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Abstract 
Objectives: This study determines the impact that use of personal digital 
assistants (PDAs) has on avoiding potential medication prescribing errors in 
primary care, office-based practices. The specific aims are to (1) measure the 
occurrence of prescribing-related errors, (2) determine the extent to which 
medication prescribing errors may be reduced by physicians having improved 
access to pharmaceutical information at the point of care via the PDA and use of 
the PDA as a prescription-printing device, and (3) identify perceived barriers to 
PDA use and successful strategies to overcome these barriers. Methods: A 
prospective, randomized, controlled trial of 78 physicians was conducted in 31 
primary care, office-based practices to determine the impact of PDA use on 
medication prescribing errors. The intervention group was trained by case-
simulation to use a PDA-based clinical drug information application at the point 
of care during the prescribing process, and enter and print prescriptions on a local 
printer via the PDA. The control group maintained their traditional prescribing 
practices throughout the study. Qualitative interviews were conducted with the 
intervention group to identify perceived barriers to PDA use and successful 
strategies to overcome these barriers. Results: The outcome indicates that 
voluntary use of the PDA results in substantial reductions in errors of legibility, 
omissions, and use of abbreviations and symbols. Variation in adoption of the 
PDA as both a prescribing device and a drug information tool was observed. 
Barriers and successful strategies to overcome the barriers to PDA use are 
identified. Conclusion: The PDA offers an effective method to bring prescribing 
safety to primary care, office-based practices.  

Introduction 
According to a report by the Institute of Medicine (IOM),1 hospital patients 

likely represent only a fraction of the total population at risk of experiencing a 
medication-related error. This concern was amplified by consumers, 40 percent of 
whom indicated that they were very concerned about serious errors or mistakes 
when they received care from the doctor’s office.2 The majority of medication 
prescribing and use occurs in the ambulatory environment, with 2.5 billion 
prescriptions dispensed by U.S. pharmacies in 1998.3 Yet, little research exists to 
date to inform about prescribing errors in community, office-based physician 
practices. In early 2000, the Quality Interagency Coordination Task Force (QuIC), 
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with the Agency for Healthcare Research and Quality (AHRQ) as lead agency, 
published its report to the President of the United States, Doing What Counts for 
Patient Safety: Federal Actions to Reduce Medical Errors and Their Impact. This 
report outlined a road map for action, such as identifying and learning from 
errors, working with providers, and using decision support systems and 
information technologies to reduce errors and improve care.4  

Root causes of medication errors usually occur in systems of care delivery.1 In 
the medication use system, the first individual who is able to prevent errors is the 
prescriber.3 A 1992 study involving 89 community pharmacists in 5 States 
documented the frequency and type of prescriber errors in the community setting.5 
The results revealed that the pharmacists intervened in 1.9 percent of 33,011 new 
prescription orders to resolve a prescriber-related problem. Errors of omission, 
commission, and interactions accounted for 60.5 percent of these prescriber-
related problems. Illegibility accounted for 6.4 percent of the errors identified. 
Expert evaluators concluded that 28.3 percent of the prescribing problems 
identified during the study could have caused patient harm if the pharmacist had 
not intervened to correct the problem. Legibility of prescriptions is a widely 
recognized cause of medication errors.6–10 Inability to correctly read a medication 
name, dose, or regimen has resulted in injuries and death. The issue is of such 
importance that the American Medical Association (AMA) studied the legal 
implications of poor legibility of medication orders. The AMA publicly reported 
that misinterpretation of physician prescriptions was the second most prevalent 
and expensive malpractice claim listed on 90,000 malpractice claims filed over a 
7-year period.11  

These types of errors are potentially correctable at the point of the prescriber 
through technologies.12 The personal digital assistant (PDA) provides a technical 
method to enter data about prescriptions into a format that can be readily printed 
in the office, thus reducing prescription legibility problems. Early experiences 
with PDA technology suggest that the PDA’s convenience, ease of use, and 
portability within the physician’s office solves several logistical barriers 
associated with fixed, desktop computer systems.  

The IOM has identified that professional practice consistent with current 
medical knowledge is an essential element in achieving safety and quality in 
health care.1 As stated by a leader in health care informatics, “Humans are 
inherently fallible information processors.”13 Reliance on imperfect memory for 
medical information can lead to compromised patient safety and increased rates of 
medical errors.14 Both the complexity of health care and the lack of adequate 
information lead to humans making multiple errors every day. Rates of error in 
knowledge-based processes are also known to be higher than those associated 
with automatic mental processing.14  

Automated information and decision support systems have been shown to be 
effective in reducing certain errors, including those associated with drug 
knowledge and dissemination.15 However, automated information and decision 
support systems are generally not found in physician office-based practices. The 
complexity of health care requires the availability of systems to assist providers in 
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making the best possible clinical decisions. PDAs serve this purpose by providing 
immediate access to drug information at the point of patient care. Many respected, 
credible information sources are now available as electronic media on these 
devices. Future trends are clearly to move all expert published information 
resources to electronic media.16 Traditional community-based systems already in 
place to protect patients include double checks through other responsible health 
care professionals, i.e., nurses and pharmacists, at the time of care delivery. 
Although PDAs will not eliminate the need for this step, the impact on physicians 
of immediate information access should reduce the workload of pharmacists, who 
are correcting prescribing errors caused by a lack of appropriate prescribing 
information availability at the point of care.  

