: YES / NO

Drains (arce) Rhythm: SR/AF/......... Postop pressures
Erd . Pericardial Pacing wires: Atrial / Vent / .. MAP ........ mmHg
e
[ Nutsition (Refer to dieician plan for detall) Time R Pleural Pacemaker Mode: ....... RA ......... mmHg
[ D
‘ L Pleural Pacemaker rate: .......... PAD: .......mmHg
SapDeniEE Urea 2174 mmoli.
Creatinine_| 75— 125 ymollL CRYSTALLOID
r : ie e il Glucose Saline 500ml at ... mis/hr
Papwiorth Hospital NHS [T 3651 mmall. (Doctor's signature)
( Critival Gare Area I e RS Try POTASSIUM SUPPLEMENTS (Adninster pconal |
5 COMCAEENN N2 225 ol Give KOl ....... mmols in 50 mi over 20 minutes to maintain K" ...to ... mmol| 27 S0
J Weekly Food G Phosphate | 081 - 1.45 mmolL.
‘ = Bagneaim 1074108 monclf. INOTROPIC/VASOACTIVE DRUGS
J [E Total protein 617991 AT Drug "Rate | Doctor's / *CCP’s
‘Abumin R (mish) | signature
Date Breakfast == TSNP 50 T e T e
76,04 | Halfabowlof comfiakeswil | TotBiirubin | 520 pmolt. | "SNP - 50 mg in 250 mis 5% Glucose (200 mcg/mi) |
semi skimmed milk. ALT 10-40 IUL.
GTN -25 added to 45 mis 5% Gl (total vol 50mis - i
Iy Mug of fea and | tspn sugar. A3 pnos. T O o (A e Bk ‘ |
Amylase <300 UL | ibed infusi i i doctor
3 =
: T SesoL Dopamine - 400 mg in 250 mis 5% Glucose (1600 meg/ml) ‘
WBC PERERTA Adrenaline - 5 mg in 250 mis 5% Glucose (20 meg/m) I
Al Platelets 150 - 400X 10° L. bl o |
= mis 5%
PT (sec) i 160 meg/mi)
APPT (se0) | Abnomal > 48 Isoprenaline - 1mg n 250 mis 5% giucoss (4 mogim)
Fib (o) Abpormel <44 100 mg added to 20 mis NaCI 0.9% (total 40 mis
INR =2.5 mg/ml)
APR
\Vancomyein®
cRP ) | L s )
Seon by Doo
Tniate

* see assays guidelines
Updated Novembr 2005

Fig. 1. A selection of more recently design paper charts in use at the ICU

2.2 Examples of Paper Chart Customisation

In Figure 1 and 2 we present a collection of charts from this ICU unit. Those in Figure
1 are newer and more standardized than those in Figure 2. In particular, we would like
to draw attention to the visual coherence that begins to appear in the newer charts.
This suggests that not only is customisation happening on a chart-by-chart basis as the
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need arises (as above), but that there is concerted design of the information structure.
Customising fields on a chart might be seen as end-user programming while design of
an information structure may be likened to end-user software engineering. This dis-

Fig. 2. A selection of older paper charts in use at the ICU

tinction will be considered in more detail below.




Observing End-User Customisation of Electronic Patient Records 279

3 Comparison of Two Health EUD Applications (Case 2)

3.1 GE Healthcare

The CHI 2006 workshop on End-User Software Engineering [6] included a represen-
tative of GE Healthcare, who described the customisation facilities of the Centricity
Electronic Medical Record product [7]. The aspect of the system providing the focus
of discussion was its facility for generating medical reports. Medical reports are stan-
dardised in structure and terminology, to an extent that suggests they might easily be
generated automatically. Indeed, Centricity allowed doctors to define the content of
an individual patient’s report using menus and checkboxes, then automatically gener-
ate the full prose text report from the resulting data fields. However, despite the clear
advantages of standardised text (consistency, quality control, efficiency), individual
doctors often have strong preferences for particular expressions or writing ap-
proaches, to an extent that makes them reluctant to use standardised text.

The solution offered by the Centricity product is that doctors can customise report
text generation in accordance with their own preferred style, using a “medical expres-
sion language.” Unfortunately, the computational complexity of transforming a prede-
fined set of terms into arbitrary prose constructs is such that this language includes
most of the data and control features of a general purpose programming language
(typed variables, conditionals, iteration and others). The instruction manual for the
medical expression language resembled an introductory programming course, in both
content and structure. Few doctors have the time to develop programming skills from
scratch, leading on the one hand to a thriving third-party industry offering customisa-
tion services for Centricity, and on the other hand to a variety of costs and risks
associated with the specification and debugging of any scripts written by relatively
inexperienced doctors.

3.2 IMDsoft Metavision

The director of the above mentioned ICU considered the GE Healthcare product when
implementing a new Electronic Patient Record system, but eventually selected the
MetaVision product from IMDsoft. He reported to us, at the outset of our research,
that customisation facilities had been a significant factor in that decision. Although
MetaVision has a different set of customisable features, the encounter with a different
product did provide us with an opportunity to compare end-user customisation and
deployment issues associated with different products in the same market. At this ICU,
report formats also provided an initial focus for customisation. However, it was not
prose reports that were the main priority, but the layout and content of patient charts
to monitor patient’s vital signs, drug administration and fluid balance.

