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ABSTRACT

It is a widely known fact that mobile hardware and software technologies are exponentially evolving.  Even though
the health industry is taking advantage of these technological advances, very little has been accomplished from a
nursing  perspective  of  electronic  medical  records  documentation  applications.  Nursing  tasks  remain  mostly
documented via rudimentary, inefficient, and time-consuming pen and paper methods. There is very little research
literature regarding the use electronic devices  for nursing documentation.  In this article we describe a nursing
documentation system implemented for the Android platform running on smart phones.  The system is a successor
of  a  previous PDA-based nursing documentation system.  The general  functionality of the original  PDA-based
system is described as well as the validation of the user interfaces of the system.  The new smart phone-based
system is described and at the same time contrasted with the PDA-based system in terms of their user interfaces and
interaction paradigms.  In general, the transition from the PDA version to the smart phone version was painless
because it was possible to transfer most of the user interface paradigms from de PDA system and also reuse the
database that held its electronic medical record.  We expect the new system to be more agile in terms of interaction
because of the improved interaction paradigms of smart phones and also because many nurses will be using it on a
very familiar device.

Keywords:  mobile medical  applications,  computer-based medical  systems, nursing documentation, smart  phone
medical applications, electronic patient record systems

INTRODUCTION

As health care grows more complex, the access to timely information, and the ability to communicate effectively
about patient  care are more important  than ever.   This need has been recognized  and acted upon by the USA
government by enacting the HIPPA law requiring hospitals and private physicians’ practices to make the transition
from their paper-based medical  records into electronic-based medical  records (EMRs).  Within a clinical  setting
nurses are key collectors, generators, and users of patient information, and good nursing care is dependent upon the
quality of the information they have available. Since most of the patients’ information is collected by nurses at
bedside, EMRs can be greatly improved with mobile technology. The portability of smart phones and their ability to
link to a central database without a hard-wired connection make them an alternative for providing access to EMRs at
the point-of-care.  These devices  are  very  well  suited  for  accessing  and  capturing  clinical  data  at  bedside in  a
hospital.

The viability of small mobile devices for accessing medical  records has been demonstrated on previous studies
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(Rodriguez, 2007 and Rodriguez, 2009).  These studies demonstrated that it is possible to design PDA-based nursing
documentation applications that allow nurses to achieve similar performance and satisfaction levels as with paper-
based  systems  or  a  Tablet  PC-based  applications.  These  results  support  the  use  of  smart  phones  for  clinical
documentation since they provide larger screens and are lighter than PDAs.  In addition, smart phones feature user
interfaces that are well known for a significant portion of the population, what reduces the learning curve for new
applications.

In spite of the potential of smart phones as a useful tool for EMRs, there is not much evidence in the literature of the
use  of  these  devices  in  clinical  settings.   In  this  paper  we  present  a  nursing  documentation  application  for
hospitalized patients implemented for  an Android–based smart  phone platform. This application is essentially a
redesign of and older PDA-based system (Najera, 2007).   We will address the main issues involved in the redesign
and how the system was transformed from a PDA-based to an Android-based smart phone application.  

LITERATURE REVIEW

Mobile technologies  are evolving exponentially.   Among them, the fastest  growing segment  is  the smartphone
technology. According to Gartner  (Gartner  Inc.,  2013), one of the leading information technology research and
advisory company, smartphone sales exceeded feature phone sales for the first time in the second quarter of 2013.
In the third quarter of 2013, worldwide sales of smartphones accounted for 55 percent of all mobile phones sold
during the period (Bora, 2013). This tendency is expected to grow and sales of smartphones should soon reach one
billion. The growth on mobile devices is also matched by the growth in apps for those devices. Several technology
news sources report downloads between 70 to 100 billion apps for 2013.

The smartphone technology has penetrated significantly into our society and is being used by a wide population that
covers  most  age,  social,  and  cultural  spectrum.   This  is  also  true  among the  healthcare  professionals  and  for
healthcare applications.  A study by K. Terry (Terry, 2012) indicates that 86% of the clinicians use smartphones in
their professional activities, up from 78% in 2012.

