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Background and Moderating Effects
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ABSTRACT

In the last years, hospitals in Brazil have made significant invest-
ments in adopting and implementing new hospital information
system (HIS). Whether these investments will prove beneficial
for these organizations depends on the support that will be
provided to ensure the effective use of the information systems
(IS) implemented and also on the satisfaction of its users.

The purpose of this study is to propose a conceptual model,
appropriate for the intention to use HIS, by adopting the system,
service, and information qualities covered in the Information
System Success Model proposed by DeLone and Mclean.

In the present study, structural analysis applied to data from
a sample of 393 HIS users showed the variables service quality,
information quality, system quality and satisfaction to act as
antecedents of HIS success. A novel finding of the study was
the importance of the user’s aptitude with respect to computer
moderating the relationships of the model.

Managerial implications are provided accordingly. Sugges-
tions for introducing healthcare information system are then
provided as well.
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INTRODUCTION

For many decades now, managers in the healthcare sector
have tried to maximize the efficiency of hospitals without
reducing the quality of healthcare provided to patients. In
recent years, the problem has been exacerbated by insuffi-
cient public resources to meet an ever-increasing demand
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for healthcare service, which has in turn translated into a
greater demand for information systems.

Hospital information systems (HIS) have been defined
as the sociotechnical subsystems of a hospital, comprising
all information processing systems as well as the associated
human or technical actors in their respective information-
processing roles.? The HIS is designed to enable the
execution of patient-care-related hospital functions, such
as patient administration, hospital financial affairs, legal
affairs, etc. Therefore, an HIS is an integrated information
system that plays a key role in supporting hospital affairs
through the use of appropriate hospital information
technology.’

Hospitals, in Brazil, have received scant attention
as healthcare organizations from either policy makers
or researchers until recently.* Since the mid-1980s,
the development of health policy in Brazil has focused
on decentralizing service delivery, reducing financial
disparities and achieving universal access to basic care.
Issues of hospital performance, however defined, have been
left mainly to the individual facility.’

Although, planning and control processes in Brazilian
hospitals are accidental, involving more ad hoc actions
and a profusion of goals,® the use of HIS is spreading
more and more in public hospitals and, generally, in the
healthcare sector in Brazil. The HIS of Brazil’s Unified
National System (SUS), the only one of its kind in Brazil
with a national scope, is used to process payment for
hospital admissions in public hospitals and private hospitals
outsourced by the SUS, with the advantage of providing
diagnostic, demographic and geographic information for
each hospitalization.

It is widely accepted that the use of HIS offers huge
development prospects and opportunities, mainly in improve-
ments to the quality of patient care, increased staff efficiency
and effectiveness and a significant decrease in their opera-
tional expenditure.’

Although individual studies have suggested a positive
relationship between the level of IS investment and the
productivity of healthcare services,® the overall results of
IS investment profitability studies have been inconclusive.”
Therefore, a rigorous evaluation of the HIS is recommended
and the results of this could be of great importance for both
the current decision makers and the future users.
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Many different methodologies have been developed for
the evaluation of information systems, each one having
its own unique characteristics. However, no one approach
is considered as complete and generally applied for the
evaluation of HIS."

In the past, most researches on HIS were about the
planning and discussion of hospitals as an entire unit'!
or about the brief introduction of healthcare information
systems.'” However, there are few studies analyzing HIS
success from users point of view.>!?

The main purpose of this research is to determine whether
an IS instrument that is commonly used as a surrogate
measure for success, the Delone and McLean model,' can
be applied in HIS and assessing the psychometric properties
of a Brazil translation of the construct included in the D&M
model. This study propose an evaluation model appropriate
for HIS, in order to identify the cause and effect relation-
ships between the relevant factors affecting HIS success and
provide reference for hospitals to evaluate, improve and plan.

One of the principal novel contributions of the
present study is its inclusion of users’ aptitude for using
computer as a variable that moderate the value-satisfaction
relationship. In particular, the study tests for the first time
whether aptitude which have been extensively analyzed in

the literature"!’

may influence the relationship between
satisfaction and perceived quality.

