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Background

The funding of science for knowledge sake is no more, creating an increasingly complex
charge for the research evaluation community in developing evaluative systems that support
formative and summative information. Elected officials demand evidence that national
scientific investment matter for society and the economy, including having relevant impacts
to their specific constituencies. We focus on the mechanisms and structure of evaluation
processes for federal research funding specific to the academic research environment,
particularly large center-based and other team projects that typically have a broader charge
beyond the core research. A large proportion of federal research dollars go to academic
institutions (>$64 billion research grants in 2015) (NSF, 2018), yet the type of evidence
appropriate to demonstrate the quality and outcomes of academic research activities, and to
advance national competitiveness, is uneven. We argue that a comprehensive research
evaluation system requires a framework that effectively sets the conduct, production, and
outcomes of federally funded academic research programs in context.

One challenge for U.S. research funding agencies is the lack of an accepted framework for
the theory of change specific to academic research activities and outcomes. Drawing from a
multidisciplinary theoretical and empirical foundation, we present a multi-layered Academic
Research and Competitiveness Framework (ARC) that incorporates the context, complexity,
and temporal nature of academic research activities. We take a systems oriented approach in
our argument for an improved approach to research evaluation, where institutions, academic
and other organizations and groups interact to produce key knowledge, innovation and social
outcomes (Bronfenbrenner, 1994). The system is non-linear and includes multiple feedback
and feedforward pathways. In the education field, Bronfenbrenner’s work (1979, 2005, 2009)
on ecological systems theory posits four subsystems — micro, meso, exo, macro — that operate
dynamically such that changes in anyone subsystem affects the others over time. The micro

STI 2022 | https://doi.org/10.5281/zenodo.6957591 1/9



https://doi.org/10.5281/zenodo.6957591

STI 2022 From Global Indicators to Local Applications

subsystem refers to individual level experiences, meso captures an organizational dimensions,
exo can be broadly understood to

1 We would like to acknowledge Fengxiu Zhang and Quintin Kreth for their assistance at early stages of this
project. Ms. Zhang and Mr. Kreth are PhD students at ASU and Georgia Tech, respectively. We would also like to
acknowledge feedback from the 2M project team and the input and advice received from four members of the
project advisory board.

address the network structures and relations that operate to connect and influence micro and
meso structures, and the macrosystem comprises the broader social and institutional context
within which the others are nested.

Similar to other systems approaches, these subsystems interact over time to shape a complex
learning environment (Pickett & Cadenasso, 2002). Similarly, Edquist and others use an
innovation systems approach to explain how institutional and organization factors interact to
produce critical innovation outcomes (Edquist, 2009) In the systems of innovation (SI)
approach, institutions include the laws, rules, regulations, norms and expectations that guide
innovative behavior and outcomes from organizations, which include the universities,
companies and government institutes that conduct research. The Sl approach recognizes that
institutions set resilient and enduring innovation pathways that result in national level
innovation cultures. This approach also validates the contextual factors that affect outcomes
of program investments.

We aim to contribute theoretically and conceptually to developing the ARC concept, design
a theory of change (TOC) model that incorporates multiple dimensions of academic research
competitiveness, and address implementation issues relevant to research evaluation processes
and approaches. We ask:

* What is academic research and competitiveness? How can we integrate the relevant
literature into a meaningful framework that recognizes system level complexities and
multiple types of research outcomes?

* How can the framework be conceptualized as a theory of change that incorporates
multiple dimensions relevant to the conduct and outcomes of academic research?

* How can we demonstrate the value of the framework and theory of change for
evaluation of large team science and engineering research projects and portfolios?

We formulate this literature into a framework, which we then develop into a set of theory of
change models that reflect the multilayered context in which academic research is conducted.
**In the full version of this paper, we also use two large U.S. funding programs as examples
of how this framework may be applied. We conclude with implications and a charge for
improved practice and empirical research to the research evaluation community.

Complexities of Academic Research Evaluation

The nature of government funding of science in the U.S. presents challenges for evaluation,
that are not currently addressed in existing evaluation guidelines nor norms in federal research
agencies. Development of a more comprehensive approach to evaluation requires
acknowledgement of several characteristics of the academic research funding context.

First, federal funding of STEM research has for some time focused on large teams and
centerbased models, often involving multiple institutions and disciplines. Therefore, inclusion
of characteristics of team development, cohesion, knowledge exchange, and structure
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developed in the team science and organization literatures is important (Hall et al., 2018).
Second, teams include faculty at various career stages as well as trainees who benefit from
engagement in research. STEM workforce development is a central expectation in many of
the National Science Foundation’s center and large team-based programs but these are often
not adequately or appropriately incorporated in evaluation approaches.

