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ABSTRACT

This work describes the development of a systersuggport physicians’ clinical tasks by
means of personal computers and Tablet PCs. Thensyacilitates the physicians review of
patients’ vital information such as the patient'solgem list, laboratories results and
diagnostic studies, vital signs, balance of fluidgtse notes, progress notes, administration
of medications, and medical orders. The system pievides interfaces for physicians to
deal with clinical documentation such as problests|i progress notes, health history, and
physical exam. In addition, the system providésrfaces for physicians to generate medical
orders such as: medications, laboratories, corigita diets, restrictions, therapies and
transfers. The system was subjected to a usalbiétyistic evaluation, which served to

identify potential usability errors and to carryt thee respective adjustments of the system.



RESUMEN

Este trabajo describe el desarrollo de un sisteara ppoyar tareas clinicas de médicos
mediante PCs y TabletPCs. El sistema facilita s/lde médicos la evaluacion de

informacién vital de pacientes como la lista debpgmas de pacientes, resultados de
laboratorio y estudios diagndésticos, signos vitabedance de fluidos, notas de enfermeria,
notas de progreso, administracion de medicamentodgnes médicas. El sistema también
provee interfaz para facilitar la documentaciomic de problemas de salud de pacientes,
notas de progreso, historial médico y examen fisidademas facilita la generacion de

ordenes meédicas tales como medicamentos, labastastudios diagnosticos, consultas,
dietas, restricciones, terapias y transferenci&$.sistema fue objeto de una evaluacion
heuristica de usabilidad la cual sirvio para idemsti potenciales errores de usabilidad y

realizar los respectivos ajustes al sistema.
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1. INTRODUCTION

In any clinical area at a hospital physicians casty several tasks that involve
handling patients medical records. One of the nmogbrtant tasks they carry out is to assess
the condition of their patients' health and spethlsir treatment, other tasks involve:

1. reviewing the medical record of each one oif thatients.

2. documenting the patient's conditions

3. specifying medical orders such as: medicati@mtmratory tests, diagnostic studies,

consults, diets, etc.
These tasks need to fulfill certain properties:esheeadiness, legibility and precision of the
medical orders by the physicians, because thesenacplay an important role in the

treatment of patients and the improvement of thealth.

The use of patient’s electronic record systemshedp to avoid problems such as the
illegibility of medical orders and patients’ healdocumentation by physicians. This
problem may induce nurses to commit errors in tlaascription of medical orders into
hospitals documents [Ramos05]. The lack of ledibjresents a serious problem because it
may end up causing medication errors that couldcaffhe patient's health and can even

cause their death.
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The electronic patient record systems can minirtheeerrors in medications orders
because they can provide clear medications nantes@minister ration dosage. Electronic
record systems also help to minimize the problempafating the patients’ records because
nurses are usually busy and overloaded. In maogsiens nurses make annotations of the
patient's health but those annotations “travel’hwiitem until they can sit down to pass them
to the medical records. An electronic patient rdcgystem can provide solutions for this
problem through mobile alternatives such as Petdoigétal Assistants (PDA) or Tablet PCs
[Rodriguez03, Rodriguez04, Crespo05]. One of treternatives, the Tablet PCs, is the

focus of this work.

Having a patient's electronic record systems irgtgt definitively can help to
minimize many of the problems presented above.s Tithe main motivation of the work
presented in this document. It describes an agtpdic that improves physicians’ clinical
tasks at a hospital. The application is an ewvofutof various prototypes previously
developed by investigators of the University of fmeRico at Mayaguez [Borges97,
Rodriguez03, Rodriguez04, Crespo05, Perez05, Raphodthe system integrates re-
designed versions of interfaces of medical ordRemnjos05] and nursing documentation for
PC and Tablet PC platforms [Crespo05]. The appbta was developed following usability
engineering principles to allow easy learning, mization of navigation, minimization of

errors and increased user satisfaction.

13



1.1 Objective

The primary objective of this project is to develapsystem to support the clinical
task of doctors with its patients in a hospitalrbgans of the use of personal computers and
Tablet PCs. This system will facilitate physiciarsviewing their patients’ records,
documenting their condition and writing medical eng’l  The software will facilitate
physician reviewing the patient’s problem list,uks of laboratories and diagnostic studies,
vital signs, balance of fluids, nurse notes, pregneotes, administration of medications, and
medical orders. The system will also provide theans so that physicians can document the
following: problem lists, progress notes, healthtdiy, physical exam and other notes. In
addition, the system will provide facilities so thpnysicians can write the following medical
orders: medications, laboratories, diagnostic swdiconsultations, diets, restrictions,

therapies, transfers and others.

1.2 Thesis Outline

Next chapter provides a literature review of pregiavork related to the integration
of the sources information in clinical areas andhilfy studies of portable devices like
Tablet PC with medical application. Chapter 3 pdegi a detail description of each interface
for the Tablet PC-based medical orders and docuatientapplication. A description of a
usability evaluation based on physicians interactwith the system is presented in 4.

Finally, the conclusions and future work are préseéin Chapter 5.

