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Abstract: Modern computer technologies, such as telemedicine, have been success-
fully introduced in medical practice. However, whereas in an office-like environment,
an integration of computers is uncomplicated, it is quite difficult to accommodate com-
puters in an environment, where medical staff working at the point of care needs to be
highly mobile. In this environment, computers need to be highly mobile, too, and have
to operate in many different situation. In this paper we study a prototype of a clinical
information system (CIS). We focus on the support of mobility in a CIS in order to
bolster cooperation and communication between medical personnel. We examine pos-
sible mobile computer technologies for a CIS and we develop a taxonomy of graphical
elements for input of medical data (we use these elements in the prototype CIS). The
use of this prototype was carried out under the conditions of a field study on a real
hospital ward. The results of the field study and the evaluation are presented.

1 Introduction

An unusual feature of the working habits on a somatic hospital station is the high mobility
of the medical personnel. If one watches doctors and nurses, and records their places of
work, one can see a frequent change between the patient room, the ambulance and the
operation room. Although computer technology can be found in many areas of medicine
today (keyword computer tomography) and they are a standard tool for administration and
accounting, the mobility of the medical personnel makes it so far impossible to establish a
useful clinical workplace in a hospital ward. With a useful clinical workplace we mean one
which at any time and at every place supports the documentation, as well as the information
and communication processes of the medical personnel.

Presently, clinical workplaces do not satisfy such demands, since they continue the prob-
lems of the traditional paper files. For example orders and diagnoses are often first doc-
umented on scrap paper in order to be typed into an (electronic) medical record later. Or
documents that are unavailable at the doctor’s round because they are in use by another
doctor. The direct support that is necessary directly at the patient’s bed, and in addition a
support that is integrated into a whole system, is missing up til now or is not accepted by
the medical personnel because of its unwieldiness. Whereas computers can be easily be
integrated into an office environment, it turns out that it is quite problematic to use com-
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puters at different work places as required by doctors and nurses. We notice further that
without a careful design of a clinical workplace, the workplace is often not accepted and
often offers only functionality for accounting.

If only tasks of the medical personnel in specific scenarios are taken into account and only
those are realised by software, then the problems discussed above occur and lead to limited
and incomplete support for the work of doctors and nurses.

In this paper we introduce IT systems that support the medical personnel ‘around’ the
patient’s bed (the “point of care”, PoC), such cooperative work habits, describe a user-
interface and prototype of a clinical information system (CIS), and give some results from
a field study. Our prototype is named Elb-florence after Florence Nightingale, who laid the
foundations of medical documentation in the 19th century [Nig63]. Current work about
medical documentation can be found in for example [SHG91].

2 Technical Possibilities for Computers at the PoC

In this work we claim that, in addition to a central IT-system at the ward, a distributed
system next’ to the patient’s bed is necessary. Several technical solutions are available for
this:

• Bedside terminals (Computerscreens with keyboards)

• Laptop computers (mobile computers with keyboards and mouse functions for data
input)

• Barcode readers and scanners, as well as digitising equipment for scanning of pa-
perbased patient records,

• Voice recognition systems and

• Handhelds (small portable computers with input and output capabilities on screen)

In the following we shall discuss these technical solutions in turn. Bedside terminals were
seen at some point as the solution for creating data entry point at the patient’s bed. Early
adopters for this were clinics in the USA [Pro95, MB93]. However it turned out that such
bedside terminals outside intensive care units are rejected because of financial reasons, but
also of psychological reasons. Pluyter-Wenting [Plu96] argue:

“The terminal beside the bed suggests that the data is easily accessible and
patients will ask the nurse to get access to their own medical/nursing data.
The threshold to examine the electronically stored data may be lower; the
sense of the data will be more difficult to acquire. There is an enormous
danger that data will be misinterpreted because of the lack of context. In a
paper document the context is more or less easy to find and understand but
electronically stored data is coded and it need experience to get through the
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data to understand its meaning. In practice there will be differences between
guiding a patient through his paper record and guiding a patient through his
electronically stored data. The risk of misunderstanding is not only much
higher but at the same time the damage can occur much more easily.”

