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Abstract. Personal Digital Assistants (PDAs) are a viable technology for pro-
viding access to Electronic Medical Records at the point-of-care. However, ac-
ceptance of this technology by clinicians will depend on how easy they can 
make the transition from the system they normally use to a PDA-based system.  
Since many hospitals are still using paper-based patient record systems this 
study intends to provide some insight on the aspects that need to be considered 
in the transition from a paper-based system to a PDA-based system. The study 
compares the interaction of nurses with PDA-based and paper-based nursing 
documentation systems in terms of performance and subjective satisfaction. 
Twenty staff nurses from a metropolitan hospital performed twelve tasks on 
each system. The study supports the conclusion that a PDA-based nursing 
documentation system can be superior to a paper-based system in term of per-
formance for tasks that don’t required writing notes. Nurses were significantly 
more satisfied with the PDA-based system than with the paper-based system 
with every interaction and system aspect evaluated on the study. In general the 
results of the study provide hard evidence to predict an easy transition for 
nurses from a paper-based system to a PDA-based system nursing documenta-
tion system.  
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1   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.  How-
ever, in spite of the proven and potential benefits of Electronic Medical Records 
(EMRs) regarding those issues, paper-based records are still predominant. Factors 
such as cost, user resistance, complexity and poor usability, have contributed to the 
slow implantation of these systems. This is especially true with regard to information 
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systems to support nursing activities, point-of-care support, and nursing documenta-
tion. As stated by Ammenwerth [1], the documentation of the nursing process is an 
important but often neglected part of clinical documentation.   

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 [2,3]. Paper-based records are frequently illegible, difficult to 
search, fragmented across sites of care, and limited in their ability to provide decision 
support [10]. They are also cumbersome for supporting care coordination, since they 
cannot be accessed remotely, and are available to only one person at a time. As stated 
by Rinkus [6], paper-based medical records often lack means to document key nurs-
ing activities.  

An Electronic Medical Record can help overcome many of the problems associated 
with paper-based patient record systems. However, since most of the patients’ infor-
mation is collected at bedside, EMRs can be greatly improved with mobile technol-
ogy. The portability of Personal Digital Assistants (PDAs) and their ability to link to a 
central database without a hard-wired connection make them an alternative for pro-
viding access to EMRs at the point-of-care. However, there are limitations such as 
screen size and input modalities that can affect the acceptability and usability of 
PDAs.  

Several studies have documented these problems and in some cases demonstrated 
poor acceptance [5] and usage barriers [4] of PDAs by clinicians, due in part to its 
input modalities.  A usability study by N. J. Rodriguez [7] found that physicians are 
faster on laptops than on PDAs when performing tasks such as text entry and reading; 
although they are faster on PDAs when performing tasks that only require pointing 
and clicking. Another study by Young 11] described an evaluation made by nurses on 
a hand-held device for data entry on nursing record simulations. Nurses considered 
that the pen-based interface was less desirable for entering textual data than the key-
board-based interface. They thought that the data was less accurate and the data entry 
process was difficult. Yet another usability study of nurses interacting with PDAs and 
Laptops [8] demonstrated that writing notes is significantly slower on PDAs as com-
pared to Laptops. Even though PDAs are not very efficient for writing notes the Rod-
riguez’s study [8] demonstrated that PDAs are a viable technology for supporting 
most nursing documentation tasks. That study revealed that nurses can be as effective 
with PDAs as with Laptops in performing typical nursing documentation tasks other 
than writing notes.  

Most of the studies cited in the previous paragraph compared PDA-based systems 
with other electronic-based systems. However, no formal study is found in the litera-
ture that compares nurses’ interaction with paper-based and PDA-based nursing 
documentation systems. The study described in this article is the first of its kind. It is 
a usability study that compares nurses’ interaction with PDA-based and paper-based 
nursing documentations systems in terms of performance (completion time and num-
ber of tasks completed) and user satisfaction. The objective of the study was to get 
some insight on the aspects that need to be considered in the transition from a paper-
based system to a PDA-based system.  
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2   Methods 

2.1   The Systems 

One of the systems use for the study was a paper-based nursing documentation system 
of a cardiovascular hospital. The other system was a PDA nursing documentation 
application designed for the same hospital and with similar functionality. Both ver-
sions facilitate the documentation of typical nursing tasks such as handling physi-
cians’ orders, medication administration, drip type medication administration, vital 
signs documentation, writing nursing notes, performing daily assessment, collecting 
I/O measurements and assessment of pain.  

The PDA version was implemented on a PDA running the Microsoft Pocket PC 
operating system. A documentation category is accessed by selecting it from a pull-
down menu. The corresponding information is typically displayed in a window in the 
form of a list (see figure 1.a). Each line of the list corresponds to a previous documen-
tation entry. Detailed information of each entry can be displayed in a new window by 
clicking on the entry (see figure 1.b). The window of each documentation category 
provides a New button at the right side bottom that opens a new window that allows 
nurses to enter a new documentation entry. 