The rest of the article is structured as follows. The
following section discusses the IS success literature. The
next section presents the hypotheses and the proposed
model. Then the model’s hypotheses are tested, followed by
a discussion of the results and the principal implications for

competitive strategies in the hospital sector.

Conceptual Framework

The role of IS in organizations has changed dramatically
in the last decades, as have the key stakeholders and the
expected benefits of the investments in IS. During this
period, IS research has evolved to keep pace with the
changing expectations regarding the success of IS.'®

Many models were used to measure the success of diffe-
rent types of IS. However, we acknowledge that it is not
easy to define the success of any IS since there are different
stakeholders who assess IS success in an organization and
each group assesses success from its perspective.'”

In 1992, DeLone and McLean (D&M)™ proposed a
taxonomy of IS success consisting of six variables: System
Quality, Information Quality, Use, User Satisfaction,
Individual Impact and Organizational Impact. This model
assumes that the quality of the system and the quality of
the information, individually and/or in concert, affect the
use and satisfaction of the user; it also considers that usage

and user satisfaction are interdependent. It proposes that
usage and user satisfaction affect the managers’ individual
behavior, which, in turn, affects the behavior of the
organization, i.e. the organizational performance.'*

Some authors? argue that it is necessary to include IS
service quality in the D&M model, and assert that system,
information and service quality together have an impact on
IS use and user satisfaction. Referring to these argument?!
proposed a revision of the D&M model, by adding the
dimension of service quality. Information, system and
service quality may separately or simultaneously affect the
two interrelated dimensions of IS use and user satisfaction
while these two dimensions directly affect net benefits.

Previous studies?” have conducted literature reviews to
examine if the results of empirical studies supported the
relationships posited by the original success model. These
reviews revealed that some relationships in the model had
consistently received support while others have received
only mixed support (some found significant results while
others did not).

Seddon and Kiew (2007)** modified the construct,
use, because they conjectured that the underlying success
construct that researchers have been trying to tap is
usefulness not use. Seddon and Kiew’s concept of usefulness
is equivalent to the idea of perceived usefulness in TAM by
Davis.?* We agree with them that, for voluntary systems,
use is an appropriate measure; however, if system use is
mandatory, usefulness is a better measure of IS success
than use.

The D&M IS success model was used by many studies
to evaluate the success of various types of IS, such as
web portals,'” government to citizen (G2C) e-government
systems,?> e-commerce,?® knowledge management,”’ etc.

However, there is little research on the use of D&M IS
success model to assess IS hospital success in improving job
performance and especially in developing countries. In the
hospital sector, several theoretically based models of HIS
success (with success defined from the user’s perspective)
provide empirical support that specific elements can predict
successful systems.”?*32 In a recent study,™ reviews the
electronic health information system (EHIS) models,
identifying 21 health and 5 nonhealth models.

Proposed Model and Hypothesis

Based on a review of the IS success literature, we propose
a structural model that relates service quality, infor-
mation quality and system quality with user satisfaction
and perceived usefulness. In this model, service quality,
information quality and system quality have both a direct
effect on perceived usefulness and an indirect effect through
satisfaction. We include one moderating variable of the
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service quality and satisfaction relationship aptitude for
technology use (Fig. 1). In the following paragraphs, we
examine each of the variables included in the model, and
the relationships between them.

Service Quality

Service quality is related to the quality of the support
that system users receive from the IS department and IT
support personnel. For example: responsiveness, accuracy,
reliability, technical competence and empathy of the
personnel staff.>*

The seminal work on service quality is that of>> which
culminated in the development of the SERVQUAL scale.
Cronin and Taylor (1992)*® presented the SERVPERF
instrument, which measures only customer perception of
quality, as a sufficient measure of value. Although, there is
a debate on the validity of SERVQUAL as a service quality
measure,>*3’ Jiang et al (2002) found that SERVQUAL is
indeed a satisfactory instrument for measuring IS service
quality. In the present study, service quality was measured
by 5 formative indicators: reliability, responsiveness,
assurance, tangibles and empathy, adopted from Pitt, Watson
and Kavan (1995).%°

Several studies have examined the relationship between
service quality, user satisfaction and usefulness**** how-
ever, the findings of these studies suggest mixed support
for this relationship, probably, because researchers have
measured service quality using multiple methods.>*

HI: Service quality positively influences user satisfac-
tion with hospital IS.

