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Abstract

Purpose: To quantify and compare the preferences of researchers and laypeople in Canada regarding the outcomes of basic biomedical research.

Cited Here...: In autumn 2010, the authors conducted a cross-sectional, national survey of basic biomedical researchers funded by Canada’s national health research agency and a representative sample of Canadian citizens to assess preferences for research outcomes across five attributes using a discrete choice experiment. Attributes included advancing scientific knowledge (assessed by published papers); building research capacity (assessed by trainees); informing decisions in the health products industry (assessed by patents); targeting economic, health, or scientific priorities; and cost. The authors reduced a fractional factorial design (18 pairwise choices plus an opt-out option) to three blocks of six. They also computed part worth utilities, differences in predicted probabilities, and willingness-to-pay values using nested logit models.

Cited Here...: Of 3,260 potential researchers, 1,749 (53.65% response rate) completed the questionnaire, along with 1,002 citizens. Researchers and citizens prioritized high-quality scientific outcomes (papers, trainees) over other attributes. Both groups disvalued research targeted at economic priorities relative to health priorities. Researchers granted a premium to proposals targeting scientific priorities.

Conclusions: Citizens and researchers fundamentally prioritized the same outcomes for basic biomedical research. Notably, they prioritized traditional scientific outcomes and disvalued the pursuit of economic returns. These findings have implications for how academic medicine assigns incentives and value to basic health research and how biomedical researchers and the public may jointly contribute to setting the future research agenda.

Health research policy is changing. Governments and funding agencies increasingly are seeking to enhance the relevance and quality of research results, increase the public’s engagement with the research enterprise, and create “health research systems” that are better able to advance science along with health and wealth.1 For the academic medicine community, these developments make it more difficult to assign incentives and value for faculty conducting basic research and to ensure that findings are appropriately translated into improved health products and broad social and economic benefits.2
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Introduction

Substantial investment in biomedical research by members of the public through taxation supports basic discovery science.3,4 Governments have long justified this investment because of its potential to support economic and social prosperity.5 However, the ways in which biomedical research can contribute to tangible improvements in health, along with broader social and economic returns, has received increased attention in recent years.6

Today, the traditional biomedical research enterprise faces a triumvirate of changes. First, research funders increasingly are using impact frameworks and assessment processes to analyze the return on investment of public monies.7 Second, governments are more heavily emphasizing the ultimate social and economic outcomes of these investments, such as increased employment or decreased social isolation.8 For example, the United Kingdom’s Research Excellence Framework now places a 20% weight on the economic, social, or cultural outcomes of research that are felt beyond the halls of academia.9 Third, policy makers are calling for enhanced public engagement so that they can better understand and prioritize the needs of the public—the end users and ultimate beneficiaries of health research.10

For the academic medicine community, these changes have added to the challenge of sustaining the tripartite mission of research, patient care, and education11–13 because the goals of these reforms may not align with the mission of academic medicine. For example, is academic medicine’s commitment to excellence in research and education sustainable alongside the push for increased economic outcomes? Are increased economic outcomes and more consumer-focused results congruent?14 Indeed, concern about the impact of this potential misalignment seems to underpin some researchers’ resistance to policy reforms.15

As governments and funding agencies design and implement initiatives to maximize the outcomes and return on investment of health research,9,16,17 the academic medicine community must understand how different stakeholders value the various outcomes of basic biomedical research. To date, most studies have focused on health services and clinical research and have used qualitative methods.10,15 Thus, to quantify key stakeholders’ preferences for the different outcomes of basic biomedical research and to identify possible misalignments in priorities among stakeholders, we conducted a stated preference discrete choice experiment across two groups in Canada. Specifically, we explored the preferences of basic biomedical researchers, who—through peer review—assess research outcomes and set research priorities and are themselves important users of the immediate outputs of research (e.g., knowledge, hypotheses, research tools), and laypeople, who are the payers and end beneficiaries of research.
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Method

Sample and data collection

In autumn 2010, we administered a cross-sectional national survey to compare the stated preferences of academic, biomedical researchers with those of lay members of the public in Canada. We recruited all those basic biomedical researchers (principal investigators; doctoral or postdoctoral trainees) funded by the Canadian Institutes of Health Research in fiscal year 2009–2010 for whom we could identify a publicly available Canadian e-mail and/or postal address. Following the Dillman tailored method of mixed-mode survey design, we contacted participants up to five times (four times to complete an online version of the survey; once to complete a paper-based version instead).18 As a token of our thanks for participating, we entered respondents who completed the questionnaire into a draw for an iPad.

