Online Research Community: Research Report

March 14, 2008


Evaluation and redesign of an index of faculty research interests
Brian S. Butler, MS, PhD1, Titus Schleyer, DMD, PhD2, Heiko Spallek, DMD, PhD2
1Joseph M. Katz Graduate School of Business and 2School of Dental Medicine, University of Pittsburgh, Pittsburgh, PA
Abstract

Biomedical research is becoming more inter- and multi-disciplinary, presenting researchers with a growing “embarrassment of riches” of collaborative opportunities. Traditional approaches of searching for and selecting collaborators are labor-intensive and do not scale well. In this study, we evaluated and redesigned The Faculty Research Interests Project (FRIP), a system designed to help researchers find collaborators. The evaluation employed a multi-method approach including faculty interviews, heuristic evaluation, and database and utilization analysis. While the current system provides value to a limited segment of its constituency, it suffers from underutilization, and user interface and functional deficiencies. The system redesign focused on increasing data quality and timeliness; improving the user interface to make collaborator search and selection more efficient; and providing value-added functions. Given current trends, systems such as FRIP will become increasingly crucial to improving the efficiency of the biomedical research enterprise.
Introduction
As part of its recently established, NIH-funded Clinical and Translational Science Institute, the University of Pittsburgh is developing systems to facilitate collaboration formation among scientists. Finding the most appropriate and qualified col​lab​o​ra​tors is an increasing challenge for researchers for several reasons. First, as research problems grow in complexity, collaboration in science is on the rise.1-3 Programs such as the Roadmap1, 4 and the Clinical and Translational Science Award (CTSA)5 of the National Institutes of Health (NIH) demonstrate that funding agencies and research organizations are not just observing this trend, but are actively encouraging it. Second, more potential collaborators become available to each scientist as academic/research in​sti​tutions extend the scale and scope of their activities; a wider range of collaborations becomes recognized as being valuable; and electronic technologies reduce or eliminate barriers to remote collaborations once con​sidered impractical or impossible.  

These trends present “embarrassment of riches” for scientists seeking collaborators. However, the process of searching for and choosing collaborators remains laborious, time-consuming and fraught with risk. While senior researchers can rely on their pro​fes​sion​al network to identify collaborators quickly and ef​fi​cient​ly,6-8 this is less feasible for junior scientists, researchers new to an organization, or those moving into a new area of research. Individuals in these sit​u​a​tions often search for potential collaborators through published works6 or formally organized events and meetings. 
The increasing availability of collaborative op​por​tu​nities, coupled with a search and selection process that does not scale, may lead to researchers facing “social overload” with regard to collaboration. Social psychology research suggests that individuals faced with social overload are more likely to adopt com​pet​itive or withdrawal strategies9, making them less co​operative.  This suggests that, without efforts to mit​i​gate the consequences of overload, efforts to increase collaboration may actual promote less social, non-cooperative work strategies. 

Technology may be able to reduce some of the effects of social overload and make it easier for scientists to efficiently form effective collaborative relationships. Systems such as the Community of Science  (www.cos.com), LinkedIn (www.linkedin.com), Research Crossroads (www.researchcrossroads.com),BiomedExperts (www.biomedexperts.com), and  Innocentive (www.innocentive.com) provide directories of professionals/scientists. However, a thorough search for literature evaluating how well these systems facilitate collaboration formation yielded no results. Judging from anecdotal evidence, systems of this type currently do not play a significant role in helping researchers establish collaborations.

At the University of Pittsburgh, a custom system called Faculty Research Interests Project10 (FRIP, frip.health.pitt.edu) is currently in use to, among other goals, help faculty to establish collaborations. FRIP indexes faculty research interests using Medical Subject Headings (MeSH) and draws on MEDLINE-indexed publications to populate its database. It currently contains records for 1,925 research faculty at the six schools comprising the Health Sciences Center. Although FRIP was installed in 2000, little was known about the degree of adoption and use among its intended audience, how well it met re​quire​ments for usability and usefulness, and whether and how it helped scientists make connections with others.