An article from the AAMC Reporter (Pelletier, 2012) states that some experts estimate the number of health-related
mobile apps at no fewer than 40,000. Among the popular apps we have Epocrates, which services information on
dosages and interactions; UPTODATE, that provides reference material doctors can consult when making treatment
decisions; ISABEL, lists possible diagnoses as well as medications that could cause specific symptoms; Pubsearch,
which provides access to millions of journals indexed in Pubmed; iDoc which contains 20 medical textbooks; and
Medscape which offers prescribing and safety information for drugs, procedure videos, a medical calculator, and
access to continuing medical education material.

Several studies have evaluated the use of mobile devices to support healthcare professionals in their practice.  A
paper by E. Kamel Boulos (Kamel Boulos, 2011) provides a brief state-of-the-art overview of health and healthcare
smartphone apps on the market.  They also describe in detail the development of the eCAALYX smartphone app
which aims at building a remote monitoring system targeting older people with multiple chronic diseases. 

An article in the Journal of Medical Internet Research (Ozdalga, 2012) provides a comprehensive and up-to-date
summary of the role of the smartphone in medicine by highlighting the ways in which it can enhance continuing
medical education, patient care, and communication. The study concludes that the health impact of smartphones in
medicine remains to be answered, but that it will have a very bright future in the world of medicine with continuing
contributions from doctors, engineers, and others.

There is much less evidence of smartphone applications for nursing practice support.  An article by Wyatt (Wyatt,
2012)  reviews  and highlights  the more  commonly used  applications and websites  to  enhance  nursing practice.
Another study (Doswell, 2011) describes the mHealth (Mobile Health) initiatives underway at the University of
Pittsburgh School of Nursing and discusses the  importance of mHealth  in nursing practice, education, and research.
They conclude that mobile technologies are changing the ways in which nurses intervene, access health information,
and communicate with patients and other care providers, thus enhancing their practice in general.

Even less evidence  is found regarding  applications to  assist  nurses  in  clinical  practices  and their  daily clinical
interventions.   Lin  (Lin,  2011)  proposes  the  development  of  interactive  interface  of  an  intelligence  nursing
information system (INIS) based on friendship that can decrease the nurses' effort  to remember information and
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enable user to operate INIS easier.  The authors state that there are few conventional nursing information systems
(NIS) that can be used at the nursing site to provide the patient's present conditions in real-time, and the desirability
to develop an easy-to-learn and easy-to-use mobile device for the nursing personnel to use, in order to improve the
nursing quality. They also indicate that the familiarity of nurses with the smartphone technology should result in an
efficient use of such devices without a significant additional effort.

A recent article by Ehrler (Ehrler, 2013) identifies the challenges involved in the deployment of clinical applications
on handheld devices and shares their solutions to these problems. The study discussed and addressed challenges
regarding financial, hardware, communication, security, and user interface for such devices.  They conclude that
“the ease of development of mobile applications and their rapid spread should not overshadow the real challenges of
clinical applications and the potential threats for patient safety and the liability of people and organizations using
them”. 

THE ORIGINAL SYSTEM: PDA-BASED SYSTEM

The smart phone-based nursing documentation system described in the next section is a successor of a previous
PDA-based system. The implementation of the PDA-based nursing documentation system was based on a paper-
based system of a cardiovascular hospital.  The development of the system required a task analysis that involved
interviews  with  nurses  and  physicians  to  gather  information  for  the  functional  specifications  of  the  system.
Additional meetings with nurses and physicians were held in order to guarantee that the system complied with the
needs of the health care personnel and the protocols, rules and regulations of the hospital.  During the design process
the system was subjected to usability evaluations.  Validation of the system was accomplished with an evaluation
method  based  on  Jackub  Nielsen’  usability  heuristics  (Nielsen,  1995),  used  during  the  early  stages  of  the
development  process,  and  usability  tests  with  nurses  of  the  hospital  at  the  latter  stages  of  the  implementation
(Rodriguez, 2007 and Rodriguez, 2009).  

