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Summary
Background

In 1995 the National Department of Health (NDOH) established a National Committee to
develop a National Health Information System Strategy for South Africa (NHIS/SA). The
committee was made up of members from each of the nine provinces. The objective of the
NHIS/SA was to provide management information for managers and health workers. The
committee identified patient care and financial information systems as crucial for health care

management in the country.

As a response to national strategy and in recognition of provincial need, in 1998 the Northern
Province started to implement an integrated computerised Hospital Information System (HIS)
in its 42 hospitals. The decision to implement HIS in this province coincided with the
provincial need to restructure services, which involved shifting resources from tertiary and
secondary care levels to the primary care level. Hospital Information System (HIS) was one of

the restructuring strategies in the Northern province.

The two main objectives of the HIS were as follows:

- Improve patient care by providing patient information within and between hospitals.

- Improve health system management in general, beyond patient care.

Establishing an Evaluation Programme

In view of the considerable expenditure and importance of implementing HIS for provincial
as well as national health care services, it was important to evaluate implementation of HIS.
The aim of the study was to assess how the HIS had met its objectives and to provide lessons

that can be learned from this evaluation process.

Objective of the study

- to assess the efficiency and effectiveness of HIS



Research Methodology

An evaluation framework was designed through a series of multidisciplinary workshops that
included all relevant stakeholders. The framework contained qualitative and quantitative
components that provided both formative and summative elements of the evaluation.

The evaluation was designed as a Randomised Control Trial (RCT). Twenty four hospitals
were selected and divided into two groups of twelve hospitals each; an experimental and a
control group. The ‘control hospitals’ were to receive the information system after the
‘experimental hospitals’, thereby providing a period across which to compare the two. The
Investigator, the research assistant and the research co-ordinator were blinded to control bias
in data collection. Both quantitative and qualitative methods were used in collecting data.
Because of problems beyond the researchers’ control the study changed from RCT to a Before
and After control group design. Also, the experimental group was reduced to 8 hospitals
thereby increasing the control groups size to 15. The overall aim of the qualitative component
of the study was to explain the processes leading to outcome indicators such that it would
compliment the quantitative component of the study. HIS successes and failures would be
assessed by considering the objectives set prior to implementation. The study was conducted
over sixth months of HIS implementation. Data were collected before as baseline and for sixth

months after implementation.

Outcome Variables used in HIS Evaluation

The following were final variables used to evaluate HIS:

1. Median Time Outpatients spend at hospital.

This is an overall indicator of the efficiency of outpatients, as well assessing some aspects of
effective transfer between clinics within the hospital.

2. Length of Stay.

This is an indicator of administrative efficiency and clinical effectiveness.

3. Bed Occupancy.
This an indicator of bed utilisation, administrative efficiency and clinical effectiveness
4. Number of drug prescriptions per patient *.

This is a measure of clinical effectiveness and efficiency.



5. Improved Revenue Collection

Indicator of hospital income and of the efficiency of the hospital’s financial management.

6. Cost Per Patient Per Day (CPPPD).

This is a variable which measures average patient daily costs, which enables the monitoring
of units costs over time.

7. Number of Referrals

This is a measure of clinical efficiency and cost.
Data Analysis

Hospitals at which HIS was implemented were compared with those that did not have HIS
after the 3™ and 6™ month; primarily in terms of a change in their baseline information. In
view of the variability in the data and small group sizes, the use of Wilcoxon rank sum test
was decided upon at the 0.05 level of significance. The comparison amounts to testing for
interaction between time and hospital group. A graphical inspection of the data rendered
analysis of co-variance with baseline values as covariate superfluous . Three types of analysis
were conducted for qualitative data: content analysis; inductive analysis and a

process/outcomes matrix.

Findings
Findings are presented in a Matrix linkage between processes and outcomes.

The findings of the study are presented in an integrated fashion of qualitative and quantitative
data. More details on the results of each component (quantitative and qualitative) of the study

are found in the full text of the report and as an appendix.

The quantitative results on each outcome measure used in the evaluation of HIS are reported
and explored by the qualitative results. This triangulation approach in reporting the results
helps in understanding the results of the study and especially that the two methods
(quantitative and qualitative) were designed in such a way that the results would be

complementary.

Median Time



The quantitative findings of the study revealed that there were no changes observed in the
median time spent by patients in OPD in both implemented and non implemented hospitals.
In implemented hospitals the median time at baseline was 1.25 , 1.52 hours at three months
and 1.39 hours at the end of the sixth month. In non implemented hospitals the median time

at baseline was 1.35 hours at three months 1.25 and 1.34 hours at the end of the sixth month.

Although these findings suggest that HIS had not influenced the median time within the time
period of the evaluation, the qualitative results indicated that there were positive changes in
the work of OPD clerks which might resulted in a reduced median time spent by patients in
OPD (qualitative report: appendix) as the HIS became more established. OPD clerks
perceived HIS as changing and improving the work of registration and admission of patients.
Clerks reported that the system improved their work in the areas of retrieving returning
patient’s records and in checking the accuracy of the information provided by the patients in
the second visit. The clerks mentioned that the computer could easily trace the returning
patients’ records. One clerk explained “It is even easier when the patient comes for the
second or third time because the computer tells me where to find the patients’ card and OPD

record on the shelve”.

From such statements it became apparent that HIS had improved the work of OPD clerks .
The lack of change in median time indicated that there might have been a number of other
factors which could have led to the negative result in median time spent in OPD. These could
include delays occurring along the care pathway in OPD, for instance if the patient had been
asked to go for a chest X-RAY image and the Radiographer was not in at the time. This
patient would have spent more time in X-RAY though he/she might have been clerked
quicker at first contact with the OPD clerk because of HIS.

An important factor picked up from the qualitative results in relation to the lack of
improvement on the median time spent in OPD was the number of times the electricity in
the hospital went on and off as presented in the qualitative report. Another factor might be

that both the computer and paper based systems were being used simultaneously. The



qualitative data reflected that the time was shortened for revisits as the system assisted in
getting the patients’ cards quicker. However, when there were backlogs and information was
not updated because of electricity problems, patients were delayed while clerks searched and
updated the system before dealing with their current visit. The qualitative findings
suggested that there were extrinsic factors to the system which could be associated with the

lack of change in the median time spent in OPD.