14



2 PREVIOUS WORK

2.1 Systems for Handling Patient Information in Clinical Areas

There are several projects or studies relatedett@mdling of patient’s information in
a hospital from the point of view of the clinicalsks of the physician. In [Taddei97] a study
is described based in the handling of patient @sowith computers that maintain
information about laboratory tests and diagnostiages like: Radiology, Echocardiogram,
Nuclear Medicine, and Stress Tests, among othéhn, ttve collaboration of the department of
Cardiology. This prototype used a software envitent via Web with HTTP tools under a
client-server configuration. The results of thedgtindicated that an integration of all the
sources of information of the department was obtinwhich allowed an interaction

between cardiologists and nurses.

Another application was developed at LUMAC Depariimaf Cardiology [Van der
VeldeOl] to store all data regarding catheterizetiopacemaker implants and follow-up,
clinical and interventional waiting lists.  Theympared regular notebooks, notebooks
without keyboard and Siemens Simpad. The cardistogreferred the last one, because of

its small size and quick response. They concludeat, the combination between a well
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designed application and a good portable deviceldvonprove the access to the critical

information of cardiology about patients that arehe CCU (Coronary Care Unit).

2.2 Interaction with the Graphical Interface

In [Rodriguez02] a comparison of physicians intengcwith two patient record
systems is described. The systems were a texttmstem and a graphical system with
similar capabilities. The physicians were askegeédorm tasks that required reviewing a
patient record, documenting the patient’s conditeord specifying medical orders. The
participants were residents of internal medicinbe Tesults of the study revealed that a
graphical-based interface can significantly redthee time it takes physicians to complete
typical tasks in comparison with a text-based fa®. The results of the study also revealed
that physicians can get more satisfaction fromrauitng with a graphical-based electronic

patient record system than with a text-based system

Another study compares two prototypes of user fiabess for nurses to carry out
medical orders tasks [Staggers00]. One of them bes®d on text and the other was a
graphical environment (GUI). This study was carroed in a medical center in the oriental
coast of the United States and it had the partidpaof 98 nurses that carried out 40 tasks
that were: to create, to activate, to modify anceliminate medical records. These tasks

allowed to measure and compare response timesueiney of errors and degree of
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satisfaction. The study concluded that the graphitarface is considerably quicker, with

less errors and a high rate of satisfaction fotraltasks carried out.

In a work carried out by D.F. Sittig et al. [Sigi#O] acceptance and satisfaction of
physician in conducting tasks on an electronicgmaitiecord system was studied The sample
had 75 physicians and a system denominated BIC®h@&n and Women's Integrated
Computing System) that was be the work materiaktertest. The evaluation method was
by means of questionnaires that allowed measuhagsatisfaction in the interaction of the
user with the system. The results indicate thatléwvel of acceptance and the medical
personnel’s satisfaction depends a great dealeodesign of the interface and the disposition

of the tools.

2.3 Interaction with Devices and Usability Studies abouHealth
Information Systems.

In [Rodriguez04] two versions (PDA and laptop) of application to access an
electronic patient record system were comparecimg of the efficiency and satisfaction
achieved by physicians while conducting typicaksasuch as reading vital signs, handling
medical orders, reading lab results and writingesaot Twenty internal medicine resident

physicians from a teaching hospital in the Bost@trapolitan area participated in the study.
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The results of this studied indicated a relativealbradvantage of the PDA to
complete all the tasks. However, the level ofsfattion was in general higher for the
Laptop. On the other hand, the physicians areifgigntly faster performing tasks that
require text entry and reading on a Laptop thama &®DA. As pointed out in [Rodriguez04]
this finding suggests that user interfaces on tbA Bhould be designed in such a way that

text entry is minimized.

Another study compares the interaction of the rauvgéh Tablet PC and PDA using a
nursing documentation application [Rodriguez07].hisT application allowed nurses to
perform typical nursing tasks such as viewing anterng vital signs, acknowledging
pending medications, viewing and documenting in@kigput of fluids and reading and
writing notes. Twenty staff nurses were asked togete 13 tasks. The results indicate that:
(1) nurses are as fast on the PDA as on the TRI@e{2) nurses were able to complete the
majority of the tasks, (3) completion time correlatvith nurses’ age, (4) nurses preferred the

PDA version over the Tablet PC version.

The study also revealed that the two versions efrilrsing documentation systems
are very easy to learn and nurses required miniraaling to learn how to use them. In
addition the study revealed that in general nuvge® equally satisfied with both versions
with the exception of the use of the stylus, weightl portability of the systems. In these

three aspects nurses were significantly more gdisfith the PDA system than with the
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TabletPC system. The study concluded that the ssoadlen size and display resolution of
the PDAs are not factors that limit nurses’ perfante and satisfaction in comparison to

Tablet PCs.

2.4 Alerts and Reminders Systems.

With the collaboration of the Weill Cornell Medic@kenter in New York a study was
conducted where several elements were analyzedltbated, in the clinical environment, to
develop a methodology that supported all the proeed and the tasks that are pending
[Oppenheim00]. The method used for indicating peggirocedures was to assign alerts to
each procedure. For example when a radiologyigestlered to a woman, it should be kept
in mind if this patient is pregnant and if thistie case, the system should inform that the
procedure should not be performed because thisrfacpart of the restrictions of this task.
This is appropriaten general physicians’ environment, but probablyemvironments of
specialty like this case, obstetric or gynecologitas not so applicable. This system of
alerts is administered by means of a databaseaflkedlge, which possesses the procedures,
parameters or established ranges of conditionsoomal behaviors of each procedure

requested in the hospital.

