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Abstract attitudes  before implementing the 2D bar-
Strac , ey ] coding technology or for continuous
User attitudes can help to identify practical improvement of the system
issues related to using a technology. The aim of ST
this study was to devebop and validate an . . R
instrument to assess aRtitudes of nursing and KWF ’wt;:s + 2D bar-code; Questionnaire
pharmacy staff on using 2D bar-code
technology in  dispensing and drug .
administration. The Technical Acceptance  LMiroduction
Model (TAM) was used as the basis for . ‘ _
developing the instrument. New items were Barcoding  technology helps healthcare
added to address areas more specific to 2D professionals to improve patient safety by
bar-code technology. All items were measured enabling verification of the five rights; right
using a five-point Likert scale. The validity and patient, right drug, right dose, right route and
psychometric properties of the instrument right time.'*** In the West, a patient
were assessed using responses from 46 health admitted to hospital is given a bar-code
care professionals (30 nursing and 16 identity wmqh he v!nn wear as a‘wnsth‘md
pharmacy staff). The resulting instrument throughout his hospital stay. All his medical
contained 26 items. Factor analysis extracted records including prescriptions and medicine
6 constructs that were not identical but labels will also bear the same bar-code identity.
generally conformed to the factors in the At prescribing, dispensing and
TAM. The six constructs measured ‘attitudes administration of medicines, the respective
of output and intention to use’, perceived healthare professional will cross-match the
usefulness’, ‘perceived ease of use’, ‘external barcode on the patient’s wristband with his
influences’, ‘job relevance’ and ‘perceived medical  records/prescription/medicines  to

adequacy of training’. The factor structure ensure comrect medicines are administered to
showed good comstruct validity. All the right patient, at the right time and dose.
correlations between hypothesised

construct and item were above 0.4 after However, problems can occur when people
adjusting for overlap. The instrument showed operate technologies, Users tend to bypass
good reliability with an overall Cronbach’s essential steps and find shorter or easier ways to
alpha of 0.86 and overall intra-class corrclation operate, if a technology is difficult to

of 0,89, A valid and reliable instrument to ~ use.”*"” Such workarounds ar¢ often

measure attitudes of pharmacy and nursing staff associated with medication etrore.® Benefits of
on using 2D bar<code technology was bar-code technology in medication safety can
developed as an extension of the TAM. This only be achieved if the technology is used
instrument may be used to assess user cotrectly. It has been shown that workarounds
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are minimal among users who have accepted
the technology and understoed its rolke m
improving patient safety.'®!' Perceptions of
bar-code users on using the technology is a
good way to understand their level of

acceptance.

There are only a few studies that assess
attitudes of bar-code users in the litcraturc.
The Medication Administration System -
Nurses Assessment of Satisfaction (MAS-
NAS) scale developed by Hurley et al. is used to
study the satisfaction levels of nurses who use
bar-code assisted medication administration
systems.'? It is an 18 ftem scale covering areas
related to tcam communication, efficicnt usc of
time, ease of carrying out five nghts of
medication administration, support for the
application of clinical judgment and straight
forward real- time documentation. Although,
the MAS- NAS scale is a validated instrument
it is highly specific to nurses who use bar-
code technology for drug administration. The
instrument cannot be used to assess attitudes of
healthcare professionals who are engaged i
other bar~code related processes such as bar-
code arded dispensmg, patient identification
and blood transfusion. Furthermore, ftems in
the MAS-NAS evaluate nurse satisfaction on
more specific, system level attributes rather
than general amitudes about the technology.
Wang et al used a six itemed questiommaire
to evaluate pharmacist attitudes on the use of
a 2D bar- coded prescription system but the
instrument only focused on efficiency and case
of use.” Currently, there is no valid instrument
to assess general attitudes of ail types of bar-
code users.
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Figare 1: The Technical Acceptance Modcl
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The Technical Acceptance Model (TAM) is a
robust and parsimonious mstrument widely
used to assess the acceptance levels of
informatien technology.'® The model states that
‘pereeived uscfulness’ defined as “cxtent to
which a person believes that using a system will
enhance 32is or her job performance” and
‘perceived case of use” defined as “extent to
which a person believes that using a system will
be free of effon”, of a technology are key
factors that determine the bebavioural intention
to usc. The modcl continues to explain that ail
other external factors that affect intent to use
are mediated through ‘perceived usefilness’
and ‘perecived casc of use’. ‘Perceived
usefulness’ is also mfluenced by ‘perceived
ease of use” because a system is more useful of
it is casier to use. TAM was later extended as
TAM 2 (Technical Acceptance Model 2) where
more atiributes such as subjective norm, job
refevance, voluntariness, quality of output and
results demonstrability were shown to directly
or indirectly contribute to user acceptance
(Figure 1)."

