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This paper examines how knowledge created by firm experience (learning economies) and
scale and scope economies affect performance in firms’ development activities. The empirical
results suggest that each factor has a significant effect on development performance. Moreover,
knowledge that results from greater experience within a particular technological area, when
combined with knowledge spillovers from greater scope in other technological areas, significantly
improves development performance. The results suggest that experience shapes and facilitates
firms’ abilities to absorb knowledge spillovers. Our empirical findings thus provide a more
nuanced examination of the drivers of performance and have implications for the management

of firms’ development activities. Copyright © 2006 John Wiley & Sons, Ltd.

INTRODUCTION

Research in the economics of research and devel-
opment (R&D) suggests that performance is con-
ditioned in large part by the size and breadth
of firms” R&D activities (Cohen, 1995; Patel
and Pavitt, 1995). These explanations for differ-
ential R&D performance trace their roots back
to the Schumpeterian hypothesis of increasing
returns in R&D (Schumpeter, 1951), and have
spawned a large body of research that explores
whether there are advantages to firm size and firm
scope in the conduct of R&D activity itself (Gal-
braith, 1952; Pavitt, 1987). Despite this cumulative
research, much of the literature examines scale and
scope economies in manufacturing and produc-
tion—empirical ambiguity remains over exactly
how scale and scope affect performance in more
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knowledge-based activities such as research and
development.

A separate body of research has emerged over
the last two decades that documents and attempts
to explain the role of knowledge in differen-
tiating firm performance (Conner and Prahalad,
1996; Grant, 1996b; Kogut and Zander, 1996).
This approach maintains that through a cumula-
tive activity of exploitation (Levinthal and March,
1993; March, 1991), firms develop competitive
advantage from experiential learning (Baum, Li,
and Usher, 2000), idiosyncratic routines (Nelson
and Winter, 1982), and localized knowledge and
expertise (Leonard-Barton, 1992). Superior perfor-
mance results not from scale and scope per se, but
from the informational advantages and reductions
in uncertainty from greater experience.

We compare and contrast these two perspec-
tives in an empirical examination of development
performance. Our results indicate that experience
within particular technological areas and scale
economies improves development performance,
while scope economies reduce performance. More-
over, we find evidence of a complementary rela-
tionship between experiential learning and scope
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economies. Knowledge from greater experience
in a particular technological area, when com-
bined with knowledge spillovers that result from
working in other technological areas, significantly
improves development performance. We argue
that greater experience facilitates firms’ absorptive
capacity related to knowledge spillovers (Cohen
and Levinthal, 1990). Our findings thus provide a
more nuanced examination of the drivers of per-
formance in firms’ development activities.

We utilize a unique dataset from pharmaceu-
tical contract research organizations (CROs) to
explore these issues. We examine the speed with
which drug development projects are completed,
which is an increasingly important performance
metric in the pharmaceutical industry. First-mover
advantages and intense post-patent generic com-
petition provide firms strong incentives to get new
drug products to market. Case study evidence sug-
gests that when virtually identical products are
brought to market as little as 3—6 months apart, the
first-to-market product achieves the largest mar-
ket share and maintains this advantage indefinitely
(Wiggins, 1981). Even when new drug products
do not face initial competition, time to market
is strategically important since the majority of
new product returns are reaped between regula-
tory approval and patent expiration (Grabowski
and Vernon, 1990).

We make several contributions to literature that
examines knowledge development in firms’ R&D
activities. The availability of detailed project- and
firm-level data allows us to more directly assess the
effects of learning economies and scale and scope
economies, and their relationship to each other,
on development performance. Previous research on
these topics provides inconclusive and contradic-
tory results, mainly due to aggregated firm-level
data. We also make important theoretical linkages
between research in the economics of R&D and the
knowledge-based view (KBV) of the firm. While
our results suggest an important role for scope
economies in the production of knowledge within
the firm, experience moderates this effect due to
the requirements and roles of specialized and com-
mon knowledge. Finally, we examine an area of
R&D (pharmaceutical drug development) that has
received more limited scholarly attention in com-
parison to research that examines pharmaceutical
drug discovery. Nevertheless, drug development
costs typically exceed those of drug discovery,
and are often cited as a primary rationale for
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vertical and horizontal mergers in the pharmaceu-
tical industry.

Our empirical findings also have important
implications for firms and managers concerned
with knowledge development and management
related to R&D in this and other related indus-
tries. The development and management of knowl-
edge is, not surprisingly, strategically important
as it can differentiate firm performance. We find
in particular that the interactive effect of learn-
ing economies and scope economies presents both
benefits and costs. Superior performance requires
that firms not only balance development activities
so that they are neither overly broad (too many
technological areas) nor overly specific (too few
technological areas), but also sequence and priori-
tize development activities so that new knowledge
can more easily be absorbed and applied. Perfor-
mance penalties exist for those firms who are broad
in scope but possess relatively little experience
in any one particular technological area. These
findings thus have implications for firms pursu-
ing technological area depth vs. breadth strategies
in particular and technological area exploitation
vs. exploration strategies in general. We discuss
these implications in more detail in the discussion
section below.

The next section provides a brief review of
the relevant strategy and economics literatures.
It then develops hypotheses related to scale and
scope economies and firm experience in devel-
opment. The following section sets the empiri-
cal context, highlighting the distinction between
drug discovery and drug development, the phar-
maceutical industry’s evolving organization and
the increasingly important role of CROs. The next
section discusses the data and variables, while the
section after that presents and discusses the results,
significance, and implications of the econometric
analysis. The final section makes concluding com-
ments.

HYPOTHESIS DEVELOPMENT

We conceptualize scale and scope economies as
they relate to knowledge development in firms’
R&D activities. Scale economies in R&D exist
when particular development activities are sup-
ported by a larger number of development inputs,
while scope economies exist when a particular
development activity is supported by knowledge
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spillovers from other development activities. In our
context of pharmaceutical drug development, scale
economies result from a larger number of clini-
cal researchers overall and in particular functional
areas, while scope economies result from knowl-
edge spillovers from operating in several therapeu-
tic areas. We develop these concepts in more detail
below.

Scale and scope economies

The association of firm size with scale and scope
economies, market power, and the ability to aggre-
gate inputs is asserted to confer performance
advantages on large firms (Scherer, 1980). This
argument has been interpreted by many as a claim
that there are increasing returns in research and
development, both to R&D establishment size and
to firm size. Size may also provide advantages in
the conduct of firms’ R&D efforts (Cohen, 1995)
or their innovative activities (Galbraith, 1952).
Large firms may be better able to spread the
fixed costs of R&D over a larger sales base in
the absence of fully functioning markets for inno-
vation (Cohen and Klepper, 1996). Large firms
may also be able to exploit economies of scale
in the conduct of the R&D activity itself (Panzar
and Willig, 1981). Finally, large firms may have
greater access to the complementary technologies
and downstream capabilities (i.e., marketing and
finance) that are presumed to make R&D more
productive (Cohen, 1995).