Implementation of Metavision at this ICU was mainly concerned with replicating
the structure of these existing paper charts within the Electronic Patient Record. We
observed the necessary customisation work being carried out by a small team of sys-
tem “super-users” — the clinical director of the unit (a consultant anaesthetist) who
had been the initiator and driver of new policy, the director of nursing, and the com-
puter system administrator. Their approach to the project closely resembled profes-
sional practice. Having collected samples of all the paper charts used in this ICU, the
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team identified all data fields. They arranged these on flipcharts posted around the
walls of their workspace and carried out the customisation in the centre of the room at
workstation with a collection of Metavision manuals. A second workstation was used
by IMDsoft staff who were present as trainers at the start of the one week initial cus-
tomisation period.

The professional and systematic approach to end-user development was not acci-
dental. Metavision training material has an explicit focus on project management,
including recruiting suitable members of the development team, and establishing a
systematic development process. This typically starts with the definition of “parame-
ters” (patient data and measurements), followed by layout of a patient “flowsheet”
that provides interactive access to various data entry forms as well as charts and re-
ports. It is clear that the Metavision product takes as its starting point the importance
of end-user software engineering (EUSE) concerns, somewhat in contrast to the Cen-
tricity training material, which at the time we saw it had a far more conventional fo-
cus on end-user programming (EUP) facilities.

From the perspective of a computer science researcher, the Metavision documenta-
tion was rather irritating, because basic description of language syntax and library
functions are located in obscure parts of the documentation. The Centricity documen-
tation offered far more conventional programming reference — perhaps a sign that the
two audiences, end-user software engineering and end-user programmers should be
clearly separated. In other EUP research in our group, we encourage the use of perso-
nas to distinguish between the two, characterising the approaches to programming
that might be found among different professional groups [8].

4 EUD Application Structure

End-user development activities in Metavision are largely structured around the pre-
defined dataflows and interaction model at the core of the product. It would not be
possible for users to modify these system behaviours. Customisation of certain opera-
tions can be done using a scripting language that is invoked during particular opera-
tions, which include “triggers,” relatively advanced messaging, action and automated
notification functions. During the initial customization period, the team focused on
creating parameters and forms rather than on triggers. However, they did use scripting
facilities to write “formula” scripts that can calculate new parameters derived from
directly captured data.

Formula scripts provided the main opportunity for us to observe conventional pro-
gramming activity. IMDsoft training staff were able to assist with script syntax, but
this threw attention onto the need for a shared domain understanding between techni-
cal and practical expertise. We observed a sustained debate over the interpretation of
physical dimensions and data types, as clinical staff and trainers disagreed whether
the built-in type “millimoles” represented a concentration or a quantity of potassium
(ion balance in ICU patients was a key clinical concern of the ICU director).

A less contentious, although laborious, consequence of using formula scripts to
implement local clinical concerns was the process of creating many formulas to calcu-
late patient fluid balance — almost all drug administration and nutrition introduces
fluids into the patient that must be taken into account alongside ion balance. As the



Observing End-User Customisation of Electronic Patient Records 281

base product did not anticipate this particular cross-cutting concern, customisation
activity had to include the creation of many small scripts throughout the system to
account for fluid intake.

We also observed the consequences of conflict between the built-in operational
model of the software, and the operational conventions of existing paper-based data
processing. One of the primary displays in the Metavision software is a chart that can
be customised to plot various parameters along a continuous timeline. The navigation
of the chart and control of the timeline itself are sophisticated, and of course cannot
be customised by end-users. However, this seemed to cause a major obstacle for the
nursing staff. The local clinical concern with continuous monitoring of fluid balance
meant that nurses were accustomed to noting that a patient had passed a quantity of
urine, and attributing this retrospectively to a loss of fluid over the previous hour.
However, the underlying model of the Metavision timeline seemed to assume that all
observations related to events in the current, rather than previous time period.

The above three examples demonstrate a number of problems. The first and the
third note the issue of having a sufficiently shared understanding between technicians
and end-users to achieve a task. In the latter example particularly, neither the team nor
the IMDsoft staff found it easy to identify this fundamental difference in the way they
described the relationship between observations and intervals. Most likely, a common
level of description would have required a shift to a more abstract conception of time
[8]. The second and third examples indicate the importance of appropriate design
even when customisation abilities are present. Although many problems can be
worked around, as in the second example of writing many scripts to calculate fluid
balance, others, such as the notion of time and flow, are more problematic. Research
into requirements gathering for EUD systems that distinguishes between items that
can and cannot be customised would be useful.