For these reasons we shall not use bedside terminals.

Considering the disadvantages of bedside terminals, laptops seem to be a simple solution
carried around by doctors and nurses. The data processing between laptops and the ward
server can be achieved via radio link. However for the routine work, the deployment of
laptops is likely to be problematic, because the data entry via a keyboard is extremely
unwieldy and access is limited to usually a single user. This causes ‘media breaks’ which
we want to prevent.

Barcode readers, scanners and digitising equipment are deployed in many niches in clinics,
for example for laboratory work. Despite different prototype realisations (project plus
[Mey96]) they suffer however from low flexibility as well as performance limitations, and
thus could not gain acceptance with the medical personnel.

Voice-recognition systems make interactive work with CISs (Clinical information system)
possible, but unfortunately the capabilities of such systems are very limited and therefore
severely restrict the application areas to simple dictating work (for example dictation of
letters [ZOM99, DGC00]). The voice-recognition technology is not yet mature enough for
having complex dialogs with computers. That is why the presentation of medical data at
the PoC with is very problematic with such systems.

Finally we discuss handhelds. They are particularly interesting, because they allow the de-
velopment of a CIS that is very similar to the paperbased version. Furthermore they allow
an easy change of working habits for the personnel in comparison with other technologies.
The man-machine interface of handhelds poses for doctors and nurses, who so far operated
only with paper documents, the fewest problems and quickly gain acceptance. Two types
of handhelds are most common:

• Mobile IBM-PC compatible devices, which have a touchscreen with at least VGA
resolution (i.e. 640×480 pixel) as well as at least a 16 colours.

• Devices with non-standard operating system architecture specifically developed for
mobile applications. These devises have usually a lower resolution and support only
mono-chrome displays.

For both types exist radio links that provide the necessary connection with cable networks
and workstation at the wards. Given the results from [Buc98] we are sure that mobile com-
puters will be always “weaker” in terms of performance, robustness and storage capacity
than PCs. This assumption together with the fact that on mobile devices the same demands
are made about data security and privacy, leads us to believe that for routine work on so-
matic wards mobile devises will be unsuccessful in a mobile EPR (electronical patient
record). Therefore we have looked for a completely different kind of mobile technology
to create a mobile EPR. We found that thin-client-terminals are the technology of choice.
The video-data of thin-client-terminals is transmitted via radio transmission (standardised
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mobile computer thin-client-terminals

structure complete computer consist-
ing of processor, poss. hard
disk, ROM, RAM, graph
processor, LCD monitor,
wireless-LAN

graph-function, LCD moni-
tor, wireless-LAN

networking possibilities synchronous or asyn-
chronous data exchange
with client-server data bases

direct binding of a server
computer with transfer of
the screen contents

Table 1: Comparison of mobile computers with thin-client-terminals

in the Bluetooth and WLAN standard), unlike normal displays which receive video-data
from a graphic card via cable. This means that a singly computer can provide the video-
date for several thin-clients.

To achieve this a standard Windows-OS has been extended with multi-terminal function-
alities. Mobile computers and thin-client-terminals are compared in table 1.

Our work uses thin-client-terminals for the first time in Europe for medical application.
They allow a much more efficient mobile access as required for medical applications.
One advantage of these terminals is that inter-connecting them is simple: they all have
access to a single data base.Thus even complex tasks of combining values from a data base
with visualisations are easy. Another advantage is that the reaction time of thin-clients is
determined only by the response time of the main server.

