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ABSTRACT

Objective: To study the association of workarounds with medication administration errors 
using BCMA, and to determine the frequency and type of workarounds and medication 
administration errors. 

Materials and Methods: A prospective observational study in Dutch hospitals using 
BCMA to administer medication. Direct observation was used to collect data. Primary 
outcome measure was the proportion of medication administrations with one or more 
medication administration errors. Secondary outcome was the frequency and type of 
workarounds and medication administration errors. Univariate and multivariate multilevel 
logistic regression analysis was used to assess the association between workarounds 
and medication administration errors. Descriptive statistics were used for secondary out-
comes.

Results: We included 5793 medication administrations for 1230 inpatients. Workarounds 
were associated with medication administration errors (adjusted Odds Ratio 3.06 (95% 
CI 2.49; 3.78). Most commonly, procedural workarounds were observed, such as not 
scanning at all (36%), not scanning patients because they wear no wristband (28%), incor-
rect medication scanning, multiple medication scanning and ignoring alert signals (11%). 
Common types of medication administration errors were omissions (78%), administration 
of non-ordered drugs (8.0%) and wrong doses given (6.0%).

Discussion: Workarounds are associated with medication administration errors in hos-
pitals using BCMA. These data suggest that BCMA needs more post-implementation 
evaluation if it is to achieve their intended benefits on medication safety.

Conclusion: In hospitals using barcode-assisted medication administration, workarounds 
occurred in 66% of medication administrations and were associated with large numbers 
of medication administration errors. 
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BACKGROUND AND SIGNIFICANCE

Many hospitals have implemented Information Technology (IT) based systems, such as 
Computerized Physician Order Entry systems (CPOE), to reduce prescribing errors 1-5. 
Also, hospitals have implemented electronic Bar-Code-assisted Medication Administration 
(BCMA) Systems to reduce medication administration errors 6-11. BCMA systems work by 
scanning both the barcode on the medication package and the barcode on the patient’s 
identification wristband to attempt to achieve the ‘five rights’ of medication administration: 
right patient, right medication, right dose, right route and the right time. Several studies 
have shown a reduction in medication (administration) errors after the introduction of a 
BCMA system 12-16.

However, IT systems such as BCMA are not always used as intended or instructed, and 
so-called workarounds can occur 17-20. A workaround is a (temporary) method for achiev-
ing a task when the usual or planned method is not working. In IT, a workaround is often 
used to deal with hardware, programming, or communication problems. Kobayashi et 
al. 21 defined workarounds as ‘informal temporary practices for handling exceptions to 
normal workflow.’ Cresswell et al. 22 studied workarounds in the process of CPOE in several 
hospitals. They found 12 types of workarounds including the use of paper, use of print 
screens, use of word processors and electronic shortcuts. Koppel et al. 19 documented 15 
types of workarounds associated with BCMA systems, such as affixing patients’ identifica-
tion barcoded wristbands to computer carts and carrying several patients’ pre-scanned 
medication on carts.

Furthermore, 31 causes of these workarounds were documented, for example, malfunc-
tioning scanners, unreadable or missing patient identification wristbands, medications 
without a barcode, failing scanner batteries and uncertain and unstable wireless connec-
tivity. The issue with workarounds is that if they are frequently used, they may decrease or 
eliminate the potential benefits of technology. Research on workarounds in the BCMA pro-
cess focused mostly on the qualitative description of the range and type of workarounds 
in the BCMA process 22-25. Little research has been done to quantify the frequency of 
workarounds in the BCMA process and or to explore their potential consequences.
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OBJECTIVE

To determine the association of workarounds with medication administration errors. Sec-
ondary objectives were to determine the frequency and type of workarounds and the 
frequency and type of medication administration errors. 

MATERIALS AND METHODS

Study design 
We performed a multicenter prospective observational study in adult patients admitted to 
a hospital exclusively using BCMA in the medication administration process. The regional 
medical ethics committee (‘Regionale Medisch Ethische Commissie Zorgpartners Fries-
land’) approved the study protocol. The study was registered in the “Dutch trial register” 
with trial ID NTR4355. Study data were coded to ensure the privacy of the participants. A 
detailed version of the study protocol has been published 26. 

Participants
Patients from internal medicine (including cardiology, pulmonary diseases, and geriatrics), 
neurological diseases and surgical wards of four Dutch hospitals operating BCMA to admin-
ister medication were included. Only patients aged 18 years and older were included. 