Despite these persuasive arguments, theoretical
counter-arguments have been made for each of
the above propositions (Scherer and Ross, 1990).
Moreover, empirical findings regarding the influ-
ence of scale economies on R&D performance are
mixed (Cohen and Levin, 1989; Patel and Pavitt,
1995). Some researchers note that these inconsis-
tent findings result from difficulty in developing
good measures of R&D or innovation (Cohen,
1995), while others argue that a lack of suffi-
ciently detailed data make it difficult to distinguish
between measures of scale and scope (Henderson
and Cockburn, 1996). Finally, much of the extant
literature examines scale and scope economies in
manufacturing and production. Empirical ambigu-
ity remains over exactly how scale and scope affect
performance in more knowledge-based environ-
ments, such as research and development.

Development performance in knowledge-based
activities such as R&D is most likely impacted
positively by scale economies for several reasons.
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Greater size permits the undertaking of devel-
opment on a larger scale. Because development
entails significant trial and error, larger firms are
able to conduct more experiments in more diverse
scientific and/or technological areas that guide
problem solving in ways that smaller firms cannot.
Finally, critical resource inputs can be spread over
a larger base of development activity, allowing for
greater variation in problem-solving approaches
and potential outcomes. We therefore examine the
following hypothesis:

Hypothesis 1: Greater size improves develop-
ment performance, ceteris paribus.

Economies of scope are present if cost savings
or performance benefits are realized when two or
more activities are conducted jointly in comparison
to when these activities are conducted separately
(Panzar and Willig, 1981). In the standard anal-
ysis of production, scope economies result when
activities can share productive inputs at little or no
additional cost. Henderson and Cockburn (1996)
identify internal spillovers of knowledge as a sec-
ond source of returns that results from greater
diversity in R&D. Knowledge developed and accu-
mulated in one R&D activity can be transferred to
other R&D activities at little cost, but with poten-
tially significant performance benefits.

Scope economies in development likely arise
from the knowledge spillovers that Henderson and
Cockburn (1996) illuminate. Knowledge generated
in a given technological area is not only informa-
tive, but also potentially beneficial to the develop-
ment of other technological areas. If this knowl-
edge can be articulated and codified within the
firm (Zollo and Winter, 2002), it can then be uti-
lized by other technological areas to improve cur-
rent development efforts. We therefore hypothesize
that knowledge spillovers resulting from greater
technological area diversity improve development
performance:

Hypothesis 2: Greater technological area diver-
sity improves development performance, ceteris
paribus.

Experience

The KBV of the firm documents and attempts
to explain the role of knowledge in differenti-
ating performance (Conner and Prahalad, 1996;
Grant, 1996b; Kogut and Zander, 1996). Firms are
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described as routine-based and history-dependent
systems that adapt incrementally to past expe-
riences (March and Simon, 1958). Capabilities
grow as experiential learning accumulates from
established routines (Nelson and Winter, 1982)
and localized knowledge and expertise (Leonard-
Barton, 1992), but also importantly depends on the
integration of knowledge (Grant, 1996a). Deeply
embedded organizational routines both enable and
constrain what firms can do (Baum et al., 2000).
Because experiential learning is based on highly
tacit knowledge it is not only largely immobile and
difficult for other firms to easily acquire or imitate
(Teece, 1982), but also highly specific to product,
technological, or functional areas.

These characteristics suggest that firm knowl-
edge can be an important source of sustainable
competitive advantage. If experiential learning
provides informational advantages or gains via
the perceived legitimacy or past success of rep-
etition (Baum et al., 2000), or the accompanying
reduction in uncertainty from learning by doing
(Argote, 1999), it should be reflected in superior
performance. By contrast, firms relatively new to
specific areas are unlikely to have detailed infor-
mation filters or developed heuristics in place for
effective problem solving and decision making.
Research that examines firm experience has been
largely supportive of these claims, including stud-
ies in populations of commercial banks (Pennings
and Harianto, 1992), investment banks (Podolny,
1994), and acquiring firms (Haleblian and Fin-
klestein, 1999); technological choices among firms
(Christensen and Bower, 1996; Stuart and Podolny,
1996); and foreign market entry (Henisz and
Macher, 2004; Mitchell, Shaver, and Yeung, 1992),
among others.

Performance in development likely improves
from knowledge accumulation via learning econo-
mies. Greater experience not only deepens knowl-
edge related to particular technological areas, but
also facilitates the creation of common knowledge
within the firm (Grant, 1996b). The development
of detailed information filters, improvements in
shared understanding and more focused problem-
solving strategies brought on by greater experience
will improve development performance. We there-
fore examine the following hypothesis:

Hypothesis 3: Greater technological area expe-
rience improves development performance,
ceteris paribus.

Copyright © 2006 John Wiley & Sons, Ltd.

Experience and scope: Trade-offs and
contingencies

Per the discussion above, firms improve devel-
opment performance from their own experience
within particular technological areas and from
knowledge spillovers that result from working in
other technological areas. Two important and rel-
atively unexamined questions are whether these
information sources are distinct or compound and
interact with each other; and, if related, whether
they act as substitutes or complements in improv-
ing development performance. On the one hand,
knowledge gained from greater experience might
not have any relevance to the information pro-
vided from knowledge spillovers. Such a scenario
is more likely in diversified conglomerates that sell
products to distinct markets under different regu-
latory regimes. But this scenario is less likely in
firms whose products, markets, or regulatory envi-
ronments have some commonality. In this latter
case, information gained from experiential learn-
ing may either substitute for or complement the
information gained from knowledge spillovers.

New knowledge is created as firms expand the
number of technological areas that they operate in.
While this knowledge is likely to be novel, it might
not be relevant to the development efforts of other
technological areas that the firm is active in, espe-
cially when it possesses significant experience in
those technological areas. Firms may therefore dis-
count knowledge spillovers as information sources
as their experience grows within a particular tech-
nological area, indicating experiential knowledge
and knowledge spillovers are substitutes. Experi-
ential learning, however, is likely to have diminish-
ing returns associated with improved development
performance (Argote, 1999). As knowledge builds
and firms move down the learning curve, sub-
sequent improvement becomes increasingly more
difficult.

Knowledge based on other technological areas
may present firms with different approaches or
problem-solving strategies to consider, however.
As knowledge develops through experience in any
one particular technological area, moreover, it is
more likely that this knowledge is novel, relevant,
and useful to other technological areas. Greater
experience in a technological area also facili-
tates common knowledge (Grant, 1996b), which
likely improves firms’ absorptive capacity related
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to knowledge spillovers by improving the under-
standing and potential application of this informa-
tion (Cohen and Levinthal, 1990). Current, new,
and potential development projects can learn from
the mistakes made and successes had (Mitchell,
Shaver, and Yeung, 1994), and alter their problem-
solving strategies and approaches if necessary and
where warranted. Experiential learning and knowl-
edge spillovers are thus more likely to be comple-
ments to improving development performance than
substitutes. We therefore hypothesize that experi-
ence within a technological area improves develop-
ment performance as the number of technological
areas increases.