This paper focuses on the impact that PDA use has on prescribing errors. 
PDAs have already contributed to patient safety by improving the accuracy of 
patient identification in the hospital setting, and in providing immediate 
information access for use in diagnosis and care decisions.17, 18 This paper will 
address the use of PDAs in reducing pharmacist’s intervention at the prescribing 
phase. It is expected that the use of PDA will reduce the rate of errors caused by 
illegible prescriptions. It is also expected that immediate access to clinical 
information may be a contributor to reducing errors.1 However, new technologies 
do create new demands on the operators. Even introducing devices such as PDAs, 
a low-level technology, will encounter barriers to acceptance and use because of 
the human factor principles that must be addressed to account for the human-
machine interface.19, 20 Introduction of the PDA does cause a shift in workload to 
the physician. This shift occurs at a time when office efficiency is a health 
business goal, further increasing the strain on providers. PDAs are also associated 
with systems technology implementation challenges. The electronic prescribing 
applications must be integrated with routine office functions, including 
documentation workflow. These devices also need to maintain communication 
with a Web server on a regular, if not continuous, basis.21 The overall effect is not 
entirely predictable, and it is vital to study the impact of these technologies. The 
best technologies will allow people to do the things best done by people, such as 
making complex decisions and communicating with each other.22  

Purpose 

The purpose of this study is to determine the impact of the use of PDAs by 
prescribers on potential prescribing medication errors in primary-care physician 
office-based practices. It is the hypothesis of this study that bringing drug 
information and prescription-printing technology to the point of care in physician 
offices will reduce prescribing errors and advance patient safety.4 It is also 
hypothesized that barriers to adoption will be identified by physicians who use 
PDAs, and they will employ strategies to successfully overcome these barriers to 
adopt this health information technology for improved patient safety and quality.  

The specific aims of this study are to 

1. Measure the occurrence of preventable medication prescribing errors 
in physician office-based practices. 
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2. Determine the extent to which medication prescribing errors may be 
reduced by physicians having improved access to pharmaceutical 
information needed at the point of care via the PDA, and by using the 
PDA as a prescription-printing device.  

3. Identify perceived barriers to PDA use and successful strategies to 
overcome these barriers.  

Methods 

Site and subjects 

The study was conducted in 31 primary care offices (one rural, by 
Metropolitan Statistical Area definition). The offices averaged 2.1 primary care 
practitioners per site (range of 1–7). The study subjects were primary care 
physicians with an average age of 42 years (range of 31–79); one-fourth were 
female; and 85 percent of their practices were in family medicine, and 15 percent 
in internal medicine. No effort was made to either include or exclude any 
participant based upon age, gender, race, or ethnic background. 

Design overview  
A prospective, randomized, controlled trial of 78 prescriber physicians was 

constructed to observe the impact of PDA use on prescriber medication errors and 
to answer study aims 1 and 2 mentioned above.23 A qualitative study of the 
intervention group was conducted to evaluate study aim 3. 

Randomized controlled trial to test aims 1 and 2  

Using a random number table, office practices were randomly assigned to 
either an intervention or control group, and all subjects within an office were in 
the same group (n = 39 subjects in each group). The intervention group was 
trained via a case-simulation curriculum to use a clinical drug information 
application installed on the PDA at the point of care during the prescribing 
process, and to enter and print prescriptions to a local printer via the PDA. The 
curriculum to teach the intervention group about PDA use was produced using a 
best-practice prototype system based upon the assessment criteria developed by 
the Council on Health Care Technology of the Institute of Medicine.24–27 
Instructional design methods were used to prepare the practice-based, case-
simulation curriculum and teach the intervention subjects individually, on site in 
their clinic practice. They were taught to use the prescribing software to produce a 
complete and accurate prescription. Formative curricular assessment was used to 
refine the instruction until users demonstrated successful technology use.  

Intervention group physicians were encouraged to use the PDA as much as 
possible. Each intervention group physician was instructed to print two copies of 
prescriptions using the PDA, one for the patient and one for the field researcher. 
However, they could choose to handwrite prescriptions when they preferred. 
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Because they had the option of reverting back to the traditional handwritten 
prescription, the intervention group was given carbon copy duplicate prescription 
blanks in addition to the PDA, so that the data related to both their PDA and 
handwritten prescribing were collected. 

The physicians in the control group maintained their traditional handwritten 
prescribing practices throughout the study. Each control group physician was 
provided prescription pads with carbon copy prescription backs. The original was 
given to the patient, and the carbon copy was set aside for field researchers to 
collect. 

The PDA device and applications selected for this study were the Sony Clie’ 
PEG-SJ30™ (Sony Corporation), and Lexi-Drugs™ Platinum Drug Information 
(Lexi-Comp Corporation) software.28 The prescribing software was developed 
through a contract with a software vendor.  

Prescribing errors 

This paper reports on errors observed by evaluation of the face of a 
prescription, including legibility errors, errors of omission, errors of commission, 
and errors of interpretation. Table 1 displays the error types included in this 
research, and the application (drug information, electronic prescribing [e-
prescribing], or both) that was responsible for influencing the error.  

