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Abstract

This thesis examines technology diffusion within the UK NHS. Motivated by increasing
health expenditure over the last years, it is important to understand the diffusion process
of medical technology in order to determine the factors that enhance or delay the
incorporation of technologies into common practice. Given the uncertainty inherent in new
technology and its presupposed competitive advantage, the diffusion process is
approached through the informational sources available to agents as a mechanism to
overcome uncertainty. Information increases physicians’ knowledge on product quality
and consequently influences technology choice. The set of regulatory and financial
incentives provided by the health care system are also considered. Throughout the thesis
dynamic panel data methods are used to estimate technology demand equations. The
first case study looks at diffusion within the primary care sector of three drug groups at the
therapeutical class level using prescription data from IMS Health. The second empirical
case explores within-group therapeutical diffusion with emphasis on competition amongst
branded products. The question addressed relates to the informational and product
characteristics that consolidate different prescription trends and product uptake. Results
suggest that prescription experience is the most important source of information; however,
physicians access additional informative channels when the technology is a breakthrough
innovation. Additionally, drug diffusion is unaffected by the health system organisation.
The final empirical work addresses diffusion of two surgical procedures in the secondary
care sector using HES data. Specifically, it considers the impact of competition introduced
by the NHS reforms initiated in the 90s. Patient follow-up also allows exploration of the
impact that surgical innovation has on patients’ health outcomes using a competing risk
model. Findings suggest higher diffusion in less concentrated markets, with specialised
and university providers having faster uptake. Moreover, diffusion presents long-term
effects on improved quality of care.
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Introduction

This thesis examines the diffusion of technologies within the health care sector. The
increase in health care expenditure and the identification of technological change as the
main determinant of the medical spending growth have boosted the interest for the
analysis of medical innovation diffusion. Some studies have estimated that the association
between technological change and medical expenditure represents half of the increase in
expenditure (Newhouse, 1992; Cutler, 1995). The recognition of technological change as
being responsible for spending growth raises the question of the mechanisms at work
which allow new medical innovations to penetrate the health care market and how these
innovations become part of common practice. Technological change involves different
steps, from the development of the technology to the placement of the technology in the
market. New technologies contribute to economic growth because of their superior
competitive advantage generating more efficient production processes. Consequently, itis
only through the adoption and diffusion of these technologies that benefits for the
consumers will be materialised. The present research is focused on the analysis of the
diffusion stage of technological change in the health care sector.

In particular, the research is aimed at identifying the elements that shape the diffusion of
medical technologies and frame the process within the regulatory and organisational
context in which diffusion takes place. This is thus an empirical analysis of the diffusion of
medical technology in the health care sector. The case of the UK NHS is used to
exemplify and examine the diffusion process. Two different technologies are explored and
these are both product innovations that represented a breakthrough in the treatment of
specific medical conditions. These innovations are also a good case-study for the
relevance of the health sector absorbing them and because they diffuse in health markets
that represent a large share of the total expenditure bill. Note that although the motivation
for this thesis was the relevance of medical technology in expenditure growth, the
research is not aimed at the quantification of this relationship but to the understanding of
the mechanisms through which diffusion takes place. A priori one would expect adoption
to be driven either by production cost reductions or higher profitability. In the health care
sector new technology appears to be largely cost increasing and third-party payment
would be expected to place a constraint on demand expansion. In this context much
remains to be explained regarding the forces behind technology diffusion as this is an
area with limited empirical contributions.



The empirical analysis here is of two distinct case studies. The first empirical analysis
corresponds to the diffusion of new prescription drugs and the second type of technology
analysed is surgical innovation. These two technologies represent examples of medical
innovations that are different in their nature, in the stakeholders involved in their
development and market introduction and finally in the sub-sectors in which diffusion
occurs. Initially, there are differences in the characteristics of these two types of product
innovations that are expected to determine the diffusion process in different ways. In
addition, within each type of technology different groups of drugs and surgical procedures
are examined in order to delineate any similarities and specificities of their diffusion
process that could be extracted from their analysis. The general context in which diffusion
is explored is the NHS; however, for each type of technology the uptake occurs in
different health care sectors. As such, the first empirical analysis considers new drugs
diffusion framed within the context of the primary health care, while the second empirical
analysis is concerned with diffusion of surgical procedures within the secondary health
care sector. Differences between these two sectors lie in their structure and the set of
reforms they experienced, thus the diffusion process across sectors is also expected to
follow different acceptance paths.

In accordance with diffusion analysis in economics, diffusion accounts for an increasing
acceptance of a new technology within a pool of potential adopters in the market.
Diffusion accounts for at least two levels of analysis that deal with the acceptance of a
new technology at different points in time. First, inter-firm diffusion accounts for the
increase in the number of adopters within the group of prospective users in the time
elapsed between when the innovation becomes available and the adoption time. Adoption
here refers to the first contact with the technology and diffusion represents the growth in
the number of adopters. However, the inter-firm diffusion path is restricted to explain
delays in adoption. After the initial acceptance there is an integration of the technology in
the production process, whereby the innovation sequentially replaces the old technology
used as an input in the production function. It is initially assumed that there is an existing
old technology competing with the new one; however, if the technology is a breakthrough
in the market it may not be replacing any existing technology. The analysis of this process
is termed as the intra-firm diffusion analysis and acts as an indicator of the individual firm
acceptance of the technology (Stoneman, 1983; Stoneman, 2002). The analysis of
diffusion in this thesis builds upon the intra-firm diffusion framework to explore the
increasing acceptance of medical technologies.

10



The thesis is set out as follows. Chapter 1 outlines the general motivation for the diffusion
analysis in health care and brings together some of the evidence supporting the
relationship between technological change and medical expenditure growth. The two
components of expenditure, prices and quantities, are examined to detect which of these
factors is most important in determining the growth in expenditure. As supported by
empirical evidence, quantities are identified as the main driver of expenditure growth
(Cutler and McClellan, 1998; Cutler et al., 1998). This motivates the approach taken
throughout the thesis to examine diffusion as acceptance measured by increasing
volume. Conceptual aspects of diffusion are considered in this chapter and a detailed
presentation of the differences between the inter-firm and intra-firm diffusion analysis are
also discussed. The interest in this aspect of diffusion, in conjunction with the recognition
of volume as responsible for expenditure increases, serves as the basis to set the intra-
firm context outlined above as the framework for the empirical analysis of health
technology diffusion.

The first chapter starts with definitional aspects of diffusion as they are presented in
economics. It also describes the two types of technologies that may be considered for the
diffusion analysis. Process innovations refer to any development that introduces changes
in equipment, input bundle or organisational structure that involves lower production
costs; product innovations are new products in themselves (Stoneman, 2002). These
concepts are then translated into the health care market context to highlight the
differences and the aspects that make the health care sector an interesting sector for
examination. The relevance of the two types of technologies examined in this thesis and
the sectors in which they are placed are described to emphasize the significance for the
examination of these innovations. After giving the basis for the empirical analysis of the
diffusion of medical innovations in health care, the chapter ends with the particular
aspects of diffusion that are examined throughout the thesis and specifically sets the
research questions pursued.

Before undertaking the empirical analysis of diffusion, Chapter 2 provides an overview of
the relevant literature on diffusion. Literature on both theoretical and empirical aspects of
diffusion is reviewed. The review is not only focused on research limited within the health
care sector but it starts with the evidence of the advances and approaches undertaken in
economics and the empirical findings given in the diffusion of innovations in non-health
sectors. The economic modelling of diffusion started with the seminal work by Griliches
(1957) and Mansfield (1963). They introduced epidemic models to represent the diffusion

11



process. In these models diffusion was approached as the increase in technology users
and the mechanism of diffusion was the dissemination of information through the contact
of users with non-users. In modelling this process the logistic function, which can be
characterised by an S-shaped curve, was observed to best represent the diffusion path
followed by different technologies. These models were criticised for their simplicity and the
lack of specification of the aspects leading to the adoption process. From that point
onwards the development of several streams of analysis departed from the epidemic
models based on the differential aspects that were held to explain why the diffusion
process occurs. The uncertainty embedded in new technology is an important aspect of
technology diffusion that generally motivates much of the literature.

Following the review of the theoretical research, empirical contributions to the diffusion
literature are examined. The evidence comes from a variety of industries such as banking,
food and the energy industry. The main common elements throughout this empirical
analysis highlight the relevance of the Schumpeterian hypothesis of the role of the firm
size and competition in the diffusion process. Both conceptual models and empirical
findings have been largely devoted to the analysis of the inter-firm diffusion of process
innovations. More recently, some models of intra-firm diffusion have been developed;
nevertheless, the modelling and empirical aspects of this level of diffusion are still not very
well documented. In an attempt to identify similarities and differences with the general
economic literature, applications to the health care sector are then reviewed. The
modelling of the diffusion process in the health care sector is very limited. Part of this work
is focused on the interaction between insurance and technology choice. The analysis of
the individual decision to adopt and to incorporate the technology as part of standard
practice has been largely ignored. Nevertheless, there are a number of contributions
modelling new drug diffusion as a physician learning process using a Bayesian approach.

The limited number of empirical contributions are mainly devoted to specific technologies
such as MRI or new heart attack treatments. These have attracted the attention of
researchers as they clearly represent a medical breakthrough with different implications in
terms of cost and production development for the providers. The empirical evidence
mostly refers to the US context. In general, competitive aspects arising from the insurance
aspect within the health care sector are examined. For instance, commercially-oriented
insurance or publicly funded health care provision systems are among the main variables
examined in these studies. The specificities of the health care sector in this country makes
it an interesting case for study but other organisational structures are analysed to test the
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consistency and generalisation of the results obtained. After a close examination of the
diffusion literature, contributions from the intra-firm diffusion level of analysis are found to
be limited. Both non-health and health contributions are mainly constrained to the inter-
firm level. This literature is thus mainly country and technology-specific. Therefore one of
the objectives of this thesis is to contribute to the analysis of diffusion with the empirical
examination at the intra-firm level of product innovations in an environment in which
health services are mostly publicly provided. The technologies examined here also differ
to the technologies generally studied in the literature.

After reviewing the relevant literature, the following chapters present the empirical
analysis of diffusion in the UK health care sector. Chapter 3 is the first of the empirical
chapters analysing the diffusion of new prescription drugs. This chapter deals with the
diffusion of three therapeutical classes of drugs (statins, proton pump inhibitors (PPIs) and
selective serotonin reuptake inhibitors (SSRIs)) within the primary care sector. Statins are
a type of cholesterol-lowering drugs, PPls are among the group of ulcer-healing drugs and
SSRis are a class of drugs to treat depression. Each of these drug groups represent good
examples for diffusion analysis given that they account for a large share of the
pharmaceutical bill and also because they are used to treat common conditions among
the population. The case of drug diffusion is of special interest given the interactions
among the stakeholders involved in the process of development and market introduction.
This follows from the number of external forces affecting the individual decision to
gradually accept the prescription of a new drug. For instance, the manufacturer has strong

incentives to promote the product.

With the exception of a few studies, drug diffusion has been generally examined from the
overall market perspective using macroeconomic variables to estimate elasticities of
demand. This leaves a relatively unexplored area for the analysis of diffusion at the
microeconomic level. This chapter moves from the aggregated perspective and uses a
microeconomic approach the prescription behaviour of the physician. Differences in these
aggregation levels may give raise to different mechanisms of diffusion. At the market level
the forces that move prices and quantities might be of relevance to give an overall picture
of the trends detected on the demand for new drugs. However, it is the aggregation of
individual demands that comprise the market demand. The influences that may operate at
the individual physician level either might not be captured by macroeconomic variables or
may consist of a different set of covariates. For instance, the evolution of the statins
market in the UK might be examined following their sales and analysing the
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responsiveness of demand to prices and marketing. ‘At the individual physician level,
prices might not be of relevance in prescription choice as shown in Chapters 3 and 4.

It is generally accepted that new technology presents a competitive advantage with
respect to the existing technology. However, especially during early periods of diffusion
there is an intrinsic element of uncertainty with respect to the technology. The uncertainty
and the newness of the product characterise diffusion as a dynamic learning process in
which information plays a central role as a mechanism to overcome the uncertainty
associated with innovations. There are four informational factors identified as driving the
process. The first one is the personal experience. Drugs are defined as experience goods,
that is, goods whose quality can be learnt after consumption. Only through repetitive
prescription doctors will be able to assess the benefit for the patient of the prescription of
the new drug. Secondly, observed external acceptance of the drug by the physician may
modify his own acceptance and this mechanism may correct any deviation in his
prescription from standard practice. This effect is labelled as consumption externality and
may be analysed at two levels: market externality derived from the overall market
acceptance and practice externality originated from the acceptance by physicians
practising in the same practice.

A third informational mechanism is the publication in scientific journals of the clinical
evidence derived from randomised control trials. Finally, the last informative channel
included is the marketing effort by the manufacturer. Advertising is used by the
manufacturer as a tool to maximise the returns to the investment in R&D. The informative
role of marketing is subject to discussion in the literature with some researchers arguing
that marketing is aimed at prescription habit generation. As discussed below the
informative-persistency dichotomy in the role of marketing will be empirically tested in the
following chapter. All these four mechanisms have been individually examined in earlier
research but they have not been accounted for simultaneously to examine their
confounding controlled effect. The individual analysis of these mechanisms may introduce
some bias in the results as a consequence of omitted variables in the specifications.
Consequently, this chapter gives a complete picture of the informative mechanisms that
physicians may have access to.