A further advantage of the thin-clients is the relatively long battery life of approximately
8 hours without the need of re-charging. These advantages of thin-client-terminals distin-
guish our prototype, Elb-florence, from existing CISs. There are many benefits from using
these terminals: data protection is much simpler to realise since no data is stored on the
terminal itself, and no specific protection measured for data is required either. Moreover
thin-client-terminals simplify the training of the personnel, and ease the implementation
of fallback strategies. For example if one terminal fails, the work can be continued on
the point where the failure occurred with a spare terminal. Of course general problems
concerning the acceptance of this technology continue to exist. Our evaluation will show
how a mobile EPR can be implemented with thin-client-terminals, and that they are useful
for routine work.

3 Userinterfaces for mobile Touchscreens

An essential factor for the benefit that a CIS brings to its users is the userinterface (also
called man-machine-interface or human-computer interface, or simply interface). Even
more so for a mobile CIS [Buc98] where a good userinterface is a key requisite. Only if
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Figure 1: thin-client-terminal with a part of a clinical chart

an EPR can combine a clear and readable data output with a simple method of data input,
the disadvantage of computers, for example acceptance problems and difficult handling,
can be overcome.

The work of Patel and Kushniruk describes some principles for the design of software in
the public health [PK97]. These principles, such as intuitive usage, efficiency, robustness
and consistency, are applied here to userinterfaces of mobile touchscreens. One goal of
this work is the design of a uniform and consistent layout that works on all devices. This
concretely means that this layout looks the same regardless of different screen resolutions
on different devices.

The data entry for the system Elb-florence is mainly through mobile touchscreens. For
these touchscreens we describe the basic elements for presenting medical data by intro-
ducing a taxonomy, whereby we shall cover the graphical processing and the display of
the data. The taxonomy consists of a systematic (object-oriented) derivation from general
GUI elements to elements with specific properties. Principles for the presentation of medi-
cal data on monitors is described by Starren and Johnson [SJ00]. General comments about
presenting data, including menu structures and suitable colours, on non-mobile computers
are given in Shneiderman [Shn98] and in the DIN standard ISO 9241-10. The data input
on touchscreens is on the other hand a rather neglected topic in the literature. As far as we
could ascertain, only in [App97] some recommendations have been given. There scales
have been introduces, which we shall use in our work for the numerical input of blood
pressure, pulse, temperature and the like. Shneiderman studied the usage of keyboards
with the result that keyboards are the best choice for long alphanumeric data [[Shn98].
In all other circumstances it is sub-optimum and thus can worsens documentation times.
In particular during the prescription of medicine, which requires a formalised data input.
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Zeitstempel
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Medikation
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Sonden/Drainagen
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Tastatur

Tabellen mit
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Dateneingabe
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Checkboxen,
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usw.)
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Figure 2: Basic elements for the data input in Elb-florence. On top of the GUI-elements of the
operating system (on the left), basic elements (centre) are build that make the input of the medical
data possible (on the right). An example of the corresponding realisations in Elb-florence is shown
in Fig. 3

This means that for an input on a touchscreen data must be already available for selection
or manipulation on the screen.

The basic elements for the input of medical data are given in Fig 2. The most fundamental
elements of the data input are:

• Number blocks and numeric scales for direct input of numeric values, which can be
single-digit values or values with a fixed domain.

• Long choice lists for selecting an arbitrary value out of a database

• Table. The entries of the table are positioned with help of an “on-screen” keyboard.

• Short choice lists for the selection of a value out of (maximum) 25 entries from a
database table.

• Tables with graphics, or icons, which make it possible to select values from a
database table and to assign them to a graphics.
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Figure 3: Example of basic elements for numerical data input

The comments from Staring and Johnson do not suffice for the design of an ideal or ac-
cepted system [SJ00]. For us it is much more important to find a good starting point for the
next evolution steps of the graphic elements. An advantage of our taxonomy of basic ele-
ments is that the elements can be easily modified in order to adapt to the various requests
of the medical personnel.

