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Determining the Information Needs of Bioinformatics Researchers

A. Specific Aims

The broad long term objective of this research is to help health-related science researchers be more effective in their research through improvements to the process by which they seek out and retrieve scholarly information used to support their research.  We are interested specifically in bioinformatics researchers (encompassing biology, chemistry, genetics, statistics, computer science and other disciplines).   In addition to not having been well studied before, this group is an excellent example of interdisciplinary research and of the extensive use of online electronic resources.  Both of these attributes are increasingly important in science research today and in the future.   The specific aims of this grant are to

1. Perform the first detailed assessment of the information seeking behavior of bioinformatics researchers, and determine how their information seeking behavior is different from scientists in general. 

2. Perform a detailed assessment of the current information seeking behavior of scientists by discipline, including a comparison with documented previous behavior. 

3. Determine the effect that online electronic access to multiple types of resources has on the information seeking behavior of scientists, and bioinformatics researchers, in particular.

4. Develop both generalized and task specific models of the information workflow used by bioinformatics researchers. 

We are motivated to pursue these goals by the results from our pilot studies at UNC, where we found significant changes in the information seeking behavior of scientists due to electronic access, and provocative differences in the way information resources are used by bioinformatics researchers compared to academic scientists in general.  With funding from an NIH planning grant (P20 RR020751-01) we have developed and successfully applied both a survey instrument (study completed) and an interview protocol (study in progress).  This proposal would extend our pilot work at UNC to multiple institutions on a national level, allowing us to comprehensively study the information seeking behavior and information use of health and science researchers.   There is excitement in the medical and science librarian communities supporting this, and we have already identified participating sites.  To accomplish our specific aims we would conduct two national studies: first, a survey of research scientists in general (including bioinformatics researchers); and second, in-depth structured interviews with bioinformatics researchers.   As a result of this research we would produce a national resource that would 

· Provide a comprehensive summary of the current information seeking behavior of science researchers, and bioinformatics researchers in particular.

· Provide recommendations to libraries regarding what services and what materials are most valuable to scientists.  

· Develop both a high level generalized model of bioinformatics researchers’ information seeking behavior and detailed workflow model(s).  The latter will include detailed summaries of the information content they use and how they use it, so that automatic methods for supporting information searching and retrieval by scientists can be improved in speed, accuracy and completeness.

B. Background and Significance

Searching existing literature and other sources of information is critical to research and development both in academic and industry settings.  Today, researchers in science and medicine potentially have access to more information and scientific knowledge than ever before, yet are unable to take full advantage of the rapidly expanding wealth of scientific knowledge.  There are several reasons for this.  First, the number of journals and journal articles has grown tremendously.  Data from Ulrich's International Periodicals Directory shows the increase in the number of periodicals over the last twenty years.

	Year
	Number of Journals

	1985
	67,650

	1990
	111,950

	1995
	147,000

	2000
	161,200

	2005
	186,100


This has resulted in researchers being overwhelmed when searching for information [Nylenna  2000, Smith 1996, Nylenna 1996, Williamson 1989].  Nylenna [2000] found that one third of medical physicians “felt they could not cope with the information flow”.   In their earlier study [Nylenna 1996] they found that this non-coping group had significantly higher probability of emotional stress and less job satisfaction.   Smith [1996] found that a majority of physicians find the current volume of scientific information unmanageable.  Similarly, Williamson reported that two thirds of office-based physician practitioners found the volume of medical literature to be unmanageable. 

A second problem is that research continues to grow ever more specialized, resulting in pockets of research and lack of communication between bodies of literature.  This problem of the fragmentation of scientific knowledge has been identified by Swanson and others [Wigner 1950, Small 1973, Swanson 1986, Swanson 1988, Swanson 1990].  This results in “undiscovered public knowledge” which can be solved in simple cases by uncovering transitive relationships between separate bodies of literature using a common related intermediate concept.  A few successes in this area have been documented, primarily by Smalheiser and Swanson [Smalheiser 1994, Smalheiser 1996a, Smalheiser 1996b, Smalheiser 1998].   Continued research on this may yield practical tools (e.g. the Arrowsmith project [Swanson 1999]), but for now fragmentation remains a problem for everyday researchers.     