Diffusion of innovations does not occur in isolation but within a context defined by the
health care system in which physicians operate. In addition to the informational factors
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there are a number of organisational factors examined to verify whether the incentives
provided by the health care system have an effect on diffusion. Chapter 3 deals with
diffusion at the therapeutical group level. As a drug class these technologies are all
treated as having aggregate competitive advantage that overall brings higher benefit to
patients. The fact that the analysis is undertaken at the therapeutical level introduces
some limitations to the analysis, for example in the examination of the role of marketing.
Over time as the therapeutic group progressively becomes established, marketing efforts
may decrease as the therapeutic group’s acceptance increases for instance. It becomes a
matter of interest to examine the existence of diminishing returns to marketing.

Generally, empirical research has approached diffusion using logistic analysis, binary
dependent variable techniques or duration methods. However, new econometric methods
in the analysis of dynamic behaviours using longitudinal data allow the use of efficient and
more sophisticated methods. Dynamic panel data methods of the type depicted in
Arellano and Bond (1991) and Blundell and Bond (1998) are used. These are recent
developments in panel data econometric analysis that allow introducing a dynamic
element in the diffusion modelling. The advances in dynamic panels allow dealing with
endogeneity problems using the additional moment conditions available by having
observations for the same cross-section for a number of periods. As such the thesis
provides empirical evidence on technology diffusion mechanisms in the health care sector
using newly developed econometric techniques. The data used was provided by IMS
Health from one of their databases IMS Disease-Analyzer. It consists of prescription data
collected from a number of GP practices taken as a representative sample throughout the
UK during the period 1991-2004. This is supplemented with additional data from a variety
of other sources. In general, and noting some of the data constraints imposed, the results
obtained show the importance of the physicians experience as the main driver of diffusion.
Clinical evidence and consumption externalities only have an effect on the diffusion of
statins and PPIs. Increasing returns to marketing are observed and marketing behaviour
points towards an informative role of marketing in early stages of diffusion. On the
contrary, organisational variables do not appear to have any significant effect on the
demand for new drugs.

From the therapeutical group analysis depicted above the research in the following
chapter moves to a more disaggregated level and concentrates on the diffusion of
individual drugs within the statins group. Within each therapeutical group there are a
number of drugs that are introduced over time sequentially. Although they are different in
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composition they can be considered as close substitutes. The competition faced by similar
compounds within the same therapeutical class opens the analysis of the mechanisms
that explain different diffusion rates for new compounds. There are observed differences
in the prescription of each individual drug showing some degree of within-class
competition that merits further research. There is observed first-mover advantage that
seems to prevail until the fourth drug enters the market. At this point this entrant gains a
fast dominance of the market share and reaches similar prescription levels to those of the
first entrant. Thus, Chapter 4 builds upon the framework outlined in Chapter 3 to model
diffusion against a background of prescription competition, specifically first-mover
advantage and market dominance.

Chapter 4 thus analyses diffusion process to identify the factors that consolidate the
different observed prescription patterns. The main question to arise is whether the
informational channels discussed in Chapter 3 present at the therapeutical level also hold
at the individual drug level. Because the level of analysis is at the individual drug level,
product characteristics and product competition now become a matter of interest.
Together with informational channels there are a number of quality characteristics that
may justify the dominance of specific drug. The main goal in this chapter is to find
evidence that explains whether the distribution of the market share is the result of the
establishment of an asset based on prescription persistence and/or product quality. The
empirical specification presents pair-wise comparisons of the dominant drugs with respect
to the competing drugs. Dominant drugs are defined as those drugs with the highest
market share. Prescription data from IMS Disease-Analyzer is again analysed for the
period 1991-2004. Dynamic panel data is used to capture the underlying dynamics of
diffusion. Overall, the findings support the results in Chapter 3 in that the diffusion process
is largely drive by the physician's own experience. First-mover advantage seems to arise
because of product familiarity and the fourth entrant captures part of the market mainly
because of product superiority. In accordance with what is anticipated in the previous
chapter, the marketing evidence for the first-mover points towards an informative role of
marketing. In response to the threat introduced by competitors, over time the objectives of
the manufacturer change and advertising follows the consolidation of persistence in
prescription.

The previous two empirical chapters deal with the diffusion of new drugs at two levels of
aggregation. Chapter 5 introduces a different technology and health care sector in which
diffusion is occurring. Interest is now on surgical technology and specifically the chapter
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looks at two types of surgeries: carotid endarterectomy and knee arthroscopy. Carotid
endarterectomy is a type of procedure that removes fatty clots from the carotid artery.
Knee arthroscopy is a minimally invasive procedure to diagnose and treat problems in the
knee joint. The interest in these two technologies lies in the different characteristics that
define them. Carotid endarterectomy is a surgical procedure that entails a certain degree
of risk to the patient as it is performed to prevent development of different forms of severe
cerebrovascular disease. Conversely, knee arthroscopy is a day-case procedure and a
commonly performed type of surgery with little risk for the patient. The risk that each type
of surgery entails and the frequency of the cases that require these types of treatments
may shape different diffusion paths. This chapter consists of two parts. The first one
examines the diffusion of surgical innovations. The second part consists of the analysis of
the impact on health outcomes of the diffusion of the new surgery.

Surgical innovations are introduced as part of the provision of hospital services. In looking
at surgical innovations the set of incentives to develop and introduce this type of
technology into practice are entirely different to the case of new drugs. Yet being a new
technology means that there remains uncertainty regarding the characteristics of the
technology and thus there is an intrinsic learning process whereby surgeons learn about
the technology. The specification of the diffusion equations shares with the empirical
specifications in Chapters 3 and 4 experience acquisition as an informative source.
However, in this chapter the unit of analysis is the provider/hospital level based on the
interest discussed below in examining competitive issues. As surgical innovations have
different risk associated, if any adverse outcome is detected there may be an expectation
generation process based on the outcome observed in previous periods. This is an
indication of the product quality and a realisation of the potential advantage of the new
technology.

The hospital sector in the UK has been under a regulatory environment characterised by
constant change. Since the early 1990s a number of reforms were designed to enhance
the efficient provision of hospital services and restructure the hospital sector into a quasi-
market. The main goal was to establish a competitive environment in the hospital care
sector, dividing the role of the buyer and seller of services. This sector has been under
regular scrutiny and as such provides the chance to examine the effect of market-oriented
set of incentives established by the regulator. The impact of competition on diffusion is
thus analysed to detect whether a competitive environment may deter or boost the use of
the state-of-the-art technology. Two sets of competition variables are defined. The first
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one relates to the number of providers competing to provide services to the same buyer
(PCT). The second set of competition variables concerns competitors in the provision of
services defined by the geographical area. These different variables are defined to test
whether the proximity of the competitor is an element that may modify the diffusion
process. In line with the analysis of the organisational factors outlined in previous
chapters, Chapter 5 also considers the potential influence of organisational factors in the
uptake of surgical innovations.

The second part of Chapter 5 concerns the effect of the diffusion of new surgeries on
patient’s health outcomes. The analysis is based on hospital admission data and allows
for patient follow-up to the end of the study period. This part of the analysis is restricted to
carotid endarterectomy procedures. Information on readmission and mortality rates are
used as proxies for improved health outcomes. The extension of this analysis to the knee
arthroscopy case was not considered appropriate because the nature of the procedure
means that any health improvements would not be reflected in readmission or mortality
rates. This aspect of the research is interested in whether the intra-firm diffusion (volume)
of procedures will have a positive impact on the patient health outcome. In this context the
volume of surgeries accounts for the experience gained through the increasing number of
surgeries performed. Case-mix variables and provider characteristics are also accounted
for.

For the purpose of the empirical analysis Hospital Episodes Statistics (HES) data are
used. These contain records of all in-hospital admissions in England and cover the period
1996-2006. Dynamic panel econometric methods are used for the first part of the
analysis. The second part considers limited dependent variable methods, Cox
proportional hazard models and a competing risk methods framework. The last are based
on the model presented by Wei, Lin and Weissfeld (1989) that represents a marginal
approach to the multiple failure types. The results obtained confirm some of the results in
previous chapters. The experience attained in previous periods is a relevant factor
affecting the diffusion of both surgical technologies. Overall, providers do not seem to use
the observed adverse outcomes that patients may experience as an indicator of quality.
Competition on the other hand appears to have a negative impact on diffusion and the
findings support less competitive environments as diffusion promoters. As opposed to the
chapters on drug diffusion, organisational factors in the diffusion of surgical procedures do
seem to influence their uptake. In addition, the analysis of the impact of diffusion on health
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outcomes reveals that the effects are materialised only in the long-term through a
decrease in readmission rates.

Finally, Chapter 6 brings together the results obtained in each of the empirical chapters.
The aim is to identify any common patterns across technologies and health sectors that
could be extracted from the empirical analysis. Comparisons at different levels are
established. Firstly, from the differences in the characteristics of the therapeutical groups
the role of informational mechanisms might be generalised according to these
characteristics. Similarly, in the case of the analysis of drug diffusion within the statins
therapeutical level there are differences in prescription patterns that can be explained by
order of entry and product characteristics. The definition of the two surgical innovations
also delimits the characterisation of diffusion paths that are shaped by the technology’s
intrinsic risk. Common patterns are derived from the elements shared between the
diffusion of new drugs and surgical technologies and across health sectors. Limitations of
the empirical analysis are outlined as well as some policy recommendations that can be
derived for future policy-making. In addition there is a discussion for future research that
would complement the existing literature with a richer analysis embracing different
technology types and other health contexts.
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Chapter 1

Technological Change and Expenditure, Technology

Diffusion in Health Care and Conceptual Aspects

“In health care, invention is hard, but dissemination is even harder”
(Berwick, 2003)

Diffusion of new technologies in the general economic context has been extensively
analysed and there is comprehensive empirical evidence from various sectors in the
economy. The introduction of new technologies in the economy is generally assumed to
provide competitive advantages to the adopters under the assumption that these
innovations are superior to the existing ones. Technological change in the health care
market over the past decades has been rapid, broadening the capacity of patient
treatment. One manifestation of this technological change is the actual number of drugs,
surgical procedures and medical devises that are introduced every year in the global
health care market. However, the introduction of such innovations does not necessarily
lead to instantaneous widespread diffusion and there is usually a lapse between an
innovation introduction and its extensive use. The analysis of the diffusion process of
medical innovations in the health care market remains preliminary and the understanding
of the mechanisms underlying this process are still unclear.

The relevance of technological change in the health care sector has received attention
recently as it has become commonly accepted that this is the main component driving the
increasing growth in health care expenditure. In order to identify which factors are behind
the expenditure increase it is important to consider individually its components: price and
quantity. Based on their evolution, quantity of services is recognised as the principal
mechanism of the increasing expenditure trend. It is the empirical examination of the role
of technological change in health care that has motivated the analysis of diffusion of new
technologies. The diffusion process plays a key role in that it delineates a change in
preferences expected to modify the provision of health care services. Despite the
significance of the diffusion process as the aspect of technological change that places the
innovation into use, diffusion analysis in health care has not received much economic
attention. Nevertheless, before dealing with the mechanisms that drive the diffusion stage
some conceptual and definitional aspects are considered in this chapter. These aspects

20



will be useful to set down the conceptual underpinnings of how the diffusion affects the
health production function. Given the limited research in this topic, this will set the
framework of diffusion analysis in health care as examined in this thesis into the context of
the economic diffusion theory.

The chapter is structured as follows. The first section discusses the motivation for
diffusion of new technologies based on the relevance of the technological change as the
leading factor in the increase of medical expenditure. This section also discusses the
mechanisms responsible for driving up medical spending based on the expenditure
decomposition. Section 1.2 defines diffusion and the two different approaches that can be
used to examine diffusion. This section also distinguishes between types of innovations
and it also describes the specificities of the health care market. Section 1.3 extends the
definition of the intra-firm diffusion level and gives a brief description of its representation.
Section 1.4 refers specifically to the definition of technology in health care. In this section
there is also a brief description of the innovations examined in this thesis as well as the
market in which they are developed. Section 1.5 finally sets the research questions being
under scrutiny throughout the thesis. The final section presents some concluding remarks.

1.1 Medical Technology and Expenditure

Technological change boosts economic growth through increases in productivity. The
effect of technological change in the health care sector may be different however. The
increasing expenditure in developed countries over the last decades has been one of the
major issues on the agenda of governments. Health care expenditure has been increasing
at a rate greater than the annual increase in GDP over the last few decades. In countries
such as the UK and the US with different health markets, medical expenditure increased
at an annual growth rate of 3.6 and 4.3% during the period 1980-2000, well above their
GDP growth figures of 2.3 and 2.16%, respectively. Given this increase in medical
expenditure there has been a growing interest among scholars in determining the factors
explaining this continuous increase. Factors such as population aging, expansion of
insurance coverage or increased per capita income have been typically argued to be
contributors to the increase in health expenditure. It is currently agreed among economists
that they account only for a small proportion of the growth and technological change has
been identified as the major factor in explaining the increase in medical expenditure
(Aaron, 1991; Newhouse, 1992; Fuchs, 1996; Newhouse, 1993).
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The expansion of health care costs led to the development and introduction of new forms
of third-party reimbursement payment systems aimed at the cost-containment of medical
spending (Weisbrod, 1991). In identifying technology advances as responsible for the bulk
of medical cost growth these new types of reimbursement schemes, mainly an evolution
from retrospective to prospective payment systems, are likely to modify the incentives in
the adoption of new technologies given that they will be costlier than existing
technologies. Changes in payment systems through the implementation of cost-
containment policies will also have implications in terms of the signal given to the several
stakeholders in the market. For instance, from the supply-side the change in
reimbursement policies may suggest to manufacturers a portfolio of investment in
research and development oriented to innovation that is likely to be quickly and easily
adopted. Although the diffusion process is concerned with the spread of an innovation
over time, ultimately this may have influences on the health insurance market and

subsequently the development of new technologies themselves (Weisbrod, 1991).