4 Features of Elb-Florence

The patient’s records are cooperatively produced mainly by doctors and nurses, and to a
lesser degree by administration and other professions, e.g. physiotherapist. The adminis-
tration-side in health care is nowadays completely supported by computer systems. Like-
wise many niche applications exists for specific groups of doctors. Those are described in
[BH98] from the user’s point of view and in [WRW99] within the context of the German
health system. But an integrated overall-solution for all professions in health care does not
yet exists.

Also a solution for presenting and processing data at the PoC does not yet exists. For our
prototype Elb-florence, of course, we do not claim it to be a complete overall-solution,
rather it is meant as a proof-of-concept realising core functions that assist the medical
personnel at the PoC. For designing and analysing our prototype the following questions
are relevant:

165



Components of a CIS workstation in the ward’s
office

mobile Thin-client-
terminals

patient records and clinical
charts (the EPR)

access to all patient
records and clinical charts
(the EPR)

main areas of the clinical
charts (the EPR)

patient documentation communication with other
departments

notification of admission
and leave of patients

planning function ward administration information about the pa-
tient

patient data administration memory-flags for easy
communication and
individual care

memory-flags for easy
communication and
individual care

patient accommodation

Table 2: Main components of a CIS [Gie96], and the implemented core functions of Elb-florence
divided into the functions realised on the workstation of the ward and the functions provided by our
terminals.

• What a good user-interface look like for our thin-client-terminals?

• Can an acceptable access point for the EPR be structured with this technology, and
can it replace completely traditional paper-based patient records?

• How does the workflow of the medical personnel change when working with mobile
devices?

• What additional strategies are needed to ensure safety and security of our system,
and what is necessary to train effectively the personnel.

Elb-florence mainly realises cardex functions from the traditional patient record. This
includes:

• demographic data (e.g., name, age and sex),

• data required by doctors and nurses, such pulse, temperature, blood pressure, size
and weight, medication, post operational data, maintenance levels, and others.

The realisation of these functions is in our prototype very similar to the layout of the usual
forms. The types of data, on the other hand, are as far as possible formalised for the
EPR. In this context, texts pose the most problems. Therefore text are mostly avoided and
replaced by menus containing formalised data.

Some of the most frequently used paper forms are imitated in Elb-florence, but mostly
information is grouped together according to cognitive criteria [TSA00]. Hierarchies or
presentation levels give enough information a simple overview. This is important to gain
acceptance of the users. The use of hierarchies allows us to hide data and only present rele-
vant information for the every-day usage. In effect we prevented that the user is “drowned”
in a stream of detail information.
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Since the handling of the mobile CIS needs to become a habit for the medical personnel, it
must not contradict their intuition [Jac97]. Therefore we dispense with animations, sound
effects and the like. Such bloatware does not fulfil the requirements of the daily business
at a ward. Taking advantage of the full screen, we could avoid complicated menu control
using pull-down menus. In Elb-florence the EPR is the most basic component. It will be
described below in more detail.

The complete information about the 7-days-rhythm corresponds to the usual layout of
medical paper forms. This 7-day-rhythm originates in the medical documentation in the
19th century. Of course we did not ‘hard-wire’ this 7-day-rhythm in our prototype, but the
length of the rhythm can be selected from a choice of meaningful values. The overview
presentation on small screens is arranged in three pages piled on top of each other.

5 Fieldstudy of Elb-florence in the German Heart Centre in Munich

In the two weeks of the fieldstudy Elb-florence has been used as EPR for eleven patients
in four different rooms. Elb-florence was used by the medical personnel responsible for
these patients (two doctors and three nurses), also by a secretary. The traditional paper
records were continued by the secretary during the time of the fieldstudy. No failures of
the complete system or components happened. A small problem arose from a microwave,
which created a roughly one meter area where the radio transmission of the thin-clients
did not work.

The medical staff carried out easily the documentation in parallel to the work with the pa-
tient. Data entry for a single patient from several terminals at the same time was possible.
As far as we could ascertain, the patients reacted to the terminals with only little interest.