Definitions and classification
We defined workarounds according to Kobayashi et al. 21, as ‘informal temporary practices 
for handling exceptions to normal workflow’ for that specific ward. Workarounds were 
defined as deviations from the BCMA standard operating procedures of each study ward. 
We classified workarounds using a self-developed classification system which is derived 
from the system of Koppel et al. 19. Workarounds were caused by barriers in the nurse’s 
workflow. We classified six categories of blockades. These were related to (1) procedures 
in general (such as not scanning at all), (2) the patient wristband/identification process 
(such as unreadable wristband or patient sleeping/not in the room, or wristband detached 
from patient), (3) the medication scanning process (such as medication not barcoded), (4) 
Computer or scanner based blockades (such as computer or scanner down or defect), (5) 
the nurse-workflow, the nurse stops medication administration based on a distraction/
disturbance (such as nurse disturbed, in case the standard operating procedure clearly 
stated that the nurse should not respond to distracting situations), and (6) other blockades 
in the administration process (such as no proper medication in the cart). Categories were 
mutually exclusive, for example, if a workaround was classified as a procedural work-
around it was not also classified as not scanning the medication. 
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A medication administration error was defined as “a deviation from the physician’s medica-
tion order as entered in the electronic patient medication record” derived from Allan and 
Barker 27. We excluded time-window-errors and intravenous and non-intravenous prepa-
ration errors because these errors are not preventable by barcode-assisted medication 
administration and are thus unlikely to be influenced by workarounds in the barcode-as-
sisted medication administration process.

The type of medication administration errors was classified using the system of Van 
den Bemt et al. 28 : omission (drug prescribed, but not administered), unordered drug 
administration (drug administered, but not prescribed), wrong dosage form (drug dosage 
form administered to the patient deviating from prescribed dosage form), wrong route 
of administration (drug given by a wrong route of administration), wrong administration 
technique (drug administered using a wrong technique), wrong dosage (drug dosage too 
high or low) and other medication administration errors. We excluded time-window-errors 
as these are mostly perceived as non-serious.

Setting
All included hospitals had implemented CPOE and BCMA. There is a variety of soft-
ware being used, both for the CPOE and for the BCMA. As a consequence, procedures 
for prescribing and medication administration differed between hospitals. Medication 
administration procedures within a hospital varied slightly between wards because of 
differences in patient groups or tasks. The included hospitals used barcode-labeled 
Unit Dose Systems (UDS) for medication distribution to inpatients. In the pharmacy 
departments, pharmacy technicians dispensed barcode-labeled medication sachets 
for individual patients into trays labeled with the patient’s name and barcode. Trays 
were placed in medication carts which were delivered to the wards once a day (or 
more frequently). Wards did not have ward-based medication stock (except emergency 
medication). In general, there were four scheduled medication administration rounds 
per day in the participating hospitals: 6-10 am, 10-2 pm, 6-8 pm, and 8-10 pm. One 
nurse was responsible for medication administration for one administration round per 
ward. Registered nurses supervised nurse trainees. During a drug administration round, 
nurses selected the prescribed medication for each inpatient from the prefilled trays. In 
addition to the cart, nurses also took along the computer on wheels or the workstation 
on wheels to access the BCMA system during the drug administration round. The BCMA 
systems in use checked the concordance between the patient, administered drug, and 
prescription. Inpatients did not use their own (out-hospital prescribed) medication. More 
details can be found in the published protocol 26. 
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Outcome measures 
The primary outcome measure of the study was the proportion of medication adminis-
trations given to a patient with one or more medication administration errors. For this 
outcome, the association with the occurrence of one or more workarounds was studied. 
Secondary outcomes were the frequency and type of workarounds and the frequency and 
type of medication administration errors in the BCMA process. 

Covariates
Factors likely to influence the association between workarounds and medication admin-
istration errors were included in our analysis. The following factors were considered: 
Hospital / BCMA characteristics (time after implementation of BCMA in the hospital), the 
type of ward, the day of the week, dispensing time for the medication rounds, medica-
tion characteristics (ATC code medication, drug administration route) and the number of 
medicines per patient per round. These covariates were selected based on the research 
of Schimmel et al. 29, and Van den Bemt et al. 30, their known or theoretical associations 
with the outcomes and their availability in the dataset.