Table 1.1 Per Capita Total Health Care Expenditure Growth (%)

Australia 6.3 11 26 2.3 3.5 5 3.3
Canada 2.9 2.7 4.7 3.3 0.9 27 3.8
Finland 6.2 3.1 4.6 4.7 -1.4 2.6 5.8
France 6.7 5 37 3.6 4.1 1.8 4
Germany 9 3.6 2.4 14 2.7 2.3 1.2
Ireland 11.3 5.7 -0.2 0.5 6.2 7 9.3
Sweden 4.3 4.6 0.9 14 -0.6 3.9 4.5
UK 5.9 24 2.7 35 4.4 3.8 4.5
us 4.1 4.9 5.1 5.8 34 2.9 4.2

Source: OECD Health Data 2008
Notes: 1970 figure for Australia corresponds to 1971, 2000 GDP price level
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Australia
Canada
Finland
France
Germany
Ireland
Sweden
UK

us

Source: OECD Health Data 2008

0.8
27
3.9
3.1
2
34
22
1.9
1.8

Table 1.2 Per Capita GDP Growth (%)

1.9
25
2.7
2.9
35
3.1
1
1.7
2.6

Note: 2000 GDP price level

1.5
1.7
22
11
1.5
1.7
1.8
1.9
23

1.3
1.5

2.7

26
4.9

23

21
0.6
-1.2
0.7
-1.3
4.1
0.1
14
1.2

2.7
3.2
4.5
24
1.9
8.3
3.2
2.9
29

2.1
1.5
23

0.5

3.7

2.2

1.3

Table 1.1 shows the annual growth in total health care expenditure per capita in some of

the OECD countries for the period 1970-2005. Table 1.2 shows their growth in GDP per

capita experienced for the same period. Increases in per capita health care expenditure

have been over the corresponding increases in GDP per capita. In the UK, only in the

period 2000-05 there has been an annual increase of 4.5% in per capita expenditure that

is above the 2% increase in the per capita GDP. A similar picture can be obtained in

looking at the percentage of the total health care expenditure as a proportion of the GDP,

as shown in Table 1.3. The UK had an annual rate of growth over the period 1980-2005 of

around 1.5%.

Table 1.3 Total Health Care Expenditure as Percentage of GDP

Australia
Canada
Finland
France
Germany
Ireland
Sweden
UK

us

Source: OECD Health Data 2008

6.3
7
6.3
7
8.4
8.3
8.9
5.6
8.7

6.6
8.1
7.1
8
8.8
75
85
59
10

6.9
8.9
7.7
8.4
8.3
6.1

8.2

11.9

7.7
9.9
10.1
6.7

6.9
13.3

8.3
8.8

9.6
10.3
6.3
8.2
7.2
13.2

8.8
9.9
8.3
1.2
10.7
8.2
9.2
8.2
15.2

1.3
14
1.1
1.9

0.1
15
23
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Given the recognized importance of medical technology in health care expenditure
growth, the question arising concerns the contribution of technology to this increase.
Some empirical studies have quantified this relationship using one of the following two
approaches. The first one is the residual approach’ and measures the technology impact
on the average annual growth rate as the residual of the following expression

G =z":f:,.g,. +R

i=1

Where ¢, is the expenditure elasticity of factor i assumed to be a determinant of health

care expenditure growth, g, is the average annual growth rate of factor i and R is the

residual growth rate attributable to technology. Among some of the elements that have
been considered to affect the annual growth rate are the population ageing, income or
changes in insurance demand. An alternative method is the so called direct approach and
quantifies the relationship between expenditure and the factors considered to determine
expenditure using proxies to quantify the technological change factor®. Recently, a report
by Productivity Commission in the Australian Government (2005) attempted to link the
contribution of technology to expenditure not only at the aggregated level but also the
individual contribution of particular technologies on expenditure. This report included a
review of the existing empirical evidence. Some of the studies using the residual approach
report that technology accounts for more than 50% of the health care expenditure. Studies
reviewed included Newhouse (1992), Oxley and MacFarlan (1994) and Cutler (1995)°. In
using the direct approach similar conclusions are drawn. Okunade and Murthy (2002) use
R&D as a proxy for technological change finding a long-term relationship between
expenditure and innovation.

In the UK the Wanless (2001) report estimated that in the future the contribution of
medical technology into health care expenditure growth would be between two and three
percentage points. This seems to contrast with the evidence of the impact of technology
on expenditure growth observed in other countries. However, international comparisons

* Fuchs (1972) already pointed out the role of the “technology imperative” in the increased demand for health
care services using the residual approach to explain demand growth.

2 A description of the two methods can be found in the Productivity Research Report by the Australian
Government (2005). The advantages of each method are discussed in the report. The report also offers a
summary of the empirical evidence found in studies using these methods.

8 Similarly, a very recent report by the US Congressional Budget Office (2008) reported that the expansion of
treatment possibilities was responsible for half of the increase in medical expenditure.
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may not be appropriate as the UK appears not to have a leading position with respect to
technology uptake. Evidence from the Technological Change in Health Care (TECH)
research network shows differences across countries in how fast they are in adoption and
diffusion speed (TECH, 2001). The UK is among a group of countries (together with
Finland and Norway) that not only has delays in adoption of new technologies but also

shows a slow uptake.

The components of medical expenditure are two: price and quantity. The increase in
expenditure is the result of either increases in the price of health care services or an
increase in the quantity of services provided or the combination of both. However, prices
have been growing well below the increase in expenditure. The case of pharmaceuticals
serves to exemplify the differences in prices and quantities. Table 1.4 and Table 1.5 show
the annual growth of pharmaceutical expenditure and the price index from 1970 to 2005
for some OECD countries. There has been a considerable growth in expenditure on
pharmaceutical goods in many OECD countries. However, pharmaceutical price indexes
show an overall common decreasing growth trend. For instance, the UK shows a drug
expenditure growth of 11% over the period 1990-1995 compared to a growth in the price
index of 5.3%. Differences in pharmaceutical spending growth thus cannot be solely

explained by increases in prices.

Table 1.4 Pharmaceutical Expenditure Annual Growth (%)

Australia 11.8 7.7 13.0 13.3 10.9 12.5 7.4
Canada 9.1 11.8 15.1 12.8 7.8 84 9.1
Finland 19.3 10.9 12.1 10.5 8.0 8.1 7.9
France 13.5 10.7 14.0 8.6 5.3 6.0 49
Germany 12.6 7.0 6.1 5.3 9.2 3.8 4.6
Sweden 18.3 11.2 11.0 11.9 13.2 7.6 6.1
UK 14.9 194 12.1 9.1 11.0

us 8.1 10.9 11.6 10.7 6.6 11.7 9.2

Source: OECD Health Data 2008

Note: Growth in price for Australia corresponds to 1971-1975.
Expenditure in million national currency units
Expenditure also includes other medical non-durables
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Table 1.5 Pharmaceutical Price Index Annual Growth

Australia 11.0 9.1 7.8 6.5 2.2 0.6 11
Canada 2.2 6.9 11.2 7.5 2.2 14 1.1
Finland 11.3 6.7 9.1 7.7 6.7 1.7 2.7
France 2.6 6.1 5.0 0.3 0.6 0.04 -1.0
Germany 4.4 3.2 6.7 3.1 49 25
Ireland 6.1 15.6 12.5 37 2.9 2.5 3.5
Sweden 8.9 13.0 34 2.2 2.7 1.2
UK 9.2 15.1 8.4 8.2 5.3 2.2
us 2.8 7.2 8.8 7.3 4.6 3.1 3.0

Source: OECD Health Data 2008
Note: Growth in price for Australia corresponds to 1971-1975.
Price index (2000=100)

Changes in quantity may arise through two different mechanisms. Because advances in
medical care open new treatment possibilities for existing and new patients there are two
possible mechanisms at work, the substitution and expansion effect (Cutler and Huckman,
2003). On one hand, there might be a substitution effect in that patients using the
incumbent technology will switch to the new treatment, particularly if lower unit costs
characterise this new technology. Taking as an example the pharmaceutical market,
drugs tend to be introduced at higher prices (unit costs), as a profit incentive to maintain
R&D within the sector. Therefore, it is likely that new pharmaceuticals will increase
expenditure in the short-term reflecting this higher unit cost. Note that such substitution is
not based on the classical reduction of resource inputs used in the production function but
in the substitution of one type of input by a new and innovative input in the production
process. However, in the long-run this may turn into cost savings derived from improved
health outcomes due to the high effectiveness of the innovation in reducing disease
morbidity and mortality. On the other hand, there could be an expansion effect whereby
the new technology is used by a new group of patients. This is driven by the opening of
treatment possibility to patients that were not previously eligible. This effect brings an

overall increase in total costs.

The opposite trends between prices and expenditure observed in Tables 1.4 and 1.5
could thus be capturing increases in quantities, mainly through the combination of the
expansion and substitution effect, as the channel through which new technologies affect
expenditure in the first instance. Note that this does not rule out the impact of other factors

such as increased demand derived from higher income, expansion of insurance coverage
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or aging of the population. It simply recalls the minor effect on the increased quantity of
non-technological factors. The combination of the substitution and expansion effects
obviously pulls the demand for the new technology giving rise to an overall increase in
absolute terms of the quantity of services demanded. Nevertheless, the final balance will
be determined by the magnitude of each of these effects.

Although the extent of price changes cannot be responsible for the increase in
expenditure this does not preclude this variable to contribute to the raising growth rates. In
combination with the quantity impact, input price will also contribute to the expenditure
increase. Generally new technologies have a higher cost and the overall contribution of
technology quantity as a driver of medical spending growth will also be through the higher
technology price, with the magnitude of this effect on expenditure depending on the price
elasticity. Cutler and McClellan (1998) and Cutler et al. (1998) (cited by McClellan and
Kessler (2002a)) find that the vast majority of the growth in expenditure in the treatment
for heart attack is derived from the use of new technologies or increasing quantity of
existing technologies. In fact, they show that prices are fairly stable for some of the
treatments.

Whereas the examination of the impact of prices and quantities on expenditure has been
at the centre of the attention, the welfare implications to patients have not generally been
considered. Assessing only diffusion as it relates to the dissemination of technology does
not give the entire picture of the process and leaves an important component of the
diffusion analysis unexplored: the actual impact of technological change on quality of care.
Cutler and McClellan (2001) assess the treatment and expansion effect of technology for
heart attack. They show that spending increases are mainly explained by increases in the
number of patients receiving treatment rather than by price changes. However, they
confirm that “clearly technological change in heart attack care is worth the cost. [...]
Technology increases spending, but the health benefits more than justify the added costs”
(Cutler and McClellan, 2001, pp.18). New drugs have also been shown to bring health
improvements in other disease areas (Lichtenberg, 2001).

The effects of price and quantity as contributory factors in expenditure growth can also be
seen graphically. These two variables are decision variables in production theory analysis.
In a context in which the production of health services is linked to a cost function and the
objective is to minimise cost, the introduction of a new technology will bring changes in the

27



production-cost relationship. McGuire and Serra-Sastre (forthcoming) analyse the effect of
a new technology on the composition of the input bundle quantities and the potential
changes in prices. Consider the case of the simple model in production theory with the

output being the result of the combination of two input factors y = f (xl,xz) and the
corresponding cost function is ¢ = w;x, + w,x, , where w, and w, are the prices of inputs

x, and x,, respectively. If technology is understood as a new input in the production of

health care services, the relationship between input and output is not expected to suffer
any fundamental change and the production function to remain fairly similar to the pre-
technology introduction stage. This type of technical change is called disembodied
technical change and will be discussed in more detail in Section 1.4.

This relationship is depicted in Figure 1. Following the example in McGuire and Serra-
Sastre (forthcoming), assume that the production of health care is the result of the
combination of two input factors, medical management (MM) as represented in the y-axis
and surgery (S) as depicted in the x-axis. It is further assumed that there is a new surgery
that requires less recovery time in such a way that the post-surgical medical management
is reduced. The new surgery will have cost implications through a reduction in costs due
to shorter length of stay. Before the introduction of new surgery, the tangency point
between the isocost and isoquant give the equilibrium point x,. With the new technology
there is a change in the relative price of new surgery that changes the slope of the isocost

curve and shifts the isocost to a new equilibrium point in ¢,. This movement represents

the substitution effect.

The new surgery opens new treatment possibilities and expands the capabilities for the
provision of health services, i.e. more patients are suitable for treatment with the new

technology. The isoquant y, shifts outwards to the production level depicted by the
isoquant curve y,. The level of output that can be produced is thus increased from ¢, to

the new equilibrium point x,. Now the new equilibrium involves higher resource use

derived from the increase in the number of patients receiving treatment. This is the
representation of the expansion effect. There is an additional shift in the isoquant curve as
a result of the change in the inputs’ marginal costs. Changes in the level of input usage
derive in changes in the inputs’ marginal cost. The magnitude of the change in the input
utilisation will depend on the change of the relative input prices. At the same time this will
have an effect in the marginal cost. However, the impact of this change is subject to the

28



production function. If the marginal cost decreases (increases) this induces higher (lower)
output. The example depicted in Figure 1 shows the case of a fall in the marginal cost.

The decrease in marginal cost induces the isocost to shift outwards and the new

equilibrium moves from x2 to x2.

MM

Figure 1.1 Changes in Isocost and Isoquant Curves Introduced by New Technology

Despite the price and quantity effect involved in the figure discussed above there is a
dynamic effect on the growth of uptake of the new technology. The present representation
of technological change does not capture this growth over time. Given the recognition of
technology being the major motor of the health expenditure this thesis is not aimed at the
quantification of the association between spending and technological change but to the

examination of the drivers that induce higher quantities of technology utilisation.