The field researchers were prepared to consistently and reliably identify and 
classify errors through a case-based curriculum. They were instructed to follow a 
standard method of review and provided with large-print, easy-to-read checklists 
with criteria for evaluation and determination of prescription errors to document 
their observations. The criteria were based on the National Coordinating Council 
for Medication Error Reporting and Prevention (NCCMERP) Taxonomy of 
Medication Errors.29 Interrater reliability was determined using chance-corrected 
kappa or intraclass correlation coefficient, when appropriate. Kappa was 
interpreted following the suggested guidelines of Landis and Koch: excellent 
agreement beyond chance is attributed to a kappa ≥ 0.75, fair to good agreement 
as 0.4 to < 0.75, and poor agreement beyond chance at < 0.4.30 When interrater 
reliability was observed to be < 0.4, the field researchers were retrained and 
reliability reevaluated to achieve minimally fair-to-good agreement.  

Baseline and postintervention assessment of potential prescribing errors was 
conducted for both the intervention and the control groups. Field researchers 
visited the practice sites and evaluated the medication prescription orders written 
by each participating physician prior to randomization until approximately 500 
prescriptions were studied for each physician. The quantity of 500 exceeds the 
required sample size by 2.5-fold, allowing for an actual minimum sample per 
physician of 200. After the practices were randomly assigned, researchers 
evaluated another estimated 500 prescriptions for each participating physician in 
each group post-PDA implementation.  
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Table 1. Potential impact of PDA application on type of prescribing error 

Provides opportunity to 
reduce error Type of error application may impact 

Drug 
information 
application 

E-prescribing 
application  

 X* Illegible prescriber signature 

 X Unclear prescriber identity  

 X Illegible patient name 

 X Illegible prescription overall 

 X Omission of patient name 

 X Omission of patient age or birthdate 

 X Omission of patient address 

 X Omission of date prescription written 

 X Omission of prescriber signature 

 X Omission of indication for medication  

 X Omission of prescription refill status 

X X Omission of drug name 

X X Omission of drug strength 

X X Omission of dosage form 

X X Omission of quantity to dispense or duration of treatment 

X X Omission of drug dose 

X X Omission of route of administration 

X X Omission of schedule for administration 

 X Use of an abbreviation for the drug name 

 X Use of an abbreviation for the dose amount 

 X Use of an abbreviation for the quantity 

 X Use of an abbreviation for the route of administration 

 X Use of an abbreviation for frequency of administration 

 X Use of symbols on face of prescription 

 X Use of a trailing zero after a decimal point 

 X No use of a leading zero before a decimal point 

 X Vagueness of instructions on prescription 

 X Wrong route of drug administration on prescription 

* If electronic signature allowed. 

Sample size. The physician sample size was determined to test the hypothesis 
that a 50 percent reduction in errors as a result of the PDA intervention would be 
achieved.1 Published observations of 1.9 prescribing errors for every 100 new 
prescriptions written was used to estimate the physician sample size needed.5 This 
study determined the number of errors using the dispensing-error-detection 
technique, a technique known to substantially underestimate the number of errors 
that actually occur. 31, 32 Therefore, this is a conservative estimate of prescriber-
related error. To estimate the number of physicians, we assumed a pooled 
standard deviation for all physicians that equaled the difference in the mean 
number of prescribing errors between the intervention group (observed mean) and 
control group (expected mean). Based upon this assumption, a significance level 
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of 0.05, and a power established at 0.80, the total number of physicians exceeds 
the minimum sample size required.32  

Qualitative study to meet aim 3 

Identification of barriers and strategies to overcome barriers was studied using 
a qualitative approach employing direct observation and semistructured 
interviews of individual physicians.29, 33–36 Interviews were conducted with the 
intervention group physicians to determine environmental and system factors they 
believe contribute to increased error risk.34 The semistructured individual 
interviews were conducted face-to-face with physicians in their office settings, 
audio recorded, and converted to written transcripts for purposes of analysis.36, 37 

Onsite observations were conducted using the observer-as-participant approach. 
Following are the structured questions used to conduct the interview: 

• Would you tell me how you have incorporated the use of the PDA into 
your practice? 

• What have you tried to do with your PDA? 

• What has worked? 

• What has not worked? 

• Are there situations that you can recall that have stopped you from 
using the PDA? 

• When you’ve encountered difficulty with using the PDA, what have 
you done to solve it? 

• Are there any barriers in your immediate work environment that you 
have encountered when trying to use the PDA? What actions did you 
take to overcome them? 

Once the physicians who had been introduced to the PDA began using it, they 
were studied to determine what barriers they identified, the solutions they 
employed to overcome these barriers, and which barriers did not have a solution. 
The time course of data collection in relationship to the introduction of the 
intervention to the subjects can be represented as 

X 
O1      O2   O3   O4 
Where, 

X = Introduction of the intervention. 

O1 = Baseline criteria-based performance of PDA use assessment using direct 
observation by a field researcher and subject interview information documented. 
All intervention group physicians were required to perform all case simulations 
competently (accurate and complete prescriptions). 
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O2 = Criteria-based subject self-assessment of PDA use and performance 4–7 
days postintervention. All intervention group physicians were required to perform 
competently. 

