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(Abstract]  To ensure the introduction of a health information system ( HIS) is on track and will bring in the ex-
pected outcomes, it is essential to evaluate the critical success factors at every stage of the system introduction life cy-
cle. Based on comprehensive literature research and personal experience of evaluating HIS, the author proposes a
multi — method approach that incorporates both quantitative and qualitative research, conceptualized through the De-
Lone and McLean Information Systems Success Model. The advantage of this approach is not only identifying the fac-
tors impacting on implementation success, but also distinguishing the critical factors from the less important ones.
Thus it will facilitate management in prioritizing effort to address the key challenges at different stages of system intro-
duction. This evidence — based management decision support will reduce the failure rate and maximize the benefits of
HIS investment.
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1 Introduction

Although health information systems ( HIS) hold
the promise of improving patient safety, healthcare qual-
ity and efficiency, how do we know whether a particular
HIS introduced into a health care organization meets the
above expectations? Without evaluating the processes
and outcomes of HIS introduction, it is impossible to
validate whether the system’s promised outcomes have
been achieved. Therefore, an important area of health
informatics research is to evaluate the processes and out-
comes of introducing HIS in health care organizations.

As the introduction of HIS into healthcare organiza-
tions is a dynamic process, with diverse issues emerging
at various stages of system introduction, it is a challenge
to weigh the contribution of multiple factors and differ-
entiate the critical ones. As different stakeholders have
different expectations and needs from the system, what
information to gather from whom and how to gather that
information need to be carefully considered. Health care
organizations vary in size, culture, structure and poli-
tics; therefore the complexity of system introduction is
not comparable in different types and sizes of organiza-
tions. As each HIS is built on a specific type of technol-
ogy for specific functions, the exact impact of each sys-
tem on health care services needs to be carefully exam-
ined. From the process perspective, different challenges
may emerge at different stages of system introduction;
therefore, different questions should be asked and ad-
dressed by different research methods at different stages
of system introduction. The above challenges have in-
creased the difficulty for system evaluators to reach bal-
anced, evidence — based, comprehensive and accurate
conclusions.

A lack of unified methods and approaches for eval-
uating HIS has been a long — standing challenge for
health informatics researchers. To draw the attention of

health informatics researchers in China to the impor-
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tance of systematic, rigorous evaluation for the success-
ful introduction of HIS into health care organizations,
this paper discusses various methods and approaches to
evaluating HIS and suggests a holistic, multi — method

approach to HIS evaluation.

2 DelLone and McLean Information Sys-
tems Success Model provides an excellent
conceptual framework for evaluating the
success of HIS

2.1 The DelLone and McLean Information Sys-
tems Success Model (D&M IS Success Model)

Drawing on the research findings of a systematic
literature review of the publications on factors determi-
ning the success of information systems in organizations,
DelLone and McLean proposed their famous Information
Systems Success Model'"?. According to this model, in-
formation systems success can be conceptualized in six
dimensions ; system quality, information quality, system
use, user satisfaction, individual impact and organiza-
tional impact. Since its inception, the Delone and
McLean Information Systems Success Model (abbrevia-
ted as the D&M IS Success Model) has drawn broad at-
tention from information systems (IS) researchers in the
world, evidenced by 3082 citations of the original pa-
per'") according to Google Scholar.

In response to the shifting role of information sys-
tems departments towards information services, Del.one
and McLean added another dimension — service quality

) To increase the

— to the determinants of success
generalisability of the model, they collapsed the two de-
pendent variables; individual impact and organizational
impact, into one variable; net benefits. Therefore, the
reformulated D&M IS Success Model has six dimen-
sions: (1) system quality, (2) information quality,
(3) service quality, (4) user satisfaction, (5) use
and (6 ) net benefits. According to Delean and

McLean, use and user satisfaction are determined by in-
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formation quality, system quality and service quality,
besides their influences on each other; whereas use and
user satisfaction determine the net benefits of system in-
troduction. Conceivable net benefits will add to end us-
ers’ satisfaction and stimulate them to use the system

(see Figure 1).