We recruited lay members of the public (whom we refer to in this report as citizens) through an Internet survey panel (i.e., a standing panel of respondents) provided by Research Now, which hosts such online panels to support market and academic research.19 To achieve a representative sample, Research Now recruited panelists by age, gender, and region of residence, in accordance with 2006 Statistics Canada data.20 The survey was offered in English and French in Québec and in English in the rest of Canada. To ensure panel integrity and to recognize the time that the panelists invested, Research Now provided an incentive (e.g., sweepstakes, prize, or cash, in accordance with respondents’ preferences) to eligible panelists who completed the questionnaire.
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Questionnaire design

Choice experiments, like ours, elicit individual respondents’ preferences by presenting alternatives (described by a number of attributes) and asking respondents to select their most preferred option. The underlying assumption in choice experiments is that respondents obtain utility by judging the attributes of an alternative,21 not the alternative per se, hence weighing the attributes against each other to maximize their utility. The merits of choice experiments have resulted in a growing number of applications for this method in health economics and health policy in recent years.22

We developed our questionnaire from a review of the academic and policy literature on research evaluation.23–28 Our questionnaire included items to build and assess knowledge among citizen respondents and to measure selected attitudes and demographics among both citizen and researcher respondents. For the choice experiment, we asked respondents to decide whether to grant a five-year renewal of funding to one of two large research teams, which had already received five years of funding (as renewals, it was feasible to assess many of the initial outcomes of each team). To reduce the cognitive burden of the questionnaire and in recognition of the involvement of citizens, we specified that all proposals were of high scientific quality.29,30 Finally, we informed respondents that the funding agency did not identify which outcomes were more important and that they (the respondents) were to select their own preferred outcomes.

Specifically, we asked respondents: “Imagine that you have been asked to help review and assess the impacts [i.e., outcomes] of academic biomedical research teams that were funded by a large public agency in Canada. You—the reviewer—must choose which team should be funded again.” We emphasized five key elements of the choice scenario in a text box to ensure that the respondents understood these points: “You are helping to review academic biomedical research teams”; “Research teams have been funded once and now report their impacts”; “Research teams are applying to continue their research”; “All research teams are doing good science and can be funded”; and “The two teams do similar kinds of science (similar topics or methods).”

We adapted our lists of attributes and the levels of those attributes from the impact framework developed by the Canadian Academy of Health Sciences (see Appendix 1).23 We modified the questionnaire after conducting cognitive pretest interviews with seven researchers (key informants known to our research team members) and nine citizen respondents (recruited through online advertisements); the team ensured face and content validity.

[image: Appendix 1]Appendix 1 Detailed Explanations of Each Attribute and Level of Attribute Used in a Discrete Choice Experiment to Explore the Priorities of Basic Biomedical Researchers and Canadian Citizens (Lay Persons) Regarding Funding Biomedical Research, 2010*



We used a fractional factorial D-optimal design to reduce the total number of possible combinations of attributes to 18 pairwise choices, plus an opt-out option (fund neither). We further reduced this set of 18 choices into three blocks of six choices, so each respondent only answered six questions; we randomly assigned the blocks to respondents.31 To assess the stability of respondents’ preferences, we also included consistency tests (two repeated questions for citizens and one dominance test for researchers). We used SAS 9.1.3 (Cary, North Carolina), with built-in capabilities, for all our experimental design work.31
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Model estimations and data analysis

For our estimations, we used nested logit models.22 We effects-coded all categorical variables. We used the differences in predicted probabilities to infer the relative importance of the attributes within each group32; the willingness-to-pay values are scale free, permitting us to compare values between the two groups, and we used t statistics to assess differences.32 We then tested differences in underlying preferences and estimated parameters between the two groups with a likelihood ratio test.33 We performed all analyses using Stata 12 (College Station, Texas).
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Results

Demographics

Of the potential 3,260 researchers, 1,749 completed our questionnaire (response rate of 53.65%); excluding ineligible respondents (i.e., nonbasic biomedical researchers) and those with missing data, our final sample included 1,602 researchers. We received completed questionnaires from 1,002 citizens (as is typical for Internet surveys that generate samples representing the population on key demographic criteria, no response rate was available).34 Although our sample was representative of all Canadians by region, age, and gender, citizen respondents were significantly better educated than the average Canadian.20 Further, although the mean income of our citizen respondents did not differ from the national average, our sample significantly underrepresented those who make either less than $20,000 or more than $150,000 (results not shown). See Supplemental Digital Appendix 1 (http://links.lww.com/ACADMED/A118) for additional demographics data.