O3 = Semistructured interview of subject about barriers and solutions to 
performance at 2–4 weeks postintroduction of the intervention. 

O4 = Direct observation and followup interview with subjects upon 
completion of intervention. 

Analysis  

Occurrence of prescribing errors 

All prescriptions were handwritten at baseline by all physicians. The 
frequency of medication errors was determined by counting the total number of 
errors attributed to the written prescriptions, as evaluated by the trained field 
researchers, within each classification according to the NCCMERP Taxonomy of 
Medication Errors. No differences were observed between the control and 
intervention groups at baseline (P < 0.05).  

Impact of PDA use on prescribing errors 
The frequency of medication errors was compared between pre- and 

postintervention in the intervention group to determine the impact of PDA use on 
medication prescribing errors within each NCCMERP classification. For the 
intervention group, the total number of prescriptions evaluated was 19,372 at 
baseline and 14,378 postintervention. We reduced the target prescription volume 
postintervention, while remaining well above the minimum sample size 
necessary, to reduce unnecessary additional cost and time to complete the data 
collection. 

Use of PDA  

To determine the extent of PDA use for prescribing, we examined each 
prescriber by looking at the relative frequency of PDA-generated prescriptions for 
each physician against the date the prescriptions were written. We evaluated the 
entire intervention group by studying patterns of adoption for prescribing in two 
overarching ways: (1) total proportion of prescriptions generated by PDA versus 
handwriting, and (2) patterns of PDA-generated prescriptions versus handwritten 
prescriptions over time. By examining the PDA/handwritten prescription ratio per 
day per physician, we could examine the patterns generated by each individual. 
By studying this voluntary adoption, we improve our accuracy in projecting what 
the impact of PDA prescribing would actually be in the private office setting. 
Therefore, we retained all physicians in the intervention group, regardless of the 
volume of prescriptions they generated on the PDA. 

The self-reported use of the drug information application was completed post-
PDA intervention. Individuals responded to the question “How frequently do you 
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use the PDA as a source of drug information?” with a behaviorally anchored 
Likert scale of 1 = never use; 2 = quarterly or less often; 3 = at least monthly; 
4 = at least weekly; and 5 = at least daily. 

Barriers to PDA use and strategies to overcome them 

Semistructured interviews were conducted on the intervention group 
physicians (n = 39) at 2 weeks after PDA introduction. Training had been 
completed and the physicians had some experience using the device. A qualitative 
analysis, evaluating the observations and interviews by coding and organizing 
observations through content analysis and question analysis of the semistructured 
interview, was conducted. Observations were organized into barriers identified 
and strategies used to overcome barriers.34 An evaluation of the findings 
regarding barriers and solutions was conducted through a reflective process of the 
research group and a determination of the contribution of new or unique 
information.  

Results  
All physicians in the intervention group were trained and demonstrated 

successful use of the PDA prior to the intervention. Physicians in the intervention 
group generated 43 percent of their prescriptions with the PDA. The extent to 
which individual physicians used the PDA for e-prescribing under the 
circumstances of voluntary use ranged from 0 to 100 percent of the prescriptions 
they wrote. There were only two physicians who did not generate any 
prescriptions on the PDA. 

Occurrence of prescribing-related errors 

Problems of illegibility, omissions, and use of abbreviations and symbols all 
were observed in high frequency on the baseline prescriptions (all handwritten). 
The frequency of these prescribing-related errors is shown in Table 2.  

Impact of PDA on prescriber medication errors  
The results of the impact of PDA use on prescribing errors are also shown in 

Table 2. These results reflect the impact of PDA use when partially adopted by 
users, so both PDA-generated and handwritten prescriptions were analyzed 
postintervention. Errors associated with legibility were greatly reduced by the 
implementation of the e-prescribing application on the PDA. Overall illegibility 
of the prescriptions decreased from 9.1 percent to 2.7 percent. Illegibility was not 
eliminated because not all prescriptions were generated using the PDA. All types 
of error attributable to omission on the prescription were reduced, with the 
exception of the patient’s address (no change). There was a remarkable drop in 
the omission of the patient’s age or birthdate, from a 95.5 percent omission rate at 
baseline to a 59.2 percent omission rate after PDA introduction. This is a 
desirable change, because knowing the patient’s age improves correct dosing 
verification and patient identity. All types of errors of omission related directly to  
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Table 2. Impact of partial adoption of PDA intervention on prescription errors* 

% Error in 
intervention 
group 
(baseline) 

(n = 19,372 
Rx’s) 

% Error in 
intervention 

group 
(post-PDA 

use) 