H?2: Service quality positively influences perceived
usefulness of a hospital IS.

Information Quality

Information quality is concerned with the desirable char-
acteristics of the system outputs, for example: relevance,

Fig. 1: General scheme of the investigation

understandability, accuracy, conciseness, completeness,
understandability, currency, timeliness and usability.'®

Information quality measurement is problematic for IS
success studies, indeed in several studies this dimension is
not distinguished as a unique construct but is measured as a
component of user satisfaction.* However, several authors
have developed generic scale of information quality using
the literature that is relevant to the type of information
system under study.**** Our construct is comparable to
those used by previous researchers.

The relationship between information quality and user
satisfaction is strongly supported in the literature.?’**
Studies have found a consistent relationship between
information quality and user satisfaction at the individual
unit of analysis.'

Several studies have analyzed the relationship between
information quality and usefulness, suggesting that higher
information quality implies higher usefulness.*+*6

Based on this, We hypothesized in this study that: H3 —
information quality positively influences user satisfaction
with hospital IS; H4 — information quality positively
influences perceived usefulness of a hospital IS.

System Quality

System quality is concerned with whether or not there are
‘bugs’ in the system, the consistency of the user interface,
ease of use, response rates in interactive systems, docu-
mentation and sometimes, quality and maintainability of
the program code.?

Many studies that measure system quality as perceived
ease of use have found positive relationships with behavioral
intentions to use the system.**%

Based on the above, a positive relationship between
system quality and perceived usefulness is hypothesized
in this study.

H5: System quality positively influences perceived
usefulness of a hospital IS.

At the individual level of analysis, there is also strong
support for the relationship between ‘system quality’ and
‘user satisfaction’.* System quality was found to be strongly
related to user satisfaction.?”**>* Based on previous research
that found a strong support for the positive relationship bet-
ween ‘system quality’ and ‘user satisfaction’, it is assumed
that higher system quality of hospital IS leads to higher user
satisfaction in the context of this research.

Ho6: System quality positively influences user satisfac-
tion with hospital IS.

Satisfaction and Usefulness

The most widely used user satisfaction instruments End-
User Computing Support (EUCS)! and User Information
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Satisfaction (UIS)*? contain items related to system quality,
information quality, and service quality, rather than only
measuring overall user satisfaction with the system. Because
of this, some researchers” have chosen use a semantic
differential scale. These authors proposed the four-item
instrument used in our study that attempts to measure user
satisfaction directly.

Usefulness is the degree to which a person believes
that using a particular system would enhance his or her job
performance. Seddon and Kiew (2007)** suggest that there
is a two-way causal relationship between usefulness and
satisfaction derived from the relationship between use and
satisfaction proposed in the D&M model. However, while
user satisfaction has been widely used as a surrogate for
systems performance and IS success, critics have questioned
its general applicability because of poor instruments that
have been developed to measure satisfaction.>

Following previous research?>> and considering that the
Hospital IS use is mandatory and not voluntary, usefulness
is a better measure of IS success than use. We measure this
construct using the four item scale suggested by Seddon and
Kiew (2007). Therefore, we hypothesize:

H7: User satisfaction positively influences hospital IS
usefulness.

Aptitude for the Use of Computers

Aptitude for the use of computers refers to the set of
knowledge and skills that enable individuals to function
effectively with a computer. Scales to measure this concept
have arisen in last decades such as the Computer Self Efficacy
(CSE) scale®* which was subsequently redesigned.*>’
In the present study, we updated the 17-item CSE scale,
eliminating some of the items that are no longer relevant in
view of the technology advances in the in recent years. The
result was a construct measured using 12 items.

We consider that the aptitude for the use of Internet
can be a moderating variable of the relationship between
service quality and satisfaction given that users with greater
technology knowledge and skills might value more highly
the quality of the service they receive, and will base their
degree of satisfaction with the IS on this valuation. We hence
posit the following hypothesis:

HS: A user’s aptitude for computer moderates the relation-
ship between service quality and satisfaction.

