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Abstract

Purpose Health care organizations are lacking a clear decision-making framework in IT investment decisions. This
study aims at finding a practical tool able to take the different financial and non-financial factors into account. The
usefulness of one possible tool, the Contingency Theory, is evaluated.

The Contingency Theory seeks to understand which external factors in particular have an impact on the organiza-
tion's operations or which internal factors must be taken into account to make the optimal investment. In the
public health care context the internal variables such as organization's culture and condition of existing technolo-
gy, and external variables such as legislation and politics play an important role.

Methods The Contingency Theory is applied to a complex real-world investment case a posteriori, and the varia-
bles thus obtained are compared with the actual acquisition process which took place. The relevant information
has been gathered from the accounting systems, and by interviews.

Results The Contingency Theory finds a relevant set of variables to consider in the decision-making process, and
the set of variables mostly coincides with the actual parameters considered in the decision-making process. The
actual acquisition process placed more weight on cost factors than the Contingency Theory approach would have
done.

Conclusions The application of contingency theory suggests that in this case the expected value of costs was over-
emphasized. It is likely that a contingency-based approach would have given a more balanced view of the different
parameters. Further research is required to establish its usefulness in different types of public health care acquisi-
tions.

Keywords: costs and cost analysis, economics, health information management, case management, signal pro-
cessing, computer-assisted software
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Introduction

The complex environment in the health care sector
makes the investment decision-making process when
investing in Information and Communication Technolo-
gy (ICT) often more complicated and thus slows down
the investments [1,2,3,4,5]. There are several relatively
straight-forward cost factors—such as costs associated
with hardware and software, availability of broadband
and mobile networks, and ongoing maintenance
costs—evident in the ICT investment decision-making
process [6] but there are other financial factors whose
value is difficult to evaluate during the decision-making,
e.g., ongoing development of technology, present level
of standardization, and interconnectivity between IT
systems [7-9]. While even these factors can theoretical-
ly be assigned a financial value, there are also non-
financial factors associated with the clinical IT systems.
These could be related to the health care outcome (e.g.
patient comfort, equality of care) or organizational
factors, such as willingness to adopt new technology.
These non-financial values may carry a strong emphasis
in the public health care sector where the aim is often
to produce as good health care as possible within the
given budget instead of producing profit.

The growth in ICT spending and a broadening menu of
technological investment choices have lead health care
organizations to critically evaluate potential invest-
ments for the value they deliver [5,10,11]. Allocating
resources among competing investment projects is one
of the most critical elements of the whole process
[12,13]; while capital budgeting is used to vet the com-
peting investment projects [12,14,15]. Empirical evi-
dence suggests that financial analyses beyond cost
analyses are still rarely used in clinical IT investment
decisions in health care organisations [16,17]. Health
care organizations are lacking a clear decision-making
framework which would aid in structuring IT investment
decisions [18]. The objective of this study is to apply
the contingency theory to see if it can be used in a clini-
cal IT investment decision-making and to develop more
information related to management practices. And also
if the variables found could be expressed in form of a
tool which is both able to take the different financial

11.5.2015

SCIENTIFIC PAPERS

‘ VERTAISARVIOITU
kJ KOLLEGIALT GRANSKAD
PEER-REVIEWED
.

www.tsv. fi/tunnus

and non-financial factors into account and simple
enough to be applicable in practice.

The case examined in this study is a large-scale ECG
measurement, analysis, and storage system acquired by
a public health care organization (see Case description).
The investment decision was primarily driven by project
finance and economics, but those core variables had to
fit within a specific regulatory and political context in
order to be successful owing to the public sector-nature
of the investment.

The investment also illustrates the fact that while it
seems to be an intodiagnostic equipment investment,
the core of the investment is information. The instru-
ments produce information which has to be stored,
communicated and accessed. Thus such a system can
and should be viewed as an IT system.

This study belongs to a series of studies which aim at
charting the useful application fields of the contingency
theory. [19-31].

Contingency theory and clinical IT investment decision-
making process

According to contingency theory the optimal way of
leading a company is contingent upon the internal and
external situation at hand [32-36). The underlying
premise in contingency theory is that organizational
performance is the result of a match or fit among sali-
ent factors [37,38).

Central to the contingency approach is the notion of
contingent fit among relationships between strategic
priorities, organizational configurations, and manage-
ment accounting systems. This approach asserts that
neither the type of strategy, nor the organizational
configuration will directly affect performance. Rather,
contingency theory suggests that the most important
determinant of performance is the contingent fit be-
tween the chosen strategy and its contextual variables
[39].