On the other hand, these alerts also require mentee and in many occasions they
will have to be upgraded, as it happens in case dfange in the clinical knowledge. For
example, we have the case of an alarm to remenaser abljustments in the medications of a

patient with hypoglycemia or diabetes.
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The result of this work was to design a strategst ttarried out multi-functional
clinical alerts, which settled down under the fallog conditions: (1) Each alarm will be
visualized by the user in charge to this task,T{2 alarms had reading/writing privileges, (3)
The alarms had visualization parameters like catat shape, (4) The critical alarms will be

shown by means of dialog boxes at the first momehen entering to the system.

The thesis work of Carlos Pérez [Perez05] presgntsability study of a system of
alerts and reminders for nurses in a hospital cdinarea. The main module of this system
shows a list of patients with a visual element ihdicate pending tasks or alerts conditions
of the patients. The pending tasks or alerts gpeesented with colored shapes (green circle,
yellow mid size oval and red large size oval). eneen circle indicates a task that needs to
be performed in the near future. A yellow mid sl indicates a task that is approaching

its due time. A red large oval indicates a tasi tras expired its due time.

The results of this study indicatdtht age was a key characteristic in the parti¢gan
ability to perform the tasks; younger nurses derratesd better performance than older
nurses. In general, the nurses learned how tdhgeseystem very easily even thought they

did not have experience with electronic recordswith table PCs.
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3 SYSTEM DESCRIPTION

3.1 Introduction

In this chapter, we first describe the paper-basedrd system used to develop the
electronic version for a Windows platform (desksopl Tablet PC). The paper-based system
was part of the record system of a metropolitarphalsserving cardiovascular patients. This
paper-based record system was use as the basiefdevelopment of the electronic version
presented in this chapter. This version was d@eeldor a Tablet PC but can run as well on
a Windows desktop platform. This system integratevious work developed at UPRM by
master students Jaime Ramos [Ramos05], GilbertepOr¢Crespo05] and Carlos Pérez

[Perez05].

The objective of this project was achieved throughous phases (See figures 3.1). An
explanation of each phase follows:
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Figure 3.1 Development Process Model

Analysis phase:

This phase involved meetings with physicians to igdirmation to establish the

requirements of the system that addressed thetlsngken performing clinical tasks.
Design phase:

By means of meetings with the research group, domeidelity prototypes (paper
prototypes) of the user interfaces were develop&ohg into account the needs of the user
and usability engineering principles. The protetypvere evaluated by the research team

usually resulting in recommendations for additiangl modifications.
Implementation phase:

The next step was the implementation of the systeanhigh fidelity prototype based
on the low fidelity prototypes. The implementatiorvolved the implementation of the
interface layout and functionality as well as mamifion to the patient records database. The

prototypes were presented to physicians for theicommendations, comments and
22



identification of missing functionality. The phggans’ recommendations were taken into

account resulting in modifications to the prototype
Evaluation phase:

With the collaboration of a group of evaluator$iauristic evaluation was carried out.
This evaluation resulted in the identification @itgntial usability errors. The research team
evaluated the errors identified and correctionsewarade to the prototypes to fix the

potential errors.

3.2 Paper-based Prototype

This section describes the paper forms used byigihgs to write medical orders and
document the health of the patients as well as $arsed by nurses to transcribe physicians’

orders. These forms are actual forms used in ami@vascular hospitals in Puerto Rico.

3.2.1 Physician’s Orders Form

The physician’s orders form is shown in figure Aflthe Appendix A. It contains a
header divided in two parts. In the left sectibe tuser writes diagnosis and allergies to
medications, in the right section the user entetsept's name, room number and record
number. Below there are four columns: date & tiehescription, date & time, and nurse’s
initials. For each order the physician enters the énd time on the left column and writes

the order on the space provided on the columnéaitht. Nurses must acknowledge each
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order by entering the date and time on the columtié right of the order and writing their

initials beside it.

3.2.2 X-Ray Orders Form

The X-Ray orders form is shown in figure A-2 of tAppendix A. This form has a
header whose purpose is to indicate the studyamderoom number. The section below the
header provides spaces for providing informatioaustthe patient, type of exam requested,
physician’s name and signature, diagnosis andriaisignature. A blank space is provided

below for the radiologist to write the result oétstudy.

3.2.3 Consult Order Form

The Consult Orders form is shown in figure A-3 bEtAppendix A. This form
provides a blank header to enter patient's naméhiyeheight, age and medical record
number. Below the header there is a space focatidg the name of the physician being
consulted and options for indicating the type afisudtation and the date and time when it is
requested. This is followed by a space providelicate the reason for the consult, and the
name and signature of the physician requestingctmesult.  Below follows fields for
indications on how to proceed with the consult. xiNie a blank space for the consulted
physician to provide his/her observations. Finalhere are spaces at the bottom for the

consulting physician to sign and provide date ef¢bnsult.
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3.2.4 Restraint Orders Forms

The Restraint Orders form is shown in figure A-4leé Appendix A. This form has a
header with the patient's name, weight, heightagel Below the header there are options
for indicating what to do before restraining, theaato be restraint and the reason for
restraining. This is followed by spaces for indicgt the date and time ordered the
physician’s signature and license number, and mé&bion about the nurse if the order was
taken by phone. A table is provided at the botwith options indicated at the top row and
space for entering the required information in c#se physician needs to reorder the

restraint.