The third problem is the new types of published materials that contain valuable information, for instance web pages, scientific databases, listservs, etc.    Besides dramatically increasing the number of materials to consider, it also affects our ability to catalog and index all these materials.  Science and medicine journals have greatly benefited from Medline indexing, which provides much more selectivity and control to researchers who search using Medline, or as it is commonly accessed today, by PubMed.  However, not all relevant journals are covered by Medline, nor are many of the new types of materials such as databases, web pages, listservs, portals, etc indexed or cataloged.  For example, bioinformatics researchers commonly make use of multiple databases containing structured information related to genetics and molecular biology.   While some like Genbank and SwissProt are well established and known, in many other cases the choice of what database to use for a particular task may not be clear.   The annual January issue of Nucleic Acids Research journal provides a catalog of many databases, but there are still more databases that contain valuable information that are not known to all researchers.    We face a basic problem of not having sufficient resources to manually maintain current indexes and catalogs of all relevant materials that are being produced.

For example, a researcher studying a disease and its possible genetic causes would be both inundated by the amount of literature from many sources and unsure if she was finding all the material available.   As an example we consider schizophrenia.  The table below shows the number of items found in September 2005 from searches of just two different sources, the National Library of Medicine Entrez search page and Google search page, with the search term “schizophrenia genetics”.   With today’s tools we cannot easily determine how many other databases, listservs or portals contain relevant information that would significantly increase
	Items Matched
	Source

	7471
	Pubmed (Medline)

	427
	Pubmed Central (free full text journal articles)

	351
	NCBI web and FTP sites

	3385
	NLM Nucleotide Sequence Database (Genbank)

	330
	NLM Protein Sequence Database

	69
	NLM Catalog of books, audiovisuals

	2,800,000
	Google

	31,500
	Google Scholar


the items to review.  However, just from PubMed we know the number of items is already in the tens of thousands for the genetics of disease processes like schizophrenia or breast cancer, and may be in the hundreds of thousands.   

To address the problem of overwhelming amounts of information to search, and lack of indexing of all materials, researchers are investigating automatic methods for indexing and text-mining, to assist in information retrieval [e.g. Jakobsen 2001, Krauthammer 2002, Perez-Iratxeta 2002, Nenadic 2003, Leroy 2003, Kwon and Ng 2003, Daraselia 2004 ].  This has become feasible as most materials are now available electronically.  However, science researchers have not adopted these automatic methods in any significant numbers; nor have they clearly demonstrated improvements in searching in real world conditions.   Currently most researchers make use of the PubMed web interface to Medline provided by the National Library of Medicine (NLM), and to a lesser extent science citation indexes licensed by campus libraries (ISI, LexusNexus, etc) and commercial or academic databases specific to their area.  To actually design and build automated information retrieval tools that users will use, and that will improve their performance, we must first have a more complete understanding of science researchers, their current information searching behavior, their workflow, and their desired behavior.  This is especially true for interdisciplinary areas such as bioinformatics, which utilize electronic resources including genomic databases weekly or more often [Brown 2003], and web pages daily (result from our pilot UNC survey study).  Surveys and interviews can identify their current behavior and resources utilized, and in depth interviews can help identify their actual workflow, as well as what they believe ideal user interfaces might look like. 

This proposal is important and innovative for identifying the changing information seeking needs of scientists, and for providing for the first study of bioinformatics researchers, so that information retrieval and searching techniques that build on their behaviors can be properly designed.  Additionally, as academic health science libraries increasingly come under budget and space pressures, it provides critical feedback on their patrons’ needs so that libraries can plan and develop the best allocation of their scarce resources.  This is perhaps best evidenced by enthusiastic support for this study by all the university libraries we have contacted thus far, with all but one of the interested libraries indicating their willingness to participate, and all of the libraries are eager to learn the results of this study.  