In order to evaluate FRIP, support improvement of the system, and more generally inform efforts to use technology to facilitate collaboration efforts this study pursued three research questions:
1. What is the degree of adoption, attitude towards and perception of the value of FRIP among research faculty?
2. What aspects of the current FRIP interface and design support (or hinder) its use for finding and evaluating potential collaborators? 
3. What features and interface characteristics would increase the value and impact of FRIP (and collaborator identification tools more generally)?

The findings from our study are of primary sig​nif​i​cance to institutions and scientists interested in ac​cel​erating the pace of scientific discovery by facilitating effective and high-impact collaborations among researchers.
Methods
In order to understand FRIP adoption, usage and value, we conducted a multi-method, multi​dimensional evaluation which included interviews with research faculty, a heuristic evaluation, and a database and utilization analysis. 
Interviews with research faculty: As part of a larger study on collaboration formation and problem-solving, we interviewed a sample of 21 research faculty from the six health sciences schools (public health, dental medicine, health and rehabilitation sciences, medicine, nursing and pharmacy). Four faculty researchers (including the authors) and one staff member conducted interviews individually and transcribed their notes. Interviews included questions about current use of FRIP and other search tools, respondents’ evaluation of the system and its value. Answers to closed questions were summarized quantitatively. Answers to open-ended questions were coded and categorized manually.
Heuristic evaluation: A team of five master students in human-computer interaction from Carnegie Mellon University performed a heuristic evaluation using 10 heuristics published by Nielsen.{4199} Since the func​tion​ality of FRIP is limited, the evaluators inspected the entire user interface and all system function. Each evaluator conducted their evaluation individually. The team then reviewed all reports and compiled a summary of heuristic violations. 
Database and utilization analysis: To assess the FRIP database and its utilization, we obtained a complete export of the database in March 2008.  Web logs, Web page utilization statistics and a query log data were unavailable. From the database export, we extracted summary data about the number of users in the system; their school and department affiliation; user last login date; when they had last updated their research interests, if at all; the average number of major research interests per researcher; and how many non-MeSH terms each user added. 
Results

The results of our multi-method, multidimensional evaluation can be summarized as follows.

Use by faculty: Of 21 faculty interviewed, eight used FRIP and 13 did not. Typical uses included finding collaborators with specific expertise; identifying individuals who were using a specialized research method/material; and pairing students with mentors in an early research experiences program. One junior investigator reported that she successfully pursued an R01 grant-funded project with collaborators she had found through FRIP. Several respondents who were relatively established at the University stated that FRIP was more useful when they were new to the institution. At the time of the interview, they had built up enough of a professional network to not have to rely on FRIP. Respondents who did not use FRIP cited reasons including: lack of awareness; too many unprioritized research interests; “word-of-mouth” is more trustworthy; inability to identify researchers with known research interests in the system; confusing user interface; and lack of success in finding individuals with desired research expertise. 
Several respondents emphasized that they only interacted with FRIP when they received the “pesky” reminder to update their research interests from their administrator or department chair.
Heuristic evaluation of design and functionality: The heuristic evaluation identified more than 65 violations. Major violations were found with respect to “User control and freedom,” “Flexibility and efficiency of use,” and “Consistency and standards.” Despite using a wizard-based paradigm for entering and updating research interests, application flow was cumbersome and not clearly structured. Navigation within the system was unclear and unintuitive. Search results were presented as linear lists without the capability to sort, forcing users to scan through potentially long lists of faculty and their research interests. Lastly, the current implementation of FRIP evidenced a lack of compliance with interface design standards, such as displaying only error messages and other critical information using red text. The heuristic evaluation confirmed the interview results regarding the current system design and suggested that im​pro​ving the interface and interaction design is likely to increase its usefulness for researchers seeking col​lab​orators.
Database and utilization analysis: As of March 2008, FRIP contained 2,315 faculty records, of which 1,925 (83%) were identified as active in research. These figures were consistent with statistics from other sources, indicating that FRIP faculty records are relatively complete.  Since system implementation in January 2000, approximately 1,518 (79%) research faculty have logged into the system at least once to verify or update their profile. These faculty averaged 14 (σ=11; min=1; max=126) keywords describing their research interests. Of those keywords, an average of 13 terms were MeSH terms, the remainder non-MeSH terms. (743 faculty added non-MeSH terms to their profile.) Of the faculty who had logged in at least once, 872 (57%) had classified their keywords into core and other research interests. 
A primary problem was the timeliness of updates to the research interest data in FRIP.10 For automatically imported keywords, delays arose primarily from the time lag between the acceptance of a publication and its indexing in MEDLINE. For keywords entered by faculty, update frequency generally spiked following periodic reminder messages.
In summary, the multi-method, multidimensional evaluation yielded important insights into the current value, adoption and use of FRIP. While some users derive significant benefits from the system, most appeared to view it with either a neutral or negative attitude. Adoption and usage appeared to be skewed towards more junior and more recently hired faculty. More than anything else, administrative “prodding” seemed to motivate users to update their records. These issues are potentially significant problems because users can only maximize their benefit when a critical mass of research faculty participate actively in the system.
System redesign

