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Abstract

In prior literature it has been argued that there exists a tension between balancing
investments in Exploration for new organisational knowledge against the Exploitation
of current stocks. It is argued that over time ﬁﬁns tend towards an ever increasing
focus upon Exploitation to the exclusion of investments in Exploration. It is argued
that this bias is in part due to the causally complex feedback loops between
Exploration activities and financial performance. The tendency for Exploitation to
drive out Exploration activities over time is argued to pose a serious threat to firm’s

long term prosperity and survival.

This thesis first reviews and interprets the diverse literature on the tension between
Exploration and Exploitation. This interpretation of prior work highlights that
Exploitation is not a single process, but rather two: incremental Development of
current stocks of knowledge and Appropriation of a return from those stocks through
use and sale in the marketplace. It is argued that the classic tension between
Exploration and Exploitation is intermediated by the process of Development, which
seeks to convert new organisational knowledge into forms amenable to appropriation
of a financial return, in addition to making incremental improvements to current stocks
of organisational knowledge. It is argued that the tension between these three processes
only exists in the short term. In the long term the success of each process is dependent
upon the other two. It is argued, however, that in the long term it is difficult sustain
individual efforts to extend the firm’s knowledge stocks through Exploration,
Development, or efforts to Appropriate a return through use, due to the existence of
three antagonistic processes that impede each of these three processes individually.
These antagonists are Core Rigidities, Slow Rate of Learning and Imitation by
competitors. Through the literature review insights are offered into how management

can suppress these antagonistic processes.

Chapters Three and Four empirically study the phenomena of Exploration and
Exploitation of organisational knowledge in the context of the UK therapeutics

biotechnology sector. In Chapter Three an in-depth case study of a leading firm,
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Celltech, is undertaken. From this case it is argued that contrary to prior literature it is
possible for a firm to maintain a balance between Exploration and Exploitation beyond
the short term. It is shown that Celltech's Exploration activities can be linked directly .
to the financial renaissance of the firm between 1990 and 1998. Insights are offered
into how management sought to maintain this balance and ensure that the long term
complementary relationship between the processes of Exploration, Development and

Appropriation was not undermined by short-term actions.

Based on the experiences of Celitech and other biotechnology firms key quantifiable
outputs of the processes of Exploration, Development and Appropriation are devised.
Using an event study methodology, announcements of these‘ key outputs, by all
publicly quoted UK biotechnology firms between December 1995 and January 1999,
are analysed. It is found that contrary to prior theoretic suggestions the outputs of both
Exploration and Exploitation activities generate observable financial valuations in the
stock market. Announcement of positive progress in Exploration and Development
activities are found to coincide with increases in share price over and above either the
past performance of the firm or the contemporary performance of market indices. This
suggests that contrary to theoretical arguments in the literature the causal feedback

loop between Exploration and Development activities and financial performance can

be quite direct.

It is also found that alliance formation plays an important role in value creation. It is
argued that the increase in market capitalisation that formation of alliances generate is
not fully explained by the sharing of resources and capabilities alone. It is argued that
formation of an alliance with a firm that has a high scientific and commercial
reputation within the stock market has a knock on reputational effect upon the
valuation of its biotechnology partner. The alliance offers uncertainty reduction
information to shareholders about the likely success and value of Exploration and
Development projects undertaken by the biotechnology firm, resulting in an increase in
the value of the firm. The concluding chapter of this thesis highlights major

implications that the findings of this study may have for both the pharmaceutical sector

and industry in general.
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Chapter One:

Introduction

RESEARCH QUESTIONS
. This thesis seeks to address three general research questions. Each of these questions is
briefly outlined below. During the following discussion the reader is also informed of

the chapter of this thesis that seeks to analyse each research question.

1. From a theoretical perspective, what is the knowledge Exploration/Exploitation

dilemma?

This question consists of two sub questions:

(2) From a theoretical perspective why should there be a tension between knowledge
Exploration and Exploitation?

(b) From a theoretical perspective why is it difficult to sustain efforts to increase
knowledge stocks through Exploration or to appropriate a return from current

knowledge stocks through Exploitation?

A number of scholars have argued in the literature that there is a tension between the
Exploration for new organisational knowledge and the Exploitation, or development
and use, of current stocks of organisational knowledge (Cohen and Levinthal, 1990;
Kogut and Zander, 1992; Levinthal, 1997; and Levinthal and March, 1993). It has been
argued that over time firms tend to invest increasing organisational resources to
Exploitation activities at the expense of Exploration. It is argued that this occurs due to
the shorter feedback loops that investments in Exploitation have relative to
Exploration, which is by definition a highly uncertain and longer term activity, and the
greater short term financial rewards that Exploitation activities attract (Levinthal and
March, 1993). This bias towards Exploitation of current stocks of organisational

knowledge is argued in the literature to pose a considerable long-term threat to the
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prosperity and survival of a firm (Hendry, 1993; Levinthal, 1997; Levinthal and
March, 1993; March, 1991). The threat to prosperity and survival occurs because
investment in Exploitation to the detriment of Exploration implies that the ability of
the firm to innovate and adapt is severely impaired, thus reducing its ability to respc;nd
to environmental shocks that require creation and implementation of new

organisational capabilities (Leonard-Barton, 1995).

There exists a diverse literature on the challenges that promotion of both Exploration
and Exploitation pose to firms and management. In addressing the above question
Chapter Two reviews this literature to explore the principal problems that firms’ face
in both the maintenance of Exploration and Exploitation activities individually and the
tension that exists between Exploration and Exploitation. Chapter Two condenses this
review into a series of figures, cumulating in an overall framework mapping the

tension within and between knowledge Exploration and Exploitation.

2. Is there evidence within a real organisational context that a firm’s activities can

be explained through the conceptual lens of balancing a tension between

knowledge Exploration and Exploitation?

This question consists of three sub questions:

(a) Can a firm’s activities over time be categorised in terms of knowledge Exploration
and Exploitation?

(b) Does this analysis indicate that Exploration and Exploitation activities are in
balance or not?

(c) If a tension between balancing Exploration and Exploitation activities is found to

exist then how does a firm’s executive team manage this tension?

In addressing the above question three in-depth case studies of UK biotechnology
firms, who are primarily in the business of discovery and development of drugs for
human health, were éonducted. Each case, as approved for publication by the
management, is presented in Appendices One, Two and Three. The oldest of these

three firms, Celltech, is the focus of analysis in Chapter Three. In this chapter Celltech
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is analysed using the conceptual lens of Explorétion/Eproitation and it is found that
its core activities, namely the discovery and development of drugs and the
management of inter-organisational collaborative partnerships, can be categorised as
knowledge Exploration or Exploitation activities. This analysis does indicate that
balance is not always maintained, however contrary to.theory it is fc.)und. that balance
can be maintained over a period of five years. It is also found that the management of
Celltech has sought to carefully manage both the tension between Exploration and
Exploitation and the interface between these activities, through a combination of

informal and formal monitoring and review systems.

3. Do the financial markets reward announcements of Exploitation activities with

higher returns than Exploration activities, as predicted by theory?

In addressing this question announcements by UK biotechnology firms over a three-
year period are classified as knowledge Exploration or Exploitation events. Using the
event study methodology, which is outlined in some depth in Chapter Four, these
events are analysed to determine whether shareholders reward positive announcements
about Exploration and Exploitation by increasing the stock market valuation of the
firm. Increases in share price over and above a number of performance hurdles, namely
the contemporary performance of a market index or past average share price
' perfomlance.of the firm, are observed indicating that a tangible financial reward is
ascribed to both Exploration and Exploitation. Such increases are referred to as

abnormal returns.

Six value creation hypothesis are generated in Chapter Four, which are based on past
conceptual and empirical studies in the literature in addition to evidence from the three
in-depth case studies in the appendices. Past theoretical work (Levinthal and March,
1993) suggests that Exploitation activities should be accompanied by a greater
financial reward than Exploration activities. The evidence from Chapter Four suggests
that financial markets may attach a higher value to announcements of Exploitation
activities than Exploration. Exploration events are found to be associated with

abnormal returns of greater than 2%, while announcements of Exploitation events are
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associated with abnormal returns of greater than 9%. It is also found that a key activity
in the biotechnology sector, namely alliance formation (Powell, Koput and Smith-
Doerr, 1996, Stuart, Hoang and Hybels, 1999), is associated with creation of additional
shareholder wealth, generating abnormal returns of greater than 10%. Chapter Four
argues that announcements of Prestige Alliances are rich in information about both the

Exploration and Exploitation activities of biotechnology firms.

INDUSTRIAL CONTEXT

The empirical context of this thesis is a sample of UK biotechnology firms’ the
primarily focus of whom is the discovery and/or development of drugs to improve the
treatment of human health, or the diagnosis of human diseases. Prior to detailing the
selection of the sample and data collection procedures an overview of the
pharmaceutical and biotechnology industry is provided. This is not meant as an
exhaustive analysis of the sector, rather it seeks to provide readers who are not familiar
with the industry a brief overview of its size and function. For a more detailed analysis
of the sector the reader is referred to the excellent Introductory Guide to Biotechnology
written by the Biotechnology Industry Association (BIO, 1999), the Emst and Young
Life Sciences Industry reports (Emst and Young, 1999a, 1999b, 1998) and Bogner and

Thomas’s (1996) book on creating value in the pharmaceutical industry.

Biotechnology defined

Biotechnology is generally defined by the UK Biolndustry Association as “the use of
biological processes to make useful products (including modified organisms,
substances and devices” (Biolndustry Association, 1999). The US Biotechnology
Industry Organisation note that “biotechnology is often defined as a combination of
advances in our understanding of molecular and cellular biology, plant, animal and
human genetics and how the human immune system fights disease” (BIO, 1999). The
use of biotechnology in a crude sense is an ancient activity. For example the
production of beers and wines is an application of biotechnology in the food sector,

while the production of penicillin is a more modern example (BIO, 1999).
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Modern biotechnology came to life with the discovery of DNA (deoxyribonucleic
acid), which can be simply thought of as the blue print of life (BIO, 1999). Three
advances made the manipulation of DNA, and hence modern biotechhology, a
practical reality, namely hybridoma technology, discovered by Kohler and Milstein in *
1975 at Cambridge (Faulkner, Senker, and Velho, 1995), Recombinant DNA (rDNA),
discovered by Boyer and Cohen in 1973 at Stanford University (Faulkner, Senker, and
Velho, 1995) and Protein Engineering (Oxender and Graddis, 1991).

Applications of biotechnology and regulation

Further advances in molecular biology have enabled firms to gain a much greater
understanding of biological organisms and how they can be manipulated to improve
human healfh, crop yields and environmental protection. The application of modern
biotechnology spans four important sectors in the world economy, namely, discovery
and development of therapeutic drugs to improve treatment of human diseases,
diagnostics tools to identify human and animal diseases, agricultural biotechnology,
which involves the genetic modification of plants and animals with the goal of
improving yields and nutrition, and environmental protection, such as clean up of

hazardous wastes (BIO, 1999; Emst and Young, 1999a).

Because biotechnology involves production through the manipulation of biological
organisms it is a heavily regulated sector. Products that have been produced using
biotechnology cannot be marketed without regulatory approval. Regulation of
therapeutic drugs is undertaken by the Food and Drug Administration (FDA) in the
USA, and in the EU by the European Medical Evaluation Agency (EMEA), in co-
operation with national regulators. The FDA and National Departments of Food and
Agriculture regulate agricultural products. Drugs produced using biotechnological
processes are required to pass a long series of regulated clinical trials to ensure that the
drug is both safe for human consumption and brings clear therapeutic benefits. As this

thesis focuses on therapeutic and diagnostic biotechnology firms the agricultural and
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environmental biotechnology sectors are not reviewed!, however an overview of the

pharmaceuticals sector is provided.

The drug discovery and development process is highly regulated, costly and success is
uncertain. An overview of this process is provided in Table One?®. This table details the
major stages of the process, the length of time and cost of each stage, and the
probability of a drug that enters a given stage making it from that stage through to
market launch. Table One also offers insights into the regulatory and financial success
of drug compounds. The process of moving a drug from discovery to regulatory
clinical trials is highly uncertain, with less than 5 in 5,000 to 10,000 compounds
making it from discovery to clinical trials (Berry, 1996; PRARMA, 1999). The whole
process from discovery of a promising compound to eventual regulatory approval to
market the drug is lengthy. For drugs launched on the market between 1990 and 1996
the process on average took 15 years (PhARMA, 1999). Drawing upon a sample of
drugs that entered clinical trials between 1980 to 1984 DiMasi (1995) found that only
18.3% of these drugs had gained regulatory approval, and estimated that only 23.5%
were expected to eventually gain regulatory approval. By 1998 80 biotéchnology drugs
had been approved for sale by the FDA (BIO, 1999), with 14 new biotechnology drugs
approved in 1998 by the EMEA (Emst and Young, 1999a). It can be expected that the
number of biotechnology drugs will grow rapidly over the coming years. There are
over 2,200 biotechnology drugs in the development process, with over 300 products in
the final stage clinical trials (Emnst and Young, 1999b).
INSERT TABLE ONE ABOUT HERE

Patents: the reward for high risks and costs of regulatory approval

An important value driver in the pharmaceuticals business is the monopoly rents that
patent laws provide. The monopoly rights and profits that patents bestow on drugs are

meant to act as a reward for the high risks and costs attached to gaining regulat‘ory

! Readers interested in the agrcultural and environmental services sectors are referred to BIO (1999)

and Emst and Young (1999a; 1999b).

? In this thesis tables and figures for each chapter are presented at the end of the that chapter.
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approval. Patent protection in the US and Europe for drugs extends for approximately
20 years. It is estimated by the Pharmaceutical Researth and Manufacturers of
America trade association (PhARMA) that the average patent protection afforded to
drugs after they have gained regulatory approval is 12 years. They do, however, cite
some examples of drugs that have had as little as a half a year of exclusivity
(PhARMA, 1999). The costs and risks that patent monopoly rights seek to compensate
for are substantial. The cost of taking a drug from discovery through to regulatory
marketing approval was estimated by the Boston Consulting Group to be $500m, when
the cost of researching failures and interest charges were taken into account
(PhARMA, 1999). The Association of the British Pharmaceutical Industry (ABPI)
estimates that only one in seven drugs that receive regulatory marketing approval go
on to become commercially successful (ABPI, 1999a). Grabowsici and Vernon (1994)
observed from a sample of US drugs introduced in the early 1980s that the average Net
Present Value in 1990 US dollars was $22 million per drug, though it was found that
this result was highly skewed with only the top 30% of drugs recouping R&D and

other costs.

Once a drug’s patent begins to expire then 1t is quickly subject to intense competition
from imitators. Under the Drug Price Competition and Patent Term Restoration Act
1984 in the US and similar laws in Europe once a drug goes off patent then other firms
can very quickly legally produce a generic version of the drug. The effect of generic
competition is considerable. PhARMA (1999) report that for drugs who’s patent
expired in 1991-1992 generic drug imitators captured 20% of the market immediately
upon expiry of first mover patent protection. Generic drugs had captured 44% of the
market within 6 months and 72% of the market within 18 months. World-wide generic
drugs represented 18.5% of prescription units in 1984, rising to 46.5% by 1998
(PhRARMA, 1999). By the late 1990s it is estimated that 55% of all NHS prescriptions
in England and Wales were written for generic drugs (ABPI, 1999b). In 1997 two of
Glaxo-Wellcome’s drugs began to go off patent world-wide. The effects in terms of
sales were quite pronounced. Sales of Zantac fell 45% from £ 1,375 million in 1997 to

£757 million in 1998. Sales of Zovirax fell 30.5% from £ 580 million in 1998 to £ 403
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million in 1998 (Glaxo-Wellcome Annual Report 1998). This decline in sales was

attributed to competition from generic drugs.

The challenge that expiry of patents pose to pharmaceutical firms is often cited as one
of their main strategic challenges. Pressure group Generic Access note that most
generic drugs are priced at 25% or less than branded drugs and that over the next 12
years patents will expire on drugs with current sales of $41 billion (Generic Access,
1999). This represents 13.4% of the current $306.3 billion global drug market (IMS
Health, 1999). Emst and Young (1999a) note that about half of the sales of Eli Lilly
and Merck are derived from drugs that will go off patent by 2003. The challenge for
pharmaceutical firms who wish to maintain high net profit margins and sales growth is
to replace these drugs with new patented drugs. To do so pharmaceutical firms invest
about 20% of their tumover in R&D, making them the most R&D intensive private
sector funded industry in the UK and US (ABPA, 1999a; PhARMA, 1999). The UK
pharmaceutical sector invested £2.2 billion in R&D in 1997, while the US
pharmaceutical firms invested $20.6 billion (ABPA, 1999a; PhHARMA, 1999).

It is expected that biotechnology will play an important role in pharmaceutical firms’
search for new drugs. The PAARMA Pharmaceutical Industry Profile 1999 notes that
“Currently there are 500 distinct targets for drug interventions. That figure is expected
to increase 6 — to 20 fold, to 3,000 to 10,000 drug targets in the near future.” PhnARMA
argues that the key dniver of this expansion is developments in biotechnology and
genomes. It 1s noted by Emst and Young (1999a) that an estimated 30% of
pharmaceutical firms® R&D budgets are available for external alliances and that much
of this money may be targeted at alliances with biotechnology firms. 30% of 1997
pharmaceutical budgets of UK and US firms would amount to about $ 7 billion. In
1998 the largest 100 biotechnology alliances netted biotechnology firms revenues of
$1,786 milhion (Recombinant Capital, 1999). The top 20 pharmaceutical firms entefed
into 226 new alliances with biotechnology firms 1n 1998 alone (Van Brunt, 1999). In
addition to financial payments to their biotechnology partners a substantial amount of
their R&D budget would have been consumed on costs associated with the running

clinical trials on drugs developed with biotechnology partners.
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Biotechnology and the pharmaceutical sector

Table Two compares the size of the pharmaceutical sector with that of the
biotechnology sub-sector. The world-wide pharmaceutical market is very large, with
$306,300 million in sales during 1998. The sector is relatively concentrated with the
top ten drugs representing 8.2% of the total market, all of which had sales in excess of
$1,000 million. UK firms sold three of the top ten drugs. These three dl"ugs generated
combined sales of $7,218 million®. The top ten pharmaceutical firms in terms of sales
represented 29.6% of the world-wide market. Three of these companies were UK
based, with combined sales of $ 28.4 billion*. As a whole the UK pharmaceutical and
biotechnology sector generated a trade surplus with the rest of the world of £2.6 billion
(ABPI, 1999¢).
INSERT TABLE TWO ABOUT HERE

In contrast to the top ten drugs by sales, the top ten biotechnology drugs in terms of
sales represented 2.5% of the world-wide market, while the revenues of the US and
European biotechnology sectors combined, totalling some 2,461 firms (see Table
Four), have combined revenues that are only 5.3% the size of total sales in the
pharmaceuticals market world-wide. Revenues from the 32 therapeutic biotechnology
firms, which this thesis focuses upon, represents 0.1% of the global market in terms of
revenues. From the revenue picture it could be argued that the biotechnology sector is

of relatively little importance, however this would be misleading.

The value dnving engine of the pharmaceutical business is R&D of novel patented
drug compounds (Emst and Young 1999a). Margins from patented drugs are higher

than non-patented sales and it is expected that much of the future pipeline of patented

* $ 3,858 mulhon sales of Losec by AstraZeneca, $ 1,760 mullion sales of Seroxat by SmithKline
Beecham, and $ 1,169 milhion sales of Augmentin by Smithkline Beecham.

¥ Glaxo-Wellcome with pharmaceutical sales of $ 10.5 billion, SmithKhine Beecham with sales of § 7.3
billion, and AstraZeneca with eombined sales of Astra $ 6.9 billion and Zeneca of $ 3.7 billion (Fimn,
1999).
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drugs shall be derived from biotechnology. Table Three provides details of the
revenue, R&D spend, net losses, and number of staff for firms in the European and US
independent biotechnology sectors. It can be seen that while the entire European sector
is smaller than Glaxo-Wellcome in terms of revenues, R&D spend per employee is
considerably higher. As noted above pharmaceutical firms are amongst the most R&D
intensive in the world in terms of percentage of turnover invested in R&D, yet the
biotechnology sector is even more R&D intensive from the perspective of R&D per
employee. European biotechnology companies spent £ 32,775 per employee on R&D
compared to £ 20,415 per employee by Glaxo-Wellcome, the world’s largest
pharmaceutical firm in 1998 (see Table Three). The industry is very heavily in the red,
with net losses in Europe amounting to £1,496 million and in the USA amounting to
£3,071.5 million. These net losses reflect the level of investment in R&D of the sector
and the fact that few have any significant revenues generated from product sales due to
the lengthily period it takes to steer a drug through the regulatory approval process,
combined with the relative youth of the sector’.

INSERT TABLE THREE ABOUT HERE

* Genentech, the world's oldest therapeutic biotechnology firm, was founded 1n the USA by Robert
Swanson, a venture capitalist, and Dr Herbert Boyer, one of the co-discoverers of Recombinant DNA
(rDNA). 1n 1976 Genentech was listed on the NASDAQ stock exchange in 1980. This listing raised $
35 mulhon for Genentech In 1982 the first DNA drug (human insulin), developed by Genentech and
licensed to El Lilly, was launched on the market. In 1985 Genentech received marketing approval from
the FDA for the first biotechnology drug, called Protopin, to be developed, manufactured and marketed

by a biotechnology firm (Genentech, 1999). In January 2000 Genentech had a market capitalisation of $
34 4 billion.

Celltech, the oldest UK therapeutics biotechnology company, was founded in 1980. Celltech was lhisted
on the London Stock Exchange n 1993. This listing raised £ 30 million for Celltech and was at the time
the largest ever placing and public offer of shares of a biotechnology business 1n Europe. Its first drug,
Chirocaine (oniginally developed by fellow UK biotechnology firm Chiroscience, which merged with
Celltech 1in 1999), was approved for marketing 1n Europe in 1999, This drug was the first major drug
discovered and developed through to marketing approval by a UK biotechnology firm. (Appendix One,

the Celltech case study; Emst and Young, 1999a). In January 2000 Celltech had a market capitalisation
of £ 1,081 mllion.
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From Table Four it can be seen that the number of biotechnology firms in both Europe
and the US has grown over the last two years. While publicly quoted companies
represent only 5.7% of European biotechnology firms in number (68 firms out of a
total of 1,110) their combined R&D spend of £ 541 million, is 32.6% of the total R&D
spend of the European biotechnology sector. The R&D spend of publicly quoted
European firms is much higher than private firms £ 42,504 per employee for public
companies versus £ 30,100 for private firms. The R&D spend per employee of UK
public biotechnology firms is even more pronounced. The 32 therapeutic
biotechnology firms studied in this thesis spend £ 67,100 on R&D per employee (see
Table Eight).

INSERT TABLE FOUR ABOUT HERE

From Table Five it can be seen that three countries dominate the European
biotechnology sector: 23% of European biotechnology firms are located in the UK,
19% are located in Germany and 12% are located in France. It should be noted that the
32 publicly quoted therapeutic and diagnostic firms that are the empirical focus of this
thesis represent 47% of the number of European publicly quoted biotechnology firms,
and greater than 20% of the total R&D expenditures of the wider European
biotechnology sector (see Tables Three, Four and Eight).
INSERT TABLE FIVE ABOUT HERE

The European biotechnology sector in general, and the UK sector in particular, are
many years away from significant revenues generated by sales of drugs. To date only
one UK biotechnology company has had a drug approved for marketing, Chirocaine,
by Celltech-Chiroscience. With a lack of profits from drug sales to fund R&D
expenditures independent biotechnology firms in Europe and the UK are dependent on
two primarily sources of cash: funds raised from shareholders’ equity and revenues
raised through collaborative agreements. From Table Six it can be seen that the amount
raised from shareholders has declined in the US but risen in Europe. Combining the
data from Table Three with that of Table Six it can be seen that public biotechnology

firms in Europe raised £ 358.2 million, while incurring net losses of £ 291.1 million.
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These companies need additional sources of funding if they are to not return to the
market quickly. Some such funds are obtained via alliances.

INSERT TABLE SIX ABOUT HERE

From Table Seven it can be seen that in 1998 European biotechnology firms entered
into 146 strategic alliances. These alliances serve a number of purposes. The first is
access to funds, second is access to drug development capabilities that the
biotechnology firm may lack, third is access to marketing and distribution capabilities
that they often also lack, and fourthly is the validation that these alliances bring to
biotechnology firms in the eyes of their shareholders. Emst and Young (1999a)
excellently summarise a widely held view about the importance of alliances for

biotechnology firms when they noted that:

“Alliances remain the lifeblood for ELISCOs {biotechnology companies}. The
current reality in Europe is that achieving successful alliances is one of the most
important validations of an ELISCOs commercial potential. In time successful
in-house product development may become an achievable goal, but for the
present the realistic model for Europe is one that focuses on solid research with
clinical development. ... The relative importance of strategic alliances, however,
reflects the simple truth that collaborators are closer to the market and are
therefore better able to assess the commercial potential of ELISCO products and
technologies. This importance grew in 1998 as capital funding generated through

alliances was one of the more important sources of funding for ELISCOs”

INSERT TABLE SEVEN ABOUT HERE

Table Seven offers an insight into the financial potential of alliances for biotechnology
firms. Collaborators typically undertake much of the cost of development of a
biotechnology firm’s drug; in addition they provide a valuable source of cash.
Revenues earned by the top 100 biotechnology alliances for biotechnology firms
amounted to $1,786 million in 1998, an increase of 24.5% over the prior year

(Recombinant Capital, 1999).
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Table Eight provides detailed information on the financial performance of the principal

32 publicly quoted UK therapeutic and diagnostic biotechnology firms in 1997 and

1998. It can be seen that as a group they invested 127% of their tumover on R&D,

leading to a combined net loss of £ 296.6 million in 1998. They are very R&D

intensive firms, investing £ 67,190 per employee in 1998 compared to £ 20,415 by the

UK’s largest pharmaceutical firm, Glaxo-Wellcome and £ 42,504 for publicly quoted

European Biotechnology firms as a group (see Table Three). Bearing in }nind that only
one of these firms, Celltech-Chiroscience, has taken a drug from discovery all the way
through to regulatory approval for marketing they remain, as a group, a considerable
number of years away from break-even based on product sales, or alliance revenues
(Emst and Young 1999a). Cash Bum is therefore critical to these firms. Cash burn is
calculated as the current cash and equilivants of the firm divided by net losses. The
figure gives an insight into how long the firm could continue to incur the current rate
of losses without returning to the capital markets for additional equity or go bankrupt.
As can be seen from Table Eight the average for these 32 firms is 2.37 years, a period
considerably shorter than commentators’ estimate it will take for these firms to break-
even based on product sales. Thus a critical competitive aspect for these firms is their
ability to communicate to shareholders that their investment is valuable (and by
implication worth shareholders reinvesting in via follow-on equity offerings) and their
ability to form revenue generating and cost sharing alliances, both of which conserve
cash. Both of these issues received attention in this thesis.

INSERT TABLE EIGHT ABOUT HERE

SAMPLE SELECTION

UK biotechnology and the tension between Exploration and Exploitation activities

The reason why this thesis focuses on the UK biotechnology sector for its empirical
study is that this sector should be an extreme example of the challenges of knowledge
Exploration and Exploitation. As argued above, the value creating engine of this sector
is the process of drug discovery and development to create and replenish portfolios of

patented drugs. Discovery of new drugs can be viewed as essentially being a
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knowledge Exploration activity, involving the search for new knowledge on the
treatment of a disease and embedding that knowledge in a patented drug compound.
The rewards from such Exploration are considerable. From Table Three it can be seen
that Glaxo-Wellcome, while investing over a billion pounds per year in the R&D of
new drugs, it earned a net profit margin of 33% in 1997 and 1998. The motivation for
UK biotechnology firms to invest in Exploration for new drugs is strong, and reflected
in a combined market capitalisation of £3,9474.5 million in 1998, despite net losses of

£ 296.6 million (see Table Eight).

The pull of Exploitation is also very strong in the biotechnology sector. From Table
Eight it can be seen that the cash burn for the sector, as a whole, is 2.37 years. This
varies from a low of 0.52 years for Tab to a high of 12.97 for Celltech. The pressure
that low cash bumns bring is tangible. Despite being the first biotechnology firm to
have a drug approved for marketing difficulties in retainin‘g AstraZeneca as a
marketing partner exposed Chiroscience to considerable uncertainties. With a cash
burn of only 1.15 years Chirosciencg was exposed to intense financial pressures and
was taken over by Celltech, who has both a strong relationship with rts shareholders
and a cash burn of 12.97 years. Tab had a potentially exciting anti snake bite venom
about to be approved in 1999, however with a cash burm of 0.52 years it too
succumbed to take-over, this time by Proteus Intemnational, who also has a low cash
bum ratio. Efforts to balance the tension between Exploration for innovative
compounds, which consumes large amounts of cash (as much as $ 500 million per
drug if cost of failures is factored into the equation, PhARMA, 1999), and Exploitation
of current stocks of knowledge through alliances and follow-on equity offerings are
likely to be intense. For these reasons it was thought that this sector would offer a

potentially rich source of field data in the study of the tension between Exploration and

Exploitation.

