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Abstract

This study explores how absorptive, innovative and adaptive capabilities within early project phases affect project and portfolio performance in pharmaceutical and biotechnology R&D organizations. A sequential qualitative – quantitative mixed method was used with 18 interviews and 80 responses to an online survey. The results show effects of absorptive, innovative and adaptive capabilities on short- and long-term project performance and portfolio performance. Absorptive and adaptive capabilities are the primary contributors to the performance outcome, whereas innovative capabilities are a minor contributor. Managerial and theoretical implications are discussed.
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1. Introduction

Project and portfolio management are central for pharmaceutical and biotechnology organizations, where the R&D process is crucial for successfully developing innovative products. These industries are embedded in a rapidly changing environment and characterized as being hypercompetitive (D’Aveni, 1994, 1998; Liebeskind et al., 1996; Wang, 1997). In such turbulent environments, projects serve as powerful vehicles for creating the required flexibility, supported by appropriate capabilities and structures to allow controllability (Biedenbach and Söderholm, 2008). Existing literature emphasizes that organizations utilize dynamic capabilities to gain competitive advantage (Eisenhardt and Martin, 2000; Teece et al., 1997). Wang and Ahmed (2007) identified three components of dynamic capabilities namely absorptive, innovative and adaptive capabilities. Absorptive capabilities are important for organizations involved in pharmaceutical R&D to apply the latest external knowledge through learning processes (Lane et al., 2006). Innovative capabilities are essential for developing pharmaceutical products to refine or replace existing products (Subramaniam and Youndt, 2005). Whereas, adaptive capabilities are needed for identification and assessment of emerging market opportunities (Wang and Ahmed, 2007). 

Recent years’ low productivity of pharmaceutical R&D, high development costs and high failure rates have increased the pressure on organizations with shareholders demanding returns on their investment (Cuatrecasas, 2006). Organizations face an urgent need for more effective R&D processes, which successfully deliver innovative drugs. For that R&D managers need to know how utilization of organizational capabilities will help them achieving effective management of their R&D.
The pharmaceutical R&D process is a highly complex, uncertain and multi-faceted endeavor, which requires a strong interplay of people from diverse backgrounds, such as universities, pharmaceutical and biotechnology organizations (Khilji et al., 2006). In this respect, diverse capabilities such as absorptive, innovative and adaptive capabilities are key for achieving innovation in joint efforts. Therefore, organizations utilize external knowledge, adapt to business opportunities and innovate accordingly. To the best of the authors’ knowledge, the building, maintenance and utilization of these specific capabilities are neither explicitly addressed in the bodies of knowledge (APM, 2004; PMI, 2008) nor previously researched in the field of project management. At a more general level dynamic capabilities were applied in project management research (c.f. Killen et al., 2008a; Petit and Hobbs, 2010), indicating the need to look at its constituting capabilities and the effect of these on project performance outcomes.
Cooper et al. (1999) emphasize that selecting the right projects and efficient resource allocation is crucial for portfolio management. Thus, appropriate project portfolio decisions require organizations to absorb external influences for portfolio and project effectiveness, adapt their portfolio to new market opportunities and maintain innovation across projects to stay competitive. R&D in these industries is a tightrope walk between successful innovation outcome and failure. Attrition rates within are high, 80%-90% of the compounds entering the pre-clinical testing will not become a commercialized product (Cuatrecasas, 2006). Thus, it is important to reduce the attrition rate later in the clinical development phases by increasing the effectiveness of the earlier phases (Gassmann and Reepmeyer, 2005). This statement indicates the importance of early project phases for successful R&D.

Research has investigated the capabilities – firm’s performance relationship in general (Krasnikov and Jayachandran, 2008), for absorptive capabilities (Lane et al., 2006), innovative capabilities (Sher and Yang, 2005), and adaptive capabilities (Bourgeois, 1980; Snow and Hrebiniak, 1980). Deeds et al. (1999) investigated the effect of R&D capabilities on the number of developed products to measure R&D performance. Despite its relevance, research has not yet addressed the effect of absorptive, innovative and adaptive capabilities on project and portfolio performance. This study aims to close this gap by exploring how absorptive, innovative and adaptive capabilities within the early project phases affect project and portfolio performance within the R&D of pharmaceutical and biotechnology organizations. The following research questions are addressed: 

What are the absorptive, innovative and adaptive capabilities within R&D in pharmaceutical and biotechnology organizations?

How do absorptive, innovative and adaptive capabilities affect project and portfolio performance in the pharmaceutical and biotechnology industries?   

The unit of analysis in the qualitative study are the absorptive, innovative and adaptive capabilities as such. It illustrates how these capabilities express themselves in the early project phases of the R&D process. The subsequent quantitative study shows the effect of these capabilities on project and portfolio outcomes. The unit of analysis here is the relation between the different capabilities and project/portfolio performance. Managers can use the results to accomplish particular project and portfolio performance outcomes.
The paper continues with the literature review, followed by a methodology section. Thereafter, the qualitative study is presented and analyzed and subsequently the findings of the quantitative study are presented. The paper ends with discussions and conclusions.

2. Literature Review
This section starts with a description of the pharmaceutical R&D context. Project and portfolio performance literature is reviewed next, followed by literature on early project phases. Finally, absorptive, innovative and adaptive capabilities are reviewed. From the literature, hypotheses are developed throughout this section and subsequently assembled into a research model.
2.1 The Pharmaceutical and Biotechnology Industry

The characteristics of R&D in the pharmaceutical and biotechnology industry are:

· Complex and lengthy development processes of up to 15 years, which are costly and hardly predictable (Cuatrecasas, 2006; Ingelgård et al., 2002). 

· Lengthy interactions with regulatory authorities and international health care institutions over the project lifetime (Coombs and Metcalfe, 2002; De Carolis, 2003). 

· Intense cross-functional collaboration within and across organizations especially for biotech organizations, to turn an idea into a commercially viable product (Khilji et al., 2006).

The pharmaceutical and biotechnology industries are intertwined. Most biotech organizations are dependent on the resources of larger pharmaceutical organizations requiring funding, validation, and access to expertise and markets (Cooper, 2006). Large pharmaceutical firms fill gaps in their diminishing R&D pipelines by buying in and co-developing with biotechnology firms. 

Biotechnology had a significant effect on drug discovery by developing research tools for biopharmaceuticals and small-molecule drugs and integrating them into the R&D process of pharmaceutical organizations (Hopkins et al., 2007). R&D productivity in the pharmaceutical industry declined within the last three decades due to higher costs of drug development, longer clinical development timelines and high failure rates within the clinical development (Ahn et al., 2010; Booth and Zemmel, 2004; Paul et al., 2010). The quantitative decline in productivity contrasts with the qualitative improvements made while tackling increasingly complex disease areas (Nightingale and Martin, 2004).

