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ABSTRACT
Background  In order to reduce safety risks associated 
with medication administrations, technologies such 
as barcode medication administration (BCMA) are 
increasingly used. Examining how human factors 
influence adoption and usability of this technology can 
potentially highlight areas for improvement in design and 
implementation.
Objective  To describe how human factors related 
determinants for BCMA have been researched and 
reported by healthcare and human–computer interaction 
disciplines.
Data sources  The Cumulative Index of Nursing, and Allied 
Health Literature, PubMed, OVID MEDLINE and Google 
Scholar.
Study eligibility criteria  Primary research published 
from April 2000 to April 2020, search terms developed to 
identity different disciplinary research perspectives that 
examined BCMA use, used a human factors lens and were 
published in English.
Synthesis methods  Computerised systematic searches 
were conducted in four databases. Eligible papers 
were systematically analysed for themes. Themes were 
discussed with a second reviewer and supervisors to 
ensure they were representative of content.
Results  Of 3707 papers screened, 11 were included. 
Studies did not fit neatly into a clinical or human-computer 
interaction perspective but instead uncovered a range 
of overlapping narratives, demonstrating consensus on 
the key themes despite differing research approaches. 
Prevalent themes were misaligned design and workflow, 
adaptation and workarounds, mediating factors, safety, 
users’ perceptions and design and usability. Inadequate 
design frequently led to workarounds, which jeopardised 
safety. Reported mediating factors included clarity of user 
needs, pre/post implementation evaluations, analysis 
of existing workarounds and appropriate technology, 
infrastructure and staffing.
Limitations  Most studies were relatively small and 
qualitative, making it difficult to generalise findings.
Conclusion  Evaluating interdisciplinary perspectives 
including human factors approaches identified similar 
and complementary enablers and barriers to successful 
technology use. Often, mediating factors were developed 
to compensate for unsuitable design; a collaborative 

approach between system designer and end users is 
necessary for BCMA to achieve its true safety potential.

BACKGROUND
The prevalence and subsequent harm caused 
by medication errors has galvanised efforts to 
develop systems, policies and technologies to 
prevent them.1–5 Medication administration 
errors are the most common adverse events in 
hospitals; it has been estimated that a patient 
will experience one medication error per 24 
hours as an inpatient.6 7 Annually, an esti-
mated 237 million ‘medication errors’ occur 
in the NHS in England, 72% do not cause 
harm but 66 million are clinically significant. 
Avoidable adverse drug reactions contribute 
to an estimated 1700 deaths per year, at a 
financial cost of £98.5 million.4

Medication management and adminis-
tration in the hospital setting encompass a 
complex and interlinked series of events and 
individuals, including pharmacists, doctors, 

Strengths and limitations of this study

►► The search strategy captured literature from both 
healthcare and human–computer interaction per-
spectives, providing a rich understanding of the 
factors.

►► A second reviewer repeated the initial search with 
a high level of agreement and reviewed the data 
extraction process and theme selection to ensure 
findings were representative.

►► The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses checklist was used to 
design the study protocol.

►► Most studies included were relatively small in terms 
of number of participants and were usually conduct-
ed in just one or two hospitals, primarily in the USA.

►► Qualitative methodology was prevalent in the select-
ed studies, making it difficult to generalise findings.
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nurses, stock managers and patients. There are many 
opportunities in this chain to intercept errors which 
may lead to adverse events, and it is hard to estimate 
how many potential errors are intercepted before they 
reach the patient.4 However, medication administration 
has been identified as the phase where interception of a 
medication error is least likely to occur, with only about 
2% of errors being intercepted at the point of administra-
tion.7–10 To mitigate some of these risks, barcode medica-
tion administration (BCMA), usually in conjunction with 
an electronic medication administration record (eMAR), 
has been promoted to reduce the prevalence of medica-
tion administration errors.1 11 12

Bates argues that the causes of frequent medication 
error are relatively simple: the bulk of the systems in 
place were not formally designed and are not subject to 
the stringent regulation processes used in other high-risk 
industries such as aviation.13 Furthermore, healthcare is 
complex: it is highly regimented and systematic while also 
being unpredictable, requiring clinicians to constantly 
learn alongside their practice, often adapting to conform 
to local policies; this presents many challenges for clini-
cians navigating safe practice.14 Health information tech-
nologies (HITs), such as BCMA, seek to ensure safety for 
both patient and clinician.

BCMA technology incorporates the ‘five rights of medi-
cines administration’ (right drug, right time, right patient, 
right dose, right route) into an automated system.15 16 
BCMA automates and records each medication admin-
istration and prompts the user to ensure it meets the 
required safety standard, warning the user if any discrep-
ancy between prescription and administration detail is 
identified. For example, if the barcoded patient identifi-
cation band does not match the selected electronic medi-
cation chart, an alert will notify the user of the mismatch 
and prompt them to check they have the right medica-
tion for the right patient, potentially avoiding a ‘wrong 
patient’ error.1 11 While BCMA technology can reduce 
some medication errors by streamlining workflow and 
improving medicine and patient identification rates,17 it 
can exacerbate others or even cause new types of error to 
occur.11–13 The literature presents a complex picture of 
unintended consequences following BCMA implementa-
tion, indicating that the overall effect of a new HIT, such 
as BCMA, is often difficult to predict.13 18

From a human factors perspective, the belief that 
adopting HITs such as BCMA will lead to improved safety 
outcomes is termed ‘magical thinking’; rather, successful 
adoption is complex, reliant on many mediating factors 
and context dependent.19 20 The introduction of any 
new work system will have a transformative effect on the 
established workflow; successful adoption is not guaran-
teed, but a positive outcome may result from the compar-
ison and clarification of the established and proposed 
systems.20–23 However, unintended consequences such as 
workarounds may also occur.

Human factors models such as systems engineering 
in patient safety (SEIPS) have been instrumental in 

understanding the factors that influence successful 
implementation of BCMA and other HIT.24 Such models 
examine the wider context in which work takes place, 
acknowledging that adverse events are rarely caused 
by one individual, but from a series in interconnected 
events.25 A human factors lens can be used to examine 
multiple factors such as environment, organisation, tech-
nology and tasks, to gain understanding of why errors 
occur and how to prevent them.25

This literature review identifies factors which enable 
and limit the use of BCMA, during the implementation 
phase and beyond, by using a human factors lens to 
capture primary research from both users and imple-
menters of the technology. Human factors approaches 
can often expose the root causes of undesirable outcomes, 
and by using a search strategy that captures research from 
across the spectrum of those designing and using the 
technology, it may be possible to develop implementation 
strategies that enable effective BCMA implementation 
and long-term use.

METHOD
Search strategy
Multiple key words were developed using terminology 
that would identify literature from healthcare, design,and 
informatics perspectives using a human factors lens. The 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) was used as a guide for litera-
ture review protocol development.26 The Cumulative 
Index of Nursing, and Allied Health Literature, PubMed, 
OVID MEDLINE and Google Scholar were systematically 
searched for literature produced between April 2000 and 
April 2020. Search terms were combined with Boolean 
operators and were adapted to match database terms. A 
document detailing the search strategy is available as a 
online supplemental file (Search Strategy).

Selection process
The selection process is displayed in figure  1. Full-text, 
English language, peer-reviewed papers of primary 
research were included; grey literature and literature 
reviews were excluded. The results from each database 
were compared and duplicates removed. Abstracts of the 
remaining papers were reviewed against the inclusion 
criteria and if the study included BCMA, usability and a 
human factors approach, it was considered eligible and 
the full text was reviewed for inclusion. The paper did 
not have to explicitly state human factors in the title, 
as long as human factors principles were evident in the 
methodology. For example, workarounds are frequently 
studied in relation to BCMA; studies using human factors 
principle to understand the causes of workarounds were 
included, but studies examining workaround prevalence, 
in relation to error, without examining underlying causes 
were excluded.