Selection of sample companies

Three biotechnology firms were selected for in-depth case studies. The purpose of

these case studies was twofold. First, to gain a familiarity with the UK biotechnology
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sector. Second, to study the management of organisational knowledge within these
firms, to gain an insight into whether or not a tension between Exploration and
Exploitation activities exists within an industry where it is expected to occur, and to
see how this tension is managed if found to be present. The three cases were selected
on two criteria. The first was to gain a temporal spread of the sector. The second was
to gain a technological and competitive spread. From a temporal perspective Celltech
was chosen because it was the oldest biotechnology firm in the sector, having been
formed in 1980 and floated on the London Stock Exchange in 1993. Oxford Molecular
was chosen as a representative of the middle aged firms, having been founded in 1989
and floated on the London Stock Exchange in 1995. PolyMASC was chosen to

represent the newer firms in the sector. It was founded in 1995 and immediately

floated on the Alternative Investment Market.

From a competitive and technological perspective these cases were chosen as they
offered an interesting overview of the sector. Celltech is a drug discovery and
development company. Its goal is to discovery novel compounds and, through
alliances with major pharmaceutical firms, to take these drugs through regulatory
development clinical tnals and onto the market. The ultimate return for Celltech is a
share of royalties from drugs that it discovered that eventually gain regulatory
marketing approval. Oxford Molecular does not seek to independently discover or
develop drugs, rather it manages networks of university and commercial partners to
discovery new compounds. The ultimate return for Oxford Molecular is a management
fee that it obtains from pharmaceutical or biotechnology firms for whom it manages
the drug discovery process. Essentially Oxford Molecular is a contract services firm.
PolyMASC is a drug delivery company. It discovers novel drug delivery mechanisms
that can be applied to drugs to facilitate easier use by the patient (e.g. to take a drug in
oral, pill, form rather than as an injection) and/or improve the clinical effectiveness of
the drug. The ultimate return for PolyMASC is a share of the royalties from drugs that
apply its delivery mechanism. Thus these three cases span the industry from drug
discovery and development (Celltech), to service support (Oxford Molecular), to

complementary products (PolyMASC).
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Eéch case study was created with the co-operation of the management; thus all cases
have received clearance from the firms for publication. All interviews with managers
inside the firms were transcribed and a chain of evidence carefully maintained (Yin,
1989). Respondent validation was sought through a series of iterative re-writes where
the researcher’s interpretation of the events in the company were checked with
managers inside the firm (Silverman, 1993), culminating in the case studies presented
in the appendices. Collection of additional data from company documents and'
financial media sources (via the Reuters Business Briefings database) augmented data
from interviews. The focus of each case was upon specific drug discovery and
development projects and alliances. Through such practical activities the Exploration
and Exploitation of knowledge could be tangibly observed. Details of the case

methodology are provided in the analysis of the Celltech case in Chapter Three.

Selection of the 32 UK biotechnology firms to be included 1n the event study involved
the creation of a sampling frame of all UK therapeutic and diagnostic biotechnology
firms quoted on the London Stock Exchange up to the end of 1998. A company was
included in the sample if two of the following three sources listed it as a{therapeutic or
diagnostic biotechnology firm: the Emnst and Young European Life Sciences Report
1999 or 1998, Pharmaceutical Business News®, or Genetic Engineering News
Durectory of Biotechnology 1999’. Each of these three publications are well regarded
as important sources of information about the European and UK biotechnology sectors.
Review of these three sources resulted in the creation of a list of 32 companies as
outlined in Table Seven. Further information on quoted UK biotechnology stocks was
sought through discussions with the case study interviewees, two interviews conducted
with managers in the London Stock Exchange, and a search of UK financial media and

newswire services using the Reuters Business Briefings database.

® Pharmaceuncal Business News 1s published every two weeks by the Financial Times (London)
During 1998 and 1999 the publication was split into a number of sections, one of which was called Bio-
Europe, offering information on the activities of European biotechnology firms

" The Genenc Engineering News Directory of Biotechnology Companies 1s published annually by
Genetic Engineering News (Larchmont, New York), which claims to be the oldest biotechnology trade

magazine 1n the world.
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STRUCTURE OF THESIS

The thesis is structured into five chapters, including this introduction, and five
appendices. Chapter Two reviews the literature on the management of the tension
between knowledge Exploration and Exploitation. The literature is interpreted via a
series of figures that seek to illustrate the tension within and between the processes of
knowledge Exploration and Exploitation. Chapter Three analyses the Celltech case
study using the conceptual lens of Exploration and Exploitation. This case was found
to be the most illustrative of the tension between Exploration and Exploitation and the
management thereof over a period of a decade. Chapter Four undertakes an event
study of all announcements of completion of pre-clinical trials (drug discovery), phase
I, II and III regulatory clinical trials, and announcements of the formation of alliances.
.These announcements are interpreted in the context of six hypotheses. Chapter Five
seeks to summarise and draw the findings of Chapters Two, Three and Four into a set
of overarching conclusions. Appendix One details the Celltech case study. Appendix
Two provides the PolyMASC case. Appendix Three provides the Oxford Molecular
case. Appendix Four, in keeping with the event study methodology, lists all events
included and excluded from the sample. Appendix Five lists all conference papers and

publications completed during registration as a doctoral student at City University.
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TABLE TWO: SIZE OF THE PHARMACEUTICAL AND BIOTECHNOLOGY
INDUSTRY IN 1998°

Revenue 1998 | Percentage of Global
$ million Pharmaceutical Sales
World-wide
Pharmaceutical Sales 306,300 100.0
Sales of Top 10 Drugs’ 25,025 8.2
Sales of Top 10
Biotech Drugs (1997)"° 7,546 25
Pharmaceutical Sales of
Top 10 Drug Companies 90,700 29.6
US Biotechnology Sector Revenues 13,218 43
European Biotechnology Sector Revenues 3,107 1.0
Revenues of 32 Quoted UK Therapeutic
Biotechnology Firms" 349 0.1
Glaxo-Wellcome Sales 10,500 3.4

Sources: Company Annual Reports, Emst and Young 1999a; 1999b; Hemscott.com; IMS
Health 1999.

® Unless specifically stated all data m the following tables on the biotechnology sector includes firms engaged in
therapeuucs. diagnostics, agn-biotechnology, and environmental sciences. Emst and Young (1999a) indicate that
about 90°o of the European sector 1s focused upon therapeutics and diagnostics.

* Top ten therapeutic drugs by worldwide sales are: Losec ($3,858m, AstraZeneca), Zocor ($3,600m, Merck and
Co, 1997 sales), Prozac ($2.811.5, Eh Lilly), Norvasc ($2,575m, Pfizer), Liptor ($2,185m, Wamer
Lambert Pfizer). Vasotec (§2,500m, Merck and Co, 1997 sales), Seroxat ($1,760m, SmithKline Beecham),
Zoloft ($1.836m, Pfizer). Augmentn ($1,600m, SmuthKline Beecham), Clartin ($2,300m, Scherling Plough).
Source IMS (1999) and Company Annual Reports.

' Sales data for top ten biotechnology drugs m 1998 was not available, thus 1997 figures are quoted. World-
wide sales are as follows: Procit (§1,169m, Amgen/Ortho Biotech), Epogen ($1,161m, Amgen), Neupogen
($1.056m. Amgen). Epivir (8973m, BioChem Pharma Glaxo Wellcome), Humuhn ($936m, Genentech/Elx
Lilly ). Intron (S598m. Biogen Schering Plough), Engerix B (S584m Genetech SmuthKline Beecham), Bataseron
($38"m. Chiron Berlex Scherling AG). Genotropin ($349m, Genentech/Pharmacia and Upjohn), Ceredase
($333m. Genzyme) Source Emst and Young (1999b).

"' All 32 firms are Disted in table seven. where details of their revenues, net losses, R&D expenditure, cash
balances. number of employees and market capitalisation 1s provided. These 32 firms represent 47% of the
publicly quoted biotechnology firms in Europe and 206 of total biotechnology R&D spend.
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TABLE FOUR: NUMBER OF BIOTECHNOLOGY FIRMS: EUROPE VERSUS

USA
1998 1997
EUR USA Total | EUR USA Total
Public Companies 68 327 395 61 317 378
Pnivate Companies | 1,110 956 2,066 975 957 1,932
Total 1,178 1,283 2,461 | 1,036 1,274 2,310

Source of data: Emst and Young, 1999a.

TABLE FIVE: NUMBER OF EUROPEAN BIOTECHNOLOGY FIRMS BY

COUNTRY

1998 1998 | % Change 1997 1997
Number | % of total | in number | Number | % of total
UK 268 23.7 +7.2 250 24.1
Germany 223 18.8 +26.7 176 17.1
France 141 11.8 +5.2 134 12.9
Sweden 94 7.8 +13.3 83 8.0
| Switzerland 68 5.6 +47.8 46 44
Netherlands 64 53 +0.0 64 6.2
Belgium 55 4.6 +19.6 46 44
Denmark 50 4.2 +6.4 47 4.5
Finland 49 4.1 +2.1 48 4.6
Italy 43 3.6 +2.4 42 4.1
Ireland 36 3.1 +0.0 36 3.5
Others 87 7.4 -54.7 64 6.2

Total 1,178 +10.8% 1,036

Source of data: Emst and Young, 1999a; Emnst and Young, 1998.
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TABLE SIX: EQUITY RAISED BY BIOTECHNOLOGY FIRMS: EUROPE

VERSUS USA
1998 1997
(£ million) (£ million)

EUR  USA Total | EUR  USA  Total
Inital Public Offerings 1703 397.0 5673 | 127.8 1,072.6 1,2004
Venture Capital 1260 465.1  591.1| 1095 4352 5447
Follow-on offerings 1879  661.0 8489 1005 2,093.1 2,193.6

4842 1,523.1 2,0073| 337.8 36009 3,9387

Sources of Data: Emst and Young, 1999a; 1999b; 1998.

TABLE SEVEN: BIOTECHNOLOGY FIRMS ALLIANCE ACTIVITY

1998

% change '

1997
|

Number of Strategic
Alhances by European

Biotech Firms 146

-14.1%

170

Top 20 Pharmaceutical
firms Number biotech

alhance partners 226

NA

NA

Revenue eamed by Top
100 Biotech firms from

alliance parnners S1.786 m

~24.5%

S1,434 m

Sources of data: Emst and Young 1999a; 1998; Recombinant Capital, 1999.
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Chapter Two
The Antagonistic Nature of Knowledge Management:

The Balance between Knowledge Exploration and
Exploitation

INTRODUCTION

In the last decade there has emerged a group of scholars who argue that the central
value adding task of the firm is the creation, storage and application of knowledge (for
example: Grant, 1996a and b; Huber, 1991; Kogut and Zander, 1992; Leonard-Barton,
1995; Liebeskind, 1996; Mahoney, 1995; March, 1991; Nonaka and Takeuchi, 1995;
Pisano, 1994; Teece, 1998). Their perspective is often referred to as the Knowledge
Based View of the Firm™. It is an outgrowth of five rich literature ;ueams, namely,
Epistemology, Organisation Learning, the Resource Based View of the Firm,
Organisational Capabilities and Innovation and New Product Development (Grant and

Baden-Fuller, 1995).

In this chapter organisational knowledge 1s viewed as being embedded in a firm’s

administrative routines, capabilities, and product/service offerings™. This chapter takes

**Grant and Baden-Fuller (1995) note that the Knowledge Based View of the Firm 1s “an emerging
theory of the existence, organisation and competitive advantage of the firm which {1s} based upon the
role of firms in creating, storing and applying knowledge.”
* Grant (1996a) defines rounines, noting that “the essence of an organisational routine is that individuals
develop sequential patterns of interaction which permit the integration of their specialised knowledge
without the need for communicating that knowledge ... this co-ordination relies heavily upon
procedures in the form of commonly understood roles and interactions established through training and
constant repetition, supported by a series of explicit and implicit signals ”

Capabilities can be defined as “information based, tangible or intangible processes that are

firm specific and are developed over time through complex interactions among firm’s resources ..
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the perspective of the firm as a knowledge creation and application system and as such
falls within the domain of the Knowledge Based View of the Firm. A core issue that
has been raised in this literature is the tension between Exploration for new
organisational knowledge and the Exploitation of current organisational knowledge.
This tension, often referred to as the Exploration/Exploitation dilemma, has become
the focus of considerable theoretical and empirical research (for example: Cohen and
Levinthal, 1990; Kogut and Zander, 1992; Levinthal, 1997; and Levinthal and March,
1993). One of the most influential works in this area is March’s (1991) Organisation

Science article “Exploration and Exploitation in Organisational Learning.”

Within the existing literature, Exploration can be defined as “the pursuit of new
knowledge of things that might come to be known” and Expléitation as “the use and
(ie\'elopment of things already known” (Levinthal and March, 1993). It is widely
argued in the literature that a central component of success is the maintenance of a
balance of Exploration and Exploitation within the firm (Cohen and Levinthal, 1990;
Levinthal, 1997; Levinthal and March, 1993; Hendry, 1996). March (1991) sums up
the sentiments within the literature when he observed that the maintenance of a balance

between Exploration and Exploitation is “a primary factor in system survival and

prosperity.”

It should be noted at this point that the above definition of Exploitation, by Levinthal
and March, incorporates both knowledge development and knowledge use. It is argued
in this chapter that the distinction between knowledge development and knowledge use
are important, though such a distinction is rarely explored in the literature. It is also
argue in this thesis that an important linkage between Exploration and Exploitation,
and hence long term survival, is knowledge development. Thus this chapter devotes

considerable attention to a literature review of the concept of knowledge development.

unlike resources, capabilities are based on developing, carrying and exchanging information through the

firm’s human capital.” (Amit and Schoemaker 1993).
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Were balance a simple task then there would be no dilemma. Levinthal and March
(1993) note that “although there are clear occasions on which organisations need to
stimulate Exploitation and restrain Exploration, the more common situation is one in
which Exploitation tends to drive out Exploration.” They argue that this is because
“Exploitation generates clearer, earlier and closer feedback than Exploitation. It
corrects itself sooner and yields more positive returns in the near term. As a result, the
primary challenge to sustaining an optimal mix of Exploration and Exploitation is the
tendency of rapid learmners and successful organisations to reduce the resources

allocated to Exploration” (Levinthal and March, 1993).

This bias towards Exploitation is particularly problematic in fast moving environments
where current administrative routines, capabilities, products and/or services can
quickly become obsolete. While internal development may generate the new
organisational knowledge needed to replace obsolete knowledge this may be both
expensive and not always possible. In an increasingly interconnected economy firms
cannot bear the burden of sole independent discovery and development of knowledge
across all domains necessary to remain competitive. To do so is to become a victim of
the Not-Invented-Here syndrome™. Thus a key element of long-term survival is the
process of Exploration of the external and internal organisational environment in the
generation of new organisational knowledge. Exploration activities also need to be

carefully managed with the goal of linkage to Exploitation and financial rewards.

In addressing the Exploration/Exploitation dilemma it is argued that previous authors
have under emphasised two crucial points. First, the Exploration/Exploitation dilemma
is more fully characterised not as a dyadic relationship, but rather as a triadic one. That
is Exploration for new stocks of organisational knowledge, the development of current
stocks of knowledge into forms amenable to appropriation, and the wuse of current
stocks of knowledge for appropriation of a financial return. Thus the concept of

Exploitation is explicitly divided into two related, but distinct, processes referred to as

** For an overview of the Not-Invented-Here syndrome the reader 1s referred to Leonard-Barton (1995),

Chapter Six.

47



Development and Use for Appropriation. Second, this triadic relationship takes place
in a wider system where there are the three protagonist”® meta-processes (namely,
Exploration, Development and Use for Appropriation), which promote the creation
(Exploration), development, and application (use) of organisational knowledge and
three accompanying antagonistic meta-processes, which are in conflict with each of
these protagonists. These antagonistic processes are explained in depth later in this
chapter. They are labelled Core Rigidities, Slow Rate of Learning and Imitation. An
organisational process can be viewed as a routine which co-ordinates and integrates a
number of organisational resources and capabilities to perform specific tasks. These
routines can take many forms from simple rules, such as procedures for ordering office
supplies, to complex cultural norms that guide social interaction, such as the norms of
behaviour that guide the interaction of staff within and across university departments
when deciding how to run an MBA course. When considering the role of routines in a
firm one can loosely bind them into categories of routines that seek to achieve a
common task. The bundling of these routines together could be referred to as meta-

processes.

Contribution of this chapter

This chapter seeks to address the first research question asked in Chapter One, namely,
from a theoretical perspective, what is the knowledge Exploration/Exploitation
dilemma? To achieve this goal this chapter seeks to make three contributions. First, it
acts as a lhiterature review, providing an overview of past research on the knowledge
ExplorationExploitation dilemma. This literature review offers insights into why there
evists a tension between knowledge Exploration and Exploitation. In so doing this
chapter addresses the challenge posed by question one (a) in the introductory chapter,
namely from a theoretical perspective why should there be a tension between

knowledge Exploration and Exploitation? The discussion of this question is found

Protagomst 1s defined by the Little Oxford Dictionary (1986) as “chief person in a drama or story
e1c.” In this chapter the word protagonist is taken as meaning the chief, or most important, positive
meta-processes in the management of a firm’s organisational knowledge. In this context the antagonistic

processes are the principal processes that are in conflict with the protdgonists.
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primarily in two sections of this chapter: Exploration/Exploitation as a Triad and the

Conclusions section,

Second, through a detailed discussion of each of the three processes, Exploration,
Development and Use for Appropriation, part (b) of the first research question in
Chapter One is addressed, namely, from a theoretical perspective why is it difficult to
sustain efforts to increase knowledge stocks through Exploration or to appropriation
return from current knowledge stocks through Exploitation? The discussion of this
question is found primarily in two sections of this chapter: Antagonistic Processes and
Some Pivotal Characteristics in the Antagonistic Nature of Knowledge Management.
The first of these sections explains why it is difficult for a firm to sustain its individual
efforts in Exploration, Development and Use for Appropriation. It is argued that this is
due to the presence of three parallel antagonistic processes (namely Core Rigidities,
Slow Rate of Learning and Imitation), which challenge the firm’s ability to create new
stocks of organisational knowledge through Exploration or to exploit current stocks of
knowledge through Development and use. The second section offers some insights into
how Exploration, Development and Use for Appropriation can be re-energised and

their accompanying antagonists suppressed.

The third contribution of this chapter is to highlight that it is important to proactively
manage all elements of the dilemma, Exploration, Development and Use for
Appropnation. It 1s suggested that maximal value can be obtained where linkages
across these three processes are managed. Rather than focusing individually upon each
in a portfolio style approach, it is suggested that maximal value can be obtained where
all three are managed in tandem. It is argued that the critical link between Exploration
and financial reward is Development and that its importance in the literature needs to

be highlighted.

Structure of this chapter

The remainder of this chapter will be structured into five sections. The first section will

outline the triad of protagonist processes, which are labelled: Exploration,
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Development and Use for Appropriation. In this section the complementary and
antagonistic relationship that exists between these three processes 1s also outlined.
Four propositions on the relationship between Exploration, Development, and Use for
Appropriation and the financial value of the firm are offered in this section. These
propositions, while not critical to this thesis, do offer insight into both Chapters Three
(Celltech case analysis) and Four (event study). The second section will briefly
contrast the Exploration/Exploitation dilemma with Nonaka’s knowledge spiral. It is
argued that Nonaka’s knowledge spiral 1s not the same concept as knowledge
Exploration/Exploitation. It is suggested that Nonaka’s knowledge spiral conversions
from tacit knowledge® to explicit knowledge®, and visa versa, can occur within
Exploration, Development, and Use for Appropnation individually. The third section
will outhne the three antagonistic meta-processes that are in conflict with the
protagonists. These are labelled. Core Rigidities, Slow Rate of Learning, and Imitation.
This section shall also outline the complementary relationship that exists between
these three processes. At this stage the relationship within and between protagonist and
antagonist processes wil\l be summarised in Figure One. The fourth section will explain
how changes 1n level and nature of three dynamic characteristics of the firm can trigger
movement from protagonist processes to their antagonist and visa versa. These are
labelled. Intellectual Diversity, Social Interaction, and Codification. The movement
between each protagonist and antagonist will be outlined in a series of figures (two to
four) The complementary and antagonistic relationship that can exist between these
three dynamic characternistics of the firm shall also be outlined. The final section will
summarise the relationships between the protagonist and antagonist processes and

dynamic charactenstics of the firm 1n an overall framework (Figure Five).

** Nonaka and Takeuch: (1995) note that there are two dimenstons to tacit knowledge. “the first 1s the
technical dimension, which encompasses the kind of informal and hard-to-pin-down skills, or crafts
captured 1n the term know-how  The cognitive {second} dimension of tacit knowledge reflects our
image of reality (what 1s) and our vision of the future (what ought to be) Though they cannot be
articulated very easily, these implicit models shape the way we perceive the world around us” (Nonaka
and Takeuchi 1995)

*7 Eaplicit knowledge can be defined as that which can be written or explicitly communicated to others
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EXPLORATION/EXPLOITATION AS A TRIAD: EXPLORATION,
DEVELOPMENT AND USE FOR APPROPRIATION

This chapter is concerned with three meta-processes. First is Exploration, or the search
for and integration of new stocks of knowledge into the firm. This can be linked to tl;e
concept of outward looking absorptive capacities (Cohen and Levinthal, 1990). Second
is Development, or the extension of the current stock of organisational knowledge.
Extension of current stocks of knowledge is heavily effected by the descent of learning
and experience curves (Darr, Argote, and Dennis, 1995; Epple, Argote and Devadas,
1991; Petrakis, Rasmusen and Roy, 1997) where knowledge about the efficient
production of a given product or service, or the management of a given process
incrementally grows over time. Development may also involve incremental
development of a stock of knowledge that is not based upon riding down an experience
curve. Third is Use for Appropriation, which involves the use of current stocks of
knowledge to appropriate a financial return for the organisation. Such returns may be
derived from the sale of final product, such as a consumer drug, or intermediary
products, such as licensing of a patented drug. Appropriation is facilitated by inward
looking absorptive capacities, which facilitate speedy transfer of knowledge across
intra-organisational boundaries (Cohen and Levinthal, 1990) and knowledge
articulation, where tacit knowledge is converted into explicit knowledge (Nonaka,
1994). Both of these processes facilitate speedy embedding of knowledge into products

and services that can be sold to external customers.

Exploration

As noted earlier, Exploration is defined by Levinthal and March (1993) as “the pursuit
of new knowledge of things that might come to be known” It is important to link this
definition to Levinthal’s seminal work with Cohen on Absorptive Capacities (Cohen
and Levinthal 1989, 1990, 1994). Cohen and Levinthal (1990) define absorptive
capacities as “the ability of a firm to recognise the value of new, external information,
assimilate it, and apply it to commercial ends.” They note that “the ability to evaluate
and utilise outside knowledge is largely a function of the level of prior related

knowledge. At the most elemental level, this prior knowledge includes basic skills or
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even a shared language but may also include knowledge of the most recent scientific or
technological developments in a given field. Thus, prior related knowledge confers an
ability to recognise the value of new information, assimilate it, and apply it to

commercial ends.”

Cohen and Levinthal sub-divide absorptive capacities into outward and inward looking
categones. Outward looking absorptive capacities incorporate the ability to recognise
and assimilate external knowledge into the firm. This is at the heart of the process of
Exploration which Levinthal and March (1593) proposed. It is important, however, to
recognise that the stock of new knowledge created by the firm can be discovered not
only by an external search of the environment and subsequent absorption, but also
from a recombination of knowledge that resides inside the firm. In essence this takes
account of Kogut and Zander’s (1992) combinative capabilities. The firm’s knowledge
stock can be increased through reliance upon its own creative minds, resources and
capabilities, to generate new organisational knowledge rather than external stimuli.
The knowledge created bY the method may well be known outside the domain of the
firm, however the firm has chosen to develop 1t independently, perhaps due to the lack
of an outward absorptive capacity to recognise and assimilate the knowledge, practical
impediments (such as Intellectual Property Rights), or the effect of Not-Invented-Here
syndrome Thus Exploration may involve the use both of absorptive capacities, or

external search and assimilation, and internally focused knowledge creation activities.

Exploration is defined as activities that seek to create new stocks of organisational
knowledge through the search for and assimilation of new knowledge originating from
the external environment, or through internal research activities. Exploration that
involves extemnal search must also have an ex-ante goal of assimilation of new

knowledge obtained into the firm’s stock of knowledge.
At its heart the process of Exploration seeks to create new opportunities for the firm to

create new technologies or processes. Exploration 1s about improving the flexibility of

the firm through the creation of new stocks of organisational knowledge. New stocks
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of knowledge broaden the firm’s ability to react to, exploit, or shape, changes in its

external environment.

Development

The Levinthal and March (1993) definition of Exploitation contains two elements.
They define Exploitation as “the use and development of things already known.”
Unfortunately these two distinct concepts appear to be used .interchangeably after
initial definition, yet they are clearly separate processes with distinguishable goals. It is
important to separate Development from Use for Appropriation. Development, or
deepening, of current stocks of knowledge is triggered by investments in leaming by
doing (Hatch and Mower, 1998). The goal of development is clearly to expand the
firm’s current stock of knowledge. Use of knowledge in the context of the Levinthal
and March concept of Exploitation clearly has a different goal, namely the use of the
current stock of knowledge to appropriate an economic return for the firm. Thus
Development is focused upon the expansion of the current stock of %(nowledge and Use

for Appropriation with the appropriation of a financial return.

It is an obvious point that complex administrative routines and organisational
capabilities, may be developed by firms but that the knowledge embedded in these is
of no value if it cannot be profitably embedded in an end product or service sold into
the external environment (Hamel and Prahalad, 1990; Kogut and Zander, 1992; Mathur
and Kenyon, 1998). Thus there is a clear link between Development and Use.
Similarly there is a clear link between the Exploration for new knowledge, the
Development thereof and eventual use. Levinthal and March clearly recognised that
while related to each other, Exploration is distinct from Exploitation. This chapter
argues that the same should apply to Development and Use for Appropriation. Thus
the process of Exploitation is split into two distinct, but related, processes, referted to
as Development and Use for Appropriation. An important argument of this chapter is
that Development acts as a linkage between Exploration and Use for Appropriation

and as such it should not be ignored.
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Development is defined as activities that seek to expand, or reconfigure, the current
boundaries of stocks of organisational knowledge through a process of deepening
understanding of the current stock of organisational knowledge by leaming associated
with the decent of experience curves. The goal of Development is the expansion of a
firm’s stock of knowledge into formats that facilitate Use for Appropriation.
Development identifies opportunities that exist within a firm’s current stocks of
knowledge to realise efficiency improvements, new products or product extensions and

convert those opportunities into knowledge amenable to Use for Appropriation.

At its heart the process of Development is about exploiting gains from specialisation
by squeezing more value adding opportunities from a firm’s current stock of
knowledge. Development, or deepening, brings with it the benefits of increased
specialisation, while Exploration brings with it the benefits of flexibility through

increased breath of pools of knowledge.

The link between Exploration and Development

There is a clear link between the processes of Exploration and Development. Without a
stream of new knowledge created by the process of Exploration, Development
activities will eventually fail to expand the firm’s current stock of knowledge. In
common with Economies of Scale curves where eventually the curve can theoretically
rise and diseconomies occur, experience and learning curves can tail off or rise and
dis-economies of Development can emerge. Thus, Development on its own is not
enough to sustain expansion of a firm’s knowledge stocks in the long term. Equally as
argued above Exploration requires Development for new knowledge to be converted
into a format that can be efficiently and effectively used for appropriation. A
knowledge stock that expands more rapidly than competitors’ stocks is not of value to

the firm unless it can be effectively used for appropriation.
If Exploration is not linked to the process of Development then it will be difficult to

convert the outputs of Exploration into products and services that add value for the

firm. In such a scenario Exploration is disconnected from Exploitation. New stocks of
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knowledge, created through the process of Exploration, are not integrated into the
firm’s current organisational systems, thus such knowledge is either not applied, or to
be applied a separate organisational structure needs to be created to facilitate its
Exploitation. One can imagine that circumstances may arise where such separation is
prudent, however, in general a firm could ‘not profitably exist if new structures and

systems had to be created each time new stocks of knowledge were created.

Exploration as disconnected from Development: the case of Xerox PARC

An interesting example of such disconnection is that of Xerox PARC. In the 1970s
Xerox created a research centre at Palo Alto, called Xerox PARC. Its function was
essentially to Explore new technologies in the area of the paperless office, which
represented a considerable long term challenge to Xerox’s domination of the
photocopier sector®. The goal of Xerox PARC was to “invent systems that could
support executives, secretaries, salesmen, and production managers in what became
known as the ‘office of the future’.” (Smith and Alexander, 1999). Xerox PARC
created some amazingly advanced products for its time, such as.the first Personal
Computer, called the Alto (in 1973), the first word processing programme, the first
Graphical User Interface complete with mouse pointing device, the first Local Area

Network and the first laser printer (Xerox PARC, 1999).

Xerox PARC also had as a stated goal the transfer of promising technologies to Xerox,
which could then be exploited by the parent company (Smith and Alexander, 1999).
Technologies that had promise in the domain of imaging were successfully exploited
by Xerox, however large tracts of technology, for example the Personal Computer, that
were removed from the technological and cultural core of Xerox were never
successfully exploited by the firm. Others were, however, quick to realise the

commercial potential of knowledge explored at Xerox PARC and moved fast to

*8 Readers who wish to obtain more detailed information on the fascinating history of Xerox PARC, m
particular 1ts role 1n the foundation of the Personal Computer sector, are referred to Smuth and
Alexander’s (1999) very readable book entitled Fumbling the Future How Xerox invented, Then
Ignored, The First Personal Computer, San Jose: toExcel Information on Xerox PARC’s on-going

activities can be found on the company’s web site (http //www parc Xerox.com).
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develop and exploit it in the market. For example Xerox PARC demonstrated the Alto
to Steve Jobs in 1979, who in turn promptly hired key Xerox PARC staff to create the
Apple II. The creation of the Apple Lisa computer, launched in 1983 and a forerunner
of the Apple Mac was fuelled by Jobs’ visit to Xerox PARC (Carlton, 1997).