The paper-based system used for the study consisted of the record of hypothetical 
patients. The record had typical hospital documentation forms, lab results forms and 
 

 

  
(a) Pain Window (b) Detail Window 

Fig. 1. The PDA nursing documentation user interface 
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diagnostic studies forms. The same information was replicated on the PDA version of 
the record of the same patient. 

2.2   Participants 

Twenty staff nurses from a hospital serving only a cardiovascular clientele partici-
pated in the study. They were selected on a first-come first-serve basis from those that 
responded a call for participation and were compensated for their participation. Their 
experience as staff nurses ranged from 1 to 27 years (M=9.3 years). Experience with 
computers ranged from 0 to 8 years (M=4.4 years). On average, they used computers 
on their job for 2.7 hours per day. All the participants had experience using the paper-
based system. None of them had prior experience with the PDA nursing documenta-
tion application, nor with any other electronic patient record system. Also, none of 
them had experience using PDAs. 

2.3   The Tasks 

Each participant was asked to perform the following twelve tasks for a specific  
patient: 

1. Indicate patient’s age and weight. 
2. Indicate the most recent registered patient’s temperature. 
3. Acknowledge any pending medication order as administered. 
4. Enter a set of vitals signs  
5. Indicate the total balance of intake/output of fluids in the last 24 hours. 
6. Look for a specific physician note. 
7. Enter a specific patient assessment information. 
8. Enter a specific I/O information. 
9. Enter a specific text as a note. 

10. Enter a specific pain information. 
11. Look for most recent physician consult order and acknowledge it as notified by 

phone. 
12. Show where in the record is indicated why a dose of Roboxine was omitted. 

2.4   Research Design 

Before proceeding with the test the participants were asked to sign consent forms and 
fill out a background questionnaire. They were asked to perform the twelve tasks 
described in the previous section on the PDA system and the paper-based system. To 
balance for learning effect, ten of the participants performed the tasks first on the 
PDA version and then on the paper-based version. The other ten participants  
performed the tasks first on the paper-based version and then on the PDA version. 
Participants were given a short tutorial session on the PDA version (about 18 min-
utes). The tasks on the paper-based system were performed on top of a desk while the 
tasks on the PDA were performed in a stand up position. 

The participants were asked to fill out a subjective user satisfaction questionnaire. 
The questionnaire asked the participants to rate nine interaction aspects and five sys-
tem aspects of each system using a 1-7 scale (1 being poor and 7 being excellent). 
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2.5   Statistical Analysis 

The dependent variables of this study were task completion time, number of tasks 
completed, and subjective user satisfaction. An independent-samples t test was used 
to compare completion times. The Mann-Whitney test with an α-level of .05 was used 
to compare the number of task completed and user satisfaction. Linear regression was 
used to evaluate the learning effect between the two versions. 

3   Results 

An independent-samples t-test did not reveal a significant difference between the 
average time it took the participants to complete all the tasks on the PDA (Mean = 
633.6, SD = 187.9) and the paper-based system (Mean = 723.7, SD = 250.2). The 
average times and standard deviations for the completion time of individual tasks are 
presented in table 1. Independent-samples t-tests revealed significant difference on the 
average time it took the participants to complete tasks one, two, three, six, nine, ten, 
and eleven. The participants were significantly faster on the PDA than on the paper-
based system in all cases except on task number 9 (writing a note). The differences in 
average completion time for individual task can be appreciated in figure 2. 

Table 1. Means and standard deviations for completion times of each task for each system 

 PDA Paper-based
Tasks Mean SD Mean SD

  (seconds) (seconds) (seconds) (seconds) 
1 5.0 5.9 27.6 25.1 
2 8.7 8.1 18.2 15.8 
3 17.3 15.3 40.0 35.5 
4 32.0 11.0 44.0 28.2 
5 27.4 24.0 43.8 30.7 
6 27.8 17.9 71.3 46.0 
7 193.8 83.3 223.0 126.4 
8 36.3 17.3 28.3 16.0 
9 190.5 64.9 83.8 35.0 

10 39.3 22.4 59.3 23.3 
11 24.7 26.6 52.8 40.8 
12 31.2 30.2 31.8 30.2 

 
 
The participants were able to complete the majority of the tasks.  A Mann-Whitney 

tests did not reveal significant difference in the total number of tasks completed by 
the participants. The participants completed an average of 11.1 tasks on the PDA and 
11.6 on the paper-based system. No significant differences were found in task com-
pletion for individual tasks on the PDA and the paper-based system.   

The average rating given to each of the interaction and system aspects of the PDA 
and the paper-based systems are summarized in figure 3.  A Mann-Whitney test did 
reveal a significant difference in the average overall satisfaction rating given to the  
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Fig. 2. Average completion time for individual tasks for each system 

eight interaction aspects I1-I8.  The participants were more satisfied with the PDA 
system (M=6.6) than with the paper-based system (M=5.3). A Mann-Whitney test also 
revealed a significant difference on the overall average satisfaction rating given to the 
5 system aspects considered (S1-S5). The participants were more satisfied with the 
PDA system (M=6.8) than with the paper-based system (M=5.0). Significant differ-
ences were also found between the PDA and paper-based systems for all individual 
satisfaction aspects. The participants were more satisfied with the PDA system than 
with the paper-based system for each of the thirteen individual aspects. 