3.2.5 Physician’s Notes Form

The Physicians Notes form is shown in figure A-Ghef Appendix A. It is just a form
with two columns. In the first column the physitianters the date and then the note on the

second column.

3.2.6 Patient History Form

The Patient History form is shown in figure A-6tbe Appendix A. At the top of the
first page (See figure a-6a) there are spacesfticating the patient's name, record number,
gender and age. Below there are blank spaces ¢o thet chief complaint, history of present

illness and past history. This is followed by bl¢éawith three columns. In the first column
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there are listed various diseases names, in tltendeand third column there are options for
indicating if the patient had the disease (Yeshatr (No), and a field to add comments. At
the bottom there are options for specifying thegpmas social history, family history and

diseases in the family.

The second page (See figure A-6b) is for documgntite review of systems. It
provides a table with four columns. The first cofuimdicates the body system or organ
followed by a column for indicating a positive (Yesr negative (No) finding. The last
column provides a blank space for writing commahthere is a positive finding for a

particular item. At the bottom there is a blang&aafor describing any functional risk criteria.

3.2.7 Physical Examination Form

The Physical Exam form is shown in figure A-7 oétAppendix A. In the header,
there are fields for indicating the patient's naagg, weight, height and vital signs. Below
the header there is a table with three columnse fifet column indicates the category of the
organ or body system to be examined. The secondmrolprovides check boxes for
specifying conditions of the different organs armatly systems being evaluated. The third
column provides a space for entering observatidnsaoh of the organs or body systems
examined. At the bottom of the second page of thenfare blank spaces for entering a
diagnostic impression, specifying the treatmenhpéntering the date and time of the exam

and the physician’s signature.
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3.3 Table PC Prototype

This section describes the Tablet PC interfacethefpatient record system. This
version was developed in JAVA using the Eclipser usierface development environment.
The patients' records are store in a databasensyxteninistered with MS SQLServer 2000.
Access of the patient records is accomplished \ral@ss communication through IEEE

802.b standard protocol.

The design and development of the user interfacas guided by the usability
engineering attributes of learnability, efficienagtrors and satisfaction. Learnability is a
usability attribute that indicates the ability cfens to learn to use an application and achieve
productive work. Efficiency is the usability attute that indicates the level of productivity
that can be achieved with a user interface. Egdhe usability attribute that indicates the
potential of the user interface to get the usererimneous situations. Satisfaction is the

usability attribute that indicates how many theradi&e using an application.

3.3.1 Patient List Interface

The patient list window shown in figure 3.2 is tinéerface that appears after a user
logs into to the system. The list displayed is lise of the physician’s patients currently
hospitalized. The list indicates the patient's paand room number. A patient can be

selected from the list by double clicking on itsrea
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Figure 3.2 Patient List Interface

3.3.2 Patient’'s Summary Interface

Once a patient is selected from the patients listlaw the window shown in figure
3.3 is displayed. This window provides the physican overview of some relevant aspects
of the patient’s condition. It provides a list@frrent medications, active problems list, most
recent vital signs and laboratories or diagnosticliss. In addition the window provides
relevant patient information at the top left sidehe patient's summary is one of several tabs
that allow physicians to document the patients’ditton and specify medical orders. The

user can move from tab to tab by clicking on the tf the respective tab on the tab bar.
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Figure 3.3 Patient’s Summary Interface

3.3.3 Orders Interface

The Orders interface is selected by clicking on @rders tab. The purpose of this
interface is to provide physicians a means to ggaayne or more medical orders at a time.
Its user interface (See Figure 3.4a, Figure 3.4byiges at the left side tabs for specific
orders such as medication, laboratories, diagnastidies, consultations, restrictions, diets

and other general orders.
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Figure 3.4a Orders Interface

Figure 3.4b Orders Interface Magnified
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The right side of the interface displays a tree-Bfructure that provides feedback on
the orders specified by the physician. At theley@l of the tree are all the orders categories.
The next level indicates all the orders enterethieyphysician for a particular order category.
The physician has the option of collapsing or exppshe entries of any order category by
clicking on the category label on the tree. Anglasrcan be deleted from the tree or edited
by selecting it and clicking on the Delete or Balittons at the lower left corner of the right
side of the Orders interface respectively. When Hdlit option is selected for a particular
order the left side of the Orders interface wibgmlay the information corresponding to that
order. The orders that appear on the tree areeg@desthe patient’'s record when the Order
button a the lower right corner of the right sidetloe Orders interfaces is selected. The

following sections describe each ordering option.

3.3.3.1Medications Orders Interface

The medication orders interface is shown in figBrga and figure 3.5b at the right
side of the Orders interface. This interface afigysicians to order medications for many
purposes. It provides a list of all medicatiormedt in the system. To speedup the selection
of the medication a text box is provided at the abgphe list that auto-searches the list as the
physician types in the characters of the name ehtldication. When a match is found the
name of the medication appears in the text boxo Ifnedication on the database matches the
name entered, it can still be ordered but a warnmgiven to the physician that the

medication has not been validated. In additiothotext box for the medication name there

31



are three combo boxes to specify the dose, routd, feequency of the medication.
Alternatively, these attributes can be specifiedioyply typing in the corresponding text box.
In addition the interface provides the option fpeaifying the medication starting and ending
date or a Stat medication (immediate administratiodny additional information or detail
concerning a medication can be entered in the Dietetifield provided at the bottom of the
interface. The physician can add the order tdréeon the right side of the Orders interface
by selecting the Add button at the lower left coroé the Medication interface. The
physician may as well clear an order by selectiregQGlear button at the lower right corner of

the interface.