Object of Study and Sample

Data for our study were collected using a questionnaire
survey administered in 5 university hospital in the Northeast
region of Brazil during the year 2012. Since the purpose of
our inquiry is to explore hospital information systems user

satisfaction, we designed a survey to acquire information
from those users. Before starting the study, we conducted
a pretest consisting of interviews with hospital IS users and
market research experts to ensure the relevance and clarity
of the questionnaire. We obtained 393 correctly completed
questionnaires. The technical specifications of the study
are given in Table 1.

We assessed potential nonresponse bias by comparing
the early vs late respondents. They were compared on several
demographic characteristics. The t-test and chi-square
analysis were used to examine the distributions between
these two data sets. The results indicated that there are no
statistically significant differences. This suggested that
nonresponse bias was not a serious concern.

Data Analysis and Results

A structural equation analysis can be performed using two
types of statistical techniques: methods based on the analysis
of covariance (e.g. the analyses performed with the statistical
program LISREL), and methods based on variance and its
components (also known as partial least squares or PLS).

Following an analysis of the different methodological
criteria distinguishing these two options, we chose to apply
the PLS method using the program Smart PLS. The reasons
were that this method is oriented at prediction, and allows
one to easily incorporate formative latent variables, such
as service quality.

The PLS technique is based on an combination of
principal component analysis and regression analysis, with
the main aim of explaining the variance of the constructs of
the model.*® Thus, the path coefficients and factor loadings
of the items are estimated simultaneously in the context of
the proposed model, thereby avoiding bias and inconsistency
in the estimation of the parameters, allowing the interactions
to be checked, and reducing the type II error.>

The measurement model was analyzed taking into
account the reliability of the individual items and the
discriminant validity of the constructs.®® The item reliability
of a reflective item was assessed by its factor loading onto
the underlying construct. Hair et al®' suggested that an item
is significant if its factor loading is greater than 0.50. As
shown in Table 2, the factor loadings of all reflective items
in the measure ranged from 0.6 to 0.883. This exceeds

Table 1: Technical details of the study

Universe 43.873 Hospital IS users
North-east region in Brazil

Geographical scope Brazil

Data acquisition method Survey

Sampling type
Sample size
Fieldwork

Stratified random sampling
393 individuals
January 2012
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the threshold set by (Hair et al, 2009) and demonstrates
convergent validity at the item level.

The reliability of the constructs was determined by
analyzing the composite reliability.®> One observes in Table
2 that the constructs were found to be reliable since the
composite reliability exceeded 0.8.°> Moreover, the values
of the average variance extracted (AVE) were greater than
0.5, indicating the convergent validity of the model.%?

A construct has discriminant validity if its AVE is
greater than the square of the correlations of this construct
with the others.®? One observes in Table 3 that this criterion
is satisfied for the discriminant validity of our model.

Figure 2 shows the results of the estimation of the
structural model. The arrows indicate the causal order, the
number beside each arrow is the corresponding standardized
path coefficient, and in parentheses is the product of the
standardized path coefficient and the correlation coefficient
between the two constructs expressed as a percentage.®
A bootstrap resampling technique, considering 500

Table 2: Evaluation of the measurement model

Construct Factor Cronbach’s Composite AVE

loading/ Alpha reliability
weights (Pc)

Service quality N/A N/A N/A

SQ2 0.374

SQ3 0.347

SQ4 0.627

Information 0.752 0.827 0.446

quality

1Q1 0.740

1Q2 0.619

1Q3 0.633

1Q4 0.734

1Q5 0.668

1Q6 0.600

System quality 0.828 0.880 0.596

SQ1 0.809

SQ2 0.656

SQ3 0.789

SQ4 0.814

SQ5 0.780

User 0.863 0.907 0.708

satisfaction

Sat1 0.867

Sat2 0.867

Sat3 0.834

Sat4 0.797

Perceived 0.893 0.919 0.656

usefulness

Use1 0.679

Use2 0.883

Use3 0.877

Use4 0.834

Useb5 0.803

Use6 0.764

subsamples, was used to determine the values of the
t-test, and thus verify the significance of the causal order
relationships.