One major conclusion from the FRIP evaluation was that while faculty and administrators considered the core purpose of FRIP useful, the system’s value was limited by interface, data quality and adoption issues. The problems with the interface suggested that a redesign would increase usefulness of the system.  Data quality issues implied that developing strategies to ensure more timely, complete and comprehensive records of faculty research interests would increase its value. Lastly, evaluation of the FRIP system as a platform for collaboration formation suggested the need for functionality beyond basic searches. In the following section, we discuss the redesign effort (named FRIP+) and design recommendations re​sult​ing from this evaluation – with a focus on improving the user experience and implementing features and strategies to improve adoption, data quality, and depth of use. 
Interface support for collaborator search and selection: The user interface redesign focused pri​mar​i​ly on two goals: a more powerful search mechanism and improved information display for evaluating potential collaborators. 
Search: The original FRIP system assumed user fa​miliarity with MeSH terminology and provided only a single text field in which a word or phrase could be entered. The system searched first for the complete phrase. If no matches were obtained, the phrase was tokenized and number of matches for each word was returned. 
FRIP+, on the other hand, offers search capabilities improved in several respects. First, as the user begins typing a search term, the system displays terms contained in the database that match the string in a list box immediately below the search box. If the desired term comes into view, the user can simply select it by clicking on it. (This approach, which Google has popularized, reduces the need for user familiarity with specific terms.) Second, once the user presses [Enter] to search for a term, its exact or closest match as well as the parent and child terms in the MeSH hierarchy are displayed in a results box on the left side of the screen. Each term is followed by the number of faculty who published papers tagged with the term, making hits in the search space obvious. The right-hand portion of the screen contains a graphical representation of the MeSH hierarchy surrounding the search terms. The user can add or remove search terms simply by clicking on terms within the MeSH graph or selecting checkboxes in the search pane. This design allows users to explore the set of available collaborators without requiring comprehensive knowledge of MeSH terms and their relationships. 

Results display: FRIP+ displays search results in a table rather than a linear list, facilitating comparisons among faculty based on their interest and other relevant characteristics. As the Figure shows, the 
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group of “Searched topics” columns contain a dot for every faculty member who has published a paper tagged with the specific term. “Core expertise” of a faculty member is indicated by a large dot and “interest” by a small one. (Faculty members identify terms as belonging to one or the other category.) Terms are displayed in the same color if they are closely situated within the MeSH tree (e.g. yellow for “Diagnosis, computer-assisted” and “Therapy, com​puter-assisted” in the Figure). The histogram in the “# Publications” column shows the total number of pub​lications of the listed faculty, as well as the num​ber containing the specific search terms. This al​lows users to judge what proportion of total pub​li​ca​tion output of a researcher is dedicated to the topic(s) of interest. The user can also restrict the search by year (control not shown) to identify faculty who have recently published in the area(s) of interest. The re​maining columns show faculty name, school, de​part​ment and main research area. All column headings can be clicked to sort data in ascending/descending order.  
During the prototyping stage, two sets of usability tests, one conducted by the vendor and the other one by the project team at the University, identified additional improvements. Taken together, the interface features, search functionality, and integrated information display in FRIP+ serve to shift the focus from directory search to potential collaborator iden​ti​fication and evaluation. A full specification of the user interface, system functionality, and design process is available on request.