Hypothesis 4: The positive effect of technolog-
ical area experience on development perfor-
mance is increasing in technological area diver-
sity, ceteris paribus.

INDUSTRY CONTEXT

There are two main activities required to bring a
new drug product to market in the pharmaceuticals
industry. The first set of activities—commonly
referred to as drug discovery—involves the ini-
tial screening and extraction of a molecule or
compound with certain desired therapeutic prop-
erties. Once a new substance has been ‘discov-
ered,” a second set of development-oriented activ-
ities involving extensive laboratory, animal and
human testing, and considerable regulatory over-
sight begins. Although the four main phases of
drug development are applied to virtually every
new drug product, the specific activities under-
taken in each vary considerably by product. The
preclinical phase includes the development of basic
drug profiles, pharmacologic tests to define mech-
anism of action and dose response, and toxicolog-
ical tests to determine harmful effects of dosage
levels, typically conducted in animals. Phase 1
clinical activities include the cautious administra-
tion of the drug to a small number of healthy
human patients to determine the metabolism and
pharmacologic action of the drug and to demon-
strate and assess clinical safety. Phase 2 clin-
ical activities include the administration of the
drug to a small sample of human patients actu-
ally suffering from the disease or ailment that the
drug is meant to address to determine appropri-
ate dosage and regimen, and evaluate effectiveness
with respect to key clinical endpoints. Phase 3

Copyright © 2006 John Wiley & Sons, Ltd.

clinical activities include evaluations of the overall
benefits and risks on a larger and representative
human patient population in several testing centers
in multiple countries to identify adverse reactions,
determine appropriate dosage levels, and further
demonstrate product safety and efficacy. The most
important concerns to Food and Drug Administra-
tion (FDA) regulators are ensuring that sponsor
firms develop accurate drug profiles (i.e., basic
activity, dose response, mechanism of action, etc.);
prove drug safety and effectiveness; and demon-
strate safe manufacture that preserves drug com-
position and stability.

Over the last 25 years, scientific advances in the
fields of physiology, pharmacology, enzymology,
and cell biology have provided a better under-
standing of the ‘mechanisms of action’ of many
drug compounds, and have facilitated the drug
discovery process itself by allowing researchers
to more carefully screen, select, and test a wider
range of drug compounds. Over the same time
period, the rise of biotechnology has created new
opportunities for pharmaceutical and biomedical
research (Malerba and Orsenigo, 2001). The com-
bined effect of these advances has given rise to
what is commonly known as ‘rational drug design,’
or the application of biomedical knowledge to the
design of new compounds, as well as to the ways in
which new compounds are tested (Cockburn, Hen-
derson, and Stern, 1999; Malerba and Orsenigo,
2001). These advances have reduced the degree
of uncertainty involved with drug research and
have allowed scientists to better design target com-
pounds through more established scientific theory
(Arora and Gambardella, 1994), thereby decreas-
ing the centrality of subsequent in vitro and in vivo
testing to the discovery process.

The biomedical advances that have been made
have thus helped to decouple organizational capa-
bilities that underlie drug discovery from those
required in drug development (Arora and Gam-
bardella, 1994). The effective separation of the
skills required in drug discovery and drug devel-
opment has led to an increase in the number of
small, specialized drug development firms. CROs
have subsequently come to represent an important
part of pharmaceutical drug development. Since
the early 1980s, an estimated one-third of industry
R&D spending on clinical trials is now conducted
by such independent organizations (CMR Interna-
tional, 1999).
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Several aspects of pharmaceutical drug devel-
opment make it an appropriate setting in which
to examine the direct and interactive effects of
scale, scope, and learning economies on devel-
opment performance. Drug development is funda-
mentally a planning exercise whereby information
obtained in one stage must be reviewed and ana-
lyzed to determine how best to proceed in terms
of allocating resources in subsequent stages over
several years and multiple organizations (Spilker,
1989). Because development approaches vary sig-
nificantly according to the therapeutic area of the
drug product, experience in specific technologi-
cal areas matters. The difficulties associated with
development of new drug protocols suggest that
localized experience and established knowledge
bases within specific technological areas may offer
performance benefits. FDA requirements for and
auditing of clinical trials have also increased in
recent decades,! requiring CROs to manage sig-
nificant amounts of information associated with
networks of patients and clinicians. The need to
collect, make accessible, and exchange information
across space and time entails significant invest-
ment to ensure data accuracy and provides some
rationale for the importance of scale in the drug
development process.

ECONOMETRIC ANALYSIS

Data

Data for this paper were obtained from three
sources. A proprietary dataset of drug development
projects by CROs was obtained from DataEdge
(purchased by Fast Track Systems), a provider of
enterprise software and service solutions to phar-
maceutical and biotechnology companies engaged
in clinical drug development. This dataset con-
tains detailed firm-level information on U.S. and
European CROs, including firm age, size and
geographic presence; employees’ functional back-
grounds; and ownership structures (e.g., private,

! Since the early 1970s, the number of clinical trials per new drug
application (NDA) has increased from 30 to over 70 today. These
trials involve increasingly larger numbers of patients, increasing
from 500 in 1970 to roughly 4000 today (PhRMA, 1999). On
average, each of these patients undergoes nearly 150 clinical
tests, with the results of these tests eventually submitted to
regulators as part of the formal request for marketing approval
for an NDA. The average NDA consists of roughly 30 volumes
and more than 100,000 pages of data.

Copyright © 2006 John Wiley & Sons, Ltd.

public, university affiliated, government affiliated).
The dataset also contains detailed project-level
information, including the type of drug developed
(e.g., therapeutic area), the specific tasks under-
taken by the focal CRO, the phases of development
covered, start and end dates, and the number of
subjects and test centers involved, etc.

Our unit of observation is the drug develop-
ment project, defined as activity directed toward
the testing of a drug compound in one of the three
phases of a clinical trial. DataEdge provides data
in a standardized format and at the same level of
aggregation across CROs. To ensure data integrity
and empirical validity, however, we conducted a
detailed review of industry publications and pro-
motional material for each of the CROs included
in the dataset. This information provided greater
detail on the histories of individual CROs, as well
as the specific types of information and technology
services provided. We also conducted a series of
telephone and in-person interviews with a number
of CROs in the dataset and with other pharmaceu-
tical firms to reduce ambiguity and provide greater
detail around the factors that drive drug devel-
opment performance. Although the firms in the
dataset represent a subset of all CROs in existence,
our analysis indicates that they are representative
of the overall CRO industry in terms of size, tech-
nical capability, and financial performance.