2.2 Project Performance
Evaluating the performance of projects depends on the definition of performance and its context. Traditionally, project performance is described by the cost-time-quality triangle (Project Management Institute, 2004). However, researchers like Atkinson (1999), Cicmil and Hodgson (2006), Shenhar and Dvir (1996), as well as Turner and Müller (2006) propose a wider perspective than this. They suggest the inclusion of suppliers and stakeholder satisfaction measures. Collins and Baccarini (2004) suggest including product success and meeting of project owners’ needs. 

Most popular is the work by Pinto and Slevin (1988), Shenhar et al. (2002), as well as Hoegl and Gemuenden (2001), whose proposed measurement models differ by aspects of project success or project type. However, the ten critical success factors (CSF) by Pinto and Slevin are also often used for performance measurement. They categorize CSFs by planning (i.e. project mission, top management support, project schedule/plan and client consultation), and tactics (i.e. personnel, technology to support the project, client acceptance, monitoring and feedback, channels of communication and troubleshooting expertise) (see also Pinto and Covin, 1989; Pinto and Slevin, 1988, 1989).

Shenhar et al. (2001) distinguish between four success dimensions: project efficiency, impact on the customer, business success, and preparing for the future. Project efficiency is a short-term dimension and concerns the resource constraints of time and budget. Impact on the customer is also a short-term dimension and focuses on customer demands and meeting their needs. Business success is a long-term dimension, which addresses the benefits to the performing organization. Preparing for the future is a long-term dimension and considers the creation of markets and products, and the development of new technology (Shenhar et al., 2001). Hoegl and Gemuenden (2001) include team performance effectiveness and efficiency, as well as personal success in work satisfaction and in learning.

The above mentioned models are of generic nature. They are not especially designed for R&D type projects at pharmaceutical and biotech firms. Moreover, they do not take the idiosyncrasies at early project phases into account. A measurement model for project success in the present study should therefore build on these models, but also the particularities of the type of projects and the life-cycle stage addressed in this study.
2.3 Project Portfolio Performance

While project performance concerns doing projects right, portfolio performance is about doing the right projects (Cooper et al., 2000). A portfolio of projects is defined as “an organization, (temporary or permanent) in which a group of projects are managed together to coordinate interfaces and prioritize resources between them and thereby reduce uncertainty” (Turner and Müller, 2003, p.7). 

PMI© points out that all activities of an organization should be reflected in a portfolio, not only projects. Therefore, portfolio performance is not simply the aggregate of project performance in the portfolio (Project Management Institute, 2006). Research on the link between project and portfolio management, has found project management efficiency to be a mediating factor between single-project factors and portfolio management efficiency (Martinsuo and Lehtonen, 2007). Thus, single-project management is important but insufficient for portfolio management efficiency (Martinsuo and Lehtonen, 2007).
Cooper et al. (1999) point out that portfolio management is crucial for the following reasons:

· Selecting the right new R&D projects is essential to maintain the competitive position of an organization,

· Efficient resource allocation is fundamental, because resources are limited,

· Project selection is coupled to an organization’s business strategy,

· Business must be focused so that there is a fit between the number of projects and the resources available.

These reasons underline the value of portfolio management for business strategy (Dietrich and Lehtonen, 2005; Shenhar et al., 2001) and the connection of strategy with project portfolio management (Meskendahl, 2010). Project portfolio management is essential for innovation and new product success emphasizing its strategic value (Cooper et al., 2001; Killen et al., 2008b). Moreover, Geraldi (2008) highlights that multi-project organizations need to maintain an appropriate level of organizational flexibility for the complexity of the project portfolio. Besides these factors that involve several important selection and balancing decisions, an optimal timing concerning when to stop struggling projects in the R&D portfolio is crucial already in the early stage of pharmaceutical R&D (Zhao and Chen, 2009). The resource constraints and the tendency of taking on too many projects for the limited capacity is a common problem for project portfolio management (Blichfeldt and Eskerod, 2008).
Performance is measured through six metrics, which concern balance of resources, value, time-orientation, and reaching time goals, business strategy alignment, and spending linked to business strategy. Based on their results, top portfolio performance is achieved by organizations that apply more formal approaches to portfolio management with well-defined procedures, utilization for all projects, and management trust (Cooper et al., 1999). 

Müller et al. (2008) assessed the influence of portfolio control techniques on portfolio performance in different contexts. They identified two measures for portfolio performance: achievement of desired portfolio results and achievement of project and program purpose (i.e. achievement of business cases). They showed that project and portfolio results should not be evaluated independent from each other, as this might lead to wrong conclusions. Successful organizations measure the performance of their project portfolios as the sum of the achievement of planned project results and planned project purposes. The early project phases already contain portfolio selection considerations and are significant for project performance despite their characterization as fuzzy front end.
2.4 The Early Project Phases

The initial steps within R&D are often called fuzzy front end of innovation (Kim and Wilemon, 2002). According to Koen et al. (2001, p. 49), the fuzzy front end consists of chaotic, unpredictable and unstructured “activities that come before the formal and well structured New Product and Process Development (NPPD) or Stage Gate process”. While recent studies often neglect the explicit consideration of the early project phases, the significance of them is even greater within the complex pharmaceutical R&D context. The reason is that striving for R&D efficiency and innovation at the same time has increased pressure and focus on the early project phases (Elmquist and Segrestin, 2007). 
Research has characterized the beginning of the R&D process as the fuzzy front end for three main reasons: 
· Lack of formality and structure during the start of the R&D process (Koen et al., 2001),

· Uncertain environment and its dynamics within technological advances, markets and competition (Zhang and Doll, 2001), and

· Complex information has to blend with a variety of tacit knowledge, conflicting organizational pressures and cross-functional efforts, and substantial uncertainty (Khurana and Rosenthal, 1998).
This characterization indicates that idiosyncratic mixtures of capabilities are needed to improve performance from the early phases of drug R&D onwards. What has been increasingly recognized is the need to integrate the fuzzy front end to interrelated strategic and functional activities, the organizational capabilities and to the external environment (Khurana and Rosenthal, 1997, 1998; Koen et al., 2001).   

2.5 Organizational Capabilities

The consideration of strategic capabilities has its origin in the resource-based view (RBV) of the firm. RBV claims that an organization develops based on their collection of resources and their utilization (Penrose, 1959). Further research has extended the RBV by adding the concept of capabilities (Richardson, 1972) or combining individual skills with organizational capabilities (Nelson and Winter, 1982). RBV claims that competitive advantages arise from differences in resource allocations and capabilities (Peteraf, 1993). 
Dynamic capabilities are a special type of organizational capability having special relevance for gaining competitive advantage in turbulent environments. Dynamic capabilities are defined as “the firm’s ability to integrate, build, and reconfigure internal and external competences to address rapidly changing environments” (Teece et al., 1997, p. 516). The resource configuration, which is continuously created by the dynamic capabilities, is of special value for the creation of competitive advantages (Eisenhardt and Martin, 2000). Research suggests that in project-based organizations, capability building itself evolves in several development cycles through so-called project epochs (Söderlund and Tell, 2009). Furthermore, Eisenhardt and Martin (2000) point out that dynamic capabilities consist of well-known processes such as alliancing, strategic decision making but also product development. Moreover, the dynamic capability concept has been commonly applied in the biotechnology research setting (e.g. Deeds et al., 1999; Madhok and Osegowitsch, 2000).