The TAM has also been extended to determine
acceptance levels in bealth informatics.'™!&!!
Alper ¢t al used the TAM to test the link
between rule violations and the ease of the drug
administration process.'” However, this is the
first time that TAM has been used to assess
genceral attiludes of bar- code users. Attitudes
of bar-code technology users can help to
determine the leve] of acceprance and possible
reasons for workarounds. TAM is a well
accepted model that explains the intention to
use of information technology and has ajso
been extended to assess the acceptance of other
kealth technologics.'* ¥ This study aims to
develop and validate an mstrament that is based
on the TAM. to assess anitudes of healthcare
professionsls who use 2D bar- code technology
for drug administrarton and  dispensing.
Specifically, we am to establish the factor
structure. and construct validity and reliability
of the mstrument.
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Methods
Thcstudmswereconductcdmoncofthc

fargest povernment hospitals under the
Hospital Authority of Hong Kong which is

also the teaching hospital of the University of

Hong Kong.

A stand-alone bar-code: assisted medication
administration system (BCMA jsystem) was
plennedtobemﬂmedmmmdmlwmﬂ
(12 beds; 8-9 nurses) in the study hospital

According to the planned project, presm'bmg_‘

information on hand-written prescriptions will
behansfmmdtothecnmputer,mbm- coded

dispensing labels will be printed and attached

onto eich drug item dispensed by the

pharmacy. Drugs that are dispensed by an:

‘Aumomated Dispensing Machine (ADM). will

be ere directly dispatched, with a 2I) bar-code

pmtedonthepackagmg At the bedside, the
nurse will match the bar-codes on drug
‘containers/packs with that of the pmem s bar-
coded wristband and the prescription in the
computer system, to confirm the accuracy ofthe

Ethical approval for the study was obtained
from the Institutional Review. Board of the
University of Hong Kong/Hospital Authority
of Hong Kong.

Development of questionnaire

A questionnaire was developed to assess the
attitudes of pharmacy and nursing staff. A
modified version of the Technical Assessment
Model (TAM) was used as a basic for
devcloping the instrument. As recommended.
by Churchill {1979) multiplc variables were
used to asscss cach construct.™ The initial
instrument included 44 items, where 9
variables were inchuded to  assess
demographics and 33 variables 1o assess
attitades. All demographic variables were
developed in-house. Twenty three variables
were adopted from Venkatesh et al's after
minor modification in wordings to better suit
the cumrent context. Twelve new variables,
more specific to the use of 2D bar- coding that

Volume 6, Issue 1

were not sddressed by Venkatash et al were

‘also developed. All variables represented a
total ‘of eight pre-specified: constructs'® and

two new constructs (Table 1). All itemz were
measured using & five point Likert scale
where *1” measured strong agreement and 5’
measured strong disagrecment.

Psychometric propertiéa of the instrument
The TAM has been previously validated and

‘used in the fields of information and health

technology. %1161 Since ftems adopted from
Venkatesh et al were slightly modified and
new variables were also added' further
validation of the cwrent mstrument was
needed,

_ Table 1: Pre-specified constructs assigned to
. varisbles before factor analysis and validation

Pre- specified constructNumber of variables
names in each construct

Perceived ease of uge”

Imzminnj to use®
Perceived usefillness®

Subjective norm*
Voluntariness*

Job relevance*

Quality of output*
Perceived adequacy of
Results denmnstrabdrty‘

Perceived suitability of
infrastructure? '

NN R N OGN N OE M

*Constructs sdopted from the Technical
Acceptance Model's
¥ Constructs that were newly developed

Face and content validity

The fice validity of an instrument will assess if

all items are clear, comprehensible and in
logical order.®™® The content validity will
assess the appropriateness of the content of
the instrument® Both face and content
validity were assessed by three healtheare
professionals in the fickds of pharmacy,
nursing and clinical pharmacology. All three
reviewers were well cxperienced and experts in

@4
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ther respective ficlds. Three demograpluc
variables on age, cducation and currcnt
employment  position were re-worded
followmg their comments.