Variables

A central critique of empirical work within the
economics of R&D has been the frequent use of
aggregated data to proxy for the variables of inter-
est. To address this criticism, we construct detailed
firm- and project-level data using the DataEdge
database.

Performance measures

There are a number of important dimensions of
drug development performance in the pharma-
ceutical industry. Arguably the two most impor-
tant are the profit achieved and cost incurred
for drug development. For CROs, these mea-
sures translate into the profit and cost for each
drug development project completed for sponsor-
ing pharmaceutical firms. Such data would pro-
vide an indication of performance at the project
level, as well as overall when aggregated, but are
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unfortunately neither reliably tracked nor avail-
able from DataEdge. Another potentially impor-
tant performance dimension is the level or rate
of innovativeness, as captured by patents or some
other intellectual property (IP) measure. As all of
the drug compounds in the dataset are patented, an
examination of this performance measure is rela-
tively uninformative and uninteresting.

Similar to Cockburn and Henderson (2001) and
Danzon, Nicholson, and Pereira (2005), we focus
on performance in drug development. Whereas
the above authors examine technological suc-
cess—defined as regulatory approval of a com-
pound in clinical stage(s) of drug development—
the nature of our data allows us to examine tech-
nological performance—defined as the speed with
which CROs complete drug development projects
for sponsoring pharmaceutical firms. Our main
dependent variable corresponds to the fractional
number of months from the date a given drug
development project was initiated by a CRO to
its completion date. Time to complete is consid-
ered one of the most important performance mea-
sures for CROs, especially in consideration of the
substantial competitive and financial costs associ-
ated with delay. We also modify this performance
measure by dividing it by the number of clini-
cal employees of the focal CRO and present these
results in our econometric analysis. This latter per-
formance measure is intended to provide a test of
robustness by examining whether differences in
drug development project completion time result
from either increasing or decreasing development
input factors.

Scale and scope variables

Scale economies. Prior research that examines the
effects of scale on R&D performance in the phar-
maceutical industry is inconclusive. Early work by
Comanor (1965) and Vernon and Gusen (1974)
find evidence of decreasing returns to scale in phar-
maceutical R&D, but this research is based on
highly aggregate data. More recent research con-
firms the lack of scale advantages with respect to
drug research (Henderson and Cockburn, 1996)
and drug development (Cockburn and Hender-
son, 2001) at the drug program level, while other
research finds evidence of scale economies in both
drug research (DiMasi, Grabowski, and Vernon,
1995; Schwartzman and Cognato, 1996) and drug
development (Danzon et al., 2005).

Copyright © 2006 John Wiley & Sons, Ltd.

Scale economies likely affect drug develop-
ment performance in several ways. Drug devel-
opment requires substantial fixed cost investment.
To the extent that human resources, laborato-
ries and testing facilities, and computer resources
and data analysis technologies are able to be
(re)deployed to multiple projects, firms may reap
economies by spreading these fixed costs over a
larger development base. Large firms may also
obtain scale economies through their superior
abilities to attract and support specialized sci-
entific and clinical personnel, or through invest-
ments in specialized knowledge and technologies
related to given therapeutic areas (e.g., special-
ized patient and investigator databases in partic-
ular areas; researchers and clinicians with relevant
expertise; specialized testing equipment and facil-
ities).

The effective design and execution of the battery
of clinical and non-clinical tests that are required to
successfully complete drug development projects
also suggests the importance of scale. Successful
drug development efforts, not surprisingly, require
CROs to bring together and effectively plan, coor-
dinate, and control a broad range of business func-
tions. Representation (or at least some minimum
efficient scale) in several functional disciplines is
thought to be required to effectively manage the
clinical trial process (Spilker, 1989). CROs’ abili-
ties to transfer information across these functional
areas, or to impart medical knowledge from operat-
ing in more functional areas, are also scale-related
and tied to performance (Cockburn and Henderson,
2001). Larger and more functionally diverse CROs
may be able to utilize development resources more
cost-effectively in comparison to other CROs that
are less functionally diverse. We therefore exam-
ine two scale-related measures in our econometric
analysis. The variable Employees represents the
logged number of full-time employees within the
focal CRO at the time the focal drug development
project was undertaken. The variable Functional
Areas represents the number of functional areas
in which the focal CRO has at least 20 full-time
employees (FTEs), and measures whether devel-
opment performance advantages exist from a more
functionally related size measure.?

2Two other measures of size—R&D spending and revenue—
were rejected because of accuracy questions and anomalies in
reporting. The numbers of employees per functional area are
provided to DataEdge by CROs through questionnaires. The
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Scope economies. The most likely effect of scope
economies on drug development performance
arises from knowledge spillovers, where the infor-
mation generated in a given technological area
influences the costs and/or timing associated with
other technological areas. Firms that are active in
several therapeutic areas may develop knowledge
that is transferable to other therapeutic areas with
little cost but with potentially significant perfor-
mance benefits. A more diverse drug development
project portfolio may allow firms to decrease the
time associated with developing new drugs in a
particular technological area from spillovers of
knowledge. The variable TA Scope therefore repre-
sents a count of the number of technological areas
(therapeutic areas discussed below) in which the
focal CRO is active.

Experience variable

As CROs become more experienced in conduct-
ing drug development projects, they develop store-
houses of knowledge that can be drawn upon for
subsequent projects. To the extent that this knowl-
edge becomes organizationally embedded, local-
ized expertise may lead to performance advan-
tages and come to represent sources of lasting
competitive advantage. Because clinical develop-
ment approaches vary significantly by the ther-
apeutic characteristics of the drug, prior experi-
ence is particularly important in determining sub-
sequent performance in new drug development in
the same therapeutic area. As firms become more
experienced in a particular therapeutic area, they
acquire localized expertise and develop problem-
solving strategies that can be drawn on in sub-
sequent and similar efforts. Greater experience
might also improve relationships with important
constituents, such as clinicians, patient popula-
tions, and regulators (Danzon et al., 2005). The
existence of an established knowledge base in
a given technological area, as well as estab-
lished routines for handling similar types of prob-
lems (Nelson and Winter, 1982), partially explains
why some firms have acquired strong reputa-
tions for developing drugs in particular therapeutic
areas.

classification scheme creates the following functional areas:
(1) clinical; (2) data management; (3) laboratory; (4) medical;
(5) quality assurance; and (6) regulatory.

Copyright © 2006 John Wiley & Sons, Ltd.