(n = 14,378 
Rx’s) Type of error 

76.6 17.7 Illegible prescriber signature 

55.9 27.6 Unclear prescriber identity  

18.7  9.8 Illegible patient name 

 9.1  2.7 Illegible prescription overall 

 0.6  0.1 Omission of patient name 

95.5 59.2 Omission of patient age or birthdate 

99.8 99.7 Omission of patient address 

 1.4  0.6 Omission of date prescription written 

 1.3  1.3 Omission of prescriber signature† 

89.9 78.5 Omission of indication for medication 

18.5 12.1 Omission of prescription refill status 

 0.5  0.2 Omission of drug name 

20.9 17.0 Omission of drug strength 

84.7 51.7 Omission of dosage form 

 6.2  4.5 Omission of quantity to dispense or duration of treatment 

13.4 11.7 Omission of drug dose 

30.8 19.5 Omission of route of administration 

 5.3  4.8 Omission of schedule for administration 

 3.4  2.3 Use of an abbreviation for the drug name 

61 70.5 Use of an abbreviation for the dose amount‡ 

 1.6  0.5 Use of an abbreviation for the quantity 

63.2 36.7 Use of an abbreviation for the route of administration 

85.8 50.7 Use of an abbreviation for frequency of administration 

76.7 47.4 Use of symbols on face of prescription 

 0.4  0.3 Use of a trailing zero after a decimal point 

 0.5  0.4 No use of a leading zero before a decimal point 

 9.4 11.1 Vagueness of instructions on prescription 

 0  0.3 Wrong route of drug administration on prescription 

* 43% of prescriptions were generated through the PDA.  
† No electronic signature in this study. 
‡ E-prescribing application used abbreviations for some dose amounts. 

the drug or regimen itself were also reduced. A remarkable improvement in 
dosage form omission was observed. Use of the e-prescribing package showed a 
substantial reduction in use of abbreviations. Abbreviation use was not eliminated 
because physicians were allowed to make natural choices and follow their 
prescribing method preferences during the study. There was also a decrease in the 
omission of indication for medication use on the prescription, from 89.9 percent 
to 78.5 percent. This is valuable information to have available on a prescription 
for pharmacists and patients to enhance patient education and safety. Two types 
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of errors increased after introduction of the PDA: vagueness of instructions on the 
prescription and identification of the wrong route of drug administration.  

Use of PDA 

Prescribing function. Three patterns of prescription generation via the PDA 
emerged when the PDA-to-handwritten ratio was identified for each individual: 
(1) adopters, i.e., high-volume use with a sustained pattern of PDA prescription 
generation over time; (2) nonadopters, i.e., no PDA prescription generation or 
early, short-term use tapering to no use for a consistent time period; and (3) 
potential adopters, i.e., sustained use with varying patterns over time. Nine 
prescribers were identified as adopters. These individuals wrote between 88 and 
100 percent of their prescriptions via the PDA and displayed a sustained pattern 
of use over time. Seventeen individuals were identified as nonadopters. They 
generated between 0 and 19 percent of their prescriptions from the PDA and 
demonstrated use only at the beginning of the time period. The 13 remaining 
prescribers were identified as potential adopters. These individuals generated 
between 16 and 61 percent of their prescriptions via the PDA; their pattern of use 
was either sustained throughout the study period or they had a higher volume 
early in the study with a downward but continued-use trend by the end of the 
study period. We identify these individuals as potential adopters because the 
patterns of use indicate they did not give up using the technology, despite the 
lower use than individuals who are clear adopters. 

Drug information function. Self-reported use of the drug information 
application via the PDA was highly variable in the PDA intervention group. The 
most frequent postintervention response to the question asking individuals to 
assess their use of the drug information application was “at least monthly,” 
representing 24 percent of the users, followed by 21 percent reporting daily use 
and 18 percent reporting weekly use. Thirty-seven percent reported using it 
quarterly or less. 

We also examined the relationship between PDA-prescribing adopters with 
use of the drug information application. Almost all of the adopters (seven of nine) 
reported daily use of the drug information application, one adopter reported 
weekly usage, and one reported no use. In contrast, the 17 nonadopters all 
reported monthly use or less of the drug information application. 

Barriers to PDA use and strategies to overcome them  

The quantitative data about prescribing demonstrates that when given the 
opportunity to use traditional prescribing or e-prescribing applications on the 
PDA, the PDA is not universally selected. New technologies do create new 
demands on operators. When use of the technology was optional, some operators 
opted out.  

We identified four major themes reported by physicians that inhibited full 
PDA adoption. These include technology, time, environment, and personal views. 
Figure 1 provides further details of representative responses reported by 
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physicians as they encountered difficulties with use of the PDA. These problems 
included the technology itself, the influence of the physician’s patient volume and 
time on learning the technology for use in daily practice, the clinic’s capability to 
support the technology, and the physician’s perception of the PDA’s usefulness 
and fit in his or her daily practice.  

Figure 1. Physician-reported barriers and solutions themes  

Barriers themes Solutions themes 

Technology 

• Hardware – the time it took for the 
prescription to print perceived to be 
increased. 

• Software – the prescription-
generation tool perceived to be 
cumbersome.  

Time 

• Learning time – the time needed to 
learn how to use the PDA. 

• Prescription generation – the time 
need to write and print the 
prescription using the PDA. 

• Workload – the perceived patient 
volume of the physician that day. 

Environment 

• Technology ready – offices are not 
ready or equipped properly to support 
prescribing and printing system. 

• Printer location – printers were not 
conveniently located so as not to 
disrupt workflow.  

Personal views 

• Patient centeredness – the use of the 
PDA or its software was not 
appropriate for the patient mix of the 
clinic. 

• Slow to adapt – interest level or fear 
of technology slowed adoption. 