The face and contert valideted instrument
was administered among the limited potentzal
2D bar-code users (study participants) in the
study hospital. All potential users of the 2D
barcode system in the proposed ward and
pharmacy of the study hospital were
mcluded This included 16 pharmacy staff
from the pharmacy and 30 masmg staff from
the ward proposed for implementing the
technology. All study participants had
completed tramning sessions on the use of this
technology but most had ro prior cxpericnee
using the 2D bar—code technology in drug
dispensing or drug administration. However,
all participants were experienced in using
limear bar-codes m patient identification.

Dimension reduction

Although the variables used in the instrument
had hypothesised constructs, the factor
strusture was re-assessed using exploratory
factor amalysis. The Principal Componcnts
method was used for extraction and an
orthogonal  rotation method (Vanmax
method) was wused for improving the
exploratory ability of the constructs.”’ As the
Eigen value states the total zmount of
variance cxplaincd by a construct. and Eigen
value >1 was used to decide the number of
meaningful constructs derived from factor
analysis.” Three criteria, the Kaiser-Meyer-
Olkin Measure of Sampling Adequacy
{(KMO) value, Bartleit's test of Sphericity and
commumalitics wcre obscrved to determine the
suniability of data for factor anmalysis. The
KMO value is an “effect size measure to
determune the suitabality of data for factor
gnalysis and should be at least greater than
0.6".7 The Bartilet's test of Sphericity. if
significant. will suggest that there is at least
ane statistically significant correlation among
the data and that the variables are not entirely
independen.® The communalities measure the
“amoun! of variance of a vanable e¢xplained
by all the constructs™ and should be greater
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than 0.6 1o perform a reliable factor analysis.®*
The factor loadings mdicate the “strength of
association between vanables and
constructs”® Variables that had factor
loadings of greater than 0.5 were used to
explain the comresponding construct. Factor
analysis was repeated after removing variables
that had poor comvergence until a satisfactory
convergemt  vakdity was obscrved. New
constructs were created in the database
according to the factor solution. This was done
by summing up the mean scores of variables in
cach construct to obtain composite scores. A
mean score for each construct was obtained by
dividing the composite score by the number
of variables in each construct.

Construct validity

Construct validity is to asscss “if vanables
measure what they are intended to measure”
.5 Construct validimy was measured in
terms of convergent and discriminant validity.

Convergent validity is defined as “multiple
attempts to define that construct are in
agreement” 2 That is to identify variables that
are correlated and measure a similar construct.
Three criteria were used to  assess  the
convergent validity. Firstly. cach variable in s
given construct should substantially and
linearly cormrelate (at least r>0.40) to the
composite score of the hypothesised construct
which is computed by summating the scores
of other vanables reiated to the same
construct cxcludmg the variable assessed
(that is adjusted for overlap).*" *’ Spearman’s
correlation was used to derive correlations.
Secondly, all variables grouped in one
construct  should have smmilar varable-
construct correlation valucs which indicate
that each varmable represents approximately
the same amount of information about the
given construct.” Thirdly, a variable should
correfate more strongly with the hypothesised
construct than with other constructs,” %% For
cach varizble 1n a construct. the correlation
between variable to hypothesised  construct
was comparcd with the corrclation of the
variable to other constructs. The number of
times the correlaion of “variable to
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hypothesised construct’ was greater than other -

carrelation vahies was presented a8 4
percentage of the totsl number of
comparisons within a construct?’ This
_proportion was termed as the scaling success of
the construct,

Discriminant validity is defined as the “the
degres to which variables differentinte among
constructs or measure distinct concepts”®
That i to measum the degree to  which
variables in ‘one construct are differentiated
from variables in other constructs. To assess
digeriminant  validity, loadings and cross
loadings of variables were compared. For good
discriminant validity, varizbles should load
{loadings) higher for their associated construct
than ‘the variables of other constructs {cross
badmgs} " Variable-construct - Spearman’s
correlations ‘were also compared. The
correlations  of vambies 10 hypothesised
mnmnctshnu]idbe stronger than correlation
with  other comstructs for
discriminant validity.?! ‘

{nternal consisteacy
szCronbachsalphawascaicuhtcdfor cach

construct. Cronbach’s alpha. is a measure of
reliability that will measure the proportion of
variability m responses of asurvey that is a
result of differences in. respondents. The value
ranges from 0 — | and wvalies closer to one
indicates better reliability’®*' High Cronbach's
alpha values will indicate that variances in the
responses are due to differences in opinions of
respondenis and not because the questions
are confusing or has multiple interpretations.