Revenue Collection
The quantitative data revealed that there was a rise in the revenue collected in those hospitals
where HIS was implemented when compared with those which were not implemented (in

figure I . ) at assimilation phase.

Revenue collacted: implemetation by time
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Figure I

However, the difference in revenue collected at baseline showed that the implemented
hospitals had higher revenue when compared with non implemented and this was suggestive
of inherent differentials in financial characteristics. Revenue collection had decreased during
the adaptation period ( three months post implementation) when compared with the baseline
revenue, while it picked up again at assimilation phase ( 4 - 6 months). The observed
reduction in revenue was associated with the adaptation problems which appeared to have
declined at assimilation stage. This indicated that the period within which the study was

conducted was short, a longer time might have yielded a better insight into the behaviour of



the system and revenue collection.

As an explanation to these finding certain processes related to revenue collection mentioned
in some health workers’ statements and appear in the qualitative report were linked to the
outcome: revenue collection. The relationship identified between processes and revenue
collection was cross analysed and a matrix of linkages was developed. The qualitative
findings (qualitative report: appendix I) reflected a number of activities which could influence
changes in revenue collection. In this instance, poor integration of data reported by revenue
clerks were likely to have resulted in low revenue collection. The revenue clerks reported
that nurses were not recording all the information related to the procedures done in theatre for
instance and these were the sources of revenue especially for patients who had medical aid.
However, the quantitative data showed that despite these problems there was a rise in the

collection of revenue in hospitals where HIS was implemented especially at six months(figure

1.

On the one hand, quantitative findings (Figure 2) showed increased revenue owed by patients
in the implemented hospitals when compared with non implemented hospitals and this was
not an expected outcome. In this regard the qualitative results reflected that this could be
associated with the failure to discharge patients from the system (qualitative report). If the
patients were not discharged from the system that increased the revenue due as the revenue
clerks billed patients using information from the system, only to find later that the patient had
been discharged. Again the rise in the revenue due cannot be attributed to HIS specifically

but to a number of external factors to the system.

Figure 2
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Bed Occupancy and average length of stay

The quantitative findings showed a reduction in bed occupancy rate in the first three months
period of HIS implementation from 90.2 maximum (baseline) to 87.9 maximum at the end of
the third month. The variability in bed occupancy rate was observed in quantitative data
during the six months period of the study in both implemented and non implemented
hospitals. This was directly linked to problems highlighted in the qualitative report such as:
a backlog in updating information and a lack of computer skills amongst nurses who
discharge patients. Bed occupancy was affected also when discharges were not updated as it is
calculated by using the number of inpatient days. Patients who left the hospital but were not
discharged accumulated more bed days. This problem in turn impacted on the average length

of stay which did not show any changes after HIS implementation .

Cost per patient per day

There was considerable variability in the cost per patient per day in and between
implemented and non implemented hospitals. This was generated by a different system since

the system evaluated was not ready to do so.

Thus far the matrix linkages between process and outcome data provided an explanation on
the processes that might have influenced the changes observed on outcomes measured. The
process/outcome matrix was aimed at extending the description of themes, patterns, activities
and explanation of the changes observed in quantitative data. It did not attempt to explain
causal linkages between processes and outcomes. There is a fine line between this description
and a causal relationship. According to Patton (1987) systematic qualitative enquiry does not
aim to test causal relationships. Interpretations about which activities appear to lead to which
outcomes; which parts of the system produce certain effects or how processes lead to
outcomes are areas of evaluation speculation and hypothesizing. However, such speculations
are data based and there is no reason not to share insight towards the identification of these
linkages. An important point in developing the process/outcome matrix was to explain the

changes or lack of them as displayed by the quantitative data. Despite all this it was difficult
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to reach a conclusion of whether HIS had influenced or did not influence the outcome
indicators used to evaluate it. The study indicated some of the possible explanations towards
the change but not the causal relationship between HIS and changes in outcome measures.
The complexity of the activities, the system and the hospital as an organisation make it
difficult to conclude confidently whether HIS had an impact or not on the outcomes set to be

measured.

General Conclusion

Both the qualitative and quantitative results suggested that implementing a HIS is an
enormous challenge for the health service. However, there was some evidence that HIS can
improve some activities. The clerks considered HIS more efficient in the registration and
admission of patients in the OPD. Furthermore, an important qualitative association emerged
between the system and the easy retrieval of patients’ record during second and third visits to
the hospitals. These findings indicated that HIS changed the work of OPD clerks positively.
Like many other studies conducted (such as Heeks, et al. 1999 and Anderson et al. 1964) this
study, evaluating HIS did not pinpoint real benefits in terms of overall impact on hospital
outcome indicators. The debate about how information systems contribute to hospitals’ (or
other organisations’) effectiveness and efficiency is ongoing. In hospital settings the nature of
the organisation makes it difficult to assess the efficiency and effectiveness of the system. In
hospitals a number of different factors can influence the contribution of a HIS system to the
efficient running of the services that it provided. This means that the impact can only be
measured by assessing a range of individual activities carried out in each section, which are
then added up in a collective process to form the whole impact on the outcomes measured.
Drazen, et, al., (1980) explain that in organisations like hospitals the discrete impact of HIS is
most predictable and measurable at the level of the individual. This view supports the results
of the study, which was able to assess impact at the level of individual staff members (OPD

clerks, matrons, superintendent and nurses) reported in the qualitative report later.

It is clear on the basis of both qualitative and quantitative data that there is a need to develop a
fertile ground before the implementation of HIS. There is also a need for users to develop a

framework of understanding about how the systems function. To implement HIS for users
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who do not understand it may lead to the failure of the system. Users are drivers of the system
if they do not have reasonable knowledge about it, it is difficult for it to be optimally driven to
provide objectives. There is a general ignorance of information systems amongst health
workers. This highlights an urgent need to educate health workers about health information
systems. The major aspect that creates problems is computer incompetence amongst users.
This is a major threat to the success of HIS. While technological problems can be attended to
by an Information Technologist, it is not yet clear whether solutions are available for the
socio/health/political problems which also influence success rate of these systems. It is crucial

that more studies are undertaken in the area of health information systems in general.