Figure 3.5a Medication Tab
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Figure 3.5b Medication Tab Magnified

3.3.3.2Laboratory Orders Interface

The tab for ordering laboratories is shown at #feHand side of the interface shown
in figure 3.6a and figure 3.6b. The interface jpdes check boxes for selecting the most
common laboratories. It also provides a list dfok@atory types at the left side and a list of
laboratories corresponding to a particular labaya#t the right side. A text box at the top of
each the list allows for auto-searching. Oncebaratory type is selected on the left side list
the list on the right displays laboratories coroegfing to that category. At the bottom of the
interface there are two combo boxes that may bd @me specifying a frequency and a
starting time if necessary. In addition it pro\ada text field for providing any detail or

specification for the laboratory. A laboratoryadded to the tree on the right side of the
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interface by selecting the Add button at the lowight corner of the laboratory order
interface. It can also be cleared by selectingGlear button also at the lower right side of

the laboratory order interface.

Figure 3.6a Laboratory Tab Interface
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Figure 3.6b Laboratory Tab Interface Magnified

3.3.3.3Studies Orders Interface

The studies interface is very similar to the lalbanas orders interface (See figure
3.7a and figure 3.7b). It provides check boxessklecting the most frequent studies. It
provides a list of studies categories and a lisstaflies for the category selected. It also
provides combo boxes for specifying frequency aadtiag time as well as a text field for

details or specifications for the study.
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Figure 3.7a Studies Tab Interface

Figure 3.7b Studies Tab Interface Magnified
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3.3.3.4Diet Orders Interface

This interface (See figure 3.8a and figure 3.8bydasy similar to laboratory orders
interface. It provides check boxes for selecting most frequent diets. It provides a diet
category list and a list of diets for the selectedegory. A text field is provided at the

bottom of the interface for providing details apetsifications for the selected diet(s).

Figure 3.8a Diet Tab Interface
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Figure 3.8b Diet Tab Interface Magnified

3.3.3.5Consults Orders Interface

The consults orders interface (see figure 3.9a faqude 3.9b) allows requesting
consultations from other physicians or specialitghe top of the interface three options are
provided. The first one is Reason Consult: it datees the consultation type that has been
requested, such &onsultation OnlyConsult and Follow UandPlease Feel Free to Order
The second option is Stat up: it indicates if tbasultation should be immediateté) or out
patient OPD). The third option is “Within”: it indicates thime frame when the consult

should take placel@ hoursor 24 hours.
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There are also two lists, one for selecting a medispecialty and the other to select a
physician within the selected specialty. A textdies provided at the bottom of the interface

for providing details or comments to the physiatansulted.

Figure 3.9a Consults Tab Interface
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Figure 3.9b Consults Tab Interface Magnified

3.3.3.6Restraint Order Interface

The interface for Restraint Orders is shown infgy8.10. It provides check boxes
for specifying options before restraint, reasonsréstraining the patient, and the area to be

restraint. In addition it provides a field foregpfying the duration of the restraint.
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Figure 3.10 Restraint Order Tab Interface

3.3.3.7 General & Other Orders Interface

The General & Other orders interface is shown gure 3.11. It provides a combo
box for specifying the frequency vital signs shobkl taken and a check box for ordering
Intake/Output of fluids collection. It also proesl combo boxes for specifying orders such
as personal hygiene, ambulation, care of tube againphysical therapy and respiratory
therapy. A text field is provided beside theseetsdcategories to enter another option not

available on the combo boxes.
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Any order that is not supported with any of theessdtabs can be specified with the
Generic text field provided at the bottom left carof the interface. Details related to any of
the orders supported by the General & Others drderface can be entered on the Details

text field provided at the lower right side of tin¢gerface.

Figure 3.11 General Order Tab Interface

3.3.4 Notes Interface

The Progress Notes tab (See figure 3.12) featutet af the notes that have been
written by physicians and nurses. The list inéisathe date, the note type, the author and
user's type. The list can be sorted by any of théséutes. When a note is selected from the

list its corresponding text is displayed on théntigide of the interface.
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Figure 3.12 Notes Tab Interface

A New button at the bottom of the interface is pded for opening the interface for
entering a new note. This interface is shownguarie 3.13. It is divided in two sections. A
section on the left is provided for creating a newte. It provides a combo box for
specifying the note type and a text field for wrgtithe note. In addition it provides a check
box that automatically inserts the keywords of élséve problems of the patient in case the
physician desires to address one or more of thes@gms on the note. The note can be
saved by selecting the Save button at the bottotheointerface or canceled by selecting the

Cancel button.
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Figure 3.13 New Note Interface

The section on the right side of the interface mtes the problem list of the patient.
Each entry indicates the starting and ending daftése problem. An end date for a problem
can be specified by selecting the problem and therEnd Date button at the bottom of the
interface. A new problem can be added to the piabg selecting the “New” button at the
bottom of the interface. This action opens a wimdo which the physician can select a new

problem from a list (See figure 3.14).
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Figure 3.14 New Problem List Interface

3.3.5 Patient History Interface

The Patient History interface features two tabsstdétical Exams and Review of
Systems (See figure 3.15). The Historical Exanissfaown in figure 3.15 provides text
fields for documenting chief complaints, historypyésent illness and past history (allergies
and medications). It also provides check boxesngicating patient’s conditions and a text
field for additional comments on patient conditior@@heck boxes are provided for indicating
aspect of the social history of the patient and fetds for additional comments on each
aspect. Radio buttons for indicating if the fatlaexd mother are alive or deceased are

provided, as well as a text field for additionahwoents regarding the mother and father.