Although this study does not directly utilize the dynamic capability concept, it does so indirectly. The dynamic capability concept is quite abstract and comprehensive. Therefore, it is beneficial to look at the different elements that contribute to the concept more specifically. Zollo and Winter (2002) have identified learning and knowledge evolution as important elements of dynamic capabilities. In a review of 32 key empirical studies on dynamic capabilities, Wang and Ahmed (2007) have identified three main components of dynamic capabilities, which are correlated but conceptually distinct: absorptive capabilities, innovative capabilities and adaptive capabilities. Killen et al. (2008a) emphasize these three components of dynamic capabilities and project capabilities that lead to effectiveness in project management outcomes. Absorptive, innovative and adaptive capabilities are therefore expected to affect positively project and portfolio performance.

2.5.1 Absorptive Capabilities

“Capabilities refer to a firm’s capacity to deploy resources, usually in combination, and encapsulate both explicit processes and those tacit elements (such as know-how and leadership) embedded in the processes” (Wang and Ahmed, 2007, p. 35). Absorptive capability describes an organization’s ability to utilize external knowledge through three processes of exploratory learning, exploitative learning, and transformative learning that build on each other (Lane et al., 2006). In this respect, learning occurs in a sequence of acquiring external knowledge, applying this knowledge and maintaining the knowledge over time (Garud and Nayyar, 1994; Zahra and George, 2002). Research has found that absorptive capabilities are important for inter-organizational learning and performance (Lane et al., 2001). Furthermore, Lane et al. (2006) propose a model where absorptive capabilities create knowledge and commercial outputs that affect overall firm performance. Moreover, absorptive capabilities facilitate learning and generate innovation, which implies project and portfolio performance in R&D (Cohen and Levinthal, 1990; Oltra and Flor, 2003). Thus, absorptive capabilities are expected to have positive effects on project and portfolio performance leading to the following hypotheses:
H1: There is a positive correlation between absorptive capabilities and (a) short-term project success, (b) long-term project success, and (c) project portfolio performance.
2.5.2 Innovative Capabilities

Commonly, innovation is differentiated concerning the degree of innovation into incremental and radical innovation. Incremental innovative capability can be defined as the ability “to generate innovations that refine and reinforce existing products and services”, whereas radical innovative capability is the ability “to generate innovations that significantly transform existing products and services” (Subramaniam and Youndt, 2005, p. 452). Subramaniam and Youndt (2005) use this differentiator to distinguish between incremental innovative capabilities, which require a reinforcement of prevailing knowledge, and radical innovative capabilities, which require a transformation of prevailing knowledge. For reasons of model parsimony, these two dimensions were aggregated into innovative capabilities.

Research has found that innovative capabilities can be acquired from external organizations in interorganizational collaboration (Hagedoorn and Duysters, 2002). Sher and Yang (2005) found positive effects of innovative capabilities on firm performance. Additionally, Oltra and Flor (2003) show that innovative capabilities have an impact on innovation output. Therefore, innovative capabilities should positively affect project and portfolio performance, which leads us to the following research hypotheses:

H2: There is a positive correlation between innovative capabilities and (a) short-term project success, (b) long-term project success, and (c) project portfolio performance.

2.5.3 Adaptive Capabilities

Adaptive capability can be defined as an organization’s “ability to identify and capitalize on emerging market opportunities“ (Chakravarthy, 1982; Hooley et al., 1992; Miles and Snow, 1978; Wang and Ahmed, 2007, p. 37). Tuominen et al. (2004) distinguish between three interrelated aspects of adaptability such as technological aspects, external market aspects, and internal organizational aspects. Key elements of adaptive capabilities are the ability to respond to external product-market opportunities, the investment in marketing activities, and the speed of response to changing market conditions (Chakravarthy, 1982). Partington (2000) describes the need for projects as mechanisms for organizations to become adaptive to their environment. Furthermore, research suggests that adaptability should lead to an improved performance (Bourgeois, 1980; Snow and Hrebiniak, 1980). Grinstein’s (2008) meta-analysis identified market orientation as key factor of adaptability with a strong positive effect on innovation consequences in highly competitive environments. Therefore, we propose the following research hypotheses:
H3: There is a positive correlation between adaptive capabilities and (a) short-term project success, (b) long-term project success, and (c) project portfolio performance.

To summarize, the multidimensionality of R&D settings requires a distinct capability mix to succeed in the innovation endeavor (Biedenbach, 2011). However, the effect of these capabilities on project and project portfolio performance has not been investigated before. Figure 1 shows the conceptual framework of the study including the proposed hypotheses. Absorptive, innovative and adaptive capabilities constitute the independent variables, and are hypothesized to affect the performance of projects and portfolios, measured by three dependent variables for short- and long-term project success and portfolio performance.
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Figure 1: Conceptual framework
3. Methodology

The study takes a critical realism perspective, which assumes the existence of an objective reality, which is interpreted subjectively by human beings (Archer et al., 1998; Bhaskar, 1975). Critical realists acknowledge the reality of the natural world and the events and discourses of the social world (Wikgren, 2005). Social constructions are recognized within critical realism but are outlined in an objectivist manner (Alvesson and Sköldberg, 2009). The critical realism paradigm combines the view of reality with objective mechanisms, events and human’s subjective interpretations based on their experiences (Bhaskar, 1975).
This combination of inductive and deductive research follows a sequential mixed method. An initial qualitative study was conducted to gain a deeper understanding of the absorptive, innovative and adaptive capabilities. This served as a foundation for the subsequent quantitative study by explaining the context of the conceptual framework and providing empirical examples.

3.1 Qualitative Methodology
An exploratory case study was conducted in three interview rounds. The first two interview rounds (May – December 2007) were focusing on the R&D process of six pharmaceutical and two radio-pharmaceutical organizations, whereas in the third one (May – October 2009) four biotechnology organizations were added to the study. The selection of organizations was based on purposeful sampling to gain maximum variation by studying diverse organizations (Patton, 1990).

Eighteen interviews were conducted whereof four were done by telephone and 14 face-to-face. The interviewees came from diverse roles such as chief executive officer, chief medical officer, chief scientific officer, head of global project management and head of marketing. The diversity of roles among the interviewees contributed to a comprehensive exploration of the R&D process from many different perspectives. Semi-structured interviews were conducted by posing open-ended questions from an interview guide and adding context-dependent questions to deepen the understanding and to increase clarity. The interviews followed five major topics namely innovation and project management, capabilities, role of knowledge and learning, R&D environment, and interviewee demographics (responsibilities in company background, and industry background). Interviews lasted between 45 and 90 minutes. Interviews were recorded upon permission and transcribed. Notes were taken to complement the recordings. Secondary data such as company reports, annual reports and external industry publications were read as preparation for the interviews and used to frame the external environment. 