Viewing the experience of Xerox PARC in the 1970s from the perspective of
knowledge Exploration/Exploitation one could argue that the problem for Xerox
PARC was that the management of Exploration activities were largely unconnected to
Development and Use for Appropriation. The technologies created by Xerox PARC
were disconnected at beth a technological and cultural level from the then current
photocopier and paper office knowledge base of Xerox. Holusha (1998) noted that
“one of the distinguishing characteristics of Xerox is that, as a corporation, it still
believes in the value of research.” He notes that Burgelman, who consulted widely for
Xerox in the 1980s, believes that the reason for the failure of Xerox to convert the
knowledge created through the Exploration activities of Xerox PARC was that “the
company has many functional managers immersed in the details of its reprographics
operations, but few general managers to look afield.” Smith and Alexander’s (1999)
book on Xerox PARC and the creation of the Alto PC is rich in quotations that
illustrate that not only the technology, but more importantly, the culture and
management style of Xerox PARC was radically different from that of Xerox. There
appeared to be a lack of managerial linkages between the Exploration of Xerox PARC

and a vision of how this knowledge could, or should, be integrated into and developed

by Xerox 1tself.

Today, Holusha (1998) argues, Xerox is more successful at exploiting the research of
Xerox PARC because they seek “to tie its research more closely to product
development.” Managers inside Xerox PARC also note that today there is a much
greater congruence between the culture of Xerox PARC and Xerox itself. In the 1970s
Exploration was the goal of employees inside Xerox PARC. Development and
commercialisation was largely disdained. Today employees inside Xerox PARC are

more inspired by the image of Bill Gates and aim to link Exploration of new ideas to
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commercial Exploitation of those ideas through the powerful commercial vehicle of

Xerox itself than the pursuit of pure science alone (Holusha, 1998).

Because the Exploration activities of Xerox PARC were not connected to main
activities of the firm via Development, Exploitation by Xerox would have either
required radical upheaval in the core reprographics business to enable cultural and
technological accommodation of the ideas generated by Xerox PARC, or for separate
organisational structures to be created to develop and appropriate a return from these
ideas. This portfolio approach, where Exploitation is separated from Development and
Use for Appropriation is the way Xerox tackled this problem (Holusha, 1998). It set up
a venture capital division that provides seed capital to Xerox employees to set up their
own firms to exploit ideas that emerge from Xerox PARC. Thus Development is
largely undertaken by those who explored the idea in the first place, but is also
conducted outside the boundanes of Xerox. This approach has only created ten firms
so far, with varying levels of success (Holusha, 1998). This solution is, however
costly. New structures need to be formed. Xerox cedes 20% -of the equity to
management, but puts up 100° of the seed capital. Its control over the technologies

created by PARC 1s lessened.

Exploration and Development as complements and antagonists

The link between Exploration and Development is important and complementary, both
have the goal of expanding the stock of knowledge and each requires the other to
prosper In the long term. Without an injection of new stocks of knowledge from
Exploration activities Development will eventually encounter negative economies of
incremental knowledge creation. Without Development, Exploration activities will be
viewed as operating outside the firm. Integration of such knowledge will require new
organisational systems and structures, such as a new subsidiary company to be created
for the purposes of effective exploitation. If Exploration activities are linke‘d to
Development, then new knowledge stocks can be incrementally infused into the firm,

mnimising organisational disruption, while ensuring that the firm does not stagnate.
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The relationship between Exploration and Development is not, however, exclusively
complementary. The two processes can also be in conflict with each other. Exploration
seeks to increase flexibility and overcome the negative effects of specialisation caused
by Core Rigidities. Development seeks to reinforce the gains from specialisation in
capabilities. In a firm with finite resources and capabilities there will arise a conflict
between those who seek to invest in external search and those who support the internal
development of organisational knowledge. While overlaps do exist there 1s likely to be
a natural bias towards the support of internal development, over Exploration. This is
because often the benefits from Develc;pment are more immediately obvious.
Incremental extensions of current processes are more easily understood than the
creation and assimilation of new knowledge with which the firm has a lower degree of

famiharty.

Distinguishing Development from Use for Appropration

Development 1s an important knowledge creation activity and, while linked to Use for
Appropnation, it is also alstinct from 1t. Knowledge may well be created within the
Development activities of a firm that is subsequently not used for appropriation. This
may be because the knowledge proves unsuitable for appropriation within the firm and
1s abandoned during the Development process, or alternatively because superior

appropriation opportunities arise over time making some developments uneconomic.

In essence once the firm has created new organisational knowledge, whatever the
source, development involves the firm being efficient at riding down its learning and
experience curves. There is a considerable body of literature on the value of learning
and experience curves (Arrow, 1962; Dorroh, Gulledge and Womer, 1994, Hatch and
Mowery, 1998; Henderson, 1974; Hirsch, 1952; Lieberman, 1984; Petrakis, Rasmusen
and Roy, 1997; Rapping, 1965; Wnight, 1936, and Yelle, 1979). The essence of this
literature is that as a firm becomes more famihar with a given technology, process, or
administrative routine through usage it gains insights that enable it to become more
efficient and effective at the task. These insights may enable the firm to make

incremental improvements 1n technology or working practices. Such tasks lie at the
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heart of the process of Development, or knowledge deepening, and are related to, but

distinct from, either Exploration or Use for Appropriation.

Use for Appropriation

Use for appropriation is defined as activities that seek to leverage the firm’s current
stock of organisational knowledge as effectively as possible in the marketplace either
by distribution of cost or informational advantages across the ﬁ}Tn or deployment of
superior products and services in the marketplace. Either activity brings direct

financial rewards from the firm’s current stock of organisational knowledge.

At the heart of appropriation is tangible action to deploy benefits derived from either
Exploration or Development across the firm or in the marketplace to obtain financial
returns. The goal of Use for Appropriation is to appropriate an economic return from
the firm’s current stock of knowledge, as created through the processes of Exploration
and Development. New knowledge may incidentally emerge from Use for
Appropriation, however appropriation of an immediate financial 'retum rather than
expansion of the firm’s current stock of knowledge is the primary goal of this activity.
An example of Use for Appropriation is the launch of a new product in the
marketplace, or the introduction of a cross departmental and regional information
sharing database to disperse knowledge about cost saving processes and market

opportunities across the organisation.

The process of Appropnation 1s linked to Cohen and Levinthal’s concept of inward
looking absorptive capacities. Inward absorptive capacities can be viewed as the firm’s
ability to assimilate and commercially exploit the firm’s current stock of knowledge.
This process requires that relevant knowledge be communicated within departments of
the firm in addition to the assimilation of key organisational knowledge aeross
departments. It is not sufficient that the processes of Exploration create and assimilate
new knowledge and the process of Development incrementally deepens the firm’s
stock of knowledge. If the goal of the firm to obtain economic rent is to be achieved

then it is important that this knowledge does not remain in isolated parts of the firm,
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rather that it is speedily distributed to all parts in which it can be profitably employed
and products be quickly and effectively deployed in the marketplace.

There is an immediate tension between the processes of Exploration and Use for
Appropriation, similar to that identified in the classic Exploration/Exploitation
dilemma. In essence there is a tension between the short-term need for positive cash
flows, which the Use for Appropriation process brings, and the more long-term search
for and creation of new knowledge that Exploration offers. This tension is partially due
to the conflict between outward and inward looking absorptive capacities. As Cohen
and Levinthal (1990) state “with regard to the absorptive capacity of the firm as a
whole, there may be a trade off in the efficiency of internal communication against the
ability of the sub-unit to assimilate and exploit information originating from other sub-
units or the environment. This can be seen as a trade-off between inward looking
versus outward-looking absorptive capacities. While both of these components are
necessary for effective organisational leaming, excessive dominance by one or the

other will be dysfunctional.”

The pay-off from inward looking absorptive capacities is likely to be known quickly.
There are tight feedback loops between the dissemination and assimilation of
knowledge from one part of the firm to another and the profitability thereof. If
carefully monitored the firm can establish in the short to medium term if the transfer of
administrative routines, or capabilities from one sub-unit to another has resulted in cost
savings, or the ability to deploy current products and services in new markets, resulting
in improved sales performance. The effects of outward looking absorptive capacities
are more long term. The search for new valuable knowledge is both time consuming
and 1ts outputs uncertain. The assimilation of that knowledge into the firm takes more
time, and is likely to be more difficult to assimilate and apply than knowledge created
via the process of Development, due to its alien nature. Once assimilated only then can

the process of wide scale Use for Appropriation occur.
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Propositions: value added and knowledge Exploration/Exploitation.

The above discussion argues that Exploitation should be separated into two related, but
distinct, factors: Development and Use for Appropriation. Levinthal and March’s
(1993) definition of Exploitation recognises these two factors, but the literature does
not appear to discuss the two factors in-depth or separately. The first proposition

offered is thus:

Proposition One: Exploitation is more fully characterised as two related, but distinct
processes: Development and Use for Appropriation. It is possible for both concepts to
be separately identified and measured in real organisational contexts. It is then

possible for each factor to be assigned a value by the market.

This proposition is explored in Chapters Three and Four. In Chapter three the activities
of Celltech are classified as Exploration, Development and/or Use for Appropriation.
Simple measures of each activity are created and applied to the Celltech case over a
period of a decade. In Chapter Four the impact of announcements of Exploration,
Development and/or appropriation events by UK therapeutic biotechnology firms upon
share price is analysed. It is found that the value assigned by shareholders to

announcements of events in these three categories is different.

For the second empirical exploration of proposition one to be possible then the market
must assign a value to both Exploration and Exploitation activities. As noted earlier,
prior hiterature has argued that there is a bias towards Exploitation activities due to
clearer and shorter financial feedback loops. It has been argued above that Exploration
plays an important role in the long term survival of the firm. Without an infusion of
new stocks of knowledge created by the process of Exploration the firm will in the
long term stagnate and be overcome by more innovative rivals. From this argument it
follows that both Exploration and Exploitation should be financially valuable. ThlIs the

second proposition offered is:

Proposition two: Both Exploration and Exploitation activities generate financial value

JSor the firm. It is possible for this financial value added to be estimated from individual
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announcements of the outputs of Exploration, Development and Use for Appropriation

actwvities in an independent firm with relatively few projects.

This proposition is jointly explored with proposition one in Chapter Four. It is found
that it is possible to apply the event study methodology to this sector and conceptual
problem. Differences between the value of announcements of Exploration,

Development and/or Use for Appropriation events are observed in Chapter Four.

Given the increasing length and causal ambiguity of feedback loops, the temptation for
management will be to invest in descending order in Use for Appropriation,
Development and Exploration. Thus, without careful management, investment in the
process of Exploration declines over time, effectively ensuring the onset of Core
Rigidities, as outlined in the following section. The danger that such a policy poses is
noted by Cohen and Levinthal (1990), who state that “the cummulativeness of
absorptive capacity and its effect on expectation formation suggest that an extreme
case of path dependence in which once a firm ceases investing in its” {outward
looking} ‘“‘absorptive capacity in a quickly moving field, it may never assimilate and

exploit new information in that field, regardless of the value of that information.”

It 1s important to note that for the firm to successfully manage its organisational
know ledge it needs to recognise that globally these protagonist processes also feed into
each other. As was outlined above there is a clear interconnection between the
processes of Exploration and Development. For the process of Use for Appropriation
to operate there must be knowledge generated by the process of Development before it
can be distributed throughout the firm and integrated into products and services. Thus
it is that creation of new stocks of knowledge (Exploration) via outward looking
absorptive capacities and internal new knowledge creation activities combine with the
extension of current stocks of knowledge (Development) to be exploited through
inward looking absorptive capacities and the process of Use for Appropriation. Kogut
and Zander (1992) hint at the natural circular interaction between the processes of Use
for Appropriation, Development and Exploration when they state that “an important

limitation to the capability of developing new skills is the opportunity (or potential) in
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the organising principles and technologies for further Exploitation. Eventually there
are decreasing returns to a given technology or method of organising and there,
consequently, results an incentive to build new, but related skills.” Essentially the firm
develops and appropriates a return from a technology to the extent that it cannot be
usefully developed anymore. In an effort to seek complementary routines or
capabilities to augment the technology the firm engages in a process of Exploration for
new ideas. This may trigger new leads that can be followed up through the process of
Development and incrementally improved into a new complementary set of skills or
technologies, which in turn can feed into the process of Use for Appropriation. Thus a

third proposition is offered:

Proposition Three: The value generated by a firm will be greater when the processes
of Exploration, Development and Use for Appropriation are managed as an inter-
dependent set of activities than when managed as a portfolio of three separate

activities.

This proposition is briefly explored in Chapter three. It is argued that the renewal of
Celltech is partially attributable to the management’s efforts to be innovative in
managing the linkages between Exploration, Development and use for Appropriation. -
Whereas in the Celltech of the 1980s Exploration was separate from Development and
Use for Appropriation, in the 1990s the management connected these activities through
a series of review systems. They also initiated a series of innovations that generated
signals about the potential value of drugs being created inside the firm’s Exploration
processes. The principal signally mechanism employed was a series of alliances with
firms amongst the top twenty largest pharmaceutical firms in terms of turnover in the
world. Such signals facilitated valuation of Exploration activities by shareholders, thus
creating a visible financial feedback loop not only for Exploitation activities but also

Exploration.
An implication of proposition three is that, contrary to prior theoretical arguments,

balance between Exploration and Exploitation can be maintained in the medium to

long term. This is an extension of the argument that Exploration, Development and
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Use for Appropriation should be managed ‘as an inter-dependent system. If
Exploration/Exploitation is managed as an inter-dependent system then it should be

possible for a balance to be maintained across the system. Thus a fourth proposition is
offered:

Proposttion Four: Where balance between Exploration and Exploitation is maintained
over the long term then value added is greater than when the dilemma is managed by a

series of periods, where Exploration dominates in one and Exploitation in the other.

The literature argues that Exploitation tends to dominate over Exploration in the long
term, due to clearer feedback loops and greater short term financial gains (Levinthal
and March, 1993). Taking this assumption as fact implies that firms must periodically
engage in costly restructuring, where new ideas are infused into the firm by moving
from Exploitation back to Exploration or face extinction as of new technologies and
processes created by rivals emerge and transform the nature of competition.
Proposition four argues that if management could solve this dilemma and maintain
balance then the firm should be more competitive. It would not have to incur the costs
of period re-structuring that would accompany movements between domination of
Exploitation and Exploration. Instead the firm would be balanced, exploiting current

stocks of knowledge and managing the search for and assimilation of new stocks of

knowledge, the future of the firm, in an orderly manner.

NONAKA’S KNOWLEDGE SPIRAL AND EXPLORATION/EXPLOITATION

Some people have noted that Nonaka’s knowledge creation spiral, which consists of
four processes of knowledge conversion, namely, socialisation (tacit to tacit
knowledge conversion), articulation (tacit to explicit), combination (explicit to
explicit) and internalisation (explicit to tacit) could be categorised into Exploration,
Development and application”. However multiple elements of this spiral of knowledge

creation can occur within each of the three meta-processes of Exploration,

* For a detailed discussion of Nonaka’s spiral of knowledge creation the reader 1s referred to Nonaka,

1991, 1994 and Nonaka and Takeuchi, 1995.
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Development, and Use for Appropriation. Articulation can be seen to be valuable in
Use for Appropriation as it speeds up transfer of knowledge suitable for appropriation
across the organisation quickly. However intemnalisation could also play an important
role. Once the knowledge has been distributed throughout the organisation then
internalisation may speed up use of the knowledge considerably as Nonaka notes that

tacit knowledge is applied at an intuitive level, and hence faster rate (Nonaka, 1991).

In the case of Development the processes of articulation, combination and
internalisation can all play a valuable role in exploiting the benefits of experience. In
the early stages of experience with a product or process, articulation may be very
important. Ensuring that all actors have a clear understanding of how the process or
product works by explicitly understanding its production or operation enables the firm
to deepen specialist knowledge. Conversion from tacit to explicit knowledge enables
the firm to move from a craftsman approach to management of a stock of knowledge to
a more production line approach, which facilitates riding down the experience curve.
Gaining an explicit understanding of a process as a whole enables. its division into
areas of specialism, the creation of a knowledge ‘production line’ thus driving the firm
down the experience curve. Combination of two forms of explicit knowledge may
enable incremental improvements to be made, thus driving the firm further down the
experience curve. As staff become more familiar with a product or process they begin
to internalise their knowledge of it, thus converting explicit process knowledge into
tacit. This process of internalisation may trigger fresh insights into how the product or
process can be made more efficient, thus propelling Development forward even further

and driving the firm down the experience curve.

One could take military aircraft development during World War II as an example of
these three processes in action. One can imagine that at the beginning of the war
production of aircraft was a near craft process. The technology of aircraft :vvas
relatively new, and its application in warfare relatively limited. As the war intensified
craftsmen were drawn away from production and into the war itself. Women entered

the workforce, forcing a conversion of craftsmen’s tacit knowledge into explicit

knowledge (articulation) such that non-specialists could operate production lines. As
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women on the line became more familiar with the aircraft production process they
internalised that knowledge enabling faster decent of the experience curve. Such
internalisation would have also brought with it insights into how aircraft could be
produced more efficiently. This knowledge could in turn be articulated to management
enabling alterations in production techniques, and hence greater efficiency gains. Thus
the spiral of knowledge creation combined with incremental decent of learning curves
enabling a female workforce that was initially unfamiliar with the process of military
aircraft production to, over time, achieve considerable improvements in both the

efficiency of production and the effectiveness of the product they produced.

Combination of explicit knowledge from two sources can also spur Development. The
Celltech case is a good example of Development through combination. Celltech and
Bayer combined their patent portfolio in the area of antibodies that produce TNF
(Tumour Necrosis Factor). The combination of these two patents, which can be
classified as explicit knowledge, enabled the firms to create an “almost impregnable
position around TNF” in terms of legal protection (Dr Yarranton, Celltech case study).
This combination of patents provided important additional knowledge about anti-TNF

technology, which propelled the development of a new drug forward.

The process of Exploration can also be linked to Nonaka’s spiral of knowledge
creation. The processes of articulation and combination are particularly relevant in
knowledge Exploration (Nonaka, 1994). Articulation of tacit knowledge from an
external source into explicit knowledge that can be used inside the firm would be a
good example of Exploration. Such articulation can be found in the Oxford Molecular
case study, which is in the appendices of this thesis. Yamanuchi, a large Japanese
pharmaceutical firm, entered into an alliance with Oxford Molecular for the purpose of
transferring knowledge about ION channels and their application to disease
management from university research centres, through Oxford Molecular, and into
Yamanuchi. Much of this knowledge was tacit in nature, held in the heads of
individual researchers within UK universities. The goal of Oxford Molecular was to
transfer this knowledge from these university researchers into explicit knowledge,

which could then be transferred to Yamanuchi. Thus tacit knowledge about the role of
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ION channels in a disease was acquired by Oxford Molecular and over time they

converted this knowledge into an explicit form, which was transferred to Yamanuchi.

Exploration, Development, and Use for Appropriation are meta-processes shaped
primarily by the goal of the knowledge creation activity: to create a new stock of
knowledge, incrementally expand a current stock of knowledge, or use for the purpose
of appropriation a current stock of knowledge. The form of knowledge conversion
under consideration, from tacit to explicit and visa versa shape shapes Nonaka’s
knowledge creation spiral. Thus while Nonaka’s work is of relevance in this chapter,
and is referred from time to time, it does not form the principal thrust of the arguments

developed in the remainder of this thesis.

ANTAGONISTIC PROCESSES

There are compelling reasons why balance is difficult to maintain. One of the principal
reasons for a firm moving out of balance is because each protagonist has an
antagonistic process that it is in conflict with and into which over time firms descend
in and out of. These antagonistic processes are Core Rigidities, Slow Rate of Learning,

and Imitation. Their roots are hinted at across many elements of the literature.

Core Rigidities

Core Rigidities are sets of knowledge, which although valuable now, are inappropriate
to future needs of the organisation. Core capabilities can, over time, turn in upon
themselves to become Core Rigidities. As Peteraf (1993) puts it: *“‘current capabilities
may both impel and constrain future learning and investment activity.” The process of
Exploration seeks to identify new knowledge upon which new capabilities and routines
can be developed to replace the capabilities that have in the past been a source of
success, but in the future may become an impediment. Core Rigidities are antagorfistic
to this process and seek to reinforce the use of current capabilities to the exclusion of
Exploration. Exploration seeks to widen the scope of a firms stock of knowledge, thus
increasing flexibility, while Core Rigidities are caused by sustained specialisation,

resulting in inflexibility.
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At the heart of the process of Core Rigidity is the dilution, and in extreme cases,
extinction of outward looking absorptive capacities and the internal creation of new
knowledge through recombination. The process of Core Rigidity results in a narrowing
of the breadth of potential and actual capabilities that the firm has at its disposal. This
1s because the development of core capabilities tends to be path dependent (Cohen and
Levinthal, 1990 & 1994; Collis, 1991; Mahoney, 1995). By concentrating ever more
on the maintenance and incremental extension of a narrow, specialised, range of
capabilities that are developed internally, the firm may under invest in outward looking
absorptive capacities, or re-focus internal research activities away from creation of new
technologies and processes. Increased specialisation also reduces the breath of
capabilities, which may be the source of new knowledge creation through
recombination. No matter how large and diverse the firm is, without stimuli from
external sources, it will eventually run out of ideas upon which to develop new
capabilities. In this scenario the firm would stagnate, losing the ability to generate new
capabilities to replace the old, due to a critical lack of understanding of the new
technologies, or administrative routines, upon which competition in the external
environment is now based. In this circumstance the firm becomes permanently
marooned and will, over time, either withdraw from the market in which its
capabilities are no longer relevant, or be forced from that market due to inefficiencies

in production and/or customer selection.

Slow Rate of Learning

The antagonist to Development is Slow Rate of Learning. Whereas Core Rigidities
impede the firm’s ability to maintain outward looking absorpti\fe capacities, Slow Rate
of Learning impedes a firm’s ability to incrementally improve the firm’s current stock
of knowledge. The principal effect of a Slow Rate of Learning is to impede a firm’s

descent down its learning and experience curves. The firm becomes relatively slower

at this task than its competitors.
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Hatch and Mowery (1998) note that the benefits of the learning curve do not occur
automatically as a result of increased production experience, but require deliberate
action to reduce costs and improve yields over time. Behind the learning curve effect is
a host of knowledge combination and re-configuration actions as represented in
Nonaka’s knowledge creating spiral (Nonaka, 1994; Nonaka and Takeuchi, 1995).
Nonaka (1991) notes that critical to the process of knowledge creation are articulation
(tacit to explicit knowledge conversion) and internalisation (explicit to tacit). These
activities are also crucial to Development, as noted in the previous section of this
chapter. Over time a firm may become complacent and believe that its current systems
are as efficient and effective as they need be. Alternatively staff may become settled
and unwilling to exchange knowledge with those outside their immediate social circle.
These attitudes slow the spiral of knowledge creation as outlined by Nonaka.
Withdrawal from re-configuration of the current pool of organisational knowledge that
the spiral of knowledge creation embodies is referred to, in this chapter, as a Slow Rate
of Leamning. It results in sub-optimal decent of learning curves and thus impedes the

process of Development, hence slowing the growth of a firm’s stock of knowledge.

This slower pace of Development may be offset by superior outward looking
absorptive capacities, thus enabling the firm to compensate for slow internal
development and learning, with relatively faster learning from others. Slow Rate of
Leaming could also be overcome with relatively faster inward absorptive capacities.
This would enable the firm to be relatively faster than nvals at appropriating a return
from 1ts comparatively narrower stock of knowledge. However if rival firms are
considerably faster at the process of Development then overtime they should outpace
the firm in a leamning race, accumulating a greater stock of organisational knowledge
from which to compete. In the long term survival of a firm is dependent on some
degree independent creation (part of Exploration) coupled with Development of
organisational knowledge. It is this that enables the firm to generate distin;:tive
competitive advantages from which to produce products and services for which the

external environment will financially reward it.
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Imitation30

The antagonist to Use for Appropriation is Imitation. Every firm that grows
commercial knowledge about a specific issue faces imitation by its competitors.
Moreover, the greater the level of valuable knowledge, the greater the imitation risk.
Imitation, with adaptation, is the natural extension of the process of Exploration. Use
for Appropriation is in many ways a competition amongst the firm’s inward looking
absorptive capacities and rivals’ outward looking absorptive capacities. It is reasonable
to suggest that as a firm develops valuable organisational knowledge rival firms’
outward looking absorptive capacities will search that knowledge out, seeking to
identify, understand, improve and internalise it for their benefit. Such imitation by
competitors places pressure on the firm’s inward absorptive capacities to become ever
quicker at the dissemination of knowledge generated in one sub-unit of the firm to
other relevant sub-units and its assimilation by those sub-units, thus enabling wider
appropriation of a return from that organisational knowledge. In extreme cases the
antagonistic process of Imitation by competitors may overload the firm’s inward

looking absorptive capacities.

Nonaka and Takeuchi (1995), comment that unless key knowledge becomes explicit,
or codified, then it cannot be easily leveraged by the organisation as whole in the
creation of value added. Effective appropriation requires much of the technical and
organisational knowledge of the firm to be stored explicitly, or in detailed
organisational routines and procedures. Attaining these goals efficiently pressures the

organisation towards codification of its knowledge base.

The paradox of the process of Use for Appropriation is that to efficiently integrate
knowledge into the product and service offerings of the firm it will tend towards
codification. In so doing it increases the risk that its knowledge will leak out of the

firm and be captured by rivals’ outward looking absorptive capacities. Thus efforts to

*Imitation does not imply just the copying another firm’s knowledge bases, but involves taking some of

the best concepts of another firm’s ideas and improving upon them (Kogut and Zander, 1992; Schnaars,
1994).
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improve the process of Use for Appropriation may simultaneously encourage imitation

by competitors.

Complementarity of Antagonists

The challenge posed by the antagonistic processes is further complicated by the fact
that each antagonist may be complementary to the other. A core rigidity may develop
from sustained Development and be reinforced by a Slow Rate of Learning. When
faced with an agile competitor the temptation may be to dig deeper into the old ways
of doing business. This is the classic problem of doing what one does better, being
more efficient at delivering products and services employing current techniques, rather
than doing what one does differently, incorporating new techniques, and thus
becoming both more effective and efficient. In the face of reduced returns brought on
by Imitation one may sink further into a core rigidity response. This complementarity
across antagonistic processes means that if a firm descends into a cycle of two, or more
antagonistic processes then it may be very difficult to turn the system back to a
situation in which the protagonist processes dominate. This has important implications
for proposition three of this chapter. Given the interconnectivity of antagonistic
processes it is important that Exploration, Development and Use for Appropriation be
managed at the higher management level as a unified whole, rather than as a set of
three separate portfolios. To manage them completely separately ignores that problems

that anse in one process are likely to have a negative impact upon the others.

The antagonism between the processes of Exploration, Development and Use for
Appropnation on the one hand, and Core Rigidities, Slow Rate of Learning and
Imitation on the other hand, is summarised in Figure One. Figure One outlines the
complementary and antagonistic nature of these relationships. Particularly important is
the opposite effect that protagonist and antagonist processes have upon absorptive
capacities and learning/experience curves. As can be seen, while absorptive capacities
have a positive effect upon Exploration and Use for Appropriation, Core Rigidities and
Imitation have negative effects upon absorptive capacities. Similarly while decent of

learning curves has a positive effect upon Development, Slow Rate of Learning has a
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negative effect upon decent of learning curves. Thus the antagonistic processes have
the potential to impede, or overload, the protagonist processes by undermining
absorptive capacities and decent of learning or experience curves. The box éunounding
Development and Use for Appropriation recognises that these combined are what
Levinthal and March (1993) defined as Exploitation. It can be seen from Figure One
that Exploration has both a positive, or complementary, and negative, or antagonistic,
relationship with both aspects of Exploration, namely Development and Use for
Appropriation. Figure One also illustrates that the antagonistic processes of Core
Rigidities Slow Rate of Learning and Imitation all have positive or complementary
relationships with each other. This chapter will now turn to a discussion of what, over

time, can trigger movements between protagonist and antagonist processes.
INSERT FIGURE 1 ABOUT HERE

SOME PIVOTAL CHARACTERISTICS IN THE ANTAGONISTIC NATURE
OF KNOWLEDGE MANAGEMENT

This section discusses how three characteristics of the firm, labelled Intellectual
Diversity, Social Interaction, and Codification of Knowledge, can be manipulated to
limit the negative impact of the three protagonist processes, namely Core Rigidities,
Slow Rate of Learning and Imitation. Such manipulation can facilitate the dominance

of Exploration, Development and Use for Appropriation.

Movements Between the Processes of Exploration and Core Rigidity (Figure Two)

An important question is how are Core Rigidities promoted within the firm and how
can management stimulate a re-emergence of Exploration as the dominant process? It
is argued that changes in the levels and distribution of a characteristic of the firm,

labelled Intellectual Diversity can stimulate movement between these processes.

It is widely argued that the process of Exploration is more likely to occur in a firm that

“contains individuals, or coalitions, who have several different perspectives. These
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could be diverse knowledge bases on how to conduct specific tasks (e.g. production of
a product) or differing perspectives on the strategic direction of the firm. This
diversity will highlight ways in which the knowledge embedded in the organisational
code is ‘incorrect’. Diversity of perspectives and individual knowledge bases may
suggest novel combinations of the firm’s current resources and capabilities, thus
avoiding stagnation (Herriott, Levinthal and March, 1985; Levinthal and March,
1981).