Intra~rater variability

The mtra~rater variability was measurcd
using the Intraclass Correlation Coefficient
{(ICC).™*  This procedure measures the
agreement of values within cases. That is w0
ensure that responses given by respondents
are repeatable if assessed again. The ICC
values ranges from -1 1o +1, and values greater
than 0.70 are considered as excellem. A
sample of eight pharmacists were given the
questionnaire 3-4 days apart. The ICC values
were computed using a ‘two- way mixed’

satisfactory

25
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model which assumes that people effects are
-rm:lommdthcm:ﬁmts ‘are fixed and
‘absolute agreement’ type.® Analysis was.
done at 95% confidence interval

Results

'Deteﬁphvednmcmim
46 participants' fock part in study which

included 30 mursing staff and 16 pharmacy
gtaff The descriptive characteristics of
respondents are showm in Table 2 which
includes gender, age ‘category, highest
education level, current enployment status at
study hospital, work experience and years of
experience in using a 2D bar-code system.
Pharmacy staff had more male representation

233)

while nursing staff had more fomale

representation. Age of all respondents ramged
from 21 to 50 years and ncarly 50% belonged to
the 31-40 years age category. Nearly 74% of
the participants were  graduates or
Postgmdwms and remaining had additional

training in their respective ficlds. The

pharmacy staff consisted of pharmacists,

semrdxspcnsersmddlspemsandthc
mursing staff consisted of nursing officers,

registered nurses and advanced pracncmg'

mirses. The work experience i therr
respective professions ranged from 10.0-30.0
years for pharmacy staff and 0.5-30.0 years
for nursing staff. While the pharmacy staff
claimed to have no prior experience, 23.3%
of the nurses said they had 1-3 years of
experience. i using 2D bar-coding
technology. As  stated previously, all
participants had training sessions on using
the 2D bar-coding technology and all
participants used linear bar-coding for patient
identification.

Factor structure

The initial factor analysis with 35 variables
showed an inadequate KMO value and poor
convergent validity for 9 variables (Q17, Q18,
Q22, Q27, Q33, Q37, Q42, Q43 and

Q44) which were then romoved from the
instrument. The factor annlys;s was  re-
performed with the remaining 26 wvariables
which included 18 variables adopted from
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Venkatesh et al and 8 oniginal variables (Table
3). The KMO value for the data analysed was
0.77, the Bartlent’s test for Sphericity was
significant and communalities for all variables.
cxcept onc variable (Q19) was greater than 0.6
(Table 3). These results confirmed that data
were suitable to perform a reliable factor
analysis.

Table 2;: Characteristics of participants who

responded 1o the questionnaire
Pharmacy Nursing

staff staff
Gender, %
Men 62.5 10.0
Women 37.5 90.0
Age category, %
21-30 12.5 36.7
31-40 §56.3 433
41 -50 313 16.7
Highest education level, %
Secondary school - 33
Marriculation/ - 3.3
Additional training  37.5 13.3
Graduate 500 46.7
Postgraduatc 12.5 333
Type of health care professional. %
Pharmacist 18.8 NA
Senior dispenser 18.8 NA
Dispenser 56.3 NA
Other 6.3 33
Nursing officer (NO) NA 10.0
Registered nurse (RN) NA 76.7
Advanced practicing NA 10.0
Number of years of experience at study
0~ 5 years 12.6 40.0
6~ 10 years 375 133
11 — 185 years 31.3 19.9
16 — 20 years 18.8 16.6
Above 20 years - 6.6
Previous yvears of expericoce in other
03 years 56.3 733
6= 10 years 377 19.9
11 =15 years - 6.6
16 =20 years 6.3 -
Experience in using 2D bar-coding
0 ycars 100.0 76.7
< | year - 6.6
-3 years - 16.6

NA: Not applicable or no available data

Volume 6, Issue 1

Factor analysis extracted six constructs with an
Eigen value greater >! that explained 77.5% of
variance in the originzl data. Factor loadings
showed that variables strongly loaded to only
onc of the 6 constructs (Table 4). However,
these constructs were not entirely similar to
the pre-specified copstructs Vanables that
were imended © measure ‘intention to use’,
‘quality of  output’ and ‘results
demonstrability’ converged together and was
renamed as ‘sttitude of output and untention to
use” (AOIL) in this smdy. The construct AQIU
was the most important construct as it
explained a largest portion of the total
variance (18.2%). The five variables that
mtended to assess ‘perccived uscfulness’ (PU)
strongly converged together representing the
second construct end explained 15.5% of the
total variance. [tems that mtended measure
‘perecived  case of use’ and  Cperceived
suitability of mifrastruchre’  converged
together and formed the third construct. As it
was decided that the vanables for ‘perceived
suitability of infrastructure” also assessed the
case of use, the third construct continucd to be
named as ‘perecived case of use’ (PEOU) and
explained 13.4% of the toctal vanance.
Variables that inzended to assess “subjective
norm’ and ‘volumariness’ strongly loaded to
make the fourth construct and was renamed as
‘external mflucnces” (EI). Vanables that were
mtended to measwe ‘job relevance’ (JR)
loaded strongly to the 5® construct and
vartiables intended to measure ‘perceived
adequacy of waming” (PAT) loaded to the 6®
factor. Constructs, ‘cxternal influences’, “job
relevance”  and  ‘perceived  adequacy  of
mammg’ explamed 11.3%, 9.9% and 9.0% of
the total vanance, respectively.