Pharmaceutical drug development employs a
fairly standard taxonomy into which drug prod-
ucts can be assigned through major therapeutic
areas (e.g., cardiovascular, oncology, central ner-
vous system). The variable Therapeutic Area (TA)
Experience utilizes this taxonomy and is deter-
mined by

TA_EXPi’j’, = (S . TA_EXPI',J‘,;_I + TAi,j,t (1)

where TA_EX P, ;, represents the summation of
prior drug development projects completed by
CRO i in therapeutic category j at time f, and
TA; ;, represents a count of completed drug devel-
opment projects for CRO i in therapeutic category
j at time t. The depreciation factor (§) allows
recent experience to be weighted more heavily
than past experience, which is consistent with the
notion of organizational forgetting (Argote, 1999;
Benkard, 2000). We depreciate Therapeutic Area
Experience by 20 percent per period in the econo-
metric analysis, but varied this factor from 10 to
40 percent per period to test its robustness and
confirm no significant changes in the econometric
results obtain.

Interaction variable

Because we examine the compounding effect of
scope economies and experience, we create an
interaction term of these two variables. We mean-
center the constituent variables in this interac-
tion term to minimize multicollinearity concerns
and facilitate interpretation of the results by link-
ing individual coefficient estimates to specific
hypotheses (Aiken and West, 1991).

Other variables

Drug characteristics. The size of a drug devel-
opment project likely affects development time.
We employ two variables to control for project
size considerations, which respectively represent
the number of clinical study Centers and Sub-
Jjects (patients) involved in a drug development
project. The number of clinical study centers
should decrease development project completion
time due to scale economies, while the number of
subjects should have the opposite effect due to the
managerial burdens presented.

Drug novelty should also influence the time
required to complete drug development projects.
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With less preexisting knowledge regarding the
therapeutic characteristics of more novel drugs,
CROs likely expend extra effort profiling and
exploring clinical effects, ceteris paribus. At the
same time, drug development projects for condi-
tions where existing standards of care are high
require more stringent clinical endpoints, which
subsequently take CROs more time to complete.
The variable Drug Novelty measures the number of
marketed drug products within the therapeutic area
of the focal drug development project. Along with
the therapeutic area indicator variables described
below, drug novelty helps control for the effects
of differences in drug type and the nature of the
disease on development time.

Firm (CRO) characteristics. We include several
general and development-specific firm-level fac-
tors that may influence the speed with which CROs
complete drug development projects. Public Firm
is an indicator variable that controls for whether
the focal CRO is publicly or privately held. Coun-
try is a count of the number of countries that the
focal CRO operates in, and is intended to capture
geographic presence. Firm Age represents CRO
age since its founding to the start of the focal
drug development project. Customer Percent Busi-
ness represents the percentage of business that
the sponsoring pharmaceutical firm represents to
the focal CRO. More established customer rela-
tionships may facilitate communication, improve
understanding, and improve upon work structures,
which might be reflected in productivity benefits.

Project characteristics. As CROs become more
experienced in particular development phases, they
acquire stocks of generalized expertise related to
either the early-stage testing and profiling of new
drug products or the later-stage management of
clinical trials. These firms may also become more
familiar with the general regulatory and admin-
istrative issues associated with clinical develop-
ment and dealing with the FDA within a specific
development phase. Phase Experience measures
the number of development projects completed by
a CRO in a particular clinical phase and is deter-
mined by

PHASE EXP, ;, = 8 - PHASE EXP, ;,_,
+ PHASE, ;, 2)

Copyright © 2006 John Wiley & Sons, Ltd.

where PHASE _EX P, ;, represents the summation
of prior drug development projects completed for
CRO i in clinical phase j at time ¢, and PHASE, ;,
represents a count of completed drug development
projects for CRO i in clinical phase j at time
t. Similar to technological area experience, we
use a 20 percent depreciation factor per period.
Own Firm Projects represents the number of other
drug development projects currently ongoing by
the CRO separate from the focal drug develop-
ment project. This variable is time-varying and is
intended to separate the effects of therapeutic area
scope from the managerial difficulties associated
with CROs being spread too thin.

Competitive environment. The variable Other
Firm TA Experience represents a count of the num-
ber of other CROs with experience in the same
therapeutic area as the focal drug development
project. On the one hand, therapeutic areas with
fewer active CROs likely have weaker competi-
tive environments, which reduce firm incentives
to complete drug development projects as quickly
as possible. On the other hand, therapeutic areas
with fewer CROs might represent scarcity condi-
tions in particular skill sets necessary to complet-
ing drug development projects in a timely man-
ner. This variable represents an improvement over
using just therapeutic area indicator variables (dis-
cussed below), as it varies over time.>

Indicator variables. We control for any unmea-
sured variation that might exist from differences
in technological opportunity or development phase
using up to 13 therapeutic area and three clini-
cal phase indicator variables, respectively. These
indicator variables have been identified in the
pharmacoeconomics literature as having a signif-
icant effect on drug development time (DiMasi
et al., 1991). We also control for unobserved time-
varying factors that influence firms’ development
performance by introducing a yearly time trend.
Finally, in some econometric models we control

3We tested two other competitive environment variables that
measure other firm experience. The first represents the number
of completed projects for all CROs in the dataset (the depth of
other firm experience) in a given therapeutic area. The second
represents the number of ongoing projects for all CROs in
the dataset in a given therapeutic area. Both variables were
highly correlated with our preferred variable. The replacement
of our preferred variable with each produced no significant
changes to our results. We therefore did not include either in
our econometric analysis.
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for unobserved heterogeneity among the popula-
tion of CROs in the dataset by introducing firm-
level indicator variables.

EMPIRICAL ANALYSIS

Summary statistics

Table 1 summarizes the dependent and indepen-
dent variables for the econometric model below.
Table 2 provides sample and correlation statistics
for the dependent, independent, and control vari-
ables. The dataset includes 252 unique drug devel-
opment projects from 26 different CROs between
1993 and 1999 that cover the four major phases
of development. Drug development projects take
on average slightly more than 29 months to com-
plete, with minimum and maximum completion
times from 0.3 months to 72 months, respectively.
CROs participate in an average of slightly more

than eight drug development projects at the same
time, with a range between 1 and 13.* CROs have
experience in slightly more than six therapeutic
areas, on average, with a range between 1 and
14. Finally, drug development projects are spread
fairly evenly across the therapeutic areas in our
dataset, with an average of slightly more than 18
projects per therapeutic area and a range between
6 and 38.