Lessons Learnt

The following lessons were yielded by both methods which were used in the study (these
should be divided into lessons for the “Implementing HIS” and for “Evaluating HIS”
1. It is difficult to use routine hospital performance indicators to assess HIS especially
when it has not been implemented in a form that was intended.
2. Staff turn over in terms of Principal investigators should be avoided as it delays
schedules.
3. Use of passive methods in data collection breeds data quality problems.
4. Use of administrative data and retrospective analysis in HIS evaluation gives
inconclusive evidence.
5. Complementary data collected actively for HIS evaluation where administrative data
has been used is critical in supporting evidence.
6. Innovative metric measurement for HIS evaluation must be developed.
7. Evaluation must be focused in relation with the modules available in the system.
8. Modular evaluation should be aimed for rather than the whole system at the same
time.
9. Policy-makers should be persuaded to buy in to the evaluation to avoid policy
changes that may lead to disruptions which could effect the study and the results.
10. More evaluation se studies are needed using a range of designs including multi-
centre trials.

11. It is clear that HIS implementation needs proper planning by both the implementer
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and major stake holders — the users and the department itself.
12. Implementation should have a number of teams:

(a) Quality assurance and control.

(b) Data quality control.

(c) Research.

(d) Implementation.

Background

In 1995 the National Department of Health (NDOH) established a National Committee to
develop a strategy towards a National Health Information System for South Africa
(NHIS/SA). The committee was made up of members from each of the nine provinces. The
aim of this committee was to develop and monitor national health information system strategy
which would guide the development of a national health information system countrywide.
The objective of the NHIS/SA was to provide management information for health managers
and health workers. The committee identified patient care and financial information systems

as crucial for health care management in the country

As a response to national strategy and in recognition of provincial need, in 1998 the Northern
Province started to implement an integrated computerised Hospital Information System (HIS)
in its 42 hospitals. The decision to implement PCIS in this province coincided with the
provincial need to restructure services, which involved shifting resources from tertiary and
secondary care levels to the primary care level. Hospital Information System (HIS) was one of

the restructuring strategies in the Northern province.

The two main objectives of the HIS were as follows:
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Improve patient care by providing patient information within and between hospitals. The
provincial accessibility of such information would improve the internal and spatial integration
within and between hospitals. This integration is particularly important in the light of the
referral system between hospitals and ward transfers within hospitals. Internal and spatial
integration of patient information was observed by health care professionals as the best
method of improving information accessibility through easy handling of medical records via
the computers and network. The process of handling medical records through a computer
network promises to result in the timely provision of information for diagnosis; access to lab

results; easier patient administration and improved overall hospital management.

Improve health system management in general, beyond patient care. HIS is expected to
improve revenue collection; aid management decision-making by identifying primary cost-
drivers at hospital level and provide accessible information for management at all levels of the

health system.

The evaluation process of the HIS was seen as an integral part of its implementation. During
the planning stage of the HIS an evaluation team was established to plan, design and conduct
an evaluation of the system. A control trial was designed to evaluate whether these objectives
would be met, using a quantitative assessment. This has been complemented by a qualitative

study.

A vast amount of money has been spent world wide on information technology in the health
sector. In the UK alone a billion pounds has been spent on computer systems for the NHS in
this first half of last decade (Audit Commission, 1995) but the evaluation of these systems has
not kept pace with the investment put into developing them. In the early 1990s four UK
hospitals were selected for the installation of Hospital Information and Support Systems
(HISS). The literature reflects that evaluation studies of these systems were done relatively
early in process of implementing them rather than after few years of operation and this has
resulted in poor and inconclusive evidence of the information systems’ benefits (Silcon
Bridge Research, 1993; Scott and Buckingham, 1994). Lock (1996) highlights the problem
and the lack of evidence to support the benefit of investing in information systems. The report

on the Commission (1999) to the US government, however, indicates that information
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systems need to be improved in several ways for a significant increase in investment. The
difficulty to identify clear outcomes and benefits from information systems, as mentioned
above, are often the result of an inability to quantify improvements or to identify them

directly with the use of the computer systems.

For instance the Greenwich HISS system (which was one of the UK hospitals mentioned
above in which a HISS was implemented; Silcon Bridge Research 1994) cost over £12
million in capital and revenue during development, but the only quantified savings are
£86,000 per annum in Radiology and £40,000 in Pharmacy. Beyond this, there has only been
one systematic review of the effect of computerisation in primary health care (Sullivan and
Mitchell, 1995). From the 30 studies conducted between the 80s and early 90s only 3
measured the impact of Hospital Information Systems (HIS) on patient outcomes (Peters and
Davidson, 1998). This means that there are very few studies which have been conducted to
evaluate the contribution made by HIS in the health environment. Nevertheless there needs to
be some attempt to evaluate the systems, probably using a combination of economic and

clinical evaluative techniques.

Throughout the literature, methodology has been an area of common concern. To this end
Heathfield et al (1997) have recommended that the problem of methodology can be addressed
by using a framework for evaluation, especially in complex multi-disciplinary healthcare
situations. Methodology is a problem, and randomised controlled trials do not seem to be
appropriate (Heath filed, et, al., 1998). These tend to produce negative results, which then
remain unpublished, and do not provide constructive criticisms and directions for
improvements. Heathfield et al (1998) suggest that to look for evidence of cost effectiveness
is actually to ask the wrong question, but not all those involved in paying for or using such
systems would necessarily agree. Clinical Informatics needs to develop a multi-perspective

evaluation process, integrating qualitative and quantitative methods (Ibid.).

Qualitative data are used to gain critical insight into motivations and interactions within an
organisation. Detailed qualitative data that are collected from individuals about their actual
processes within the organisation and its setting can be used to interpret the findings and

explain how and why information systems bring about change. Tripodi (1983) suggests four
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criteria which can be applied to both formative and summative evaluation. These are effort,
effectiveness, efficiency and unanticipated consequences. Effort includes staff time, activity
and commitment. Effectiveness refers to the extent to which the practice objectives have been
achieved, while efficiency concerns the relationship of effectiveness to effort and reflects
practice relative to the extent of achieved desirable change. Practice effectiveness refers to the
extent to which planned objectives are achieved by users of the system or programme.
Practice efficiency is the relationship of effectiveness to effort and can be easily assessed by
considering changes per worker's activity (Tripodi 1983). Qualitative research methods have
been used in evaluation studies of computerised systems such as laboratory information

systems (Friedman and Wyatt 1994; Kaplan 1991 and Anderson, et, al., 1994)

While evaluation research and scientific inquiry differ, both use the same logic of inquiry in
their procedures. Scientific study focuses primarily on meeting specific standards, regardless
of the organisational interest in the study. Despite the scientific rigor which is crucial in
evaluation research, it must take cognisance of the interest of the organisation and stake
holders. Thus, evaluation research must be conducted in such a way that it will provide

information that is useful for the managers of the organisation.