Construct validity

Table § shows the range of vanable
correlations with ther hypothesiscd construct
and the scaling success of each construct after
adjusting for overlap. All correlations were
greater than 0.4 and only varied slightly withm
a construct. The largest variance was only
0.004 ard was scen in the coastruct “perceived
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Table 3: Variables used in the final instrument and their communalities after factor analysis
No Variable pame Jnitial Extraction

Q10 Assuming that 1 have access to the 2D bar-coding system, | intend 0 1.00. 0.85

useitt
Q11 Given that | have access to the 2D-bar-coding system, [ predict 1.00: 0.86
that T would use it t- B ;
Q12 Using the 2D bar-coding system improves my pcrfm‘mmc in my job 100 0.78

QI3 Usmg the 2D bar-code system in my job increases my productivity }  1.00 0.80
Q14 Using the 2D bar-coding system enbiances my effectiveness in my 1.00. 0.79

Q15 find the 2D bar-coding system to be useful in my job ¢ '1.00 0.80
Q16 The 2D bar-coding system makes it easier to do my job* 1.00 0.76

Q19 My interaction (communication) with the 2D bar-codmg system'is 1.00 0.52
clear and understandable t

Q20 Interacting with the 2D bar-codmg gystem does not requiré a lot of  1.00. 0.87
my mental effort 1 .

Q21 I feel that the 2D bar-coding system is easy to use t 1.00 0.65

Q23 It is casy to become skillful at using the 2D bar-coding system * 1.00 0.75

Q24 The infrastructure is suitable for the use of the 2D bar—coding system  1.00 0.74

Q25 The 2D bar-coding system does not interfere with other systems i~ 1.00 0.73

~ my organisation®

Q26 The training [ obtained en using the 2D bar-coding system is 1.60 0.73

Q28 I willVdo not encounter technical problems when using the 2D 1.00 0.75
bar< coding system*

Q29 People who influence my behavior think that 1 should use the 2D 1.00 0.79
bar- codmg system

Q30 ?cople who are important to me think that I should use the systemt  1.00 0.79

Q31 My use of the 2D bar-coding system is compulsory t 1.00 0.72

Q32 My supervisor requires me to use the 2D bar-coding system 1.00 0.70

Q34 Inmy job, usage of the 2D bar-coding system is important + 1.00 0.88

Q35 In my job, usage of the 2D bar-coding system is relevant + 1.00 C.83

Q36 Patient safety in enhanced by the 2D bar-coding system* 1.00 0.66

Q38 The output I get from the 2D bar-coding system is always relevant *  1.00 085

Q39 The output | get from the 2D bar-coding system is always useful * 1.00 0.85

Q40 I believe I could communicate to others the consequences of using 1.00 0.82
the system ¥

Q41  The results of using the system are apparent to me ¥ 1.00 0.86

*New variables;t Varigbles adopted from the Technical Acceptance Model (TAM) after slight
modification™

27
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Al corrclations were significant. The scaling
success was 100% for all constructs except
two. The comelation of ome variable (Q25)
with the hypothesised construct (‘perceived
ease of use”), was not greater but equal to the
correlation with another construct (‘perceived
usefulness’). Therefore, the scaling success
for the construct ‘perceived ease of use” was
96.7%. Thc corrclation of the varablc Q29
with its hypothcsised construct (EI) was lower
than the correlation with another construct
(‘job relevance’) resulting in a drop in the
scaling success of the comstruct, ‘external
influences’ below 100%. However, all scaling
rates were nol less than 95%. These results
confirm satisfactory convergent validity
among the vaniables in each construct.

