
Technological Development at the 
Boundaries of the Firm

Jeffrey Macher

Associate Professor

McDonough School of Business

Georgetown University

06 November 2007



Research Questions

■ How does knowledge development and transfer differ 

between organizational modes and by firms who 

possess different levels of experience?

■ What role do markets play in developing knowledge?

■ How does the structure of problems (in technological 

development) affect the development and transfer of 

knowledge within and between organizations?

■ How does (technological area) experience affect the 

development and transfer of knowledge within and between 

organizations?



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

■ Theoretical

■ Add to KBV using PSP (Nickerson & Zenger, 2004).

■ Firms primary objectives are to create valuable knowledge, which 

requires the solving of particular problems. 

■ Alternative modes of organization differ in problem solving and 

solution search efficiencies.
■ Discriminating alignment between problems—which vary in structure 

and complexity—and organizational modes—which vary in their 

abilities to support knowledge development and transfer.

■ Incorporate effects of technological area experience on 

organization and performance.

■ Empirical

■ Highlight importance of drug development.

■ Add to empirical research.

■ Predominantly focused on drug discovery  ―R‖ part.

■ Limited examinations of drug development  ―D‖ part.



Firm Experience

■ Firms develop knowledge from experiential learning-by-doing. 
■ Develop superior internal routines (Nelson & Winter, 1982), expertise 

(Leonard-Barton, 1992) and mechanisms (Grant, 1996).
■ Gain informational advantages and uncertainty reductions (Argote, 

1999).
■ Sharpen problem solving approaches (Macher & Boerner, 2006).

■ Firms with more technological area experience.
■ Are more likely to keep development internal.

■ More detailed information filters, routines and heuristics in place. 
■ Better understanding of knowledge sets and potential interactions.

■ Achieve superior performance.
■ Better able to evaluate, monitor and absorb knowledge from supplier firms 

(Cohen & Levinthal, 1990; Mayer & Salomon, 2006). 

H1a Firms with more technological area experience are more likely to internalize 
technological development.

H1b Firms with more technological area experience complete development 
faster than firms with less technological area experience, ceteris paribus.



Technological Development

■ Range from well- to ill-structured; simple to complex.

■ Well vs. Ill –Explicit (poor) procedures for solving. Well-

understood (ambiguous) knowledge sets and interactions. 

■ Simple vs. Complex – Limited (significant) number of 

knowledge sets and interactions. Decomposable (non-

decomposable) problems. 

■ Difficult to predict success or performance ex-ante.

■ Process of search for solutions.

■ Over different knowledge sets (Ethiraj & Levinthal, 2004) and 

landscapes (Gavetti & Levinthal, 2000).

■ Based on trial-and-error.

■ Parameters are altered, learned about, and improved upon.
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Technological Development

■ Technological development entails problem solving.
■ Ranging from ill-structured to well-structured.

■ Organization has efficiency implications.
■ Markets – Offer specialized expertise (Hammond & Miller, 1985); HPI 

and decentralized decision-making (Williamson, 1991); more 
competitive pressures (D’Aveni & Ravenscraft, 1994).

■ Internal Organization – Offers common languages (Monteverde, 1995) 
that codify (tacit) knowledge (Zucker et al., 2002); authority- and 
consensus-based administrative structures that settle disputes 
(Williamson, 1991) and prioritize solution search (Nickerson & Zenger, 
2004).

■ Discriminating alignment.
■ Ill-structured development activity matched to organizations better able to 

adapt to changing circumstances as information unfolds and is revealed…
■ …and vice versa.

H2a Firms are more likely to internalize technological development that entails 
ill-structured problems.

H2b Firms who internalize (outsource) technological development that entails ill-
structured problems complete development faster (slower) than firms who 
outsource (internalize) technological development, ceteris paribus. 



Tradeoffs and Contingencies: 
Experience and Problem Solving

■ Technological area experience.

■ Provides better understanding of extent and magnitude of 

knowledge sets and interactions.

■ Improves information filters and problem solving mechanisms.

■ Drawn on in development activity going forward. 

■ Improves selection and monitoring of partners, and absorption of 

information.

■ For well- and ill-structured technological development 

problems.

H3 The positive effect of technological area experience on the speed of 
technological development completion is increasing when technological 
development entails ill-structured problems, ceteris paribus.