Some of the variables have high pair-wise cor-
relations, which present multicollinearity concerns
and require consideration for identification pur-
poses in the econometric analysis. Our two mea-
sures of scale are highly correlated with each
other and with the number of countries a given
CRO operates in. A variation inflation factor (VIF)
test confirms harmful multicollinearity between the
scale measures and moderate collinearity between

4 CROs with only single projects in the dataset are dropped when
firm fixed effects are utilized.

Table 1. Dependent and independent variables

Name Units  Description

Dependent variables

Development Time # Fractional number of months from the start to completion of a given drug
development project

Development Time/Employee  # Fractional number of months from the start to completion of a given drug
development project divided by the number of clinical employees of the
focal CRO

Experience variables

TA Experience # Discounted therapeutic area experience of focal CRO

Phase Experience # Discounted clinical phase experience of focal CRO

Economies variables

Employees # Total number of CRO employees of focal CRO

Functional Areas 0...6 Number of functional areas focal CRO has at least twenty employees

TA Scope # Number of therapeutic areas in which focal CRO has project experience

Other variables

Subjects # Number of subjects involved in focal drug development project

Centers # Number of centers involved in focal drug development project

Drug Novelty # Number of marketed products in given therapeutic area

Public Firm 0/1 Ownership structure of focal CRO (1 = public)

Countries # Number of countries focal CRO operates in

Age # Age of focal CRO since founding

Customer Percent Business 0..1 Percentage of overall business pharmaceutical firm represents to focal CRO

Own Firm Projects # Number of ongoing drug development projects within the focal CRO

Other Firm TA Experience # Number of other CROs with experience in the same therapeutic area as

Indicator variables
TA

Phase

Firm

Year

focal drug development project.

Therapeutic area fixed effect
Development phase fixed effect
Firm fixed effect

Time trend or year fixed effect

Copyright © 2006 John Wiley & Sons, Ltd.
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the number of countries and each scale mea-
sure. We therefore utilize a single measure of
scale economies in separate models of the base-
line analysis and eliminate the number of countries
from the econometric specification but test for its
effects in the robustness analysis. High pair-wise
correlation also obtains for the number of clinical
study centers and human subjects control variables.
A VIF test again confirms harmful multicollinear-
ity, so we accordingly utilize the number of clinical
study centers in the econometric specification but
test for the effects of patient population in the
robustness analysis.

Econometric model

Because we examine the completion of drug devel-
opment projects by CROs over time, we use event
history analysis. Each drug development project is
considered to be at risk until it is completed. We
model this as a stochastic process, and define the
transition rate r(¢) of development completion for
CRO i at time ¢ as

lim Pr( <?|T >1t)

!

ri(t) = 7

—> t r—1

We estimate models that specify the transition rate
as a function of time ¢ and a vector of covari-
ates Z that measure experience, scale economies,
scope economies, and our control variables. This
estimation approach takes the general form r;(¢) =
f(t, Z;;). Our specific approach is a piecewise
constant rate model that takes the form Inr;(t) =
mp—+ BZy, t >0, t € Ip, where Z; represents
the covariates and mp denotes a set of duration-
specific effects defined by specific breakpoints
0 <71 <1 <...<7p under the assumption that
Tpy; = 00. This specification produces P dis-
tinct periods: Ip = {t|tp <t < Tp,;} and a set of
ordered constant terms mp that indicates whether
duration dependence follows any particular pat-
tern. This specification utilizes maximum likeli-
hood estimation that adjusts standard errors for
within-firm clustering (by CRO), and is imple-
mented via a user-defined routine in STATA
(Sorensen, 1999).

The piecewise exponential specification pre-
serves flexibility without imposing any parametric
assumptions or restrictions on the dataset. Constant
hazard rates are defined over P periods, in con-
trast to the Gompertz and Weibull distributions,

Copyright © 2006 John Wiley & Sons, Ltd.

which assume a single exponentially increasing
(or decreasing) hazard rate, and the exponential
distribution, which assumes a single constant haz-
ard rate.’> As our measures represent the hazard
of a drug development project being completed,
variables that lead to shorter (longer) drug devel-
opment times have positive (negative) coefficients.

As DataEdge does not monitor and track inter-
nal drug development by pharmaceutical firms, our
dataset includes only outsourced clinical develop-
ment projects managed by CROs. We also do not
possess data on development projects that either
did not complete or were unsuccessful in gaining
regulatory approval, but do have the exact start
and end calendar dates for all drug development
projects undertaken by CROs in the sample. While
the former condition presents conditional interpre-
tations for our results, the latter two conditions
ease left and right censoring concerns.

Econometric results

The econometric results are presented in Tables 3
and 4. Table 3 presents the results for our pri-
mary event history analysis, incrementally adding
the independent variables of theoretical interest.
Table 4 presents several robustness tests using dif-
ferent independent variables and alternative empir-
ical specifications. Each model in Tables 3 and 4
easily rejects likelihood ratio null hypothesis tests
for the inclusion of fixed effects and the control
and independent variables, at least at the 0.001
level.

Model 1 of Table 3 includes the therapeutic
area and development phase fixed effects, as well
as a yearly trend variable. Model 2 adds the
drug project-level control measures of novelty and
centers; the firm-level control measures of firm
type, age, customer percent business and phase
experience; and the competitive environment con-
trol measure of other CROs’ therapeutic area
experience. Models 3 and 4 add the firm-level
independent measures for experience and scope
economies and, respectively, our measures of scale
economies. Models 5 and 6 add the interaction
between experience and scope economies to Mod-
els 3 and 4, respectively. As each of the models
improves the fit on its predecessor, we focus our
attention on Models 5 and 6.

3 Our results are robust to these other distributions.
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A comparison of the constant piecewise haz-
ards coefficients indicates that drug development
project completion time increases monotonically
with time elapsed since the last event. These
results indicate that the likelihood of completion
is moderated in part by drug development project
age. Drug development projects that involve more
clinical study centers decrease development time,
while drug novelty increases development time.
Although neither coefficient achieves statistical
significance, they are in directional agreement
with the pharmacoeconomics literature (Kaitin and
Manocchia, 1997).

For the general firm-level indicator variables,
older and public CROs have shorter drug devel-
opment project completion times in comparison to
their younger and privately held peers. The per-
centage of business that the sponsoring pharma-
ceutical firm represents to the focal CRO has no
significant effect on development performance. For
the drug development specific firm-level variables,
the number of ongoing drug development projects
improves performance, while the phase experience
of the focal CRO decreases performance, although
neither achieves statistical significance.

In terms of hypothesis testing, we first argue
that scale positively influences development per-
formance (Hypothesis 1). We find strong support
for this hypothesis (p < 0.01) in both models,
using either the natural log of the number of CRO
employees or the number of functional areas in
which the focal CRO has at least 20 employ-
ees. These results suggest that larger size per-
mits the adoption of more effective development
problem solving strategies or techniques or allows
for development on a larger scale, which sub-
sequently improves performance. We also argue
that technological area diversity, our measure of
scope economies, improves development perfor-
mance (Hypothesis 2). Our results indicate instead
that therapeutic area scope increases drug devel-
opment project completion time, which indicates
scope diseconomies and suggests that knowledge
spillovers are limited or nonexistent between ther-
apeutic areas. Although in agreement with other
empirical research on drug development (Danzon
et al., 2005), we discuss this somewhat surpris-
ing finding in more detail immediately below. We
also argue that there are returns to greater experi-
ence within a particular therapeutic area (Hypoth-
esis 3), and find strong support for this hypothesis
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(p < 0.01). We thus surmise that greater therapeu-
tic area experience provides useful specialized and
common knowledge via experiential learning by
doing.