Data extraction process
A second reviewer (RA) repeated the search and study 
selection process, resulting in a high level of agreement 
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(76%) for study eligibility through titles review. The level 
of agreement for final inclusion was very high, with both 
reviewers agreeing on 10 of the 11 studies; following 
discussion all 11 were included in the review. Thematic 
data extraction was performed by RW, with the emergent 
themes developed iteratively through discussion with AB 
and YJ. RA reviewed a selection of the papers and associ-
ated thematic extraction and agreed that the identified 
themes were appropriate and representative of the study 
findings.

Patient and public involvement
No patient or public involvement was sought in the 
development and execution of the literature review. No 
personal or identifying private health information would 
be derived from the public sources being searched.

RESULTS
Study characteristics
Overall, 9 of the 11 papers included were primary 
studies. The exceptions were Novak et al’s 2013 study,27 
which reanalysed data from two previous studies28 29 
(both included in the selected studies) to examine a new 
research question and Van der Veen et al’s 2020 study11 
on factors which contribute to the occurrence of work-
arounds, which reanalysed data from their 2018 study30 
to explore a different facet to the original research (also 
included in the selected papers).

Various study designs and methodologies were used to 
investigate BCMA implementation and use. All studies 
were qualitative or mixed methods, gathering data by 
observation of practice or a combination of observation, 
survey, focus groups and interviews. Multiple papers also 
collected quantitative data, such as medication error 
reports31 and BCMA override data.7 32 Theoretical frame-
works were used in all studies except for Van der Veen et 
al’s work.11 30 The majority of the frameworks originated 
in the human factors field, including SEIPS, the tech-
nology acceptance model and complexity theory. Full 
details of the frameworks used are listed in table 1. Three 
studies used statistical methods to analyse their findings, 
Patterson et al established statistical significance of a 
higher incidence of workarounds in long-term care when 
compared with acute care (93% vs 23%, p<0.001).32 Van 
der Veen et al used logistic regression analysis to assess the 
association between workarounds and medication error 
and identify factors which contribute to the occurrence 
of workarounds.11 30 Holden et al used regression models 
to predict acceptance of new technologies, using general 
linear mixed models with repeated measures to examine 
user perception of BCMA both pre and post implementa-
tion.20 Further studies led by Rack et al31 and Koppel et al7 
presented survey results and override data as percentages 
of agreement but did not present any further statistical 
analysis. The remaining studies used thematic analysis 
to establish emergent themes, with differing methods. 
Holden et al’s 2013 study used descriptive coding28 and 
Novak et al’s 2012 study used qualitative data analysis 
software to transcribe and analyse fieldnotes,29 whereas 
Novak et al’s 2013 study used researchers independently 
assessing their fieldnotes for themes before discussing as 
a group and finalising theme inclusion.27 Staggers et al’s 
study33 differed from the others in terms of data collec-
tion and analysis: this team studied online BCMA training 
routinely undertaken by nurses. The researchers used 
heuristic evaluation methods to establish usability prob-
lems with the technology and rate how this affected users’ 
situational awareness. A severity score was then assigned 
to the usability problem to establish the safety risk posed 
by the usability issue identified. Studies varied in terms of 
length, number of participants, use of comparison sites, 
pre/post analysis and settings as detailed in table 1.

Research focus
The studies included in this review use human factors 
methods with a range of research focuses and diverse 
narratives on BCMA adoption, use and success. Holden et 
al,28 34 Novak et al29 and Staggers et al33 studied the design 
and usability of BCMA systems and the effects of pre-
existing workflows at various stages of BCMA implementa-
tion and use. The safety risks introduced by poorly aligned 
BCMA design and clinical workflow were acknowledged 
as a distal outcome of poor design but were not the focus 
of these studies. Rather, this group of studies highlights 
how workarounds can identify design flaws. This is in line 
with Koppel et al’s7 and Rack et al’s31 studies on the causes 

Figure 1  PRISMA flow chart. Detailing selection process of 
studies reviewed. BCMA, barcode medication administration; 
CINAHL, Cumulative Index of Nursing, and Allied Health 
Literature; HIT, health information technology; PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.
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and frequency of workarounds; they concluded that poor 
design could increase their prevalence and have long-
term consequences for safety while not explicitly studying 
design issues or safety outcomes and instead focusing 
on workarounds. In parallel, Van der Veen et al11 30 and 
Patterson et al32 studied the patient safety risk presented 
by the use of workarounds in the clinical setting, focusing 
on the consequences of circumventing the safety features 
of BCMA, acknowledging that their root may be in poor 
design, but not further commenting on particular design 
failures. Holden et al34 examined users’ perspectives of 
BCMA use pre and post implementation, adding another 
dimension to understanding technology acceptance and 
suggesting that user perception and not just the study of 
workarounds can aid iterative design. A further perspec-
tive is presented in Novak et al’s27 study of an informatics 
team which implemented BCMA technology into clinical 
practice; as professionals with both clinical and infor-
matics expertise, their experience is highly valuable to 
those planning to implement BCMA technology into the 
healthcare setting.

The differing research focuses in the field of BCMA 
study is discussed in two of the papers.27 28 Holden et 
al28 noted that BCMA research routinely focuses on the 
relationship between adverse events and workarounds, 
arguing that investigating the outcome alone does not 
enable identification of the causes of workarounds and 
neglects design issues that may be responsible. Novak et 
al27 propose that future research must do more to under-
stand the perspective of the workers, designers and imple-
menters, to better understand factors affecting successful 
BCMA use.

THEMES
Each study employed unique approaches to better under-
stand BCMA use and success; nevertheless, many themes 
were evident in multiple studies. The main themes identi-
fied were misaligned design and workflow, adaptation and 
workarounds, factors which mediate BCMA use, safety, 
users’ perception and design and usability. A summary of 
these themes is presented in table 2.

Misaligned design and workflow
Many studies found that BCMA system design and clinical 
workflow were misaligned, limiting the user’s ability to 
plan ahead and prioritise.20 27–33 This mismatch seemed to 
result from BCMA design underestimating the complexity 
of nurses work and how frequently they have to adapt to 
individual, environmental, institutional and technolog-
ical factors beyond their control.31

During direct observation, nurses were seen to 
frequently adapt and reorganise their work to achieve 
their goals and optimise patient care, putting them at 
odds with the sometimes inflexible BCMA design.27 33 A 
frequent observation was that BCMA design focuses the 
user on single timepoints, assuming that nurses complete 
tasks at scheduled times, whereas in practice nurses’ work 

involves prioritisation, making the importance of timeli-
ness context dependent.20 27 31 33 BCMA design attempts to 
focus the user on the specific task of medication admin-
istration, but multiple studies found that nurses could 
not easily access additional information required to safely 
administer medication such as vital signs, medical history 
and information regarding previous or future doses.27 31 33 
Holden et al found that this prescriptive design limited 
users’ critical thinking and therefore posed a safety risk.34 
Nurses were observed to use paper to record pertinent 
information because the BCMA design did not give them 
an overview of their tasks or patients and limited their 
ability to communicate with colleagues.28 Staggers et al’s 
study of situational awareness found 99 usability issues 
with the BCMA system studied, of which 15 were rated 
catastrophic, arguing that the design did not match 
the way nurses think or work.33 Van der Veen et al also 
found that the BCMA did not fit well with daily workflow 
of nurses who encountered both software and hardware 
blockades.11

Adaptations and workarounds
All studies which conducted observation in the clinical 
setting reported workarounds associated with BCMA 
technology. Although the consequences and causes of 
workarounds varied greatly, there was agreement that 
workarounds undermined the safety features of BCMA 
technology.