Data collection
The disguised observation method was used to collect data on medication administra-
tions and workarounds. Three trained observers, all pharmacy undergraduate students, 
accompanied the nurses and observed them while they administered medication during 
their regular planned rounds. The observers were supervised by the researchers and a 
local hospital pharmacist. To prevent the nurses from adjusting their behavior (due to the 
presence of the observer) the observer was introduced as a person intended ‘to monitor 
the performance of the medication distribution system on that ward in general.’ 

Before data collection, the observer set up an observation schedule. Observational rounds 
were selected randomly out of all of the regular medication distribution rounds of a spe-
cific ward. During a five months observation period per hospital, at least three rounds were 
observed each day of the week, with a weekly minimum of 21 medication administration 
rounds. 

In practice, the observer accompanied the nurse who administered the medication using 
BCMA and observed the administration of each dose of medication to the patients. The 
observer recorded details of the drug administration to the patients. In case the observers 
were aware of a potentially serious error, the observer intervened for ethical reasons, but 
the error was included in the dataset. If the observer was not able to see the detailed 
medication administration, this was noted, and these data were discarded.
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After each observed medication administration round, a computer printout of the pre-
scribed medication of all patients for that round was collected from the hospital’s electronic 
patient records. Subsequently, observation records were compared with the prescribed 
medication to identify medication administration errors. Observation records were also 
compared with the standard operating procedures of the BCMA process for that specific 
nursing department, to identify workarounds. 

Training of the observers
Observers were trained by studying relevant literature on observational techniques 31-42, 
practical exercises on observing techniques and completing a theoretical (written) exam. 
The observers needed to pass the exam scoring 8 out of 10 points, having two chances 
to pass the exam, to be able to observe. Observers studied the standard operating pro-
cedures for drug administration and the BCMA systems of the nursing departments. 
Each observer performed pilot observations for one week on one nursing department 
to become familiar with the BCMA process. Pilot observations were discussed with the 
research team to ensure consistency in definitions and data collection procedures among 
observers. Pilot data were discarded. 

Sample size calculation
Prior studies on the effect of BCMA showed a substantial reduction (about 30%) of errors 
after the implementation of BCMA (from 14.4% (4743 errors in 32972 observations) to 
9.9% (2651 errors in 26892 observations)) 7,9,16,43. The nearly 10% error rate was a mix of 
all resulting errors, including those caused by workarounds. 

The purpose of the sample size calculation was to estimate the number of observations 
needed to reject the null hypothesis, stating that there was no association between work-
arounds and medication administration errors, with a power of 90%. We assumed that 
8% of medication administrations per patient per nurse resulted in a workaround. We 
also assumed that the frequency of medication administration errors following a work-
around was twofold higher compared with the situation without a workaround; resulting 
in relative risk (RR) of 2. 

With alpha 0.05 and a power of 0.9, we needed to observe 1500 medication administra-
tions per hospital to reject the null hypothesis. 
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Data monitoring
All data were entered into an Access database (vs. 2010, Microsoft Inc.). A second 
researcher checked 10% of the entered data. If data entry errors were found, additional 
portions of 10% of the data were checked until no errors were found within a portion. 
Passwords secured access to the research databases. Before data analysis, the final data-
base was locked.

Statistical analysis
Medication administration errors were dichotomized as having 1 (≥ one error) vs. 0 (no 
errors). The association between one or more workarounds and the occurrence of one 
or more medication administration errors was analyzed using logistic mixed models. In 
all models, we included a random intercept to account for the potential dependence of 
observations as most of the time the same nurse made more than one observation. First, 
a crude analysis was performed and additionally an adjusted analysis in which we adjusted 
for the hospital, type of nursing department, the day of the week, dispensing time, the 
number of drugs per round, and route of administration as the independent variables. 
Mixed model analyses were conducted with MLWIN version 6.3 and all other analyses 
with SPSS version 23.0.
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RESULTS

Primary outcomes 
In the four participating hospitals we observed overall 6021 medication administrations. 
A total of 228 (3.8%) of them were excluded because of inconsistencies or because the 
observer could not see the administration in detail. The observers did not have to inter-
vene to prevent potentially serious errors. We included 5793 medication administrations 
given to 1230 patients (Table 1). In 3633 (63%) medication administrations one or more 
workarounds were observed, and of those, 299 (8.2%) were erroneous. In the remaining 
2160 (37%) medication administrations, we did not observe workarounds. In these med-
ication administrations 16 (0.7 %) were erroneous. The occurrence of ≥ two medication 
administration errors was rare (0.07% of all observations). Baseline characteristics of 5793 
observed medication administrations in the analyses are presented in Table 2. In both the 
crude and the adjusted analyses, we found a statistically significant association between 
workarounds and medication administration errors (crude Odds Ratio (OR): 3.14 (95% CI 
2.52; 3.92) and adjusted OR 3.06 (95% CI 2.49; 3.78) (Table 3)).