The loadings and cross loading of all variables
are shown in Table 4. All varisbles loaded
strongly to the hypothesised construct than
other variables did to the same construct (cross
loadings). Further, Spearman corrclations of
variables were stwunger for the hypothesised
construct (not adjusted for overlap) than with
other constructs and were all greater than 0.70
(Table 6). Hence, results show satisfactory
discriminant vahidity for the given factor
structure.

Internal consistency

A Cronbach’s alpha of greater than 0.7 is
known to rcflect good internal consistency.’!
The Cronbach’s alpha for all constructs were
0.7 or above (Table 7) mdicating good
internal consistency of the instrument.

Intra=rater variability

Tabk 8 shows the resubts of the testerctest
reliability of a sample of 8 participants who
responded 3-4 days apart. The overall Intra-
Class Correlation (ICC) was 0.89. The ICC for
each constuct ranged from (077 w 099,
excleding the construct “Job relevance’
which showed poor intra-rater variability
(1ICC=0.192).

Discussion

The instrument

Volume 6, Issue ]

Bar<ode techmelogy can reduce dispensing
and drug administration crors'®  but
sometimes users may violate procedures that
result in unintended or unanticipated errors. >
Understanding the reasons behind rule
violazions is useful for system improvement. A
validated instrument for assessing the attitudes
of 2D bar<ode users which msy be used
commonly on sursing and pharmacy staff was
devcloped. The mstrument 8 an cxtension of
the TAM'!® and assesses six dimensions;
attitudes of outpmt and intention to use,
perceived usefulness, perceived ease of use, job
relevance, extemal influences and perceived

adequacy of training.

The factor stucture. validity ard relabilty
Most of the vanables m the current mstnanent
were adopted frem the TAM with only shight
modifications to suit the current context The
TAM and the extended version, TAM 2, have
previpusly been thoroughly validated and used
in many parts of the world i the field of
information technology. Thus, the developed
mstrument was aleady based on a valid and
reliable mstrurrent. The rehiability and vahdity
of the curremt instrument was further
strengthened i this stedy. The instrument
included multiple variables to measure cach
constructs and demonstrated good internsl
comsistcncy and  satisfactory  test-retcst
reliability. The dimensions cxtracted from
factor analysis were not identical, but generally
conformed to the factors in the TAM. Vanables
that demonstrated “intention to use’, ‘results
demonsuability’ and “quality of output’
converged as cxpected but could not be
discruninated mto three factors as m the TAM.
It is not surprising as all three dimensions
address uscr’s clarity about the overall outcome
of using the technology and hence, their
intention to use. “Perceived ease of use’ was
merged  with  “perceived suitabilny  of
nfrastrucnure”, 25 the two may be linked to
infrastructural limitations and techmical-noise
which makes the 2D bar- coding system
difficult to use. *Subjective norm’ and
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Table 4: Factor loadings and cross loadings of variables in the 6 constructs extracted by factor
analysis

Construct loadings

AOIU  PU  PEOU EI JR _PAT
AORF1(Q11) 0.64 058 <006 0.18 023 015
AOIU2(QH) = 063 059 005 006 028 Ol
AOIU 3 (Q38) 0.74 02 oM 021 033 03
AORI4(Q39) 0.73 0.9 023 ¢12 037 028
AQHI S (Q41) 0.86 0.1 030 007 006 0.08
AOIU 6 (Q49) 0.83 029 0.6 013 001 -0.09
PUIQI2) 046 062 024 019 009 02
PU2{Q1Y) 0.02 272 048 002 022 003
PU3Q14) 0.21 074 027 0.21 014 024
PU4(Q15) 0.40 062 030 0.15 021 031
PU S (Q16) 025 063 044 009 026 016
PEOU 1 (Q19) 038 033 030 0om 007 0l
PEOU 2 (Q20) 0.08 038 0.80 028 0.0 006
PEOU 3 (Q21) 0.21 010 069 d60.16 029 009
PEOU 4 (Q23) 030 013 o058 029 031 034
PEOU 5 (Q24) 024 035 050 Q.17 0.10 0.52
PEOU 6 (Q25) 0.39 021 058 .12 0.10 043
El 1 (Q29) 0.34 030 020 0.59 806 D23
EI12(Q30) 0.05 026 0.15 2,83 0.02 0.03
E13(Q32) 0001 <017 003 @76 030 .05
E14(Q31) 0.25 010 .17 078 035 005
R 1(Q34) 0.15 042 015 024 07 015
JR 2 (Q35) 0.24 021 030 0.31 0.73 008
JR3I(Q36) 0.39 019 024 029 053 022
PAT 1{Q28) 015 0.i3 008 0.02 043 070
PAT 2(Q28) 0.03 014 008 002 001 085