Empirical Analysis

■ Data Sources
■ Pharmaceutical firm financial information

■ Scrips Pharmaceutical League Tables; Compustat; SEC filings.
■ Drug development information

■ Tufts University Center for the Study of Drug Development.
■ FDA Freedom of Information Act (FoIA) requests.
■ PJB Publishers and Scrips Pharma Projects database.

■ Contract Research Organization (CRO) information
■ DataEdge CROCAS database.

■ Empirical Specification
■ Pharmaceutical firms utilize CROs strategically.
■ Two-Stage Model

■ First-stage selection via Probit estimation.
■ Robust standard errors clustered by firm.
■ Licensing experience (of drug compounds) and drug priority serve as 

instruments.
■ Second-stage performance via event history estimation.

■ Piecewise exponential to model probability that drug development 
project is completed at time t (the hazard).

■ Self-selection correction with robust standard errors clustered by firm.



Independent Variables

Firm-Level ■ Age – Logged years since pharmaceutical firm founding/entry prior to clinical trial.

■ Size – Logged pharmaceutical revenue year prior to clinical trial.

■ General Experience – Discounted prior firm experience across all therapeutic areas prior to 

clinical trial.

■ Research Centers – Number of linkages between firm and top research institutions prior to 

clinical trial.

■ Clinical Patents – Logged clinical patents 5 years prior to clinical trial.

■ Licensing Experience – Logged drug compounds licensed in prior to clinical trial.

Drug-Level ■ Discovery – Logged number of drug compounds licensed in prior to clinical trial.

■ Market Size – Size of underlying patient population.

■ Priority – Priority rating assigned by FDA upon receipt of IND.

CRO-Level ■ CRO TA Experience – Prior drug development projects completed by CRO in focal therapeutic 

area prior to clinical trial. 

■ CRO Functional Areas – Number of functional areas CRO has more than 10 employees prior 

to clinical trial. 

Hypotheses ■ TA Experience – Discounted prior firm experience in therapeutic area prior to clinical 

trial.

■ Problem Structure – Extent to which clinical knowledge is disseminated across 

industry via other compounds under development or approved within a drug  

indication (subset of therapeutic area). 



Empirical Results

Organization Performance

Problem Structure + (integration) + (internal)

- (outsource) 

Experience + (internal)

+ (outsource)

Structure X Experience  (internal)
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Economic Significance

Ill-Structured Problems
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■ Measures

■ Results robust from replacing Firm Revenue with Firm R&D.

■ Results robust from altering Problem Structure thresholds. 

■ Results moderately robust from adding CRO controls.

■ CRO TA Experience and CRO Functional Areas.

■ Strictly for outsourced development. 

■ Econometric Methods

■ Consistent results with exponential, gompertz and weibull 

distributions.

Robustness Tests



Discussion

■ Technological area experience improves performance.

■ Within firms via experiential learning-by-doing.

■ Between firms via improved supplier selection, monitoring and 

absorptive capacity.

■ Problem structure has performance implications.

■ Well-structured problems can benefit from efficiencies of the market. 

■ Ill-structured problems benefit from greater control and coordination 

of internal development.

■ Firm organization has performance implications.

■ Developing and transferring (tacit) knowledge related to ill-structured 

problem solving is more efficient within firms than between firms. 

■ Firm organization matters!



■ Organizational alignment in firms’ R&D activities is 

critical.

■ Consider efficiency requirements and integration demands of 

problems.

■ Recognize technological area experience provides some 

amount of organizational flexibility. 

■ Sequencing of R&D activity is important.

■ R&D project portfolios offers a strategic approach to 

development activity (Wheelwright and Clark, 1992).

■ Findings relevant to industries engaged in production 

of knowledge both within and outside of firm 

boundaries.

■ Chemicals, Software, Semiconductors, etc. 

Conclusion



The Rest of the Story

■ Limitations

■ Single, somewhat idiosyncratic industry. 

■ Consider only new drug products ultimately approved by FDA.

■ Potentially more complete story examines ―success rate‖ 

(successes and failures) of firms.

■ Drug discovery and drug development

■ Separate or complementary functions?

■ We control for whether drug compound under development 

was discovered in-house or licensed-in.

■ And there are notable performance penalties from ―dual-

outsourcing.‖