If such Intellectual Diversity is not present then neither the creation of new knowledge
through internal knowledge creation nor outward looking absorptive capacities could
occur. Diverse and curious minds propel the firm towards Exploration of new
technologies and organisational routines or processes which are complementary, or
even counter, to the ones that are promoted by the current organisational orthodoxy (as
expressed in the organisational code and culture). For the process of Exploration to be
successful it is not sufficient that diverse perspectives exist, those who hold different

ideas from the firm’s current orthodoxy need to be encouraged to actively pursue them.

Diversity is injected into the firm by Mavericks, people who dare to think differently
to, or are slow to become indoctrinated by the perceived organisational orthodoxy, and
personnel turnover, which injects new ideas into the organisation via new personnel
and diminishes the power of other ideas via exit. Unlearning, often stimulated by
environmental shocks, also has a role to play. It promotes the casting off of old

perspectives of the competitive environment and enables the development of new ones.

On the other hand the process of core rigidity can come to dominate Exploration
where: there are perceived, and/or tangibly, high switching costs involved in changing
core capabilities (Kogut and Zander, 1992); inertia within the organisation, and the
high level of uncertainty (and hence cost) attached to investments in Exploratio;l of
new knowledge (Levinthal and March, 1993; March, 1991; Huff, Huff and Thomas,
1992). Each of these factors restrict the enactment of a firm’s Intellectual Diversity,
and thus promote the dominance of Core Rigidities. Their existence encourages

members of the firm to continue to apply and expand their current knowledge base to
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the problems the firm faces, rather than developing alternative, more effective

knowledge bases.

These relationships are pictorially represented in Figure Two. The engine of change, or
movement between Exploration and Core Rigidities is Intellectual Diversity, as
characterised by the above factors. In Figure Two Intellectual Diversity is split into
dynamic and static elements. Mavericks, Personnel Turnover and Environmental
shocks are tied to Intellectual Diversity by a line and represent the dynamic elements.
Organisational inertia, Switching costs, and High Uncertainty of successful change, are
the static elements of Intellectual Diversity. It can be seen that dynamic changes in the
firm’s Intellectual Diversity, that is the promotion and enactment of diverse
perspectives triggered by Mavericks, personnel turnover, and unlearning promotes
Exploration. Stagnation of Intellectual Diversity prompted by organisational inertia,
switching costs, and high uncertainty, means that fewer new ideas are encouraged and
enacted, even where there exists diverse perspectives within the firm, thus promoting
the dominance of Core Rigidities. The feedback loop between Exploration and Core
Rigidities indicates the negative, or antagonistic relationship that exists between each
process. This chapter will now look at Mavericks, personnel turnover and unlearning

in more depth.

INSERT FIGURE 2 ABOUT HERE

Mavericks

Mavericks are slow to accept indoctrination into the “the company way”, as
represented by the experiences embedded in the organisational code. Such people it is
argued, promote diversity of thought within the organisation. In so doing they will
increase the likelihood that alternative capabilities will begin to take root. These can be
accentuated and developed as elements of current organisational knowledge evolve

into a core rigidity.
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Mavericks complement individuals who learn the organisational code quickly, or ‘fit’
into the organisation and do things ‘the company way’. Quick leamers integrate
current organisational knowledge into their jobs more efficiently than Mavericks, who
expend time questioning. ‘Fast learners’ may be less effective as catalysts to
organisational change than Mavericks. Change is more likely to occur if managers
notice a gap between the knowledge that the firm employs and that needed to
effectively deliver value to customers. Mavericks are good at this. Questions, which
highlight value adding dilemmas or incongruities, are more likely to come from the

questioning minds of Mavericks rather than ‘company people’.

Encouraging Mavericks brings direct and obvious risks. Their protest against the
dominant orthodoxy may lead to serious conflicts, distracting effort from current
workflows. Too many Mavericks may lead to an over adaptive organisation, one in
which change becomes near continuous and progress down a single path rarely
proceeds long enough to appropriate an adequate return. The slow leaming of
Mavericks may also impede speedier descent down current learning and experience

curves, which is critical to the process of Development.

Personnel Turnover

An alternative method of creating diversity is through injection of new ideas by hiring
new staff (Carley, 1992; Simon, 1991). Rapidly growing firms are constantly
recruiting. New recruits bring with them new ideas and work practices, which can
stimulate the process of Exploration. Mature firms that want to become more adaptive,
have lower rates of growth and thus can often only increase diversity through
personnel exiting the organisation and being replaced by new staff’’. A personnel
turnover strategy requires a careful management of knowledge stocks, such that

valuable knowledge stored in departing personnel is substituted through the process of

3'Downsizing, prevalent in mature organisations since the 1980s, may provide an opportunity and a
barrier to turnover strategies. Exiting personnel offer the opportumity to inject new blood into the firm.
Equally, introduction of new personnel may encounter considerable resistance, being viewed as

inconsistent with the downsizing goals of cost reduction and improved efficiency.
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new personnel entering the organisation. Some of the disruptive effects can be avoided
if the knowledge is transferred and stored in retrievable fashion within the

organisation’s routines or remaining personnel.

Use of turnover strategies also requires awareness of the possibility that the departing
staff during the ‘hand over’ period may indoctrinate new staff in knowledge, or
behaviours, which the firm’s management would prefer extinguished (Javanovic and
Nyarko, 1995). As with Mavericks personnel turnover may impede speedier movement
down a firm’s learning and experience curves, thus while promoting Exploration
Mavericks and Personnel Tumover may impede the process of knowledge
Development. This is caused by the requirement for new staff to leam how the current
administrative routines and capabilities of the firm operate and the lack of acceptance

of the current orthodoxy by Mavericks.

Unleaming

As noted above, it is widely recognised that organisational inertia inhibits change and
that every successful firm faces extreme difficulties in adjustment. As capability
development is path dependent, the removal of Core Rigidities takes time. Behaviours
can become deeply embedded and inhibit, rather than promote, actions that add value.
The defeat of Core Rigidities will require removal, or extinction of these behaviours.
Unleaming is defined by Hedberg (1981) “as a process through which learners discard
knowledge™ which is “obsolete and misleading .... ” Bettis and Prahalad (1995) and
Huber (1991) have noted that unlearning is critical to the broader issue of
organisational leamning processes. New organisations are less disadvantaged than

established firms are because they have less to discard (Hamel and Prahalad, 1994)

The task of ‘unlearning’ can be viewed as a considerable organisational challenge,
because the effort and risks involved in switching from one capability to another can
be substantial. The interplay between bundles of resources and capabilities necessary

to create a new capability will, at the outset, be poorly understood since the creation of
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organisational knowledge is by definition a complex and uncertain process. Kogut and
Zander (1992) articulate this risk when they note that:
“Switching to new capabilities is difficult as neither the knowledge embedded
in the current relationships and principles is well understood, nor the social

fabric required to support the new learning known.”

Movements between the Processes of Development and Slow Rate of Learning

(Figure Three)

An important question is how is a Slow Rate of Learning promoted within the firm and
how can management stimulate the re-emergence of Development as the dominant
process? It is argued in this section that changes in the levels and distribution of Social

Interaction can stimulate movement between these processes.

Many authors have noted that a firm’s social system plays an important role in
determining the speed and path of learning (Brown and Duguid, 1991; Imai, Nonaka
and Takeuchi, 1985; Kay, 1993; Orr, 1990; Simon, 1991). The key features of a firm’s
social system that shall now be focused upon are the role of organisational slack,

common language and experimentation.

Changes in the levels of control of communication flows within firms can increase
shared understanding, through increases in organisational slack (Blacker, 1995; Cyert
and March, 1963; Huber, 1991; Nonaka, 1991). Language plays a central role in the
operation of social systems. For knowledge to be created there needs to be investment
in a shared language amongst the individuals involved (Blacker, 1995; Cohen and
Levinthal, 1990; DeGeus, 1996; Nonaka and Takeuchi, 1995). Just as academics
develop precise codes to facilitate the transfer of ideas among themselves, so people in
organisations generally need to express their ideas in terms that others understand.
Given the central role of individuals in knowledge creation, without the transfer of
knowledge across individuals organisational knowledge would be unlikely to develop

to a commercial level, if at all.
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Sometimes small changes in Social interactions can result in considerable changes in
the efficiency and effectiveness of Development of an administrative routine or
capability. This is due to the often causally ambiguous interconnections between
bundles of resources, capabilities and human factors that lead to success (Badaracco,
1991; Hall, 1992; Itami and Roehl, 1987). Put simply, routines and capabilities can
evolve and be successfully deployed in a black box environment. Management may
have a reasonable understanding of the inputs dedicated to the routine or capability and
the broad outputs it produces but it remains largely unable to decipher the causal
relationships between the inputs which determine the successful delivery of the

outputs.

The existence of casual ambiguity can, as will be argued later, play a vital role in the
process of Appropriation. Casual ambiguity, however, challenges the ability of
management to control the process of Development. Changes in the distribution of
organisational slack, the nature of the firm’s language, and interactions between
functions may unexpectedly impact upon casually ambiguous processes in both a
negative and positive manner. The feedback loops between the impact of changes in
Social interactions and outputs may be casually ambiguous and thus difficult to assess.
This may encourage management to adopt a policy of ‘don’t fix what’s not broken’ or
excessive caution in changing social systems for fear of long term, and difficult to
predict, impacts on the efficiency of the firm. Either policy is likely to slow the rate of

learning within the firm.

These relationships are pictorially represented in Figure Three. The engine of change,
or movement between Development and Slow Rate of Learning is Social Interaction,
as characterised by the above factors. It can be seen that dynamic changes in the firm’s
Social Interaction, that is the promotion and enactment of dynamic slack, an open
common language, and experimentation promotes Development. Stagnation of Social
Interaction prompted by static organisational slack, casual ambiguity and closed,
multiple sets, of common language within the firm, promotes the dominance of a Slow

Rate of Learning. The feedback loop between Development and Slow Rate of Learning

indicates the negative, or antagonistic relationship that exists between each process.
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This chapter will now discuss slack, common language and experimentation in more

depth.

INSERT FIGURE 3 ABOUT HERE

Slack

Slack can be defined as “the pool of resources in an organisation t}lat is in excess of the
minimum necessary to produce a given level of organisational output” (Nohria and
Gulati, 1996). Two important subsets of this concept are absorbed and unabsorbed
slack. “Unabsorbed slack corresponds to excess, uncommitted liquid resources .

absorbed slack ... corresponds to excess costs in the organisation” (Singh, 1986).
Absorbed slack can take many forms from excess capital equipment to information

overlaps.

Slack is viewed within the literature as both positive and negative. Economic
interpretations often view it as an inefficiency. Ghemawat (1991) notes that slack
needs to be managed carefully as it can be subject to misappropriation, especially by
employees. Empinical studies by Jensen (1986, 1993) argue that firms with large
amounts of slack often invest in R&D projects with negative pay back. He draws his
evidence from firms in the oil, automobile, photographic and computer technology

industnes.

Another group of researchers argue that slack is not merely an organisation
inefficiency, or an agency conflict, rather that it plays a positive economic role through
increased rates of learning, thus promoting the process of Development. Various
arguments are proposed within this literature. More slack permits a higher degree of
interaction between people, involving higher levels of communication, greater
flexibility and experimentation (Huber, 1991; Inkpen, 1995; Kogut and Zander, 1992;
Mc Gill and Slocum, 1993; Nonaka and Takeuchi, 1995). Creating overlaps of
information and knowledge between organisational actors is another learning stimulant

(Cyert and March, 1963; Nonaka, 1991). Slack is also necessary for job rotation,
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another way of creating knowledge and a complementary strategy to personnel

turnover (Nonaka and Takeuchi, 1995).

There exists an important additional distinction to the concept of slack, namely, static
and dynamic slack. Static slack occurs when the excess resources that exist within
parts of the firm have become fossilised. At one time that slack rﬁ'ay have existed to
stimulate the process of Development, however it has served that purpose and is now
been appropriated for means that fall outside the economic goals of the firm. This in
essence can be the classic agency problem outlined by Jensen (1986, 1993). Dynamic
slack involves the management of organisational slack in such a manner that
relationships in the firm are monitored in terms of which ones currently need slack to
stimulate knowledge sharing and experimentation. Slack is reallocated from areas
where fostering such relationships is a lower priority, or where that slack is becoming
static, and towards areas of the firm where slack can be allocated to stimulate more

efficient Development.

The dynamic management of slack requires careful identification, monitoring and
control of absorbed and unabsorbed slack. This can partially offset the dangers of
misappropriation by agents, as proposed by Jensen. Such dynamic management of
slack is of course quickest in the case of unabsorbed slack. Liquid resources can be
used to buy equipment or time necessary for experimentation. Absorbed slack may be
slower to move around the organisation. Teams that have had information overlaps or
spare time to stimulate knowledge sharing can gradually have their work loads
increased by transfer of tasks from a team which has been working at a higher
operational efficiency, where it is believed that that team now needs time to stimulate
knowledge sharing or expennmentation. In each case the movement in slack from one

area of the firm to the other needs to be directed, monitored and controlled.

Static and dynamic management of slack does not only mediate the relationship
between slack and Development, but also by the volume of slack within the system.
The theoretic proposition that there is an inverse U relationship between slack and

innovation has existed for some time (Bourgeois, 1981). Recent empirical research has
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supported this proposition in terms of unabsorbed slack. Nohria and Gulati (1996)
have explained this empirical result by noting that “too little slack is immical to
innovation because it discourages any kind of experimentation whose success is
uncertain, Equally, too much slack is inimical to innovation because it breeds
complacency and a lack of discipline that make it possible that more bad projects will
be pursued than"good.” The optimal rate of unabsorbed slack which they found
equated to about 5% of a business unit’s annual budget (Nohria and Gulati, 1997). The

optimal rate of unabsorbed slack has not been empirically assessed.

Thus it can be said that slack is a complex concept. Slack needs careful management if
it is to promote the process of Development. Dynamic management of slack, coupled
with an optimal amount, promotes Development while static slack, or too little slack,

promotes a Slow Rate of Learning.

Common Codes and Shared Language

In Nonaka’s view the development routines and capabilities within firms involves the
aforementioned spiral of knowledge creation, where a series of conversions of tacit
knowledge into explicit knowledge, explicit knowledge into tacit, and from one form
of explicit or tacit knowledge to another are facilitated (Nonaka, 1991; Nonaka, 1994,
Nonaka and Takeuchi, 1995). For Nonaka the dnving forces for these transfers
between forms of knowledge are attempts to create new knowledge and to improve the
efficiency of integration of existing knowledge into the firm. Nonaka sees movements
to or from tacit knowledge as involving a high degree of Social Interaction. As
previously argued, this knowledge spiral is critical to the process of Development. The
efficiency of the creation of new knowledge through Nonaka’s knowledge spiral is
greatly effected by the extent of shared common language. It is essential that all
relevant actors in the spiral share sufficient common language, such that they are able
to interact with each other and thus generate new shared tacit knowledge, or convert

such knowledge into an explicit form.
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Within functional disciplines, geographic regions, and levels of the organisational
hierarchy idiosyncratic language can develop over time. Finance departments can have
one terminology when referring to the revenue performance of various products, while
the marketing department can have a different terminology when discussing the same
theme. Such language differences occur in the natural course of events. Common
technical language can speed knowledge creation and transfer within disciplines, or
managerial levels, however it may impede knowledge creation across functional
boundaries. Such knowledge creation is central to the process of Development and,

thus, requires the promotion of some common language across the firm as a whole.

The creation of a shared language is risky. The first risk is that it makes it much more
difficult for Mavericks to operate. Shared language is a typical feature of a strong
culture, which is one that resists outsiders and non-conformists. Mavericks and new
comers are effectively excluded from organisation debates, or if included find
difficulty in communicating their ideas to established members of the firm. The second
problem which shared language can create is that of imitation. Paradoxically, whilst
shared language may discourage outsiders who want to change the course of the firm,
the existence of a shared language which is understood by exiting personnel will
increase the firm’s transparency. Thus, a strategy that is designed to promote
Development and Development of current knowledge stocks may impede the process

of Appropnation.

Experimentation

Authors from the literature on organisational learning and change have long argued
that individuals and firms develop and extend organisational capabilities and routines
through a process of experimentation (Baden-Fuller and Stopford, 1994; Huber, 1991;
March, Sproull and Tamuz, 1991). Experimentation provides the firm with the
opportunity to try out new ideas. The feedback provided by these experiments enables
the organisation to learn via experience, thus enabling Development. Without some
organisational slack the firm is so focused on production of outputs that actors have no

time experiment and hence learn from experience.
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Equally without a common language groups of people cannot co-ordinate their
activities such that they can collectively participate in and learn from experiments.
This problem is accentuated in a firm where many different idiosyncratic languages
develop. In this scenario, experimentation within groups who share that common
language may occur, however experimentation across groups is difficult. This impedes
both Development of routines and capabilities through cross functional teams, an area
which many authors argue is a key source of innovation (see Kessler and Chakrabarti,
1996 for a review of literature), and also the process of Appropriation, which by

definition requires knowledge transfer across functional boundaries.

Movements Between the Processes of Use for Appropriation and Imitation (Figure
Four)

There are three key forms of knowledge that flow across firm boundaries, namely,
explicit knowledge (e.g. product designs), knowledge embodied iq products, and
knowledge embedded in the organisational routines and processes of the firm (Blacker,
1995; Geroski, 1991; Grant and Baden-Fuller, 1995; Inkpen, 1995; Teece, 1977).
Migration of explicit knowledge and embodied (product) knowledge is much more
rapid than embedded knowledge (Badaracco, 1991). It is not possible for the firm to
halt the leakage of valuable knowledge to competitors (Geroski, 1991; Mansfield,
1985; Mansfield, Schwartz and Wagner, 1981; Ziss, 1994). An important question is
how the process of Imitation by competitors is strengthened by factors internal to the
firm? It is argued that changes in the levels and distribution of Codified Knowledge

can stimulate both Appropriation and Imitation.

It is widely argued that the degree of codification of knowledge can affect the cost and
ease with which it can be distributed within the firm (Nonaka and Takeuchi, 1995;
Teece, 1998). Teece (1998) notes that “the more a given item of knowledge or
experience has been codified, the more economically it can be transferred ...
Uncodified, or tacit knowledge, on the other hand, is slow and costly to transmit.

Ambiguities abound and can be overcome only when communications take place in
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face-to-face situations. Errors can be corrected by a prompt use of personal feedback.”
Personal feedback is costly and could act as an effective limit on the wide scale

distribution of shared meanings through tacit knowledge, thus impeding maximal Use

for Appropriation across the firm.

Appropriation is increasingly promoted by inter-firm alliances. Alliances can aid
appropriation across a number of dimensions. First is market access and penetration
(Doz and Hamel, 1998). For example in the pharmaceutical market, alliances by small
firms with global firms’ enables quicker and deeper market penetration. A drug is a
very knowledge intensive product. It can be the result of ten or more years of R&D
(PhARMA, 1999). To maximise returns from that knowledge it is important to gain
market penetration quickly and on a global scale. Global partners have distribution
networks that are very costly to create. Young firms, with a limited number of drugs
(often one) seek to tap into this network and share revenues with the global partner.
The small firm thus appropriates a considerably larger return from its knowledge, prior
to 1ts patents running out, than if it used its limited resources to establish an

independent distribution and marketing system (Emst and Young, 1998).

Second, alliances can aid appropnation by accessing knowledge which is critical to the
success of a product, but which the firm does not wish to develop internally (Grant and
Baden-Fuller, 1995). Third, alliances can be used as a mechanism through which the
firm allows other firms access to knowledge which it possesses but which are surplus
to 1ts requirements, 1n return for a fee, or knowledge exchange (Grant and Baden-
Fuller, 1995). Such access could include both unabsorbed slack, such as expert advice,
and absorbed slack, such as spare capacity on IT databases or R&D capabilities.
Fourth, alliances can enable appropriation of a return via technology transfer. The firm
transfers technology from itself to another in return for financial gain, and possibly to

also control the flow of knowledge leakage from the firm into the environment

(Badaracco, 1991; Teece, 1977).

In each type of alliance if, where practicable, knowledge is transferred into explicit

form then the transfer costs should be lower (Teece, 1998). If the knowledge
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transferred is explicit then it should also be easier for the transferring firm to legaII)'/
protect that knowledge and to monitor and control the flow of knowledge across
organisational boundaries. Where the knowledge transfer is tacit then the partners will
need to interact directly and transfer will occur through the process of socialisation
(Nonaka and Takeuchi, 1995). This may limit the viability of the alliance, due to
geographic distance, scale of the knowledge transfer, or monitoring and control issues.
Overcoming these problems may require the knowledge to be codified into routines.
Routines can be viewed as less efficient in terms of knowledge transfer than explicit

knowledge, but more efficient than tacit knowledge.

The dynamic management of codification and alliances can promote appropriation,
however static management promotes imitation. Static management can be viewed as
an over reliance on mechanisms to control the flow of knowledge out of the firm.

These mechanisms include Intellectual Property Rights, secrecy, and casual ambiguity.

Codified knowledge is subject to imitation due to its ease of transfer, however,
Mansfield (1985) found that even knowledge embedded in routines can leak out of the
firm quickly. His study showed between six and eighteen months after a firm
developed knowledge about new products or processes, understanding of that
knowledge had leaked to competitors. This data tends to indicate that relying solely on
gaining superior value added relative to competitors via once-off efforts to obtain
greater knowledge about a product, or process, may lead to a quite short term
advantage. Thus reliance on Codification as a key promoter in the process of
Appropriation requires that there is a flow of new knowledge being provided by the

processes of Exploration and Development.

Firms cannot necessanly rely on intellectual property rights for protection. For
example, writing down knowledge in a detailed patent offers legal protection. On {he
other hand, given the explicit nature of a written legal procedure, patents provide other
firms with a considerable insight into the nature of a product or process. They can
work their way around this legal protection and imitate the product or procedure

(Mansfield et al., 1981).
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Avoiding intellectual property right issues by commercial secrets poses difficulties too.
The problem with a commercial secret is a basic one. If a secret is shared with some
one else then it’s unlikely to remain a secret for long (Von Hippel, 1988). To gain
maximum value, the knowledge must be leveraged across the organisation, yet this
risks revealing the secret. Complex Social interactions are not limited to the
boundaries of the firm. Employees have social outlets other than the firm through
which knowledge may flow, including professional circles and private social networks.
Modem communication technologies, and managerial systems which encourage closer
interaction with actors outside the boundaries of the firm, such as just in time supply
chains and inter-organisational collaborative initiatives may accelerate such

interactions and, thus, diffuse key bundles of knowledge beyond firm boundaries.

The protection mechanism of casual ambiguity is a third possibility. If the actions and
relationships that lead to successful completion of a set of tasks are casually
ambiguous then it will be difficult for competitors to successfully imitate the capability
(Peteraf, 1993), but causal ambiguity also brings risks. Collis (1994) points out that the
existence of casual ambiguity in the operation of a core capability may make it
difficult for firms to detect that some minor changes between resources and
capabilities are destroying the core capability itself. As the complexity of a capability
increases, then the hikelihood of such destruction will also increase over time. Over the
long term in an environment of high causal ambiguity changes to the firm’s system is
likely to engage in as much capability destruction as creation. The dilemma facing the
organisation is to balance attempts at reducing imitation by increasing causal
ambiguity with the nsks of increased imitation from competitors spurred on by

codification of capabilities inside the firm.

In Figure Four the engine of change, or movement between Imitation and
Appropnation is Codification. It can be seen that dynamic changes in the Codification
of the firm’s knowledge, promotes Appropriation. Stagnation of Codification, as
represented by an over reliance on the mechanisms of Intellectual Property Rights,

commercial secrecy, and casual ambiguity, may encourage leakage of knowledge from
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the firm to competitors and thus imitation. The feedback loop between Appropriation
and Imitation indicates the negative, or antagonistic relationship that exists between
each process. The negative relationship between Codification and Appropriation
indicates a paradoxical relationship where Codification may simultaneously seek to
make the process of Appropriation more efficient, but also promote its antagonist,

Imitation.

INSERT FIGURE 4 ABOUT HERE

Complementarity and Antagonism between Characteristics

In general one can view the characteristics of Intellectual Diversity and Social
Interaction as complementary. Unlearning, Mavericks and personnel turnover can all
be fostered in an environment where there is a managed level of dynamic slack. With
slack Mavericks can be free, within boundaries, to explore their alternative views of
the firm and what its function is. Slack can also enable unlearning to occur, giving
people time to develop new ways to work, without being forced to rely too heavily on
the crutch of old ways that excessive pressure to deliver results in a short time period
can bring. Slack may also aid in personnel turnover, enabling current staff to rotate
jobs and new staff to be added. Common language may liberate people, enabling them
to talk across disciplines. Unfortunately, common language may also foster an
antagonism between these two characteristics. This is because it may be a cultural
barrier to new personnel entering the firm. Much like an emigrant entering a country
the language of which he has leammed in school but never spoken amongst natives. The
natives may embrace him, teaching him their colloquialisms, rejoicing in his new

perspective and accent, on the other hand they may not.

There exists an antagonism between Intellectual Diversity and Social Interaction on the
one hand and Codification on the other. Codification seeks to enable knowledge to
flow across the organisation more quickly and uniformly, however this occurs at some
compromuise to the ideal of diversity. Codes require some degree of co-ordination and

conformity, while diversity requires some degree of tolerance of non-conformity.
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Should either mechanism meet the extreme of the other, then considerable conflict will
arise. This complementary and antagonistic relationship between characteristics again

has important implications for proposition three.

CONCLUSION

The main contribution of this chapter has been to review the literature on the
Exploration and Exploitation dilemma and to highlight linkages across Exploration,
Development and Use for Appropriation. These linkages have important implications
for how knowledge Exploration and Exploitation should be managed inside firms. This
chapter has pointed out that the goals of Exploration, Development and Use for
Appropriation can be both complementary and also conflict with each other. Each of
these processes has an antagonist. These antagonistic processes, Core Rigidities, Slow
Rate of Leaming and Imitation are also complementary. Finally the characteristics of
the firm through which Exploration, Development and Use for Appropriation can be
promoted, and their antagonistic processes suppressed, can be both complementary and
in conflict with each other. Should management ignore the complementary and
antagonistic relationship between each of these three groups of the system
(protagonists, antagonists, and characteristics) and chose to manage Exploration,
Development and Use for Appropriation as independent portfolios then the impact of
difficulties in one area upon another may not be recognised. Actions to remedy
problems in one area may compound problems in another. Equally inaction in one are,
for example in Exploration, may have a knock on negative effect upon Development
and Use for Appropriation. Delay in recognition of such inter-relationships could be
potentially costly with, for example, the onset of a core rigidity reinforcing slow

learning and thus impeding progress not only in Exploration but also in Development.

In reaching the above conclusion, this chapter has explored the
Exploration/Exploitation dilemma in some depth, drawing upon a diverse range of
literature to offer a perspective on why Exploration and Exploitation can be in conflict
with each other. The processes of Exploration, Development and Use for
Appropriation have also been individually discussed. An attempt has been made,

drawing from the literature, to explain how each process can be promoted, or
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suppressed, within the firm. These relationships are summarised in Figure Five. This
figure illustrates the commonly stated dyadic relationship of Levinthal and March
(1993) viewing the problem as balancing the tension between Exploration and
Exploitation. As argued through out this chapter Exploitation is sub-divided into two
categories, namely Development and Use for Appropriation. Thus the
Exploration/Exploitation dilemma is now classified as a conflict, and co-operation,
between search for and assimilation of new stocks of organisational knowledge, or
Exploration, the expansion of current stocks of organisational knowledge, or
Development, and the Appropriation of a return from stocks of knowledge
accumulated through the processes of Exploration and Development. In Figure Five
these processes are viewed as the protagonists in the management of organisational

knowledge.

These three of protagonist processes are in an antagonistic relationship with Core
Rugidities, Slow Rate of Learning, and Imitation. These antagonists impede outward
looking absorptive capacities, descent of learning and experience curves, and inward
looking absorptive capacities, which are critical to the operation of the protagonist
processes. The antagonism between these processes and the protagonists is mediated
by three characteristics of the firm, as outlined in section three. In Figure Five each -
protagonist process is exploded vertically to illustrate the intermediary role of
Intellectual Diversity, Social Interaction and Codification between protagonists and
antagonists. Stimulation and management of Intellectual Diversity positively affects
Exploration, while its protagonist Core Rigidities, negatively effects Intellectual
Diversity, thus conflicting with the process of Exploration. Stimulation and
management of Social Interaction positively affects Development, while Slow Rate of
Learning impedes decent of learning curves by suppressing the knowledge creation
spiral of knowledge conversion as stimulated by Social Interaction. It can also be seen
that Intellectual Diversity and Social Interaction are complementary, whiie

Codification has a negative effect upon Social Interaction.

INSERT FIGURE 5 ABOUT HERE
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From Figure One, and the previous discussion, it can be seen that the antagonism
between Exploration, Development and Appropriation on the one hand, and Core
Rigidities, Slow Rate of Learning and Imitation on the other, is complicated by the
complementary nature of the antagonists, meaning that descent into one may well
promote the emergence of another. Equally the complementarity and antagonism
between the characteristics which trigger movement between protagonist and
antagonist processes means that efforts to promote the dominance of one protagonist
may trigger the decline of another. Finally, the short-term antagonism between, and the

long-term complementarity of, the protagonists further complicates the management of

organisational knowledge.