Patterson et al’s BCMA compliance study found that 
workarounds reduced technology effectiveness and 
increased the risk of adverse events.32 Van der Veen et al 
found a statistically significant relationship between work-
arounds and medication error: 6% of the workarounds 
resulted in the wrong dose being administered and 78% 
of the workarounds were medication omissions.30 Van 
der Veen et al reanalysed these data to look for factors 
which made workarounds more likely, finding a statis-
tically significant relationship between high patient to 
nurse ratios and workarounds, arguing that increased 
work pressures led to an increase in the prevalence of 
workarounds.11

Holden et al found that BCMA triggered multiple 
types of problem-solving behaviours. They noted that 
the problem solving itself was a ‘double edged sword’, 
preventing failures missed in the design process, thus 
concealing design flaws, preventing redesign.28 For 
example, the use of paper artefacts to record patient 
information is potentially dangerous because it is not 
available to the wider clinical team and the shared infor-
mation may be out of date. The use of paper artefacts 
conceals the user need and introduces a safety risk, which 
could be alleviated by better design.

Using the SEIPS framework to examine technolog-
ical, task, organisational, patient related or environ-
mental causes of workarounds, Koppel et al found that 
workarounds were complex, resulting from numerous 
causes and themselves creating additional workarounds.7 
Koppel et al and Holden et al suggest that workarounds 

 on July 5, 2021 at U
C

L Library S
ervices. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-044419 on 1 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


8 Williams R, et al. BMJ Open 2021;11:e044419. doi:10.1136/bmjopen-2020-044419

Open access�

Ta
b

le
 2

 
H

um
an

 fa
ct

or
s 

re
la

te
d

 t
he

m
es

 fr
om

 t
he

 s
tu

d
ie

s

A
ut

ho
r, 

d
at

e
M

is
al

ig
ne

d
 d

es
ig

n 
an

d
 w

o
rk

fl
o

w
A

d
ap

ta
ti

o
n 

an
d

 
w

o
rk

ar
o

un
d

s
U

sa
b

ili
ty

 a
nd

 d
es

ig
n

Fa
ct

o
rs

 w
hi

ch
 m

ed
ia

te
 

B
C

M
A

 u
se

U
se

r 
p

er
ce

p
ti

o
n

S
af

et
y

H
ol

d
en

 e
t 

al
28

►
►

B
C

M
A

 li
m

ite
d

 a
b

ili
ty

 t
o 

p
la

n 
ah

ea
d

.
►

►
N

ar
ro

w
ed

 fi
el

d
 o

f v
is

io
n 

of
 u

se
r.

►
►

Fo
cu

se
d

 o
n 

sp
ec

ifi
c 

tim
ep

oi
nt

s.
►

►
Li

m
ite

d
 u

se
r 

ac
ce

ss
 t

o 
vi

ta
l 

p
at

ie
nt

 in
fo

rm
at

io
n.

►
►

D
id

 n
ot

 r
efl

ec
t 

th
e 

co
m

p
le

xi
ty

 o
f 

cl
in

ic
al

 w
or

k.
►

►
D

id
 n

ot
 fu

lfi
l u

se
r 

ne
ed

.

►
►

W
or

ka
ro

un
d

s 
m

as
k 

d
es

ig
n 

fla
w

s.
►

►
Th

e 
d

es
ig

ne
r 

an
d

 
or

ga
ni

sa
tio

n 
m

ay
b

e 
un

aw
ar

e 
of

 t
he

se
 

d
es

ig
n 

fla
w

s 
an

d
/o

r 
w

or
ka

ro
un

d
s.

►
►

P
oo

r 
B

C
M

A
 u

sa
b

ili
ty

.
►

►
P

oo
r 

fit
 b

et
w

ee
n 

B
C

M
A

 
an

d
 e

xi
st

in
g 

te
ch

no
lo

gy
.

►
►

P
ap

er
 d

oc
um

en
ta

tio
n 

us
ed

 t
o 

co
m

m
un

ic
at

e 
in

fo
rm

at
io

n 
lo

st
 b

et
w

ee
n 

B
C

M
A

 a
nd

 e
xi

st
in

g 
te

ch
no

lo
gy

.

►
►

S
af

et
y 

co
nc

er
ns

 
re

ga
rd

in
g 

th
e 

us
e 

of
 

p
ap

er
 d

oc
um

en
ta

tio
n 

id
en

tifi
ed

.

H
ol

d
en

 e
t 

al
20

►
►

B
C

M
A

 t
ra

ns
fo

rm
ed

 e
xi

st
in

g 
w

or
kfl

ow
.

►
►

C
ha

ng
ed

 h
ea

lth
 o

ut
co

m
es

.
►

►
P

oo
r 

d
es

ig
ne

r 
un

d
er

st
an

d
in

g 
of

 o
rig

in
al

 w
or

kfl
ow

 le
d

 t
o 

p
oo

r 
ac

ce
p

ta
nc

e 
of

 t
ec

hn
ol

og
y.

►
►

H
ea

lth
ca

re
 w

or
ke

rs
 

ad
ap

t 
to

 n
ew

 w
or

k 
sy

st
em

s 
w

ith
 t

he
ir 

ow
n 

go
al

 a
ch

ie
vi

ng
 

st
ra

te
gi

es
.

►
►

P
oo

r 
co

m
p

lia
nc

e 
w

ith
 

d
es

ig
n 

us
e 

is
 fr

eq
ue

nt
ly

 
ob

se
rv

ed
.

►
►

S
tu

d
yi

ng
 u

se
r 

p
er

ce
p

tio
n 

of
 B

C
M

A
 c

an
 im

p
ro

ve
 

d
es

ig
n 

an
d

 a
cc

ep
ta

nc
e.

N
ov

ak
 e

t 
al

29
►

►
B

C
M

A
 w

as
 m

is
al

ig
ne

d
 t

o 
te

ch
no

lo
gy

 u
se

 p
ra

ct
ic

es
.

►
►

W
or

ka
ro

un
d

s 
fr

eq
ue

nt
ly

 
id

en
tifi

ed
 in

 s
tu

d
y.

►
►

Ite
ra

tiv
e 

p
ro

ce
ss

 o
f d

es
ig

n 
an

d
 e

va
lu

at
io

n 
ad

vo
ca

te
d

.
►

►
Im

p
le

m
en

ta
tio

n 
m

ed
ia

to
rs

 c
an

 
he

lp
 m

iti
ga

te
 

ne
ga

tiv
e 

un
in

te
nd

ed
 

co
ns

eq
ue

nc
es

 
ca

us
ed

 b
y 

B
C

M
A

 
im

p
le

m
en

ta
tio

n 
an

d
 

lim
it 

th
e 

d
ev

el
op

m
en

t 
of

 
w

or
ka

ro
un

d
s.

►
►

E
xp

ec
ta

tio
ns

 s
ho

ul
d

 b
e 

se
t 

fo
r 

nu
rs

es
 p

rio
r 

to
 

im
p

le
m

en
ta

tio
n 

of
 B

C
M

A
 

so
 t

he
y 

un
d

er
st

an
d

 
its

 a
d

va
nt

ag
es

 a
nd

 
d

is
ad

va
nt

ag
es

.

N
ov

ak
 e

t 
al

27
►

►
Te

m
p

or
al

 d
es

ig
n 

fo
cu

se
d

 o
n 

tim
ep

oi
nt

s.
►

►
D

iffi
cu

lty
 p

la
nn

in
g 

ah
ea

d
.

►
►

D
es

ig
n 

no
t 

re
fle

ct
iv

e 
of

 t
he

 
co

m
p

le
xi

ty
 o

f c
lin

ic
al

 w
or

k.
►

►
In

fle
xi

b
le

 w
he

n 
a 

p
la

n 
ch

an
ge

s.
►

►
D

es
ig

n 
b

as
ed

 t
oo

 r
ig

id
ly

 a
ro

un
d

 
th

e 
fiv

e 
rig

ht
s.