Contingency theory explains the design of management
accounting systems, in which the organizational context
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and structure must be in line in order for an organiza-
tion to perform well [24]. Using the contingency ap-
proach researchers have attempted to explain the ef-
fectiveness of management accounting systems by
examining designs that suit the nature of the environ-
ment, size, structure, technology, strategy, national
culture and international competition [36,40-43). There
are many variables that might have a role designing a
management accounting system to support an invest-
ment decision-making process. Internal variables cover
the organization’s strategy, culture, technology, struc-
ture and size, and external variables cover the organiza-
tion’s operating environment.

According to contingency theory, the effectiveness of
decision- depends upon a number of aspects within a
specific situation including the amount of relevant in-
formation and decision quality and acceptance [44].
The contingency approach is not commonly applied into
the study of decision-making, but it is chosen to be
evaluated in this study due to its main proposition that
structure and process of an organization must fit its
context in order to be effective [37]. Contingency ap-
proach analyzes the organization's internal and external
factors that are expected to affect the investment deci-
sion-making.

While the emphasis in investment theories is in dealing
with quantitative appraisals of project focus and costs,
there is no self-evident methodology for contextual
analysis of IT systems beyond financial considerations.
Taking the broader context into account would poten-
tially aid health care organizations evaluate the suitabil-
ity of their IT investments [45] in terms of indirect costs
and benefits [46].

Based on such a theoretical understanding of contin-
gency theory and authors’ previous empirical studies
on cost-analysis in telemedicine and clinical IT invest-
ment studies in public health care organizations [47-55)
this study adopts the following hypothesis:

The investment decision-making process for a clinical IT
system in a public health care organization is positively
correlated to the concept of contingency fit which is
comprised of three independent variables:
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e Strategic priorities :external variables including
health care legislation, politics,

¢ Organizational configuration: internal variables in-
cluding organizational culture, the role of public or-
ganization, the state of existing technology at the
time of the final investment decision,

¢ Internal management accounting systems: non-
profit organization, cost-benefit analysis

Material and methods

Applying the theory to a real-world investment case
which has already been carried out provides an oppor-
tunity to use more than one method of data collection
(questionnaires, interviews, informal conversations,
meetings, material provided by the organization such as
business plans, strategies, survey data and other obser-
vations) thus enabling perceptual triangulation, which
ensures that a more accurate interpretation of the
situation is made [56-59] by answering questions “how”
and “why” [60] in addition to creating theoretical con-

structs and propositions from empirical evidence [61].

Written documents
The documents used in case evaluation included

e organization's strategy papers,

e |T strategy,

e materials related to the vendor selection process,
¢ investment analysis and selection criteria,

e results from the selection process,

e standard agreement templates for acquiring the
system, maintenance and support service,

e material presented for the board of directors re-
lated to the purchase, and

e publicly available minutes of the Board of Direc-
tors of Hospital District of Helsinki and Uusimaa
(HUS)

The material including information from the organiza-
tion’s accounting system follows the case from 2005
until the final investment decision was made by the
board of directors in May 2008.
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Interviews

To gain a comprehensive understanding of the case the
administrative chief physician was interviewed in six
semistructured interviews. Before each interview and
during the analysis of the interview data, the researcher
studied organizational documents mentioned above.
Interviews were documented and several follow up
questions were submitted by e-mail for clarification and
additional information was provided also by other ex-
perts in the project.

The interview questions were related to the purpose of
the investment and the overall procurement process in
order to best reflect HUS’ overall decision-making strat-
egy, the contributing environmental contingency fac-
tors and criteria selected for the vendor selection pro-
cess. In addition, during the interviews supplementary
data was collected and analysed regarding the overall
strategy of the organisation. This way of gaining more
information was very important in order to understand
the decision-making and how different decisions were
linked each other.

Accounting data

Also, the financial data from the accounting system
related to the volumes, costs and prices was analysed in
detail. The degree of rigor applied in this study was
meant not only to improve the reliability of the analysis
based on interviews but also to enhance the under-
standing of specific details related to the investment
calculations. While this analysis provided detailed in-
formation on the case, the main aim of this study is to
evaluate if the contingency theory can be successfully
applied in analysing this type of investment decision.

Results

The case was analysed from two points of view. The
first viewpoint is the contingency approach ("what
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should have been taken into account"), and the second
viewpoint is an analysis on the actual acquisition pro-
cess.