The principal contribution of this chapter has been to review the literature and frame
diverse strands into an overall perspective as outlined in Figure Five. Both the vertical
and horizontal interactions in Figure Five has been exposed and discussed at length.
This synthesis of prior work characterises the management of organisational
knowledge as an intensely antagonistic process. It is argued that not only are
Exploration and Exploitation in conflict with each other, but that it is even difficult for
organisations to sustain progress on either Exploration or Exploitation, as each has an
antagonistic process which impedes it over time. This complexity challenges
managers’ ability to create and maintain a sustainable competitive advantage from the

knowledge base of the firm, and yet this is one of the key propositions of the

Knowledge Based View of the Firm.

The remaining chapters of this thesis seek to explore a number of questions that arise
from this review. In Chapter Three, an in-depth case study is analysed to explore
whether Exploration and Exploitation can be measured in a real organisational context.
An analysis of the Celltech case casts light on proposition one of this chapter. It can be
seen from this analysis that Exploitation can be sub-divided into Development and Use
for Appropriation. All three concepts can be separately identified inside Celltech and
measures of each are observed. The Celltech case also casts light on proposition four.
It is found that balance between Exploration and Exploitation did not always exist

inside this firm, but that for a period of half a decade balance was maintained. Chapter
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Three seeks to find evidence as to whether a real firm can experience the tension
within and between the processes of Exploration and Exploitation and how these are
managed. This casts light upon proposition three. In the fourth chz{pter the important
duestion of whether shareholders attach value to the outputs of Exploration and or
Exploitation (Developmeht and Use for Appropriation). If so what value is generally
attached to each activity and is there empirical support for the contention by Levinthal
and March (1993) that Exploitation activities are rewarded with greater financial
returns. This casts light upon proposition two, observing that both Exploration and

Exploitation activities are valued by shareholders.
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Chapter Three:

Balancing Knowledge Exploration and Exploitation in a Real

Organisation Over Time:

Lessons from the Celltech Case

INTRODUCTION

In the previous chapter the Exploration/Exploitation dilemma and the maintenance of
balance was explored. This chapter studies the management of Exploration and
Exploitation (Development and Use for Appropriation) inside the oldest biotechnology
firm in the UK, Celltech. The Celltech case study is provided in full in the appendices
of this thesis. In this chapter it will be shown how Celltech moved from a situation in
which Exploitation had come to dominate over Exploration, in a' manner much as
predicted by Levinthal and March (1993). The greater short-term financial rewards of
investments in Exploitation activities came to drive out investment in Exploration. The
analysis of this case shows how Celltech moved away from a dominance of
Exploitation activities, reinvested in Exploration, and installed administrative systems
to aid maintenance of a balance between Exploration and Exploitation activities. The
analysis of Celltech both demonstrates that within a real organisation the balance of
Exploration and Exploitation is a real issue for firms seeking to manage their stocks of
organisational knowledge and also offers insights into how movement between

Explortation and Exploration can be managed and balance maintained over time.

The Celltech case occurs in the context of organisational renewal, having experienced
a decline in the late 1980s followed by turnaround and renewal in the 1990s. The
management of investments in Exploration and Exploitation (Development and Use
for Appropriation) were an important feature of this story of decline and rejuvenation.
The theoretical issues raised in the previous chapter provide an important frame of

reference in the analysis of the Celltech case, however a short additional theoretical
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review needs to be added at this stage, namely, the role of Exploration and
Exploitation in the context of organisational renewal. To this end this chapter begins
with a short theoretical section on renewal and the Exploration/Exploitation dilemma.
In the second section of this chapter the methodology employed to create the Celltech
case is briefly outlined. In the third section an overview of the Celltech case is
provided. This provides important information on Celltech’s organisational context. In
the third section Celltech’s renewal is explained by applying the lens of
Exploration/Exploitation. The fourth section details the organisational tools that
Celitech employed to move from an imbalance favouring Exploitation to renewal
through Exploration, eliminating Core Rigidities, and the installation of systems to
maintain a balance between Exploration and Exploitation. The fifth section offers
some lessons from the Celltech case. The final section links the analysis of Celltech
back to the theoretical chapter. It is observed that that the Celltech case exhibited much
of the factors promoting the dominance of Core Rigidities and Slow Rate of Learning
outlined in figures two and three of the previous chapter, while the changes instigated
between 1990 and 1998 involved pulling many of the levers outlined in those figures

that promote the dominance of Exploration and Development (Exploitation).

THEORY

As outhned in Chapter Two, it is widely argued in the literature that a central
component of success is the maintenance of a balance of Exploration and Exploitation
(development and Use for Appropriation) within the firm (Cohen and Levinthal, 1990;
Levinthal, 1997; Levinthal and March, 1993; Hendry, 1996). In common with others,
March (1991) observed that the maintenance of a balance between Exploration and
Exploitation is *‘a primary factor in system survival and prosperity.” Celltech’s story,
elaborated below, runs counter to the oft stated theoretic proposition in the literature

that Exploitation tends to dominate over Exploration. This logic is summed up by
Levinthal and March (1993):

“Exploitation generates clearer, earlier and closer feedback than Exploration.
It corrects 1tself sooner and yields more positive returns in the near term. As

a result, the primary challenge to sustaining an optimal mix of Exploration
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and Exploitation is the tendency of rapid leamers and successful

organisations to reduce the resources allocated to Exploration.”

In mature organisations Exploitation tends to drive out Exploration, making renewal
based on Exploration very difficult. Renewal based on the creation and application of
new core capabilities is very difficult (Leonard-Barton, 1995; Peteraf, 1993). The key
problem is that the development of core capabilities tends to be path-dependent (Cohen
and Levinthal, 1989; 1990; 1994; Collis, 1991; Mahoney, 1995). The initial success of
a core capability leads to its growth over time. Success based on the Exploitation of
that core capability reinforces the behaviours upon which it is based. Over time these
behaviours become deeply embedded in the organisation. This process of development
(or deepening) of a core capability enables the firm to refine its organisational routines
and procedures in knowledge integration to such a point that it knows more than any
other firm about how to deliver, efficiently and effectively, value added to a particular
market. But as market needs change over time, other knowledge bases may emerge to
deliver superior value added. This shift may ‘maroon’ establish'ed ‘mature’ firms,
leaving them with core capabilities that are no longer appropriate (Herriott, Levinthal
and March, 1985; Miller, 1993). The resulting rigidities are due to the high switching
costs involved in changing core capabilities (Kogut and Zander, 1992); inertia within
the organisation (Huff, Huff and Thomas, 1992); and the high level of uncertainty (and
hence cost) attached to investments in the Exploration of new knowledge (Levinthal

and March, 1993; March, 1991).

As the firm hits a performance crisis the natural predisposition of employees is to get
out of trouble by focusing on doing what they currently do more efficiently. They rely
on the core competencies of the past to deliver success once more. Efficiency drives
enable the firm to avoid confronting the very difficult realisation that its past core
competencies are now Core Rigidities and must be replaced, rather than overhauled. It
is very difficult for organisational members to abandon past successful behaviours and
explore new knowledge upon which to create new core competencies that better meet

the needs of the market.
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There is, of course, a literature -on corporate restructuring and renewal. The
restructuring strand is typically understood as refocusing through downsizing of a
business unit or the shedding of unprofitable units from a multi-unit firm (Hoskisson
and Hitt, 1994; Markides, 1995; Robbins and Pearce, 1992). Celltech had only two
divisions, reducing the relevance of these proscriptions. Moreover, its renewal was
based on revitalising the smaller, unprofitable research division not the profitable
contract division. The literature on business renewal is more relevant, for it argues that
in exceptional circumstances defunct firms or businesses can rejuvenate. (Baden-Fuller
anad Stopford, 1994; Grinyer, Mayes and Mc Kiernan, 1988; Pettigrew and Whipp,
1991). Until now, much of the evidence has come from the so-called mature sectors,
and the relevance to high technology sectors has yet to be established. For high
technology firms, such as those in biotechnology, there are serious technical issues to
be confronted. Given the hyper-competitive nature of the environment (D’Aveni,
1994), the paradigmatic shifts in technology (Powell, Koput and Smith-Doerr, 1996)
and the need for fast strategic moves (Brown and Eisenhardt, 1997), a serious question
arises as to whether any renewal is possible and, if it is possible, whether the models of

renewal in maturity are relevant.

The story of Celltech is unusual on two levels. First, it is an example of a mature high
technology firm successfully engaging in renewal. Second, this renewal was focused
around a strategy that enabled the firm to escape the gravity of Exploitation and move
towards a model of financially successful Exploration. Its renewal is particularly
unusual n that shareholder value rose after renewal from near bankruptcy and illiquid
stock in 1990 to a publicly traded firm with a market capitalisation of $ 502 million by
1999 (Mc Namara, 1999) and £ 1,081 million by January 2000. This rise in
shareholder value occurred in spite of the fact that prior to the change in 1990 the firm

had been marginally profitable, and from 1990 to 1998 it has posted cumulative net

losses of £75.9 million.
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METHODS AND DATA COLLECTION

Sources of Data, Validity and Reliability

The validity of the case study was maintained through rigorous data collection. The
first source of data was five interviews with senior executives inside the case company,
and the analysis of extensive relevant company documents on investment, revenues,
new product development, clinical trials, and alliances. The sefzond was a search of
public domain data on all independent drug biotechnology firms listed on the London
Stock Exchange, which included Celltech. The third source of data was a series of case
studies, interviews with executives from other biotechnology companies and
interviews with executives from the London Stock Exchange, which helped to check
the interpretation of both the sector and the firm. In common with other case study
research, a central output of the data collection and analysis process was the writing up
of a detailed case study (Eisenhardt, 1989). The written up Celltech case study is
provided in full in the appendices. Another two supporting case studies, PolyMASC
and Oxford Molecular are also provided in full in the appendices. To ensure that the
researcher’s understanding of the industrial context was valid a companion document
on the biotechnology sector was written. This paper provided a statement of what the
biotechnology sector is and the nature of competition within it. This paper was first
reviewed by the Professor of Chemical Engineering to ensure accuracy, and was
modified to incorporate his expert comments. The note on the UK biotechnology
sector was then submitted to the Celltech management for review and was approved by
them as a valid overview of the sector. This document was some 25 pages in length in
single line spacing and given its background nature is not included in the appendices.
Trnangulation of data sources helped to ensure validity (Jick, 1979; Kirk and Miller,
1986). For all three cases respondent validation was employed, where executives from
the organisation commented on drafts of the case (Silverman, 1993; Whyte, f984).
Through a process of iterative rewrites, the final cases sought to incorporate a shared

understanding by both the researcher and the executives of the firm’s story.
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The executives in Celltech were keen to explain the competencies they had created and
the dilemmas they faced. Being scientists they were highly articulate, meticulous about
the data in support of their claims and able to point out sources of data which allowed
Exploration of the phenomena under discussion in this chapter. As such the interviews
proved to be an excellent source of data and, despite the small number, showed a
surprising degree of agreement and comprehensiveness. No indication was found that
further interviews among seniors or juniors would reveal any significant new insights.
To protect the reliability of the study a chain of evidence was created and maintained

throughout the process (Yin, 1989). All interviews were transcribed.

Public documents were searched in a methodical manner. The annual reports from
1987 1o 1998 were obtained for Celltech and carefully analysed. Annual reports for all
other biotechnology firms listed on the London Stock Exchange were also obtained to
gain a familiarity with the competitive dynamics of the sector. Background
information on Celltech and other UK biotechnology firms was obtained by a search of
the general news media since the early 1990s. This was done using a combination of
- the CD-ROM database McCarthy and the on-line database Reuters Business Briefings,
both of which contain much of the UK’s leading news media sources. Much of this
data 1s subsequently analysed in some depth in Chapter Four of this thesis in an event
study that empirically observes the shareholder wealth creation effects of
announcements about Exploration, Development and Use for Appropriation.
Additional general data on the biotechnology industry was obtained by a search of the
Economist CD-ROM from 1987 to 1996, the Emst and Young European Life Sciences
report 1998, reviews of Genetic Engineering News and Pharmaceutical Business
News, both leading industry magazines, and the web-sites of biotechnology and

pharmaceutical industry associations and firms.

The interview process

Understanding the processes of knowledge management and renewal in a high
technology firm presents technical challenges to management researchers. Thus the

interviews of Celltech executives were conducted with a Professor of Chemical
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Engineering present, who has experience of technical research in the field. His
knowledge of the science was essential in understanding the nuances of the business

and relating these to the managerial processes explored in this article.

Five managers were interviewed from differing levels in the organisation. These were
the Chief Executive of the group, the Director of Finance, the Chief Executive of the
Therapeutics division, the Director of Research, and the Director of Development.
Both the Directors of Development and Research were involved in a hands-on way
with actual projects, having been Celltech project leaders in the 1980s and early 1990s.
All except the Finance Director have PhDs in science and have previously worked for
many years in the pharmaceutical sector. These five executives were pivotal in the
reorientation of Celltech’s strategy in the 1990s. The group Chief Executive was
interviewed first, following a broad interview schedule. This interview fleshed out the
overall picture and a new set of interview questions was developed for the remaining
four interviews. During early interviews issues arose which were unexpected, to which
follow up questions were applied both within and across interviews. By the end of the
five interviews, the interviewers felt that they had obtained an understanding of the
firm. The last interview did not reveal any significant new information, rather it

provided triangulation of existing data.

The focus of interviews was initially upon one successful innovative drug R&D
project. This project, known as CDP 571, which had been identified as critical to the
success of Celltech by the Professor of Chemical Engineering, and was confirmed as
such by each of the interviewees. From this core focus executives detailed not only
their experience of managing this critical project, but in turn the wider management of
Celltech as a firm that encompasses a diverse range of drug discovery and
development projects. A drug R&D programme such as CDP-571, which sought to
develop a cure for Septic Shock, involves two broad types of task. The first is drug
discovery, where compounds are identified, or generated, and shown to have potential
as a drug. The second task involves going though a series of three, or more, clinical
trials where it is proved to regulators that the drug is both safe for public use and is of

clear therapeutic benefit. Such projects encompass both elements of Exploration for
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new knowledge, Development of current organisational knowledge, and the

Appropriation of a return from the process of knowledge creation and use.

Classification of activities as Exploration and Exploitation

Based on the three case studies, and background research on therapeutic drug
discovery and development in the biotechnology sector, it became clear that three
activities are of key importance to the success of firms and executiyes within the
sector. First is the discovery of novel drug compounds. The process of drug discovery
involves the search for novel compounds that may have therapeutic benefit. The goal is
to identify, or construct, a promising compound that can be patented. Pre-clinical trials
are conducted on the compound, often involving experimentation on animals, to
determine if the drug has both a therapeutic function, in other words that it can tackle a
given disease or illness, and is not so toxic to the recipient as to cause more harm than
benefit. Especially in the Oxford Molecular case study it can be seen that the discovery
process involves a high degree of search for and creation of new knowledge. It is a
highly uncertain process, with less that 5 in 5,000 compounds identified in the
discovery process actually making it through to the next stage, clinical trials on
humans (Berry, 1996; PAARMA, 1999). At the heart of a drug discovery process is the
attempt to create new stocks of organisational knowledge and embed these in a
patented compound that can be later subjected to development via human clinical

tnials. Thus drug discovery in this thesis is classified as an Exploration activity.

The second task that was identified as being of cntical important to the success in the
case companies was the development of a drug through a series of human clinical trials
to gain regulatory marketing approval of the drug. Once a compound has completed
pre-clinical trials it can seek entry to human clinical trials. These clinical trials
normally consist of three main types referred to as Phase I, Phase II and Phase III
clinical tnals. Phase IV trials, once marketing approval has been obtained are
increasingly undertaken, though these were not undertaken by any of the case
companies or the sample in the event study and are hence not discussed in this thesis.

Phase I clinical trials study the effects of the drug on a small number of volunteers to
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establish its safety. Despite the long experience of the pharmaceutical industry in drug
discovery and development the move from pre-clinical trials on animals to clinical
trials on man is still an uncertain process. Despite pre-clinical data and extensive
molecular modelling one cannot be sure of the effect that a compound will have upon
man. Thus the process of Phase I trials is essentially one of Exploration. The
researchers are seeking to establish the safety and effects of the compound in a new

environment, man.

Upon successful completion of Phase I trials, Phase II clinical trials can be undertaken
to test if the drug is of therapeutic benefit, that is does it result in an improvement in
the patient’s condition. It also tests the range of dosages and their effects. Phase II
trials often test the effectiveness of the drug in tackling a condition relative to a
placebo group, and also test a range of tolerable doses to determine the most effective
dose. Essentially Phase II trials involve an incremental extension of the firm’s stock of
knowledge about a drug. Pre-clinical trials have identified the drug and Phase I trials
explored its application in man. Thus Phase II trials can be ‘viewed as being

Development of current knowledge.

Phase III clinical trials seek to establish whether the drug has a clear clinical benefit
relative to another drug on the market place, or the standard treatment. If the drug
passes Phase III trials then the firn can seek a Product License Application (or
equivalent). If regulatory authorities are convinced by the power of the clinical trial
data contained in the Product License Application then it may be approved for
marketing as either a prescription or over the counter drug. Phase III tnals are
essentially a further incremental development of the firm’s stock of knowledge and are
thus classified as Development.

The third area of value creation that managers consistently mentioned was‘ the
formation and management of alliances. Executives from the three case companies
argued that alliances with both pharmaceutical and fellow biotechnology companies
form a central aspect of successful competition in the biotechnology sector. This view

is supported by empirical studies of the sector in the strategy literature (Hagedoom,
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1993; Powell et al., 1996; Stuart, Hoang and Hybels, 1999). Managers noted that
alliances serve four main purposes. First, alliances often bring access to financial
resources. In each of the three case studies in the appendices the firm was many years
away from net profit based on sales of final products. In the interim period operations
are primarily funded by payments from alliance partners and equity. This view of
alliances can be classified Exploitation, or as Use for Appropriation. Biotechnology
firms share their portfolio of patented compounds and drug discovery capabilities with
partners in return for cash payments, thus appropriating a return from their current
stock of organisational knowledge. Alliances can also be viewed as involving Use for
Appropriation where the purpose of the alliance is to combine an approved drug with a

pharmaceutical firm’s marketing capabilities to maximise sales in the final market.

Second, managers viewed alliances as offering signals to shareholders as to the worth
of their current stocks of knowledge. The logic expressed was that if major alliance
partners are willing to invest their scientific reputations by collaborating on a specific -
drug discovery or development project then the current knowledge stocks of the
biotechnology firm must be valuable. Managers believed that such validation raised
the value of their firm’s stocks making access to capital markets for further funds
easier. In this context alliances can be viewed as Exploitation, or Use for
Appropriation. The goal is to raise stock price to enable access to capital markets.
Essentially the firm trades its current stock of knowledge with an alliance partner in
return for which it receives scientific and commercial validation, which raises the
value of the firm’s knowledge stocks in the eyes of the shareholder. The Celltech
experience, outlined in Appendix One, demonstrates that such validation aids a return

to the capital markets.

Third, managers viewed alliances with major pharmaceutical firms as offering access
to complex drug development capabilities. The capabilities of the three case companies
in the appendices were primarily in drug discovery, yet for a drug to make it to the
market they need to pass through complex regulatory clinical trials. Pharmaceutical
firms have formidable capabilities in the management of clinical trials. In this view

alliances can be seen as primarily about development of the biotechnology firm’s
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current stock of knowledge. The biotechnology firm often takes the drug through
Phase I clinical trials. It then seeks a partnership with a pharmaceutical firm to
facilitate the incremental development of the knowledge created through the
biotechnology firm’s drug discovery and Phase I clinical trial capabilities by accessing
the pharmaceutical firm’s capabilities in Phase II and III clinical trials. Such
combination is not a simple process. It requires the combination of knowledge from
both the pharmaceutical and biotechnology company if successful Phase II and III
clinical trials are to be constructed and implemented. Unlike the. case of a marketing
alliance, where interaction might well be minimal, it can be seen from the example of
Celltech’s alliance with Bayer that interaction and knowledge combination is required
in co-development of a drug. In this view alliances can be seen as being about
Exploitation of knowledge via the process of joint Development of two firms current

stocks of knowledge.

Fourth, managers viewed alliances as offering learning benefits. Alliances were used
by Celltech to learn how to manage human clinical trials, thus creating a new stock of
organisational knowledge in the area of drug development. In this context alliances can
be viewed as being about Exploration for new organisational knowledge. It should be
noted that managers often believed that over the life span of an alliance it could
achieve all four goals, thus a single allhance could contain elements of Exploitation

(both Development and Use for Appropriation) and Exploration.

From the above it is argued that alliances in UK therapeutic biotechnology firms can
be argues to contain information on the full spectrum of Exploration/Exploitation.
Alliance formation and participation may facilitate Exploration for new stocks of
organisational knowledge, Development of current stocks of knowledge, and
Appropriation of a financial return from organisational knowledge creation and

development activities.
AN OVERVIEW OF CELLTECH

Celltech can be viewed as having four basic historical periods, which link to the

balance of the Exploration and Exploitation of knowledge. For the first decade of its
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existence, two separate strands of the business were grown: contract manufacturing
and research (Biologics) and in-house research and development (Therapeutics). The
goal was to cover the costs of in-house R & D with revenues generated by doing
contract research on behalf of other firms. From Figure One it can be seen that after an
initial period in which R & D expenditure exceeded Biologics turnover, by 1985 R &
D amounted to less than 50 per cent of turnover, and by 1987 this was at an all time
low of 25.5 per cent, recovering to 50 per cent by 1990.322 In 1987 there were
marginally more employees located in the Therapeutics division than in.Biologics. By
1990 the number of staff located in the Biologics contract research and manufacturing
business was at an all time high of 60 per cent. Hence this time frame is referred to as
the Biologics period. During this period the firm developed strong technical
capabilities (Dodgson, 1991), although executives interviewed as part of this thesis
commented that the firm was consequently very hierarchical and lacked capabilities in
interdisciplinary research that were necessary for success in the discovery and

development of innovative drugs.

INSERT FIGURE ONE ABOUT HERE

In the second period (1990 to 1992), a new CEO joined the firn with a new
perspective. He saw the future as being in the development of innovative new drugs in
which Celltech had a slice of the action. As he puts it, “the winners have to be the
companies that are therapeutic because the value added is so huge.” The fimm was
SJormally split into two divisions, Biologics and Therapeutics, and the CEO
implemented his new strategic vision by expanding the Therapeutics division. From
Figure One it can be seen that this expansion resulted in an increase in the amount of
inputs devoted to Therapeutics. The percentage of tumover devoted to own R & D and
the number of employees in the Therapeutics division both rose sharply. Within this
division the firm developed a capability in the creation of innovative drugs from initial

discovery through to regulatory clinical trials. This change in strategy required a shift

* Data on turnover and R & D are only available from 1983 onwards. Data on the spht of employees by

division were not available prior to 1987,
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away from core capabilities centred around technology application and towards
interdisciplinary research to create new drugs as opposed to new technologies. Thus
this period is referred to as re-asserting R & D, where the role of R & D was
accentuated, while the role of contract manufacturing and research, in terms of number

of employees and turnover, was marginally reduced (see Figures 1 and 2).

In 1992 the third period began which lasted until 1996. From Figure One it can be seen
that during this period the inputs devoted to Biologics and Therapeutics were largely in
balance. The firm developed a strategy of collaboration with large pharmaceutical
firms in the development of its drugs. This time frame is referred to as the alliance

period. The benefits of such collaboration was outlined by the firm as follows:

“They bring extensive expertise to the planning and conduct of clinical trials
in order to seek registration for products in a timely manner. They have
marketing expertise and strength in the therapeutic areas that should allow
them to optimise the launch and market penetration of new products...
Collaborative agreements also demonstrate third party validation of the
scientific and commercial potential of innovative discovery or development

programmes.” (1996 Annual Report)

Current collaborators include some of the leading pharmaceutical firms in the USA
and the EU. The quality of Celltech’s collaborators and the number of drugs it has in
both clinical trials and in discovery projects compares favourably with its major
biotechnology rivals. This collaborative strategy enables Celltech to exploit its
knowledge base before going to the end market, via cash milestone payments from
collaborators, but without selling a full interest in the downstream property rights.
Milestone payments and collaboration are not unusual in this sector. Celltech was,
however, amongst the first in the UK to successfully implement this strategy. It is also

unusual in the breadth and quality of its collaborators.

The fourth period began in 1996 when the Biologics division was sold for £50 million,

thus this period is referred to as the post-Biologics era. This signalled the final stage of
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Celltech’s new direction. In 1990 Biologics dominated the firm to the detriment of R
& D. With the sale of Biologics Celltech had in six years converted itself into a firm
solely focused on the R & D of innovative drugs to the exclusion of contract
manufacturing and research. From Figure One it can be seen that all inputs are now
focused on own R & D. The value of the firm has see-sawed over its life. From near
bankruptcy in 1990, Celltech had been transformed. By 1998 it had a market
capitalisation of around $502 million. An analysis of stock market performance shows
that Celltech ranked eighth out of 50 independent European biotechnology firms,
having experienced a 25 per cent increase in share price in 1998 (Mc Namara, 1999).
This renewal occurred not by intensifying the firm’s focus on the Exploitation of

organisational knowledge, but rather by refocusing on Exploration.

EXPLORATION/EXPLOITATION AS A LENS IN UNDERSTANDING
CELLTECH’S RENEWAL

This transformation from Biologics to Therapeutics can be explained in terms of the
Exploration/Exploitation balance. Investment in Biologics can be viewed as essentially
being an investment in Exploitation (Development and Use for Appropriation).
Celltech had developed world-class technical capabilities that leveraged the firm’s
knowledge of antibodies and recombinant DNA through contracted manufacturing.
Such contract manufacturing was is a good example of Exploitation of a current stock
of knowledge by incremental development of antibody production capabilities, while
appropriating a return from this stock of knowledge via contract manufacturing.
Incremental development of these capabilities did occur, but only in the context of
leamming by doing in the contract research division. Investment in contract

manufacturing had a rapid feedback from the market in terms of contracted revenues.

Celltech’s investment in Therapeutics can be viewed as knowledge Exploration in
Levinthal and March’s (1993) terms where Exploration is “the pursuit of new
knowledge of things that might come to be known.” Drug discovery requires that
knowledge from multiple technical disciplines (for instance, molecular biology and
medicinal chemistry) be combined in the creation of an innovative compound that can

enter clinical trials. In 1990 this Exploration became more intense as the firm sought to
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develop its capabilities in interdisciplinary drug discovery. The feedback from thé
market is not as clear, nor as fast, as in the case of Biologics’ contracts. As observed
from Table One of Chapter One, the discovery of a compound takes on average 6
years, though in many cases considerably longer; the drug development process is
estimated to take a further 8.9 years on average (PhARMA, 1999). As noted in the
methodology section, only § in 5,000 compounds that enter discovery programmes are
estimated to make it to developmental clinical trials, and only one of these to make it
on to the market (Berry, 1996; PhARMA, 1999). The cost of taking a drug through this
process is estimated to be in the region of $300-$500 million (BIO, 1996).

INSERT FIGURE TWO ABOUT HERE

From Figure Two it can be seen that Celltech was experiencing very considerable
growth in Biologics turnover from 1987 to 1989. Gross margins attributed to the
Biologics activity, while falling, were quite high, ranging from over 31 per cent to 12.5
per cent. On the back of Biologics’ success the firm was able to invest £17.3 million in
Therapeutics R & D during this period, while also generating a net profit of £900,000.
Therapeutics was not generating any turmover during this period. In this context one
can see that for a firm such as Celltech in the 1980s, the temptation to focus resources

on Exploitation rather than Exploration was very real.

The balance between Exploration and Exploitation in Celltech can be seen from two
perspectives: allocation of resources to each activity (Figure One) and revenues
generated (Figure Three). As noted earlier, from Figure One it can be seen that from
1985 to 1990 investment in Celltech’s own R & D as a percentage of group tumover
initially declined, and remained below 32 per cent until 1990, when it dramatically
increased to 49 per cent with the arrival of the new management team. The numbgr of
employees working in the Therapeutics division declined over the period from 1987 to
1990. Employee numbers is a key metric as both R & D and contract manufacturing

and research are knowledge and labour intensive activities.
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In addition to a rising commitment to Biologics in terms of inputs, as seen in Figure
One, there was a parallel rise in level of turnover, or outputs, that Biologics generated
(see Figure Three). Combining Figures One and Two it can be seen that during the
period from 1985 to 1990 Exploitation (Biologics) came to dominate over Exploration

(Therapeutics).

INSERT FIGURE THREE ABOUT HERE

The re-asserting R & D period from 1990 to 1992 can be seen in Figure One in terms
of a sustained rise in the percentage of employees located in Therapeutics. New
employees were hired within Therapeutics while there were redundancies within
Biologics. Figure Three indicates that in terms of one simple output measure, turnover,
the Therapeutics division was also beginning to make an impact. Retrenchment in the
Biologics division can be seen in Figure Three in terms of a decline in tumover
generated by the division. Thus it can be seen that the imbalance between Biologics

and Therapeutics in terms of resource inputs and revenue outputs began to be reversed.

The alhance period represents a time of sustained balance between the inputs allocated
to both Exploration (Therapeutics) and Exploitation (Biologics). From Figure One it
can be seen that the number of employees located in each division is largely in
balance. From Figure Two it can be seen that the performance in Biologics in terms of
margins improved over the period. From Figure Three it can be seen that both
divisions experienced a rise 1n revenues up to 1995, and a proportional decline in 1996.
Thus over a period of half a decade, from 1992 to 1996, Exploration and Exploitation

in terms of inputs (Figure One) and outputs (Figures Two and Three) were largely in

balance.