The User Interface

The PDA-Based system was developed for the Windows Pocket PC operating system (Najera, 2007).  The system
features charting forms for documenting daily health assessment, administration of medicines, vital signs, nurses’
notes, pain assessment, ulcers assessment, patient positioning, intake & output of fluids, glucose levels and medical
orders.  After proper authentication the system enters a screen where the nurse can select the clinical area she/he is
assigned to and select a patient from a list of patients provided in the same screen (Figure 1).  

Figure 1. Patients list.
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Once a patient is selected, a screen with the physicians’ orders for the patient appears (see Figure 2.a).  This screen
and all other documentation screens feature the name, age, weight and room of the patient at the top bar.  Similarly
the bottom bar features a  Record button for selecting the different documentations screens for a patient, a  Print
button for printing a summary of the specific documentation category, and a Logout button for logging out of the
system.  The screen provides a list that is the history of all the orders of the patient.  Each entry of the list indicates
the date, the type, the physician that ordered it, and the whether the order has been taken care off  (Acknowledged)
or still pending (Pending).  Orders that are pending are listed at the top of the list.  Selecting an acknowledged order
and then the Details button moves the system to a screen that shows the details of the order, when was it executed,
and by whom (see Figure 2.b).  Selecting a pending order and then the Acknowledge button takes the system to a
screen that allows nurses to acknowledge the execution of an order (see Figure 2.c).  The user has the option of
canceling the acknowledge action or proceed with it by selecting the Save button.  Either action takes the system
back to the list of the orders screen (Figure 2.a).

    

 (a) Orders list                                       (b) Order details                                       (c) Order
acknowledge

Figure 2. Physician’s orders interface.

From the Orders screen nurses can accesses any of the documentation categories of the system by selecting the
Record button.  The interface for a documentation category usually consists of three screens (see Figure 3): a main
screen with a history of the documentation interventions (Figure 3.a); a screen providing details of a documentation
intervention (Figure 3.b); and a screen for a new documentation intervention (Figure 3.c). The details screen can be
reached from the main documentation screen by selecting an entry from the list and then the View button.   Selecting
the  Close button  on  the  details  screen  takes  the  user  back  to  the  main  documentation  screen.   The  new
documentation intervention screen can be reached by selecting the New button on the main documentation screen.
This screen provides the option of saving the documentation intervention or canceling it.  For the case of notes
documentation there is a third option of saving the note as a draft.

System Validation

The (Rodriguez, 2009) study served to demonstrate the viability of PDAs for nursing documentation. It compared
the PDA-based with the paper-based system used in the hospital  in terms of  the usability with typical  nursing
documentation tasks.  Twenty staff nurses from a hospital serving only a cardiovascular clientele participated in the
study.  They were selected on a first-come first-served basis from those that responded a call for participation. They
average 9.3 years of experience as staff nurses and used computers in their job an average of 2.7 hours.  However,
none had experience using electronic patient record systems, nor PDAs.  All had experience with the paper-based
documentation system of the hospital, but none had previously seen the PDA-based system.  They were asked to
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perform twelve typical tasks such as: looking up patients’ clinical information; executing medical orders; 

      

(a) Main documentation screen          (b) Documentation details                              (c) New
documentation entry

Figure 3. PDA notes documentation interface.

documenting vital signs, medication administration, intake/output, health assessment, and pain; and writing progress
notes.  The results of the study support the conclusion that a PDA-based nursing documentation system can be
superior to a paper-based system in terms of performance for tasks that don’t required writing notes.  Age is a factor
since younger nurses exhibit better performance than older nurses.  The study demonstrated that nurses are able to
learn  to  use  PDA-based  nursing  documentation  applications  with  relative  ease  and  minimal  training  since  the
participants were able to complete most of the tasks with just a short tutorial of the system and without having any
experience using PDAs or electronic patient record systems.