A minority of researchers (45/1,602; 2.8%) and citizens (213/1,002; 21.3%) failed our consistency tests. In a logit regression, no researcher characteristics were relevant to the probability of passing our consistency tests; for citizens, only age had a significant effect (P = .012; results not shown). We only used data from respondents who passed our consistency tests in our estimations (i.e., 1,557 researchers and 789 citizens).
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Nested logit estimation results and predicted probabilities

Few individual characteristics had a statistically significant effect on the probability that a respondent would grant renewal funding (see Table 1). On average, and irrespective of the attributes of the proposal, both groups more often granted the renewal funding than opted out of doing so (see Table 1).

[image: Table 1]Table 1 Results From a Nested Logit Specification Model, Indicating the Probability That Basic Biomedical Researchers and Canadian Citizens (Laypeople) Would Choose to Renew Funding for One of Two Research Teams (Rather Than Opt Out of Doing So), According to Characteristics of the Researchers and Citizens and Attributes of the Research Teams’ Proposals*



In Table 2, we present the differences in the predicted probabilities, by attribute, of respondents granting renewal funding when comparing an alternative scenario with a baseline scenario. We also present the percentage of change in the probability of respondents granting renewal funding, as the result of each attribute. We present the probability of funding for each of the four baselines (two each for citizens and researchers); we compared the difference for all alternative scenarios with the respective baseline. The alternative scenario only differs in the level of the attribute indicated. Citizens were very likely to fund the baseline scenario, with small increases in the probability of them doing so for each of the attributes. For researchers, corresponding probabilities were small compared with the increases in the probability of them granting renewal funding for each of the attributes. In addition, the changes in probabilities, as a result of the increased cost, were small.

[image: Table 2]Table 2 Differences in Predicted Probabilities That Basic Biomedical Researchers and Canadian Citizens (Laypeople) Would Choose to Renew Funding for One of Two Research Teams When Comparing an Alternative Scenario With a Baseline Scenario*



For researchers, the attribute most likely to predict their granting renewal funding was influential scientific papers (relative to no papers), followed by trainees. For citizens, that attribute was outstanding trainees, followed by papers. For both groups, the next most likely attribute to predict their granting renewal funding was patents licensed by industry (relative to no patents or patents not licensed by industry). Research targeting economic priorities (relative to health priorities) decreased the probability of respondents granting renewal funding among both groups. Unlike researchers, citizens placed little value (i.e., the parameter was statistically insignificant) in those proposals targeting scientific priorities. Neither group distinguished between patents not licensed by industry and no patents at all. Using likelihood ratio tests (using a model with gender as the only demographic in common), we rejected the equality of all the estimated parameters between the two groups.
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Willingness-to-pay values

Willingness-to-pay values indicate the extra dollars by which a respondent is willing to increase/decrease funding for each attribute included in the proposal. We found most willingness-to-pay values to be strongly significant (see Table 3). Willingness-to-pay values for the attributes of no papers and no trainees demonstrated a consistent pattern—Respondents were willing to reduce funding for proposals at reduced attribute levels (no papers, no trainees) by more than they were willing to increase funding for proposals with outstanding attribute levels (very influential papers, outstanding trainees). For example, they were willing to reduce funding by $8,195,000 for a proposal that resulted in no papers compared with being willing to increase funding by $7,253,000 for a proposal that resulted in outstanding papers.

[image: Table 3]Table 3 Willingness-to-Pay Values for Basic Biomedical Researchers and Canadian Citizens (Laypeople) for Attributes of Biomedical Research Proposals and Results of t Tests of Equality Between Researchers and Citizens*



Comparing willingness-to-pay values for researchers and citizens, t tests indicated some statistical differences. In particular, researchers valued very influential papers more than citizens did; they also disvalued absence of papers more than citizens did. Similarly, citizens valued patents licensed by industry more than researchers did, and they also disvalued the attribute of no patents more than researchers did. Another difference was the value researchers gave to proposals targeting scientific priorities; for citizens, this attribute was statistically insignificant. Conversely, researchers and citizens equally disvalued proposals for research targeted at economic priorities. Finally, both groups had equal willingness-to-pay values for trainees, with no statistically significant differences between researchers and citizens for any of the three levels of the attribute.
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Discussion

Our findings suggest that the preferences of citizens and researchers for health research outcomes are fundamentally aligned. First, both researchers and citizens prioritized high-quality scientific outcomes over all others. Further, in penalizing the absence of traditional scientific outcomes (no papers, no trainees) more than rewarding the presence of their high-quality counterparts (very influential scientific papers, outstanding trainees), respondents suggested what they considered to be the essential nature of biomedical research. Second, both groups valued patents licensed by industry, implying a common assessment of the value of technology transfer—efforts to move discoveries from academia to health products and services through commercialization. Third, both groups prioritized research targeted at health priorities and disvalued research targeted at economic priorities—the latter serving as an imperfect proxy for economic outcomes, which are unlikely to be realized within the time frames of the funded research teams.