2.2 The application of the D&M IS Success Mod-
el in evaluating HIS

A few health informatics researchers have applied
the D&M IS Success Model to identify and interpret the
critical factors determining HIS success. Golob et al”*’.
used the model to guide their evaluation of a prototype
electronic clinical information system in the surgical and
trauma intensive care unit in a hospital. van der Meij-
den et al'’ . classified the critical factors for the success
of inpatient clinical information systems drawn from 31
empirical studies into the six dimensions of the reformu-
lated D&M model. Their study suggests that the majority
of critical HIS success factors identified by the previous
researchers can be assigned to one or more of the six di-
mensions of the reformulated D&M IS Success Model.
Lehmann et al”’. adapted the model as a conceptual
framework to qualitatively interpret the critical factors
determining the success of a mobile bed management
system in a regional hospital in New Zealand. Jen et
al'® . used an augmented version of the D&M IS Suc-
cess Model to quantitatively measure a mobile patient
safety information system success in Taiwan. A ques-
tionnaire survey instrument has been developed and
used to collect nursing staff members’ perceptions about
the success of an electronic nursing documentation sys-
tem by the author according to the dimensions of the
D&M IS Success Model. However, increasing applica-
tion of the D&M IS Success Model to HIS evaluation is
yet to be promoted given the importance of evaluation
and the challenge in conducting it in large scale HIS in-

troduction projects.

Information Quality

Nel Benefits

System Quality

User Satisfaction

Service Quality

Fig. 1 The reformulated DeLone and McLean

Information System Success Model™

2.3 A need for multi — method approach to HIS e-

valuation

Although the D&M IS Success Model is able to pin-
point which factors determine the success of HIS, Lee
and Lings'”’ noticed the weakness of a model — based ap-
proach in interpreting why and how actions and conse-
quences relate to each other. It is commonly understood
by leading IS researchers that the introduction of IS in-
volves not only technical systems but also a significant
change in culture, politics and power that tie professional

®) It is an innovation

groups together in organizations
and learning process. Therefore, it is suggested that the
application of the D&M IS Success Model to empirical re-
search requires contextual knowledge, i. e., knowledge
about the social technical environment in which the IS

has been introduced > . As the context variable is not

included in the D&M IS Success Model, this has led to
the inability of the model to provide a satisfactory inter-
pretation about the failure cases for the inpatient clinical
information system implementation, as reported by van
der Meijden et al"*’. Obviously other evaluation methods
and approaches are needed to complement the D&M IS
Success Model in evaluating HIS success.

The leading scholars in health informatics research
believe that HIS is a social technical system that can on-
ly be fully understood by (1) technical and systems fea-
tures, (2) cost — benefit analysis, (3) user acceptance

9]

and (4) patient outcomes . Therefore, it is proposed

that multiple research methods are required in evalua-

- 17 -
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(9197 " These include health outcome

ting HIS success
and cost benefit analysis, critical incident logs, docu-
ment analysis, interviews, observations and surveys.
Longitudinal study designs can capture changes over
time; whereas formative evaluation, i. e., evaluating
on the run with system introduction, will allow the im-

provement of the system"”’.

3 A multi — method approach to evaluate
HIS success

3.1 Quantitative methods to evaluate HIS

success!'""!

Quantitative evaluation can provide hard evidence
to answer the questions about " what is going on" , "how
much changes have been made after the usage of the
HIS" ; thus is useful for understanding the processes
and outcomes of HIS introduction.

Questionnaire survey is a commonly used quantita-
tive evaluation method, although open — ended ques-
tions are more qualitatively oriented. A questionnaire
can be structured to measure each dimension of the
D&M IS Success Model. Organizational document audi-
ting gives direct evidence of the extent of change in vari-
ous indicators, such as health care diagnoses or treat-
ment or the level of occurrence of medical errors before
and after the adoption and use of a newly introduced
HIS. Direct observational studies provide objective meas-
urement on changes in health care work practices and
time health care workers spend on various activities.
Therefore, they are useful in measuring whether or not
the expected efficiency gain has been achieved by the in-
troduction of a particular HIS. Each evaluation method
will be described briefly in the following paragraphs.
3.1.1 Questionnaire survey Evaluating IS
success through a structured questionnaire survey is a
common method in IS research. The questionnaire sur-
vey is based on the assumption that users are best

placed to evaluate the fit of a particular technology that
.18 -

they have been using for their tasks''.