The interviews and secondary data were analyzed using template analysis (King, 1998, 2004). Starting with the major topics from the interview guide, elements and examples of the particular capabilities emerged. These elements were then used as codes for more detailed themes. This procedure enabled the identification of additional examples for the particular themes.
The study followed Yin’s (2003) suggestions for validity and reliability.

· Construct validity was achieved through multiple sources of evidence. There was high diversity concerning interviewee’s roles, among organizations within the particular industry and across the industries involved in pharmaceutical R&D.

· Internal validity was reached by applying template analysis in combination with explanation building. Explanations were created incrementally while the initial themes were refined through observations and additional examples from the empirical data.

· External validity was accomplished by including case companies from different countries within each industry segment. Moreover, replicating the findings from interviewees of different roles in different organizations further contributed to external validity.

· Reliability was achieved by building a case study database. Therefore, case study notes (e.g. interview guide, interview notes and interview transcriptions) and case study documents such as secondary data were collected. Interviews were conducted until theoretical saturation was reached. 

3.2 Quantitative Methodology

Data were collected in 2010 through a web-based questionnaire. Initially, presidents of European industry associations were asked for a list of R&D contact persons from each of their member organizations. Due to privacy agreements, none of the contacted associations was able to disclose contact information beyond the public accessible information on their website. Consequently, the member lists of pharmaceutical and biotechnology associations were used to identify manually the contact details for the R&D manager in the particular organization. When the email address of the R&D manager could not be found (from the total sample size of 387, in 58 occasions), another manager was asked to forward the study invitation to the person in charge of R&D in their organization. A personalized email invitation to participate in the study was sent to the R&D managers. 

The introduction of the web-based questionnaire was used to explain the context of the study and the questionnaire’s reference to the early project phases. Existing questionnaire items and robust scales from top ranked academic journals were reused to achieve validity. Five-point Likert scales (from 1 – strongly disagree to 5 – strongly agree) were used and are shown in the appendix. Unrotated factors analysis confirmed the expected convergence of construct dimensions.

The descriptive statistics for each construct are shown in Table 2. Absorptive capabilities were measured through exploratory learning, transformative learning, and exploitative learning (Lichtenthaler, 2009). Innovative capabilities were measured through incremental innovative capability and radical innovative capability (Subramaniam and Youndt, 2005). Adaptive capabilities were operationalized using the adaptability scale of Tuominen et al. (2004). This scale was adapted by selecting six items that fit the R&D context from the dimensions of global marketing monitoring, home market and technology sensing, and interfunctional coordination.

The dependent variable project performance was measured through the two dimensions of short- and long-term project success (Shenhar et al., 2001). The other dependent variable project portfolio performance was operationalized by combining the scales from Cooper et al. (1999) and Müller et al. (2008). The item “projects are done on time” was removed from the scale by Cooper et al. (1999), because it was already measured in the project performance construct. The questionnaire and the measures were pre-tested by using an expert panel consisting of eight industry experts and four professional researchers. Based on the received comments, minor rewording was made to address the idiosyncratic context of pharmaceutical and biotechnology R&D, and to improve the clarity of the questions (Churchill, 1979).
4. Qualitative Study Analysis

This section analyzes the different elements from the conceptual framework presented in Figure 1. For every element its relevance for the R&D process and the key performance factors are summarized in Table 1. 
4.1 Relevance of the Early Project Phases and their Characteristics

The early project phases are perceived as diffuse, because of insufficient data from prior experiments, vague sales forecasts, unknown application areas, and possibly more effective alternative treatments. The key actors in the R&D process spend strenuous efforts in selecting appropriate projects, prioritizing them and pushing them forward based on information they have at the early project phases. Interviewees emphasized that changes are common during these early phases, when the majority of innovation is generated.

	
	Relevance for R&D
	Key performance factors

	Early 
project phases
	· Selection of projects with highest potential

· Stages where majority of innovativeness
is created
	· Adjustments are common but decrease over time

· Collect information

· Check list of project criteria

· Develop a business case

· Selecting best ideas for development 

· Combination of a diverse set of capabilities

	Absorptive capabilities
	· Utilize external influences internally in the R&D process
	· Apply latest external information in R&D

· Active networking and knowledge exchange

	Innovative 
capabilities
	· Create novelty in R&D processes
	· Clear goals which guide creativity

· Focus your R&D projects

· Work atmosphere

· Cluster of organizations

	Adaptive 
capabilities
	· Source for incremental innovation

· Re-patenting to prolong patent protection
	· Understanding market and customer

· Project and product adjustments

	Short-term

project success
	· Secure more complex projects through 
financing and partnering
	· Create early revenues and rapid value

· Reach milestone(s) fast

· Stop in time problematic projects

	Long-term

project success
	· Increased value creation

· Creation of sales revenues
	· Clinical development reached and advanced until successful commercialization

· Additional application area

	Portfolio 
performance
	· Project prioritization

· Link to patent and product portfolio
	· Organizational value creation

· Maintain a filled R&D pipeline throughout the
different stages


Table 1: Results from the qualitative study
Compliance with market demands and potential for commercialization is assessed through listings of key criteria, often summarized in a checklist. These criteria include clear medical need and coverage of reimbursement schemes from health care systems for commercialization potential. Additional aspects that need to be fulfilled before an idea will be taken into development include scientific proof of concept, protectable intellectual properties, clinical feasibility, technical feasibility, and fit to the current business focus. Therefore, development has to be realistic concerning duration, complexity, risk and costs for the particular organization, as one interviewee from a small biotech organization stated “It can be a very complicated idea that is of great benefit if we succeed, but if it takes us too many years for the first revenues, then it is not worth it at this moment”. 
Small biotechnology organizations create numerous ideas but lack financial and manpower resources. Losing projects due to product infeasibility endangers their survival. Selecting appropriate research ideas, limiting the number of projects but pushing them forward is especially important for them. Risks lie in expensive clinical trials, which are therefore licensed out, sold to or co-developed with external partner organizations. Idea generation differs between pharmaceutical organizations and biotechnology organizations. The former have leaner and more automated ways of identifying compounds, whereas the latter have more creative and less stipulated approaches. To summarize, the findings indicate that a diverse set of capabilities is crucial for high project and portfolio performance.
4.2 Absorptive Capabilities in Pharmaceutical R&D
Pharmaceutical and biotech organizations generate their ideas through loosely coupled networks with research groups at universities. One of the organizations interviewed, provides a well-recognized research grant to help establishing contacts with leading scientists from innovative academic institutions. The interviewee explained, “the research fund is from where we receive most ideas, because it concerns the most innovative research areas in our field”. This organization, a niche market player with only one competitor, does only have few R&D resources in-house, but stimulates co-development with external research groups. Offering grants allows the most interesting research applications to be selected for co-development.

Interviewees concur that external information and knowledge are important. Both types of organizations send their researchers to congresses for networking and knowledge exchange. Here a balance is required in providing enough information to awaken interest from potential partner organizations and not providing too much information for others to copy the R&D project. Organizations maintain a constant dialogue with clinicians, external advisors, and a strategically established scientific advisory board, which contains recognized experts. Researchers process information from scientific articles and patent databases where the significance of the latter is emphasized for protecting intellectual capital, prolonging patent protection by adding further patent layers, watching competitors’ patents, securing freedom to operate where the R&D does not infringe with existing patents, and through regular patent strategy meetings.

