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Abstract. Building on Rogers' Diffusion of Innovation Theory, Bass models
describe the diffusion processes distinguishing between innovation (p) and imitation
(q). This study aimed at modelling the uptake of RIS, PACS and EHR systems in
Germany and Finland. The Bass models revealed a quick and almost identical
uptake process across all three systems for Finland. In contrast, the Bass models
mirrored a slower uptake in Germany. Consequently, the Finnish "imitation"
coefficients were larger than the German ones. While in Germany almost free
market forces were driving the adoption through imitation but without tail wind from
policy, the adoption process in Finland was centrally governed. This suggests that
the diffusion process in Finland reflected a well-managed roll-out of the systems
rather than imitation behaviour. Thus, in order for Bass model coefficients to be
understood properly, additional contextual information is required.
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1. Introduction

The widespread adoption of health IT (HIT) solutions received growing attention of
national health policymakers across the globe during the past 20 years. Many countries
spawned various eHealth strategies to promote health care digitalization, promising safer
and cost-efficient health care delivery. As the various national health systems and the
political priorities vary across nations, different strategies have been developed and
implemented [1, 2]. Today, years after the initial political campaigns came - or should
have come - to fruition, differing outcomes of their endeavours become apparent. While
the Nordic countries are widely recognized to have championed their pursuit of adopting
national eHealth infrastructures and solutions early, other countries appeared to be
notably less successful in similar undertakings [2]. For instance, Finland had adopted
(inter-organisational) electronic health records (EHR) in all national hospitals by 2007,
while Germany is still struggling with intra-organisational electronic patient records
(EPR) adoption as of today [3]. Although the pioneering role of the Nordic countries has
been described extensively in the past, the course of the development, i.e. the diffusion
dynamics, have not been modelled statistically. Such models would allow for an in-depth
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understanding by interpreting the model parameters that can be reflected against the
background of the national strategies. With longitudinal data on the adoption rates
becoming available, it appears valuable to contrast the two countries, i.e. Finland (as an
example of a Nordic country) and Germany, with respect to the diffusion of core HIT
systems with different complexity. While radiology information systems (RIS) and
picture archiving and communication system (PACS) have a clearly described set of
functions [4], large-scale EHR implementations are more complex due to the larger
spectrum of functions.

The central research purpose was, therefore, to describe and model the uptake of
these three key HIT systems to contrast and investigate Germany's and Finland's distinct
diffusion dynamics.

2. Methods
2.1. Data sources

In order to describe and investigate the diffusion of the three selected HIT systems, we
used observational data on hospitals obtained in separate national surveys which we then
combined to a longitudinal dataset for each country.

The German data stem from the IT-Report Healthcare, an ongoing national research
initiative that regularly surveys the digitalization of healthcare delivery organizations,
since 2002 [5]. This study uses the results of six separate surveys that were conducted
between 2005 and 2017 and addressed German hospitals with CIOs as the primary
respondents. In these surveys, hospitals of all ownership and federal states were
represented. The data set was post-stratified using demographics from the national
hospital register to account for potential selection bias.

The Finnish data stem from national surveys of the Finnish Institute of Health and
Welfare (THL) [6] which were commissioned by the Ministry of Social Affairs and
Health (MSAH). The data contained hospital adoption rates for the period between 1999
and 2017, providing a total of eight (EHR) and six (RIS and PACS) data points in time.

Due to the well-described functionality, RIS and PACS have more or less clear
definitions [7]. In contrast, EHRs, being composed of a multitude of modules, require a
precise understanding. By EHRs we mean hospital-wide clinical data repositories that
allow for trans-institutional connectivity in general. In the case of Finland, EHRs span
across healthcare institutions in a region. In Germany, this may but need not hold true.
Thus, in this study, Finland’s EHR and Germany’s EPR are collectively described as
electronic records, and despite the differing meanings, we included both but point out
their limited comparability.

2.2. Data analysis

Building on Rogers' Diffusion of Innovation Theory [8], the well-established Bass
model mathematically describes the diffusion pattern of innovation processes by
considering two effects described by its two model coefficients p and ¢, which are
interpreted as innovation and imitation in the classical understanding [9]. For each
system, i.e. RIS, PACS and electronic records, and country, we fitted a Bass model using
a Bayesian approach described in detail in Hiisers et al. [10]. Additionally, the goodness
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of model fit was assessed using Chi? statistics. Throughout all steps of the analysis, the
statistical programming language R was used.

3. Results

The Bass models (Fig. 1) revealed distinct patterns of diffusion in German and
Finnish hospitals. For Finland, the data showed a quick and almost similar uptake process
across all three HIT systems. The models reflect this pattern through the high coefficients
of imitation (g) across the systems, albeit with slightly faster adoption of radiology
systems which were introduced after EHRs. However, Finnish hospitals had achieved
full adoption of RIS, PACS and electronic records in 2007.