1.2 Aspects of Technology Diffusion

1.2.1 Definition of diffusion and technology classification

Diffusion of new technologies has been extensively studied in neoclassic economics. ltis
defined as the spread of the use of the technology across the relevant market in which
prospective users (firms) operate. As pointed by Stoneman (2002, p.9) “diffusion concerns

issues that are among the more difficult to analyse adequately. Time is involved.
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Uncertainty is inherent. Change is the main topic. Imperfect markets abound. All such
characteristics mean that the analysis of diffusion stands apart from much of the economic
textbooks where perfect competition, full information, static models tend to hold sway”. By
definition diffusion is hence inherently dynamic not only in terms of the time path but also
in terms of likely modifications to the technology and changes in the market/industry. In
order to understand the nature of diffusion in itself it is important to define first the concept
of diffusion.

Following the definition given by Stoneman (1983) diffusion is the process by which the
new technology is converging towards a threshold. Let x* be the post-diffusion

technology level and x, represents the technology usage in period ¢, thus diffusion is the

process and elements that drive this process whereby x, tendsto x*. If x, = x * for any

period ¢ the diffusion is instantaneous. Diffusion can be approached as the accumulation
of goods or as the population that owns the technology. If diffusion refers to goods, y * is
the convergence stock of technology and diffusion considers the process by which the

stock of technology products y, moves towards the convergence level. If diffusion is seen

as the rate at which individuals purchase the new technology, » * is the maximum number

of individuals in the pool of potential adopters and », is the number of individuals owning

the technology at period ¢, the diffusion is the process by which n, convergesto n*.

This definition of diffusion serves as the basis to differentiate between the diffusion at the
market level and diffusion at the individual level. In other words, it differentiates between
diffusion as the number of potential adopters that purchase the technology and diffusion
as the degree to which the new technology is being used over time by each individual.
The first case can be considered as the number of firms adopting the technology in a
given market, that is, it represents the first contact of the user with the technology. This
defines the inter-firm diffusion. The second case refers to the intra-firm diffusion and it
measures the intensity of technology use. Using the terminology above the inter-firm level
captures the proportion of firms or individuals that have adopted the technology over the

total pool of adopters, n, / n*. Intra-firm diffusion refers to the rates at which different firms

produce goods using the new technology, y, / y**.

4 In addition to these two concepts of diffusion, there is also a concept of economy-wide diffusion that involves
the analysis as an aggregation of all the industries that could adopt the technology.

30



Apart from the definition of diffusion according to the level of analysis adopted it is also
important to define the types of technologies. Technologies are differentiated according to
the nature of the innovation and whether the production function is modified. An
innovation is classified as process innovation if the technology introduces a change in the
production process. Stoneman (2002) refers to process innovation as any change in
equipment, factory structure, inputs used or management methods. It generally involves
lower costs. A product innovation is a technology that is a new product in itself. When
discussing about health technologies in Section 1.4 they will be also classified as product
and process innovations. As it will be noted in Chapter 2, whereas most of the work on
diffusion relates to inter-firm diffusion of process innovations, there is a limited amount of
evidence on intra-firm diffusion.

Empirical observations of diffusion patterns in several industries have shown that diffusion
is generally S-shaped. There is an initial time span where diffusion happens at a slow rate
and only a reduced number of early adopters use the technology. The next stage is
characterised by quick general adoption with the number of adopters increasing gradually
and a final levelling phase. The seminal work by Griliches (1957) on the diffusion of hybrid
corn in the US and the research by Mansfield (1961, 1968) on the diffusion of several
industrial technologies first noted the S-shaped diffusion pattern. Griliches (1957) and
Mansfield (1961) highlight the significant impact that economic incentives and innovation
profitability have in technology adoption; however, over time other factors, such as the
role of marketing, barriers and regulatory constraints have been incorporated.

1.2.2 The health care market and technology diffusion

New health technologies present a diffusion path initially presumed to follow the same S-
shaped pattern. This will be illustrated in the following empirical chapters with the
increasing path followed by the demand of the technologies examined in Chapters 3, 4
and 5. Despite the similarities between other industries and the health care market, there
are differences between the health sector and other industries that reflect the particular
characteristics of demand and supply side in this sector: in the first place, the decision
unit; secondly, how the demand curve is specified; and finally the characteristics of the
health care market in general.

As for the decision unit, in contrast with other markets where firms or agents may be
motivated uniquely by economic incentives in the decision to adopt, the case of physicians
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represents an example of an agent whose decision choice may not be driven by purely
economic motives (Scott, 2000)°. The time elapsed between the introduction and common
use of the technology shows that even in cases of new products presenting obvious
competitive advantages the adoption and diffusion are not instantaneous. After the
technology has been introduced there might be a lack of robust evidence (and
uncertainty) on the product that generates a slow process at early stages. As soon as the
diffusion takes off there will be mechanisms that bring more evidence and decision-
makers may be able to acquire better information regarding the medical treatment. The
profit maximising assumption embedded in economic diffusion models thus may not apply
to the physician case and would not be a good predictor of the diffusion mechanisms.
Furthermore, the presence of third-party reimbursement systems defines a different role of
prices in this market because of the lack of price awareness and because the
particularities of the health care bring to some extent factors as altruism or ethics involved
in the production function.

Demand in the health care sector does not lie within the standard definition of demand for
good and services whereby the demand curve represents a relationship between prices
and quantities. Demand for medical services reflects the decision of physicians not the
demand by the final consumer, the patient. Because of the asymmetry of information in
the doctor-patient relationship the patient seeks physician’s advice on medical treatment.
The information regarding treatment refers to issues of safety and tolerability as well as
treatment issues relating to efficacy. Issues of service provision and quality are therefore
affected by this asymmetry of information. The perfect information assumption in
microeconomic theory does not hold in this context. Hence the medical services
demanded by the patient are a reflection of the physician’s decision and will not reflect the
standard quantity-price relationship depicted by the demand curve.

When a new technology is introduced there is an additional aspect of imperfect
information originated from the uncertainty attached to the new medical innovation.
Physicians will not have perfect information on the technology characteristics as a
consequence of the uncertainty attached to the innovation. However, imperfect
information is mainly restricted to early stages of innovation diffusion and as time is
passing by imperfect information is diluted. The information asymmetry between physician
and patient still holds. Demand from the patient side is constrained to technology in as
much as the physician’s uptake of the innovation. Moreover, in general patients do not

% Scott (2000) provides a review of the different studies that modelled the physician behaviour and the range
of arguments that have been included as arguments in the utility function. As he points out, “common to many
models is a basic income-leisure framework” (Scott (2000), pp.1184). Other elements such as ethical reasons,
patient’s utility or reputation have been analysed as additional arguments in the physician's utility function
(Feldstein, 1970; Evans, 1974, Dionne and Contandriopoulous, 1985).
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bear the full cost of the service provided; instead there are third-party payers in charge of
the reimbursement for the services. This may induce some degree of moral hazard not
only from the patient-side but also from the supplier-side. As argued in Weisbrod (1991)
this could be a mechanism through which technological change is generating expenditure
growth. The implications for health insurance demand derived from the insurance
coverage are not clear. Weisbrod (1991) argues that technological change may not modify
demand for insurance as the changes derived from technological developments are

illness specific and the overall demand for insurance will not be altered.

On the supply-side, there are clear differences across types of technologies in relation to
their development, introduction and regulation. These differences will be discussed in
more detail in section 1.4 but as an anticipation take the example of the pharmaceutical
market. New medicines emerge from the R&D efforts of manufacturers and once in the
market they are protected by patents that ensure a minimum return on the R&D
investment. The market for pharmaceuticals is based on a strong patent system and
characterised by restrictive regulatory policies regarding pre-marketing approval and
reimbursement systems (Grabowsky, 1991). The vast majority of countries have
regulatory bodies in charge of pharmaceutical pricing policies either directly through price
controls or indirectly through profit controls. Moreover, new ethical drugs are required to
go through a process to prove safety and efficacy before their approval and in many
countries there is an increasing tendency to create independent bodies that set cost-
effectiveness recommendations (i.e. NICE in the UK). It is only after this process is
completed and the drug is placed in the market and made available to physicians that the
diffusion process takes off and brings welfare gains derived from the superiority of the
new technology.

The seminal work by Arrow (1963) highlighted the key role of uncertainty within the
medical sector. Uncertainty is present not only in terms of the unexpected nature of
occurrence but also on the effectiveness of treatment due to the heterogeneity of patients.
In the particular case of diffusion, uncertainty is the main attribute of the diffusion process
due to the unknown performance of the new technology. Although uncertainty has been
linked to early stages of diffusion, it is still present over the diffusion path. Improvements
and refinements in the technology are likely to arise as the technology is integrated in
common practice. In the pharmaceutical sector there are numerous examples of
medicines that suffer changes in the indications before the drug is approved or after
acquiring experience through use that leads to the emergence of contraindications not
previously shown. New surgical procedures may also suffer some alterations in the way
they are performed over time. The introduction of percutaneous transluminal coronary
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angioplasty (PTCA) for heart attack treatment had some risks associated with outcome
during early stages of diffusion. However, learning and complementary technology
developments (such as stenting) allowed this procedure to improve its performance
(Cutler and Huckman, 2003).

In the presence of uncertainty, information is a key player in the diffusion. The process of
information acquisition involves time and simultaneously acts as a barrier for a fast
diffusion. Since uncertainty involves risk, differences in attitudes and preferences of the
individual doctors will define the demand for information through different mechanisms.
Self-experience is one of these mechanisms. For instance, drugs and surgical innovations
lie within the category of experience goods: the “quality” of the good or the service is not
known ex-ante. Experience goods were first defined by Nelson (1970) as those goods for
which only repeated demand for the product provides information to consumers regarding
the attributes. Thus greater experience leads to information acquisition and lowers the
degree of uncertainty. Additional information channels coexist with experience and all of
them have in common the fact that information gathering is not free; there is a cost in the
time and effort spent in collecting evidence on the drug’s functioning. Nonetheless, on the
technology provider side there will be different costs and incentives to supply the correct
information®. In a context of rapid technological change, the process described for a single
technology interacts thus with the simultaneous introduction of other technologies within
the health care market créating a relationship between uncertainty and information not
confined to a particular technology but involving also other innovations.

1.3 Intra-level Diffusion

After giving a brief account of the concept of diffusion as defined in economics in Section
1.2 this section describes the diffusion framework that motivates the present research.
From the differences derived in the definition of inter- and intra-firm diffusion, there are
two different levels of analysis attached to each that bring separate research questions’.
The inter-firm diffusion analysis looks at the number of potential users that adopt the
technology. This is equivalent to measuring diffusion as first contact with the innovation by
the pool of potential adopters. Nevertheless, adoption itself does not necessarily explain
how usage evolves after adopters have purchased the new technology. In analysing inter-
firm diffusion the speed of diffusion might not provide an accurate picture of the process

® For instance, there might be economic incentives to the producer of new pharmaceuticals to promote the
product and disseminate the exact information (Leffler, 1981). This will be further discussed in Chapter 3 and
4.

" Note that the inter- and intra-levels definitions of diffusion analysis may refer both to individuals as well as
firms.
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itself. Embedded in the definition of inter-firm is the notion of acceptance across the
market. The economic literature is largely devoted to the analysis of inter-firm diffusion.
Intra-firm diffusion however looks at the individual acceptance of the technology as the
proportion of output produced with the new technology. The definition of intra-firm
diffusion characterises the diffusion analysis as being a process undertaken by the firm

and its individual acceptance.

The determinants of the market acceptance are likely to be different to the elements that
determine individual process®. In both concepts the definition of diffusion is intrinsically
linked to a time dimension; however, there are differences as to the point in the timeline
- where diffusion is located. The inter-firm concept is more related to the time elapsed
between technology availability and time to adoption. Sequentially, after the technology is
adopted, the intra-firm is related to the factors that foster an increasing acceptance over
time until the technology is well established within the production function. The framework
used in the empirical analysis is extracted from the intra-firm definition of diffusion
analysis.

1.3.1 A representation of the intra-level diffusion analysis

The distinction between adoption and diffusion is of special relevance within the health
care sector. Little attention has been paid to the possibility of firms or hospitals
suspending the use of a new innovation. For example, as noted by Sloan et al. (1986)
some hospitals disrupted technology use after adoption. As they argue, situations that
involve changes in demand may also reflect changes in competitive advantage from
superior innovations or changes in the overall market structure. This serves to highlight
the definitional difference on the importance of separating adoption from diffusion. The
interest in the diffusion process stems from the fact that analysis of adoption explains the
timing to the first use of technology but is not indicative of the market, hospital or surgeon
behaviour when the technology is absorbed by standard practice. Diffusion is defined as
the follow-up from adoption to the clear establishment of the innovation.

Inter-firm and intra-firm diffusion have been shown to comprise different importance at
different stages of the process (Battisti, 2000; Battisti and Stoneman, 2003). Inter-firm
diffusion is dominant at early stages with a range of potential users adopting at different
points in time. Once the number of adopters is approaching the total population of

® These differences were already noted in the empirical analysis by Mansfield (1963) when aggregated
measures of profitability were used as drivers for potential adoption (inter-firm diffusion) whereas individual
firm management characteristics were examined to explain intra-firm diffusion.
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adopters, that is, at later stages of diffusion, the role of the intra-firm diffusion becomes
more relevant because it indicates the extent of the utilisation of the innovation by each
firm. At first, one could envisage a close relationship between the adoption decision that
forms the inter-firm diffusion and the extension of innovation usage related to the intra-firm
diffusion. However, the limited amount of empirical evidence suggests that this
relationship does not hold®. Therefore it is reasonable to assume differences between
diffusion stages.