We finally argue that the positive effect of
greater therapeutic area experience on drug devel-
opment project completion time performance is
increasing in greater technological area diversity
(Hypothesis 4). We find strong support for this
hypothesis (p < 0.05), which in part helps to
explain the counterintuitive scope economies find-
ing above. CROs that have a depth of experience
within a particular technological area, as well as
breadth of experience in other technological areas,
outperform CROs with more limited technological
area experience and narrow focus. The knowledge
imparted via experiential learning and the knowl-
edge accessible from spillovers among technolog-
ical areas are therefore complements as opposed
to substitutes in improving development perfor-
mance.

An examination of the economic significance of
these results demonstrates that particular thresh-
old levels of experience and scope are required
to improve development performance. Figure 1
shows how therapeutic area experience impacts
development performance for low (mean — SD),
average (mean), and high (mean + SD) levels
of therapeutic area scope. This figure normalizes
all variables by their mean levels, so all values
in the figure indicate the multiplicative effect of
changes from this baseline. For low technological
area diversity firms, greater therapeutic area expe-
rience has a positive but relatively modest impact
on development performance. The effects of expe-
rience are more profound, however, for CROs with
greater levels of technological area diversity. Aver-
age diversity CROs improve development perfor-
mance more than four times from the minimum to
maximum level of experience, while highly diverse
CROs improve performance more than seven times
from the minimum to maximum level of experi-
ence. Figure 1 also indicates that average-diversity
CROs outperform low-diversity CROs at the mean
level of therapeutic area experience, while highly
diverse CROs outperform other CROs at experi-
ence levels in excess of the mean level.

Table 4 provides several robustness tests for
some of our independent variables and alterna-
tive empirical specifications. Owing to space con-
straints we provide only the results for one measure
of scale economies (employees), although these
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results are qualitatively identical using the other
scale measure (functional areas). Model 1 repeats
the Model 5 results of Table 3 for comparison pur-
poses. Models 2 and 3 examine the multicollinear-
ity concerns associated with some of our indepen-
dent variables. Model 2 replaces the number of
clinical study centers in Model 1 with the number
of human subjects, while Model 3 adds the number
of countries the focal CRO operates in to Model 1.
Coefficient estimates and standard errors are nearly
identical in comparing Model 1 and Model 2, and
the same result is true from comparing Model 3 to
Model 1, although our measure of scale economies
loses statistical significance but is still positive in
sign. A likelihood ratio test between Models 1 and
3 indicates that the addition of Countries does not
improve the explanatory power of the specification
(p > 0.10).

Model 4 of Table 4 addresses concerns of unob-
served firm-level heterogeneity by adding firm-
level indicator variables to Model 1. This alterna-
tive specification requires us to limit our analysis
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Interaction of experience and scope on development performance

to a reduced sample of CROs that undertake mul-
tiple drug development projects, and we drop the
therapeutic area fixed effects to preserve degrees
of freedom. The results are qualitatively similar
to Model 1, although one change of note is the
loss of statistical significance in our scale mea-
sure.

Model 5 addresses concerns that our depen-
dent variable does not control for differences in
development performance brought on by increas-
ing or decreasing input factors. This model alters
the dependent variable—time to project comple-
tion—by dividing it by the number of clinical
employees of the focal CRO, which subsequently
changes the number of spells for each develop-
ment project. Some of the Model 4 results are
notably different in comparison to Model 1. In
particular, the constant piecewise hazards coeffi-
cients change sign but still indicate that drug devel-
opment project completion time increases mono-
tonically with time elapsed since the last event,
which again suggests that the likelihood of com-
pletion is moderated by project age. Firm age
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remains positive and becomes statistically signif-
icant, which indicates that older CROs achieve
superior development performance in comparison
to their younger peers. Finally, most of our main
theoretical variables of interest maintain their signs
and statistical significance, although the interaction
term does not.

DISCUSSION

Our empirical results confirm the role of size in
differentiating development performance. In par-
ticular, we find that both the number of employees
and the size of functional representation within the
firm improve performance. Interviews with phar-
maceutical firms and CROs confirm that there are
important performance differences between small
and large CROs, particularly related to large-
scale and data-intensive development. Larger and
more functionally diverse CROs appear to more
effectively utilize development resources or imple-
ment problem-solving strategies related to devel-
opment in comparison to smaller or less function-
ally diverse CROs. Our results also suggest that
technological area experience yields development
performance advantages. CROs with more expe-
rience in a particular therapeutic area appear to
develop both specialized technological knowledge
and general common knowledge, such as problem-
solving and decision-making approaches, that can
be drawn on in subsequent and similar develop-
ment efforts. The knowledge gained from working
within a particular technological area thus repre-
sents an important and lasting source of competi-
tive advantage.

Our results suggest that technological area diver-
sity by itself results in scope diseconomies. In
particular, CROs who participate in many (pos-
sibly unrelated) therapeutic areas achieve worse
performance in comparison to those in fewer ther-
apeutic areas. Technological area diversity may
overextend or limit CROs—not in their abilities
to develop new knowledge, but in their abilities
to usefully apply this knowledge to other techno-
logical areas. Our results suggest, however, that
technological area experience plays an important
moderating role in the relationship between scope
economies and development performance. CROs
with limited technological area scope achieve mod-
est development performance through additional
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experience, while CROs with significant techno-
logical area scope achieve superior development
performance from additional experience.®

Our results therefore extend the work of Hen-
derson and Cockburn (1996) and others (Chan-
dler, 1992; Teece, 1980), who suggest that one
of the most important determinants of scope in
R&D-intensive industries is the opportunity to take
advantage of intra-firm spillovers of knowledge
within closely related technological areas. We find
evidence that development performance is deter-
mined in part by the relationship between experi-
ence in a particular technological area and diver-
sity across technological areas, perhaps because
experience shapes and influences firms’ absorptive
capacities (Cohen and Levinthal, 1990). Experi-
ence increases firms’ understanding of the shape
and dimensions of the technological area land-
scape (Levinthal, 1997), and develops the problem-
solving strategies that are effective in improving
performance. Firms also better understand idiosyn-
crasies, have likely made efforts in codifying tacit
information, and have solved more and more var-
ied problems as experience grows within a tech-
nological area. The knowledge gained from oper-
ating in other technological areas is also better
understood in terms of its relevance to particular
technological areas. This storehouse of informa-
tion and problem-solving approaches can also be
used to inform and improve upon the develop-
ment efforts in other technological areas. Efforts to
capitalize on the cost and productivity advantages
associated with scope and learning economies may
help to explain many of the noticeable changes
taking place in the pharmaceutical industry. Both
the pharmaceutical and contract research industries
have witnessed an intense wave of consolidation
in recent years. In the CRO industry in particular,
consolidation has led to the emergence of large,
functionally and therapeutically diversified firms.
Our findings suggest that there is some quantitative
justification for this industrial reorganization.