Table 1. Characteristics of observed medication administrations per hospital

  Hospital 1 Hospital 2 Hospital 3 Hospital 4 Total

Number of observed patients 310 380 297 243 1230

Number of observed nurses 83 69 72 48 272

Number of observed medication 
administrations

1528 1757 1497 1011 5793

Number of observed workarounds 523 925 1315 870 3633

Number of medication administration 
errors in drug administrations with a 
workaround 

18 156 32 93 299

Number of medication administration 
errors in drug administrations without 
a workaround 

0 6 0 10 16

Secondary outcomes
Procedural workarounds (such as not scanning at all) were most common (n=1307, 36%). 
Other workarounds concerned patient scanning (such as no barcode wristband on the 
patient) (n=1017, 28%), and medication scanning (including scanning before actual admin-
istration, scanning medication for more than one patient at a time, and ignoring alerts) 
(n=400, 11%). Common types of medication administration errors were omissions (n=233, 
78%), administration of non-ordered drugs (24, 8.0%) and wrong doses given (18, 6.0%) 
(Table 4). 
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Table 2. Baseline characteristics of 5793 observed medication administrations

Determinant Category One or more 
medication 
administration errors 
in administrations 
with one or more 
workarounds (in total 
3633), N (%)

One or more 
medication 
administration errors 
in administrations 
without workarounds 
(in total 2160), N (%)

Hospital a Hospital 1
BCMA since 2006

7 (6) 0 (0)

Hospital 2
BCMA since 2008

156 (52) 6 (37.5)

Hospital 3
BCMA since 2011

30 (11) 0 (0)

Hospital 4
BCMA since 2009

93 (31) 10 (62.5)

Type of Nursing Department Cardiology 42 (14) 3 (18.75)

Pulmonology Medicine 23 (8) 3 (18.75)

Geriatrics 21 (7) 3 (18.75)

General Internal Medicine 39 (13) 1 (6.25)

Neurology 28 (9) 0 (0)

Surgery 85 (29) 5 (31.25)

Orthopedics 24 (8) 1 (6.25)

Other 34 (12) 0 (0)

Day of the Week Monday 42 (14) 3 (18.75)

Tuesday 57 (19) 2 (12.50)

Wednesday 39 (13) 5 (31.25)

Thursday 47 (16) 3 (18.75)

Friday 54 (19) 1 (6.25)

Saturday 30 (10) 2 (12.50)

Sunday 27 (9) 0 (0)

Schedule in 24 hours 06-10 124 (42) 6 (37.50)

10-14 21 (7) 1 (6.25)

14-18 90 (30) 8 (50.00)

18-22 61 (21) 1 (6.25)

ATC A 79 (27) 5 (31.25)

B 19 (6) 3 (18.75)

C 25 (8) 1 (6.25)

J 10 (3) 2 (12.50)

M 14 (5) 0 (0)

N 93 (33) 2 (12.50)

R 16 (5) 0 (0)

S 18 (6) 1 (6.25)

Other (D,G,H,L,P,V,Y,Z) 79 (27) 2 (12.50)
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Table 2. Continued

Determinant Category One or more 
medication 
administration errors 
in administrations 
with one or more 
workarounds (in total 
3633), N (%)

One or more 
medication 
administration errors 
in administrations 
without workarounds 
(in total 2160), N (%)

Number of drugs per Patient 
per round

1 139 (47) 5 (31.25)

2 37 (12) 3 (18.75)

≥3 120 (41) 8 (50.00)

Route of Administration Oral 216 (73) 13 (81.25)

Other 80 (27) 3 (18.75)
a = more than one medication administration error in three observed workarounds

Table 3. Univariate and Multivariate analyses of 5793 observed medication administrations

Category Medication 
administration 
errors N (%)

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)

Adjusted for:

0 workarounds 16 (0.28) Ref. Ref.