45



Check boxes are provided for indicating family dises and a text field for providing

additional information about them.

Figure 3.15 Patient History Interface

The second tab within the Patient History is thei®e Systems tab (See figure 3.16a
and figure 3.16b). It provides radio buttons fadicating if the patient has (Yes) or does not
have (No) an abnormal condition on any of her/lmdybsystems. If an abnormal condition
is indicated it can be documented on the text fret/ided on the right side of each aspect of
each system evaluated. The Systems or organgsatedlare: General, Skin, Head and Neck,
Chest, Back and Spine, Abdomen, Genitalia, Reditremities, Lymphatic System,

Neurologic, Pain and Functional Risk Criteria.
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Figure 3.16a Review System Interface — Part |

Figure 3.16b Review System Interface — Part Il
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3.3.6 Physical Examination Interface

The components of physical assessment are theysang examination of systems.
The interface for the physical examination is shomfigures 3.17. It provides checkboxes
for recording the patients’ health with respecthe following systems and organs: General,
Skin, Head and Eyes, Ears, Nose and Throat, NeogstCBreasts, Heart, Lungs, Genitalia
Male, Genitalia Female, Anus and Rectum, Extresiiteurologic and Lympathic. If an
abnormal condition is detected this can be destribéhe text field provided at the right side
of the condition entry. Text fields are provided flocumenting a diagnostic impression and

specifying a treatment plan.

Figure 3.17a Physical Examination — Part |
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Figure 3.17b Physical Examination — Part Il

Figure 3.17c Physical Examination — Part IlI

49



Figure 3.17d Physical Examination — Part IV

Figure 3.17e Physical Examination — Part V
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Figure 3.17f Physical Examination — Part VI
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4 USABILITY EVALUATION

4.1 Introduction

Observing users in the field is often the best waydetermine their usability
requirements on the system. Traditional usabilgpehds on a number of factors including
how well the functionality fits user needs, how Mk flow through the application fits user
tasks, and how well the response of the applicdtisruser expectations. We can learn to be
better user interface designers by learning degigitiples and design guidelines. But even
the most insightful designer can only create a lgigsable system through a process that
involves getting information from people who actyalise the system. Usability is the
guality of a system that makes it easy to learsy ¢a use, easy to remember, error tolerant,

and subjectively pleasing [Usabilityfirst07].

Many authors have proposed diverse usability dadims, usually through the
enumeration of the different characteristics, laties or factors by means of those that can
be evaluated. Each definition depends on the fdousvhich usability pretends to be
measured [Folmer04]. We will take for this work thest extended definition that is the one
offered by the ISO (International Organization f8tandardization). This organization

defines usability as‘the grade of effectiveness, efficiency and satiséem with which
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specific users can achieve specific objectivesspeacific use contexts[ISO98]. In this
definition it is noticed that the usability has tatiributes:

* Quantifiable in an objective way: the effectivenessnumbers of errors by the user
during the development of the tasks and efficiemiciime that takes the user to carry
out each one of the tasks.

* Quantifiable in a subjective way: the use satisbacthat is measured through the
user's interrogation.

Table 4.1 provides a brief description of the chemastics of usability according to

[Stcsig07]:
Table 4.1 Usability Characteristics [Stcsig07]
Usability Characteristic Definition

Learnability Ability for users to learn the systeasily.

Efficiency of use once the Ability for users to save time in their work on¢ey’ve

system has been learned learned the system.

Error recovery & prevention When the system presan error message to users, |t
gives enough information for them to be able to
continue with their work. Better yet, the systenpkeo
prevent errors.

Subjective user satisfaction Users’ overall fegdimbout the system. Is it pleasant to
use?

In the field of human-computer interaction (HClpeoof the most popular inspection-
based methods for evaluating usability is the HetarEvaluation as described originally by
Nielsen and Molich and later refined by NielsendlNen93]. This method is promoted for
its cost efficiency and ease of implementation ffésmisO7]. Heuristic Evaluation is a good
method for finding both major and minor problemsaimuser interface. As one might have

expected, major problems are slightly easier td firan minor problems [Useit07].
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4.2 Heuristic Evaluation
4.2.1 Procedure

The study described in the next sections was cdadugsing the personal computer
and the Tablet PC versions of the physician doctatien system described in the previous
chapter. This evaluation was developed with a grofufour evaluators with knowledge of
human-computer interaction principles and usabéitgineering. They made the evaluation
of the system in an independent way; however thesewgiven a short tutorial of the system
before performing the evaluation. They were reqeeesd produce a list of the usability
problems of the software and assign a level of riiigvEEom 1 to 4, with 1 being a minor
error and 4 a catastrophic error. To facilitate thteraction with the interfaces, they were
given a list of typical physician’s tasks such B$rysician’s Orders, Patient History and

Physical Examination. The list of tasks used fer¢kaluation is indicated below.