Kaplan (1991) has developed models of change which are based on different conceptions of
what is believed to cause change and which explain how information systems affect

organisational change. These perspectives are:

0 The computer system is an external force.

0 The computer system design is determined by user information needs.

0 Complex social interactions determine system use.
These three perspectives form a comprehensive framework within which a hospital
information system can be evaluated. They also help system evaluators recognise the
inadequacies of using only one perspective and encourages them to consider additional areas
in the evaluation study together with research strategies involved (Anderson, et, al., 1994).
The evaluation of the Northern province hospital information system was approached within
the framework of these perspectives in order to provide a comprehensive report for managers

and other stakeholders. At the same time the Efforts/Efficiency/Effectiveness Model (EEEM)
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(Tripodi 1983) was employed to guide the study design.

Evaluating information systems is notoriously difficult for many reasons, but perhaps the
most important challenge is satisfying the varying expectations of the many stakeholders
involved. Evaluating a multi-site HIS adds a further dimension to the complexities inherent in
evaluating information systems. The literature review revealed that there are no multi-site
evaluations in peer reviewed journals. It is in the interest of supporting the implementation of
HIS in the Northern Province and in South Africa in general that this study was deemed

necessary.

Aim of the of the study

Aims of the Evaluation Programme

In view of the considerable expenditure and importance of implementing HIS for provincial
as well as national health care services, it was important to measure the success of HIS. The
aim of the study was to evaluate the effectiveness of HIS to the health care services overall
and to provide lessons that can be learned from this evaluation process.

The overall aim of the qualitative component of the study was to assess HIS effectiveness
and to explain the processes leading to outcome indicators such that it would compliment the
Before and After Control Group Design: the quantitative component of the study.

The main objective of the study was to evaluate the effectiveness and efficiency of HIS.

Objectives of HIS

1. To Improve Patient Care

= In light of the referral system that has patients moving from district to regional and central
hospitals in the province, it became imperative that information belonging to patients
previously treated at hospitals in the province be available at any other hospital where the
patient might be admitted.

= The improvement in the health care professionals’ access to patient related information
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during the treatment process meant improved medical records handling and shorter
turnaround time for the release of diagnostic information such as laboratory and special
investigation results.

= The improvement of patient administration procedures resulting in shorter waiting times

and a general better level of service to patients.

2. To improve the delivery of services across the department.

= This included the re-engineering and standardisation of patient administration and related
procedures throughout hospitals in the province.
= The improvement of the information necessary for performance evaluations and health

care audits.

3. To improve the efficiency of hospital management

= The HIS should facilitate decentralised financial management at hospital level.

= Improve revenue collection.

= And improve management decision-making through the availability of integrated
management information.

= Envisioned was also the cost savings mechanism of identifying primary cost-drivers at
hospital level and the scientific monitoring of the mechanisms introduced to lower costs.

Evaluation Research Design

Development of an Evaluation Programme

The approach and the process of developing the evaluation programme is outlined below. The

process consisted of five separate, but inter-linked activities:
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(i) An Orientation Study

This was the first formal study conducted as part of the evaluation process. The aim here was
to obtain the views of what users thought the evaluation should address. This was done so
that potential problems could be identified and preventative measures taken to improve the
outcome of the project. A knowledge, attitude and perception analysis was also conducted.
250 potential users were interviewed which generated 35 questions to be addressed by the

evaluation.

(ii) The Creation of an Evaluation Framework

The 35 questions were presented to a workshop supported by the Health Systems Trust (HST)
containing representatives of 10 stakeholder groups and resulted in an expansion of the study
to 114 questions. Through a process of collation and distillation these were incorporated into

10 separate projects to create an evaluation framework .

(iii) Designing the overall Evaluation Programme

A second workshop supported by the HST was then convened to confirm the overall design
of the evaluation, prioritise the projects in the evaluation framework, provide technical
advice on the drafting of the final design and to discuss the required organisational structures
to support and implement the evaluation programme. It was at this stage that a randomised
controlled trial (RCT) was chosen as the most robust method for undertaking the summative
component of the evaluation. The RCT formed the core of the summative evaluation. The
second workshop identified the priority project from the framework, where outcome
assessment was considered to be most informative and also generated a number of key
outcome questions. After the workshop, these were cross-referenced to create a series of 9

outcome variables that would cover as broad a perspective as possible.
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(iv) Undertaking the Evaluation

The formative evaluation component of the overall evaluation was an ongoing process.
Aspects of the summative evaluation (RCT) were piloted to select the final outcome
variables and refine the measurement of these indicators. Only then were arrangements for

the required steering, management, employment and funding structures finalised.

(v) Steering/Scientific Committee

Within this design the evaluation aimed to utilise a range of qualitative and quantitative
methodologies over varying time scales each addressing specific aims of the evaluation
programme. This was an attempt to provide an overview of the general impact on people and
organisations of introducing high technology solutions into a relatively unprepared

environment. The study design envisaged the stimulation of an evaluation culture in the health
and welfare services in the Northern Province as well as building the capacity to undertake such evaluations in

the future. At this stage a steering committee was established to monitor the progress of the study.

Research Methodology: Quantitative Component

The evaluation was designed as a Randomised Control Trial (RCT). According to the RCT,
24 hospitals were selected and divided into two groups of twelve hospitals each; an
experimental and a control group. The ‘control hospitals’ were to receive the information
system after the ‘experimental hospitals’, thereby providing a period across which to
compare the two. The Investigator, the research assistant and the research coordinator were
blinded to control bias in data collection. At this point it is worth mentioning the way in
which the design of the study changed from RCT to Before and After control group design.
Also, the experimental group was reduced to 8 hospitals thereby increasing the control

groups size to 15.