Learning plays a crucial role for absorptive capabilities by ensuring that the latest information and knowledge are applied within the R&D process. Therefore, organizations encourage their employees to participate in congresses, and to learn new technologies at partner institutions. Organizations facilitate knowledge exchange within cross-functional teams, running R&D projects and prioritizing projects within the R&D portfolio. Learning is also transferred across the main R&D stages by forwarding knowledge from clinical development to the discovery department. Small biotech organizations tend to have a rather informal approach of transferring knowledge and large pharmaceutical organizations tend to require more formalized methods to ensure knowledge is shared across business units. 
To summarize, absorptive capabilities comprise networking, attending congresses, applying learning from scientific articles and patent databases. Thus, absorptive capabilities contribute to the R&D performance by utilizing the latest external influences as important input factor in terms of learning activities. 

4.3 Innovative Capabilities in Pharmaceutical R&D 
A crucial element for steering innovative capabilities is to have clear goals, which direct the R&D efforts. Interviewees pointed out that project managers should guide creativity, potentially through existing processes, which require freedom to flourish. Documentation and working towards milestones should not prevent creativity. As one interviewee highlighted “guidelines tend to box in people even if it is not stated that you are not allowed doing it in different ways”. Across the interviewees, focusing the R&D efforts in a certain area is important and can push the innovative capability of an organization.

Large pharmaceutical organizations use lean thinking, whereas biotechnology organizations use informal and less structured ways of approaching the early project phases. Innovative capabilities tend to arise in a small biotechnology organization from good and informal work environment, characterized by open communication and feelings of involvement in the entire R&D process. Larger organizations have groups with diverse backgrounds and expertise to support innovative capabilities. In contrast, smaller organizations often cluster in business parks or locate themselves in close proximity to academic institutions.

To summarize, the findings indicate that innovative capabilities require supportive work conditions, which provide for creativity and novelty. Both contribute to enduring positive effects on project and portfolio performance.
4.4 Adaptive Capabilities in Pharmaceutical R&D
Adaptive capabilities comprise the consideration and utilization of external influences, for example the identification and capitalization of emerging business opportunities. Interviewees emphasized that these capabilities are related to day-to-day business intelligence activities, which include watching competitors’ R&D pipelines to evaluate ongoing projects. Market demands and developments in particular application areas are observed for their impact on the business cases for R&D projects and processes are adjusted accordingly.
Technological advances play a major role for current R&D projects. Important technologies might be licensed, whereas to less important ones access can be gained through cooperation. One interviewee pointed out that besides the active search for relevant new technologies, technologies also might be offered to the organization by external companies or institutions.

Adaptive capabilities are also used in organizations by having market and technology influences determining the project portfolio balance. Shorter development projects, which incrementally improve an existing innovative product, directly correspond to adaptive capabilities. Organizations may let complex projects be followed by shorter development projects to adjust their commercialized product based on detailed user feedback. An interviewee of a small biotech organization mentioned, “we are currently finishing two very important customer care products to improve the product quality and usability”. As a start-up organization after their first product launch, they have initiated several shorter product care projects that improve the products’ quality, user friendliness, and enlarge the application areas. In other organizations, projects for incremental product development may arise as a response to similar competitive products on the market. Organizations benefit from adaptation by expanding the patent protection of their product by adding another patent on top of it based on the incremental innovation.

To summarize, adaptive capabilities are relevant for generating incremental innovation but in this way also enable prolonging the patent protection. The findings indicate that adaptive capabilities contribute to project and portfolio performance by increasing the understanding of both, markets and customers and making appropriate adjustments.

4.5 Early Project Phases and Short-term Project Success

One interviewee pointed out that R&D projects usually include a termination plan already in the early project phases, where occasions for a planned exit are prepared stating why and when it will occur. Project closure is different from project failure. Recognizing and stopping a problematic project in time can be considered a success, because resources can be saved which would have been wasted otherwise. Pharmaceutical R&D is milestone-oriented. In this respect, reaching a milestone fast or reaching it at all can be seen as a short-term project success.

Financing constitutes a challenge for start-ups, which often leads to licensing out or selling of some of their technologies or intellectual properties and engaging in simpler projects with shorter development times to create revenues faster. In this respect, short-term success and rapid value creation is of special importance for start-ups before they can take on projects of increased complexity.

Projects that generate value throughout the R&D stages and then sold to another organization are perceived as short-term success. This is a common procedure for start-ups. If they find partner organizations, co-development is an option, which balances short-term success through up-front payments, intermediate-term success through milestone-payments, and long-term success through income from sales-related royalties.

To summarize, short-term project success is important to secure the R&D pipeline, created by, for example, achievement of revenues, values, milestone(s), but also by stopping problematic projects in time.

4.6 Early Project Phases and Long-term Project Success

Short-term project success may be achieved by pushing the project successfully towards milestone achievement and by incrementally adding value to the project. The management of the early project phases can contribute to long-term project success. Achievement of pre-clinical development is a precondition for long-term project success. Achievement of pre-clinical trials adds trust and interest from potential buyers or co-developers. Moreover, the market potential can be more precisely forecasted. 

The identification of an additional application area during the early project phases can lead to a prolonged long-term project success. New application areas can be utilized for incremental innovation building from the beginning. For small start-ups, long-term success means partnering with a strong organization to collaboratively develop the product within the clinical development stages. For smaller organizations, the survival through these stages, until commercialization is perceived as a success. This is the stage where large revenues can be made through royalties from product sales.

To summarize, long-term project success is relevant for the R&D process by creating high value projects if not even sales revenues. Its foundation is usually laid in the early project phases. Key elements of long-term project success are for example successful product commercialization. Moreover, finding additional application areas within a R&D project can be seen as long-term success as it can trigger successive R&D projects.

4.7 Early Project Phases and Project Portfolio Performance

The significance of portfolio performance is linked to the value of the organization. Failure in major R&D projects decreases the organizations’ values profoundly. Interviewees emphasized the importance of securing an R&D pipeline filled with sufficient projects at different development stages. Lack of projects at certain stages can be mitigated through the acquisition of external projects. Such measures are especially taken by large pharmaceutical organizations, which usually engage at all stages of the R&D process.

Project portfolio management evaluates the early project phases regularly and reconsiders project priorities. High priority projects will get the required resources. Possibilities for reallocation of resources are rather limited because of productivity reasons.

Patent portfolio and product portfolio aspects are closely related and complementary. The former is usually larger than the project portfolio as it includes ideas and technologies outside the present R&D projects. Smaller organizations select patents for their R&D by taking into account risk, complexity, focus area, freedom to operate and time to market considerations. Larger organizations tend to have more options among which they can realistically choose from. Freedom to operate means that the organization holds all the crucial patents required for their R&D projects. The remaining patents might be sold or licensed out to generate revenues.   