1 or > 1 workaround(s) 296 (5.11) 3.14 (2.52; 3.92) 3.06 (2.49; 3.78) hospitals, type of nursing 
department, the day of 
the week, schedule in 24 
hours, ATC, the number 
of drugs per round, the 
route of administration 

Ref. = Reference category
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DISCUSSION

We found a significant association between workarounds and medication administration 
errors in hospitals using BCMA technology. Nurses did not use the BCMA technology as 
intended in more than two-thirds of drug administrations and this increased the risk of 
medication administration errors. 

The high frequency of workarounds in our study is in line with the findings of Rack et al. 17 
and Koppel et al. 19. Likewise, our medication administration error rate is similar to rates 
reported in recent systematic reviews (Barker et al. 43 and Keers et al. 44) although most 
of the included studies did not evaluate BCMA systems. Only a few studies focused spe-
cifically on BCMA systems. In a more recent but small study, Hardmeier et al. 45 found 5% 
medication administration errors including time-window-errors while using BCMA. This 
study was performed in a children’s hospital, including 300 observations. 

The strength of this study is that it provides quantitative information about workarounds 
and their possible association with medication administration errors, as one of the first 
studies worldwide. Other strengths are the multicentre design, which enhances its gener-
alizability, and the robust method of data collection by disguised observation. The study 
also has some limitations. Although disguised observation is considered to be the best 
method for data collection in medication administration error studies 37,42,46,47, observation 

Table 4. The frequency of workarounds and medication administration errors

Workarounds 
caused by 
procedural 
blockade

Workarounds 
caused by patient 
scanning blockade 

Workarounds 
caused by 
medication 
scanning blockade 

Workarounds 
caused by 
computer or 
scanner blockade 

Workarounds 
caused by nurse 
related blockade 

Workarounds 
caused by 
another blockade 
in medication 
administration 

Total observations 
with work-
arounds and 
administration 
errors

Total observations 
without work-
arounds with 
administration 
errors

1307 out of 3663 
(36%)

1017 out of 3663 
(28%)

400 out of 3663 
(11%)

77 out of 3663 (2%) 270 out of 3663 
(7%)

562 out of 3663 
(16%)

3633* 16 out of 2160 
(0.74%)

Medication administration errors 
(MAE’s) N N N N N N N (%) N (%)

Omission 27 14 44 46 6 96 233 (78.0) 11 (68.8)

Unordered drug 
administration

- - - - - 24 24 (8.0)  1 (6.2)

Wrong dosage form - - - 1 - 5 6 (2.0) -

Wrong route of administration 3 2 - - - 8 13 (4.3) -

Wrong technique of administration 1 - - - - 2 3 (1.0) -

Wrong dosage - - - 1 6 11 18 (6.0)  4 (25)

Other MAE - - - - - 2 2 (0.7) -

*= more than one medication administration error in three observed workarounds
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bias may still occur. The process of medication administration is often very fast. We trained 
the observers to stay close to the nurse administering the medication and to observe every 
single administration in detail. Only a small number of observations had to be discarded 
because the observers could not collect all necessary data for a medication administration. 
Observers may have paid closer attention to detect a medication administration error 
when they observed a workaround. We trained the observers carefully however and used 
standard definitions. The observer may also become tired and therefore less accurate and 
could make random errors. The observer works solo; it would have been better to perform 
observations by two observers, but the necessary staffing for this was not available. The 
observations may influence the nurse, but from the literature, we know this effect (the 
Hawthorne effect 48) tends to be small.

Furthermore, a recent Australian study provides evidence that healthcare workers such as 
nurses do not alter their activities based on the presence of an observer 32. Notwithstand-
ing all our precautions, due to the inherent limitations of disguised observation errors may 
have occurred. However, we believe these errors to be random in the sense that these 
were unlikely to occur more often in the presence than in the absence of a workaround. 
Using disguised observation as a source of data also comes with some ethical issues 41. 
One of the ethical questions that can be raised is whether observers have the right to 
observe persons who are not aware of the presence or the tasks of the observer. After 
all, the observers were unknown to the patients and not introduced to them. However, 
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patients were not disturbed and did not experience any discomfort caused by the obser-
vations. In addition to the national permission for this study, every participating hospital 
was informed as well and received copies of the research protocol and the nationwide 
approval of our research, and no objection was noted. Finally, this research was carried out 
in internal medicine and surgical hospital nursing departments. Although these nursing 
departments cover a broad range of patient categories, our findings may not be general-
izable to other nursing departments.