Individual level 

• Self help – physician takes an active 
role in solving the problem and 
continues to try using the PDA. 

• Partial adoption – physician 
incorporates and continues to use only 
the applications of the PDA that work 
best for his or her practice.  

• Avoidance – physician essentially 
gives up on using the PDA partly 
because the perceived workload does 
not allow him or her to seek a solution. 

System level 

• System redesign – physician proposes 
the solution requires an organizational 
commitment and investment to 
improving the clinic environment to 
promote use of the PDA. 

• Organizational development – 
physician proposes the solution 
requires the organization to recognize 
the need for and support the necessary 
training and development. 

 
Figure 1 also shows the solutions devised by the individual physicians in 

reaction to these barriers at the individual and system levels. At the individual 
level, physicians may have sought help on their own, chose to use the technology 
application they felt added value, or simply decided not to use the PDA. Note that 
only the first option is a “real” solution associated with full adoption. The other 
“solutions” allow physicians to only accept what easily works or return to what 
has worked in the past. System-level solutions referred to solutions identified by 
physicians that necessitated interventions beyond that of the individual physician 
(e.g., organizational intervention). This intervention may include a need to 
improve the technology capabilities of the clinic or support additional training.  

Barriers and solutions to PDA use exist on both individual and systems levels. 
From a systems perspective, the interviews clearly showed the necessity to 
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customize PDAs to the physician’s practice, thus contributing to the office’s 
efficiency. On an individual level, physicians need to spend the time to learn the 
technology so it is an asset and not an inhibitor to their daily practice. Adaptation 
requires successful learning and application by the user, incorporation of the 
technology into the physical space, and incorporation into the workflow itself.  

Discussion 
The frequency of prescribing errors in traditional handwritten prescriptions is 

substantial. The existing knowledge of prescriber-related errors in physician 
office-based practices is limited. This study demonstrates the frequency and types 
of prescriber-related errors in primary care, office-based practices and targets 
solutions to the problem. This study also assists decisionmakers about technology 
investments in office-based practices. The costs associated with hardware and 
software investment, start-up training, and maintenance of systems must be 
weighed against the value gained.  

Physician acceptance of technology and the associated applications and 
routine adoption in daily practice are the key indicators of success. If such 
investment results in physician acceptance, quality improvement, and systematic 
efficiencies, the investment is worthwhile. This study demonstrates these 
endpoints are achieved within the typical small to medium primary care office-
based practice when PDA technology is introduced into this patient care 
environment, even with partial adoption.  

This work also reveals the barriers to achieving success from the individual 
physician’s point of view within the practice environment, and solutions devised 
by the individual physicians in reaction to these barriers. A detailed understanding 
of the physician experience when introduced to this technology, the information 
sources, and the prescribing applications was attained by the researchers. Full 
implementation of the hand-held applications did not occur in this study of 
voluntary PDA adoption. Knowledge of the barriers should assist decisionmakers 
in choosing technologies and applications that are supportable by the local 
environment and processes before making an investment decision.  

Adoption of these technologies may also lead to an indirect benefit for 
pharmacists and patients. Workload in pharmacies is a substantial concern. 
Pharmacists constantly balance time required to accurately dispense medications, 
monitor medications, and educate patients. A reduction in time spent by 
pharmacists solving potential prescribing errors could directly contribute to 
improving the time available to monitor the effectiveness of medications and 
provide education. Were office-based practices to incorporate error-reduction 
strategies systematically, substantial time spent on problem-solving by 
pharmacists could be reduced. 

Employing information technology (IT) strategies and systems to prescribe 
drugs holds substantial additional potential for reducing the number of drug-
related injuries in the ambulatory setting.36 Physicians will need to be competent 
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and confident with the use of PDAs and increasingly receptive to their use as a 
daily practice tool. 

The Centers for Medicare and Medicaid Services has made the adoption of 
electronic medical records and electronic prescribing a top priority.39 The 
Medicare Prescription Drug, Improvement and Modernization Act of 2003 
mandates that standards be in place by 2009 for writing and transmitting 
electronic prescriptions. A recent study40 documented that of 1,200 physicians, 25 
percent were PDA users at work, and more had a substantial interest in becoming 
users. Of the physicians in the study already using PDAs, 58 percent indicated 
they used them for drug and clinical information retrieval and 12.1 percent for 
e-prescribing. Between 39 and 53.4 percent were interested in starting PDA use 
for clinical decision support, medical records, prescribing medications, and 
viewing laboratory results. In April 2004, the President’s Information Technology 
Advisory Committee issued draft IT recommendations that call for electronic 
order entry for both inpatient and outpatient care, clinical decision support tools to 
aid compliance with evidence-based medical practices, and electronic health 
records to increase information available to caregivers without creating new 
workflow requirements or costs.41  

The data in our research support the notion that adoption of clinical 
information support and e-prescribing will improve patient safety related to 
prescribing. Future reports will include an analysis of the impact of the PDA on 
errors attributed to inadequate clinical decision support, including drug 
interactions; contraindicated use; and errors in the selection, dosing, and duration 
of therapy. 