Despite these similarities, we found differences in the preferences and strength of preferences between researchers and citizens. In particular, each group prioritized the attributes of traditional scientific outcomes in a different order. Similarly, whereas researchers valued proposals targeting scientific priorities, citizens placed no value in this attribute (though they did not disvalue it). Finally, citizens valued patents licensed by industry more than researchers did, as is evidenced by their greater willingness to pay for this attribute and to punish its absence.

Our novel approach substantially advances our understanding of the attitudes of the lay public and of researchers toward the outcomes of basic biomedical research—identifying the order, strength, and differences in their preferences. Our results confirm decades of public opinion research showing that citizens value basic biomedical research,35 while demonstrating that, for both groups, traditional return-on-investment outcomes take priority over other outcomes. In showing that researchers and citizens both prioritized equally efforts to use patents to commercialize academic research, our findings add perspective to both researchers’ concerns about the potential negative consequences of patents on the research enterprise36 and citizens’ reduced trust in private and commercial science.37 Our findings regarding a shared prioritization of research targeted at health outcomes highlight an unexpected alignment between the groups regarding future strategic directions for the research enterprise.38 Our results showing that both groups did not highly value research targeted at economic outcomes suggest some disinterest among both communities in the economic returns of medical research—a perspective that may accurately reflect the research enterprise’s economic potential39 even as it departs from the current policy priorities.9,16,17 Finally, despite the fundamental alignment in preferences among researchers and citizens, the remaining differences in order and strength of preferences suggest that the public’s engagement in setting the research agenda in the future is likely to lead to some changes in priorities.34

We acknowledge a few potential limitations to our study. First, respondents’ high willingness-to-pay values could be a result of the small weight that respondents assigned to the cost attribute. Authors of past studies have identified nonattendance to the cost attribute as a reason for such findings,40 suggesting that monetary values presented in choice experiments might be too small to influence individuals’ decision making. Second, the representativeness of our samples suggests that we use caution in generalizing our findings. The 54% researcher response rate indicates that our results reflect the views of a large number of basic biomedical researchers, but it limits our ability to generalize our findings to the population as a whole. In addition, our sample of Canadian citizens is better educated than average and does not fully represent the distribution of household incomes. Further, Internet panelists may not have been fully engaged with our online questionnaire. Supporting these factors as limitations are our findings that citizens were more likely to grant renewal funding, the moderate magnitude of their preferences, and the relatively large percentage of respondents who failed our strenuous consistency test. Yet, less developed preferences are common in social discrete choice experiments,41 and respondents may fail consistency tests because of an evolution of their preferences. Further, any concerns about research using Internet panelists must be balanced against the usefulness of the Internet as a medium for both communicating complex concepts and administering questionnaires.

Our findings have several implications for the academic medicine community. For impact frameworks, our findings highlight the importance of measures of quality (i.e., high-quality papers, outstanding trainees, licensed patents) over quantity (i.e., numbers of papers, numbers of trainees, number of patents) in scientific outcomes, despite the fact that measuring quantity is easier than measuring quality.42 Further, given the different value that researchers and citizens placed on patents (as a measure of technology transfer) and research targeted at economic priorities (as a measure of economic outcomes), our findings support published concerns at the widespread use of patents as a metric for economic outcomes.43 That biomedical research can produce health and wealth may be helpful, but it is the health outcomes—not the wealth outcomes—that key stakeholders actively seek. Further, our findings have implications for policy aimed to enhance the public’s engagement in research priority setting.10 The fundamental alignment of preferences between researchers and citizens may ease researchers’ concerns that increased public engagement will lead to the devaluation of basic science, even as it reminds them that some differences in priorities remain. Finally, by showing that citizens have clear preferences for, and will trade among, different biomedical research outcomes, we have made a contribution to the literature on social discrete choice experiments, through which respondents make judgments as arbiters of a public good that affects others as well as themselves.41
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Scenario: Imagine that you have been asked to help review and assess the impacts of academic blomedical research teams that were funded by a
large public agency in Canada. You—the reviewer—must choose which team should be funded again. In making these decisions, remember that
there are many ways to make an impact with research. According to the Canadian Academy of Health Sciences, key impacts include:

Advancing scientific knowledge (measured by scientific papers)'
These could be:
* Very influential scientific papers

Research can produce very important and influential papers that receive a lot of attention from other scientists (e.g., rate of citations in top 10%
in field) and have a major impact on science.