Physician’s Orders:

1. Read the list of patient names.

2. Enter to the record of the patient named “RosaCashpo”.

3. Read the patient’s age and weight.

4. Read the last patient’s taken temperature.

5. Insert the following medical orders:
a. Medication: Lasix, 40 mg IV, g12h, start today uBt of the month.
b. Laboratory: CBC of Blood.

c. Laboratory: PT control of Coagulation Hematology.
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d. Other Order: Input & Output.
e. Vital signs every 2 hours.
f. Care of tube chest drainage.
g. Low Cholesterol diet.
h. Consult with physician Bartolo Colon, Endocrinolstgior recommendations
for management and hypothyroidism.
i. Remove the laboratory order of PT Control of Coatioh Hematology.
6. Save the medical orders.
7. ldentify the medications administered to the patien
8. Find and read the consult’s note of Rosa Del Camade by Dr Luis Rivera.
9. Insert the following progress note of patient RB&d Campo: “Pt presents irregular

HR and CHF caused by HTN".

Patient History:

Historical Exam:

10. Document the following:
Today, the female patient fatigued quickly, an brhdifficulty breathing during
walk, nausea, tingling in her left arm. Patiergg@ants a history of: hypertension and
diabetes type 1, which she controls with diet arsdilin injections. She is allergic to
Penicillin. Her medications are: Altace 10mg P@ydd0u Novolog R S/Q, at night
Levemir 40u S/Q and Avaprox 300 mg PO daily. Shd hathma and she has

received a blood transfusion 2 years ago. She ssndkagarettes packs per week.
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Her parents are alive. In her family there are menmlvho have hypertension, heart
disease, diabetes and asthma.

11.Save historical exam.

Review of Systems:

12.Consider that the patient’s kidney had renal insigicy.

13.Save review of systems.

Physical Examination:

14.Document the following:
The general appearance and the heart are norméhdatbdomen reported rebound
tenderness. Diagnostic Impression: Arterial Hygeston. Treatment plan: She is to
be admitted to the hospital and will go to the camy care unit (CCU).

15. Save physical examination.

4.2.2 Results

Jakob Nielsen describes usability severity ratiiNielsen93], which relate the impact of the
problem and the proportion of users who will exeece the problem to the severity of the

usability.

Table 4.2 Severity Scale [Nielsen93]

1: Cosmetic problem only: need not be fixed unéedsa time is available on project

2: Minor usability problem: fixing this should bé/gn low priority

3: Major usability problem: important to fix, soald be given high priority

4: Usability catastrophe: imperative to fix thiddre product can be released
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The observations of evaluators during the heuristialuation are shown from table 4.3 to

table 4.6 and each one has a severity scale:

Table 4.3 Usability Problems identified by evalu&to

Observations Severity Scale
The assigned space for showing the patient’sritstriaces was too 2
small.
The label Medications in the Summary Interfaceasaligned with the 1
other labels.
The cancel button in patient history was not wagkin 4
Spelling error in the label “Vital Signs”. 1
The selected option smoking is changed with thefteld of drugs and 4
vice versa in the historical exam tab interface.
The cancel button in Historical Exam was not wogkin 4

Table 4.4 Usability Problems identified by evalugo

Observations Severity Scale
The size of the font in the header of interface wassmall and much 1
closed.
The shortcuts in the laboratory and diet interfaeee not associated to 3
the functionality.
Once added, type-selection combos do not unseléwadoptions. 3
The selected option smoking is changed with thefteld of drugs in the 4
historical exam tab interface.
The cancel button in Physical Examination was nartkvng. 4
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Table 4.5 Usability Problems identified by evalua&o

Observations Severity Scale
The information shown at the header of the inter$agas very confusing 1
and was difficult understanding each item.
Spelling error in the message of save in histoesam, review of systems 2
and physical examination interface. It should say has been saved”.
There was not clear feedback to submit the order. 2
Users are allowed to change tabs even if data hatvieeing changed in the 2
physical examination and history exam interface.
The selected option smoking is changed with thefteld of drugs and 3
vice versa in the historical exam tab interface.
The cancel button in Historical Exam was not wogkin 4

Table 4.6 Usability Problems identified by evaluato

Observations Severity Scale
The label Medications in the Summary Interfaceasaligned with the 1
other labels.
The shortcuts are not clear in the laboratory aetlidterfaces. 3
Once added, type-selection combos do not unseldwtgdoptions. 3
There was not clear feedback to submit the order. 2
Users are allowed to change tabs even if data hatvieeing changed in the 3
patient history interface.
The selected option smoking is changed with thefteld of drugs in the 4
historical exam tab interface.
Misspelling in the historical exam, review of systeand physical 1

examination interface. It should say “.... hasrbeaved”.
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4.2.3 Implications for redesign

The results of the heuristic evaluation were cargd for the redesign of the
prototype. The following changes were made to dhgtem in response to the heuristic
evaluation findings:

1. More space between each name in the patient list.

2. Label of Vital Signs in the summary interface wasrected.

3. The label of Medications in the summary interfa@swaligned with the other labels

4. A label was added after the data of each patietitarheader

5. The data in the header has more space between data.

6. A frame with the name “Frequently Used Laboratowyas inserted. The frame
contains the shortcuts for laboratory tab interface

7. A frame with the name “Frequently Used Diets” waseirted. The frame contains the
shortcuts for the diet tab interface.

8. Feedback is now provided to the user when an asdsaved by returning the order
tree to its initial state.

9. The problem with the check boxes and the correspgntéxt field in the Social
History section of the Patient History Interfaceswaorrected. The selection of a
check box now activates the corresponding texd foel the right.