►
►

C
lin

ic
al

 ju
d

ge
m

en
t 

of
 n

ur
se

s 
no

t 
co

ns
id

er
ed

.
►

►
P

oo
r 

d
es

ig
n 

le
d

 t
o 

th
e 

us
e 

of
 

p
ap

er
 h

an
d

ov
er

 d
oc

um
en

ts
 fo

r 
co

m
m

un
ic

at
io

n.

►
►

W
or

ka
ro

un
d

s 
im

p
le

m
en

te
d

 to
 im

p
ro

ve
 

ef
fic

ie
nc

y.
 •

 S
af

et
y 

fe
at

ur
es

 o
f B

C
M

A
 n

ot
 

al
ig

ne
d

 w
ith

 u
se

r 
sa

fe
ty

 
co

nc
er

ns
, r

es
ul

tin
g 

in
 

w
or

ka
ro

un
d

s.

►
►

Ite
ra

tiv
e 

p
ro

ce
ss

 o
f d

es
ig

n 
an

d
 e

va
lu

at
io

n 
ad

vo
ca

te
d

.
►

►
S

tig
m

a 
of

 la
te

 d
os

es
, 

re
su

lti
ng

 in
 n

ur
se

’s
 

av
oi

d
an

ce
 s

tr
at

eg
ie

s.
►

►
C

om
p

lia
nc

e 
w

ith
 B

C
M

A
 

us
ed

 a
s 

a 
p

er
fo

rm
an

ce
 

m
ea

su
re

.
►

►
N

ur
se

s 
sh

ow
 w

ill
in

gn
es

s 
to

 c
om

p
ly

 w
ith

 B
C

M
A

 
b

ut
 a

re
 s

til
l h

av
in

g 
th

e 
re

so
rt

 t
o 

w
or

ka
ro

un
d

s 
to

 
co

m
p

le
te

 t
as

ks
.

►
►

R
ig

id
 d

es
ig

n 
ca

n 
re

d
uc

e 
cr

iti
ca

l t
hi

nk
in

g 
in

 n
ur

se
s,

 p
ot

en
tia

lly
 

in
cr

ea
si

ng
 r

is
k 

of
 e

rr
or

.
►

►
S

im
p

ly
 im

p
le

m
en

tin
g 

B
C

M
A

 d
oe

s 
no

t 
im

p
ro

ve
 

m
ed

ic
in

es
 s

af
et

y.
►

►
S

af
et

y 
fe

at
ur

es
 o

f B
C

M
A

 
no

t 
al

ig
ne

d
 w

ith
 u

se
r 

sa
fe

ty
 c

on
ce

rn
s.

C
on

tin
ue

d

 on July 5, 2021 at U
C

L Library S
ervices. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-044419 on 1 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


9Williams R, et al. BMJ Open 2021;11:e044419. doi:10.1136/bmjopen-2020-044419

Open access

A
ut

ho
r, 

d
at

e
M

is
al

ig
ne

d
 d

es
ig

n 
an

d
 w

o
rk

fl
o

w
A

d
ap

ta
ti

o
n 

an
d

 
w

o
rk

ar
o

un
d

s
U

sa
b

ili
ty

 a
nd

 d
es

ig
n

Fa
ct

o
rs

 w
hi

ch
 m

ed
ia

te
 

B
C

M
A

 u
se

U
se

r 
p

er
ce

p
ti

o
n

S
af

et
y

R
ac

k 
et

 a
l31

►
►

D
es

ig
n 

fo
cu

se
d

 u
se

r 
on

 s
in

gl
e 

tim
ep

oi
nt

.
►

►
D

iffi
cu

lty
 a

cc
es

si
ng

 in
fo

rm
at

io
n 

on
 p

re
vi

ou
s 

m
ed

ic
at

io
n 

ad
m

in
is

tr
at

io
n.

►
►

R
ed

uc
ed

 a
b

ili
ty

 t
o 

co
m

m
un

ic
at

e 
co

nc
er

ns
/e

rr
or

s 
w

ith
 w

id
er

 t
ea

m
.

►
►

V
ita

l p
at

ie
nt

 in
fo

rm
at

io
n 

d
iffi

cu
lt 

to
 a

cc
es

s,
 d

el
ay

in
g 

ad
m

in
is

tr
at

io
n.

►
►

Fi
ve

 r
ig

ht
s 

us
ed

 a
s 

B
C

M
A

 d
es

ig
n 

b
as

is
 t

oo
 r

ig
id

.

►
►

W
or

ka
ro

un
d

s 
in

 
re

sp
on

se
 t

o 
p

oo
r 

d
es

ig
n.

►
►

B
C

M
A

 t
ec

hn
ol

og
y 

sh
ou

ld
 

b
e 

d
es

ig
ne

d
 in

 s
uc

h 
a 

w
ay

 
th

at
 u

si
ng

 it
 a

p
p

ro
p

ria
te

ly
 

is
 e

as
ie

r 
th

an
 w

or
ki

ng
 

ar
ou

nd
 t

he
 s

ys
te

m
.

►
►

R
eg

ul
ar

 M
ai

nt
en

an
ce

 
of

 h
ar

d
w

ar
e 

re
d

uc
es

 
fr

us
tr

at
io

n 
fo

r 
us

er
s 

an
d

 
im

p
ro

ve
s 

co
m

p
lia

nc
e 

w
ith

 u
se

.
►

►
R

es
p

on
si

b
ili

ty
 fo

r 
th

e 
m

ai
nt

en
an

ce
 o

f h
ar

d
w

ar
e 

sh
ou

ld
 b

e 
co

ns
id

er
ed

 
p

rio
r 

to
 im

p
le

m
en

ta
tio

n.

►
►

N
ur

se
s 

sh
ou

ld
 n

ot
 b

e 
gi

ve
n 

th
e 

im
p

re
ss

io
n 

th
at

 
B

C
M

A
 u

se
 is

 fa
st

er
.

►
►

S
af

et
y 

b
en

efi
ts

 s
ho

ul
d

 b
e 

em
p

ha
si

se
d

.

S
ta

gg
er

s 
et

 
al

33
►

►
W

or
kfl

ow
 t

w
ic

e 
as

 lo
ng

 w
ith

 
B

C
M

A
 u

se
.

►
►

P
oo

r 
fit

 w
ith

 e
xi

st
in

g 
w

or
kfl

ow
 

an
d

 u
se

r 
ne

ed
.

►
►

Te
m

p
or

al
 fo

cu
s 

on
 t

im
e 

p
oi

nt
 c

an
 

b
lin

ke
r 

us
er

s 
to

 w
id

er
 is

su
es

.
►

►
D

es
ig

n 
to

o 
in

fle
xi

b
le

 fo
r 

th
e 

co
m

p
le

xi
ty

 o
f c

lin
ic

al
 w

or
k.

►
►

Fi
ve

 r
ig

ht
s 

in
te

rp
re

te
d

 t
oo

 r
ig

id
ly

 
d

ur
in

g 
d

es
ig

n 
p

ro
ce

ss
.

►
►

W
or

ka
ro

un
d

s 
d

is
cu

ss
ed

 
in

 r
el

at
io

n 
to

 m
is

al
ig

ne
d

 
d

es
ig

n 
an

d
 w

or
kfl

ow
.

►
►

W
or

ka
ro

un
d

s 
d

ev
el

op
ed

 in
 r

es
p

on
se

 
to

 p
oo

r 
d

es
ig

n.

►
►

H
ig

h 
vo

lu
m

e 
of

 u
sa

b
ili

ty
 

is
su

es
 id

en
tifi

ed
.