In contrast, the Bass models mirrored a slower uptake in Germany compared to
Finland. Germany had a higher p coefficient (classical understanding "innovation") but
lacking "imitation" effects, as is indicated by the low coefficients q, eventually failing to
reach full adoption as of 2021 (Tab. 1). One common feature of diffusion patterns in both
countries was the slower adoption of electronic records compared to radiology systems,
although this observation is less prominent in Finland (Tab. 1).

All curves showed a good model fit with no significant deviations (p-values, Tab. 1)
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Figure 1. Observed adoption data (points) and the modelled diffusion curve for electronic records, PACS and
RIS (lines) for Germany and Finland.

4. Discussion

We investigated the diffusion of three HIT systems in Finland and Germany. A key
characteristic in the diffusion process was the higher coefficient of "innovation" in
Germany than Finland, indicating the existence of initial innovators. But only a few peer
institutions followed suit resulting in notably slower diffusion and failing the complete
uptake of those three systems. The lack of "imitation" may also indicate missing network
effects [5]. In contrast, Finland, for which the models showed high "imitation" effects
witnessed quick gains in digitizing hospital care, mainly between 2005 and 2007 for RIS
and PACS. This also held true for the more complex EHR systems.

The size of both countries can partly explain these findings in terms of inhabitants,
which indicates that smaller countries have fewer difficulties in rolling out HIT systems
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nationwide. In addition, governance and financing structures, large-scale standardization
and nation-wide coordinating functions for implementation can ease or hinder
implementation efforts. However, the political environment in which decision-making
and enforcement of these decisions occur could be even more important.

Table 1. Bayesian Bass Diffusion Models, the Goodness of Fit, and model forecasts of the adoption rate in
2021 with the 95% Highest Density Interval (in brackets).

Country System Cole\:;f(';‘cii?nts Goodnem of T il;le(?}::ltsg
p q Chi? v;)l:le df 2021
RIS 0039 0112 7046 0217 5 90.4% [86.9%-93.4%]
Germany  PACS 0012 0250 4499 236 5 95.9% [94.2%-97.5%]
EPR 0062 0.000 4356 0513 5 77.2% [71.7%-82.6%]
RIS 0001 1036 4500 0261 5 100.0% [100.0%-100.0%]
Finland  PACS ~ 0.002  1.000 3050 0692 5 100.0% [100.0%-100.0%]
EHR 0041 0580  g650 0999 7 100.0% [99.9%-100.0%]

In Finland, the MSAH is the highest decision-making authority that oversees the
municipalities responsible for providing the care. Connected systems, e.g. a standardized
EHR linked with additional services, were central to the Finnish national strategy, which
could be enforced in a top-down attitude [11]. These systems are integrated into Kanta,
the Finnish national data services, a crucial building block of the Finnish eHealth strategy.
As early as 2007, the first phase of the Kanta roll-out started based on legislation with
the MSAH in charge [12].

In Germany, the national health care system is governed by the Federal Joint
Committee, a committee representing the stakeholders, i.e. health insurers, hospitals and
physician associations, that decides on binding regulations putting health care acts into
practice. These stakeholders failed to reach consensus on a health IT strategy, on
applications and health IT standards, essentially leaving IT adoption to the free market
for an extended period of time. Missing financial support in Germany may have impeded
imitation in Germany. However, recently, parliament passed laws that provide funding
to facilitate system adoption, particularly for the hospital sector [13].

As emphasized, the electronic records in Germany lack interoperability whereas
Finland’s national strategy embraced connected EHRs allowing health information
exchange. The ability to share information across organizational silos leverage the
benefits of HIT [14], which itself facilitates its adoption and use. This might further
explain Finland’s quicker uptake.

Against this backdrop, the interpretation of the Bass diffusion coefficients has to be
different for the two countries. Whereas in Germany, the interpretation of "innovation"
and "imitation" may be vindicated, in Finland, where no free market forces were driving
the adoption, the coefficients call for a new interpretation. In particular, "imitation" has
to be reinterpreted as a centrally supported roll-out process. This process appeared to
have worked very well, also for the rather complex electronic record systems.
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4.1. Limitation

The main limitation is related to the different systems in Finland (EHR) and
Germany (EPR) and their comparability. Only in Finland did these record systems really
connect institutions. In Germany, the EPR is in most cases an intramural system. There
were no data available on the adoption of patient records within the hospitals for Finland
and virtually no data for true EHRs for Germany.

4.2. Conclusion

In conclusion, the Bass diffusion models revealed distinct characteristics of HIT
diffusion patterns in Germany and Finland, with Finland showing a noticeably faster
uptake and earlier nationwide diffusion. This might be explained in light of different
governmental and strategic approaches. Consequently, the "imitation" coefficient needs
to be interpreted anew as a measure to reflect the success and speed of the "roll-out"
process in Finland. In order for Bass models to be adequately understood, the
environment in which the diffusion process takes place has to frame the interpretation.
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