The product portfolio is another important aspect in the project portfolio. Interviewees pointed out that there are certain niche products, which have longer life cycles after their commercialization. These products and their development can offer first mover advantages and are very hard to copy. Therefore, a business case in the early phases for such R&D projects will likely gain prioritization within the project portfolio. Other interviewees emphasized the importance of product diversity within focused technology areas. Beside the need to focus the R&D projects in a certain area, project portfolios can also aim for a broader product range within an area.

To summarize, project portfolio performance describes the overall performance of the R&D process. Project prioritization from the beginning helps R&D processes to gain a balanced R&D pipeline. Project portfolios are used to implement business strategies (Dietrich and Lehtonen, 2005; Meskendahl, 2010; Shenhar et al., 2001). Its performance is linked to the patent and product portfolio, which provides additional strategic elements for consideration, for example the value created for the organization, or the balancing of the R&D pipeline with projects at different development stages.

The qualitative study showed the different capabilities within the pharmaceutical R&D process in general, and in the early project phases in particular. The following section presents the findings of the quantitative study and tests the conceptual framework presented in Figure 1.  

5. Quantitative Study and Analysis

The questionnaire was sent to 387 persons, of which 58 were managers, who we asked to send the questionnaire to their R&D managers. Eighty responses were received, which equals a response rate of 21% (assuming each manager sent the questionnaire only to one R&D manager). Sixteen responses were excluded from the analysis, because of high levels of missing data, which were exceeding 30% (Hair et al., 2006). Therefore, the useable sample size is 64. The questionnaire measured demographical characteristics of the respondents such as age and work experience. Concerning age, 59% of the respondents were up to 49 years old, whereas 41% were 50 years or older. Moreover, 62% had up to 19 years of work experience, whereas 38% had work experience of 20 years or more.
Regarding company demographics, the questionnaire included industry affiliation, number of employees, and turnover. Fifty percent of the respondents confirmed that their organizations belong to the biotechnology industry, 28% to the pharmaceutical industry, and 22% to other industries including medical devices and diagnostics industries. Overall, 70% of the organizations had up to 49 employees and 30% had 50 or more employees. Seventy-one percent of the organizations had a turnover of up to 9.9 million Euro, while 29% of the organizations had a turnover of 10 million Euro or higher.
The sample size fulfilled the minimum requirement of 50 observations to maintain power at 0.80 in multiple regressions, and the ratio of 11:1 observations per variable exceeded the minimum requirement of 5:1 (Hair et al., 2006). The descriptive statistics and correlations are shown in Table 2. Skewness and kurtosis indicated normal distribution of the data (Hair et al., 2006). The scales were reliable, as shown by Cronbach’s Alphas exceeding the minimum of 0.60 for exploratory studies (Hair et al., 2006). The correlations between the variables were less than 0.70. With no correlations exceeding 0.90 collinearity was not an issue (Hair et al., 2006).
	Variable
	Range
	Mean
	SD
	Cronbach Alpha
	1
	2
	3
	4
	5

	1. Absorptive capabilities
	2.04
	3.85
	0.46
	0.90
	
	
	
	
	

	2. Innovative capabilities
	2.50
	3.45
	0.45
	0.61
	0.263*
	
	
	
	

	3. Adaptive capabilities
	2.33
	3.73
	0.53
	0.66
	0.440**
	0.181
	
	
	

	4. Short-term project success
	1.88
	3.94
	0.40
	0.76
	0.479**
	0.189
	0.517**
	
	

	5. Long-term project success
	2.40
	4.14
	0.60
	0.77
	0.429**
	0.366**
	0.244
	0.316*
	

	6. Project portfolio performance
	1.82
	3.89
	0.45
	0.84
	0.564**
	0.186
	0.501**
	0.656**
	0.384**


**p<0.01, *p<0.05
Table 2: Descriptive statistics and correlations
5.1 Multiple Regression Analysis

Multiple regression analyses were performed with the three types of performance outcomes as dependent variables and the three capabilities as independent variables, see Table 3. The multiple regressions were controlled for company size, by asking the question “How many employees work in your company?”. All three multiple regressions were statistically significant (see Table 3). Acceptable tolerance and variance inflation factor (VIF) results indicated no threat of multicollinearity (Hair et al., 2006). 
	Dependent variable
	Independent variables (β)a
	Control variable (β)a
	R2
	Adj R2
	F

	
	Absorptive

capabilities
	Innovative capabilities
	Adaptive capabilities
	Company size only
	Company size and indep.

variables
	
	
	

	1. Short-term 

project success
	0.321**
	0.042
	0.397***
	0.046
	-0.123
	0.361
	0.318
	8.346***

	2. Long-term 

project success
	0.382**
	0.272*
	0.093
	-0.155
	-0.286
	0.331
	0.285
	7.283***

	3. Project portfolio performance
	0.415***
	0.018
	0.306**
	0.207
	0.040
	0.399
	0.358
	9.800***


a Standardized regression coefficients

***p<0.001, **p<0.01, *p<0.05
Table 3: Results of three multiple regression analyses controlled by company size
Regressing short-term success against the three capability variables showed that 36.1% of the variance in short-term project success is explained by changes in absorptive and adaptive capabilities (F(4,59)=8.346, p<0.001). 

Regressing long-term project success against the three capabilities showed that 33.1% of the variance in long-term project success is explained through changes in absorptive and innovative capabilities (F(4,59)=7.283, p<0.001).
Regressing project portfolio performance against the three capabilities showed that 39.9% of the variance in project portfolio performance is explained through changes in absorptive and adaptive capabilities (F(4,59)=9.800, p<0.001).
Absorptive capabilities significantly impact on all measures of project and portfolio success. Overall, each of the three types of capabilities has a significant effect on at least one performance outcome.

5.2 Canonical Correlation Analysis

Canonical correlation analysis (CCA) was done to evaluate the multivariate relationship between capabilities and performance outcomes. The analysis followed Sherry and Henson (2005). CCA considers all variables at the same time when calculating the correlation between a linear compound of predictor variables (here the three capabilities variables) and a linear compound of the set of criterion variables (here the three performance variables). CCA was considered superior to other possible techniques, because it considers all variables simultaneously, which minimizes Type 1 errors stemming from the repeated analysis of the same variables (like in a series of regression analyses), and improves the variables representation of reality by taking all their interactions simultaneously into account (Sherry and Henson, 2005). The data analysis resulted in three functions with squared canonical correlation (Rc2) of 0.483, 0.093, and 0.012 for each successive function. The full canonical model across all functions was statistically significant based on the Wilk’s λ = 0.463, F(9, 141.31)=5.844, p<0.001. The proportion of variance shared between the variable sets across all function was equal to 0.547, which indicates that the full model explains 54.7% of the variance shared between the sets of capabilities and performance outcomes, thus a strong mutual explanatory power.