AORU, attitude of output and intention to use; PU, perceived usefulness; PEOU, perceived ease of use; EL
external influences; JR, job relevance; PAT, perceived adequacy of traming

Table §: Spearman variable-construct correlations

Construct # of variables in each construct _Correlations” Varlance Scaling success rate’

AOCIU 6 0.83-0.76  0.001 100.0%
PU 5 0.80-0.64  0.004 100.0%
PEOU 6 0.69-0.60  0.001 96.7%
El 4 0.64—0.54  0.002 95.0%
R 3 0.82-0.71  0.003 100.0%
PAT 2 0.50 - _100.0%

* Spearman correlutions between variuble and hypothesised construct after adjusting for overlap; ¥ Scaling success is
achicved when the corrclation betwoen variableshypothesised congtruct is greater than the correlation between the
variable and other competing constracts. The scaling success rate is the parcentage of total nurmber Of compatisons for all
the variables in cach construet that were successful AOIU, artitude of cutput and intention to use; PU, perceived usclulness;
PEOU, perceived case of use; EI, external influences; IR, job relevance; PAT, perceived adequacy of training
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Table 6: Comparison of Spearman correlation between variable and hypothesised construct with
correlation between variable and competing construct (not adjusted for overlep)

Spearman correlations
AOIUPU PEOUEI JR PAT

AOTU 1 (QL1) 0.85* 0.60*0.38* 0.36*0.57%0.23
AOIU 2 (Q10) 0.85* 0.64%0.45* 0.38%0.63*0.28
AOIU 3 (Q38) 0.81* 0.43%0.52* 0.39%0.59*0.24
AOIU 4 (Q39) 0.87* 0.54*0.50* 0.34%0.65*0.36*
AOIU 5 (Q41) 0.85* 0.44*0.54® 026 0.50%0.22
AOIU 6 (Q40) 0.84* 0.49%0.44* 0.32°0.53%0.19
PU 1 (Q12) 0.65* 0.86%0.58* 029 0.55%0.38*
PU2(Q13) 0.35* 0.77%0.59* 0.13 0.42*028
PU 3 (Q14) 0.48* 0.86*0.55* 025 0.50*0.30*
PU 4 (Q15) 0.65* 0.87*0.65* 0.26 0.65*0.45*
PU 5 (Q16) 0.52* 0.8270.65* 0.19 0.54%0.36*
PEOU 1(Q19) 0.58* 0.59*0.78* 0.22 0.57*0.27
PEOU 2 (Q20) 0.27 054*0.77* -0.180.13 0.14
PEOU 3 (Q21) 0.46* 0.52*0.83* 0.32°0.47°0.26
PEOU 4 (Q23) 0.44* 0.49%0.76* 0.40%0.56*0.30*
PEOU 5 (Q24) 0.43* 0.62*0.74* 022 0.43%0.53*
PEOU 6 (Q25) 0.51* 0.63*0.72* 022 0.49*0.41*
EI'1 (Q29) 0.50* 0.49*0.41* 0.71*0.55%0.27
E12(Q30) 0.30* 0.33%029 0.76*0.43%0.14
E13(Q32) 0.14 -0.01 0.06 0.83%0.32°0.06
E14(Q31) 029 013 0.05 0.75%0.44%0.04
JR 1(Q34) 0.64* 0.59*0.43* 0.52°0.90* 0.40
JR 2(Q35) 0.57* 0.57*0.50* 0.55*0.90*0.31*
JR 3 (Q36) 0.56* 051*0.43* 0.37*0.88*0.23
PAT 1(Q26) 0.43* 0.40°0.41* 024 0.46%0.89*
PAT 2 (Q28) 0.12 028 024 002 0.09 0.81*
< Significamt at least P<0.05

AOIU, amtude of output and intentien to usc; PU, perecived uscfulnress; PEOUL percenved case of usc; EL
external influences: JR, job relevance; PAT, pereeived adequacy of training
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Table 7: Internal consistency of the constructs

Construct  Cronbach’s Varisble Corrected variable~  Cronbach’s alpha if

alpha Total correlation variabie deleted
AOIU 09 AOWU1 0.81 0.91
AOIU2 0.78 0.92
AOIU 3 0.79 092
AOIU 4 085 0.91
AOIU 5 0.76 0.92
AOIU 6 0.79 092
PU 09 PUI 0.80 0.90
PU2 %) 0.91
PU3 0.80 0.90
PU4 0.81 0.89
PUS 0.81 0.89
PEOU 09  PEOU1 0.65 0.84
PEOU 1 0.58 0.86
PEOU 2 0.64 0.85
PEOU 3 0.72 0.83
PEOU 4 0.71 0.84
PEOU § 0.70 0.83
El 08  EI 0.62 0.77
EI2 0.66 0.75
EI3 0.61 0.77
El4 0.65 0.76
IR 09 IR! 0.79 0.80
R2 0.81 0.80
R3 071 0.88
PAT 07 PAT1 0.52 N
PAT 2 0.52 .