* Scientific papers
Most papers are relevant to their field and help to advance scientific knowledge but are not highly cited (i.e., average citation rate in field).

* No scientific papers
When research does not result in papers in scientific or medical journals, its contribution to advancing scientific knowledge will be limited

Building the capacity to do more scienti
PhD students or postdoctoral fellows)*

These could be:
* Outstanding trainees
When research provides very high quality training, it can support trainees to become outstanding scientists.
* Trainees
Most research will provide training that makes a contribution to building research capacity and helps to produce the next generation of scientists.

research (measured by trainees;

* No trainees
When research does not provide training for graduate students or postdoctoral fellows, its contribution to building research capacity will be
limited

Informing decision-making in the health products industry (e.g., drug
companies, medical device companies; measured by patents)®

These could be:

® Patents, licensed by industry
When a patent is “licensed” this means that someone is given permission to use the patent; industry usually pays for the permission (i.e., the
license) to use a patent.

® Patents, not licensed by industry
Ideas can be patented but not “licensed” by industry; this means the idea is protected by patent, but it is not (or not yet) being used by industry.

* No patents
Research does not always result in patents, either because no patents are sought or because the research does not generate the kind of ideas that
can be patented

Generating health or economic benefits (measured by efforts to
target research toward specific priorities)"
These could be;

* Targeted at economic priorities

Intended to address economic priorities in Canada (e.g., new companies, new jobs). Economic benefits are expected in the short term; scientific
or health benefits may also be generated in the short or long term.

* Targeted at health priorities
Intended to address specific health priorities (e.g., certain diseases or types of health problems). Health benefits are expected in the short term;
scientific or economic benefits may also be generated in the short or long term

o Targeted at scientific priorities
Intended to address scientific priorities (e.g., fundamental questions). Improvements in knowledge that are important for further research are
expected in the short term; health or economic benefits may also be generated in the short or long term

But research costs money...
* For 5 years, one biomedical research team can cost between $375,000 and $2,500,000.

“We adapted the following discrete choice experiment attributes and levels of attributes from the impact
framework developed by the Canadian Academy of Health Sciences. The footnotes indicate text that was
available to respondents through online “rollover” text—that is, the detailed definition of each term became
visible in the online questionnaire every time the respondent moved the cursor over the term

" An important way to measure the impact on scientific knowledge is to look at papers published in medical or
scientific journals. The quality of scientific papers s often measured by how much attention they receive from
other scientists—that is, how much they are “cited” in other scientific papers.

* An important way to measure impact on research capacity is to look at support for trainees, specifically
graduate students or postdoctoral fellows. Trainees will become the next generation of scientists

“ An important way to measure impacts on informing the health products industry is to look at whether the
research produces patents. A patent is a form of “intellectual property,” which means it is property, but what
you own is the idea rather than the physical thing. When you have a patent, you have the right to control who
uses the idea. You can give others the permission to use the idea by “licensing” the patent. For example, you
can “license” a patent to the health products industry, so that they can develop the idea into a health product
(e.g., drug or device) that can be sold. Researchers can get patents when their idea or invention s useful, novel,
and non-obvious.

" All health research s intended to improve health, but it will also produce new knowledge and can generate
broader benefits for the Canadian economy. It is hard to know in advance what impacts certain types of
research will have or when (ie., in the short or long term). But research can be “targeted” to try to achieve
specific priorities—scientific, health, or economic. We would expect research that is targeted at one priority
to achieve that priority in the short term, but it may also achieve some of the other goals in the short or long
term. Research that is targeted at scientific priorities (e.g., fundamental questions) is expected to generate
improvements in knowledge in the short term that are important for other research; it may also generate
health or economic benefits in the short or long term. Research that is targeted at health priorities (e.g., for
certain diseases or health problems) or at economic priorities in Canada (e.g., new jobs or increased revenue)
is expected to generate these health or economic benefits in the short term, though it may also generate other
benefits in'the short or long term.
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