Exploration/Exploitation inside Therapeutics

At the start of the fourth period, in 1996, the Biologics division was sold off. By that
time Therapeutics had developed its own sophisticated balance of Exploration and

Exploitation dimensions. All three Exploration activities defined in the methodology
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section are observed in the Therapeutics Division, namely, discovery of new drugs;
Phase I clinical trials; and development of a capability in collaboration with large
firms. Exploration within this division can be seen in its purest form as the discovery
of new drugs. Drug discovery by its very nature involves “the pursuit of new
knowledge of things that might come to be known” (Levinthal and March, 1993). The
objective is the discovery of a new innovative compound which tackles an illness that
currently lacks a drug therapy, or a compound that is based on a sufficiently novel
combination of knowledge that it does not violate current patented compounds. From
Figure Four” it can be seen that from 1990 to 1998 Celltech has considerably

increased the number of identified discovery projects.

INSERT FIGURE FOUR ABOUT HERE

As noted in the methodology section Phase I trials are classified as an Exploration
activity and the number of such trials is found to have varied over time inside
Therapeutics. These trials represent about 11 per cent of the cost of performing clinical
trials (Parexel International, 1996). From Figure Four it can be seen that this form of
Exploration peaked during the period of balance between 1992 and 1996, and that a
reduction in Phase I trials during 1997 and 1998 has been offset, in exploratory terms,

by a rise in the number of identified discovery projects.

The third form of Exploration noted in the methodology is the creation of the
capability to collaborate with large pharmaceutical firms. By 1990 two drugs were in
chnical trials, and the number has risen dramatically since then (see Figure Four). This
has been achieved by accessing the drug development capabilities of large
pharmaceutical partners through collaboration, with the partner taking the lead in the
management of clinical trials. Through interaction with pharmaceutical partners on
development projects, Celltech has, according to executives within the firm, developed
a capability in managing collaborations with large firms. Such collaborative

capabilities are argued in the literature to be a powerful source of competitive

3 Data on the number of drugs in chinical trials were not available prior to 1987.
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advantage in general (Gulati, 1999). Within the biotechnology sector collaborative
networks, and the ability to work within them, is found to be a central source of
innovation and value creation (Powell et al., 1996; Shan, Walker and Kogut, 1994).
The initial development of this capability can be viewed as another example of

Exploration.

In the methodology section of this chapter two main forms of Exploitation were
identified that are observed in the Therapeutics divisions, namely Development, as
represented by Phase II and III clinical trials and appropriation, as represented by
alliances. Phase II and III trials are essentially Development of current stocks of
knowledge, as embedded in the compound, rather than classic Exploration. Phase II
trials represent about 27 per cent and Phase III trials about 62 per cent of the costs of
the clinical trial process (Parexel International, 1996). From Figure Four it can be seen
that the number of Phase II and III clinical trials increased marginally in the period of
re-asserting R & D (1990 to 1992), while in the alliance period (1992 to 1996) there
was both an increase (in 1993) and a slight decline (in 1996). In the post-Biologics era
there has been an increase in the number of drugs in Phase II trials, representing an

increasing focus on Exploitation.

The second form of Exploitation is the management of prestige alliances™, Prestige
alliances can be viewed as predominately exploitative. All four forms of Exploitation
through alliances identified in the methodology section are observed in the
Therapeutics division. First, alliance partners provide milestone payments to Celltech
for achieving prescribed stages in the discovery and development of a drug. Between
1992 and 1998 out of a potenuial £83 milhion a total of £26.5 million in milestone
payments was made to the Therapeutics division by collaborators. Second, prestige
alhances enable Celltech to access world-class drug development and marketing
capabilities, which enhances the value of their drug portfolio. This access is critical to

the development of the knowledge embedded in the discovered compound. Celltech

* Alhance partners are classified as prestige 1f they are 1n the top 20 firms 1n terms of pharmaceutical

turmnover as compiled by IMS Health and listed 1in Fim, 1999.
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had little development experience in 1990, and no experience of the world-wide
marketing and distribution of drugs. Access to these capabilities enables it to exploit its
discovered compounds. If a product from one of Celltech’s portfolio of prestige
alliances passes regulatory approval then Therapeutics will receive between a 25% and
45% share of that product’s net profits by way of a royalty, without incurring any
manufacturing or marketing expenses itself. Third, executives noted that through these
collaborations Celltech has over time learned to develop, or deepen, its own initially
limited drug development capabilities, such that it now seeks to take on an increasing
role in the management of clinical trials, particularly Phase I and II trials. Fourth,
alliances with prestige partners bring with them a validation of both Celltech’s
technology and its corporate strategy. This validation was vital to Celltech in raising its
perceived value among investors prior to its launch on the London Stock Exchange in
1993. Post-1997 it was also vital in the recovery of Celltech’s share price after the
collapse of a Phase III clinical trial and the loss of Bayer as a prestige alliance partner
(Mc Namara, 1998). It will be empirically observed in Chapter Four that
announcement of prestige alliances have a strong and abnormally positive effect on a

biotechnology firm’s share price.

From Figure Four it can be observed that prior to 1990 the firm did not have Prestige
Alliances partners in Therapeutics. The number of these alliances grew between 1991
from one, to a peak of five alliances in 1995, declining to four in 1997 and 1998. From
Figure One it can be seen that the returns from Exploitation in the Biologics firm were
declining from 1990 to 1992, with some recovery in margins in 1993 to 1995. During
this period exploitation, as represented by Prestige Alliances, was increasing as per
Figure Four. Thus declining exploitation in Biologics was partially offset with a rise in

exploitation in Therapeutics.

Figure Four offers a set of metrics from which the balance between Exploration and
Exploitation that has been achieved within the Therapeutics division can be observed.
From Figure Four it can be seen that the amount of Exploration within Therapeutics
has risen over time. In 1990 there were two discovery projects and one Phase I clinical

trial. By 1998 there were six discovery projects but no Phase I clinical trials; the
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renewal of Celltech coincided with a rise in the number of Exploration projects inside
Therapeutics. From Figure Four it can be seen that prior to 1993 the number of
Exploration projects within Therapeutics exceeded the Exploitation activities, however
from 1993 onwards the number of Exploitation activities increase. By 1998 there is a
greater emphasis on Exploitation projects than Exploration, suggesting that Celltech

may once again be moving out of balance.

FROM CORE RIGIDITIES TO EXPLORATION FOR NEW CORE
CAPABILITIES: ACTIONS TAKEN TO PROMOTE EXPLORATION AND
EXPLOITATION INSIDE CELLTECH

In 1990 Celltech exhibited many of the characteristics outlined in Chapter Two (Figure

Two) that promoted the suppression of Exploration. How did the firm and its

management reverse the decline of Exploration and create the more balanced (in terms

of Exploration and Exploitation), higher value Therapeutics division? The data
contained in the Celltech case revealed the following to be important:

e the existence of a senes of crises in 1990, which can be classified as environmental
shocks from Chapter Two, Figure Two (as partially reflected in Figure Two of this
chapter);

e anew CEO and top management (personnel turnover as per Figure Two of Chapter
Two);

* redundancies in the Biologics division simultaneous with the hiring of thirty
medicinal chemists, injecting a new knowledge base into Therapeutics (personnel
turmover as per Figure Two of Chapter Two);

e the reforming of teams from a functional organisation of technically orientated
teams to mulu-functional project-orientated teams (changes in interaction
structures, as per Figure Three, Chapter Three);

e the development of a shared culture and language across the firm (as per Figure
Three, Chapter Two);

e dynamic management of slack and support of a culture of experimentation (as per
Figure Three, Chapter Two); and

¢ the management of alliances to promote both access to resources and appropriation

(as per Figure Four, Chapter Two)
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The next few pages of this chapter elaborate on what these changes entailed and why

they were important.

It was clear that at the end of the 1980s there was a high level of inertia and resistance
to change from within Celltech. Biologics had been the source of Celltech’s revenue
growth. The old management had committed itself to a technology focus, not
interdisciplinary research. Strong collaborative ties had been farmed with academia
and were viewed as central to the future of the firm (Dodgson, 1993). At its
foundation, the central focus of Celltech had been a technology transfer agreement
with the Medical Research Council that sought to exploit academic knowledge
commercially. From contemporary annual reports and Dodgson’s (1993) study of
Celltech’s first decade, it can be seen that management was strongly committed to the
continuation and strengthening of this agreement, having negotiated in 1988 an
extension of the contract until 1993. Employees had come to jokingly refer to Celltech

as the ‘University of Slough’. One executive noted that:

“Almost a third of its R & D spend was on these [academic] collaborations. I can
say that almost universally they were very non-productive. They were quite a

cash drain on the company.”

On the Therapeutics side, research seemed to lack focus and was largely unproductive
(some departments consisted of only two people). Change would have to overcome the
firm’s past commitment to collaboration with academia, and the accompanying
culture, and a reliance on profits from Biologics based upon the development and
application of technological capabilities reinforced by academic ties and hierarchical

structures.

Creating a crisis

As observed in Chapter Two, Huff, Huff and Thomas (1992) note that shocks are

needed to engineer change and that that rarely is a single shock to a managerial system
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sufficient. A single shock can be rationalised away as an aberration, or a temporary
occurrence. Ordinarily, as in the case of Celltech, a radical departure from the status
quo is only triggered by a series of significant shocks to the system, which are bunched
closely together. Celltech encountered a series of three distinct shocks. First came the
financial shocks of 1989 to 1992. It can be seen from Figure Two that Biologics’s
gross margins were in considerable decline from 1988 to 1990. The rate of growth of
Biologics’s turnover was declining over this period, and from 1990 to 1992 was
negative. Declining performance over a period of several years could not easily be
explained away. Second, Celltech’s major shareholder, with a 36.4 per cent stake, went
bankrupt in 1990. This placed further pressure on Celltech to address its poor financial
performance. Third, the retirement of both the founding CEO and Research Director
was scheduled for 1990. This, combined with the two other shocks, offered a window

of opportunity in which change could be initiated and inertial forces overcome.

The challenge that these shocks posed should not be underestimated. Shareholder
pressure for change was intense. One senior executive recalled the mood of the time,

saying:

“It was relayed to us by the original investors that ‘You are smart guys. You
can tell us a nice story, but how do we know it’s valid?’ You see, six or
seven years ago, very few financial institutions knew anything much about
science, let alone the pharmaceutical industry. They felt that they had already
been hoodwinked by one group of management and so what they said was
we had to do something quite distinctive that made them believe there was

something special about us.”

To impress the shareholders new directions in strategy were necessary, new
capabilities had to be developed and scarce resources refocused, thus the firm invested
in the process of Exploration. A new management team was hired which had to drive
Celltech towards its ultimate goal of becoming a large R & D-led company that took
drugs to market. The old capability focused on the contract manufacturing of
antibodies and collaborative links with universities to maintain a leading edge

functional technology focus (Dodgson, 1991; 1993). New capabilities needed to be

118



developed to focus on new product develbpment, rather than technical excellence. As

one executive commented,

“An organisation of this type is not judged by the output of scientific papers.
It is actually judged by its ability to come up with technologies which in turn
will lead to therapeutic entities. The technology itself is fairly valueless until
you convert it into something practical... What I think we emphasised, if
anything, was to say that, if that is the basis on which we are judged, then
clearly if we cannot convert our technology into practical r.ealities, we will

be complete failures.”

Unlearning, reorganising and new recruits

As noted in Chapter Two unleamning plays a crucial role in the stimulation of
Exploration (see Figure Two, Chapter Two). In the case of Celltech the switch
from technological capability to a more therapeutic-based capability was a
considerable challenge. Renewal was not just a matter of chanéing strategic
direction. More fundamentally, it required a change in the way staff thaught about
science and how research was organised. This ideological change is encapsulated
in the move away from an almost academic culture, where close collaborative ties
with academia were mirrored in structures that executives described as like an
academic institution. As one executive commented, change required a shift away
from an academic philosophy of technical excellence, measured in part by the
number of scientific papers published, and towards a more commercially-minded
focus on getting products into the clinic. Another executive noted that this

required “almost a sea change in the way that we were organised.”

Research was reorganised with teams focusing around three therapeutic targets
selected by the new management. Biologists of differing specialities were put in teams
to work towards a common goal. Previously they had worked within functional
groupings. Now scientists of differing functional expertise worked together within

specific projects. Each project had a goal of bringing a drug to clinical trials, thus
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improving the firm’s research productivity. This meant that teams no longer focused
on the development of technical expertise alone, but upon the combination of technical

expertise to develop novel therapeutic compounds.

Mixing old and new functions within common projects required scientists to learn
about issues outside their previous speciality. To do this they had to focus more on
these skills and less on their specialist skills, which had been their sole previous focus,
thus facilitating unlearning. This process of socialisation, a new challenge, a new
vision of the future, and a narrowly defined focus of work (three therapeutic areas with
individual teams looking at narrower issues) enabled a shift in capability to occur. (The
success of this strategy, in terms of research productivity and acceptance by

stakeholders, cumulated in the divestment of Biologics.)

As noted in Chapter Two, Intellectual Diversity is essential for change from Core
Rigidities towards Exploration to create new capabilities (Carley, 1992; Simon, 1991;
Javanovic and Nyarko, 1995). It was the new senior management recruited from
- outside Celltech which brought with it this new perspective on how the firm could
achieve success. Additionally, the senior management team brought new skills,
including knowledge of asthma therapies, which had not previously been a focus at
Celltech. The strategy also involved hiring 35 medicinal chemists who were dispersed
across the projects as required. These new staff members enlarged Celltech’s skill base
from biotechnology and into the more traditional medicinal chemistry skills of
pharmaceutical firms. From this discussion it can be said that Celltech initially
experienced organisational inertia and switching costs, which as Chapter Two notes
encourages the maintenance of Core Rigidities. Through a series of environmental
shocks, personnel tumover and unlearning Celltech was able to hamess Intellectual
Diversity within the firm necessary to promote the process of Exploration for new

organisational knowledge and capabilities in the R&D of innovative drug compounds.

120



Systems to foster the coexistence of Exploration and Exploitation

What other factors did Celltech use to engineer the change? As noted in Chapter Two
changes in Social Interaction play a vital role in stimulating Development, while
changes in the levels of Intellectual Diversity stimulates Exploration. Celltech’s new
management stimulated both of these characteristics promoting both Exploration and
Development. This involved both the stimulation of Social Interaction through
informal mechanisms and creation of formal review systems to ensure both effective
Exploration for new knowledge and Development of current stocks of knowledge, in

addition to maintenance of a balance between Exploration and Exploitation activities.

The new management of Celltech paid particular attention to managing Exploration for
new knowledge and Exploitation of the knowledge derived from Exploration activities
by creating a series of systems to manage drug discovery and development. The
management of current projects and the search for new research ideas involves both
formal and informal systems. Close proximity is an informal mechanism; all staff are
located on one site and the layout of the building is specially designed to facilitate
interactions. More formal mechanisms include quarterly reviews of the progress of
projects. If they are not meeting objective milestones, then reasons are elicited from
the team. If senior management believes that these problems are not solvable within
the present budget and time frames due to resource or capability deficiencies, then
projects are quickly shut down. Annual reviews enable the scientists to interact with
senior management in budget allocations for the coming year. Strategic research
reviews are conducted penodically. Through these reviews, ideas on new projects
bubble up. Often the original ideas upon which new project proposals submitted during
the research review are based stem from the conferences which the scientific staff have
attended, or literature they have read, in which interesting ideas were raised and then
independently pursued by themselves during slack time. A senior executive describes
the essence of how new ideas bubble up, culminating in the strategic review, as

follows:

“You don’t say that we are going to have a meeting next Thursday. There

usually is a lot of discussion about the ideas. Eventually they [the proposals)]
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come forward, but they don’t come forward as a surprise on Thursday
afternoon, to be decided by the end of the day. Because we are a small
company you are always talking to people, so you have a good idea of what
ideas are being discussed. It is almost a constant process of seeing what’s

new, what we might do, what’s exciting.”

Common codes and shared language

As noted in Chapter Two creation of a common language plays an important role in the
Development of stocks of organisational knowledge. Creation of a common language
and interaction across functional disciplines (Chapter Two, Figure Three) played an
important role in the renewal of Celltech. When the firm changed from a discipline and
technology-based capability to a therapeutic capability, éhemists were thrust together
with biologists leading to differences in common understandings. Disciplines that
within Celltech had previously worked in hierarchical isolation now had to converse
and work side by side on an operational level to integrate their diverse knowledge into
the production of a single drug. This required colleagues to train each other in the
basics of their discipline. In so doing, knowledge overlaps and redundancies were
created. An understanding of the language and mindsets of other disciplines facilitated
a deeper understanding of the problems facing the firm. Triggers for innovative
solutions were set off through this process of developing shared understanding at the
level of bench scientists. The Director of Research summed up the effect of putting

people with different skill bases into common teams by noting:

“We were very much organised along technical disciplines for quite a long
time, which gave us a very good strength in technology but maybe not a
good strength in biology. We found that when we moved into the therapeutic
areas we were able to get people to be focused on biological questions so
that they built up their biology base. So we had people who had a lot of
interest in inflammation, and these people built up a knowledge base around
inflammation as opposed to being molecular biologists, or cell biologists or

biochemists.” The reorganisation “challenged [researchers] with learning
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more about the biology, rather than just learning about techniques and

technology.”

Exploration and Exploitation of a Collaborative Capability

As argued earlier in this chapter participation in an alliance network is a vital value
adding task for biotechnology firms as it facilitates both development of drugs and
appropriation of a return. One can see from Figure Four that between 1991 to 1998
Celltech has increased its number of prestige alliances. Such alliances facilitate both
Development and Use for Appropriation. Celltech’s alliance network enables it to
access world class development projects, thus they argued, increasing the speed and
reducing the cost of gaining regulatory approval for promising trials. Collaborative
agreements also enabled Celltech to appropriate a return from the stocks of knowledge
they had in development. As noted earlier this has raised £26.5 million in cash

payments, with the potential for more milestone payments and downstream royalties.

To create its network of four prestige alliance partners and numerous other
partnerships with smaller pharmaceutical firms and research institutes Celltech had to
create a collaborative capability. This is described by the senior management as an
ability to interact with major pharmaceutical firms. The management argued that the
difficulty lay not so much in the identification of collaborative partners, nor in the
structuring of collaborative agreements, but rather in the management thereof.
Identification of partners was sometimes quite obvious, as in the case of the Celltech-
Bayer alliance where Bayer were the only major pharmaceutical firm to have a similar
patent portfolio to Celltech in the area of anti-TNF. The real problem rose in the
development of an understanding of how large pharmaceutical firms manage projects
and their relationships with biotechnology partners. Here the development of a shared
language was vital. The need to share language at the operational levels of the firm was
mirrored by the need to create a shared understanding with external collaborators. The
search for and management of external collaborations was conducted at the middle and
higher levels of management. Senior management at Celltech found that its
collaborators tended to think differently. This makes communications across firm

boundaries a slow process, where firms learn to talk to each other, and learn the
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meaning of their objectives, mindsets and systems, thus slowing the transfer of

knowledge needed to collaborate.

An example was Celltech’s collaboration with Bayer. The decision-making structures
of the firms were quite different. Bayer focused on in-depth commercial analysis of the
project first and then on meticulous large-scale clinical trials. According to a Celltech
executive, decisions taken by the Bayer members of the project team sometimes
needed to be ratified by several layers of management. Celltech did not focus on
commercial analysis in as much depth as Bayer, nor did it have a lot of experience as a
company in conducting large-scale clinical trials, especially at Phase III. Celltech’s
expertise was in the discovery of novel compounds, and there was only one level of
management between the project manager and the CEQ. These issues, amongst others,
led to different ways of working in Celltech and Bayer. To work together these
alternative systems had to be understood by the Celltech management and
accommodated for. This initially slowed the project, however it offered excellent
opportunities to learn the management of alliances with large firms. This process can
also help a firm to recognise and learn of gaps in its own knowledge bases, stimulating
the managerial processes of both Exploration and Exploitation. For example, Celltech
recently hired a senior manager with expertise in the marketing of pharmaceutical
products to fill a gap in its knowledge of commercial analysis. Its expertise in clinical
tnal development has been deepened through learning from alliances with Bayer and
other large pharmaceutical firms, all of which are widely experienced in the

management of large-scale clinical tnals.

DISCUSSION

The renewal of Celltech provides five key lessons. First, contrary to suggestions in the
literature, renewal is possible through a movement away from Exploitation and
towards Exploration. The key to such a renewal strategy is that it be based firmly on
the principal of adding shareholder value. By moving away from the low margin but
profitable Biologics, and towards loss-making drug discovery and development, the
firm 1ncreased its market value. During this period the firm raised a further £41.7

million from shareholders. The new management realised that shareholders were not

124



interested in short-term profits but rather in longer-term capital gains. Paradoxically,
bigger losses that focus on the right sort investments can mean bigger potential gains.
By intensifying investments in Exploration to develop a strong Therapeutics division,
the capital value of Celltech rose, despite an intensification of losses to £75.9 million

due to increased R & D.

Celltech moved to Exploration not just in terms of new scientific capabilities, but also
in terms of new managerial capabilities. This is a key lesson of the Celltech renewal.
Renewal based on Exploration requires co-ordinating changes in both technical and
managerial capabilities. Celltech would have failed if it had only renewed its technical
capabilities and ignored the creation of capabilities in managing collaboration and a

new relationship with shareholders.

The second lesson is that the management of crisis and galvanising the commitment of
key organisational actors is essential in overcoming organisational inertia to renew and
trigger fresh Exploration. This is not a new lesson, having been championed by Pascale
(1990), Baden-Fuller and Stopford (1994) and others. In Celltech, new management
entered the firm but was cautious at first, galvanising the commitment of a key group
of scientists and administrators prior to announcing the change in strategy from
technology focus to project groups orientated around the creation of individual drugs.
Having gained the commitment of the key scientists in the firm the sense of crisis,
which had been growing amongst staff, was relieved. The new team also brought with
it a sense of credibility, being made up of accomplished research scientists and
pharmaceutical administrators from Roche Holdings, amongst others. The key here is
that a relatively small number of new managers stepped into the crisis, untainted by its
past, galvanised a small number of key actors within the organisation, and then
presented the staff with a new strategic vision which was not only endorseq as
acceptable by shareholders, but which also excited and motivated staff. As one
manager put it, the staff were released from the constraints of contract manufacturing
and research, in which they had no long-term stake, and could now engage in big,
liberated science where their scientific skills and creativity could be profitability

pursued.
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The third lesson is that for a firm to renew based on Exploration it needs to stimulate
knowledge creation through an injection of both external and interal diversity.
External diversity was infused through the arrival of the new senior management team.
This brought new ideas on what the strategic focus of the firm should be, in addition to
a knowledge of how large pharmaceutical firms operate, which was fostered to develop
a capability in managing prestige alliances. External diversity also came in the form of
the new medicinal chemists. Inappropriate knowledge was partially extinguished by
the redundancy of 60 staff, which when combined with structural changes signalled
that the old ways of doing things were not to continue. Internal diversity was
stimulated by the creation of the new teams organised around drug projects. Executives
noted that the majority of new project ideas came from the creative resources of those
staff who existed in Celltech prior to 1990. In terms of stimulation of Exploration, as
outlined in Chapter Two (Figure Two), personnel turnover, unlearning and

environmental shocks all played an important role.

The fourth lesson from the Celltech case is that improvements in the process of
Exploration need not come at the cost of the process of Exploitation. At the same time
as creating an environment in which Exploration was encouraged and managed,
Celltech’s management also took action to deepen its development process. The
process of Development was also promoted through by creation of a common language
and interaction both across functional boundaries within Celltech and across
organisational boundanes via alliances. Dynamic slack was also managed to stimulate
Development. By moving staff away from contract manufacturing and research and
into three drug discovery projects Celltech was able to greatly speed development of
its most valuable stock of knowledge, namely, compounds which Celltech owned itself
as opposed to developed on contract for other firms. In terms of promotion of
Development, as outlined in Chapter Two (Figure Three), dynamic slack, interactions

across organisational structure and common language all played an important role.

The fifth, and most important, lesson from the renewal of Celltech is that for

Exploration to be sustained it is vital that systems be installed to ensure that the
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outputs of Exploration activities are clearly linked to the firm’s exploitative efforts.
Systems played two vital roles. First they sought to efficiently manage the processes of
Exploration and Development individually. Failing projects, be they Exploration or
Development, were identified quickly and either corrected or eliminated. Secondly,
systems were put in place to manage the linkage between Exploration and Exploitation

activities.

These systems occurred at two levels of the organisation. At the operational level, new
capabilities in interdisciplinary research were developed. At the upper management
level, capabilities in the management of collaboration were developed. Regular
research reviews were initiated which enabled an Exploration (discovery) project to be
assessed in terms of its ability to deliver tangible results in a timely and cost effective
manner, and the ability of the project to attract and retain collaborators (the
relationships with which were identified, cultivated and managed by senior
management). As drugs exited discovery projects, they were assessed by a Product
Development Panel, which sought to assess if each drug should move into the
Development, or Exploitation, stage of the R & D process. These systems ensure that a

tight linkage between Exploration and Exploitation is maintained.

Systems were also put in place to ensure that a balance between Exploration and
Exploitation was maintained over time. As drugs exit the discovery stage, the research
review process seeks to identify new discovery projects. Ideas bubble up from the
operational level and are assessed by the middle management, and reviewed by senior
management. This process, coupled with a system of strategic review, seeks to ensure
that Exploitation does not drive out Exploration in Celltech. This temptation is real
because as a drug moves through Phase II and III trials the costs rise dramatically,
while the time to market is diminishing. The temptation is to cut investment in

discovery projects so that these funds can be devoted to late stage clinical trials.
The Celltech case also offers insights into propositions one, three and four of Chapter
Two. The analysis of Celltech demonstrates that a real firm can be analysed using the

conceptual lens of Exploration and Exploitation. Measurements can be created to
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observe Exploration, Development and Use for Appropriation in real firms. This lends
support to the contention in proposition one in Chapter Two that Exploitation can be
characterised as Development and Use for Appropriation and that these concepts

should be able to be measured in a real organisational context.

The analysis of Celltech also offers some insights into proposition three, namely, that
greater value can be obtained when Exploration, Development and Use for
Appropriation are managed as an integrated whole, rather than as separate portfolios.
Prior to 1990 Development and Use for Appropriation took place in the separately
managed contract manufacturing division. It was marginally profitable. Within the
research division exploration for new compounds was undertaken, but this was not
linked to Use for Appropriation or Development. No drugs were in the Phase II/III
development stage and no innovative methods were being employed to appropriate a
return from Exploration activities. The firm was near bankruptcy and its shares were
illiquid. The new management took an overarching view of Exploration, Development
and Use for Appropriation. In the Therapeutics division Exploration was linked to
Development via managerial review systems. Management were innovative in how
they communicated the value of Exploration activities to shareholders by initiating
Prestige Alliances that validated the value of the knowledge being created inside
Therapeutics, in addition to providing a return in the form of milestone payments and
transfer of costs. The result was that, despite intensification of net losses, Celltech
shares are now more liquid and the firm is the eight largest independent biotechnology

firm 1n terms of market capitalisation (Mc Namara, 1999).

The case also offers some 1nsights into proposition four. The Celltech case illustrates
that balance between Exploration and Exploitation can be maintained beyond the short
term. This period of balance coincided with a rise in the value of Celltech on the stock
market. The experience of Celltech also casts some light into how balance may be
maintained, namely through the installation of managerial systems that seek to link
Exploration and Exploitation efforts, coupled with innovations that facilitate the early

Appropriation of a return from Exploration activities.
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CONCLUSIONS

Theoretical development has posed a challenge-to organisations. On the one hand they
are told that they must balance Exploration activities with Exploitation activities if
they are to maximise their value. On the other hand, firms are told that in general,
maturity brings inertia and decline as Exploitation drives out the creation of new ideas.
All too often, people have drawn the conclusion that high technology firms live on a
knife edge and that having fallen, renewal is likely to be almost impossible

(Christensen, 1997) or the result of serendipity (Burgelman, 1994).

The Celltech case study throws into doubt some of these theoretical presumptions. The
Celltech case documents the renewal of a high technology firm from near bankruptcy
and paralysis to a high level of success. More importantly, the case demonstrates that
this renewal was not ‘accidental’, but rather the application of well tried and tested
managerial techniques which included a new CEO, the hiring of new staff from a
different discipline, the formation of new team structures and the’ infusion of new

organisational processes.

Much of the past research into the balance between Exploration and Exploitation has
relied on the generation of mathematical models as opposed to organisational case
studies (Levinthal, 1997; Cohen and Levinthal, 1994; 1990; March, 1991).
Instrumental cases can be useful in theory testing (Eisenhardt, 1989) and theory
extension (Yin, 1989) or theory development (Sutton and Straw, 1995). The Celltech
case was carefully selected such that it could act as an instrumental case to enable
Exploration of whether or not it was possible both to renew based on turning back the
tide of Exploitation and to maintain a balance between investments in Exploration and
Exploitation. The literature would suggest that both phenomena are difficult, anq by
implication rarely achieved. By employing an alternative method to prior research,
based on a longitudinal case study as opposed to a mathematical model, this chapter
has offered further insights into both the process of renewal and the management of the

tension between Exploration and Exploitation inside a high technology firm.
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FIGURE FOUR: BALANCING EXPLORA'ﬁON AND EXPLOITATION IN THERAPEUTICS
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Chapter Four:

Wealth Effects of Announcements on Exploration and
Eiploitation Events amongst UK Therapeutic Biotechnology

Firms

INTRODUCTION

In Chapter Two the theoretic relationships between Exploration and Exploitation were
outlined. In particular it was noted that prior literature has argued that balance is
difficult to maintain and that there is an in build bias towards Exploitation, due to
shorter feedback loops and more positive financial returns (March 1991; Levinthal and
March 1993). In Chapter Three it was shown, through the lens of the longitudinal
Celltech study, that in a real organisational context it was possible to balance
Exploration and Exploitation for over half and decade and that renewal was possible
-by moving away from the dominance of Exploitation and towards Exploration. The
Celltech case clearly indicated that investments in Exploitation had been the key to the
firm’s success in the 1980s. Re-focusing around Exploration had been the key to the
firm’s turnaround in 1990, while maintaining a balance between Exploration and.