The (Rodriguez, 2007) study served to compare the PDA nursing documentation system with a Tablet PC version of
the system, which is a more flexible electronic version in terms of interaction capabilities.  The table PC has a larger
screen  with  larger  capacity  for  displaying  information  and  better  object  manipulation  capabilities.   The  study
followed the same methodology of the (Rodriguez, 2009) study.  In fact, they were run at the same time period with
the same nurses,  however,  they were published in different  years.   For this study the nurses were requested to
perform 13 tasks.  A task for reading a note was added.  None of the nurses had prior experience using PDAs or
Table  PCs.  The  results  of  the  study  support  the  conclusion  that  it  is  possible  to  design  PDA-based  nursing
documentation applications that allow nurses to achieve similar performance and satisfaction levels as with a Tablet
PC-based application.  The small screen size and display resolution of the PDAs are not factors that limit nurses’
performance and satisfaction in comparison to Tablet PCs. In general, nurses are more satisfied with the physical
aspects of the PDA and preferred it over the Tablet PC. The study revealed that age is a factor that can influence
nurses’ performance.  Younger nurses exhibited better performance than older nurses. The nurses that participated in
the study were able to complete most of the tasks with just a short tutorial of the systems and without having any
experience using PDAs, Tablet  PCs, or electronic patient  record systems. Considering nurses’  performance and
satisfaction with the physical aspects of the PDA, and their relatively low cost, PDAs were a better alternative for
supporting nursing documentation tasks at bedside than Tablet PCs.
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THE SMART PHONE-BASED NURSING DOCUMENTATION 
SYSTEM

The smart  phone version  of  the nursing documentation  system was  developed for  the  Android OS using Java
because is a widely available platform.  In the development of this version we took advantage of the user interfaces
and interaction paradigms already developed for the PDA-based system.  We also took advantage of the larger
screen and improved interaction paradigms of smart phones.   In general, the fundamental user interface elements of
the PDA-based system were preserved.  However, most of the buttons were relocated to the top of the screens.
Schroll bars were eliminated due to the fingers schroll and swipe capability of smart phones.  On-screen numeric
keyboards  were  eliminated because  smart  phones provide a native keyboard for  text  and numeric input.  Some
documentation screens were eliminated because their functionality was integrated in other documentation screens.
Due to the larger screen of the smart phones documentation screens featuring lists are able to display longer lists.  In
all, these changes combined to produce a new look and feel of the user interface.

The nursing documentation of each patient forms part of an electronic medical record stored in a MySQL/MariaDB
database.  The nursing documentation displayed on the smart  phones is  accessed  from the database via a  WiFi
network.  Similarly, new charting recordings made with smart phones are uploaded into the database through the
WiFi network.  In essence, the system provides nurses access to the medical record of any patient on the palm of
their hands, at the point-of-care, with a very familiar device.

The User Interface

Similar to the PDA-based system, the smart phone system features charting screens for documenting daily health
assessment,  administration  of  medicines,  vital  signs,  nurses’  notes,  pain  assessment,  ulcers  assessment,  patient
positioning, intake & output of fluids, glucose levels and medical orders.  After proper authentication the system
enters a screen where the nurse can select the clinical area and view a list of patients of that clinical area (see Figure
4). The interface of this screen has been made simpler by removing the vertical and horizontal separation lines in the
PDA version and separating the entries of the list with shades of light gray. Tapping on a patient name gets the
system to a list  of  pending medical  orders  of  the patient  (see Figure 5).  The interface  of this screen has been
significantly improved with respect to the PDA version.  Vertical and horizontal separation lines were removed and
shades of grades used for entry separation. The acknowledge column was also removed.  For this version pending
orders are displayed in bold at the top of the list.  This screen and all other documentation screens feature the name,
age, weight and room of the patient at the top bar.  Tapping the top left corner of this or any main documentation
screen reveals a side bar that provides access to the patient’s list as well as all the main documentation screens (see
Figure 6).  Tapping on an entry of the sidebar takes the system to the corresponding main documentation screen.

               

 Figure 4. Patients list for clinical area. Figure 5. Medical orders. Figure 6.  Sidebar documentation
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menu

Tapping on an acknowledged order takes the system to a screen that shows the details of the order (see Figure 7).
Tapping on a pending order takes the system to a screen that allows nurses to acknowledge the execution of an order
(see Figure 8).  The user has the option of canceling the acknowledge action by selecting the X button at the top
right of the screen or proceed with it by selecting the  ✓ button at the top of the screen.  Either action takes the
system back to the list of the Medical Orders screen.  This screen and the screen for viewing the order details are
very similar to their PDA counterparts with the exception of the buttons naming and location. 