We developed a classification system for blockades and resulting workarounds derived 
from Koppel et al. 19. We found more “procedural blockades” and “other blockades in med-
ication administration” than expected. Furthermore, we found large differences between 
hospitals in the frequency and type of workarounds and medication administration errors. 
These may be due to differences in the software systems 26 and in training in using BCMA 
systems. This will be an interesting topic for future research. In some hospitals, the nurses 
hardly used the scanner unit of the BCMA system. Informal conversations with nursing 
staff in those hospitals suggested that they may have had insufficient instructions on how 
to use the scanners, also scanners were considered to be clumsy to use. In other hospitals, 
we observed the following practical problems: the medication carts and the computer on 
wheels including the scanner were too large to roll them in some of the patient’s rooms 
and therefore they remained in the hallway. In these cases, the workarounds seemed to 
be established and became accepted practice on how to use the BCMA systems. Investi-
gating the reasons for accepting the workarounds, and how to overcome these problems 
needs more work. Furthermore, in the case of, for example, poor software system design, 
users of these systems could be forced to perform workarounds to prevent patient harm, 
which is an interesting topic for future research as well. 

Hence, the reason we observed so many workarounds in our research (in line with earlier 
findings) is unclear and deserves additional research. The BCMA techniques did not seem 
to fit well with the daily workflow of nurses who were facing both hardware and software 
blockades. Healthcare information technology systems should be well designed, prop-
erly implemented and match with the daily workflow, knowledge, and culture of users 
49. In the system design process of information technology, the future users of these 
systems should be taken into account. The poor human-machine interface may increase 
the chance that healthcare workers face workflow obstacles and use workarounds 50-52. 
Performing prospective risk analyses before implementing healthcare information tech-
nology could be one solution. One study showed a trend for more user satisfaction with 
the information technology system in hospitals using prospective risk analyses, and this 
may enhance the proper use of the system 53. Others used the Theoretical Domains 
Framework to identify barriers to the appropriate use of technology 50. Also, the correct 
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and intended use of information technology systems such as BCMA does not stop after 
the implementation procedure of that system and the software. Not only do the systems 
and software need to have a correct fit with the daily workflow of the users but intensive 
training and re-training of these users are also needed to use information technology as 
intended to prevent patient harm. These results have several implications. They suggest 
that every institution should track the frequency of workarounds, at least initially after 
implementation of BCMA, and then intervene to try to reduce their frequency. Also, our 
study results may be used to develop training programs providing solutions for the prob-
lems which lead to workarounds.  

CONCLUSION

In hospitals using bar-code-assisted medication administration, workarounds occurred 
in two-thirds of medication administrations and were associated with a large number of 
medication administration errors. These data suggest that BCMA needs more post-imple-
mentation evaluation if it is to achieve its intended benefits on medication safety.



Chapter 6

134

REFERENCES
1.  Bates DW. Using information technology to reduce rates of medication errors in hospitals. BMJ. 

2000;320(7237):788-791.

2.  Bates DW, Gawande AA. Improving safety with information technology. N Engl J Med. 2003;348(25):2526-2534.

3.  Koppel R, Metlay JP, Cohen A, et al. Role of computerized physician order entry systems in facilitating medi-

cation errors. JAMA. 2005;293(10):1197-1203.

4.  Aarts J, Koppel R. Implementation of computerized physician order entry in seven countries. Health Aff (Mill-

wood). 2009;28(2):404-414.

5.  Hagland M. CPOE and patient safety. Healthc Inform. 2011;28(6):76-78.

6.  Seibert HH, Maddox RR, Flynn EA, Williams CK. Effect of barcode technology with electronic medication admin-

istration record on medication accuracy rates. Am J Health Syst Pharm. 2014;71(3):209-218.

7.  Hassink JJ, Essenberg MD, Roukema JA, van den Bemt PM. Effect of bar-code-assisted medication administra-

tion on medication administration errors. Am J Health Syst Pharm. 2013;70(7):572-573.

8.  Tsai SL, Sun YC, Taur FM. Comparing the working time between bar-code medication administration system 

and traditional medication administration system: An observational study. Int J Med Inform. 2010;79(10):681-

689.

9.  Poon EG, Keohane CA, Yoon CS, et al. Effect of bar-code technology on the safety of medication administration. 

N Engl J Med. 2010;362(18):1698-1707.