6 Results of the Fieldstudy

The goal of the fieldstudy was to examine the user-friendliness and the user-acceptance of
our prototype. Questions concerning data protection, data security, flexibility and interop-
erability of our system could not be addressed due to the short duration of the fieldstudy.
Because of the small number of participants, we felt a statistical analysis via questionnaires
alone was inadequate.

In the first part of the fieldstudy we focused on the input elements of the touchscreens. We
found that our value scales are too inaccurate and too unwieldy for numerical data input.
For such data input elements with can select a value from a list is much more convenient.
For many documentation tasks short choice lists are useful. They provide a choice of at
most 20 entries. The selection using short choice lists is quicker than the handwritten
documentation. For all other data input long selection lists with a hit list is adequate,
although the data input needs more time than a comparable handwritten entry. For more
details on using long selection lists further study is required.
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summary
presentation

first level second level representation of
the function on

pulse input pulse register sheet 1
blood pressure input blood

pressure
temperature input temperature

food input food register sheet 2
balance intake representation of

the single entries
input intake

balance outtake representation of
the single entries

input outtake

care-level input of the
care-level

last entry
vomitting

representation of
the single entries

input vomitting

last entry feces representation of
the single entries

input feces

course input course
size of weight input weight
laxative input laxative
numeric value summary

presentation
input postoperative

postoperative days days
probe/drainage summary

presentation
probe/drainage

input of
probe/drainage

icon decubitus presentation
decubitus

input decubitus resgister sheet 3

medication input of
medication
modifying or
continuing the
medicine

acknowledgement
of the input

Table 3: The presentation levels of the EPR together with their functionalities. All parts of the EPR
are accessible after at most triple choices. Activating a patient means that all relevant information is
retrieved. The presentation of this information is compared and contrasted with the traditional paper
document in figure 4
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Figure 4: Confrontation of a conventional paper patient file (on the left) and EPA developed here (on
the right). The EPA contains the overview representation of the application.
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Next we analyse our results from the interviews. It has been positively remarked that our
mobile equipment was much lighter and more useful than a paper record. The terminals
without keyboard were preferred by the participants of the fieldstudy, because they had a
larger display and all inputs could be done directly on the display. All users criticised the
small angle under which display area can be seen. They felt the VGA resolution was too
low. Apart from that the participants rated our system as good and helpful. Response times
of the system was judged immediate. The participants felt that the most difficult problem
concerns the scenario when the system fails. All of them had already experience with
workstations that crashed on a weekly basis. Therefore they were very conscious of these
problems. We have because of these comments already implemented backup procedures
such as automatic printouts have already been implemented.

7 Summary

The transitions period from paper records to EPRs is a long process in which the medical
personnel and the developers of the hard- and software need to co-operate. This process
includes an iterative analysis of the problems and their solutions addressing the existing
infrastructure at the ward in question and of the demands placed upon the EPR by the users.
The development of a CIS should pass several fieldstudies before it reaches a standard
acceptable by the medical personal for every-day usage.

The user-friendliness and user-acceptance of our prototype Elb-florence was the main fo-
cus in this paper. In some areas a high acceptance was achieved (we found this out from
interviews). This was because of our user-friendly EPR, which imitated the paper docu-
mentation system already in use at the ward where we conducted or fieldstudy. Our mobile
hardware provided access to the EPR everywhere at the ward. For us it was important to
find out which functionality needs to be supported at the patient’s bed and which needs be
provided at the central workstation of the ward.

The results showed that doctors need data right at the patient’s bed for finding a diagnose
and determining a treatment plan. Nurses additionally need at the patient’s bed an easy
way for entering the data of the process documentation, like pulse, blood pressure and so
on. The acceptance amongst nurses can be increased if documentation regarding nursing
care is supported (in Elb-florence with the documentation of decubiti).

We found also that tasks such as planning are better provided by a central workstation at
the ward. A workstation has much better capabilities for giving a comprehensive overview
over a large amount of data.
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