The dimension reduction analysis confirmed statistical significance of the full model (Functions 1 to 3). Function 1 explained the largest amount of shared variance between the sets of capabilities and performance outcomes, which was equal to 48.31%. Function 2 and 3 explained only a minor part of shared variance between the variable sets (9.31% and 1.22%, respectively). Following Sherry and Henson (2005), they were excluded from further analysis because they did not meet the threshold of 10% practical significance.
	Variable
	Coef
	rs
	rs2 (%)

	Short-term project success
	-0.390
	-0.833
	69.37

	Long-term project success
	-0.321
	-0.644
	41.51

	Project portfolio performance
	-0.521
	-0.900
	80.99

	Rc2
	
	
	48.31

	Absorptive capabilities
	-0.641
	-0.889
	79.00

	Innovative capabilities
	-0.161
	-0.414
	17.16

	Adaptive capabilities
	-0.467
	-0.778
	60.56


Note. Coef = standardized canonical function coefficient, rs = structure coefficient, rs2 = squared structure coefficient, Rc2 = squared canonical correlation.

Table 4: Canonical solution for organizational capabilities predicting performance outcomes for function 1
The standardized canonical function coefficients, structure coefficients and squared structure coefficients for Function 1 are shown in Table 4. Using a threshold value of 0.45 (Sherry and Henson, 2005) for the coefficients of Function 1, we see that absorptive capabilities and adaptive capabilities are the primary contributors to the predictor variate, with a minor contribution by innovative capabilities. The squared structure coefficients support these findings. The primary contributor to the synthetic criterion variable is project portfolio performance followed by short-term project success and long-term project success. All structure coefficients for the predictor variables had the same sign, which indicates that the three types of capabilities were positively related to each other. Similarly, all structure coefficients for criterion variables had the same sign, which shows that the three types of performance outcomes were also all positively related.

The following section will join the results from the qualitative and quantitative study for a discussion and conclusions of the study’s findings.

6. Discussion and Conclusions

The qualitative study presented the background of the mixed method study by describing the pharmaceutical R&D context. Moreover, the information from the interviews enriches the rather abstract terms from the conceptual framework by exemplification. In this respect, the qualitative study showed how the different capabilities are composed within the R&D of pharmaceutical and biotech organizations. The major finding was that during the R&D process a distinct capability mix is needed for the pharmaceutical R&D process. This observation is in line with previous research findings where a diverse capability mix can be used to facilitate innovation (Biedenbach, 2011). Moreover, the results of the qualitative study indicate that absorptive, innovative and adaptive capabilities contribute to project and portfolio performance. This finding was confirmed in the subsequent quantitative study where every capability was contributing to at least one performance measure (see Table 3). Capabilities seem to be as important in pharmaceutical as in biotechnology organizations. However, the organizations may emphasize the capabilities differently.

6.1 Results from the Multiple Regression Analysis

The quantitative study tested nine hypotheses through multiple regression analyses. Absorptive capabilities in the early project phases showed a significant positive impact on all performance measures, thus hypotheses H1a, H1b and H1c are confirmed. This result supports findings by Lane et al. (2001) who identified absorptive capacity as being important for inter-organizational learning and firm performance. The qualitative study shows, that the early utilization of external information, knowledge and learning are essential for project and portfolio performance. For both short- and long-term project success, the latest external knowledge is needed for developing an up-to-date product in a dynamic market. For portfolio performance, latest information and knowledge is integrated for proper judgment on portfolio balance and project prioritization.

Innovative capabilities in the early project phases have a significant positive impact on long-term project success and thus only confirm hypothesis H2b. Hypotheses H2a and H2c were not supported. One possible explanation could be that for short-term project success, innovative capabilities are not required beyond a certain minimum threshold level as basic requirement for engaging in a R&D project. In contrast, long-term project success requires a larger degree of innovation arising from the early project phases. Portfolio performance is centered on balancing and prioritization decisions, which requires the utilization of extensive information over and above innovation. Consequently, innovative capabilities are less relevant for portfolio performance. 
Adaptive capabilities in the early project phases have a significant positive effect on short-term project success and portfolio performance, which confirms hypotheses H3a and H3c. There is no significant effect of adaptive capabilities on long-term project success, thus hypothesis H3b is not supported. The confirmed positive effect of adaptive capabilities on short-term project success (H3a) can be explained through the qualitative study. The qualitative data shows that especially in the early project phases, adaption is possible and needed. Hypothesis H3b was not confirmed and can be explained by the fact that adaption in the early project phases is more likely to lead to incremental innovation and hence short-term success. The significant effect of adaptive capabilities on portfolio performance (H3c) can be explained with adaptation being essential for portfolio management concerning portfolio balance and shifting of resources.

6.2 Results from the Canonical Correlation Analysis

The canonical correlation analysis has three major findings. There is a significant overall effect of the set of capabilities on the set of performance. Consequently, this result confirms the capabilities – performance relationship in the pharmaceutical R&D context. Moreover, it is confirmed by the qualitative study showing that a distinct capability mix is needed during the pharmaceutical R&D process. The result is also in line with an earlier study concerning the benefit of combinative capabilities for pharmaceutical R&D (Biedenbach, 2011).

The significant relationships within the set of capabilities confirm that they interact with each other and form a set of capabilities needed for high performance in the R&D process. This result is supported by research showing absorptive, innovative, and adaptive capabilities of being complementary to each other (Biedenbach, 2011; Wang and Ahmed, 2007). The significant relationships within the performance outcomes highlight the importance of considering not only short-term and long-term project success, but also project portfolio performance in project management.

The canonical correlation analysis has identified absorptive and adaptive capabilities as primary contributors, with a minor contribution of innovative capabilities. In relation to the previous discussion, this could be an additional indicator that innovative capabilities are more a prerequisite in the R&D process. Concerning the synthetic criterion variable (i.e. performance outcomes), the primary contributor is project portfolio performance followed by short-term project success and long-term project success. Although these differences between the three contributors are quite small, it indicates that portfolio performance is more important. The persisting pipeline thinking, which characterizes the entire pharmaceutical R&D process, can be seen as supportive evidence from the qualitative data.

We can now answer the two research questions:
What are the absorptive, innovative and adaptive capabilities within R&D in pharmaceutical and biotechnology organizations?

Absorptive capabilities involve the application of external information in terms of learning activities and active networking, and knowledge exchange. Innovative capabilities in the early project phases thrive from a supportive work environment based on clear goals, space for creativity, focused R&D area and proximity to related organizations. However, lean principles and stipulated procedures restrict innovative capabilities. Adaptive capabilities in the early project phases relate to the understanding of markets and customers to make early adjustments that help to generate incremental innovation or prolong patent protection.
How do absorptive, innovative and adaptive capabilities affect project and portfolio performance in the pharmaceutical and biotechnology industries?   