10. Huang HY, Lee TT. Applying bar code technology in nurses’ medication administration. Hu Li Za Zhi. 

2009;56(2):70-74.

11.  Agrawal A, Glasser AR. Barcode medication. administration implementation in an acute care hospital and 

lessons learned. J Healthc Inf Manag. 2009;23(4):24-29.

12.  Helmons PJ, Wargel LN, Daniels CE. Effect of bar-code-assisted medication administration on medication 

administration errors and accuracy in multiple patient care areas. Am J Health Syst Pharm. 2009;66(13):1202-

1210.

13.  Marini SD, Hasman A. Impact of BCMA on medication errors and patient safety: A summary. Stud Health Technol 

Inform. 2009;146:439-444.

14.  Sakowski J, Newman JM, Dozier K. Severity of medication administration errors detected by a bar-code med-

ication administration system. Am J Health Syst Pharm. 2008;65(17):1661-1666.

15.  Young J, Slebodnik M, Sands L. Bar code technology and medication administration error. J Patient Saf. 

2010;6(2):115-120.

16.  DeYoung JL, Vanderkooi ME, Barletta JF. Effect of bar-code-assisted medication administration on medication 

error rates in an adult medical intensive care unit. Am J Health Syst Pharm. 2009;66(12):1110-1115.

17.  Rack LL, Dudjak LA, Wolf GA. Study of nurse workarounds in a hospital using bar code medication adminis-

tration system. J Nurs Care Qual. 2012;27(3):232-239.

18.  Henneman PL, Marquard JL, Fisher DL, et al. Bar-code verification: Reducing but not eliminating medication 

errors. J Nurs Adm. 2012;42(12):562-566.

19.  Koppel R, Wetterneck T, Telles JL, Karsh BT. Workarounds to barcode medication administration systems: Their 

occurrences, causes, and threats to patient safety. J Am Med Inform Assoc. 2008;15(4):408-423.

20.  Vogelsmeier AA, Halbesleben JR, Scott-Cawiezell JR. Technology implementation and workarounds in the 

nursing home. J Am Med Inform Assoc. 2008;15(1):114-119.

21.  Kobayashi M, Fussell S, Xiao Y, Seagull J. Work coordination. workflow, and workarounds in a medical context. 

In: CHI 2005 late breaking results. New York: ACM Press; 2005:1561-1561-64.



Associations between workarounds and MAEs in BCMA

135

6

22.  Cresswell KM, Mozaffar H, Lee L, Williams R, Sheikh A. Workarounds to hospital electronic prescribing systems: 

A qualitative study in english hospitals. BMJ Qual Saf. 2016.

23.  Taliercio V, Schachner B, Borbolla D, Luna D, Villalba E, Quiros F. The expectations of nurses about the imple-

mentation of a barcoded medication administration system: A qualitative study. Stud Health Technol Inform. 

2014;205:191-195.

24.  Novak LL. Finding hidden sources of new work from BCMA implementation: The value of an organizational 

routines perspective. AMIA Annu Symp Proc. 2012;2012:673-680.

25.  Niazkhani Z, Pirnejad H, Berg M, Aarts J. The impact of computerized provider order entry systems on inpatient 

clinical workflow: A literature review. J Am Med Inform Assoc. 2009;16(4):539-549.

26.  van der Veen W, van den Bemt PM, Bijlsma M, de Gier HJ, Taxis K. Association between workarounds and 

medication administration errors in bar code-assisted medication administration: Protocol of a multicenter 

study. JMIR Res Protoc. 2017;6(4):e74.

27.  Allan EL, Barker KN. Fundamentals of medication error research. Am J Hosp Pharm. 1990;47(3):555-571.

28.  van den Bemt, Patricia MLA. Drug-related problems: Definitions and classifications. EJHP Practice. 

2006;12(suppl.):10-12.

29.  Schimmel AM, Becker ML, van den Bout T, Taxis K, van den Bemt PM. The impact of type of manual medication 

cart filling method on the frequency of medication administration errors: A prospective before and after study. 

Int J Nurs Stud. 2011.

30.  van den Bemt PM, Idzinga JC, Robertz H, Kormelink DG, Pels N. Medication administration errors in nursing 

homes using an automated medication dispensing system. J Am Med Inform Assoc. 2009;16(4):486-492.

31.  Westbrook JI, Creswick NJ, Duffield C, Li L, Dunsmuir WT. Changes in nurses’ work associated with computerised 

information systems: Opportunities for international comparative studies using the revised work observation 

method by activity timing (WOMBAT). NI 2012 (2012). 2012;2012:448.