As was presented in the previous section, intra-firm diffusion is defined as the proportion
of output produced using the new technology (Stoneman, 2002). Despite the definitional
differences, inter- and intra-firm diffusion share common features. The sigmoid shaped (S-
shaped) curve that commonly represents inter-firm diffusion may also be representative of
the intra-firm diffusion path. These stylised facts have been observed in different
industries such as engineering, transport and agriculture. The S-shaped curve obtained
when plotting time against diffusion shows an inflexion point from a concave to a convex
function that captures a slow initial path followed by a faster process as seen in Figure
1.2. The sigmoid diffusion curve represents the increase in the number of adopters over
time when the inter-firm diffusion is under consideration. If the diffusion relates to the intra-
firm aspect, the sigmoid curve shows the proportion of output produced with the new
technology.

Diffusion
A

» Time

Figure 1.2 S-shaped Diffusion Curve

® Battisti and Stoneman (2005) show that this assumption does not hold when examining the intra-firm
diffusion of Computer Numerically Controlied Machine tools. Even though their results are for a technology-
specific of a non-health related product it may be reasonable to generalise inter-firm results to the intra-firm
context.
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If the number of individuals that adopt the technology is the first indicator of the diffusion
process, the second stage, defined by the intra-firm diffusion as the speed at which the
new technology penetrates into the production process, is an indicator of the degree of
acceptance of the new technology. Assuming that the firm uses labour and capital as

inputs in the production function to produce output Y

Y, =f(L,,K,), where K, =K, +K,,

where K, is the total stock of capital comprised by K ,, the old technology capital used,

ot)!
and K, , the new technology capital stock. A measure of the intra-firm diffusion is the

growth rate of the proportion of new capital over the total capital used in the production
function'®,

K./K =K, (K, +K,) (1.1

Depending on the nature of the innovation the intra-firm diffusion will be an automatic ora
progressive process. In the former case, the use of the innovation requires immediate
substitution of the old by the new technology and output being produced uniquely with the
new technology. In this case, the new technology capital will replace the total capital stock

and K, = K,, . This scenario discards any coexistence of the old and new technology in

the production function and leads to adoption and diffusion happening simultaneously.

The majority of technologies will involve a gradual process of substitution in which the
new technology will progressively replace the old capital input in the production function
according to expression (1.1). The share of the old technology might grow towards a
convergence level in which the new technology completely replaces the old technological

capital. In this case the following relation holds K, /(Ko, +K, )=1int=T, where T

represents the terminal date for the substitution process. Alternatively, the new technology

" An example in the health sector would be the process by which PTCA is introduced as treatment for heart
attack as opposed to the old technology CABG. Cutler and Huckman (2003) examine the process by which
PTCA is replacing CABG. They also differentiate between the expansion and substitution effects discussed in
Section 1.1.
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might not be designed to fully substitute old-type capital and a certain proportion of the old
technology might remain as a requirement for the production process to take place. If this
is the case, there will be growth over time in the share of the new capital in total capital

and at the end of the intra-diffusion period K, /(K, +K,,) is bounded such that

K, /K, e [0,1]. In other words, there will be a substitution process that reaches a level in

which the old capital cannot be completely replaced.

1.3.2 Origins and development of the intra-firm diffusion analysis

The limited but slowly increasing literature on intra-firm diffusion has relied mainly on
epidemic learning models of the type first outlined by Mansfield (1963). In an attempt to
provide a theoretical basis supported by empirical results of the intra-firm diffusion,
Mansfield (1963) established that any increase in the proportion of the output produced as
dependent on the profitability of the increase of output produced using the innovation. Let

x, be the proportion of output produced with the new technology and define a

convergence point x . This represents the upper bound in new technology utilisation in the
production function. For instance, in a case in which a firm completely replaces the old
technology with the new one the upper bound will be unity. In his model, Mansfield (1963)
argues that the rate of growth will be mainly a function of the profitability of the innovation
and the level of uncertainty that brings the technology at each point in time,

X =X
=l = f(1L,r,,...)
XX,

Where I1 is profitability and r, represents the uncertainty or risk inherent in the diffusion
process. The profitability is assumed to be fixed but the uncertainty is expressed as a

function of the uncertainty present at period ¢ = 0 as represented by 7 and the distance to

the convergence point x from the current proportion of output produced with the new
technology. The rationale behind is that the closer the intra-diffusion process is to the
convergence level, that is, the more advanced the intra-firm diffusion is, the lower the
degree of uncertainty,
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Using some mathematical manipulation the growth in proportion of the output produced
with the new technology will be

X, X—x

L= g(H,F,,...)-( — ‘J
X X

t

Under a set of assumptions the intra-firm measure of diffusion will follow a logistic function
in time. Mansfield (1963) concludes that the growth rate is a positive function of the
profitability and his empirical test supports these results. This model represents an
epidemic type model that does not predict the mechanism by which diffusion takes place.
Based on the profitability and uncertainty, and under an assumption that diffusion is
mainly driven by a learning process, Stoneman (1981) modifies Mansfield’s model
assuming a Bayesian type learning process using a mean-variance approach to calculate
the returns on the new and old technology. In contrast to the Mansfield model, Stoneman
(1981) explicitly models uncertainty.

The model considers two technologies, the new and the old one, with anticipated returns

with the following distribution given by N (,u,,,,a‘j,) and N (,uo, o2, ) respectively, where
u refers to the return average and o’is the variance of the returns. Let x, be the
proportion of output produced using the new technology and 1-x, the proportion
produced with the old one. The relevant decision variable is x,, with total returns

distributed according to N{g,,o?). Then,

He =X Hy +(l_xt) ot (1'2)

0'12 =x120'3r +(1—x,)20'3, +2x,(1—x,)0'

not

(1.3)

The decision problem is that of maximising the utility function givenby U = H (,u,O'2 )— C,

where C is the adjustment cost of the increasing use of the new technology in the output

production process. Stoneman (1981) assumes the following profit function
) 1, , .
H(,u,cr )=a,u—5b0' with a,b >0

If the agent maximises utility subject to restrictions (1.2) and (1.3) the optimal proportion of
new technology used will be

39



2
*_ lunt _luot + b(o-ot _O-not)
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a

However, in the case of positive adjustment costs the maximisation problem yields the
following condition

STC’ = [.um —Hyt b (O—jr ~ O o ){a’a—_’at]

In this context firms update their initial beliefs on returns to adoption after observing the
functioning of both the existing and the new technology, and the beliefs are adjusted
through a Bayesian process. While the returns to the old technology are assumed to be
fixed, there is an update in beliefs over the new technology’s performance. The approach
to the problem of choice under uncertainty is simplified through using the return and the
risk as the only variables of interest to the consumer. Arguments against the mean-
variance approach have been given in the literature as this type of modelling is far from
the observed stylised facts. As pointed out in Deaton and Muellbauer (1980, pp. 402) the
mean-variance approach is only valid under two of the following assumptions: a quadratic
utility function or a return distribution that is normal. As they state the unattractiveness of
the utility function and the non-normality of the return function means that “neither of these
justifications gives much support to the approach”.

The diffusion literature has recently started to be analysed within a context of intra-firm
diffusion although this is still in a very preliminary stage. The epidemic learning models of
the Mansfield (1963) and Stoneman (1981) type were the first ones to be applied in the
intra-firm case but other models such as the rank and order models have recently been
examined at this level (Battisti and Stoneman, 2005)"!. Although based uniquely on
learning models, these two approaches offer a strong theoretical basis for intra-firm
analysis and provide an analytical relationship between uncertainty and learning-by-doing
within the context of diffusion. The pitfalls presented by the learning process approach
have led to the development of additional approaches based largely on profitability
considerations (Battisti and Stoneman, 2005) and strategic behaviour (Jensen, 2001).

"' Rank models explain diffusion based on different firms obtaining different levels of profitability in adoption.
Order models argue that the order of adoption determines profitability. Rank and order models will be defined
and further discussed in the next chapter.
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Embedded in the learning process approach in these models is the link between
technology and information. The fact that some medical technologies are classified as
experience goods implies that the diffusion process is accompanied by a process of
information acquisition. Stoneman (2002) argues that information in itself is an asset
characterised by non-rivalry and some degree of excludability. Non-rivalry arises because
the information held by a person does not exclude anyone else to have access to that
piece of information. It is excludable in the sense that the owner can protect the
information and keep it secretly. The case of medical technologies are an exception to
this. They are non-rivalrous because access to information is open to all individuals.
However, the degree of excludability is very low as compared to other industries. Even in
the case of products with high investment in R&D such as drugs, the developer has strong
incentives to provide information and making knowledge part of the public domain. Thus
information can be considered as a public good'?.

1.3.3 The intra-level approach in the present analysis

The intra-level analysis as it was presented in Section 1.3.1 reflects a replacement
process whereby the old technology is increasingly being replaced by the new technology.
This process was represented by the following expression:

Knt /Kt = Knt /(Kot + Km) (11)

Where K, is the total stock of capital, K, is the new technology stock and K, is the old

stock of capital. Under the strict definition of intra-firm diffusion the analysis would
measure the proportion of new capital over the total capital that comprises the input
bundle in the production process. This definition assumes there is an old existing
competing technology for the new technology. However, the technology may represent a
truly innovative technology. In this case, it does not replace any existing technology and it
enters the production function as a new input. The intra-level diffusion analysis is then
reduced to the analysis of the increasing demand for the new technology. In the
terminology adopted in Section 1.3.1 prior to adoption output is produced only with labour

Y, = f(L,). After the innovation is introduced there is a type of capital that can be

combined with labour to produce the output level Y, = f(L,, K, ). In this thesis this is the

approach taken.

'2 The common definition of public good is based on non-rivalry and non-excludability. The most common
example of public good is defence services.
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The reasons to adopt this version of intra-level analysis were two-fold. In the first place
some of the technologies included in the present research did not face competition from
an existing technology in the market'®. Thus, this definition provides consistency in the
framework analysis used throughout the thesis and diffusion is considered as the increase
in volume of technology utilisation. Secondly, the objective of the research is to examine
the mechanisms of the diffusion of a new product innovation rather than the measurement
of the pure substitution effect. The intra-level analysis represented as the replacement
process or as the individual acceptance of the technology examined in isolation responds
to different research questions. If the interest relies on the factors and determinants of
growth in the use of the new technology against the old technology the approach adopted
is that of (1.1). If the interest lies on the mechanisms that allow diffusion to occur
regardless of any other existing technology then the isolation from any other technology is

valid.

Based on the reasons provided above the analysis will build upon this modified intra-level
setting and approach the problem as the individual acceptance of the technology in
isolation of any other technology. After giving the background on conceptual issues
related to diffusion and technology as defined in economics the next section will give a
brief description of the types of technologies as defined in the health care sector. Before
setting the research questions in Section 1.5 the following chapter will also give a general
description and motivation of the two types of innovations examined in the thesis.

1.4 Health Care Technologies

Zweifel and Breyer (1997) provide examples of what constitute a product and process
innovation in health care. Although their definition of technology is based on the economic
concept, they explicitly differentiate the case in which technology refers to an
organisational innovation. Recall from Section 1.2 that Stoneman’s (1981) definition of
process innovations included any management methods. Zweifel and Breyer (1997)
separate this out as an additional category of technology. According to them technology
can be classified as process, product or organisation innovation. The latter refers to the
restructuring of the firm and they give as an example the generation of HMOs or the
separation of two types of specialised care within a hospital. Organisational innovations
share the characteristic with process innovation of being technologies that entail a lower
cost of production. Drugs and clinical procedures are examples of product innovation.

BFor instance, one of the drug classes examined, statins, is effective in treating a specific condition that other
existing drugs could not tackle. Also, one of the surgical innovations analysed in Chapter 5 did not have
competitor as medical management was the only treatment available prior to diffusion. Thus, these two ways
of treatment cannot be considered as substitutes in the technological sense.
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New product innovations in health care have generally higher costs than the alternative

existing ones.

Technological change experienced in the health care sectorimplies that depending on the
type of innovation the impact on the production function will be defined as embodied or
disembodied technological change. Technological change is said to be embodied when
the new technology defines a new input set and the production process is transformed.
On the contrary, when the production function remains unaltered in the input vector
technological change is said to be disembodied. The analytical computation of embodied
technological change is complicated and the analysis in standard production theory is
mainly devoted to disembodied technological change. Under the disembodied
technological change case there is no major change in the production function such that
there are no changes in inputs or in the production process. Disembodied technological
change is approached introducing a temporal variable in the production function such that

y = f(x,t) where y is the output, x is the vector of inputs and ¢ represents the time

factor (Chambers, 1988). This specification has embedded the influence of time in
technological change. When technological change is materialised in a specific technology,
diffusion enters into play.

It is important to understand how the new technology might influence the production
function. Health technologies differ in their nature but as an input in the production
process, the effect of the technology might not be quantitative in terms of the amount of
inputs required to produce health but introduce qualitative differences. Take the case of a
new drug. If the aim is to achieve a specific level of output (health outcome) and the input
requirement set includes medical management and drug prescription, the introduction of a
new drug that improves the heaith outcome by being more effective does not change the
amount or the type of input. The variation is in the input quality. As such studying
technological change in health care as disembodied technological change does not
represent a deviation from reality. Nevertheless, this will depend on the type of
technology. Whereas this might be true for product innovations, it may not hold for
process and organisational innovations.