Integration of FRIP+ with ongoing work prac​tices: To facilitate maintenance of profile data, we identified features that would promote tighter in​te​gra​tion of FRIP+ into the ongoing work of users. To pro​mote more timely and complete description of research interests, we integrated FRIP+ with an ex​isting administrative process for reporting acceptance of papers. This process requires faculty to submit a Publication Notification Form (PNF) and the accepted manuscript to the Office of the Senior Vice Chancellor of the Health Sciences. The purpose of this process is to ensure that senior administration and other interested parties within the University are aware of upcoming faculty publications. FRIP+ allows faculty to submit papers electronically and automatically routes them to the appropriate re​cipient. Since accepted publications are not yet in​dexed in MEDLINE, submitters are asked to include keywords during submission. Once a publication has been indexed in MEDLINE, a batch process updates the publication record and adds the MeSH terms selected by the indexers.  This integration reduces paperwork and improves the timeliness of data in FRIP+ profiles. 
Active notification about events of interest: While the current system actively requests that users do work, benefit provision is entirely passive; little value is provided unless the user actively engages the system. FRIP+ includes two types of notifications that are designed shift the focus to active benefit pro​vision. The first type of notification is triggered when a FRIP user specifies a research interest that matches those of others in the system. At that point, the system generates an alert that is periodically forwarded to users with the same interest(s). A second type of alert is generated when a publication containing users’ research interests is entered in the system. Users can specify which keywords they are interested in and how often they would like to receive alerts. To receive notifications, users must actively opt in. Each alert provides users with the option to change notification parameters, opt out, or update their own interest and expertise profiles.  
Discussion
Systems such as the University of Pittsburgh's Faculty Research Interest Project (FRIP) seek to help researchers find appropriate collaborators, an in​creas​ingly important and difficult challenge. The eval​u​a​tion of the FRIP system suggested that it is currently underused and provides value only to a limited segment of its constituency. The results of the in​ter​views, design evaluation and database analysis in​di​cate that many aspects of the current system, such as a minimalist search interface, list-based presentation of search results, lack of integration with other activities, and a passive model of benefit provision limit its impact on collaboration formation. While these characteristics are common to general purpose, document-oriented search tools, they are ill-suited for supporting researchers’ efforts to find and select collaborators.

In our system redesign, FRIP+, we focused on three main areas: (1) making the user interface more useful for exploring the set of available collaborators and comparing and contrasting potential partners; (2) integrating FRIP+ use and regular work practices, to improve the timeliness and completeness of faculty profile information; (3) adding positive notification capabilities to increase benefit of system (i.e. shifting towards an active model of benefit provision). 

However, it is also important to note that  deploying a system is only one aspect of using technology to support collaboration formation.   Availability and ca​pability of the tools must be communicated to the users.  Procedures for identifying and correcting data quality problems must be implemented.  Incentives and organizational support must be provided for in​te​gration of the system into regular work practices.  Social and organizational strategies, incentives, and communication are crucial if organizations and individuals are to be able to leverage technology to make collaboration formation more efficient and effective.  
Conclusion

Systems such as FRIP compete with deeply ingrained social processes associated with searching for and selecting collaborators. However, the “embarrassment of riches” of available collaborative opportunities and the cost of missed opportunities requires a rethinking of these traditional approaches. The research establishment and its stakeholders must find ways to leverage technology to foster and encourage the establishment of effective collaborations. This makes the development and adoption of systems such as FRIP+ in a local, regional and national context both inevitable - and the need for informed design critical. 
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Figure: FRIP+ Search Results Screen
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