Contingency approach and contingency variables

According to the contingency theory the effectiveness
of the decision-making process can be explained by
examining designs that suit the culture of the organiza-
tion, nature of the environment and technology. This
requires identifying contingency variables. As stated in
section 2, the hypothesis emphasizes that the contin-
gency variables can be divided into three categories:
externalities, organizational culture, and technology.
Figure 1 depicts the variables used in this case. The
following section describes the contingency variables
which — according to the contingency theory and our
hypothesis — should have been taken into account in
the acquisition process.

Organization’s culture

HUSLAB is the leading provider of clinical laboratory
services in Finland. HUSLAB’s main area of operation is
the Hospital District of Helsinki and Uusimaa (HUS) — a
joint authority formed by 24 municipalities. HUSLAB has
over 70 sampling points around the Helsinki and
Uusimaa area, where nearly 20 million tests are carried
out annually. HUSLAB is a public utility able to set its
own prices but selling 90 % of its services to the HUS
municipalities.

HUSLAB started operations in 2004. One of the objec-
tives for separating laboratory activities from the hospi-
tal district was that the costs can be better identified.
At the time of the investment decision the entity was
also able to make profits and the positive cash flows
were used for financing investments. Today HUSLAB
makes “zero” results and investments, i.e. financing, are
separately decided at the Hospital District level.
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Organisational
culture
Level of innovation

—e.g. early
adopters

Iy

Type of IT Investment

- Replacement investment to maintain the
present level of services/operation

- Improving the overall efficiency of the
organizations

- Patients’ demands and requirements

- Mandatory requirements

Technology

- Cost savings

Investment calculations
Management accounting system

Figure 1. The contingency variables which should be driving the investment decision-making process when invest-

ing in clinical IT systems.

Externalities

During the preparation of the IT system investment a
law related to the electronic data processing in health
care services passed the Finnish Parliament. The law
required health care entities to ensure the ability to
store patient records electronically in the national ar-
chives not later than April 1st 2011, which increased the
strategic importance of the investment in question
within a wider institutional context.

Technology

The goal of the investment was to provide paperless
ECG operations with the ability to view ECG records at
remote workstations. The intention was also to create a
system with similar equipment and procedures that
could be used in the Hospital District and by the health
care professionals in HUS’s member municipalities.

11.5.2015

The driving forces behind the ECG system investment
were the need to harmonize the process within the
hospital district and to create cost savings. There was
also a demand to provide interfaces to integrate the
laboratory system in the existing ordering and laborato-
ry result delivery system. Standardization was an im-
portant parameter during the decision-making process.
Before the purchase of the new digital ECG recording,
analysis, and storage system there was a long discus-
sion between HUSLAB and the Ministry of Social Affairs
and Health about the relevant standards. At that time
there were no uniform standards for digital ECG activi-
ties neither in Finland nor in the EU.

Acquisition process

The actual acquisition was carried out by using a few
financial calculations and according to the existing legis-
lation. The legislation had a significant influence on the
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acquisition process; according to the Public Procure-
ment Act § 29, the financial value of the purchase
should be the most relevant factor in decision-making.
Financial performance was analysed by estimating
three vendors’ tenders overall financial benefits. Table
1 presents the criteria and the importance of them in
the selection process.

The most important criterion was the overall price with
a total weight of 40% and the second most important
criterion was the quality of support and maintenance
services including the annual fees for the services. Pre-
viously, hospitals paid all licences and equipment in
cash and booked investments on their balance sheet. In
contrast, the new system was acquired as a service and
the selected criteria (overall price, maintenance costs
and support services) covered the total annual cost for
the system.

After testing each system offered by the qualifying
vendors the evaluation group evaluated the functional
benefits and usability of each system. The analysis on

Table 1. The selection criteria for the competing systems.
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usability was mostly based on subjective assessments.
The interoperability of the systems was evaluated and
analysed by the answers given by each system vendor.

Cash flow, scorecard or pay-back type of investment
calculations and analyses were not presented in the
case material. Management account reporting which
was established in the new entity did not follow the
financial performance of the investment itself, as it was
created more to support the Enterprise’s (HUSLAB)
overall results. HUSLAB introduced a balanced score-
card model for cost accounting and the first pilots were
already running in 2005, but it was not applied to this
project.

In addition to the financial criteria, there was one im-
portant technological criterion; while there were no
standards in place, only some EU level discussion, only
the systems that had been used in other organizations
were selected for the evaluation.

Criterion Weight

Price of the licence and modification work

Quality including technical merits of the systems, as well as

maintenance and support services

Functional benefits including the user-friendliness of the system

Interoperability, the possibility to integrate the system into the

present IT environment

40 %
30 %

10 %
20 %

Table 2. The number of ECG test and ECG devices between 2008 and 2012.