Firstly, although the evaluation was designed as a Randomised Control Trial (RCT),
circumstances dictated that the analysis be conducted as a Before and After Control study.
This occurred because the order in which hospitals received the information system did not
match the RCT schedules for reasons beyond the control of the evaluators. Four hospitals
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from the control group were implemented while another four from the experimental group
were not implemented. This crossover was the result of Year2000 (Y2K) non-compliance
problems, where some of the hospitals in the control group were not Y2K compliant.
According to the implementers, for logistical reasons it was necessary that these hospitals be
converted to HIS first (as they would have to undergo IT changes in terms of Y2K
compliance anyway). This Y2K problem developed irregularities within the RCT schedules
and because of these group-crossovers it was decided that the study would be analysed as a

Before and After Control Group design.

Secondly, for other policy related reasons HIS installation had to be stopped in the course of
implementation and consequently four of the experimental hospitals were not computerised.
This mismatch resulted in a sample of 8 experimental and 15 control hospitals for the study
(one of the hospitals was closed and that reduced the total sample size to 23 instead of the

original 24 hospitals).

This kind of unplanned and unanticipated unequal randomisation is not common in clinical
trials. While it is common to increase the sample size of the treatment group and decrease
the size of the control group (Pocock, 1984), this reverse form of unequal randomisation
threatened to impair the statistical efficiency of the HIS evaluation. However, the major
strength of this study is the use of computer systems in meeting health care objectives and
this was measured unobtrusively via hospital outcome indicators. Any changes whether
positive or negative in the outcome variables used to measure the impact of HIS would not
have been manipulated for this study. The value of the study, therefore, persists despite these
methodological problems and, in fact, has been able to clarify some of the issues pertaining

to HIS implementation.

Friedman and Wyatt suggest (1996) that the problems which arise when attempting to run an
evaluation study are often the expression of stake-holders who do not value the information
which may be obtained from the study. Some stake-holders do not value the information
which may be obtained from the study and therefore become reluctant to prolong the current

version of the system long enough for the study to be completed.
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Sampling Method

Stratification

The hospitals were stratified and divided into three groups based only on the number of

beds in each hospital.

Sample Size Calculation

This was difficult as there were a range of outcome variables with little prior knowledge. An
additional parameter, to be determined, was the number of cases that needed to be studied per
cluster in order to obtain the required precision in the estimated value of the measure. An
initial sample size calculation using the “Cluster” sample size calculator gave an estimate of

75 patient records that need to be studied per hospital for the median time.

Choosing Outcome Variables as Measures

The criteria for deciding on the variables to use were:

(1)  Those likely to be affected by the HIS

(11) Those which could feasibly be measured without the HIS in place (for baseline
measures in all hospitals and follow up measurements in late implementation
sites).

(1) Those which would reflect a key hospital or health care process.

(iv)  Criteria associated with improved or worsened patient experience (total time in the
hospital) or outcome (e.g. unintended re-admission rate).

(v) Those associated with availability of improved administrative, managerial or
policy information.

(vi)  Criterta which could be measured repeatedly without exerting a strong
Hawthorne effect.

(vil)  Those criteria which could be measured repeatedly using routine data to allow

changes over time to be studied.
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The chosen variables were piloted in 3 hospitals to assess their feasibility of collection. This

was a process of refinement of the outcome variables measured.

Outcome Variables used in HIS Evaluation

1.Median Time Outpatients spend at hospital

This is an overall indicator of the efficiency of outpatients, as well assessing some aspects of
effective transfer between clinics within the hospital.

2. Length of Stay

This is an indicator of administrative efficiency and clinical effectiveness.

3. Bed Occupancy

This an indicator of bed utilisation, administrative efficiency and clinical effectiveness

4 . Number of drug prescriptions per patient *

This is a measure of clinical effectiveness and efficiency .

5. Improved Revenue Collection

Indicator of hospital income and of the efficiency of the hospital’s financial management.

6. Cost Per Patient Per Day ( CPPD)

This is a variable which measures average patient daily costs, which enables the monitoring
of units costs over time.

7. Number of Referrals

This is a measure of clinical efficiency and cost.

NB: Indicators, with asterisks were not connected to the computer system and were paper based.

General Method of Data collection for the study

Data were collected from 24 hospitals for baseline while data for post implementation were
collected from 23 hospitals. As explained before the 24™ hospital dropped out because it was
closed after the collection of the baseline data. Three months had to elapse before the first set
of post implementation data could be collected from both hospitals which had, and had not
(control group), implemented HIS. This time was regarded as the adaptation period of HIS.
In the first week of the fourth month data for all outcome variables were collected in both the

implemented and non implemented hospitals for the prior three months. The second set of
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data from these hospitals were collected after six months of implementation (assimilation
period) from both experimental and control hospitals. HIS was not evenly rolled out to the
23 hospitals, however, which led to an interrupted time series in the data collection. Baseline
data for all outcome variables were collected from April to the end of June 2000 for the past
three months, while post implementation data were collected from July 2000 to June 2001.
The research assistant visited all the 24 hospitals to collect data. The information collected
from each hospital was entered onto a Data Capture Sheet designed during planning, it was
then collated and entered into a Microsoft excel spread sheet. These data were collected at
the end of each month for a period of three months for both experimental and control
hospitals. Further collection was done after three months for the fourth, fifth and sixth

months of HIS implementation (assimilation period).

Median Time

The data on the number of outpatients usually seen in each hospital forms a basis on which
to decide how many records and from which median time data would be collected. Data
were collected from the 75 patient records for both baseline and post implementation median
time. Brightly coloured cards with spaces to register the time on entry and exit of patients
were disseminated to the matrons in each of the 24 hospitals selected for the study. The
assistant researcher delivered the cards to the matrons a week before the date for data
collection and explained to the matrons, clerks and pharmacy staff how this information
should be registered on the cards. Thursday was conveniently chosen as a day for all
hospitals to collect data for median time in OPD for baseline data and this was a way of
standardising data collection. The matrons were reminded by the telephone to give OPD
clerks these cards the day before the data were collected. Clerks were instructed to register
time on the coloured card and attach it to the patients’ record for the first 75 patient
encounters in OPD on Thursday. The time recorded by the clerk was regarded as the entry
time. Patients were requested to remind the staff at the pharmacy about this coloured card.
The pharmacy was defined as an exit point for this study and staff at the pharmacy in each
hospital were asked to record the exit time on the coloured card and keep the card, after they
had dispensed medication to the patients. The research assistant visited all the 24 hospitals to

collect these cards from the pharmacy. Data for median times was entered into a computer
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spreadsheet. Microsoft Excel was used to sort data into an ascending order and the common
‘middle time’ was picked as the Median time. This method was maintained for post

implementation data collection of median time.