AOIU, attitude of output and intention to usc; PU, percetved usefulness; PEOU, perceived ease of use; EI,
externn! influences; JR, job relevance; PAT, perceived adequacy of training
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Table 8: Intra~class correlations of constructs

Construct Interciass %%anf ence

correlation Lower Upper
AOTU 0.954 0.768 0.991
PU 0.937 0.674 0.987
PEOU 0774 -0.090 0.955
EI 0.991 0.995 0.998
IR 0.192 6219 0.8s1
PAT 0.753 =0.386 0.952
Total 0.894 0470 0.979

AOIU, attitude of output and intention to use; PU,
perceived uscfulness; PEQU, perccived case of
use; Bl external influences; JR, job relevance;
PAT, perceived adequacy of training

“voluntariness’ also combined together as all
relevant variables reflected external influences
on using the 2D bar- coding system. The
variables that assessed ‘perceived usefulness’,
‘job relevance’ and ‘perceived adequacy of
training’ were extracted with  excellent
convergent and discriminant validity as in the
TAM. For 2D bar-code users, ‘perceived
usefulness” explamned the usefulness of the
technology in enhancing user performance.

Applications of the instrument

Establishing a 2D bar=code system in a hospiial
is costly but a good investment™ if accepted
by users and comrectly used The developed
insrument may be used to gain a general
understanding of user amimdes  towards
thebar<ode system before tmplementation, so
that systems may be designed in a2 user-
friendly way. The instrument may also be
used as a wol for continuous improvement.
For example, decreased perceived usefulness
would indicate that ysers do not bepefit from
using the svstem b their daily work or
decreased perceived  ease of  use could
mdicate difficuitics in using the system. If such
ssues are identified and corrected. users will
ot look for workarounds. However, the
curtert  instrument does not assess specific
arcas of using the technology and therefore it
lacks the ability to identify the causes for

Led

(IS

Volume &, Issue 1

changes m attitudes. In contrast, the MAS-NAS
focus on specific details related to using bar-
codes in drug admmistration but it cannot be

used among other types of bar-code
technology users.'?**
Limitations of the study

There are some limitations to this study. The
instrument was only validated in one setting as
oppescd to multiple scttings which would have
mproved the  gencralisablity of  the
instrument. Secondly, the sample of responses
uscd in factor analysis is smaller than the
commonly acccpted norm in factor analysis.
However, cxperts arguc that common rules of
thumb rcgarding sample size per-sc is not
valid or useful in determining the suitability
of a data set for factor analysis.” They arguc
that, if all variables have high communalitics
(>0.6) and factors are well determined, the
cifect of small samplc size and other aspects of
design are greatly reduced amd a goed
recovery of population factors can be
achicved ™ In this study, all ecxcept one
vartable hed commmmalitics greater than 0.6
with a2 valid and relisble factor structure
suggesting that the small sample size would
have had minimum effects on our findings.
The validity and rcliability of this instrument
is further strengthened because most of the
variables are adapted from a previously
validated and widely used instrument
(TAM).™* A limited number of participants
stated that they had prior experience in using
the 2D bar<codc system while the majority
stated that they had no previous experience m
usmg this techmology. As responses from both
groups were anlysed together a cetain degree
of bias may be expected However, given the
smail sample size, separate analysis of the two
groups were not done. Besides as stated in the
methods section, all participants had prior
experince in using linear bar codes and all of
tham underwent 2 training on using the 2D
bar code system prior to administering the
tool

Another limuation is that correfation of the
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‘constructs and actual usage,ofthc system was .

not observed nor obtained as selfreported

‘estimates after implementing the technology.
Thus we' could not establish the' correlation .
between the constructs of the: instrument and

actual usage of the system.
Conclusion

Avahdandrehab]emsmmmtomeasum
aftitudes of pharmacy and mursing staff on
using 2D bawodetechnologywas developed as
-an extension of the TAM. This instrument may
be used to. Bssess user altimdes before
implementing the 2D bar-coding technology or
for continuous improvement of the system.
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