Medical technologies also differ in the process they follow in their development,
technology evaluation and degree of regulation during the introductory stage. Chang and
Luft (1991) sum up the differences in several aspects for three different types of
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technologies: drugs, devices and procedures. They argue the cost of development is high
for the development of drugs, whereas surgical procedures have a low cost as they are
generally developed in an academic environment. Drugs and surgical devices are
products that are patentable. On the other hand they are generally required to go through
an approval process, in which the safety of the product is assessed. Chang and Luft
(1991) also point that the diffusion of drugs and devices is at the corporate level whereas
the diffusion of surgical procedures is professional’*. Drugs are more costly to develop
than the other technologies and also have a strongly regulated approval process but
patentability provides them with the opportunities to obtain high return rates to investment.

1.4.1 The case of two product innovations

This thesis is focused on two product innovations: new drugs and new surgical
procedures. There are several reasons why these two products have been selected. First,
they are technologies that involve different sectors within health care. New drugs are
studied within the primary care sector. Prescription drugs in this sector represent the vast
majority of overall drug consumption as opposed to drugs administered in hospitals.
Surgical procedures are analysed in the context of secondary care. Both sectors are
conditioned by specific regulatory context and differences on the determinants of diffusion
are likely to arise as a result of that. This provides the opportunity to test the impact of
different economic and quality-enhancing incentives on diffusion. Although diffusion of
these two types of product innovations is analysed in different settings there might be
common conclusions to be drawn based on the potential objectives pursued by the
regulator.

Secondly, in general the expenditure associated to these technologies accounts for a high
proportion of the total health care expenditure. Among the different medical technologies
in the health care market pharmaceuticals are of particular interest not only because they
represent a sector with fast innovation rates but also because pharmaceutical expenditure
accounts for a considerable portion of the health care expenditure. Spending in
pharmaceutical accounts for a mean share of the GDP of 1.2% in OECD countries
(Jacobzone, 2000). Pharmaceutical expenditure as a percentage of total health spending
ranged between the 11.7% and 22.4% in 2000 as seen in Table 1.6. Pharmaceutical
expenditure has been growing over the last decades in the majority of OECD countries.

' The diffusion of drugs is corporate when it is considered to occur within a specific sector such as the
primary care market. However, drug diffusion is also professional (individual) if the diffusion is assumed to be
the result of a number of prescription choices by the individual physician.
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Even countries where the pharmaceutical bill is not excessive in absolute terms they have

experienced an increase in the share over total health care expenditure.

Table 1.6 Pharmaceutical Expenditure over Total Health Expenditure

Australia 14.7 10.6 8.6 8.9 9.8 121 14.7 14.2

Canada 11.3 8.9 85 9.6 11.5 13.8 15.9 17.2
Finland 12.6 11.9 10.7 9.7 94 13 15.2 15.8
France 23.8 20.3 16 16.2 16.9 16 18.2 16.7
Germany 16.2 13.7 13.4 13.8 14.3 12.9 13.6 15.1
Sweden 6.6 7.9 6.5 7 8 12.3 13.8 13.7
UK 14.7 11.8 12.8 14.1 13.5 15.3
us 12.3 10.2 9 9 9.2 8.9 1.7 124

Source: OECD Health Data 2008
Notes: 1970 figure for Australia corresponds to 1971

Despite the importance of the pharmaceutical market within the heath care market there is
still limited research on the diffusion of new drugs both in theory and empirical analysis. A
more detailed review of the literature in that respect is presented in Chapter 2. The
pharmaceutical market is typically characterised by fast technological change in which
pharmaceutical companies compete in patent races to obtain a positive return on their
investment in R&D and this is indicated by the rapid rate at which new drugs are
introduced. Figure 1 shows that the percentage of the market share of new medicines
launched between 1997 and 2002 in several OECD countries. New drugs are presumed
to have an effect on the health care market both in terms of improving health outcomes
and reducing other medical expenditures. The increase in the relative importance of the
pharmaceutical sector in the health care market alongside with the increasing number of
new medicines introduced into the market poses the question of what are the

determinants driving the diffusion pattern of new pharmaceuticals?
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Figure 1.3 Demand of New Pharmaceutical Products over Total Demand

USA-27%

Spain - 24%
Australia - 24%
Canada - 22%
Germany- 22%
France - 22%
Italy - 20%
Switzerland -18%
UK-17%
Japan-16%

Source: IMS World Review
Notes: Products launched between 1997 and 2002
Primary and hospital markets

25

30

% market share

In-hospital services also represent a large proportion of the total health care expenditure.

Table 1.7 shows the public expenditure on inpatient care as a percentage of the public

health expenditure. Depending on the country this percentage ranged between 30% and

40% of the total expenditure in 2005. The most recent data available for the UK shows

that public inpatient care accounted for approximately 35%

of public health care

expenditure in 1995. The interesting aspect of the secondary health care sector in the UK

is the number of reforms aimed at introducing more efficient resource utilisation through

the introduction of market tools.

Table 1.7 Public In-patient Care Expenditure over Public Health Expenditure

Australia 52
Canada 67.9
Finland 55.8
France 46.8

Germany 33.7
Ireland 64.9
Sweden 69.5

UK 56.3
us 594

Source: OECD Health Data 2008
Notes: 1970 figure for Australia and Ireland correspond to 1971 and 1972, respectively
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These two types of technologies are a representative case-study for the analysis of
diffusion. The case of drugs is a good example based on the share that they represent
generally as percentage of the total health care expenditure and the share that individual
drugs may have on the pharmaceutical bill when they are taken individually. If drugs are
an important share of total health care expenditure and the specific drugs selected for
examination also represent a significant share of the pharmaceutical bill as it will be seen
in Chapter 3, it is important to understand the mechanisms under which diffusion of these
technologies proceeds. The interest in the diffusion of surgical innovations also relies in
the expenditure share they represent but also in the contextual differences in which the
uptake of new technologies occurs. Note at this stage that the present research does not
aim at linking the diffusion of these technologies to health expenditure. In recognising the
influence of technological change as leading the growth in expenditure, the interest lies in
understanding the mechanisms in place when medical innovations are introduced.

/

1.4.2 Market definition in the pharmaceutical sector

It is worth defining at this stage the different terminology that relates to the discussion of
the pharmaceutical sector. The term pharmaceutical comprises a broad range of products
including branded or generic medicines, drugs, serums and vaccines (OECD Health Data
definition, 2008). This includes not only preparations for human use but also for animal
use. Thus the delineation of the borders of what constitutes the pharmaceutical industry
are difficult to draw. The discussion here is focused on pharmaceutical preparation for
human use (Scherer, 2000). A drug is considered a product in itself but they can be
grouped and classified according to different markets. In the first place a drug will belong
to a therapeutical group defined as the set of drugs that are prescribed for the same
condition (Sutton, 1998).

In the present research as therapeutical group or therapeutic class we will consider the
aggregation of drugs within the classes of statins, PPls and SSRIs. The therapeutic group
defines the area of treatment for which they are prescribed. Each therapeutic group will be
comprised by a number of drugs that are chemically related but with a different chemical
structure. The molecular characteristics of each drug within each therapeutical group will
define product differentiation. To make the exposition throughout the thesis clear, the term
drug will denote any of the different products within each of these therapeutical groups.
For instance, the statins therapeutic group is composed of six drugs: simvastatin,
pravastatin, fluvastatin, atorvastatin, cerivastatin and rosuvastatin. Each of them has
different chemical structure but are indicated to treat cholesterol and further prevent
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cardiovascular disease. Thus, each drug is exclusive in its chemical composition but not
the unique treatment for the specific condition.

¢

In each therapeutic class, the first drug introduced defines the therapeutical classification
and also represents the first drug approved to target a specific condition. The number of
drugs within the same therapeutical class will increase over time as drugs are introduced
sequentially. Each of these drugs may be under legal patent protection but after patent
expiry they face generic competition. The main characteristic of the pharmaceutical
market is that branded names are in oligopolistic markets. Although each drug has some
patent protection, competition arises from products being close substitutes but not
bioequivalent products, as it would be the case of a branded and generic name of the

same molecule.

When talking about statins, PPIs and SSRIs the market definition for each group can be
broad and comprise all other drugs designed to treat a common condition. For instance,
the more aggregated definition of market for statins includes other therapeutical groups all
under the heading of drugs to treat cardiovascular disease. When talking about the drugs
in a particular therapeutical class the market will be delimited by the therapeutical group in
which they are classified. For example, the definition of statins market is comprised by the
six drugs that were introduced over time in this therapeutical class. The last definition of
market is the relevant for the present research. The analysis includes first the diffusion at
the therapeutical level in Chapter 3 and then Chapter 4 considers the analysis of diffusion
of the individual drugs within the therapeutical group. Differences in analysing diffusion at
the therapeutical level or at the individual level may be important as different mechanisms
could be in place.

1.5 Research Questions

Despite the importance of the pharmaceutical sector and the in-hospital services share
over the total health expenditure and the fast technological change happening in the
health care market there is a rather limited evidence to ascertain the mechanisms that
shape the diffusion process both at the theoretical and empirical level. The particular
characteristics of health care means that standard economic principles may not apply to
diffusion: agents taking the decisions are not the final consumers and prices do not have
the same role as in classic demand theory. This thesis examines empirically the diffusion
of medical technology. Technological change in health care and medical technology
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diffusion has attracted the interest of scholars and policy-makers for their great impact on
the increasing health care expenditure experienced by many developed countries over the
last few decades.

As was discussed in Section 1.1 the impact that the introduction of technology could have
on expenditure has been identified to be mainly generated by increases in the quantity of
services provided. The diffusion analysis is focused on the dynamics that influence the
acceptance of the technology by the service provider. Based on this interest, the intra-
level analysis is used as the framework for the identification of the elements that drive the
diffusion process. The empirical specification assesses the increasing demand for new
technology by considering the following two research questions:

¢ What are the determinants of technology diffusion in health care?
e How important are organisational and regulatory environments in the diffusion
process?

As it has been mentioned in the previous sections the intra-level diffusion of product
innovations has not been extensively examined within the diffusion literature. The
contribution of this research will not only shed light into the mechanisms driving diffusion
within health care but also will contribute to the general economics literature with evidence
of a market with different nature and product definition. Under the heading of the two
research questions above there is scope for the examination of the diffusion behaviour at
different levels across technologies and sectors. Despite the common elements shared
across the empirical chapters there will be specific aspects characterising the diffusion
process that will be of particular interest. The first part of the research relates to the
diffusion of new pharmaceutical drugs examined from the perspective of the individual
physician behaviour. Being Chapter 3 the first empirical piece of work, the chapter will
identify the factors responsible for drug diffusion at the therapeutical level. If medical
technology is inherently characterised by uncertainty, the chapter will address the
following aspects:

¢ How does information affect physicians’ uptake of new prescription drugs?

e Are these informational sources equally important to physicians across drug
classes?

e Are organisational aspects of the drug prescription process an influence on
diffusion? Do particular schemes provide efficient incentives for demand for new
drugs?
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The analysis undertaken in Chapter 3 will provide evidence of the acceptance of
therapeutical drug classes taken as an overall group. The underlying assumption is their
benefit for improvements in patients’ health outcomes. However, under the same
therapeutical group there are several drugs that are close substitutes. There is some
degree for product differentiation across drugs despite the fact that they are close
substitutes. These drugs were introduced sequentially in time and they present different
prescription shares in the market. It is observed that there is a first-mover advantage that
is threaten by the entry of a much later entrant. In order to explain the dynamics of the
market, research in Chapter 4 will deal with the following questions:

e Are the same informational flows detected in the therapeutical level of diffusion
analysis present within a therapeutical class? If so, can they help to explain the
observed differences in prescription across drugs over the diffusion process?

e |s product quality a determinant in the consolidation of the individual prescription
share?

e Are organisational factors also influencing individual drug uptake?

Chapter 5 will examine the uptake of surgical technologies within the secondary care
sector. The unit of analysis is the hospital or provider site. The approach to the diffusion
process differs in several aspects. The main one is related to the stakeholders involved in
the development and introduction of the technology. Surgical innovations follow a process
in which the introduction of technologies is less formalised and subject to no technology
evaluation. Yet it is subject to a certain degree of uncertainty that is overcome over time.
This chapter shares with the previous ones an informational aspect required to become
familiar with the technology. But most importantly it differs from the other chapters in that
diffusion has been subject to a strong regulatory context that was aimed at introducing
competition in the provision of health care. The next research questions outline the
objectives followed in Chapter 5.

e What factors determine surgical technology uptake?

¢ What is the impact of competition amongst providers on technology uptake?

e How are the characteristics of the provider related to technology diffusion?

o Is the nature of the surgical innovation a determinant in technology uptake?

e Does increasing demand for new technology bring any improvement in quality of
care?
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1.6 Concluding Remarks

Previous sections have discussed conceptual issues regarding the definition of diffusion
and the different levels of diffusion analysis. This chapter has provided the basis for the
empirical analysis of diffusion in health care motivated by the accepted role of
technological change as main driver of the increase in health expenditure. The definition
of diffusion and the inter-firm and intra-firm level of analysis have been presented. After an
examination of the conceptual aspects of diffusion, the intra-firm level serves as the
conceptual framework for the empirical analysis of the technology diffusion in health care.
In addition, the motivation for the selection of the two types of technologies examined in
the analysis has also been discussed. This has lead to the examination of the research
questions that are being examined throughout the thesis. The main goal is to determine
the mechanisms that drive the uptake of new technologies within the health care. Two
main aspects are examined: the informational aspect of diffusion and the impact of
regulatory and organisational elements.