Bed Occupancy

Data for Bed Occupancy were collected from the performance indicator list in the clerks’
office in each hospital. The performance indicator list contains the total number of inpatients

and the number of available beds. The formula used to calculate bed occupancy was:

Total number of inpatients for 3months x 100 (Divide the total inpatient by available beds times 100)

Available beds = Bed Occupancy

The data on inpatient and available beds for each hospital were captured on a spreadsheet so
that the Bed Occupancy could be calculated using the above formula. This method was used

for both pre and post implementation data collection for Bed Occupancy.

Revenue Collection

Data for revenue were collected from the revenue office registers. The monthly financial
summary contains information on: revenue collected; revenue due and revenue outstanding.

This information was entered into the computer.

Cost per patient per Day

The data on Cost per patient per day (CPPD) were collected from the provincial department,

while the information on expenditure from hospitals was retrieved from the financial system.

This information or ‘total expenditure’ was captured according to the formula:

Total expenditure for 3months (total expenditure divide by inpatient plus a third of OPD Visits)

Total number of inpatient + 1/3 of the OPD visits
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Average Length of Stay

Data for the average length of stay were collected from the monthly statistical summary from
the administrative offices in each hospital. The following statistical information was found in
the monthly statistical summary: total number of inpatient days; the total number of
discharges and the number of deaths. The formula for calculating Average Length of stay

was:

Total inpatient days (total inpatient days divide by discharges plus deaths)

Discharges + Deaths

Number of referrals to other hospitals

Data on referrals were collected from the monthly statistics in each office. A figure on

referrals used was necessary to calculate referral rates. The formula for referral rates was:

Percentage (total numbers of referrals divide by admissions times 100)

Total number of admission = Referral Rates

Prescription per Patient

Prescription data were collected from the monthly statistical records at the hospital pharmacy.
The information in the records included the total number of inpatient and outpatient
prescriptions as well as total number of drug items for both in and outpatients. The formula
used to calculate prescriptions per patient was:

Number of items per prescription (fotal number of drug items divided by total number of prescription)

Prescription = Prescription per patient

Data Analysis

Hospitals at which HIS was implemented were compared with those that did not have HIS
after the 3™ and 6™ month; primarily in terms of a change in their baseline information. This

was done by using the non-parametric Wilcoxon rank sum tests at the 0.05 level of
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significance. The comparison amounts to testing for interaction between time and hospital
group. A graphical inspection of the data rendered and the analysis of co-variance with
baseline values as covariate superfluous. In view of the variability in the data and small

group sizes, the use of Wilcoxon rank sum test was decided upon.

Findings of the Quantitative component of the study

The results in Table 1 for implemented hospitals showed that the median bed occupancy rate
decreased steeply by the end of the third month from 87.9% at baseline to 66.1% with a
remarkable difference of 21%. A rise to 71.6% was observed at the end of the sixth month
period of HIS implementation. The decrease of bed occupancy at the three month juncture
was significant (p=0.02) for implemented hospitals and at the end of the sixth months the
difference from baseline was also statistically significant (p=0.05). Caution should be taken
in interpreting the changes in median bed occupancy, because this outcome is influenced by
a number of factors; including: population morbidity, level of skills, condition of patients,
diagnosis, treatment etc. In the case of non implemented hospitals the median bed
occupancy remained virtually unchanged with a slight rise at the end of the third month. A
high variability in this measure was shown by the wide gap between the minimum and the
maximum rates for both non-implemented and implemented hospitals and also over the
period within which the study was conducted. Despite this variability, the decrease in the

implemented hospitals was statistically significant.
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Table 1 : Distribution of Bed Occupancy rate for baseline, 3 & 6 months

Time implemented hospitals non-implemented hospitals
Baseline
Minimum 43.9 18.1
Median 87.9 63.1
Maximum 90.2 11.1
Three months
Minimum 32.1 16.7
Median 66.1 (p=0.02)
Maximum 87.9 89.2
Six months
Minimum 34.9 22.2
Median 71.6 (p=0.05) 65.4
Maximum 101.7 90.9

The average length of stay ranged from 2.8 to 10.2 days across all the hospitals during the
study. It could be seen that there had been no change in the median of the average length of
stay of both non HIS implemented and HIS implemented hospitals (in Table 2). The
comparison of the median of the average length of stay between hospitals that implemented
and those that did not implement HIS, showed that the length of stay in non-implemented

hospitals had been slightly higher than in implemented hospitals.

Again the system went on off line might had been responsible for the lack of change in
average length of stay as shown by the qualitative results. Superintendents reported that the
system went off line several weeks and that caused backlogs in information updates. This
finding indicates that the problem of not updating information could be associated with lack

of change in the average length of stay in hospitals where HIS was implemented.
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Table 2. Average length of stay at baseline, three & six months

Time Implemented Non- Implemented
Baseline
Minimum 3.2 2.8
Median 4.8 5.0
Maximum 7.1 10.3

Three months

Minimum 3.1 3.4
Median 4.0 5.8
Maximum 9.8 10.2
Six months
Minimum 3.1 3.2
Median 4.5 6.1
Maximum 8.4 8.3

There was a rise in revenue collected (Figure 1) at the end of the sixth months in HIS
implemented hospitals while the same could not be stated about non HIS implemented

hospitals.
Figure 1.
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Despite the rise in revenue collection at HIS implemented hospitals at six months an
observation on revenue due was high when compared with the revenue due for non
implemented hospitals (Figure: 2). The non HIS implemented hospitals appeared to have
lower amounts of revenue owing than their counterparts. The inconsistent pattern in revenue
due and collected was associated with the different financial characteristics of hospitals. This
was more evident when baseline data on revenue collection were compared between hospitals.
Qualitative research results reflect that revenue clerks found it time consuming and
problematic that the system went off-line at times, particularly in terms of having to update
the information at a later stage. A recurring problem was that a patient who had left the
hospital was not discharged on the system. Revenue officers would find that patients were in
the ward according to the system yet on further manual follow up would find that they were
no longer in hospital. This created problems in terms of billing, as the length of a patient’s
stay was used to bill Medical Aid patients. If a patient was not discharged from the system,
over billing could occur. One revenue clerk said, “It is embarrassing when somebody rejects
the claim you appear as if you are a fool, nurses need to discharge patients immediately from

the system”. Also the incorrect billing of patients who might have left the hospital could have
30



been the result of high rate of revenue due in hospitals where HIS had been implemented. It
would appear that the revenue clerk might have billed patients who had left the hospitals

because the system was not updated.