Number of tests
240 000*

Year
2008 (prior to digital ECG)

2009 195905
2010 390 737
2011 422 353
2012 403 709

Number of devices

229
297
314
334

*Estimate, of which some 130 000 were carried out by HUSLAB
**The number of devices in registry, of which some 200 were in active use.
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Outcome of the system acquisition

The new system was fully implemented in 2011 and
Table 2 illustrates the number of ECG tests and number
of devices in use during the years 2008-2012. The num-
ber of devices in active use and tests performed in-
creased during 2008 — 2011 until the system was fully
implemented in. The decrease in the number of tests
after 2011 is explained by a decline in unnecessary re-
examinations for the same patient due to the availabil-
ity of patients’ data in a digital format.

Even though HUSLAB operates as a non-profit entity,
the organization has to keep its costs down to manage
end consumer prices. HUSLAB's ability to provide ECG
services at a relatively low cost supports the view that
the IT investment was financially beneficial for the or-
ganization. Table 3 illustrates the development of the
prices during 2008 — 2013. The reference price (base
price is the price during the normal working hours) of
conventional paper ECG in 2007 was 10.00 euro and the
on-call price in 2007 was 14.50 euro.

The ECG prices for HUSLAB's clients have increased 3.7
% per annum (table 3) while at the same the overall
costs in health care sector have been increasing 5.4 %
[62]. The increase in the prices is mostly explained by
the increase in real prices (inflation, labor costs). The
increasing prices in 2012 and 2013 are explained by the
fact that the total cost of the system is allocated into
test prices, and as the number of tests has fallen, the
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cost for a single test has risen. However, the data of
2011 and 2012 shows that the total cost has decreased,
i.e. the same result can be obtained with less money.

Evaluation of the contingency theory application

When evaluating the applicability of the contingency
theory approach, the question is whether applying it to
this specific case would have given optimal outcome.
Would there have been some variables which could
have been better accounted for, or would it have
missed something. This question has also a very strong
subjective side in whether the application of the con-
tingency theory would have felt natural and been sim-
ple enough to be useful in the decision-making process.

The outcome of the IT system investment was accord-
ing to HUSLAB’s initial expectations: processes im-
proved with harmonisation of digital ECG recording,
analysis, and storage while the cost level has been kept
at the same or even lower level. Clearly, the test case
was a successful one, and the actual course of the pro-
cess can even be thought as a benchmark.

The investment decision-making process showed that
the hypothesized contingency variable groups yielded
relevant variables while analysing the investment deci-
sion:

Table 3. Price trend (in euros) of the ECG examinations between 2008 and 2013.

Base Price

On-Call Price

11.5.2015
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Externalities

There was observable legislative pressure which ena-
bled the organization to renew its present system with
a new digital ECG system. According to the interviews,
the acquisition of the new system also resulted to a
redesign of the HUSLAB's processes.

Organizational culture

Even though in the HUSLAB case the external, environ-
mental factors—both political and legislative—drove the
need for the investment, the organization itself had a
major impact on the decision as well. In the case the
management team comprised of professionals with
diverse backgrounds who looked for new and innova-
tive ways to implement services. In addition, an organi-
zation’s culture has a palpable influence over the de-
gree of innovation for providing health care services.
While in the case organization, the final investment
decision will be made by politicians, it is very important
that the organization brings to decision-makers well-
founded and prepared presentations, such as this case
was.

Technology

Technology itself played a key role in the investment
decision — the new open application interface was bet-
ter integrated into the present IT environment which
subsequently enabled further process improvements.
When discussing the clinical IT system, standards play
an important role. Since there were no uniform stand-
ards for digital ECG activities, in the HUSLABS case the
system was selected because it was already in use in a
few other hospitals.

It seems that the factors identified by the contingency
theory were relevant factors. They were to some extent
taken into account in the case without the contingency
context, but using contingency theory and examining
the fit between the most important variables would
possibly have helped HUSLAB to have more structural
decision-making process.
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The most notable difference is in handling the cost as a
factor. The actual acquisition process set a very strong
emphasis on the cost, but at closer inspection the most
important factor variable was technology, i.e. standards
and integration, as only systems having open interfaces
and prior installations were accepted.

There were also legislative changes which impacted the
decision-making process; the change in legislation
helped the management to get the needed resources
from the decision-makers (politicians). This is an exam-
ple of another contingency factor which was in reality

taken into account, but does not show in the process.

Discussion

During the study it was found that the original contin-
gency model goes quite far to demonstrate how man-
agement accounting systems, external strategic priori-
ties and organizational configurations contribute to
explaining clinical IT decisions-making in the case stud-
ied.