Exploitation through the 1990s was essential in maintaining the momentum of the

1990 turnaround.

As Chapter Two illustrated, the management of the Exploration/Exploitation dilemma
+ is an important academic topic. The Celltech case illustrates that within a particular
organisational and temporal context the management of this balance is an important
aspect of value destruction and creation. The next logical question to ask is whether or
not the management of Exploration and Exploitation in general adds shareholder
value? If it does then this is clearly both an important academic and managerial issue.
This chapter seeks to 'answer the question of the wealth effects of knowledge

Exploration and Exploitation activities through the lens of an event study.
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Chapter Three classified key events, for biotechnology firms as being either
Exploration or Exploitation activities. The choice of events was driven by what
managers in all three case companies identified as being of critical importance in the
successful management of a UK biotechnology firm. The case studies are provided in
full in the appendices. Drug Discovery and Phase I clinical trials were defined as
Exploration events, Phase IIII clinical trials were defined as Exploitation activities,
while alliances were defined as predominantly Exploitation but with Exploration
elements. This chapter undertakes an analysis of all announcements of progress in
these events made by UK publicly quoted biotechnology firms over a three-year
period. The goal is to assess whether shareholder reactions to such announcements
suggest that such activities add shareholder value, and if so which activities have the
greatest effect on wealth. A wealth effect occurs if, in reaction to the announcement,
the share price of the firm either rises or falls at a significantly greater level than one

would expect the share price to perform in the absence of the announced event.

The underlying argument in this thesis to date suggests that positive announcements
about the firm’s Exploration and Exploitation activities should have a positive effect
on wealth. Chapter Two suggests that from a theoretical standpoint the wealth effects
of Exploitation activities are greater than Exploration. Chapter Three clearly indicates
that within a single organizational context, namely Celltech, both activities add value,
but the extent of the value created is dependent on the organizational context. This
chapter will quantify the extent to which Exploration and Exploitation activities add
value using a sample of all UK public biotechnology firm’s between December 1995
and January 1999, thus providing a quantitative insight as to whether in general

Exploration or Exploitation activities add greatest value..

This study is the first, to the knowledge of this researcher, that uses the event study
methodology to assess the theoretical bias identified by Levinthal and March (1993)
that Exploitation tends to have a stronger positive financial feedback from the market
than Exploration activities. The classification of key organizational events into

Exploration and Exploitation makes such an empirical Exploration of this issue
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possible. This research is also the first to jointly explore the wealth effects of alliance
making and progress in the stages of the R&D process. It is true to say that the impact
of inter-organizational cooperative agreements upon shareholder wealth has been
explored in the literature. Such studies have examined the shareholder wealth effects of
equity joint ventures within single sectors such as Information Technology (Koh and
Venkatraman, 1991) and multiple sectors (Madhavan and Prescott, 1995; Mc Connel
and Nantell, 1985; Reuter and Miller, 1997). Event studies have also assessed the
effect of non-equity based strategic alliances within multiple sectors (Chan, Kensinger,
Keown and Martin, 1997; Das, Sen and Sengupta, 1998) and single sectors such as
biotechnology (Stuart, Hoang and Hybels, 1999). The sample of these studies has,
however, been exclusively or predominantly US, thus insights into the shareholder
wealth effects of alliance making for UK firms are sparse. An event study have also
been employed to examine the shareholder wealth effects of announcements of
progress in the R&D process across multiple industries (Kelm, Narayanan and Pinches,

1995), though this study is both confined to the US and excludes biotechnology firms.

This chapter seeks to make four contributions to the literature. First, and most
important, it seeks to apply the theoretical lens of Exploration/Exploitation to
shareholder wealth creation via the event study methodology. This will potentially
offer important insights into the relative financial return of Exploration and
Exploitation activities in the eyes of shareholders and support, or cast doubt upon,
Levinthal and March’s (1993) assertion that Exploitation comes to dominate over
Exploration due to faster and casually unambiguous financial feedback loops. Second,
it is the first study, to the knowledge of this researcher, to offer insights into both the
shareholder wealth creation effects of alliance making and progress in the R&D
process within a single sample. This chapter will offer researchers potentially
important insights into shareholder’s assessment of the relative importance of each of
these activities upon wealth creation. Third, the study will partially fill an important
gap in the literature whereby the wealth impacts of alliance making and progress in
R&D are well known for US listed firms, but not for UK firms. Fourth, the study will

offer insights into the process of wealth creation side of UK biotechnology, which the
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UK government has identified as a strategic growth sector (Office of Science and

Technology, 1999).

The remainder of this chapter will be split into five sections. The first section will
provide a brief whistle-stop tour of the event study literature in both Strategic
Management and Financial Economics. A brief explanation of the event study method
is offered at this stage. It will also highlight some of the major research themes that the
event study methodology has been employed to explore. The results of various studies
within and across the literatures are briefly contrasted. It is observed that event studies
employed to explore the same theme can generate both confirmatory and conflictual
data. Event studies which focus upon the wealth effects of alliance making and
progress in the R&D process are not discussed in this section, but will be employed in
the hypothesis and discussion sections. It shall be noted that though studies in
Financial Economics have challenged this method, its core assumption, that of the
efficient market remains robust enough that the event study methodology to justify its

continued application in modern academic studies.

The second section will develop six hypotheses that enable the researcher to test the
value adding nature of announcements of alliances and progress in discovery, Phase I,
I1 and III clinical trials. This enables one to more generally test whether Exploration or
Exploitation adds greater value in the eyes of the shareholder. These hypotheses shall
be developed through references to prior research in the literature and observations
based on the Celltech, Oxford Molecular and PolyMASC case studies (see
Appendices). In the third section I will outline the methodology employed in this
chapter, detailing sample selection and the implementation of the event study

methodology.

The fourth section will analyze the effect of all announcements made by biotechnology
firms listed on the LSE over a three-year period to test the five hypotheses. It shall be
observed that in general the announcement of all four events had a significant and very
large positive effect on shareholder wealth. A hierarchy of value effects will be

observed, whereby, Prestige Alliances add the greatest value (over 10% abnormal
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returns on the day of the announcement), followed by progress in Phase IV/III clinical
trials (over 9% abnormal returns), Regional Alliances (over 5% abnormal returns) and
finally, progress in Discovery/Phase I (over 2% abnormal returns). Alliance events
were found to have a marginally higher abnormal return the day of announcement
(7.74%) than announcements of progress in R&D (7.11%), however the standard
deviation of alliance events was lower than R&D events (7.84 and 11.27 respectively).
In the fifth section implications that these findings have upon the theory of knowledge

Exploration and Exploitation will be discussed.

A WHISTLE-STOP TOUR OF THE PREVALENCE OF EVENT EFFECTS

Brief explanation of what an event study does.

The methodological details of event studies are discussed in the methods section of
this chapter, however a brief explanation of what event studies are all about may be of
help to the reader. Underpinning the event study methodology is the efficient market
hypothesis, which argues that all publicly available information that offers insight into
the present and future performance of a share is promptly digested by the market and
reflected in a firm’s share price (Fama, 1991). Thus the share price of a firm should
reflect shareholders’ assessment of its future earmnings potential. Returns in excess of
market performance should not persist beyond the short-term period (a matter of
minutes or in extreme days) required to assimilate the new information into a firm’s
share price. In periods were the market received no specific information on the future
performance of the firm it’s share price should broadly follow the performance of the
market around a random walk where prices are as likely to rise as fall. It is vital to the
maintenance of the efficient market hypothesis that evidence not emerge which reveals
that shareholders consistently over, or under, react to announcements that have an
impact upon firm valuation. Such evidence would break the assumption that share
price fully reflects the eamings potential of the firm. Equally it is important that
evidence does not emerge that persistent long-term abnormal returns associated with a
single event do occur. Such evidence would break the assumption that new information

is rapidly and completely assimilated into the price of a share.
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The essence of an event study is to assess shareholder reactions to unanticipated
announcements that provide new information about a firm and see if they have an
impact on share price. Such announcements should offer the shareholder new, or
additional insight, into the current or future performance of the firm. The events néed
to be unanticipated because otherwise the information that they provide about the firm
should have been already assimilated into the firm’s share price. If the event conveys
positive news then one expects share price to rise, while a price fall would be expected
in response to negative news. For an event effect to be deemed to have occurred then
such share price movements need to be significantly different from the ‘normal’
behaviour of the firm’s share price. Such significant differences are referred to as
‘abnormal returns.’ Determination of the normal behaviour of a share is at the heart of

the event study method and is discussed in the methodology section.

Some event studies in the management and financial economics literature.

The event study methodology has a long and rich history in the empirical literature
since its introduction into modemn academic studies by Fama, Fisher, Jensen and Rolls
in 1969. A wide variety of research topics have been explored through the lens of event
studies. Within the Strategy literature, shareholder wealth has been found to be
significantly effected by events as varied as top management changes, downsizing and
restructuring, strike commencement and settlement, product recalls, Mergers and
Acquisitions and socially responsible and irresponsible corporate beﬁaviour. Within
the Financial Economics literature research event studies on the same topics as of
Strategy have included studies on the impact of top management exit from firms, the
effects of downsizing on firms and their competitors, product recalls and Mergers and
Acquisitions. Financial Economists have focused on a wide range of other issues,
primarily the search for systematic anomalies in the randomness of share price
movements, which could cast doubt on the validity of the event study methodol’ogy,
and also the effects of key changes in financial structure upon share price. Some of the
more exciting structural observations from these studies have included: the existence
of persistent abnormal returns for small firms in January, know as the ‘January effect’,

that Initial Public Offerings appear to be consistently under priced and that stock splits
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appear to result in persistent abnormal returns. A brief overview of some of the studies
from the Strategy and Financial Economics literature demonstrates not only the
widespread usage of event studies but also both the occurrences of reinforcing and
contradictory results that different event studies examining the same issue can

generate.

Worrell, Davidson and Glascock (1993), observed positive abnormal returns upon the
.dismissal of a CEO if a successor is announced at the same time, while negative effects
were observed in the run up to a dismissal. Worrell, Davidson, Chandy and Garrison
(1986) observed that the death of a Chairman was accompanied by positive abnormal
returns, while the death of a CEO met with a negative market reaction. These results
have been used to support the hypothesis that who is in control of senior management
matters to shareholders. Observations from the Financial Economics literature
complement the argument of strategy that senior management matters to shareholders,
by observing that the departure of a senior manager, Chairman or CEO, to a rival firm

results in negative abnormal returns, while sudden death results in positive abnormal

returns.

Interestingly it has also been shown through event studies in the Strategy literature that
shareholders value the layoff of workers in general, though for different reasons. The
layoff of workers is argued to be a signal to shareholders that a firm is responding
positively to a market challenge, or cost inefficiencies, resulting in positive abnormal
returns in both US and Japanese firms (Lee, 1997). In US firms it has been found that
shareholders react positively to layoffs associated with a restructuring strategy, while
they respond negatively to layoffs linked to financial distress (Worrell, Davidson and
Sharma, 1991). Studies in the Financial Economics literature somewhat contradict the
findings of the management literature observing not only that layoff announcements
trigger negative abnormal returns, but that these spill over to competitors suggesting
that layoffs signal to shareholders that the industry in general is in recession (Sun and
Tang, 1998). Thus it can be concluded that while layoffs have a strong impact upon

shareholder wealth the direction and causality of the relationship remains a matter of

debate.
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Studies on the effect of product recall upon shareholder wealth appear to be in broad
agreement within and across the literature. Significant product recalls result in negative
abnormal returns. Davidson, and Worrell (1992) observed that recalls of cars by US
manufacturers resulted in negative abnormal returns, with the greatest negative effect
occurring when the recall was accompanied by an offer of replacement or cash back
rather than repair. This builds on the work of Jarrell and Peltzman (1985) who'
observed negative abnormal returns across both the car and ethical drugs industry for
firms who initiate product recalls. Hoffer, Pruitt and Reilly (1988) further observed
that for major US manufacturers product recall by one firm resulted in negative
abnormal returns for both it and its competitors, supporting the hypothesis that product

recall has industry spillover effects.

A central concern of both the Strategy and Financial Economics literature has been the
impact of announcements of Mergers and Acquisitions upon shareholder wealth of
both buyers and sellers. Lubatkin (1987) observed from a sample of 1,031 mergers
between 1948 to 1979 that pre-merger performance for acquiring firms was positive
and significant, while post merger performance was not statistically significant. Singh
and Montgomery (1987) observed from a sample of 105 acquisitions larger than $100
million that acquirers experienced greater positive abnormal returns where the
acquisitions were related. Financial Economists h;we explored the effects that method
of payment and ownership of the target firm have upon abnormal returns of acquirers.
In agreement with the Strategy literature Travlos (1987) observed from a sample of
167 acquiring firms between 1972 to 1981 that acquirers experienced larger abnormal
returns where the offer was in the form of a stock swap as opposed to a cash offer.
Chang (1998) examined the effect of announcing an acquisition of a private company.
In agreement with the findings of Travlos (1987) it was observed that positive
abnormal returns were associated with stock offers, however negative returns were
linked to cash offers. From this literature it can be concluded that the initial
announcement of an acquisition can be largely, though not always, associated with a
positive event effect. This review suggests that the results of Strategy versus Financial

Economics studies are largely complementary in the field of product recall and
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Mergers and Acquisitions, while mixed in the field of management turnover and layoff

announcements.

Management scholars have also explored the effect of strike action and social
_ responsibility upon shareholder wealth. Davisdon, Worrell and Garrision (1988)
observed that negative abnormal returns are associated with the announcement of the
commencement of a strike, while no effect is observed upon the announcement of
settlement or avoidance of a strike. Strikes of less than 20 days in duration, however,
can be associated with very small positive abnormal returns. Frooman (1997)
conducted a meta-analysis of 27 event studies that explored the relationship between
corporate social responsibility and shareholder wealth. Frooman concluded that
socially irresponsible behaviour, such as product recalls, criminal misconduct, or
antitrust suits, resulted in negative abnormal returns. Menzar, Nigh and Kwok (1994),
found in common with other studies that announcement of divestment of South
African operations resulted in negative abnormal returns. Wright, Fernis, Hiller and
Kroll (1995) observed that for a US sample between 1986 to 1992, negative abnormal
returns were associated with socially irresponsible behaviour, where firms were found
guilty of major discrimination, while socially responsible behaviour, where firms
received Exemplary Voluntary Effort Awards, were associated with positive abnormal
returns. It should be noted that replication work by Mc Williams and Siegel (1997)
_casts doubt on the methodological validity of much of the social irresponsibility event
study literature. Notwithstanding their critique one can conclude that in general event

studies suggest that social irresponsibility is linked to negative abnormal returns.

The ‘January Effect’, IPOs and Stock Splits: a challenge to an efficient market

hypothesis?

As noted above the Financial Economics literature has also devoted considerable
attention to the existence of persistent abnormal returns associated with financial
structuring events. It has been empirically shown that between 1927 to 1993 small
firms quoted on US exchanges have experienced abnormal returns every January

(Beller and Nofsinger, 1998). This phenomena, referred to as the ‘January effect’, was
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brought to the attention of the modern Financial Economics literature by Rozeff and
Kinney in 1976. Numerous hypotheses for the persistence of the ‘January’ effect have
been proposed. Beller and Nofsinger’s (1998) study supports the investor behaviour
hypothesis, where shareholders sell in December to realise tax losses and re-purchases
occur in January, while Ritter and Chopra. (1989) reject this hypothesis in favour of
portfolio re-balancing. Whatever the cause of the ‘January’ effect its persistence may
challenge the notion of an efficient market. Given that the ‘January’ effect is well
known one would expect, under an efficient market, that .this information be
assimilated and acted upon, thus market actors should anticipate the arbitrage

opportunity and act upon it by buying in December and selling at a profit in January.

In a review of prior studies, Smith (1986) reported that studies have found 2 day
abnormal returns for IPO stocks to vary from 11.4% during the period 1960 to 1969,
based on a sample of 120 firms, to 18.8% over the period 1960 to 1982, based on a
sample of 5,162 firms, to a high of 48.4% during the period 1980-1981, based on a
sample of 325 firms. Short term IPO under-pricing can be links td the underwriter’s
desire to ensure that uninformed customers obtain positive first day returns and invest
in future [POs issued by that underwriter (Beatty and Ritter 1986). There exits
evidence that over a long time horizon of three years IPO stocks subsequently under
perform a size matched portfolio by 17% (Ritter, 1991). Krigman, Shaw and Womack
(1999) observed that IPOs of firms who achieve positive abnormal returns on the first
day of trading continue to do so for the first year, while poor performers continue to
perform badly for a year. Informed investors, aware of both initial short run under
pricing and the persistence of long term winners and losers in the IPO market, flip
poorly performing IPOs (Krigman et al. 1999). Persistent under pricing of IPOs could
call into question the efficient market hypothesis for IPOs, however it does not per-se

mean that the market for stocks with an established trading record is inefficient.

Stock Splits, like the ‘January’ effect may cast some doubt upon the efficient market
hypothesis. Stock splits occur when the firm decides to split a single share into smaller
bundles because the value of a single share has become unwieldy large. For example a

firm who’s share price has risen over time from 100 pence to 1500 pence may decide
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to initiate a 15 for 1 stock split to return the price of any one share to a price which
makes it easier for investors to trade. Given that the only thing that a stock split is
nominally about is the resizing of a single share, then one should not expeét an event
effect as this act alone does not at face value offer new information about the future
earnings potential of the firm. It has, however, been observed by numerous studies that
not only do stock splits result in significant abnormal returns, but that these returns
persist for up to a year. This is a period well beyond the short time that the market
should require to assimilate new information into a firm’s stock price, if stock splits do
in fact convey new information about the earnings of a firm. Grinblatt, Masulis and
Titman (1984) observed that Stock Splits result in short run abnormal retumns.
Inkenberry, Rankine and Stice (1996) observed from a sample of 1,275 stock splits
between 1975 to 1990 that firms experience abnormal returns of 3.38%, with the
smallest decal of firms experiencing abnormal returns of over 10%. Abnormal returns
were found to persist for one year. Such persistent abnormal returns are explained as
being due to a combination of signalling and trading effect. Signalling effects occur
where the management anticipates a period of sustained improvement in profitability
and signals this to the market via a stock split. Trading effects occur where a firm that
has performed well over the past year engages in a stock split due to the rapid rise in
its share price over the year, making the price of a single share unwieldy for bundling.
The persistence of these abnormal returns may represent a challenge to efficient market

hypothesis.

From the above whistle-stop tour of the event study literature three observations can be
made. First, the use of the methodology is widespread in both the Strategy and
Financial Economics literature. Second, event studies within and across the literatures,
in common with other methodological tools, can yield both complementary and
conflicting results. Third, there is a considerable body of research within the Financial
Economics literature that casts some doubt on the underpinning assumption of the
methodology, namely the efficient market hypothesis. Levis (1989) has found evidence
that such anomalies in the efficiency of stock markets are not confined to the US, but
also exist in the London Stock Exchange. It should, however, be noted that the

existence of long run persistent abnormal returns and over, or under, reaction by the
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market to specific events does not necessarily undermine the efficient market
hypothesis or the usage of the event study methodology, both of which are still
rigorously defended in the literature. An extensive literature review and critique by the
founder of the method, Fama (1998), offers a compelling argument that the efﬁcfent
market hypothesis is not undermined by studies observing long run abnormal returns
(e.g. stock splits), or over-reaction to certain events (e.g. Initial Public Offerings).
Fama argues that given that overreaction to announcements is found to be about as
common as under reaction and that long run positive abnormal returns are found to be
as common as long negative abnormal returns, that the core of the efficient market
hypothesis is maintained, namely that anomalies should follow a random walk and

thus their overall effect is cancelled out.
THEORY AND HYPOTHESIS

Mc Williams and Siegel (1997) launched a strong attack on the methodological rigour
of event studies published in the management literature, arguing that many have failed
to pay sufficient attention to establishing strong theoretic arguments as to why
shareholder wealth should be affected by the events under study. Thus considerable
attention is paid in this chapter to the expression of both the theoretical and empirical
logic why announcements of alliances and progress in R&D should impact upon
shareholder wealth as expressed in changes in share price. Six hypotheses are
developed in this section. Support for the hypothesis is offered from the three case
studies, Celltech, Oxford Molecular and PolyMASC, which form a part of this thesis

and are presented in full in the appendices.

Alliances and Wealth Creation

In the literature five value enhancing benefits of inter-organisational co-operation are
often cited. First, is the pursuit of economies of scale that may arise from the
combination of two competing firms’ activities into a single venture (Koh and
Venkatraman, 1991). Second, alliances can facilitate access to complementary assets,

which may not be contractually obtainable on the open market. Examples of
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complementary assets include access to marketing and distribution channels. Glaister
and Buckley (1997) undertook a survey of UK firms to discover what task and partner
related characteristics most influenced firms in the selection of Joint Venture partners.
They found that access to complementary assets was the second most important task
related selection criterion. Their factor analysis finds access to complementary assets
overall to be the third most important selection factor after access to technological
know-how and financial assets. Important complementary assets for biotechnology
firms include cash, due to their long time to market, complementary technology and
access to channels of distribution, which are primarily controlled by large
pharmaceutical firms. Hagedoorn (1993), in a study of the motives of 4,192 alliances,
found that for the 847 biotechnology alliances in his sample 13% of them were
primarily motivated by access to partner’s financial resources, 35% for access to
complementary technology, and 13% by market access issues. Thus 61% of
biotechnology alliances were motivated by access to complementary resources and
capabilities. Powell, Koput and Smith-Doerr (1996) in their study of collaborative
networks between pharmaceutical and 225 biotechnology firms observed that the
highest number of alliances by biotechnology firms involved access to key

complementary resources: marketing channels and finance.

In the pharmaceuticals and biotechnology sector the breadth and fast moving nature of
technological opportunities may explain the prevalence of alliances as tools to access
corﬁplementary technological and commercial assets. Powell (1998) argues that the
technological landscape in servicing an individual therapeutic area can be so large that
even the largest pharmaceutical firms in the world cannot hope to contain complete
technological resources under one vertically integrated structure argues it. Thus in
seeking to make an impact in a given therapeutic area a pharmaceutical firn may
pursue many different technological solutions at once through a network of partners
who possess diverse technological capabilities which can be integrated into the

pharmaceutical firm’s complementary clinical trial management and marketing

capabilities.

146



Third, alliances may be used to share costs, particularly in highly capital intensive
sectors such as defence where Hagedoomn (1993) found 36% of alliances were
motivated primarily by cost sharing. He found, however, that cost sharing was the

primary motivating factor in only 1% of biotechnology alliances.

Fourth, alliances can be employed as a means of managing the risk, or uncertainty,
surrounding investments in R&D. Management of risks such as technological an&
market lock-out can be powerful motives for alliance formation (Kogut, 1988).
Uncertainties such as which technology will emerge as valuable and the risk of being
locked out of the market by a competitor who shortens the time span for an innovation
to get to market can be particularly important in sectors such as pharmaceuticals and
biotechnology (Powell et al., 1996). Reduction of innovation time span is found by
Hagedoorn (1993) to be a primary motive in 23% of alliances for 4,792 firms, with the
importance for biotechnology firms rising to 31%. Winner take all games, or learning
races where several firms are competing to obtain regulatory approval for a drug to be
approved for use in treatment of the same illness, can be an important factor in
pharmaceutical competition. Powell et al. (1996) have observed that biotechnology
firms who ally with experienced (pharmaceutical) partners are more likely to succeed
in leaming races. It is widely understood that the first drug to obtain regulatory
approval in the US obtains a dominant market share, while the next two drugs onto the
market tend to make up the lion’s share of the remaining market. This may explain the

biotechnology sector findings of both Hagedoorn and Powell et al.

Fifth, alliances can be employed to jointly develop new capabilities or to acquire
through learning knowledge that is of value to the firm, but cannot be obtained through
an open market transaction. Theoretical papers have argued that alliances facilitate the
transfer of tacit knowledge, which can be an important source of competitive
advantage (Grant and Baden-Fuller, 1995; Kogut 1988). Learning and the transfer of
tacit knowledge are also becoming an important focus of empirical research on the
value of alliances. Powell et al. (1996) observed that pharmaceutical firms use
alliances with biotechnology firms as a method of learning about new technologies to

assess if the technology is sufficiently valuable to be absorbed into the vertically
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integrated firm. Pisano (1990) empirically demonstrated that where a firm is more
dependent on pharmaceuticals for its profits it is more likely to internalise promising
biotechnology technologies. He noted that such technologies are often identified
though alliance interaction with entrepreneurial biotechnology firms. Das et al. (1998)
. found strong support in their event study of 119 strategic alliances for the hypothesis
that technological alliances are associated with greater abnormal returns than
marketing alliances. It is argued that this is because technological alliances are
normally between small innovative firms and large mature firms. The market views
these as win-win alliances where access to complementary resources increases value,
though learning opportunities may play a role. Doz (1996) observed from 3 alliance
case studies, including one between pharmaceutical firms, that alliances where a high
degree of leaming took place were successful, while alliances that exhibited a low
degree of learning were unsuccessful. There is a clear implication that higher degrees

of learning lead to higher degrees of project success and hence higher value added.

Within the Celltech, Oxford Molecular and PolyMASC case studies (see appendices)
there exists strong support for the contention that alliances are used for the purpose of
access to complementary assets, cost sharing, management of risk and technological
uncertainty, and leamning new capabilities. Little evidence was found to support the

argument that alliances were employed as means of obtaining economies of scale.

The example of Celltech, analysed in Chapter Three, illustrates the value adding
potential of alliances in the UK biotechnology sector. The CEO of Celltech, Dr.
Fellner, makes it clear in the Celltech case study that he views the management of
inter-organisational collaboration with major pharmaceutical firms as being at the heart
of his ambition to transform Celitech into a successful drug discovery and
development company. From his perspective collaboration enables Celltech to share
the risks and rewards of drug discovery and development in addition to enabling
Celltech to have access to world class drug development capabilities, which would
have been too costly and time consuming to independently create during its dramatic
turnaround in the 1990s. As noted in Chapter Three, the underlying logic of

collaboration at Celltech is summarised in the 1995 Annual] Report as follows:
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“Because of the high cost and complexity of world-wide product development and
marketing the company collaborates with major pharmaceutical companies which
possess the necessary technological expertise and financial resources to optimize
the probability of success. As the company progresses towards profitability we
intend to retain a greater proportion of European rights to new products” (Annual

Report 1995)

Collaboration has brought Celltech several important benefits. The firm has obtained
£26.5 million in milestone payments from alliance partners. It has conserved its scarce
scientific and financial resources by passing development costs and activities onto
partners. Dr. Yarranton, the firm’s Research Director, estimates that this has reduced
the firm’s development costs by 50%, while also giving it access to world class clinical

trial capabilities of leading pharmaceutical firms.

Executives at Celltech noted that collaboration has provided important learning
benefits whereby the firm has leamned the ability to manage development projects
across organisational boundaries more efficiently and effectively than it could do so
internally. This collaborative capability lies at the heart of the firm’s strategy. It has
been learned slowly over time though collaborative ventures with several leading
firms, including Bayer of Germany, Zeneca of the UK, and Merck of the USA.
Executives in Celltech clearly believed that such collaborative capabilities add value to
the firm. Supporting the arguments of these executives is the work of Gulati (1999).
He conducts an analysis of 11 longitudinal case studies of alliances and argues that a

collaborative capability is an important source of competitive advantage.

Another important capability has been extended and internalised through collaboration,
namely management of drug development. It was noted by the CEO of the Celltech
therapeutics that experience in the development of drugs, learned through collaboration
with leading pharmaceutical firms between 1990 to 1997, now means that Celltech is
able to manage more stages of the development process internally than it could in
1990. This he argued means that Celltech can now retain a greater proportion of the

royalties to drugs created through collaboration than it could in 1990. This is because
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before it could only bring discovery expertise to the Partnership, thus partnership had
to commence at the start of clinical trials. Now the firm can independently undertake
the lower cost end of drug development, namely Phase I and II clinical trials and then
enter into a collaboration with a firm who has expertise in Phase III trials and
marketing. This means that Celltech can retain a greater proportion of final rights than

it could before when entering into an alliance.

The theoretical benefit of a reduction in innovation time does not have appeared to
have materialised, however, with Dr. Ney, Celltech’s Development Director, noting
that collaboration often means the firm must face a longer time to market. This she
argues may be due to the slower speed of larger collaborators’ decision making
process, the time involved in knowledge transfer and differences in managerial control
systems making co-ordination more difficult. All executives in the firm however noted
that these costs were far exceeded by the benefits of collaboration outlined above. Thus
it can be seen in the Celltech case that the primary value adding rationales of alliances
are cost sharing, the management of technological uncertainty, access to
complementary assets (drug development and marketing), and learning new

organisational capabilities (drug discovery and management of collaboration).