Its advantages
include ease of distribution to a large sample of partici-
pants and automated analysis of the results with statisti-
cal packages to provide quantitative results'™’. A self -
administered questionnaire is the proven best method for
measuring personal belief, perception and attitude. Both
cross sectional and longitudinal questionnaire surveys of
HIS can be conducted on end users to ascertain their
changing perceptions about the HIS. A cross sectional
survey can quantify end users’ perceptions about the per-
formance of the system at different sites; a longitudinal
survey can quantify the changes of end users’ perceptions
about each measurement item over time at one site.

3.1.2 Auditing
ments, such as medical records

organizational docu-
Auditing or-
ganizational documents, such as medical records, both
before and after the introduction of the HIS if the system
is an electronic health record system, is essential for the
objective measurement of change in record quality after
the introduction of the HIS. Both quantitative and quali-
tative auditing needs to be conducted. Quantitative au-
diting can give solid evidence about the changes in re-
cords about medical procedures, such as diagnosis or
treatment after the introduction of the electronic health
record ; it therefore, reflects the impact of HIS introduc-
tion on medical procedures. Qualitative auditing will re-
veal whether using the system will improve compliance
with the regulatory or organizational requirements.

Cross — sectional auditing amongst organizations,
sites or operational units will provide sound evidence a-
bout the differences in record quality across organiza-
tions, sites or operational units; whereas regular, longi-
tudinal auditing will uncover the longitudinal changes in
the quality of medical records at the same site.

3.1.3

Observational studies End users’
perceptions and opinions can be biased; therefore, an
objective observational study is required to validate the
changes in health care workers’ work practices and time

spent on tasks after the introduction of the HIS. Before
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conducting direct observation, a classification of work
activities needs to be developed and used as guidelines
for recording the work activities observed. There are two
types of observational studies: time — motion studies and
work sampling with direct observation study.

Time — motion study: A time — motion study is a
useful approach for gathering data about work related
activities. Time — motion sampling combines both the
observation and timing techniques. It requires the ob-
server to follow up the health care worker under study
throughout the observational period in order to record
the activities and time the staff member spends on the
various activities and the time spent on each activity.

The time — motion study is a challenging method
because it is human resource intensive; also, the be-
haviour of the health care worker under observation may
change due to the “Hawthorne effect’. As only one per-
son can be followed up in a particular observational pe-
riod, the number of health care workers who can be ob-
served is limited, thus the representativeness of the
study findings is compromised.

Work sampling: Work sampling has widely been
accepted and utilized as a credible method in measuring
time spent on an activity by health care staff such as nur-
ses, pharmacists and physicians. Work sampling exam-
ines particular activities being carried out by the study
participants. This is carried out by implementing obser-
vations on the whole team of study participants at random
intervals or equally spaced, observation intervals. Strate-
gies in the implementation of work sampling methods are
varied and they include observations, use of video cam-
eras and self —reporting. The original strategy ( observa-
tion) requires the use of trained observers who have al-
ready familiar with the work practices in the setting.

Work sampling with direct observation can objec-
tively measure any changes in work activities undertaken
by a whole team of health care workers in a specific
work unit using the HIS. It can validate whether the in-

troduction of the HIS has led to the improvement in effi-

ciency in completing work tasks that the system supports
or vice versa. Instead of an individual health care work-
er, the whole team is observed; therefore the ~Haw-
thorne effect’ is minimized. The method is also effective
in providing objective, relatively accurate measurements
of the proportions of time end users spend on different

work activities.

3.2 An ethnographic approach to evaluate HIS
success

Ethnography is a common research strategy in so-
cial sciences to gather empirical data to reveal the na-
ture of group, culture or societies. Ethnographic re-
searchers may immerse themselves in the group that they
study in order to obtain a “holistic’, full picture ahout
the group, culture or society.