5 Studying Long-Term EUD Usage

In the second section we highlight the need to focus not just on the initial process of
end-user customisation (as in cases two and three) but also on long term usage, ena-
bling us to understand how customization becomes embedded in the social context.
Lieberman et al [9] also stress the need for empirical studies of long-term EUD usage
in their vision of EUD research of the next 15 years. This vein of research aims to
answer questions ranging from when software is customised as opposed to when
workarounds are found, to what role does cooperation play in the customisation proc-
ess. We are now commencing a retrospective study of the ICU unit described above,
investigating the day-to-day process of the customisation process of the Metavision
system. This section describes how we intend this to be done.

5.1 Background

The majority of work that focuses on usage of EUD systems is carried out during the
design, rather than evaluation phase. Rode et al. [10] for example, look at what fea-
tures non-professional web-designers use in order to build an EUD system that ad-
dresses the needs of this particular group. Stevens et al. [11] focus more on the social
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context of system use, describing problems with data control between two organiza-
tions and how that can be accounted for in an EUD system. In contrast, we concen-
trate on the long-term usage of the system. One expects a significant amount of cus-
tomisation when a system is first bought and used. When, by whom, and for what
purpose is the system customised after the initial burst? Noting Blackwell's attention
investment theory of abstraction use [12], if users are given the opportunity to cus-
tomise, when do they decide to adapt themselves rather than the system? How does
the technology and the social context change the answer to this question?

5.2 Study Design

We have chosen two complementary approaches to address these questions: (1) a
catalog of customised elements; (2) contextual interviews about specific changes
made. The catalog will be used to explore patterns in what, when, and who does the
customisation, while the contextual interviews are intended to investigate the social
context in which customisation happens. The interviews will be broken into two parts,
the first focusing on understanding the context for making changes and the second
one concentrating on how the EUD capabilities are employed to achieve changes.

The catalog will be comprised of a database of all changes made in the past two
years, documenting what change was made, when, and by whom (if possible). After
categorizing the changes using grounded theory, it will be possible to look for pat-
terns. We are particularly interested in whether there will be correlations between any
of the following:

(1) the time elapsed since the initial customisation and the number of changes
made

(2) time and what kind of changes are made

(3) time and who makes changes

(4) what changes are made by whom

We would also like to know if repeated changes are made to the same element. Not
only will this data give us a general overview of customisation over time, but will
provide fodder for the contextual interviews.

In the first part of the interview, the respondent will be asked about four changes in
the catalog. Three will be randomly chosen to sample a range of possible user con-
cerns and the fourth will be one of interest to the researchers, such as an element that
has been changed several times. We have chosen to discuss concrete examples for
two reasons. First, we want to understand the average case, rather than just extraordi-
nary ones that are likely to be remembered. Second, it is usually easier for people to
recall something specific (e.g. the change of the haemoglobin parameter) rather than
something more general (what kinds of parameters have changed). The respondent
will also be given an opportunity to discuss any significant changes that they remem-
ber in order to identify the most burdensome problems.

The questions used for both sections of the first part are listed below. They are
open-ended and thus designed to elicit more information than is strictly implied in the
question. Other questions will be used as necessary to develop themes that emerge.

1) Who made this change? (Does this person usually make changes?)
2) Why was this change made?
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3) How was the decision made to make this change?

4) Were there any difficulties making this change?

5) Was the change tested after it was made?

6) How was the change communicated to the medical staff?
7) Was the accuracy of the change ever questioned?

The first question hopes to draw out comments about how people think of those
making changes and perhaps how that affects their attitude towards or description of
the changes. The second question will help us understand when changes are made and
perhaps when they are not, and whether this varies over time. Questions 3 & 6 are
oriented towards discovering the official and unofficial policies for making and dis-
tributing changes. Question 4 is an initial question to probe difficulties, either social
or technical ones, which arise during customisation. Lastly, question 7 is an explora-
tion of the social context of customisation.

The second part of the interview looks more specifically at interaction with the
customisation interface and language. Again we employ the strategy of talking about
concrete episodes, this time asking them to recall a specific incident. We also use a
strategy of repetition, making the later questions refinements of the earlier. The ques-
tions are meant to address the social and technical issues raised when non-
programmers use a programming language.

1) Is there any change that you would like to make but are unable? If so, can you
describe how you would like to make this change?

2) In the past have there been problems that have been difficult to solve? What
did you do?

3) Do you work on customisation with your colleagues?

4) How is this work similar and/or different from designing the paper charts?

5) Do you use metaphors or images or other aids when customizing?

6 Conclusion

We have presented a description of research work in progress, investigating the rela-
tionship between existing professional customisation practices, and software-based
EUD practices, in a medical environment. It is clear that current commercial products
already incorporate relatively sophisticated EUD facilities, and that these (unsurpris-
ingly) are drawing attention to the importance of end-user software engineering, both
in the formal interventions of software vendors, and the informal appropriation of
technical capabilities within clinical teams. As such, we find that these experiences
offer a valuable case study for comparison to experiences of EUD in educational or
research contexts. Furthermore, they offer an opportunity for the long-term observa-
tion and analysis that is still in progress. This kind of long-term professional deploy-
ment is unusual in research contexts, and includes longitudinal study of individuals
that is unusual in educational contexts (where studies of individual students usually
last for a year at most). We believe that this research context will offer a valuable
opportunity for further investigation of EUD in practice.
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