                                  

Figure 7. Order details. Figure 8.  Order acknowledge.

Similar to the PDA version, the interface for a documentation category usually consists of three screens as shown on
Figure 9 for the Notes interface.  Consistent with the new interface, items on the lists are separated with shades of
light gray.  Notes that are in draft mode are listed in bold.  The details of a note can be viewed by tapping on a note
in the list.  This action opens the Notes Details window shown in Figure 9.b. A new note can be entered by selecting
the + button.  This action opens the screen shown in figure 9.c. The Details and New Note screen are very similar to
their PDA counterparts.  However, the buttons were moved to the top of the screen, with the X button for canceling
or closing the screen, and the button with the disc icon for saving a note as final or as a draft.
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(a) Main Notes screen (b) Note Details (c) New Note entry

Figure 9. Smart phone notes documentation interface.

Some of the documentation interfaces experienced significant changes from the PDA version.  These changes were
mostly due to the larger screen and schrolling capabilities of the smart phones.  One of the documentation interfaces
that experienced a significant change was the Pain documentation interface.  In the PDA version the main screen
displayed the history of pain assessment (Figure 10.a) while in the smart phone version only the last recording of
each pain identified is displayed (Figure 10.b).  In the smart phone version tapping on a pain entry gives access to
the pain details and follow up.  A new pain can be added by selecting the + button at the top right of the screen.

                            

(a) PDA system (b) Smart phone system

Figure 10. Pain main documentation screens.

Adding a new pain involved four screens in the PDA version.  However, in the smart phone version adding a pain
requires only three screens a shown in Figure 11.
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(a) Classification (b) Location (c) Treatment

Figure 11. Screens for adding a pain.

The Vital Signs interface also experienced a significant redesign.  In the PDA version the history of vital signs is
displayed horizontally (see Figure 12.a) while in the smart phone version it is listed vertically (see Figure 12.b).
This rearrangement of the listing was made to maintain consistency with other screens of the application featuring
lists.  This change was facilitated  by the ease of horizontal schrolling on smart phones.

                             

(a) PDA system (b) Smart phone system

Figure 12. Vital signs main documentation screens.

The screen for entering a new set of vital sign measurements was also redesigned (see Figure 13).  The keyboard
featured in the PDA version was eliminate since the smart phones provides its own.
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(a) PDA system (b) Smart phone system

Figure 13. Vital signs new entry screens.

Another interface that experienced a significant redesign is the Intake/Output interface (see Figure 14).  The smart
phone version follows the consistency of the new look and feel without vertical and horizontal separation lines, gray
shading for item separation and buttons on the top of the screen.

                             

(a) PDA system (b) Smart phone system

Figure 14. Intake/Output main documentation screens.

The screens for entering a new intake/output measurement also experienced a redesign (see Figure 15).  The on-
screen keyboard was eliminated on the smart phone version.
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(a) PDA system (b) Smart phone system

Figure 15. Intake/Output new entry screens.

CONCLUSIONS

Implementing  the  Nursing  Documentation  System  on  the  Android  smart  phones  platform  was  painless,
fundamentally because we already had a PDA system from which we could transfer most of the user interface
fundamentals.   The  fact  that  smart  phones  provide  a  larger  screen  and  better  interaction  tools  facilitated  the
implementation of the user interfaces.  These advantages of smart phones over PDAs allowed the display of more
information on a single screen, improved schrolling actions, and the elimination of on-screen numeric keyboards.
Being able to reuse the database implemented for the PDA system was also a factor that contributed to a relatively
fast porting of the system.

The resulting system is definitely a more agile system in terms of interaction.  It maintains must of the user interface
fundamentals of the PDA system with an improved look and feel and better interaction paradigms.  We expect that
given the proliferation of smart phones the new version of the system should be easier to learn and interact with than
with the PDA version since many nurses will be very familiar with the interaction paradigms of the smart phone.  In
the experiments conducted for the PDA system none of the nurses had prior experience using PDAs (Rodriguez,
2007 and Rodriguez, 2009). We expect this to be a significant background difference when we run a new user test
experiment with the new system.  
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