Table 3: Median time outpatient spent in hospital at baseline, three & six months

Time Implemented Non- Implemented
Baseline
Minimum 0.10 0.45
Median 1.25 1.31
Maximum 2.17 2.48

Three months

Minimum 1.29 1.07

Median 1.52 1.25

Maximum 2.35 2.26
Six months

Minimum 1.19 1.25

Median 1.39 1.34

Maximum 2.16 1.53

As far as the median time spent by patients in OPD (Tables 3) there was generally no
change in the median, except for a longer median time observed at the end of the third
month of HIS intervention. Although the quantitative results showed negative changes in
the median time spent in OPD, the qualitative results revealed that Clerks perceived HIS as
changing and improving the work of the registration and admission of patients by clerks in
OPD. Clerks in all hospitals visited responded positively about the system, and proved to be
the group whose functions were most significantly improved by the system. The registration
clerks in OPD reported that the system improved their work in the areas of: retrieving
returning patients’ records and checking the accuracy of the information provided by the
patient in the second visit. This suggested that the negative results on median time spent in
OPD might had been influenced by extrinsic factors to the system and this issue is

discussed later (in the qualitative report see appendix).
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Cost per patient per day showed an increase in the median at the end of the sixth month.

However, this information was provided by another system not the one which was evaluated.

Table 4:Cost per patient per day at baseline, three & six months (in Rand)

Time Implemented Non- Implemented
Baseline
Minimum 189.60 195.40
Median 366.01 468.80
Maximum 634.90 895.40
Three months
Minimum 202.70 244.00
Median 398.40 396.70
Maximum 686.70 737.60
Six months
Minimum 206.10 294.70
Median 386.15 432.40
Maximum 750.10 704.40

The data on items per prescription per patient were not been subjected to further analysis
because they were paper based and could not have been influenced by HIS implementation.

Also referral data were not analysed because they were incomplete . (see appendix Tables)

Limitations of the Quantitative Component of the study

This study like many studies had its own limitations. The small sample size of HIS
implemented hospitals limited the statistical tests which should have been conducted in a
bigger sample, as discussed in the data analysis section. These were as a result of
methodological and policy issues as highlighted earlier. Methodologically RCT had been
fundamental in reducing issues of bias and to a certain extent, on reflecting a causal
relationship. However, problems which had introduced biases (leading to Before and After
Design) had weakened the scientific rigour of the study. Nevertheless, the relevance and
importance of the study for new knowledge and better understanding of using outcome
research in evaluation of HIS is a major gain in the information age era. Methodological
limitations covered the following areas: (i) use of higher level outcome as a measure of

effectiveness or the impact of HIS in a hospital setting (ii) use of administrative data and
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retrospective analysis (iii) use of available outcomes with low sensitivity.

Matrix of linkages between process statements and outcome measures

The linkage between process and outcome was a fundamental issue for the qualitative
component of this study, which was aimed at explaining the processes which might have led
to changes in the outcome variables that were set earlier in the overall study: median time
spent by patients in OPD; average length of stay;, bed occupancy, number of patients
admitted; number of patients discharged; improved revenue collection; cost per patient per

day.

Median Time

The findings of the study revealed that there were no changes observed in the median time
spent by patients in OPD in both implemented and non implemented hospitals. The same
results were observed between baseline and post intervention data . Although These results
reflected that HIS had not influenced the median time spent by patients in OPD. These
findings were not conclusive especially if one considered the statements made by OPD clerks
in implemented hospitals which appear in the qualitative report later, (appendix I). OPD
clerks perceived HIS as changing and improving the work of registration and admission of
patients. Clerks reported that the system improved their work in the areas of: retrieving
returning patient’s records and in checking the accuracy of the information provided by the
patients in the second visit. The clerks mentioned that the computer could easily trace the
returning patients’ records. One clerk explained “If is even easier when the patient comes
from the second or third time because the computer tells me where to find the patients card

and OPD record on the shelve”.

From such statements it became apparent that HIS had improved the work of OPD clerks
and this was a fact that otherwise would have led to a reduction in the median time spent by
patients in OPD. The lack of change in median time indicated that there might have been a
number of spurious factors which could have led to the negative result in median time spent in

OPD. Some of these factors might have been delays occurring along the care pathway in
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OPD. For instance if the patient had been asked to go for a chest X-RAY image and the
Radiographer was not in at the time, that patient would have spent more time in X-RAY
though he/she might have been clerked quicker at first contact with the OPD clerk because of
HIS.

An important factor picked up from the qualitative results in relation to this negative change
on the median time spent in OPD were the number of times the electricity went on and off as
reported in the qualitative report. Another influential factor which might have lengthened
the median time was the use of both the computer and paper based systems simultaneously.
The qualitative data reflected that the time was shortened for revisits as the system assisted in
getting the patients’ cards quicker. However, when there were backlogs and information was
not updated because of electricity problems patients were delayed while clerks searched and
updated the system before dealing with their current visit. The qualitative findings presented
in an attempt to explain the poor reduction in the median time spent in OPD suggested that
there were extrinsic factors to the system which could be associated with the lack of change in
the median time spent in OPD as observed in quantitative data and mentioned earlier.
Therefore, it became difficult to conclude on the basis of the results on negative changes in

the median time that the system itself did not influence the median time spent in OPD .

Revenue Collection

Certain processes related to revenue collection that were mentioned in some health workers’
statements and appear in the qualitative report have been linked to the outcome: revenue
collection. The relationship identified between processes and outcomes was cross analysed
and a matrix of linkages was developed, which is presented in the table below. As
demonstrated in the table as well as workers’ reports (particularly those of revenue clerks)
there were a number of activities which could influence changes in revenue collection, as seen
in cell 7 of the table. In this instance, poor integration of data reported by revenue clerks
were likely to result in low revenue collection. The revenue clerks reported that nurses were
not recording all the information related to the procedures done in theatre for instance and
these were the sources of revenue especially for patients who had medical aid. However, the

quantitative data showed that despite these problems there was an increase in the collection of
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revenue in hospitals where HIS was implemented. On the one hand, the results on increased
revenue due in the implemented hospitals reported earlier might be associated with the failure

to discharge patients from the system (qualitative report).

