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Research Question

■ What factors drive firm performance in development?

■ Experiential Learning

■ Embedded routines or highly tacit knowledge.

■ Economics of R&D

■ Size and breadth of firms’ innovative activities.

■ Some combination

■ Unpack relative importance of experience vs. scale and scope 

economies.



Phenomenon

■ Pharmaceutical R&D activities
■ Drug discovery

■ Initial screening and extraction of compounds with desired 
therapeutic properties.

■ Drug development
■ Extensive lab, animal and human testing.
■ Regulatory oversight to ensure safety, efficacy, mechanism of 

action, manufacturability, etc.

■ Pharmaceutical industry changes
■ Separation of drug discovery from drug development 

■ Brought on by advances in several scientific fields and rise of 
biotechnology.

■ Provide greater understanding of “mechanism of action.” 
■ Allow more careful selection of compounds for drug screening.

■ Changing industry structure.
■ Rise of specialist research firms focused on discovery.
■ Rise of Contract Research Organizations (CROs) focused on 

development.



Motivation

■ Importance of, but difficulty in, conducting 

pharmaceutical R&D

■ 15 years average total drug development time.

■ >$800 MM average cost of development.

■ Average New Drug Application (NDA).

■ 68 clinical trials; 3,600 patients; 91K pages filed with FDA

■ Empirical research

■ Focused in drug discovery  “R” part.

■ Limited in drug development  “D” part.

■ 60 per cent of overall R&D costs.

■ 67 per cent of overall time.



Scale Economies

■ Increasing returns to research and development

■ Spread fixed cost over larger base (Cohen & Klepper 1996).

■ Exploit economies in conduct of R&D  efforts (Panzar and Wilig 1981).

■ Gain access to complementary technologies & downstream capabilities 

(Cohen 1995).

■ But theoretical counter-arguments and mixed empirical findings

■ In general (Cohen and Levin 1989; Patel and Pavitt 1995).

■ In pharmaceutical R&D (Vernon and Gusen 1974; Henderson and 

Cockburn 1996 vs. Dimasi et al. 1995)

■ Limited internal firm data required for accurate measurement exists.

■ Drug development scale economies

■ Large fixed costs (e.g., laboratories, testing facilities, IT resources).

■ Specialized scientific and clinical personnel.

H1: Greater size improves development performance, 
ceteris paribus.



Scope Economies

■ Cost savings or performance benefits to combining activities or 

having a diverse R&D program

■ Share productive inputs at little or no additional cost (Panzar and Wilig 

1981).

■ Facilitate internal spillovers of knowledge (Henderson and Cockburn 

1996).

■ Requires some ability to articulate and codify knowledge within the 

firm. 

■ Absorptive capacity (Cohen and Levinthal, 19900).

■ Drug development scope economies

■ Across technological (e.g., therapeutic) areas.

H2: Greater technological area diversity improves 
development performance, ceteris paribus.



Firm Experience

■ Organizations as routine-based and history-dependent systems:

■ Adapt incrementally and learn from past experiences (March and 

Simon 1958; Nelson and Winter 1982).

■ Possess embedded routines that enable and constrain what they can 

do (Baum, Li et al. 2000).

■ Gain competencies through experiential learning based on 

embedded or highly tacit knowledge (Teece 1982).

■ Develop informational advantages from legitimacy or past success 

(Baum, Li et al. 2000) and from reduced uncertainty via learning by 

doing (Argote 1999).

■ Drug development experience

■ Within a technological (e.g., therapeutic) area.

H3: Greater technological area experience improves 
development performance, ceteris paribus.



Tradeoffs and Contingencies: 
Experience and Scope

■ Related or unrelated effects?

■ Related.

■ Products, markets and regulatory environment has significant 

commonality. 

■ If related, substitutes or complements?

■ Complements.

■ Experiential learning:
■ Likely exhibits diminishing returns (Argote, 1999).
■ Facilitates development of common knowledge (Grant, 1996).
■ Improves firms’ absorptive capacity (Cohen and Levinthal, 1990).

H2: The positive effect of technological area experience 
on development performance is increasing in 
technological area diversity, ceteris paribus.



Empirical Analysis

■ Data Sources
■ DataEdge proprietary data set on CRO drug development 

projects.
■ Histories – drug type, specific tasks undertaken, phase of 

development, start and end dates, etc.
■ Firm Information – age, size, employees, software development, 

functional backgrounds, business allocation, etc.
■ Review of CRO industry publications and promotional material.
■ Structured telephone and in-person CRO interviews.

■ Empirical Specification
■ Event history approach to model probability that drug 

development project is completed at time t.
■ Exponential model with fixed effects and clustering to adjust for 

within-firm correlation.



Empirical Results
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Economic Significance
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What Do the Results Mean?
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Robustness Tests

■ Project measures

■ Consistent results from utilizing different project measures. 

■ Firm measures

■ Consistent results from utilizing different firm measures or 

utilizing firm-level indicator variables.

■ Performance measures

■ Consistent results with replacing IND Time with IND 

Time/CRO employees (i.e., to control for input factors).

■ Econometric Methods

■ Consistent results with exponential, gompertz and weibull 

distributions.



Discussion

■ Scale improves development performance.

■ Larger/more functionally diverse firms more effectively utilize 

development resources.

■ Experience improves development performance.

■ More experienced firms develop more specialized (and more 

general) problem-solving approaches. 

■ Scope reduces development performance.

■ Technological area diversity might limit or overextend firms.

■ BUT experience moderates this relationship.

■ Strong relationship between technological area experience and 

technological area diversity. 



■ Managerial Implications

■ Knowledge management in R&D activities is important.

■ Balance, order and sequencing matter.

■ Develop breadth (exploitation) first, then depth (exploration).

■ Corollaries to the exploration-exploitation framework.

■ Other Settings (beyond pharmaceuticals):

■ Where firms make different, but related products.

■ Where experience develops knowledge and improves 

performance.

■ Where intra-firm knowledge spillovers can be applied to other 

technological areas.

■ e.g., chemicals, electronics, semiconductors, software. 

■ Limitations

■ Single, somewhat idiosyncratic industry. 

Conclusion