The figure also shows the values of the Stone-Geisser Q?
test of predictive relevance. That they are all positive guar-
antees the predictive relevance of the model. Satisfaction
is the latent variable that most contributes to explaining IS
Perceived Usefulness, followed by the variables information
quality and service quality. Overall, 47.2% of the variance
of the variable Perceived Usefulness is explained by the
other latent variables in the model. Satisfaction is explained
principally by information quality, but is also significantly
related to the variable system quality, confirming the first
seven hypotheses of the model.

Moderating Effect of the Aptitude

The moderating effect of the aptitude with respect to
technology were tested following the multi-group analysis
procedure suggested by Chain (2000),%> which has been
used by various authors.®®®’ In this procedure, a Student’s
t-test is calculated using Equation 1. This equation is derived
from a Student’s t distribution with m + n — 2° of freedom,
where Sp (Equation 2) is a pooled estimator for the variance
of the standard errors, m and n are the sample sizes of each
group (in this case 2), and SE is the standard error of each
path coefficient of the structural model for each group. In
the present case, the two groups were selected previously
using a k-means cluster analysis (k = 2).

Equation 1: t = BB
S i+i
Nm m
12 12
Equation 2: §, = (m =1 SE? + (n-1) SE;
r m+n-—2 m+n-—2

The test results (Table 4) showed that the differences
between the two groups are significant for the variable
aptitude, thus confirming the initial hypothesis (HS).

. Service

C qualty 0.190™

0.228*
(10.5%)

 aqualty

Fig. 2: Results of the structural model
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Table 3: Discriminant validity

Construct Service quality Information quality =~ System quality Satisfaction Perceived
usefulness

Service quality NA

Information quality 0.503 0.668

System quality 0.278 0.485 0.702

Satisfaction 0.375 0.582 0.460 0.842

Perceived usefulness 0.470 0.596 0.434 0.578 0.810

Note: The diagonal elements are the square root of the AVE

Table 4: Moderating effect of the variable aptitude with respect
to technology on the relationship between service quality and
satisfaction

Sp Ba-Bb T
0.0639 0.220 33.831

Hypothesis
Confirmed

Aptitude
(H8)

Therefore, in the present case, the variable aptitude mode
rates the relationship between service quality and satis-
faction.

Conclusions and Implications

This study was conducted to empirically investigate issues
that might be related to the key determinants of HIS success,
to extend the generalizability of the D and M model by asse-
ssing the psychometric properties of a Brazil translation of
the model and, finally, to provide additional insights into
end-user satisfaction and usefulness by considering aptitude
as moderator in the service quality-satisfaction relationship.

The findings indicate that the D and M model proposed is
a valid and reliable instrument that can be used confidently
by researchers in Brazil and elsewhere. However, a better
understanding of the factors that can influence user satis-
faction and HIS success needs to be developed in order for
HIS applications to be used effectively. This study advances
previous research by testing the moderator effect of attitude
in the service quality-satisfaction relationship.

It represents the first comprehensive examination of D
and M model in Brazil using multiple informant responses
from end-users of HIS applications. Consistent with findings
from several previous studies, the D and M model has been
shown to be a valid predictor of IS success. Although the
psychometric properties of the model appear to be robust
across studies, continuing efforts should be made to validate
and extend the proposed model.

Our study shows that the D and M model may be used to
evaluate hospital information systems. The model provides
not only an overall assessment of end-user satisfaction
and usefulness but also the capability to identify the most
problematic aspects of HIS implementation efforts. The
magnitude of path coefficients provides useful insights
into the relative importance of each subscale of the D
and M model and, thus, the major areas of satisfaction or
dissatisfaction with the use of a given HIS. Managers could

focus on these factors as significant contributors to overall
satisfaction to improve HIS system effectiveness.

The study proves that service quality of the HIS posi-
tively influences users’ perceived usefulness, supporting
H2. In addition, service quality also has a positive influence
on users’ satisfaction, supporting H1. When users feel more
satisfied with the service quality of the HIS, their satisfaction
and perceived usefulness will be higher. Therefore, hospitals
should not only focus on these influential forces during the
system introduction period, but also continuously improve
their service qualities. All of these affect users’ feelings
about the information system. By continuously enhancing
its service qualities, the system would be able to reach its
potential full performance.