Intuition vs. Contingency theory

The lack of a structured method to take the complex
environment into account seems to lead to a situation
where decisions are often based on intuition and rec-
ommendation by trusted parties. While this more intui-
tive line of work may produce good results, it has its
obvious risks. This problem becomes more acute, as
today's IT systems are becoming complex and inter-
twined, and an increasing amount of specialist
knowledge is needed to understand the essential de-
tails.

One of the main challenges is the integration between
different systems. There are numerous different sys-
tems from different vendors in today's health care envi-
ronment, and if these systems do not interact fluently,
it will introduce unnecessary friction into operational
processes.

The contingency theory is about strategic fit. A practical
example of this is that some organizations—such as
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HUSLAB in our case—want to use new technology,
whereas some other organizations may want to adopt
new technology much later in order to benefit from
acquiring mature and cost-effective technology. Neither
of these strategies is worse than another per se, but the
optimal investment type and investment schedule is
probably quite different with this kind of strategic dif-
ferences.

The Contingency Theory seeks to understand which
external factors in particular have an impact on the
organization's operations and, correspondingly, which
internal factors must be taken into account so that the
organization is making the optimal investment decision
in terms of process performance. The application of
contingency theory to this case study suggests that in
the decision-making process, the internal variables such
as organization’s culture and condition of existing tech-
nology are supported by the externalities such as legis-
lation and politics, which are important variables in a
public health care organization’s decision-making.

Even though the case we used to test the contingency
theory in this context was a highly successful one, the
application of contingency theory shows that in this
case the expected value of costs was over-emphasized.
Had there not been any external pressure, no invest-
ment decision would have taken place. In this case the
contingency theory would have given a more balanced
view of the different parameters. The investment deci-
sion was made due to the strong views and intuition of
the leaders instead of a structured process.

Using the contingency approach in financial calcula-
tions

We are optimistic about the opportunities opened by
applying the contingency theory into complex health
care IT investments. However, we talk about invest-
ment projects, and in addition to qualitatively identify-
ing the contingency factor we will need to be able to
integrate them into the financial calculations. In order
to do that we suggest a modified version of the com-
monly used Net Present Value (NPV) formula [63]:
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NPV = —]——— + —_—
l+a+p ; (1 +z)f(1)
where

lis the actual cost of the required investment,

a the possibility for the system to be integrated into the
present and future environments (a > 0),

8 is a factor which describes the level of IT technology
(620),

4 is the strategic fit of the required investment (0<6< 1)
N number of years to take into account,

R: net cash flow on year t (excluding initial investment),
and

i discount rate

This is essentially the same as the standard NPV value
apart from the coefficient of the investment. If the
strategic fit would be excellent, the effect of the in-
vestment can be regarded to be zero. Also, if the level
of IT technology (in the organization) or the future inte-
gration prospects of the system are very good, the cost
of the investment diminishes from the organization's
point of view.

This modification of the NPV method should enable one
to factor in the total effect of the contingency variables.
Admittedly, determining the values of a, 8, and 6 have
a great variability, but the formula still provides a way
towards quantifying the complex and contingency fac-
tors which tend to be qualitative in nature.

Next steps

Naturally, as this study is based on testing a theory on a
single case, its results may not be valid when general-
ized to other cases. This study does not give a complete
recipe on how and when to apply the Contingency the-
ory into clinical IT investments, but it may provide a
starting point for practical application and further re-
search. Our earlier personal experience with clinical IT
investments suggests that there are many common
factors which are quite independent from the actual
system which is being purchased.
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As such, contingency theory should be further tested on
cases in which the independent variables are not
aligned symmetrically, thus providing more insight into
how the variables interact with one another under less
than optimal conditions and creating the opportunity to
scrutinize the role of individual agency more closely.
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Case: HUSLAB’s digital ECG recording system investment

HUSLAB is a large publicly owned provider of laboratory services in Helsinki, Finland. HUSLAB purchased in 2008 an
information system for digital ECG recording, analysis, and storage. The system was intended to replace all existing
earlier generation systems, and to give, e.g., savings and paperless operation. At the time of the purchase time
HUSLAB carried out some 240 000 ECG examinations a year and over 200 ECG recording devices were in use.

The purchase was performed in accordance with the Public Procurement Act § 29 (competitive dialogue), because
it was not possible to determine in advance the legal and economic conditions, or exact technical specifications of
the system. A short list of referenced vendors was created so that only vendors who were able to provide interfac-
es with existing systems were chosen. During negotiations, vendors were able to present the Hospital District with
systems meeting the requirements set by the project management. One of these systems was chosen to be the
new ECG system.
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