The introduction of a HIS into a healthcare organi-
zation is an innovative process with success or failure
determined by the interplay of people, organization and
technology ; therefore, an ethnographic approach is use-
ful in holistically understanding the interplay and impact
of people, organization and technology on HIS success.
The methods for ethnographic data collection include in-
terviews or focus group discussion, questionnaires, par-
ticipant observation and document analysis. The follow-
ing sections briefly introduce the common methods for
ethnographic data collection for HIS evaluation.

3.2.1

sions

Interviews or focus group discus-
Interviews or focus group discussions with a
convenient sample of HIS end users at different levels of
the organization can be conducted concurrently with the
questionnaire survey. In — depth interviews and focus
group discussions will provide answers about why and
how actions and consequences relate to each other.
They will explain what is going on suggested by the
questionnaire survey, documentation auditing or direct
observational studies.

To acquire the best research outcomes from inter-

views or focus group discussions, the following issues

.19 .
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need to be considered. (1) To ensure the discussion
with the study participants is on track and will provide
answers to the research questions or lead to the identifi-
cation of key issues impact on HIS introduction, a de-
tailed interview or focus group discussion guide needs to
be developed before the field investigation. (2) An ad-
equate number and variety of stakeholders need to be in-
terviewed to ensure that the interview results truly repre-
sent the perceptions of the study population. A general
principle is that the sample size is saturated when no
new issues are raised by the interviewees. (3) To avoid
researcher bias, it is recommended that the interviews
are audio — recorded, then transcribed into Microsoft
Word documents for detailed content analysis. (4)
Content analysis need to be conducted systematically.
Constant comparison and categorization is required.
There are several software packages for systematic quali-
tative data analysis, such as QSR NVIVO.

3.2.2
tion methods

Other qualitative data collec-
Questionnarie survey, documenta-
tion auditing and observational study can be both quan-
titative and qualitative data collection methods, depen-
ding on the questions the method is designed to solve
and the structure of the instrument. Open — ended ques-
tionnaires are used to seek answers from the respondents
about particular issues or questions. It advantage is easy
to administer across a large population. As the answers
to the open — ended questions can be diverse, qualita-
tive content analysis needs to be conducted on the an-
swers, the same as for interviews and focus group dis-
cussions.

If the purpose of the observation is to understand
how health care workers work, what is the process they
follow to complete a particular task, instead of measur-
ing the amount of time spent on each activity, then the
observation is qualitative. Qualitative observation can
provide answers about how healthcare workers use the
system or work, what is the workflow that they follow to

complete a particular task.

.20 -

If the aim of the documentation analysis is to gather
information about how and why decision has been made,
whether a particular information exists or not, then the na-
ture of document analysis is qualitative, not quantitative.

The information gathered from the above quantita-
tive and ethnographic research, once triangulated, will
depict a holistic and accurate picture of what has hap-
pened, why and how and what is the direction for the
further evolution of the HIS. The rich information with
adequate granularity will form a solid evidence base for
the decision makers to justify their strategies and inter-
ventions for improving the performance of the HIS to
support organizational mission and vision. This will a-
gain manifest the essential role of HIS evaluation in en-
suring return on investment from the HIS at each stage

of system implementation and post — adoption evolution.

4 Conclusion

After justifying the importance of HIS evaluation,
this paper suggests the application of the D&M IS Suc-
cess Model as a conceptual framework for evaluating
HIS. The limitations of the D&M IS Success Model is
lacking the capacity to explain why and how actions and
consequences relate to each other, thus cannot lead to
comprehensive and accurate understanding about the
change processes for the introduction of HIS. Therefore,
a multi — method approach that incorporates both quanti-
tative and ethnographic methods, underpinned by the
D&M IS Success Model is suggested.

It is important for the success of HIS evaluation
that an evaluator triangulates the multiple methods and
the results to reach balanced, accurate and complete
findings about the processes and outcomes of HIS intro-
duction. Thus the common research methods for field
data collection and the research questions each method
addresses are briefly explained. Using the multi — meth-
od approach introduced in this paper will facilitate man-

agement in identifying and prioritizing effort to address
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the key challenges at different stages of system introduc-
tion; therefore will reduce the failure rate and maximize

the benefits of HIS investment.
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