Bed Occupancy and average length of stay

The variability in bed occupancy rate observed in quantitative data was directly linked to
problems highlighted previously and later in the qualitative report: such as a backlog in
updating information and a lack of computer skills amongst nurses who discharge patients.
Bed occupancy (celll) was affected also when discharges were not updated as it is calculated
by using the number of inpatient days. Patients who left the hospital but were not discharged
accumulated more bed days. This problem in turn impacted on the average length of stay

(cell 6) as it is calculated also using inpatient and discharge figures.

Cost per patient per day

Cost per patient per day (cell 3) could not be fully provided by the system since some of the
modules necessary to calculate this were not developed at the time of the study. Thus far the
matrix linkages provided an explanation of the processes that might have influenced the
changes observed on outcomes measured. The process/outcome matrix was aimed at
extending the description of themes, patterns, activities and explanation of the changes
observed in quantitative data. It did not attempt to explain causal linkages between processes
and outcomes. There is a fine line between this description and a causal relationship.
According to Patton (1987) systematic qualitative enquiry does not aim to test causal
relationships. Interpretations about which activities appear to lead to which outcomes; which
parts of the system produce certain effects or how processes lead to outcomes are areas of
evaluation speculation and hypothesizing. However, such speculations are data based and
there was no reason not to share insight towards the identification of these linkages. An
important point in developing the process/outcome matrix was to explain the changes or lack
of them as displayed by the quantitative data. Despite all this it was difficult to reach a
conclusion of whether HIS had influenced and not influenced the outcome indicators used to

evaluate it. The study indicated some of the possible explanations towards the change but
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not the causal relationship between HIS and changes in outcome measures. The complexity
of the activities, the system and the hospital as an organisation make it difficult to conclude

confidently whether HIS had an impact on the outcomes set to be measured.

MATRIX OF LINKAGES BETWEEN PROCESSES AND OUTCOMES
Processes leading to Outcome Indicators

Processes Outcomes

Average Bed
Occupancy rate:
positive but
System failure & discharge of patients inconclusive

1 >poor information on inpatients

Poor information update

Cost per patient
. . . . er da

3 > poor integration of Information from different systems used for other Ealculzte dbut

services: system incomplete : information not adequate ) .
inconclusive

4 > poor update on discharge information .

System failure D ischarges

influenced by

Poor electricity supply

Poor computer skills processes: could

results in poor

Backlogs and poor information update quality of data
5> ick reaction on system contact .

a“ ] 4 Median time spent
> running of systems concurrently in OPD could be
> retrieval of revisit influenced by

updating patients’ information extrinsic

. rocesses:
delays in the carepathways p :
inconclusive

6 > poor discharge information
P g Average length of

> poor death information stay no change

inpatient information : system failure : backlogs

7 > integration of OPD revenue data Revenue
tracing of patients collection

poor integration of ward data

Revenue due
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General Conclusion

Despite all the problems identified (including those associated with information integration),
superintendents reported that they were able to achieve, with great effort at times, the
outcome indicators. As well as this, revenue clerks were able to integrate information from
the OPD for revenue collection. Another qualitative significance that could not be ignored
was the issue of improved socio-demographic information from the OPD records. Nurses
explained that this information improved by 60-70%, which suggested evidence of qualitative
association between the system and socio-demographic data on patients’ record. Like many
other studies conducted (such as Heeks, ef al. 1999 and Anderson et al. 1964) this study,
evaluating HIS did not pinpoint real benefits in terms of overall impact on hospitals. The
debate about how information systems contribute to hospitals’ (or other organisations’)
effectiveness and efficiency is ongoing. In hospital settings the nature of the organisation
makes it more difficult. In hospitals a number of different sections function separately but
interdependently. This means that the impact can only be measured by considering a number
of successful individual activities carried out in each section, which are then added up in a
collective process to form the whole impact on the outcomes measured. Drazen, et, al.,
(1980) explain that in organisations like hospitals the discrete impact of HIS is most
predictable and measurable at the level of the individual. This view supports the results of the
study, which was able to assess impact at the level of individual staff members (matrons,

superintendent and nurses) reported in the qualitative report later.

It is clear on the basis of the data that there is a need to develop a fertile ground before the
implementation of HIS. There is also a need for users to develop a framework of
understanding about how the systems function. To implement HIS for users who do not
understand it may lead to the failure of the system. Users are drivers of the system if they do
not have reasonable knowledge about it, it is difficult for it to be optimally driven to provide
objectives. There is a general ignorance of information systems amongst health workers. This

highlights an urgent need to educate health workers about health information systems. The
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major aspect that creates problems is computer incompetence amongst users. This is a major
threat to the success of HIS. While technological problems can be attended to by an
Information Technologist, it is not yet clear whether solutions are available for the
socio/health/political problems which also influence success rate of these systems. It is crucial

that more studies are undertaken in the area of health information systems in general.

The study suggests that some outcome variables are not suitable for HIS evaluation
especially if the system is not complete. This suggests that the evaluation should be focused
on modules which are implemented, or in areas where benefits can be more tangibly realised.
Another important point is that it was too early to conduct summative evaluation, as
summative evaluation should be conducted at least a year or two after implementation to get
more useful results. Also emphasis should be placed on formative evaluation in order to

inform implementation.

ABSTRACT

Both the qualitative and quantitative results suggested that implementing a HIS is an
enormous challenge for the health service. However, there was some evidence that HIS can
improve some activities. The clerks considered HIS more efficient in the registration and
admission of patients in the OPD. Furthermore, an important qualitative association emerged
between the system and the easy retrieval of patients’ record during second and third visits to
the hospitals. These findings indicated that HIS changed the work of OPD clerks
positively. The study suggested that some outcome variables are not suitable for HIS
evaluation especially if the system is not complete. This indicates that the evaluation should
be focused on modules which are implemented, or in areas where benefits can be more
tangibly realised. Another important point is that it was too early to conduct summative
evaluation, as summative evaluation should be conducted at least a year or two after
implementation to get more useful results. Also emphasis should be placed on formative

evaluation in order to inform implementation.

It is clear on the basis of the data that there is a need to develop a fertile ground before the

implementation of HIS. There is also a need for users to develop a framework of
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understanding about how the systems function. To implement HIS for users who do not
understand it may lead to the failure of the system. Users are drivers 