Limitations 

This study is limited to physician prescriptions in adult primary care practices; 
it does not study physicians of all medical and surgical specialties. However, the 
sample is representative of typical primary care, office-based practices around the 
country. The majority of physicians in the United States practice in independent, 
small groups of five or fewer21 (our clinic sites averaged 2.1 physicians/clinic). 
This study is not designed to detect variations in medication errors that may be 
caused by characteristics of group practice environments or dynamics. We 
recognize there may be differences observable between physicians, which in part 
are attributable to the clinic environment they practice in. Use of the checklist and 
rater training substantially reduces the variability introduced with varying 
taxonomies for error classification and multiple raters. This improves our ability 
to understand and compare data from error studies.  

This paper does not address the contribution of the PDA to improved clinical 
decision support at the point of care to improve prescribing safety. Additional 
work is presently being completed that will describe the impact of PDA use on 
detection and avoidance of drug-drug and drug-disease interactions, dosing 
outside of the acceptable range, and other clinical decisions that can be optimized 
to improve safety in the primary care office setting.  
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Finally, the use of the PDA in the prescribing model in this study does not 
represent order entry integrated with the medical chart. This study represents the 
lowest cost, lowest level of sophistication for drug information access and 
electronic prescribing. Despite these technical limitations, the impact of this 
voluntary use of the PDA on potential prescription errors is substantial.  

Conclusion 
Voluntary use of the PDA as a prescribing tool results in substantial 

reductions in errors of legibility, omissions, and use of abbreviations and symbols 
on prescriptions. Variation in adoption of the PDA as both a prescribing device 
and a drug information tool occurs when use is voluntary. The PDA offers an 
effective method to bring prescribing safety to primary care, office-based 
practices. 

Acknowledgments 

This study was supported in part by Grant Number R18HS11808-1, Agency 
for Healthcare Research and Quality. 

Author affiliations 
Department of Pharmacy Practice, School of Pharmacy and Health Professions, Creighton University, 

Omaha, NE (KAG, WY). Department of Pharmacy Sciences, School of Pharmacy and Health Professions, 
Creighton University, Omaha, NE (MS, JDB, BC). Department of Medicine, School of Medicine, 
Creighton University Medical Center, Omaha NE (ECR, BH). Department of Pharmacy Practice, School of 
Pharmacy and Health Professions, and Center for Practice Improvement and Outcomes Research, 
Creighton University, Omaha, NE (AMR). Center for Practice Improvement and Outcomes Research, 
Creighton University, Omaha, NE (WT).  

Address correspondence to: Kimberly A. Galt, Pharm.D., Creighton University, 2500 California 
Plaza, Boyne 143,Omaha, NE 68178; phone: 402-280-4259; e-mail: kgalt@creighton.edu. 

References 
1. Kohn LT, Corrigan JM, Donaldson MS, editors. To err 

is human: building a safer health system. A report of 
the Committee on Quality of Health Care in America, 
Institute of Medicine. Washington, DC: National 
Academy Press; 2000. 

2. Kaiser Family Foundation/AHRQ Report. National 
survey on Americans as health care consumers: an 
update on the role of quality information. December 
2000. 

3. National Wholesale Druggists’ Association. Industry 
profile and healthcare factbook. Reston, VA: National 
Wholesale Druggists’ Association; 1998. 

4. Quality Interagency Task Force. Doing what counts 
for patient safety: Federal actions to reduce medical 
errors and their impact. Report to the President of the 
United States; Feb 2000. Available at: 
http://www.quic.gov/report/. 

5. Rupp MT, DeYoung M, Schondelmeyer SW. 
Prescribing problems and pharmacist interventions in 
community practice. Medical Care 1992 Oct;30(10): 
926–40. 

6. Cohen MR. Medication errors. Washington, DC: 
American Pharmaceutical Association; 1999. 

7. Feldman H. Analyzing the cost of illegible 
handwriting. Hospitals 1963;37:71 et seq. 



Advances in Patient Safety: Vol. 3 

262 

8. Vitillo JA, Lesar TS. Preventing medication 
prescribing errors. Ann Pharmacother, 1991;25:1388. 

9. Brodell RT, Helms SE, KrishnaRao I, et al. 
Prescription errors: legibility and drug name 
confusion. Arch Fam Med 1997;6:296–8. 

10. Long KJ. The need for obligatory printing in medical 
records (letter). Hosp. Pharm1991;26:924. 

11. Cabral JD. Poor physician penmanship. JAMA 
1997;278:116–7. 

12. Bates DW, Leape LL, Cullen DJ, et al. Effect of 
computerized physician order entry and a team 
intervention on prevention of serious medication 
errors. JAMA 1998 Oct 21;280(15):1311–6.  

13. McDonald CL. Protocol-based computer reminders 
and the nonperfectability of man. N Engl J Med 
1976;295:1351–5. 

14. Leape LL. Error in medicine. JAMA 1994;272(23): 
1851–7. 

15. Leape LL, Bates DW, Cullen DJ, et al. Systems 
analysis of adverse drug events. ADE Prevention 
Study Group. JAMA 1995 Jul 5;274(1):35–43. 

16. Arnone G, Bianchi A, Della-Pietra B, et al. Easy 
medic: an Internet application for the general 
practitioner. J Telemed Telecare 1998;4 Suppl 1:93–4. 