Third, public investment in large team-science research initiatives typically also carry
expectations for broader impacts of research outcomes through various different forms of
stakeholder engagement and science communication. Fourth, and perhaps most critical, is
that while the majority of U.S. research funding is concentrated at the nation’s most
competitive institutions (NSF, 2018), the U.S. system includes almost 4,000 colleges and
universities, with highly variable resources and missions, and located in geographic areas that
offer different opportunities and constraints. The vitality of the U.S. academic research system
depends both on federal government investment in research and the fundamental capacity of
institutions and jurisdictions of all types to compete for and carry out research.

Methods

To inform both the policy and research evaluation communities, we propose a conceptual
representation and flexible framework for articulating “academic research competitiveness”
(ARC) to inform improved evaluative processes in the United States. To develop the
framework, we conducted an environmental scan of the academic and grey literature. Our
motivation was based on the observation that the policy dialogue specific to competitiveness
is robust, yet measures of competitiveness are often narrow and typically linked to
grantgetting ability and related successes. Our review identified academic journal articles
focused on innovation, entrepreneurship, STEM education, gender and diversity, sociology
of science, economic development, science policy, team science, research competitiveness,
and highereducation. We also gathered reports from U.S. and International national policy
organizations, state agencies, as well as university reports on competitiveness. Using a system
common in literature synthesis(Belcher, Rasmussen, Kemshaw, & Zornes, 2016), we then
organized this literature by common themes, incorporating an internal and external advisory
expert review process. The results of our literature review sources and findings will be
provided in the full conference paper and presentation.

This collection provided a comprehensive foundation for the study, identifying multiple
characterizations, definitions and descriptions of research competitiveness. For example,
research competitiveness is recognizable in some literatures as resource acquisition,
attractiveness to key sources of knowledge and experience, dynamic knowledge and
workforce production, and social impact and economic development including innovation and
entrepreneurship. Using a key word-based tagging schema to code each article, our review
produced several definitions and concepts related to academic research competitiveness
articulated in the literature.

ARC Subsystems

From our review, we identified four different subsystem levels of analysis in the
competitiveness literature. Using a systems-based approach, we depict the multi-faceted
ecosystem in which academic research is conducted, embedded within institutions and
jurisdictions or states.
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Ecosystem Research Competitiveness (ERC) captures the macro-dimension of the ARC
framework, which may correspond with political jurisdictions, such as states.
University/Institution Research Competitiveness (URC) recognizes that the unit of
analysis is often a specific type of organization, such as a university, company or
government laboratory.

Project Research Competitiveness (PRC) relates to the collaborative or team level of
analysis.

Individual Research Competitiveness (IRC) addresses the researcher as a unit of analysis.

Given our systems-based approach, the theory of change based logic models at the ecosystem,
university and project levels are embedded in each other as shown in Figure 1.

The rate of outcome driven change occurring in each subsystem differs significantly, such
that capacity development, excellence and competitiveness is more rapidly achieved at the
project/team level than at the university level, and so on. The development of theory of
change based, embedded logic models is a critical step to identifying the relevant contextual
factors and their interaction.

Figure 1: Embedded Systems for U.S. Academic Research
Ecosystem University Project/Team

Highly stable, cumulative | Stable, cumulative impact on | Developing, impact on
impact on research capacity, | research capacity, excellence | capacity, excellence and
excellence and | and competitiveness on a 10 | competitiveness on a 3-10
competitiveness on a 20-50 | to 20 year time scale year time scale

year time frame

Particularly relevant to the context of multi-institutional research funding programs, the
composition and distribution of academic institutions within a jurisdiction also vary. As
shown in the middle box of Figure 2, some states, such as California or Massachusetts have
large systems with a number of high quality and productive universities. Other states, such as
Wyoming, have exactly one public university. For institutions with lower research capacity
emphasis may be placed on increasing credit hours to generate funds rather than more risky
strategies of pursuing research grants.

Figure 2 Embeddedness of system components
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ARC Framework Elements

From the literature review and key word schema, we also identified five primary dimensions
of academic research competitiveness. These dimensions take different forms within the
various layers of the ecosystem, and will be elaborated upon in the full conference paper:

Resource acquisition captures the ability to obtain funding and other resources at any level
of analysis.

Knowledge production and workforce development represents the ability to leverage
existing capacities and new investments to produce new knowledge and innovation.
Attractiveness recognizes the ability of actors at different levels of the ARC to compete in
enticing others to join them.

Visibility/reputation involves the relative prominence of an entity at any of the different
ARC levels.

Economic development considers competence and capacity for commercialization and
potential contribution of research to industry.

Conclusion

An important product of this study is the development of a multidimensional framework for
academic research competitiveness. The framework goes beyond the usual consideration of
grant dollars the primary indicator of competitiveness, as it articulates the context and multiple
factors that contribute to enhanced capacity to acquire resources in a competitive
environment. The examples of the NSF EPSCoR and NSF CoPes programs illustrate these
embedded complexities, laying the ground work for the development of improved metrics that
account for the complex and varied contexts in which scientific research takes place.
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