The experience of PolyMASC dovetails with that of Celltech, despite the fact that
Celltech is one of the oldest biotech firms in the sector, having been founded in 1980,
while PolyMASC is quite young, having been formed in 1995. While Celltech
collaborates primarily with large pharmaceutical firms, PolyMASC collaborative
portfolio consists of small specialised biotechnology and pharmaceutical firms. It
collaborates with partners for three explicit purposes. First, to share costs and gain
access to complementary resources. The key complementary resource which
PolyMASC seeks access to is Intellectual Property Rights. The technology of
PolyMASC is a drug delivery mechanism known as PEGylation. This involves the
coating of a drug to make delivery to the site of a disease easier. PolyMASC attaches
the coating to other firm’s drugs. Such combination of new a delivery mechanism with
a drug currently on the market is required to enter clinical trials prior to marketing

approval by regulators of the re-formulated compound. .Thus collaboration with the
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owners of the compound, who will be most knowledgeable on its clinical operation, is
vital if PolyMASC products are to make it to the market. Second, PolyMASC uses
alliances to enable the sale of its technology to other firms. This involves out-licensing
the technology to other firms, however given the complexity of such knowledge
transfer close collaborative links are required as opposed to a hands-off open market
transaction. Having transferred the technology these firms then independently apply it

to their own drug portfolio.

Given the high degrees of uncertainty attached to drug discovery and development,
initially PolyMASC sought to confine itself to the licensing out of the drug delivery
technology that had been transferred from the Royal Free Hospital to it upon its
incorporation in 1995. Out Licensing is described as a low risk, low return strategy by
the management. However in 1997 the firm choose to engage in strategic alliances
which involved a third application of alliances, namely joint drug discovery and
development through access to the drug discovery capabilities of other firms. Such
alliances then involved the joint R&D of new drug compounds, which apply
PolyMASC's drug delivery technology in new contexts. Thus in the PolyMASC’s case
one can observe that the key rationales behind alliance formation are cost sharing,
access to complementary resources and capabilities, such as IP rights and drug

development capabilities, and sharing the uncertainties of drug development.

Oxford Molecular exhibits the collaborative rationales of access to complementary
resources and capabilities and learning. The objective of Oxford Molecular is not to
engage in drug discovery or development on its own account, but rather to manage the
drug discovery activities of other pharmaceutical and biotechnology firm’s. As noted
in the firm’s web-site:
“The guiding principle for the Drug {Discovery} division is to build a bridge
between successful university research projects and the needs of commercial
research and development organisations involved in pharmaceutical and

biotechnology R&D.” (Oxford Molecular, 1998).
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According to Dr. David Ricketts, the head of Oxford Molecular’s Drug Discovery
Division, pharmaceutical firms engage in co-operative agreements with his division for
three main reasons: to fill technological gaps; because they lack the time on their
internal R&D timetable to research an issue; or to search for new technological
opportunities. Filling technological gaps and search both involve Oxford Molecular
obtaining access to technology and expertise that resides in universities and managing
the process of either embedding that knowledge in a drug discovery project or
.transferring it from the university and into the pharmaceutical firm. These activities
demonstrate two important rationales for alliances, namely, access to complementary

capabilities that do not reside within the firm, and acquisition of new knowledge.

Three reasons why alliances may destroy value are proposed in the literature. The first
is that the management of alliances incur costs of co-ordination (Koh and
Venkatraman, 1991). Such costs can be tangibly observed in this thesis’s case studies.
Oxford Molecular engages in a time consuming process of weekly electronic updates
between partners, monthly reviews, and quarterly face to face meetings. These reviews
can, and regularly do, involve a re-appraisal of the objectives of the project, which can

necessitate considerable re-organisation of resources within the project to facilitate

new goals.

Second, there is a danger that alliances may be particularly vulnerable to ‘theft’ of the
core competencies of one partner by the other (Bleeke and Emst, 1991; Hamel, 1991),
or other forms of opportunistic behaviour (Parke, Rosenthal and Chandran, 1993). It
should, be noted, however, that recent empirical studies do not support the argument
that alliances result in ‘hollowing out’ of core competencies through unbalanced
learning (Mowery, Oxley and Silverman, 1996). Furthermore no evidence, either from
interviewees or secondary sources, emerged from the Celltech, Oxford Molecular, or
PolyMASC case studies to suggest that biotechnology firms feared, or had a

propensity to engage in, ‘hollowing out’ of a partner’s competencies.

Third, it has sometimes been argued through case evidence that alliances may be a

prelude to a take-over (Bleeke and Emst, 1991). This argument does not appear,
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however, stand up in the face of large-scale empirical work. Hagedoorn and Sadowski
(1999) analyse a sample of 6,425 inter-organisational relationships and found that only
2.4% of alliances transformed into joint ventures and that only 2.6% of alliances
transformed into Mergers or Acquisitions. The fear that a small partner is vulnerable to
take-over by a large partner appears to be unfounded with Hagedoorn and Sadowski
(1999) observing that a smaller proportion of alliances between small and large
partners are transformed into mergers or acquisitions than for large and medium size(i
partners. It was further observed that the probability of transformation was even lower
in high technology sectors such as biotechnology. Finally, an event study of the
shareholder wealth effects of 345 strategic alliances across multiple sectors by Chan et
al. (1997) observed that in only five cases did the alliance transform into either an

equity joint venture or a merger within a four year time horizon.

During 1999 there have been two mergers and acquisitions involving the three case
firms from the appendices. Celltech took over a rival UK biotechnology firm,
Chiroscience in 1999. PolyMASC was take-over in 1999 by Valentis, a NASDAQ
listed US drug delivery company. In neither the case of Celltech and Chiroscience nor
PolyMASC and Valentis had the two firms been alliance partners prior to the take-over
announcement. Thus the argument that an alliance is a prelude to a take-over does not
appear to be confirmed by either large-scale empirical studies or the case studies

reported in the Appendices of this thesis.

From the above it can be reasonably argued that the value adding benefits of an
alliance should outweigh the potential costs of partnership, thus one would anticipate a
positive effect on shareholder wealth to accompany the announcement of an alliance.
Furthermore, it should be noted that prior event studies, which have assessed the
shareholder wealth effects of alliance and joint venture announcements, have all
observed significant positive abnormal returns (Chan et al., 1997; Das et al., 1998;

Koh and Venkatraman, 1991; Madhavan and Prescott, 1995; Mc Connel and Nantell,
1985).

From the above it can be predicted that for a UK biotechnology firm:
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Hypothesis 1: announcement of an inter-organisational relationship, which has as a
stated goal the combination of complementary assets, the management
of technological uncertainty, the transfer between, or joint development
of new capabilities or knowledge has a significant and positive effect on

a firm's shares price performance.

Aside from the value adding benefits that collaboration can bestow through access to
complementary resources and capabilities, the sharing of costs and uncertainty, and the
acquisition of new capabilities via learning, alliances can play another very important
role in the creation of value, namely, reputation building. Within the resource based
view of the firm reputation is acknowledged as a potentially important source of
competitive advantage (Grant, 1991; Hall, 1992), thus pursuit of increased reputation
through alliance making can be a potentially valuable source of value. The underlying
argument is that the greater the reputational resources of the firm the greater its ability
to deliver value added, hence share price should rise if the firm experiences a rise in its

reputational resources.

Empirical studies are increasingly exploring the value adding role that alliances play
by transferring reputation from an established firm to a less experienced firm. Through
a series of 7 case studies Larson (1992) observed that entrepreneurial firms often use
alliances with high reputation, experienced, firms (which this thesis refers to as
prestige alliance) as a way of breaking into an industry’s ‘inner circle’. Firms within
the ‘inner circle’ had reputations for reliability, durability, and superior product
quality, which can be important advantages in both the capital markets and in securing
customers. Larson’s cases demonstrated that entrepreneurial firms sought to enter the
‘inner circle’ through a series of stepwise alliances where the firm traded on the

reputation of its alliance partners to acquire new, higher status, partners and over time

enter the ‘inner circle.’
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Dollinger, Golden and Saxton (1997) undertook an experiment with MBA students
where they were asked to select a joint venture partner. It was observed from the study
that the decision to engage in a joint venture was significantly affected by the
perceived reputation of the partner firm. The greater the perceived reputation of the
firm the greater was its ability to attract partners. The fact that a partner was a
competitor did not affect the student’s decision to engage in a joint venture. From this
study it can be concluded that decision makers clearly believe that the reputation of a
firm is an important criterion in the selection of a partner. It should be noted, however,
that the assumption that the behaviour of MBA students in a controlled experiment
correlates with that of executives making real partnering decisions is somewhat
dubious. Fortunately, there exists evidence in the UK that executives in firms are in
fact strongly influenced by a partner firm’s perceived reputation when choosing
collaborative partners. Glaister and Buckley (1997) found in their survey that
reputation was the third most important characteristic of a partner in the decision to
partner, coming afier trust between top management teams and the relatedness of a
partner’s business. Thus it can be concluded that not only does case evidence suggest
that entrepreneurial firms believe that reputation of partners can add value, but also

that firms in general are influenced by partner reputation in the decision to collaborate.

Based on a two-stage questionnaire survey of 98 firms, from seven countries, in the
chemical sector Saxton (1997) observed that the relationship between the perceived
financial, managerial and product quality reputation of an alliance partner is positively
associated with the success of an alliance. Reputation was measured by managers
involved in a given alliance on a ten-point scale, where one indicated that their partner
had the worst reputation in the sector and ten indicated best in the sector. Performance
of the alliance was measured both in terms of partner satisfaction with the alliance in
general and also with its ability to deliver the goals for which it was founded. From
this study one can see that managers in the chemicals sector (which included
pharmaceutical firms) believe that the prior reputation has a positive effect on the
outcome of an alliance. Thus it can be expected that the greater the prior reputation of
an alliance the greater the probability that the alliance will be successful. The increased

probability of success of a project undertaken with a higher reputation firm should be
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recognised by the shareholder and thus announcement of such alliances should result
in higher abnormal returns than announcement of alliances with lower reputation

firms.

Clearly reputation plays an important role in the value added by collaborative partners
in general, however, there exists evidence both within the literature and the case
studies in this thesis that reputation has a particularly strong link with the performance
of biotechnology firms. Stuart et al. (1999) analysed the relationship between alliance
making, reputation building and both the speed and value of Initial Public Offering in
301 biotechnology firms in the US over a fourteen-year period. They concluded that
the greater the reputation of the alliance partner network which a new biotechnology
firm creates the faster it moves to IPO and the greater the value of the firm upon

flotation.

They argue that alliances with high reputation firms should be positively associated
with increased shareholder wealth because “(1) relationships have reciprocal effects on
the reputations of those involved; (2) the evaluative capabilities of well know
organisations are perceived to be strong; and (3) relationships with prominent
organisations signal a new venture’s reliability, and thus its high likelihood of
survival.” In other words shareholders in biotechnology firms will believe that if a high
reputation pharmaceutical firm enters into an alliance with a biotechnology firm that it
believes that the collaborative project has a good chance of success because failure will
negatively impact on its wider reputation. Investors believe that the assessment of
pharmaceutical firms counts because they have the necessary scientific and
commercial capabilities to assess the likelihood of success in a drug R&D project.
They also believe that these skills will be applied to a careful audit of the
biotechnology firm’s proposition to avoid investing in a project that may negatively

impact on the pharmaceutical firm’s reputation.
There is strong support for this line of reasoning in this thesis's case studies.
Throughout the Celltech case there is a clear message from the management team that

collaboration with leading pharmaceutical firms has a validatory effect where by
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shareholders value the judgement of such collaborators. Dr. Bloxham, the CEO of the
therapeutics firm, made it clear that he believes that the Bayer alliance sent a strong
signal to shareholders that when management said Celltech’s drug development
portfolio was valuable that this was not just hype, but backed up by the careful
assessment of a highly reputed pharmaceutical firm. He clearly stated his belief that
the announcement of an alliance with Bayer had a positive effect on Celltech’s share

price and that from this perspective the alliance was a success.

Bloxham’s argument is supported by independent comments by an analyst in the
Financial Times. Daniel Green, a respected observer of the UK biotechnology sector,
commented that;
*“Most importantly, Celltech has collaborations with big name drugs companies and
their expert assessment is worth more than a City analyst’s report. Where
companies such as Merck, Bayer and Schering-Plough invest, others follow.”

(Green 1994).

In the PolyMASC case there was again a strong believe that alliance partners acted as a
validation of the value of the firm’s technology and strategy in the eyes of
shareholders. The Commercial Development Director was clear that in his view
announcements of alliances had a positive effect on share price. In conversations he
observed that he believed that alliance with a major pharmaceutical firm would have a
very positive effect on the firm’s share price, though it must be noted that at that time

such an alliance had not been announced.

It can be seen that within both the literature and the case studies that there exists
evidence that the reputation of an alliance partner is believed to have an impact on the
assessment by shareholders of the future earnings potential of firms. This is because
the reputation of alliance partners is associated with the probability of success of the
projects the firm is undertaking and because high reputation (prestige) partners have
access to both information and evaluative expertise that shareholders may lack. From

the above it can be predicted that for a UK biotechnology firm:
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Hypothesis 2: announcement of an inter-organisatignal relationship with a high
reputation partner will have a greater positive effect on a firm's share

price performance than an announcement of a partnership with firm

with a lower reputation.

Progress in the R&D Process

‘At the heart of therapeutic biotechnology firms is the drive to gain regul:atory approval
for drugs, which they discover and develop either independently or in conjunction with
collaborative partners. Drugs cannot be sold legally without extensive safety and
efficacy testing. National regulators need to be convinced that the drug can be safely
used and does in fact materially benefit the health of the targeted patient group before a
drug can be marketed to the public either on prescription or over the counter. The drug
development and approval process can be both costly and timely, being estimated to
cost between $200 and $350 million to take a drug from discovery to marketing
approval, and taking seven to twelve years to make it from concept to market (BIO,
1999). In return however, patented drugs obtain monopoly rights. Patent protection last
for 17 to 20 years, thus giving biotechnology firms a 7 to 12 year monopoly right in
the marketplace. Margins on patented drugs are very high, varying from 20% to 35%.

The drug approval process has four main stages. The first is pre-clinical trials, where
promising compounds are identified. The second is clinical trials*, where drugs pass
through three stages referred to as Phase I, II and III clinical trials. The details of these
trials have been outlined earlier in Chapter Three, however they are now briefly
restated. Phase I trnials seek to establish the safety of the drug on healthy volunteers.
These trials represent about 11 per cent of the cost of performing clinical trials (Parexel
Intemnational, 1996). Phase II trials involve establishing the to‘lerable range and most
effective dosage on patients suffering the illness. Phase III trials involve further

controlled tests where the efficacy and safety of the drug is compared relative to other

* For a more detailed description on what clinical trials involve the reader is referred to a layman’s

overview of the clinical trials process at http:/www.drkoop.com/hcr/trials/library.html
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treatments. Phase II trials represent about 27 per cent and Phase III trials about 62 per

cent of the costs of the clinical trial process (Parexel International, 1996).

Exact figures on the average success rates of each stage of the clinical trials process are
not available, however one can say that failure does occur at each stage®. Thus it is
reasonable to say that progress from one stage to a later one, for example from Phase I
trials to Phase II, signals that the drug is moving closer to market approval. Witﬁ
progress from one stage to the next the uncertainty about the compound, in terms of its
medicinal potential and likelihood of final approval, reduces. Thus one would expect a

positive market reaction to announcements of progress in clinical trials.

Evidence that the market does in fact respond to announcements on the progress of
clinical trials does exist. Using the event study methodology Torabzadeh, Woodruff
and Sen (1998) analysed a sample of 204 announcements about FDA decisions to
approve or reject New Drug Applications over the period 1981-1992. They observed
that FDA approval lead to a two-day cumulative abnormal return of 1.13%. Rejection,
which occurred in 20 cases, resulted in a negative abnormal return of 10.67%.
Approval for the smallest quartile of the sample lead to the highest cumulative

abnormal returns of 2.05%. All returns were significant at the 1% level.

More generally announcements about progress in R&D have been found to have an
effect on shareholder wealth. Kelm et al. (1995) undertook an event study into
shareholder wealth effects of 501 announcements regarding progress in the R&D
process in 23 industries over the period 1977 to 1989. They observed that
announcements about progress in R&D prior to product launch resulted in two-day
cumulative abnormal returns of 0.88°,, though the effect was much stronger in R&D
intensive sectors such as biotechnology. For the 26 announcements about progress in
the R&D process of biotechnology firms a two-day cumulative abnormal return of

6.64°¢ was observed.

% Regulatory authorities and firms are not at present legally obliged to publicly release results of all

clinical trials. Thus failed trials often go unreported. (drkoop, 1999).
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Given the importance of progress along clinical trials in the drug approval process, and
the more general empirical evidence on shareholder wealth effects of R&D

announcements, it can be predicted that for a UK biotechnology firm:

Hypothesis 3: announcement of material progress in a firm's R&D process will have a
significant and positive effect on that firm's share price performance.
Material progress is taken as an announcement of pre-clinical trial
results (discovery), entry into Phase I, II or III clinical trials and/or the

successful completion of any such trials.

Given that progress from discovery (pre-clinical trials), to Phase I, to Phase II, to Phase
III clinical trials demonstrates a reduction in medicinal and commercial uncertainty
one would expect the announcement effect to be larger the further down the clinical
trials process the drug gets and, hence, the closer is moves to regulatory marketing
approval. As in the Chapter Three, the drug discovery process is split into two stages,
discovery and Phase I clinical trials, which represent the process of knowledge
Exploration, and Phase II and III clinical trials, which represent knowledge
development, or Exploitation. It can be expected that shareholder wealth effects should
be greater the further down the R&D process a drug moves. Thus it can be predicted

that for a UK biotechnology firm:

Hypothesis 4: announcement of material progress in the development stage of a firm's
R&D process in terms of clinical trial performance will have a greater
positive effect than announcement of material progress in the discovery,

or Exploration stage, of a firm's R&D process.

As noted above, prior empirical work in the literature indicates that significant and
positive abnormal returns are associated with both announcements of alliances and
progress in R&D. Prior studies have not, to the knowledge of this researcher, analysed
the effects of these disparate events within a single sector. A reasonable argument can

be put forward that one would expect that the overall impact of both forms of
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announcement to be largely similar. Announcement about progress in clinical trials, as
a whole, signal to the market reduction of uncertainty in the likelihood of any one drug
reaching the marketplace. Such announcements do not, however, carry any information
about the immediate financial rewards for the firm. Passing a clinical trial does not in
of itself bring a direct financial reward. The 'regulator does not give the firm a financial
prize for passing a trial. Alliances bring with them direct financial rewards in the form
of milestone payments, cost sharing, or access to valuable resources and capabilities.
Some bring with them signals to the shareholder that the likelihood of success of a
project is high because the partner has conducted an audit of the project and is
investing its financial capital and reputation in the project. However this signal is not
necessarily as tangible and direct as a clear announcement that a project has passed a
scientific hurdle set in a clinical trial, thus the uncertainty reduction signals of an
alliance may be lower than those of clinical trials. From the above it can be argued that
announcements of progress in clinical trials bring rich uncertainty reduction
information, but no immediate financial rewards, while alliance announcements -bring
immediate and continuing financial rewards, but lower levels of uncertainty reduction

information. Thus it can be predicted that for UK biotechnology firms:

Hypothesis 5: Announcement of an undifferentiated group of alliances (i.e. excluding
reputation indicators) should have as positive an effect on share price
performance as an undifferentiated group of announcements about
clinical progress (i.e. excluding details of which stage of the R&D

process the trial involves).

Hierarchy of Shareholder Wealth Effects: Appropriation, Development and
Exploration

From the analysis of Celltech in Chapter Three it can be hypothesised that the further
one moves along the continuum from knowledge Exploration to Exploitation the
greater the financial feedback from the market should become (Levinthal and March,
1993; March 1991). From Chapter Three it was argued that prestige alliances are rich

in both appropriation, through milestone payments and sharing of development costs,
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and development information, through reduction in uncertainty over the likely success
of an R&D project. Based on the theory outlined in Chapter Two and in-depth case
research, in Chapter Three, it would be expected that announcements rich in both
information about development and appropriation should be the most valuable as such
announcements cover the full spectrum of Exploitation, which theory suggests to be
more valuable in the marketplace than Exploration. Thus, it can be expected that

announcements of Prestige Alliances should be very valuable.

Announcements about progress in Phase II or III clinical trials should be valuable
because they offer information to the shareholder that the uncertainty about the success
of the project has been reduced. Such announcements should be less valuable than
Prestige alliances because they offer less information about Exploitation, offering
information on reduction in development uncertainties but no immediate appropriation

rewards via financial payments or reduced costs via transfer of development costs to

partners.

Announcements of non-prestige alliance are valuable because they enable access to
resources and capabilities, however they do offer uncertainty reduction signals to
shareholders. Access to complementary assets can be viewed as aiding development
and potentially offering milestone payments, however they do not offer uncertainty
reduction signals to the market and therefore are less valuable signals of Exploitation
than prestige alliances. They are also less valuable signals of Exploitation than Phase
II/III trial announcements because, again, they do not offer uncertainty reduction

signals to the market, while Phase II/III announcements do.

Announcements of discovery or Phase I clinical trial progress offer valuable insights to
shareholders on the Exploration activities of the firm. Such announcements should
therefore add value. The shareholder wealth effects of Exploration announcements
should, however, be lower than Exploitation announcements, given the theoretically
stated tendency of Exploitation to have more positive financial retuns than

Exploration activities (Levinthal and March, 1993; March, 1991). Thus it can be
predicted that UK biotechnology firms:
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Hypothesis 6. announcements, which are richer in appropriation information, should
be associated with greater share price performance effects than
deepening or Exploration announcements. Thus a hierarchy of
announcement effects is expected, where the greatest effect comes from
announcements of prestige alliances, followed by progress in Phase

II/III clinical trials, regional alliances and discovery / Phase I progress.

METHODOLOGY

Event and Sample Definition

In this study of announcements by therapeutic biotechnology firms listed on the
London Stock Exchange (LSE) and the Alternative Investment Market (AIM) that
occurred between December 1995 and January 1999 was used. Announcements were
obtained from three main sources: source company web-sites, Newswire services,
accessed via Reuters Business Briefings, and the Financial Times. It is reasonable to
expect that investors in any of these companies would have access to these three
sources and thus the event information was deemed to have been released to the market
the first day it appeared in any of these sources. Sources such as the Financial Times
(Das et al., 1998) and the Wall Street Journal (Koh and Venkatram, 1991; Mc Connell
and Nantell, 1985) are very commonly used in event studies. Usage of Newswire
Services is less common (Chan et al., 1997), while this study is the ﬁrsf, to the best of

this researcher’'s knowledge, to employ company web-sites as a source of

announcements.

Over the period of the study 146 events were announced. In line with the
recommendations of Mc Williams and Siegel (1997) a list of all 146 events in the
sample can be found in Appendix Four of this thesis. These announcements we;e
classified into four categories. The first event type was the announcement of a Prestige
Alliance, which is used to indicate a high reputation alliance. Prestige alliances are
recorded when the biotechnology firm enters into an alliance with a pharmaceutical

firm which was ranked in the top 20 largest firms in terms of pharmaceuticals turnover

163



in 1998 (Firn, 1999). An example of a Prestige alliance in the sample was Peptide
Therapeutics announcement of a new R&D Allergy vaccine alliance with
pharmaceutical giant SmithKline Beecham on 10 February 1997. This announcement
triggered a significant abnormal return of 11.24% on that day for Peptide Therapeutics.
The second event type was alliances with any other firm, which were classified as
Regional Alliances. An example of a Regional Alliance in the sample was
PolyMASC’s Blood Growth Factor drug discovery alliance with fellow UK
‘biotechnology Oxford Molecular on 25 March 1998. This announcement triggered a
significant abnormal return of 14.26% on that day for PolyMASC. Alliances are only
classified as events where the announcement is of a new, as opposed to continuing,
collaboration with a firm. Alliances were included in the sample if their stated purpose
was joint drug Research and/or Development (e.g. Cantab Pharmaceuticals R&D
alliance with Kakestsuke into a new Chickenpox and Shingles vaccine), licensing a
compound to another firm in return for future royalties (e.g. Chiroscience’s licensing
of the local anaesthetic to Zeneca), or marketing and distribution (e.g. Cortecs

marketing and distribution agreement for Macritonin in Greece with Glaxo-

Wellcome).

The third event type was announcements about significant progress in pre-clinical drug
discovery trials or Phase I clinical trials. An example of progress in pre-clinical drug
discovery trials in the sample was Powderject’s announcement on 16 September 1998
of ;;ositive results in a cancer vaccine trial on mice. This announcement triggered a
significant positive abnormal return of 1.95% for Powderject. An example of a Phase I
clinical trial announcement from the sample was Phytopharm’s announcement on 13
October 1998 that its appetite suppressant drug had entered Phase I human clinical

trials. This announcement triggered a significant and positive 4.48% abnormal retumn

for Phytopharm.

The fourth event type was announcements about significant progress in Phase II or
Phase III clinical trials. An example of progress in a Phase II clinical trial from the
sample was KS Biomedica’s announcement of positive results from it’s PII

Rheumatoid Arthritis trial on 3 February 1998. This announcement triggered a

164



significant and positive abnormal return of 35.31% for KS Biomedix. An example of
progress in a Phase III clinical trial in the sample was Phytopharm’s announcement of
positive Phase III eczema drug trials on 25 March 1998. This announcement triggered

a significant and positive abnormal return of 15.30%.

Calculation of Actual, Normal and Abnormal Returns

The method by which abnormal returns were calculated and th;ir significance tested
followed the standard event study methodology as outlined by Mac Kinlay (1997) and
Mc Williams and Siegel (1997). First actual returns for each company were calculated.
Then a model of the firm’s expected, or normal, share price performance behaviour
was generated. The impact of an announced event upon the performance of the firm
was then calculated as the difference between the actual performance of the share and
its expected, or normal, behaviour. This difference is referred to as an abnormal return.
The abnormal returns of each firm that experienced each category of event were
averaged. The resulting average abnormal return was then tested to determine both its
sign and whether it was significantly different from the null hypothesis of zero
abnormal returns. In all cases it was found that announcement of a given category of
event did, as hypothesised, have a positive and significant abnormal retum. The

method by which actual, normal, and abnormal returns were calculated is outlined

below:.

The actual return for a firm i is calculated as follows:

Where i = the company and t = day.
P, =the share price of company i on day t.
D, = the dividend granted for one share of company i on day t.

P,., = the share price of company iondayt-1.
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The expected, or normal returns, for company i are calculated as being a function of

the returns obtained by the market where:
E,= i+ fRm+ &

R, = the continuously compounded realised returns on day t for a market index m.

a = the regression constant derived from regressing R, against R .

[ = the regression coefficient derived from regressing R, against R,.

& =1is the error term derived from the regression with a mean of zero and a constant

variance.

. The values of @ and S are derived from regressing R, against R, over an estimation
period starting at t—180 days prior to the event day t=0 and ending on day t-20.
Following the advise of Mac Kinlay (1997) the estimation period was kept to a
minimum of 120 days to enable good estimations of @ and £ . The estimation period
terminates at day —20 to ensure that the event effect does not contaminate the

estimation of the normal return model parameters.

In the case of 31 observations the firms had not been trading on the stock exchange for
the 161 trading days required to generated estimates of @ and . This reduced the
- sample from a total of 146 events to 115 events. Following the advice of Mc Williams
and Siegel (1997) for the benefit of future replication studies, details of the events

excluded due to confounding events are found in Appendix Four.

It is an obvious point that the selection of market index strongly influences what the
model will assign as the normal price behaviour of a given share. Most studies do
choose a single index and do not test the sensitivity of the abnormal retumn effect to
selection of market index. However, aware of recent criticisms of the event study
method (Chatterjee, Lubatkin and Schulze, 1998), this study shall employ three market
indices. The first model of normal returns regresses R, against the returns of the FTSE

All Share index. This assumes that the normality of the performance of a UK
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biotechnology firm’s share pﬁce is linked to the performance of the market as a whole.

Thus
E, = ai+ fRersean: + i

The second model regresses R, against the returns of an index of all UK biotechnology
firm’s, referred to as UK Bio. This index was created specifically for this study, as no
comprehensive market capitalisation weighted index of UK biotechﬁology stocks was
publicly available. It is an index of all UK biotechnology firms listed on the London
Stock Exchange and the Alternative Investment Market, weighted by market
capitalisation. The base date for this index was December 1995. It was re-weighted
every three months. If a new firm listed on either exchange during the three-month
period then it was included in the index at the next re-weighting period. The UK Bio

index was thus calculated as:

N
> R« ® MitCapRatio
UKBIO: = =1

N

Where MktCapRatio, calculated for each firm in included in the index once every three

Market Capitalisation of Firm,
A

Z Market Capitalisation of Firmu

months, =

This model assumes that the normality of a UK biotechnology firm’s share
performance is primarily related to the performance of its peer group of UK
biotechnology firms. Thus

E, = a + fRuksiot + &

A third model regresses R, against both the retums of the FTSE All Share index and
the UK BIO index. This model assumes that the normal behaviour of a UK
biotechnology share is a function both of the general performance of the stock market,

moderated by the performance of its peer group of UK biotechnology firms. Thus
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Ei= a+ BiRuksior + B2Rugsion + &i

A more simple, but important, mechanism by which the normal returns of a share can
be modelled is to assume that the performance of the share in any given day should be
equal to the average performance‘of the share over the esti