►
►

B
et

te
r 

d
es

ig
n 

ne
ed

ed
 t

o 
im

p
ro

ve
 u

se
r 

si
tu

at
io

na
l 

aw
ar

en
es

s.
 U

se
r-

ce
nt

re
d

 
d

es
ig

n 
ad

vo
ca

te
d

.
►

►
D

es
ig

n 
sh

ou
ld

 s
up

p
or

t 
p

at
ie

nt
 jo

ur
ne

y 
th

ro
ug

h 
th

e 
ho

sp
ita

l.

►
►

U
se

r 
p

er
ce

p
tio

n 
d

is
cu

ss
ed

 in
 r

el
at

io
n 

to
 

m
is

al
ig

ne
d

 d
es

ig
n 

an
d

 
w

or
kfl

ow
.

►
►

P
oo

r 
us

ab
ili

ty
 a

nd
 

d
es

ig
n 

ar
e 

a 
sa

fe
ty

 r
is

k.
►

►
S

af
et

y 
fe

at
ur

es
 o

f 
B

C
M

A
 c

om
p

ro
m

is
ed

 b
y 

w
or

ka
ro

un
d

s.
►

►
R

ed
uc

ed
 s

itu
at

io
na

l 
aw

ar
en

es
s 

le
d

 t
o 

in
cr

ea
se

d
 s

af
et

y 
ris

k.

Va
n 

d
e 

Ve
en

 
et

 a
l30

►
►

B
C

M
A

 d
id

 n
ot

 fi
t 

w
el

l w
ith

 
ex

is
tin

g 
w

or
kfl

ow
.

►
►

Is
su

es
 w

ith
 h

ar
d

w
ar

e 
an

d
 

so
ft

w
ar

e 
id

en
tifi

ed
.

►
►

S
ta

tis
tic

al
ly

 s
ig

ni
fic

an
t 

as
so

ci
at

io
n 

b
et

w
ee

n 
w

or
ka

ro
un

d
s 

an
d

 m
ed

ic
at

io
n 

ad
m

in
is

tr
at

io
n 

er
ro

rs

►
►

P
oo

r 
hu

m
an

–m
ac

hi
ne

 
in

te
rf

ac
e 

re
su

lt 
in

 
he

al
th

ca
re

 w
or

ke
rs

 
w

or
ki

ng
 a

ro
un

d
 t

he
 

sy
st

em
, c

om
p

ro
m

is
in

g 
sa

fe
ty

.

►
►

P
os

t 
im

p
le

m
en

ta
tio

n 
ev

al
ua

tio
n 

re
co

m
m

en
d

ed
 

fo
r 

B
C

M
A

 t
o 

ac
hi

ev
e 

it 
fu

ll 
b

en
efi

ts
.

►
►

P
oo

r 
d

es
ig

n 
re

su
lti

ng
 in

 
w

or
ka

ro
un

d
s 

p
ro

d
uc

es
 a

 
sa

fe
ty

 r
is

k.

H
ol

d
en

 e
t 

al
34

►
►

M
ay

 n
ot

 b
e 

fin
an

ci
al

ly
 w

or
th

w
hi

le
 

fo
r 

or
ga

ni
sa

tio
n.

►
►

P
oo

r 
d

es
ig

n 
re

su
lts

 in
 a

 
la

ck
 o

f a
cc

ep
ta

nc
e 

an
d

 
w

or
ka

ro
un

d
s.

►
►

D
es

ig
n 

an
d

 u
sa

b
ili

ty
 

d
is

cu
ss

ed
 in

 r
el

at
io

n 
to

 
w

or
ka

ro
un

d
s.

►
►

B
C

M
A

 d
iffi

cu
lt 

fo
r 

so
m

e 
to

 u
se

.

►
►

B
C

M
A

 u
se

rs
’ p

er
ce

p
tio

ns
 

of
 n

ew
 t

ec
hn

ol
og

ie
s 

sh
ou

ld
 b

e 
st

ud
ie

d
 in

 
or

d
er

 t
o 

in
flu

en
ce

 t
he

ir 
ac

ce
p

ta
nc

e.
►

►
S

tu
d

ie
s 

of
 a

cc
ep

ta
nc

e 
ca

n 
p

re
d

ic
t 

te
ch

no
lo

gy
 

us
e.

K
op

p
el

 e
t 

al
7

►
►

S
E

IP
S

 m
od

el
 u

se
d

 
to

 id
en

tif
y 

ca
us

es
 o

f 
w

or
ka

ro
un

d
s.

►
►

W
or

ka
ro

un
d

s 
ca

n 
in

cr
ea

se
 m

ed
ic

at
io

n 
er

ro
r 

ris
k.

►
►

W
or

ka
ro

un
d

s 
ha

ve
 

m
ul

tip
le

 c
au

se
s 

an
d

 
ca

us
e 

su
b

se
q

ue
nt

 
w

or
ka

ro
un

d
s.

►
►

O
rg

an
is

at
io

na
l a

nd
 

te
ch

no
lo

gy
 r

el
at

ed
 

ca
us

es
 w

er
e 

fo
un

d
 t

o 
b

e 
as

so
ci

at
ed

 w
ith

 a
ll 

15
 o

f 
th

e 
id

en
tif

y 
w

or
ka

ro
un

d
s.

►
►

S
tu

d
y 

of
 w

or
ka

ro
un

d
s 

ca
n 

hi
gh

lig
ht

 d
es

ig
n 

is
su

es
 a

nd
 fi

nd
 s

ol
ut

io
ns

.

►
►

W
or

ka
ro

un
d

s 
ha

ve
 t

he
 

p
ot

en
tia

l t
o 

p
re

se
nt

 a
 

sa
fe

ty
 r

is
k.

Ta
b

le
 2

 
C

on
tin

ue
d

C
on

tin
ue

d

 on July 5, 2021 at U
C

L Library S
ervices. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-044419 on 1 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


10 Williams R, et al. BMJ Open 2021;11:e044419. doi:10.1136/bmjopen-2020-044419

Open access�

A
ut

ho
r, 

d
at

e
M

is
al

ig
ne

d
 d

es
ig

n 
an

d
 w

o
rk

fl
o

w
A

d
ap

ta
ti

o
n 

an
d

 
w

o
rk

ar
o

un
d

s
U

sa
b

ili
ty

 a
nd

 d
es

ig
n

Fa
ct

o
rs

 w
hi

ch
 m

ed
ia

te
 

B
C

M
A

 u
se

U
se

r 
p

er
ce

p
ti

o
n

S
af

et
y

P
at

te
rs

on
 e

t 
al

32
►

►
D

es
ig

n 
d

id
 n

ot
 r

efl
ec

t 
co

nt
ex

t 
of

 u
se

.
►

►
To

 p
re

ve
nt

 a
d

ve
rs

e 
ev

en
ts

 
fo

llo
w

in
g 

B
C

M
A

 im
p

le
m

en
ta

tio
n,

 
ex

is
tin

g 
w

or
kfl

ow
 s

ho
ul

d
 

b
e 

st
ud

ie
d

 a
nd

 d
es

ig
ne

d
 

ac
co

rd
in

gl
y.

►
►

W
or

ka
ro

un
d

s 
in

cr
ea

se
 

er
ro

r 
ris

k 
b

y 
b

yp
as

si
ng

 
sa

fe
ty

 t
ec

hn
ol

og
y 

of
 

B
C

M
A

.
►

►
W

or
ka

ro
un

d
s 

m
ay

 
go

 u
nd

et
ec

te
d

 o
r 

b
e 

ac
kn

ow
le

d
ge

d
 

an
d

 t
ol

er
at

ed
 b

y 
or

ga
ni

sa
tio

ns
.

►
►

N
ur

se
s 

ex
p

re
ss

ed
 

co
nc

er
n 

of
 h

ow
 

w
or

ka
ro

un
d

s 
re

fle
ct

 o
n 

th
em

 a
s 

p
ro

fe
ss

io
na

ls
.