Absorptive capabilities have a positive effect on short- and long-term project success and portfolio performance. Innovative capabilities have a positive effect on long-term project success. Adaptive capabilities have a positive effect on short-term project success and portfolio performance. The set of capabilities has an overall effect on the set of performance outcomes and thus confirms the results of the qualitative study that a distinct capability mix is needed in the pharmaceutical R&D process. Within the set of capabilities, absorptive and adaptive capabilities are the primary contributors to the performance outcome, whereas innovative capabilities are a minor contributor.
6.3 Managerial Implications 

Particular capabilities, which are usually not explicitly addressed in project management and portfolio management principles, can contribute to both project and portfolio performance. In this respect, the development and utilization of absorptive, innovative and adaptive capabilities have the power to facilitate the success of projects and performance of portfolios. As a second managerial implication, project and portfolio managers can use the findings to emphasize absorptive and adaptive capabilities as main contributors in general. Moreover, depending on which performance outcome shall be emphasized, managers can focus on the utilization of a particular capability set in the early project phases by reading the rows of Table 3. In this respect, short-term project success can be facilitated by emphasizing the development of absorptive and adaptive capabilities. 
Long-term project success can be supported by the utilization of absorptive and innovative capabilities, whereas portfolio performance can be pushed by absorptive and adaptive capabilities. The development of absorptive capabilities is in general supportive for project and portfolio performance. As a third managerial implication, the exemplifications of capabilities that facilitate innovation can help to promote the importance of the early project phases and the allowance of some flexibility to project sponsors.
6.4 Theoretical Implications

The results support existing research, which has investigated the relationships between absorptive capabilities (Lane et al., 2001), innovative capabilities (Sher and Yang, 2005), and adaptive capabilities (Bourgeois, 1980; Snow and Hrebiniak, 1980) and firm performance. At the same time, this study contributes by expanding the capability relationship into performance criteria from project management. The qualitative part of this study shows how absorptive, innovative, and adaptive capabilities are composed within R&D of pharmaceutical and biotechnology organizations. Moreover, the study illustrates that managing the early project phases should be accompanied by balancing these three capabilities. 
The quantitative study shows that absorptive, innovative and adaptive capabilities affect as a set project and portfolio performance. Furthermore, this study demonstrates how the different capabilities relate to portfolio performance and short- and long-term project success. The findings show that the fields of project management and strategic management are complementary to each other. Project management with its closer integration to practice and strategic management as a more established field provide new insights and legitimacy to each other and thus can progress jointly. 
6.5 Limitations of the Study and Future Research

The limitation of the study lies in the small sample size of the quantitative study. However, minimum thresholds for generalizability were met. Future studies should expand into other industries and could go beyond the R&D context investigating organizational change projects instead. The strengths of the study lay in the clearness of the results and the support of the findings through earlier studies. 

The contribution to knowledge lies in achieving a deeper understanding of the rather abstract terms absorptive, innovative and adaptive capabilities and their composition in the pharmaceutical R&D context. Despite the special value of these capabilities in the early project phases, the study has additionally shown how project and portfolio managers can utilize particular capabilities to emphasize a certain performance outcome. In this respect, the study helps to direct project management efforts to the particular performance objective already from the initial project phase.
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Appendix

Variables and questionnaire items

ABSORPTIVE CAPABILITIES

Knowledge recognition

ABC1. 
We frequently scan the environment for new technologies.

ABC2. 
We thoroughly observe technological trends.

ABC3. 
We observe in detail external sources of new technologies.

ABC4. 
We thoroughly collect industry information.

ABC5. 
We have information on the state-of-the-art of external technologies.

Knowledge assimilation

ABC6. 
We frequently acquire technologies from external sources.

ABC7. 
We periodically organize special meetings with external partners to acquire new technologies.

ABC8. 
Our employees regularly approach external institutions to acquire technological knowledge.

ABC9. 
We often transfer technological knowledge to our firm in response to technology acquisition opportunities.

Knowledge maintenance

ABC10. We thoroughly maintain relevant knowledge over time.

ABC11. Our employees store technological knowledge for future reference.

ABC12. We communicate relevant knowledge across the units of our firm.

ABC13. Knowledge management is functioning well in our company.

Knowledge reactivation

ABC14. When recognizing a business opportunity, we can quickly rely on our existing knowledge.

ABC15. We are proficient in reactivating existing knowledge for new uses.

ABC16. We quickly analyze and interpret changing market demands for our technologies.

ABC17. New opportunities to serve our customers with existing technologies are quickly understood.

Knowledge transformation

ABC18. We are proficient in transforming technological knowledge into new products.

ABC19. We regularly match new technologies with ideas for new products.

ABC20. We quickly recognize the usefulness of new technological knowledge for existing knowledge.

ABC21. Our employees are capable of sharing their experience to develop new products.

Knowledge application

ABC22. We regularly apply technologies in new products.

ABC23. We constantly consider how to better exploit technologies.

ABC24. We easily implement technologies in new products.

ABC25. It is well known who can best exploit new technologies inside our firm.
INNOVATIVE CAPABILITY

INC1. 
Our innovations reinforce our prevailing product lines.

INC2. 
Our innovations reinforce our existing expertise in prevailing products.

INC3. 
Our innovations reinforce how our company currently competes.

INC4. 
Our innovations make our prevailing product lines obsolete.

INC5. 
Our innovations fundamentally change our prevailing products.

INC6. 
Our innovations make our existing expertise in prevailing products obsolete.

ADAPTIVE CAPABILITY

ADC1. 
We know the R&D activities of our competitors well.

ADC2. 
We know the strategic moves of our competitors well.

ADC3. 
We know the product needs of our customers well.

ADC4. 
Our current product is based on established solutions.

ADC5. 
Our marketing management and personnel collaborate closely with R&D.

ADC6. 
The dissemination of market information increases cooperation between marketing and R&D.

SHORT-TERM PROJECT SUCCESS

SPS1. 
Our R&D projects meet their operational performance goals.

SPS2. 
Our R&D projects meet their technical performance goals.

SPS3. 
Our R&D projects meet their time goals.

SPS4. 
Our R&D projects stay within budget limits.

SPS5. 
Our R&D projects address a recognized customer need.

SPS6. 
Our R&D projects solve a serious problem of the customer.

SPS7. 
Our developed product is used by the customer.

SPS8. 
Our customer is satisfied with the developed product.

LONG-TERM PROJECT SUCCESS

LPS1. 
Our R&D projects have a high potential for commercial success.

LPS2. 
Our R&D projects have a high potential for creating a large market share.

LPS3. 
Our R&D projects will create a new market.

LPS4. 
Our R&D projects will create a new product line.

LPS5.
Our R&D projects are developing a new technology.

PROJECT PORTFOLIO PERFORMANCE

Characteristics of R&D project portfolio performance

PPP1. 
We have the right number of projects for the resources available.

PPP2.
Our portfolio contains high-value projects.

PPP3. 
Our portfolio has an excellent balance of projects (long-term vs. short-term, risk, etc.).

PPP4. 
Our projects are aligned with the business’s strategy.

PPP5. 
The spending breakdown of our projects in the portfolio reflects the business’s strategy.

R&D project portfolio achievement

PPP6. 

Our portfolio leads to a high customer satisfaction.

PPP7. 

Our portfolio achieves time, cost and quality objectives.

PPP8. 

Our portfolio achieves financial objectives.

PPP9. 

Our portfolio fulfills the customer requirements.

PPP10. 
Our projects’ purpose is achieved.

PPP11. 
Our programs’ purpose is achieved.
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