10. A message is displayed when other tab is sele@tmtdthe save action takes place.

11.A cancel button was implemented in order to cléarinterface to undo changes in

the Historical Exam, Review of Systems and Phydisamination.
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5. RECAPITULATION AND FUTURE WORK

In this work the design of a system to supportdlical tasks of physicians with
PCs and Tablet PCs was described. The developrhdm system required a redesign of the
nurse’s software in order to handle the migratibthe database from a MySQL server to a
MS SQL Server 2000. The software was designed\irAJand supports a wide variety of
operating systems. The interfaces were also degigaking into consideration feedback
provided by physicians and nurses. The design psoeeas accomplished by developing
prototypes of the interfaces and demonstrating tteephysicians and nurses. This method
was instrumental in providing new functionality lee system. For example, the patient
summary window (See figure 3.3) that is activatdeema patient is selected from the initial
list of patients was a suggestion made by physicianhis type of feature responds to the
usability goal of proving the user what he/she se®dhen is needed and where is need. The
patient summary window is just that, exactly whreg physician needs when he/she accesses

the record of a patient on a daily checkup.

The design of the system was based on usabilitineagng principles. The main
objective was to provide the most important infotiora and most used functions at the
forefront of the interface while eliminating redwamd information. This is why fundamental

patient information is provided at the top of théerface and remains there independently of
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the tab being selected on the main window (Seedi@u3). In this way physicians always
have access to the patient information when dealiity any of the electronic forms for
documentation and medical orders. As it was ewddrnn section 3.2. Most of the paper
forms require the physicians to enter this infoiorat With the electronic system the
physicians no longer need to write this informath®cause it is automatically provided by

the system, thus saving him/her time.

Navigation of the system was minimized by providipgysicians access to the
different forms through a set of tabs below thedeeaf the main interface (See figure 3.3).
This provides quick access to the different forthas saving time. The tabs are organized in
order of frequency of use with the tabs at thedefhg the most used ones.

Many of the electronic versions resemble very diosbe original paper forms.
That's the case of the Patient’s History and Playdtxam forms (See figures 3.16 and 3.17).
These forms provide selection boxes and text eigtgs consistent with the paper forms.
The only difference is that due to the display tations these forms could not be completely

displayed and, thus, need scrolling for accessirgentire form.

On the other hand orders form do not resemble {begder counter part. As it was
indicated in section 3.2 in the paper Orders forders are written as free text, one after the
other, on a blank space provided. The electroarsions however, provide options for the
physician (See figure 3.5), thus minimizing the wfethe keyboard that is critical on a
TabetPC because entering text with a stylus is asttw In order for the physician to keep
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track of the orders he/she is generating on thereleic version a tree structure is provided at
the right side of the orders interface (See figliEg that provides feedback when a new order
is generated. As it was mentioned in section 3&\eorder needs to be acknowledge by
nurses. This functionality is provided on the mgsdocumentation application described in

[Crespo05]. An interface is provided that liststhe pending orders and provides a means

for nurses to acknowledge them.

The development of the system following usabilitygeering principles should
definitively help physicians learn to use the sys@nd have an effective interaction with it.
However, it is well known that the best way to detime the ease or difficulty in interacting
with an application is by conducting usability tegtwith real users. This process entails
selecting a group of qualified users and askingntbe perform various typical tasks on the
system. The users should be observed while peirfgrithe tasks. Also learnability,
efficiency, errors and user satisfaction attribigbsuld be measured. These measurement
and the observations made during the test will he¢mtify potential usability problems.
Thus, conducting user testing is the next logitep $0 follow with the system described in

this document.

Another work that should be considered for futu@knis the addition of an alerts
and reminders application for physicians. Suchliegion should alert the physician on
abnormal laboratory and studies results as welhasrmal conditions of the patient. In
addition the system should provide reminders okstdbat physicians must accomplished
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such as completing the physical exam or a pending. nThis system should be developed
based on the same usability principles used fordésigner of the Nursing alerts and

reminder system described in [Perez05].
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APPENDIX A

PHYSICIAN'S ORDERS

NAME

ROOM NO.
(aboRESS)

Y LTRSS
HOSP. NoO.
SRR T N PHYSICIAN
DATE Another brand of drug identical in form DO NOT USE THIS SHEET Pr— DATE NURSE'S
& TIME and content may be dispensed unless checked UNLESS A RED NUMBER SHOWS & TIME INITIALS

Figure A-1 Physician’s Orders Form
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Figure A-2 X-Ray Orders Form
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Figure A-3 Consult’'s Orders Form
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Figure A-4 Restraint Orders Form
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Figure A-5 Physician’s Notes Form
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Figure A-6a Patient History Form
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Figure A-6b Patient History Form
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Figure A-7a Physical Examination Form
76



Figure A-7b Physical Examination Form
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