►
►

R
ed

es
ig

n 
co

ul
d

 r
ed

uc
e 

fr
eq

ue
nc

y 
of

 w
or

ka
ro

un
d

s.
►

►
R

ed
es

ig
n 

co
ul

d
 im

p
ro

ve
 

ef
fic

ie
nc

y.
►

►
U

se
r 

p
er

ce
p

tio
n 

of
 

in
ef

fic
ie

nc
y 

in
cr

ea
se

d
 

w
or

ka
ro

un
d

s.
►

►
Im

p
ro

ve
d

 r
el

ia
b

ili
ty

 o
f 

ha
rd

w
ar

e 
w

ou
ld

 r
ed

uc
e 

w
or

ka
ro

un
d

s.

►
►

N
ur

se
s 

w
ho

 fe
lt 

th
ei

r 
go

al
s 

w
er

e 
je

op
ar

d
is

ed
 

b
y 

in
ef

fic
ie

nt
 B

C
M

A
 

ju
st

ifi
ed

 t
he

 u
se

 o
f 

w
or

ka
ro

un
d

s.
►

►
D

is
ci

p
lin

in
g 

no
n-


co

m
p

lia
nc

e 
fo

un
d

 t
o 

b
e 

in
ef

fe
ct

iv
e 

if 
th

e 
nu

rs
e 

fe
lt 

th
ey

 w
er

e 
ac

tin
g 

in
 t

he
 

in
te

re
st

 o
f t

he
 p

at
ie

nt
.

►
►

W
or

ka
ro

un
d

s 
ar

e 
a 

sa
fe

ty
 r

is
k.

Va
n 

d
er

 V
ee

n 
et

 a
l11

►
►

W
or

ka
ro

un
d

s 
m

or
e 

fr
eq

ue
nt

 o
n 

b
us

y 
w

ee
kd

ay
s 

th
an

 
w

ee
ke

nd
s.

►
►

M
or

e 
lik

el
y 

to
 o

cc
ur

 
w

ith
 a

 h
ig

he
r 

p
at

ie
nt

 t
o 

nu
rs

e 
ra

tio
.

►
►

N
ot

 a
ss

oc
ia

te
d

 w
ith

 
ab

ili
ty

 t
o 

sc
an

 b
ar

co
d

e.
►

►
In

cr
ea

se
d

 w
or

k 
p

re
ss

ur
e 

in
cr

ea
se

d
 

w
or

ka
ro

un
d

s.

►
►

In
cr

ea
se

d
 s

ta
ffi

ng
.

►
►

R
ed

es
ig

n 
to

 m
ak

e 
B

C
M

A
 

m
or

e 
ef

fic
ie

nt
.

►
►

A
s 

w
or

k 
p

re
ss

ur
e 

in
cr

ea
se

s,
 t

he
 fr

eq
ue

nc
y 

of
 w

or
ka

ro
un

d
s 

al
so

 
in

cr
ea

se
s.

B
C

M
A

, b
ar

co
d

e 
m

ed
ic

at
io

n 
ad

m
in

is
tr

at
io

n;
 S

E
IP

S
, s

ys
te

m
 e

ng
in

ee
rin

g 
in

 p
at

ie
nt

 s
af

et
y.

Ta
b

le
 2

 
C

on
tin

ue
d

 on July 5, 2021 at U
C

L Library S
ervices. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-044419 on 1 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


11Williams R, et al. BMJ Open 2021;11:e044419. doi:10.1136/bmjopen-2020-044419

Open access

may be unavoidable when introducing technologies that 
transform workflow. Koppel et al argue that the study of 
workaround can highlight design flaws in order to remedy 
them, while Holden et al suggest that workarounds can be 
pre-empted and controlled through design.7 34

Koppel et al also posit that workarounds are made more 
prevalent by poor design. Koppel et al found that work-
arounds were not only negative but were also sometimes 
perceived by users as necessary to deliver patient care, 
finding that consequences of workarounds could be posi-
tive, neutral or negative.7 Both Koppel et al and Patterson 
et al advocate human factors approaches to study the 
causes of workarounds instead of simply introducing poli-
cies to increase compliance with intended workflows.7 32

Van der Veen et al’s study11 examining the factors that 
contribute to workarounds recommended mandatory 
nurse to patient ratios, as they found this to be a medi-
ating factor to reduce dangerous workarounds.

Design and usability
Design and usability issues were identified by most studies 
as a factor influencing successful BCMA use.

The studies reviewed linked poor design and imple-
mentation to increased medication errors and reduced 
situational awareness.7 33 Patterson et al’s observational 
study found that many workarounds could be eliminated 
by redesign and many of the processes could be made 
more efficient.32 Holden et al argue that usability should 
be a priority, noting that if the difficulty of use outweighs 
the benefit, from the user’s perspective, workarounds and 
non-compliance will be more prevalent.28 Rack et al argue 
that the goal of design should be to work in such a way 
that it is easier to use it correctly than workaround the 
system to achieve goals.31

Many of the papers identified issues with poorly 
designed hardware and software. Staggers et al reported 
frustration and multiple login requests to access the BCMA 
and eMAR systems studied. Also, the systems could not 
accommodate patients moving to different areas in the 
hospital, due to design, which caused confusion regarding 
whether or not medications had been given. Staggers et al 
reasoned that better interoperability and patient-centred 
design could alleviate many of these issues.33 Patterson et 
al, Koppel et al and Rack et al identified hardware issues 
such as barcode scanner tethers being too short, worksta-
tions on wheels being too bulky to enter treatment rooms 
and inadequate internet connectivity leading to delays in 
workflow.7 31 33 Van der Veen et al found that inadequate 
human–computer interfaces result in frustration and 
workarounds.30

The majority of papers advocated evaluation and 
re-evaluation during implementation and beyond to take 
full advantage of safety features and identify the causes 
of workarounds in order to redesign the system.27 28 30–33 
Koppel et al and Novak et al advocate ensuring that the 
designers of the BCMA system understand the current 
medication administration workflow and environmental 
and technical factors that may result in poor acceptance 

and reduce utilisation of new technology. This process 
should include a pre-implementation assessment to 
understand user needs and ongoing evaluation, allowing 
for redesign as issues occur.7 27

Factors which mediate BCMA use
Many studies identified factors which can ease BCMA 
implementation, reduce unintended consequences such 
as workarounds and improve acceptance of new technol-
ogies. Factors identified include conducting research that 
establishes user needs and perceptions of technologies, 
engaging individuals who act as mediators for both users 
and designers, ensuring users are aware of system capabil-
ities and limitations and organisational commitment to 
ensuring hardware is maintained and appropriate for the 
environment, including sufficient staffing levels.

Holden et al’s20 study into user perception and accep-
tance examined expectations of use pre and post BCMA 
implementation. Three aspects of medication admin-
istration were studied: matching medication to MAR, 
checking patient ID and documentation. After BCMA 
implementation, nurses reported decreased likelihood of 
error, increased likelihood of error detection, increased 
usefulness, accuracy and consistency for matching medi-
cation and identifying the patient. However, they also 
reported decreased time efficiency and decreased useful-
ness with regard to documenting actions on the BCMA 
system. Holden et al suggest that while HITs such as BCMA 
have a transformative impact on workflow, these changes 
are measurable and can be mediated by design, if users’ 
expectations and needs are explored prior to develop-
ment and implementation.

Similarly, when examining how to reduce unintended 
consequences when switching to a new system such as 
BCMA, Novak et al29 argued that users’ expectations 
should be set prior to implementation for them to 
develop an understanding of system capability and limita-
tions. Novak et al’s study followed a group of mediators 
who acted as user advocates during BCMA implementa-
tion, maintaining timely communication with hospital 
management and system designers, resulting in a more 
iterative and evolving implementation process. This style 
of implementation helped to mitigate negative unin-
tended consequences.