Our results have important implications for man-
agers and firms engaged in the production of
knowledge related to development within the firm.

% An alternative hypothesis is that the most difficult development
projects are outsourced to the best CROs, as measured by their
experience operating in multiple therapeutic areas. If this is the
case, then development performance would be worse for those
CROs with greater technological area diversity. We cannot rule
out the possibility of such an alternative, but doubt that this is
the case based upon our analysis and interviews with CROs.
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We find that development performance is condi-
tioned in part by a give and take between scope
economies and learning economies. This finding
suggests that firms lacking experience in a particu-
lar technological area are better off first developing
knowledge and problem-solving approaches in this
area through experience than expanding into other
technological areas where they have no experience.
Firms with limited technological area experience
and broad technological area scope face develop-
ment performance disadvantages because knowl-
edge spillovers are more difficult to absorb and
make use of if they do not possess intimate knowl-
edge on the landscape and the requisite problem-
solving approaches first. Our results also suggest
an important role for knowledge management in
firms’ R&D activities. Firms that seek to improve
development performance must not only manage
their development efforts such that their techno-
logical areas are neither overly broad nor overly
specific, but also sequence these activities such
that new knowledge can be more easily absorbed
and usefully applied across these technological
areas. The performance penalties associated with
broad scope and limited experience in compari-
son to broad scope and significant experience sug-
gest that experiential learning is a necessary con-
dition for improving development performance.
What appears to matter in improving development
performance is the order that these activities are
conducted. Because technological area depth is
a significant determinant of development perfor-
mance by itself and when interacted with techno-
logical area breadth, firms are better off developing
experience within a particular technological area
first and then leveraging this experience into other
(related) technological areas.

The above arguments have some corollary to
the exploration—exploitation framework of orga-
nizational learning (Levinthal and March, 1993;
March, 1991), which has been applied to empir-
ical examinations of patenting (Rosenkopf and
Nerkar, 2001) and new product development and
commercialization (Rothaermel and Deeds, 2004),
among others. Exploitation represents the contin-
ual refinement and extension of existing, proxi-
mate and more predictable opportunities, whereas
exploration represents the search for new, dis-
tant and more uncertain opportunities. Although
exploration is a necessary precursor to exploita-
tion, firms typically exploit current opportunities
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(e.g., current technological areas) while simulta-
neously exploring for new opportunities (e.g., new
technological areas). Our findings complement this
research stream by suggesting that the success
of exploration can be enhanced and improved
upon from greater experience through exploitation.
If firms in R&D-intensive industries pursue both
exploration and exploitation strategies, we argue
that the order with which these activities take place
matters for development performance.

We do not believe that our findings are specific
to CROs or to the pharmaceutical industry. The
same learning and scale and scope economies that
exist in the ‘market’ for drug development (e.g.,
through CROs) are likely to be found inside phar-
maceutical firms. We also believe that our findings
are applicable to other settings in which firms make
different, but related products; where experience
increases knowledge and improves performance;
and where intra-firm knowledge spillovers can be
applied to other technological areas. Other relevant
industry examples are likely to include, but not be
limited to chemicals, consumer electronics, semi-
conductor products, and software. In each of these
industries, experience and knowledge within a par-
ticular technological area are likely to translate
into improving performance in other technological
areas.

While the CRO industry provides an appro-
priate setting to isolate and examine the factors
important for drug development independent of
those for drug discovery, some limitations and
caveats must be noted in our econometric analysis
and results. We examine development in a sin-
gle industry—pharmaceuticals—and by a single
organizational form—contract research organiza-
tions (CROs). Our results are thus at the mercy of
any selection biases that may exist by pharmaceuti-
cal firms’ drug development outsourcing decisions.
In a separate empirical examination (Macher and
Boerner, 2005), however, we examine drug devel-
opment performance by pharmaceutical manufac-
turers and CROs using a dataset of Investigational
New Drug (IND) submission and New Drug Appli-
cation (NDA) submission and approval times for
FDA-approved drug products from 1981 to 1995.
This dataset is a random sample of drug prod-
ucts approved by the FDA over this time period.
A difference of means test of drug development
completion times indicates no statistical perfor-
mance difference between pharmaceutical manu-
facturers who internalize drug development vs.
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those who outsource drug development to CROs.
Furthermore, our interviews with CROs and phar-
maceutical firms do not suggest any systematic
differences in the selection of drug development
projects by pharmaceutical firms for outsourcing.
Another potential limitation is that we examine a
set of clinical-related activities—therapeutic area
experience and scale and scope economies—that
we are able to generate good proxies for. Although
a narrow focus potentially limits the generalizabil-
ity of our results, it nevertheless allows for greater
precision in our measures and a more direct link
between the presence of these factors and differ-
ences in firm performance. We also do not control
for the inter-firm spillovers that may be present
and have been found to be important drivers of
innovative performance in prior research. Finally,
all of our results are subject to the qualification
that drug development project complete time is but
one measure of performance in the pharmaceutical
industry.

CONCLUSION

This paper provides a detailed examination of the
importance of firm experience (learning economies)
and scale and scope economies on development
performance in an important and highly innovative
setting. The analysis presented provides a number
of insights into the importance and interaction of
experience and scope economies in the develop-
ment process. In doing so, the paper adds to the lit-
erature that examines knowledge development and
management and its implications on performance
in R&D-intensive settings. Theoretical linkages are
made between research in the economics of R&D
and the knowledge-based view (KBV) of the firm.
Prior literature in the economics of R&D literature
has hinted at the importance of scale and scope
in development without exploring how knowledge
generated through experience in particular tech-
nological areas may condition the magnitude of
these effects. One central reason for these prob-
lems is that many of the factors that are central
to firm performance are not observable in publicly
available, aggregate data (Rouse and Dallenbach,
1999). This paper overcomes this limitation by
utilizing a proprietary dataset containing detailed
project- and firm-level information to more accu-
rately measure the factors that condition the time
required to perform development.
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Our empirical results underscore the impor-
tance of learning economies and scale and scope
economies in differentiating development perfor-
mance. These findings importantly denote that both
experiential and scale and scope economies help
to explain performance differences in research and
development. Moreover, our results suggest that
experience within particular technological areas
shapes and facilitates firms’ abilities to absorb
knowledge spillovers from other technological
areas. To date, few researchers have explored
how the size and shape of firms’ research port-
folios, along with their experience in particular
technological areas, affects development perfor-
mance. Our results extend this approach by finding
that an important determinant within innovative
intensive industries is taking advantage of intra-
firm spillovers of knowledge within closely related
areas of technological knowledge.
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