Before the empirical analysis is undertaken there is a review of the relevant literature in
the next chapter. The review considers empirical and theoretical contributions both
generally and applied to the health care market. Chapter 3 discusses the elements that
enhance the diffusion process based on the main characteristics that defines innovation:
uncertainty. The analysis is considered at an aggregated level in the definition of
pharmaceutical market. The chapter studies the diffusion of three new classes of drugs.
Chapter 4 further analyses the behaviour of the different drugs within the statins
therapeutical groups to specifically examine the diffusion behaviour at the individual
product level. This allows the examination of product differentiation and order of entry of
the drug as potential factors in the market dominance of specific molecules. Chapter 5
examines diffusion of two different surgeries and it also carries out an assessment of the
impact of diffusion on welfare gains derived from quality improvements. Chapter 6
summarises and draws the final conclusions of the thesis. Some policy implications and
some areas for future research are also discussed.
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Chapter 2

Technology Diffusion: Evidence from the Literature and

Implications for the Health Care Sector

This chapter presents a review of the literature on the theoretical and empirical sides of
technology diffusion in both non-health and health markets. First the non-health
approaches are explored in order to determine common grounds with applicability to the
heath care sector. The general literature has a more extended analysis of technology
diffusion than the literature devoted to medical technology diffusion. Still diffusion analysis
in economics is very limited. As it will be discussed in the next section epidemic models
started the analysis of technology diffusion. Economists have developed refinements and
extensions to these models identifying a number of elements that capture the elements
involved during the diffusion process. The empirical contributions also identify the
common components of diffusion leading the diffusion in several industries. Despite the
larger amount of research in a general economics context and elements in common
across industries, the examination of diffusion in the health economics literature has not
been based much on the economics literature. One of the aims of this chapter is to
identify the aspects discussed in the general economics literature that are extensible to
the case of medical technology diffusion. This will provide the basis to outline the diffusion
process in a health care context.

The application to the health care market is more recent. As it was argued in Chapter 1,
technology diffusion analysis has been motivated by the increasing expenditure growth
experienced by developed countries over the last decades. The theoretical background
for the technology diffusion in health care is fairly limited although part of the research can
be considered as refinements of the diffusion theory adjusted to the peculiarities of the
health market. As it will be discussed in Section 2.3, the theoretical contributions are
mainly focused on the interaction of health insurance, technological change and the
adoption of medical innovations. The restriction of the analysis to such a specific part of
diffusion leaves scope to incorporate other aspects of diffusion not covered by these
models. Empirical evidence from the determinants of technology adoption and diffusion is
more extensive than the conceptual literature. The empirical contributions are mainly
country-specific and restricted to a number of medical innovations. The results are
generally bounded by the characteristics of the market in which diffusion occurs. This
chapter will also contribute to a detailed revision of the health economics literature to
highlight the limited work within this discipline. This will allow the identification of the
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potential areas for research and will discuss how the present thesis will contribute to the
diffusion analysis in health care.

In this chapter the objective is to draw on the main theoretical and empirical aspects of
diffusion in a health care context. The first section reviews the theoretical contributions
from the economic literature following a chronological order that emphasizes the evolution
of the diffusion theory analysis over time. The second section reviews some of the
empirical contributions from different industries. It identifies the main elements that have
attracted most of the attention in the econometric analysis of diffusion. The third section
reviews the theoretical contributions related to the understanding of the diffusion process
in health care. Section 2.4 summarises the empirical evidence on the diffusion of several
types of health innovations. The final section discusses the elements shared by non-
health and health diffusion analysis and concludes stating how research in the health
economics literature can benefit from the existing contributions.

2.1. Theoretical Literature on Technological Diffusion

2.1.1 Approaches to the analysis of diffusion

The analysis of technological change can be attributed to Schumpeter (1934) (cited by
Sarkar (1998) and Stoneman (2002)) who firstly differentiated between the three parts
that characterise technological change: invention (basic research aimed to generate
ideas), innovation (application of those ideas to commercial use) and diffusion (adoption
by the potential agents). The first two stages have received most of the attention in the
literature however the diffusion stage remained largely unexplored until the 1950s when
economists and sociologists began analysis of diffusion. The perspectives they adopted
were completely opposed, although both disciplines were supporting points of view that
could be conciliated and complement each other to reinforce the diffusion analysis. The
general departure point was based upon the fact that it is only through the diffusion
process that the use of the innovation is spread through the market and the real welfare
gains resulting from the use of the new technology are materialised.

The diffusion analysis has been developed in other disciplines such as sociology and
marketing in parallel to the development brought in the economics literature. Their
approach to diffusion differs in the mechanisms that explain how diffusion proceeds.
Sociologists focus their research into the role of interpersonal relationship and the position
of the individual in the social network. Marketing literature is oriented towards the analysis
of new product acceptance. In general, there is a division between innovators and
imitators being the innovators those reached by the media. Imitators learn about the new
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product from the innovators through word-of-mouth. Both disciplines share the common
characteristic of being based on the communication side of the diffusion process. A more
extensive review on the early developments in both areas and their evolution is included
in Appendix 2.1. This section will focus on the advances contained in the economics

literature.

Section 1.2 in the previous chapter gave the definition of diffusion. It also distinguished
between each level of diffusion analysis that can be considered and the types of
technologies that can be under consideration. Recall the distinction between product and
process innovation. Similarly, to the definitions provided in the last chapter product
innovations are new goods or services, while process innovations are changes in the
production that reduce the cost of producing existing goods (Stoneman, 2002; Tirole,
2002). The distinction between inter-firm diffusion, referring to the number of firms using
the technology, and intra-firm diffusion, addresses the internal process within a firm by
which the new technology substitutes the old one. Additionally, economy-wide technology
diffusion has been defined as the diffusion across different industries.

The distinction between inter- and intra-firm diffusion is relevant in order to put into
context the factors that are selected to determine the diffusion process. Research in
general has been focused on the inter-firm diffusion of process innovations and has left
scope for research within the intra-firm research areas. Only recently, the latter has
attracted some attention (Battisti and Stoneman, 2003; Battisti, 2005). Also, the diffusion
analysis on product technologies has been examined as part of inter-household diffusion
analysis. This leaves scope for research not only of diffusion at the intra-firm level but also
regarding the diffusion of product innovations. The evidence presented in this section and
Section 2.2 mainly refers to the inter-firm diffusion of process innovations. The intra-firm
literature has been already presented in Chapter 1 and thus will not be presented here.

Theoretical literature provides an insight into the process through which a new technology
spreads over time. Diffusion analysis started with the epidemic models presented in the
seminal work by Griliches (1957) and Mansfield (1961), partly discussed in the previous
chapter within an intra-firm diffusion level. The economic modelling of diffusion has
evolved through the incorporation of different parameters as drivers of the process.
Research has focused mainly on the demand-side of diffusion and supply-side factors,
such as the cost or performance of innovation, are given as exogenous. However, for a
better understanding of diffusion and to provide a global picture of the process it is
important to incorporate supply-side factors (Stoneman and Ireland, 1983). The use of
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the innovation obviously depends to a large extend on the demand-side; nevertheless, the
supplier can influence some of the factors that make the technology attractive to the
individuals'® (Hall and Khan, 2002).

Technological diffusion analysis has its origins in the epidemic models. These models
were initially developed to study how infectious diseases spread across population
(Karshenas and Stoneman, 1995). Epidemic models are based on the contact that user
have with non-users within a pool of potential users. Over time there is a declining number
of non-users and an increasing growth of users. The underlying assumption is that the
diffusion process is the result of the distribution of information. Information is transmitted
by users to non-users leading to a higher spread of information and hence to adoption.
These models generate a diffusion path such that when plotting the count of users that
adopted the technology against time the resulting curve follows an S-shaped
representation. Following the notation in Stoneman (2002) this can be expressed
mathematically by a logistic curve. Let N be the pool of potential adopters and M (¢) the
number of users at time: . If at each period non-users are assumed to be in contact with

0-M(t)/ N users and y is the probability that contact will end in adoption, then the

number of adopters at time t is

dM(t)/dt = - M(t)/ N -{N - M(t)}

Where ¢ = ¢ -y is the probability that the contact results in adoption. This is generally

referred to as the diffusion speed. This first order differential equation can be re-written as

M@)=N/Q1+expl-n-¢-t})

In the first epidemic diffusion models there is already embedded the definition of inter-firm
notion of diffusion whereby diffusion refers to the number of users that adopt the
technology. In this context of inter-firm diffusion, diffusion and adoption are used
interchangeably to denote the number of individuals that adopt the technology. Mansfield

'> This relationship between demand and supply side is relevant for instance in the case of new
pharmaceuticals for which the developers of the innovation have incentives for promotion activities. This is a
supply-side variable that will somehow influence the demand-side. This will be explicitly discussed in Chapters
3 and 4 when examining the role of marketing in the demand for new pharmaceuticals.
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(1968) formally explores an extension of the epidemic model in which the proportion of
firms adopting is a function of the current number of users, profitability and the investment

required to adopt'®.

Several limitations of the epidemic models are discussed in Stoneman (2002). The
adoption is the result of the contact between users and non-users and this is the only
source of information. Epidemic models thus disregard any additional sources of
information that might be available and there is no clear definition of information. Another
limitation of these models is that there is no consideration regarding the individuals’
economic behaviour and the pool of potential adopters is fixed and equal to N . Finally,
the technology is assumed to be constant over time; however, technologies are likely to
suffer changes in terms of prices and quality improvements as the diffusion process
proceeds.

Although the early work based on the epidemic models helped to establish the basis for
diffusion research, the limitations outlined above helped to redirect the analysis towards
more sophisticated models that considered different aspects influencing the adoption
decision". These models try to explain the differences in time of adoption among potential
adopters and are more focused on the adoption decision of the firm'. Karshenas and
Stoneman (1995) review the three different approaches other than the epidemic theory
that emerged in diffusion theory. Differences among them arise in the mechanism used to
explain different adoption rates or timings. The following three model types have been
identified"®:

Probit or rank models explain differences in diffusion assuming that firms are
heterogeneous and hence obtain different profitability from adoption (David, 1975 (cited
by Karshenas and Stoneman (1995)); Davies, 1979; Ireland and Stoneman, 1986).

'® These factors are empirically tested and proved to be significant. Additional factors are also included in the
specification (durability of the equipment replaced, firm’s expanding rate, increasing rate of imitation, business
cycle) but they are not statistically significant.

" The review of literature in this section has been focused on the neoclassical equilibrium approaches to
technology diffusion. For a review of the evolutionary models of diffusion please refer to Sarkar (1998).

'® The importance of information dissemination embedded in epidemic models has thus been partially left
aside.

'¥ Note that these models are demand-side diffusion models. As it has been discussed at the beginning of this
section there might be supply-side factors that are of high relevance in order to have a global picture of
diffusion. For instance, as discussed in Karshenas and Stoneman (1993) the order effect models rely on
technology changing as diffusion evolves. This may include price changes that that demand-side take as
exogenous but that are explained by improvements experienced in the supply-side.
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Order effects models assume that the benefit from adoption depends on the order of
adoption (Fudenberg and Tirole, 1985).

Stock effects models maintain that the higher the number of adopters the lower the
benefits from adoption (formulations used in Reinganum 1981a, 1981b, 1983 and
Quirmbach, 1983).

These models differ in the source of the benefits gained from adoption. These are
neoclassical equilibrium approaches to diffusion modelling drawing on the fundamental
neoclassical theory characterised by being models of equilibrium, infinite rationality and
full information (Sarkar, 1998)%°. Geroski (2000) presents two additional diffusion models:
the density dependent growth and informational cascades models. The former model
assumes technology adoption in the presence of decreasing returns to innovate. The
latter model applies when innovations arise with a variety of forms, the information
spreads based on the potential adopters’ experiences and late adopters use the
information to choose variety. Information cascades and the mechanisms that may lead to
the adoption of the technology adopted by the leading individual/firm have also been
examined in the literature (Bikhchandani et al., 1992; Bikhchandani et al., 1998).
Information cascades arise when individuals follow the behaviour they observe from
others. When individuals decide sequentially, they observe the decision of the
predecessor and weight it against private information. Under this setting Bikhchandani et
al. (1992) and Bikhchandani et al. (1998) show that individuals may ignore their private
information and follow the decision adopted previously by other individuals. This has
interesting results in terms of behavioural adoption patterns as the release of information
can target adoption leaders in order to change general behaviour?'.

In the first type of approach taken by researchers, probit or rank models, it is assumed
that there is a heterogeneous population of size N . These types of models consider
individual firms or agents comparing the costs and benefits to decide whether adoption is

profitable. Let I1(¢) be the benefit of technology adoption and c(¢) the cost of adoption at
time . At each period the proportion of individuals adopting the technology are those for
whichII(#) > c(t) . Heterogeneity among firms may affect the benefit obtained from

adoption. For instance, geographical location, organisational factors, market demand
growth of the operating firm or recently purchased technology may generate that firms

2 The four models above have been analysed in Karshenas and Stoneman (1993) to empirically test which
model is close to the actual diffusion of innovations. They found evidence to support the rank and epidemic
effects but not the stock and order effects.

2 Bikhchandani et al. (1992) and Bikhchandani et al. (1998) use a medical case to exemplify the adoption of
surgeries as a case in which imitation may occur and boost the popularity of a surgical procedure.
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obtain different profit gains (Stoneman, 2002). Whereas the first probit models were
based on heterogeneity (David, 1975), models of the type depicted by Davies (1979)
included uncertainty regarding pay-offs such that the firms decision was based on
expectations (Sarkar, 1998). Stoneman (1980) and Stoneman and Ireland (1983) follow
Davies model to approach to examine the effect of uncertainty in pay-offs under a context
of profit maximising behaviour in models of learning (Sarkar, 1998).