Rack et al31 conducted a survey of 220 nurses using 
BCMA and held focus groups. Although 90% of survey 
respondents agreed that BCMA was safer, many recounted 
situations where compliance with the BCMA system was 
not possible, 63% reported instances of giving medication 
without scanning the patient, 72% reported occasions 
when they did not scan the medication barcode and 40% 
reported sometimes scanning medication post adminis-
tration. Focus groups discussed scenarios where compli-
ance with BCMA was problematic. Overall, 30 scenarios 
were identified where a workaround was necessary to 
administer medication. Rack et al emphasises the need 
to set user expectation prior to BCMA implementation, 
presenting BCMA as no more time efficient but safer. 
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In addition, they note that technology will need mainte-
nance and this needs to be delegated to avoid the frus-
tration of failing or inappropriate equipment. Koppel et 
al also noted that users overestimate the risk elimination 
ability of BCMA and underestimate the safety features. 
There is a need for ongoing education to encourage 
correct use, and for hospital management to thoroughly 
examine their technological, environmental and social 
contexts before choosing a BCMA technology.7

User perceptions
Two papers reported that user perception impacted on 
successful implementation and user compliance.33 34 The 
use of BCMA compliance as a performance measure 
was found to be unsuccessful and resulted in resistance, 
particularly where users felt they were acting in the best 
interests of their patients by employing workarounds. 
However, users also reported feeling guilt and stigma if 
they were unable to complete an administration in line 
with the BCMA system workflow.

Both Novak et al29 and Holden et al34 identified a 
reported stigma regarding late doses and how nurses 
attempted to avoid this stigma via workarounds. In rean-
alysing these studies, Novak et al29 identifies an issue with 
using BCMA compliance as a performance measure, 
finding that nurses withholding medication for a legiti-
mate reason were not able to communicate this, resulting 
in the feeling that they had done something wrong. 
One hospital punished non-compliance staff and used 
it as a performance measure, while the other provided 
continual coaching of staff with the emphasis on safety. 
Koppel et al7 suggest that it is not enough to tell staff to 
comply; rather, a constant evaluation of BCMA use is 
necessary to improve safety. Holden et al’s later study34 of 
nurses’ acceptance of BCMA found that nurses already 
dissatisfied with BCMA are unlikely to use it to its full 
capacity, only being compliant enough to achieve their 
goals. Patterson et al32 also found that policies, sanctions 
and training were unlikely to improve compliance if users 
felt that BCMA use jeopardised their ability to provide 
adequate patient care and achieve their goals. The 
increased use of workarounds during times of high work 
pressure reported by Van der Veen et al suggests that users 
perceive BCMA as being inefficient, only fully complying 
with the technology when they have time to do so.11

Safety
The main purpose of BCMA is to improve patient safety; 
the majority of studies included in this review did not 
focus on the safety benefits of BCMA but instead used 
human factors methods to establish the underlying 
causes of unintended consequences. Nonetheless, there 
is some evidence that BCMA has this intended effect; for 
example, Koppel et al analysed 307 698 BCMA alerts as 
well as focused observations, and found over 23 000 alerts 
that appeared to lead to the user changing their action.7 
However, these studies are unable to conclude that BCMA 
is safer, instead finding that BCMA has the potential to 

improve safety.20 27 28 The issue of improved safety with 
BCMA technology is complex, and simply having the 
technology does not make medication administration 
safer. Increased safety is context dependent, relying 
on numerous other factors. Rack et al31 found that the 
majority of nurses believed BCMA technology was safer 
but also reported numerous scenarios where they had to 
bypass the safety features to administer medication.

DISCUSSION
The aim of this literature review was to identify how 
human factors influenced the usability and adoption 
of BCMA use. Studies using a human factors approach 
revealed a mismatch between BCMA system design and 
the existing workflow, caused by poor system design, 
which led to poor user acceptance and the development 
workarounds which presented a safety risk to patients. A 
secondary objective was to describe how human factors 
related determinants for BCMA have been researched 
and reported by healthcare and human–computer inter-
action disciplines. However, it became apparent that the 
studies included could not easily be divided into these two 
disciplines. Instead, the use of a human factors approach 
yielded a wide range of narratives, differing time points, 
outcomes of interest and measures of success. Despite the 
variety of research focuses, the themes identified were 
largely complementary and most studies acknowledged 
how their area of interest was connected to and had 
consequences for, the overall themes. What does differ is 
the measures of success in terms of BCMA use. For those 
studying design, technologies which fit the existing work-
flow, address clinical demand and improve user situa-
tional awareness are considered successful.20 27 28 For those 
researching the safety consequences of workarounds, 
increased compliance with BCMA use, reduced work-
arounds and hence safer medication administration are 
markers of success.7 11 30–32 For users, increased efficiency 
was a priority,34 while implementers were concerned with 
user acceptance and appropriate use of the new BCMA 
system.29 While the measures of success differ, they are 
all clearly related; the voice missing from this research 
is that of designers themselves: there is a consensus that 
system designers do not fully understand user needs and 
this may be the cause of many of the reported issues; how 
this is shared with those designing the systems is less clear.

The themes of this review are broadly in line with 
previous systematic and scoping literature reviews exam-
ining BCMA use14 35 36; it differs by capturing diverse 
research focuses and outcomes of interest to represent 
multiple perspectives. Combined, these provide valuable 
insights into the successful use of BCMA from numerous 
actors within the process. The inclusion of human factors 
highlighted the many different research interests and 
measures of success regarding BCMA use. Some previous 
literature reviews focused on particular areas of BCMA 
use, such as safety or design.35 36 Others explored the 
connection between workarounds and safety, concluding 
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that BCMA has the capacity to reduce medication errors 
if used correctly.14 37 Voshall et al35 advocated improved 
compliance to realise the safety benefits of BCMA, while 
Hassink et al36 highlighted how system design, work-
flow mismatch and implementation strategies influence 
the safety of BCMA but noted that the studies reviewed 
often did not elaborate on how BCMA was implemented 
or how the workflow mismatch was addressed. Debono 
et al’s review14 focuses on workarounds and why nurses 
use them to achieve their goals; they consider the wider 
context of healthcare delivery and conclude that the 
nurses’ perspective must be understood to reduce work-
arounds and improve bedside care. More recent studies 
show that medication related factors, such as the time of 
the medication round and route of administration, and 
other factors, such as the barcode integrity, may also influ-
ence the likelihood of workarounds.11 38 By using human 
factors research to draw on many different voices within 
BCMA research, this review provides themes across a 
spectrum of activity for BCMA, from design to adoption.

By reviewing human factors studies which focus on 
system design, workflow mismatch, informatics and users, 
it becomes clearer how the identified themes relate 
to each other. The misalignment in system designed 
workflow and clinical workflow stems from designers 
not fully understanding the nature of work in the 
healthcare setting, as discussed by eight of the selected 
papers.19 26 27 29–31 33 The juxtaposition of complex tasks 
coupled with changing priorities seems to clash with 
the rigid, temporally focused BCMA design reported by 
several studies.27 28 31 33 The use of the five rights of medi-
cation administration was discussed by Novak et al and 
Rack et al,27 31 suggesting that its use as a guide for BCMA 
design results in an overly rigid system.

The ‘five rights’ check list which is designed for use 
by nurses at the point of medication administration is in 
practice applied with more flexibility than is acknowledge 
by BCMA system design. In reality, there are many occa-
sions when a nurse may have to reframe or rationalise one 
or more of the ‘five rights’, such as availability of stock, 
urgency of medication and patient access.28 There is an 
apparent assumption that a formulaic, stepwise BCMA 
system will lead to increased safety, but healthcare is 
complex, the ability to adapt to changing situations is 
essential and inflexible systems may clash with the nature 
of work39 and result in resistance, workarounds and 
increased safety risks.