17. Overdyk FJ, Haynes GR, Arvanitis PJ. Patient-borne 
memory device facilitates “point of care” data access. 
MD Comput 1999 May–Jun;16(3):60–3. 

18. Pettis KS, Savona MR, Leibrandt PN, et al. Evaluation 
of the efficacy of hand held computer screens for 
cardiologists’ interpretations of 12-lead 
electrocardiograms. Am Heart J 1999 Oct;138(4 Pt 
1):765–70. 

19. Cook R, Woods D. Operating at the sharp end: the 
complexity of human errors. In: Bogner MS, editor. 
Human error in medicine. Hillsdale, NJ: Lawrence 
Erlbaum Associates; 1994. 

20. Van Cott H. Human errors: their causes and 
reductions. In: Bogner MS, editor. Human error in 
medicine. Hillsdale, NJ: Lawrence Erlbaum 
Associates; 1994. Also, Roberts K. Organizational 
change and a culture of sfety. In: Proceedings of 
Enhancing Patient Safety and Reducing Errors in 
Health Care; 1999; Chicago. National Patient Safety 
Foundation at the AMA. 

21. Elson B. Electronic prescribing in ambulatory care: a 
market primer and implications for managed care 
pharmacy. J Man Care Pharm 2001;7(2):115–20. 

22. Bates DW. Using information technology to reduce 
rates of medication errors in hospitals. Br Med J 
2000;320:788–90. 

23. Campbell DT, Stanley JC. Experimental and quasi-
experimental designs for research. Boston: Houghton 
Mifflin Company; 1963. 

24. Fernandez AM, Schrogie JJ, Wilson WW, et al. 
Technology assessment in healthcare: a review and 
description of a “best practice” technology assessment 
process. Best Practices and Benchmarking in 
Healthcare, 1977;2:240–53. 

25. Gremy F, Degoulet P. Assessment of health 
information technology: which questions for which 
systems? Proposal for a taxonomy. Med Inform 
1993;18(3):185–93. 

26. Heathfield H, Pitty D, Hanka R. Evaluating 
information technology in health care: barriers and 
challenges. BMJ 1998;316:1959–61. 

27. Anderson JG, Casebeer LL, Kristofco RE. Medcast: 
evaluation of an intelligent pull technology to support 
the information needs of physicians. Proc AMIA 
Symp. 1999;466–70. 

28. Fleiss JL. Statistical methods for rates and 
proportions. 2nd ed. New York, NY; John Wiley and 
Sons; 1981. 

29. National Coordinating Council for Medication Error 
Reporting and Prevention. http://www.nccmerp.org/ 
sidebar.htm. Secretariat, U.S. Pharmacopeia, 12601 
Twinbrook Parkway, Rockville, MD 20852. 

30. Galt KA, Rule AM, Houghton B, et al. Personal 
digital assistant-based drug information sources: 
potential to improve medication safety. J Med Libr 
Assoc 2005 Apr;93(2):36–43.  

31. Barker KN, McConnell WE. The problems of 
detecting medication errors in hospitals. Am J Hosp 
Pharm 1962;19:360–9. 

32. Cohen J. Statistical power analysis for the behavioral 
sciences. 2nd ed. Hillsdale, NJ: Lawrence Erlbaum 
Associates; 1988. 

33. Allan EL, Barker KN. Fundamentals of medication 
error research. Am J Hosp Pharm 1990;47:555–71. 

34. Morse JM, Field PA. Qualitative research methods for 
health professionals. 2nd ed. Thousand Oaks, CA: 
Sage Publications, Inc.; 1995. 

35. LeCompte MD, Schnesul JJ. Designing and 
conducting ethnographic research. Vol. 1. Walnut 
Creek, CA: Altamira Press; 1999. 

36. Bates DW, Cullen DJ, Laird N, et al. Incidence of 
adverse drug events and potential adverse drug events. 
Implications for prevention. ADE Prevention Study 
Group. JAMA 1995 Jul 5;274(1):29–34. 

37. Lesar TS, Briceland L, Stein DS. Factors related to 
errors in medication prescribing. JAMA 
1997;277:312–7. 

38. Shaughnessy AF, Nickel RO. Prescription-writing 
patterns and errors in a family medicine residency 
program. J Fam Pract 1989;29:290. 



Impact of PDAs on Medication Safety 

263 

39. Whiting R. Focusing on e-payments at Medicare, 
Medicaid. http://www.informationweek.com/ 
story/showArticle.jhtml?articleID=18900188. 
Accessed Apr 15, 2004.  

40. Miller RH, Hillman JM, Given RS. Physician use of 
IT: results from the Deloitte Research Survey. J 
Healthc Inf Manag 2004;18(1):72–80.  

41. Presidential advisory committee issues draft IT 
recommendations. http://www.ihealthbeat.org/ 
index.cfm?Action=dspItem&itemID=101882. 
Accessed Apr 15, 2004. 



 

 

 


	Abstract
	Introduction
	Methods
	Analysis
	Results
	Discussion
	Conclusion
	Acknowledgments
	Author affiliations
	References
	Table 1. Potential impact of PDA application on type of prescribing error
	Table 2. Impact of partial adoption of PDA intervention on prescription errors*
	Figure 1. Physician-reported barriers and solutions themes


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