Further, information quality directly and indirectly posi-
tively affects IS success (H3 and H4), thus indicating that an
increase in the quality of the information leads to an increase
in user satisfaction and IS usefulness. The result is in line
with previous studies. When the user’s attitude toward the
information quality is more positive, the perceived useful-
ness of information will be higher. As a result, this study
asserts that while introducing HIS, we should emphasize the
following aspects: making sufficient information available,
having good interface design and ensuring on-time updating
of information on the system.

System quality directly and indirectly contributes signi-
ficantly to the observed explanatory power of HIS success
(H5 and H6), thus implying that an increase in the quality of
the system leads to an increase in HIS success. System quality
incorporates system ease of use, speed, documentation,
user interface and training. Thus, a net positive effect from
these factors will result in a positive effect on HIS success.

The results also underline the need to design highly
effective user documentation and provide additional and
continuing training to end-users. Creating a supportive
environment responsive to end-user concerns and needs,
and working collaboratively with end-users in utilizing
new software applications, can yield long-term benefits and
increase the system’s use and effectiveness. Technical diffi-
culties, such as bugs in the software, problems interfacing
with existing systems, system speed and hardware difficulties,
can lead to increased user frustration and lower user
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satisfaction. End-user computing satisfaction may be used
to signal to management such mismatches and difficulties.

Although this study makes significant contributions to
both academia and practice, there are several limitations
which open up venues for further research. Firstly, its
sample size is rather small, since only a particular subject
group, the hospital personnel of 5 hospitals in Brazil who
interact directly with the HIS, was targeted. In addition, only
Brazilian University Hospitals were selected as samples to
develop and test the proposed model. Future studies should
further develop the proposed model and verify the proposed
model with broader samples, such as medical centers, private
hospitals and clinics.

Secondly, there are several factors not discussed that
may influence the constructs in the proposed model. For
example, speed of response may influence service quality,
perceived ease of use may influence satisfaction, etc.

In addition, our research results can help planners and
managers understand key considerations affecting HIS
development and use, and may be used as a reference for
system design, development and implementation. Although
this study clearly demonstrates the antecedent role of
service quality, information quality and system quality, it is
important to identify additional variables that can improve
our ability to more accurately predict HIS success by
incorporating various perspectives from multidisciplinary
personnel.
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APPENDIX

Service Quality

HIS is easy to use.

HIS is user friendly.

Compared to other computer software, HIS is easy to learn.
I find it easy to get HIS to do what I want it to do.
It is easy for me to become skilful at using HIS.
Information Quality

HIS provide sufficient information

HIS provide the precise information you need
HIS provide accurate information

HIS provide up-to-date information

HIS provide reports in a useful format

HIS provide clear information

System Quality

HIS employees give prompt service to users

HIS has users’ best interests at heart

HIS has up-to-date hardware and software

HIS is dependable

HIS employees have the knowledge to do their job well

User Satisfaction

HIS meets adequately my information processing needs

HIS is efficient

HIS is effective

Overall, I am satisfied with HIS

Perceived Usefulness

Using HIS in my job enables me to accomplish my tasks more quickly.
Using HIS improves my job performance.

Using HIS in my job increases my productivity.

Using HIS makes it easier to do my job.

Overall, I find HIS useful to my job.

Aptitude for Using Computer

I feel that I have a special talent using computers.

I could solve any problem with a computer.

I know what to do when a new situation appear in my computer.

I feel that I am quite capable to use any word processor

I am afraid of make a mistake when using my computer

I feel that I am quite capable of creating a Web page.

I feel that I am quite capable of downloading files from another
computer.

I feel that I am quite capable of making a purchase on the Internet.
[ feel that I am quite capable of interacting in a social network.

I feel that I am quite capable of filing my tax return or doing some
legal paperwork with a Government Administration over the Internet.
I feel that I am quite capable of finding information on the World
Wide Web.

I feel that I am quite capable of changing the configuration of my
operation system.
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