Nurses are frequently required to reorganise their work 
to achieve quality care, often in response to factors beyond 
their control such as policy, organisational pressure, avail-
able technology and demand.27 40 An important part of 
the nurse’s role is to effectively manage these competing 
pressures and to advocate for their patients’ needs. 
This review found many examples of problem-solving 
behaviours in nurses.20 27 Overly prescriptive design in 
technology challenges nurses’ identity and role.14

Policies enforcing compliance with BCMA technology 
and disciplining non-compliant users was not found 

to be effective.32 The BCMA systems studied frequently 
reduced perceived efficiency, failed to make essential 
information available and reduced critical thinking and 
situational awareness.26 27 30 31 Poorly designed BCMA 
creates additional hurdles to patient care and bypassing 
the BCMA system could be perceived as justifiable if it is 
in the interests of the patient.33 However, the resulting 
workarounds circumvent the safety features of BCMA and 
expose the patient to increased risk of medication error. 
This conflict was evident in the literature reviewed: nurses 
agreed that BCMA use was safer but frequently encoun-
tered scenarios where they could not complete a task and 
use the BCMA technology correctly.31 Conversely, users 
can sometimes overestimate the risk reduction capability 
of BCMA, relying on the technology to identify an error 
rather than a combination of the technology and their 
own clinical judgement.31

Workarounds were witnessed in every observational 
study in the review, but the terminology used to describe 
them differed: from adaptive and problem-solving 
behaviours to deviations and errors.27 30 The use of 
different terminology surrounding workarounds implies 
either negative or positive attitudes towards them.14 In 
the studies presented, safety focused papers often exam-
ined workarounds as an adverse event risk, while design 
and usability focused papers often described them as 
unavoidable and even informative.28 Many of the papers 
were divided on the consequence of workarounds.9 
While the association between workarounds and medica-
tion errors is concerning, most studies acknowledge that 
workarounds are unavoidable when introducing a trans-
formative technology into an existing workflow, and it is 
poor design and implementation that make them prob-
lematic.7 30

Studies included in this review agree that many of the 
problems with BCMA use are rooted in designers not fully 
understanding the complexity of clinical work. Measures 
to manage these design mismatches include careful and 
long-term implementation strategies, organisational and 
technological structures which encourage correct BCMA 
use and close monitoring of workarounds. However, many 
of these strategies seem to be compensating for less than 
adequate design; how to redesign systems to better match 
clinical need is not really addressed and the designer 
perspective is absent from the studies reviewed. However, 
the differing findings and perspectives act as a powerful 
message that there is a greater need for close working 
throughout design and deployment for BCMA to achieve 
its recognised potential in improving patient safety.

Implications for clinicians and policy-makers
The literature identified many mediating factors and 
potential strategies for enhancing BCMA use for clini-
cians, policy-makers and users. An understanding of 
users’ perceptions of a new technology prior to imple-
mentation can be predictive of overall acceptance and 
can guide design.20 Employing staff who are trained 
to act as mediators to ease implementation and act as 
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a bridge between users and designers was found to be 
helpful by Novak et al.29 Ensuring that software and hard-
ware are appropriate for the environment and properly 
maintained to reduce frustration and mistrust in tech-
nology, along with appropriate staffing levels, require 
an organisational commitment and cannot be achieved 
by an individual nurse.11 31 Most studies recommended 
pre implementation evaluation and constant re-eval-
uation during the implementation phase with human 
factors frameworks to identify the causes of poor compli-
ance with technology and inform redesign of the BCMA 
system. Success is dependent on collaboration between 
designers, informatics experts, users and the organisation 
to prevent workarounds persisting and becoming risks 
to safety. It may be necessary to view BCMA (and other 
HIT) system vendors as long-term partners, establishing 
a good understanding of user needs, organisational capa-
bility and how usability issues will be addressed following 
implementation.

Recommendations for further research
As noted above, the designers of BCMA systems are rarely 
visible in the discourse around their implementation and 
use. Studies of workarounds tend not to question the 
details of specific BCMA design, but to focus more on 
the complexity of the broader system. Further research 
is needed to better understand how new technologies 
can be designed and safely implemented into complex 
healthcare settings. This review, along with others,14 35 36 
has made it clear that BCMA technology is a component 
within a complex system of medication administration. 
Further interdisciplinary research is needed to better 
understand how technology to support safer medica-
tion administration can be designed to accommodate 
the complexities of use while also supporting staff in 
managing that complexity. In parallel, it is important to 
improve both user experience and patient safety. Future 
research should also examine the long-term effects of 
BCMA, not just at the point of implementation but as use 
evolves over years, to evaluate whether its safety benefits 
are sustainable as the environment and users change.

Limitations and strengths
Most studies included in this review were small in sample 
size and conducted in the USA. They relied on qualita-
tive research methodologies such as observation, focus 
groups and surveys. Many of the studies triangulated their 
qualitative findings with quantitative data, such as BCMA 
compliance reports, to better understand what was being 
observed in practice and to make their findings more 
generalisable.

As this study particularly examined BCMA implementa-
tion with a human factors lens, many BCMA studies were 
excluded, resulting in only 11 papers being included in 
the final review. This has given a focused view of the avail-
able research including evidence from both healthcare 
and human–computer interaction perspectives.

The search strategy of this review was independently 
repeated by a second reviewer to reduce the risk of bias, 
and a good level of agreement was achieved.

CONCLUSION
This review found that successful BCMA use is eased by a 
clear understanding of existing workflow and user needs. 
Evaluation of BCMA technology pre, during and post-
implementation can help to identify workarounds and 
guide redesign, organisational commitment to under-
standing and resolving issues with BCMA acceptance 
and collaboration between users and system designers. 
Human factors principles can be used to understand 
causes of poor BCMA use and acceptance in the complex 
healthcare setting, and can unify the voices and experi-
ences of those using the technology. This should not just 
enable people to compensate for poor design but also 
guide system designers to improve system design and 
therefore patient safety.
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Eligibility criteria 

 

Inclusion 

 

1. Studies referring to both BCMA and human factors. 

2. Studies referring to usability and/or systems design and enabling and inhibiting 

factors to adoption of BCMA. 

3. Studies after April 2000. 

4. Primary studies which have been peer reviewed. 

 

 

Exclusion 

 

1. Studies not linking human factors to BCMA. 

2. Studies researching BCMA and medication errors without human factors. 

3. Literature published before April 2000. 

 

 

 

Information sources 

 

CINAHL, PubMed, Medline, google scholar. 

 

Search strategy and information sources 

 

Initial google scholar search of systematic reviews to refine key words using search terms: 

medication administration, BCMA, human factors, systematic reviews, resulted in limited 

reviews conducted using human factors to examine BCMA. Therefore, keywords were 

expanded to include the following. 

 

Keywords: 

 

1. Human factors, systems design, usability, usability testing, human computer 

interaction, HCI, unintended consequences, workarounds. 

2. BCMA, EHRS, electronic health record system, barcode medication administration, 

eMAR, electronic medication administration record, EPMA, electronic prescribing 

and medication administration, EPA, electronic prescribing and administration. 

3. Medication administration, medicines administration, drug administration. 

 

  

 

 

Search database 

 

Google scholar search to be conducting using keywords above and manually reviewing the 

findings, chaining citation lists from appropriate papers. 

CINAHL and PubMed searches also to be conducted in the following format: 
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administration, 

EPMA, electronic  

prescribing and 

medication 

administration 

3. 

 

Medication 

administration OR 

medicines 

administration OR 

drug 

administration 

“Medication 

administration” 

OR “medicines 

administration” 

OR “Drug 

administration” 

Medication 

administration 

OR medicines 

administration 

OR drug 

administration 

medication 

administration, 

medicines 

administration, drug 

administration 

 1 and 2 and 3 1 and 2 and 3 1 and 2 and 3 One search 
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