4   Discussion 

The results of the study indicate that no significant difference exists in the overall 
time it took nurses to complete tasks with the PDA and with the paper-based system. 
This result was unexpected because due to the fact that the participants had experi-
ence using the paper-based system but did not know the PDA system except for the 
short tutorial taken prior the test, we expected the nurses to complete the tasks faster 
with the paper-based system than with the PDA system. These results are similar to 
the results of a study by N. J. Rodríguez [9] that demonstrated that physicians can be 
as fast on a paper-based system than on an electronic patient record system. Thus, the 
results of the present study and of the Rodríguez’s study [9] support the assertion that 
clinicians with little or no experience using an electronic patient record system can 
perform typical tasks with it as fast as with a paper-based system. 
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Fig. 3. Average satisfaction ratings for interaction and system aspects of the paper-based and 
PDA systems 

A correlation analysis was performed between the the average overall completion 
time on each system and the participants’ age, years of work experience, years of 
experience using computers, daily use of computers, daily use of computers on the 
workplace, and the use of glasses for reading and using computers. The analysis only 
revealed a correlation between the nurses’ age and the overall time it took to complete 
the tasks on the PDA system. Younger nurses tend to take shorter times in completing 
tasks on the PDA than older nurses. 

The results of time completion for individual tasks shows that the task of writing a 
note is one of the most time consuming tasks and one with the higher percentage 
difference. The effect of this task on the overall completion time is very significant.  
We ran an independent samples t-test of the overall completion time without consid-
ering this task and found a significant difference between the PDA system and the 
paper-based system, t(38) = 3.25, p < .05. Without considering the task of writing a 
note the participants completed the tasks on the PDA faster (Mean = 443.2, SD = 
150.8) than on the paper-based system  (Mean = 639.9, SD = 224.8).  These results 
confirm that writing notes on PDAs is significantly more time consuming than writing 
on paper.  This limitation of PDAs for writing notes was also evidenced on a study by 
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N. J. Rodriguez et. al. [8] that revealed that writing a note on a PDA was significantly 
more time consuming than writing it on a laptop. 

The results indicate that the participants were significantly faster on the PDA than 
on the paper-based systems on tasks one, two, three, six, ten, and eleven.  This finding 
is very interesting if we take in consideration that the participants did not have experi-
ence with the PDA system, nor using PDAs.  For the majority of them the test repre-
sented the first time they held a PDA.  These results can be attributed to two factors. 
First, the tasks required searching the paper-based record, which is time consuming in 
comparison to navigating on the PDA system to perform the tasks. Second, the inter-
faces of the PDA application exhibited good usability attributes (learnability and 
efficiency). 

Even though the participants did not have experience with the PDA nursing docu-
mentation system, nor using PDAs, they were able to complete the large majority of 
the tasks on both systems. These results indicate that the PDA nursing documentation 
system is very easy to learn. Thus, nurses should be able to make the transition from a 
paper-based nursing documentation system to a PDA-based system with minimal 
training. These finding are very similar to the ones found in the Rodriguez’s [8] study. 
On that study nurses that did not have experience with PDAs were also able to com-
plete most of the nursing documentation tasks after being given very short tutorials. 

The results revealed that nurses were significantly mores satisfied with the PDA 
system than with the paper-based system for overall physical aspects, overall system 
aspects and all the thirteen individual satisfaction aspects considered for the study.  
These results are very encouraging because user satisfaction facilitates the transition 
from an existing system to a new system. The level of satisfaction evidenced by the 
participants of the study with the PDA nursing documentation system suggest an easy 
transition from a paper-based system to a PDA-based system exhibiting good usabil-
ity attributes. 

5   Conclusion 

The results of the study indicate that nurses are as fast on the PDA as on the paper-
based nursing documentation system performing typical nursing documentation tasks.  
However, when the task of writing notes is not considered, nurses can be significantly 
faster on a PDA system than on a paper-based system. These results support the con-
clusion that a PDA-based nursing documentation system can be superior to a paper-
based system in term of performance for tasks that don’t required writing notes. 

The study revealed that age is a factor that can influence nurses’ performance on 
the PDA system. In general younger nurses exhibit 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 or electronic patient record systems. Thus, we can conclude that nurses are able 
to learn to use PDA-based nursing documentation applications with relative ease and 
minimal training. 

Nurses were significantly more satisfied with the PDA system than with the  
paper-based system for every satisfaction aspects considered for the study. Thus, it is 
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possible to design PDA-based nursing documentation systems that generate signifi-
cantly high levels of satisfaction among nurses. 

The performance exhibited by the nurses that participated in the study with the 
PDA system, the high number of task completed by them and the high level of satis-
faction evidenced by them suggests an easy transition for nurses from a paper-based 
system to a PDA-based system. Nurses can do better with PDA-based than with pa-
per-based nursing documentation systems. 
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