In the second type of models, order models, different diffusion patterns are articulated
through different benefits gained in accordance to the order of adoption. That is, early
adopters will obtain a higher benefit of adoption than late adopters such that, as the
number of adopters increase, both the benefits and costs decrease. The total number of
adopters will be determined by the point at which benefits are equal to costs. The
justification for the presence of higher benefits for high-order entrants may be justified for
instance on the grounds of obtaining advantage with respect to geographic location or
highly skilled labour (Fudenberg and Tirole, 1985; Ireland and Stoneman, 1986).

The expected effect of process technology is to reduce the firm’s cost. The cost reduction
also leads to changes in outputs. At the same time this is leading to reductions in prices.
The combination of all these factors affects how profitable future adoptions will be. Stock
models depart from differences in output before and after adoption. Within this dynamic
context and leading the research on diffusion as stock models, Reinganum (1981a) uses
a game-theoretic approach to explore the adoption of a cost-reducing innovation by a two-
firm industry. Under complete certainty about payoffs, decreasing costs of implementation
and decreasing profits, there is a symmetric Nash equilibria in which one firm adopts
earlier than the other. Reinganum (1981b) considers the effect of market structure (i.e.
number of firms) on the diffusion of a cost-reducing innovation under perfect information
on payoffs and a homogeneous good. The resuit is an asymmetric Nash equilibria that
drives diffusion over time. The general finding is that concentrated markets will experience
faster diffusion. However, these findings are bounded by the specification of the demand
and cost functions and also depend on the profit structure immediately before and after
adoption. The common element in Reinganum’s models is that diffusion flows even with
perfect information and identical firms. In contrast, Quirmbach (1986) argues that adoption
of a capital-embodied, cost-reducing technology is the result of decreasing incremental
benefits and the costs of adoption for late adopters, and not the result of strategic
behaviour as discussed in Reinganum (1981a, 1981b). Diffusion is articulated through the
asymmetry in pay-offs and this holds both for single decision-makers and non-cooperative
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games, as opposed to Reinganum (1981) in which the equilibria exists only for non-

cooperative cases.

The models depicted above are defined basically including profit and cost functions that
are used to evaluate whether adoption is profitable. They serve as the basis of other
theoretical contributions to include refinements in the specification of the model with
respect to the uncertainty regarding the technology or changes related to the profit or cost
function. The contributions by Reinganum (1981a, 1981b) and Quirmbach (1986) do not
introduce uncertainty on the profitability to -adopt the innovation. However, imperfect
information is explored by Jensen (1982), modelling the decision to adopt under uncertain
profitability as a stopping problem in which diffusion is explained by the differences in
beliefs. Firms start with initial beliefs and create expectations. Waiting provides
exogenous and costless information. In particular, a firm is more likely to accept the
innovation, the more optimistic its initial beliefs are. In his model positive initial beliefs or
favourable information regarding unprofitable technologies can yield to adoption.

McCardle (1985) follows Jensen (1982) and introduces costs of gathering information into
the analysis. The firm has beliefs about the value of the innovation and updates these
beliefs after a sequential information collection process. The more information gathered
the lower the firm'’s anticipated return. Again unprofitable adoptions will take place in this
model due to uncertainty of the innovative technology and the costly information required
in order to adopt. The case of imperfect information is also analysed in Reinganum (1983)
as it relates to a cost-reducing technology. The uncertainty arises regarding to the
magnitude of the cost reduction. There is a Nash equilibrium in pure strategies. The main
result is that if initial costs are very dissimilar, then the high-cost firm will adopt while the
other will not. The reason for this is that if the low-cost firm has an initial cost close to the
lowest cost level attainable with adoption, then adoption may bring only minor
modifications to the cost function.

The observed delay in adoption and the common shape found to graphically describe the
S-shaped diffusion curve are among the stylised facts that have boosted the analysis of
diffusion (Mansfield, 1968; Rosenberg, 1972; Stoneman, 2002; Tirole, 2002). The delay
between the time when the innovation is available to the point when it is widely used has
been argued to be the results of an expectations generation process. Rosenberg (1972,
1976) discusses the importance of taking into account improvements in inventions along
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the diffusion path in order to capture the entire nature of this process. Technological
change should not be associated to technology that remains with the same characteristics
over time. Instead, innovations are likely to undergo improvements alongside its diffusion
path. Thus, if firms foresee that technology will be improved over the diffusion path there
might be a slow process that will speed up when the technology has suffered some
changes. Technological expectations regarding the innovation are formally examined by
Balcer and Lippman (1984). They focus on the demand-side of technology expectations.
Their model suggests that firms will adopt when the adoption waiting period is beyond a
given threshold. This threshold will be moved in time as potential improvements are
expected. Moreover, they find that as time passes by the firm’s profitability increases
when adoption is postponed based on perceived higher innovation performance.

Other aspects of the diffusion process have been included in diffusion analysis. The
models described above generally assume that firms are compelled to adopt at a
particular point in time (Scherer, 1967; Reinganum 1981a; Reinganum, 1981b). However,
firms may adopt a pre-emption attitude and act under a strategic behaviour to maximise
the profit flows. Fudenberg and Tirole (1985) analyse the case of pre-emption in which
there is no commitment on adoption. The model is based on the assumption that firms
respond immediately to the rival's action and perfect information about the payoffs. They
show that diffusion is faster, relative to the pre-commitment situation because of the threat
of pre-emption. Some research has additionally examined technology diffusion in a
context of network externalities (Katz and Shapiro, 1986) and diffusion of innovations with
horizontal product differentiation (Stoneman, 1990).

The diffusion analysis approached from a theoretical perspective is an area of economic
modelling that is still under expansion. The different models presented above articulate
the diffusion process using different mechanisms and place the process under different
contexts. The models above are basically inter-firm diffusion models that explain the
diffusion process as an adoption decision based on the assessment of benefits and costs
of adoption. There are a number of common themes identified across these studies that
could be extensive to other contexts and different types of technologies. The uncertainty
of the technology is a feature of technological change that is intrinsically attached to the
definition of technology. These models identify a dynamic aspect of diffusion brought by
uncertainty in the production cost function and the revenue function as well as the
uncertainty related to improvements in the technology. In addition, some models also
explore the context of imperfect information and the need to access information for the
diffusion to proceed. As it will be discussed in Chapter 3 the informational aspect of
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diffusion will be one of the aspects examined in the empirical model specification of this
thesis.

2.1.2 Policy implications of the economic diffusion analysis

The understanding of firm behaviour when facing the adoption decision is relevant to
identify the channels through which diffusion takes place. Once these factors are defined
they can be included in policy-making strategies to intervene in the diffusion process to
achieve welfare gains at earlier stages than without any intervention. David (1986) argues
that identifying the key supply and demand factors of the diffusion process may well serve
to set the directions of the policies aimed to enhance diffusion. There has been a lack of
attention in technology diffusion policy by scholars in comparison with the attention that
policy discussion of R&D receives (David, 1986; Greenaway, 1994). Nevertheless, it is
highly important to integrate the development and diffusion processes in order to reach
the optimal policy-making over diffusion and uptake.

The characteristics of the diffusion process will depend not only on the type of technology
but also on the type of industry. The assumptions and contexts outlined in the models in
the previous section that explain diffusion through different mechanisms would require the
policy-making approach to be adjusted to the diffusion process definition accordingly. As
such, Geroski (2000) argues that information provision and subsidies are the main tools
for policy drawing on epidemic and probit models. On the other hand, density dependent
growth and information cascade models require selective policies focused on market-
specific issues that influence the choice of technology. Stoneman and Diederen (1994)
approach the policy debate focusing on why and how policy intervention should be
handled by the government and what the impacts of actual policies are. They define three
market failures through which the diffusion pattern may differ from the optimal welfare
path: imperfect information, market structure and externalities. Policies have a complex
impact on the diffusion process because they might influence expectations about the
technology and retard adoption.

A good knowledge of the market and the elements at hand is required to set the basis of
the policies. The role of government to speed up diffusion of newly released technologies
is specifically examined in Stoneman and David (1986) and Stoneman and David (2002).
They examine two policies commonly used by governments and assess their impact on
social welfare: information provision and subsidies. In a model of a process technology
adoption information provision is generally boosting demand and increasing welfare
whereas subsidies may lead to decreasing welfare as subsidisation may lead to
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unprofitable adoptions. When the technology supplier is a monopolist, the impact on
welfare of information policies is unclear as the monopolist might react to this type of
policy. In general, subsidies under supply monopolist will lead to increase demand and
welfare.

Diffusion policy and expectation issues are analysed in Ireland and Stoneman (1986).
Supply and demand aspects are included alongside the role of expectations on price and
technology. The threat of obsolescence is used as a proxy of expectations on technology.
Two expectations on price are considered: myopic and perfect foresight case. Their
results suggest that myopic buyers adopt at a higher rate under monopoly than under
oligopoly. Also, adoption under a perfect foresight situation is higher, the greater the
number of firms there are. When analysing welfare it turns out that the optimal diffusion
path is the same as that obtained under myopia. Perfect foresight buyers are closer to the
optimal path as the number of firms increases.

The models that consider the potential areas to derive policy implications are thus based
on a number of different assumptions that lead to determine different policies to improve
diffusion. This may suggest that tailor-made policies are required in order to interfere in
the process according to the different diffusion contexts in which diffusion may flow. This
is an extension to examine market interventions in the diffusion process to increase
welfare gains. Whether the diffusion is too fast (in the case when the technology is being
adopted fast when profitability is not clear) or too slow will define an optimal diffusion
growth that maximises welfare (Stoneman and Diederen, 2002).

2.2. Non-Health empirical literature

The adoption of innovations has been empirically analysed with respect to different
industries. The papers discussed below attempt to shed light on the factors behind the
diffusion process of a wide range of new technologies in different industries. A common
set of features have been tested, particularly the Schumpeterian hypothesis of the effect
on the adoption of firm size and market concentration. Other firm- and market-specific
characteristics have also been incorporated. The empirical analysis of diffusion has its
origins in the seminal works by Griliches (1957) and Mansfield (1961, 1968). These early
studies used the epidemic models described in the previous sections with the aim to
analyse the differences across adopters. Griliches takes into account the fact that slow
adoption might be due to non-availability of the product and thus examines both the
“availability” and the “acceptance” of the innovation. The logistic function was used to
estimate the rate of acceptance and the process is depicted as one in which there is a
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convergence or ceiling point. His findings suggested that profitability is the major factor for
adoption®.

Mansfield (1961) formally modelled diffusion as a rate of imitation formulated through the
logistic curve that represents epidemic models. He studied the diffusion of twelve
innovations in four different industries. In addition to the profitability assumption outlined
by Griliches as the motor of diffusion, Mansfield argued that the imitation process also
depends on the number of current users and the investment required to install the
innovation®. The larger size of firms and the profitability derived from the innovation use
are the main factors yielding shorter waiting time before adoption (Mansfield, 1963a)%.
However, faster adoption times by larger firms it is not a priori indicative of how intense
the use of the technology is.

Whereas in his first analysis the rate of imitation was capturing the diffusion speed across
a number of firms in a particular industry, Mansfield also considered the factors affecting
the timing of adoption and the elements that determine the intra-firm diffusion path®.
Mansfield (1963b) explored the intra-firm diffusion as the measure of how fast the old
technique was being substituted by the new one®. Size, return derived from the
replacement process, degree of riskiness and firm’s liquidity are among the factors
showed to affect the intra-firm diffusion®’. Size turns out to be non-significant whereas the
other variables are significant and with the expected sign. Mansfield thus offered a
complete picture of the different levels of diffusion analysis. As he argues the implications
of the results point towards a common model representing both the inter- and intra-firm
diffusion rates and the relevance of the size and the profitable aspect of diffusion.

2 Some years later, Dixon (1980) showed that the Gompertz function is a more appropriate function for the
rate of acceptance using profitability as the factor driving diffusion.
2 Although other variables such as the expansion rate of the firm, durability of the old equipment or simply
imitation driven by the passage of time were tested, they were not significant.
2“ Again other factors were considered but were not significant. The firm’s overall profitability, firm’s growth,
liquidity, profit path or age of the firm's president were not statistically significant.
% Mansfield was a precursor as far as the intra-firm diffusion process is concerned. The intra-firm diffusion
analysis departs from his seminal work in 1963. As it was discussed in Section 3 in the previous chapter,
similarly to the case of inter-firm diffusion, epidemic models serve as the departure point for further theoretical
and empirical analysis.

% He focused on the intra-firm diffusion of diesel locomotives as compared to the steamed locomotives.
" For the intra-firm diffusion process in Mansfield (1963b) the additional factors tested were the age of the old
technology, the number of technology units required to replace the old ones (as a measure of the annual
investment required), the characteristics of the production levels to be achieved and the firm’s profitability.
Similarly to the inter-firm analysis, these factors were not statistically significant.
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Following Mansfield (1961, 1963a, 1963b), Romeo (1975) uses the logistic curve to
approach the three levels of diffusion, inter-industry, inter-firm and intra-firm, of
numerically controlled machine tools (NC) in ten different industries. Similar variables are
considered in his study but in the inter-industry analysis the two main differences arise
from the inclusion as explanatory variables of the structure of the market and the
industry’s R&D expenditures as proxy for the industry ability to accept innovations
(Romeo, 1975; Romeo, 1977). In general, the results suggest that the higher the
competition and the larger the firm size, the higher is the diffusion rate. Larger firms also
have shorter adoption times but they have slower intra-diffusion rates. According to
Mansfield results, the profitability of investing in the innovation yields not only faster
diffusion but also faster adoption times.

Later studies shift the approach from the logistic function diffusion analysis depicted
above to the analysis 