32.  Ballermann MA, Shaw NT, Mayes DC, Gibney RT, Westbrook JI. Validation of the work observation method by 

activity timing (WOMBAT) method of conducting time-motion observations in critical care settings: An obser-

vational study. BMC Med Inform Decis Mak. 2011;11:32-6947-11-32.

33.  van Stralen KJ, Dekker FW, Zoccali C, Jager KJ. Case-control studies--an efficient observational study design. 

Nephron Clin Pract. 2010;114(1):c1-4.

34.  Westbrook JI. Development and testing of an observational method for detecting medication administration 

errors using information technology. Stud Health Technol Inform. 2009;146:429-433.

35.  Westbrook JI, Ampt A. Design, application and testing of the work observation method by activity timing 

(WOMBAT) to measure clinicians’ patterns of work and communication. Int J Med Inform. 2009;78 Suppl 1:S25-

33.

36.  Unertl KM, Weinger MB, Johnson KB. Applying direct observation to model workflow and assess adoption. 

AMIA Annu Symp Proc. 2006:794-798.

37.  Barker KN, Flynn EA, Pepper GA. Observation method of detecting medication errors. Am J Health Syst Pharm. 

2002;59(23):2314-2316.

38.  Dean B, Barber N. Validity and reliability of observational methods for studying medication administration 

errors. Am J Health Syst Pharm. 2001;58(1):54-59.

39.  Sande van der JP. Gedragsobservatie. een inleiding tot systematisch observeren. 3 th ed. Groningen, the Nether-

lands: Martinus Nijhoff; 1999.

40.  Cristoph LH, Sande van der JP. Gedragsobservatie. systematisch observeren. 1 th ed. Groningen, the Netherlands: 

Wolters-Noordhoff; 1999.

41.  Riemer JW. A review with a special note on research ethics and disguised observation. Wisc Sociol. 1977;14(2-

3):87-97.



Chapter 6

136

42.  Mays N, Pope C. Qualitative research: Observational methods in health care settings. BMJ. 1995;311(6998):182-

184.

43.  Barker KN, Flynn EA, Pepper GA, Bates DW, Mikeal RL. Medication errors observed in 36 health care facilities. 

Arch Intern Med. 2002;162(16):1897-1903.

44.  Keers RN, Williams SD, Cooke J, Ashcroft DM. Prevalence and nature of medication administration errors in 

health care settings: A systematic review of direct observational evidence. Ann Pharmacother. 2013;47(2):237-

256.

45.  Hardmeier A, Tsourounis C, Moore M, Abbott WE, Guglielmo BJ. Pediatric medication administration errors 

and workflow following implementation of a bar code medication administration system. J Healthc Qual. 

2014;36(4):54-61; quiz 61-3.

46.  Flynn EA, Barker KN, Pepper GA, Bates DW, Mikeal RL. Comparison of methods for detecting medication errors 

in 36 hospitals and skilled-nursing facilities. Am J Health Syst Pharm. 2002;59(5):436-446.

47.  Barker KN, Allan EL. Research on drug-use-system errors. Am J Health Syst Pharm. 1995;52(4):400-403.

48.  Gale EA. The hawthorne studies-a fable for our times? QJM. 2004;97(7):439-449.

49.  Ash JS, Berg M, Coiera E. Some unintended consequences of information technology in health care: The nature 

of patient care information system-related errors. J Am Med Inform Assoc. 2004;11(2):104-112.

50.  Debono D, Taylor N, Lipworth W, et al. Applying the theoretical domains framework to identify barriers and 

targeted interventions to enhance nurses’ use of electronic medication management systems in two australian 

hospitals. Implement Sci. 2017;12(1):42-017-0572-1.

51.  Cafazzo JA, St-Cyr O. From discovery to design: The evolution of human factors in healthcare. Healthc Q. 

2012;15 Spec No:24-29.

52.  Beuscart-Zephir MC, Aarts J, Elkin P. Human factors engineering for healthcare IT clinical applications. Int J Med 

Inform. 2010;79(4):223-224.

53.  van der Veen W, de Gier HJ, van der Schaaf T, Taxis K, van den Bemt PM. Risk analysis and user satisfaction 

after implementation of computerized physician order entry in dutch hospitals. Int J Clin Pharm. 2012.




	Chapter 6