BACKGROUND

The overall field of research into information seeking and use has grown large enough to support investigations into occupational based groups.   One of the areas receiving the most attention has been scientists and engineers, and more recently health and medicine related occupations [Case 2002].   The most significant period of research on scientists and engineers occurred in the 1950s and 1960s after World War II, when substantial resources were expended to support research into science and engineering [Bates 1996].  This led to the development of general models of information seeking behavior, as well as studies of specific subgroups’ behaviors and their differences from other groups [Case 2002].  Studies found both similarities and differences in information seeking behavior by discipline.  At a high level the information seeking strategies used may be similar.  Many groups have proposed strategies and models used in general by information seekers [Krikelas 1983, Ellis 1989, Leckie 1996, Johnson 1997, Wilson 1999], and have shown to some extent that different groups follow them.  Ellis [1993] found no essential differences between the information seeking patterns of physical and social scientists.  However, when examining differences between subgroups most researchers have found specific differences.  Hurd [1992] found that chemists rely heavily on current journals.  Mathematicians make more use of older material based on citation studies [Garfield 1983].  Physicists and astronomers have made more use of preprints due to the development of preprint servers (arXiv) in their field [Taubes 1993, Ginsparg 1994].  Several researchers have focused specifically on scientists, and in some cases on how electronic access is affecting their behaviors.  Studies have previously found that researchers preferred searching using print resources [Bichteler 1989, Bouazza 1989, Palmer 1991].  More recently Brown [1998] surveyed astronomers, mathematicians, physicists and chemists at the University of Oklahoma and found that while researchers indicated a preference for electronic content, they still primarily read print journals.  Sometimes unexpected conclusions are reached, potentially because of not accounting for the increased use of electronic access.  For example, Whitmire [2002] studied differences among majors at the undergraduate level based on the Biglan model of disciplinary differences.  She reported that more “majors in the soft, pure, and life disciplines engaged in more information seeking activities than undergraduates majoring in hard, applied and non-life disciplines”.  However, as noted in Whitmire’s conclusions, their survey instrument was limited to only information seeking that occurred in the physical library itself.  Perhaps the results would be different if electronic access had been included.  It is critical to have a complete picture of all types of information seeking to both properly understand current research and for libraries to plan resource allocations.  

While much work has been done studying traditional science research roles, there have been few studies of this new interdisciplinary breed of bioinformatics researchers who combine biology, genetics, statistics, computer science and many other disciplines.   This cohort is of particular interest to study because its members are representative of the future direction of science: interdisciplinary research combined with an increased utilization of different types of electronic scholarly resources (traditional journals, online databases, web pages).  We hypothesize that the processes used by bioinformatics researchers for searching out, using, and citing scholarly knowledge may be different due to their strong interdisciplinary approach, and the plethora of electronic resources utilized.  Brown [JASIST 2003] documented the significant changes that have occurred with the advent of genomic and proteomic databases such as GENBANK.  Researchers frequently search out and cite information in these public, non-peer reviewed databases.  For many journals, deposit of sequence data in these databases is required for a manuscript to be considered for publication.  Bioinformatics researchers are an important group to study because the challenges of interdisciplinary searching are exactly the problems described above: overwhelming amounts of materials to search, disjoint literatures, and multiples types of resources.   Studying and understanding these researchers will help guide the development of the next general of information searching tools that are already evolving: NLM’s Entrez, Google Scholar, CiteSeer, ACM Digital Library, Faculty of 1000, etc. 

At the same time as researchers are becoming inundated with increasing amounts of scholarly literature, the mechanisms they use to search out, retrieve and view the content are dramatically changing.  By simple observation at universities it is clear that many if not most researchers primarily use electronic access for searching and retrieval of content.  In our pilot study 97% of scientific researchers searched electronically from their desktop for relevant journal articles.  This is a significant change from when users relied on personal journal subscriptions [Curtis 1997], or from when they primarily went to the library to read and print copies [Hurd 1996], or when they searched electronically, but read or made a xerox copy of the print copy because the electronic copy’s text and figures were not of sufficient quality [Sathe 2002].  In today’s world, the most common model appears to be the researcher conducting all the work at his or her personal computer, and then printing out (some but not all) content for reading, often keeping a personal electronic copy of the content.  Visits to the library are becoming few.  Different models have been proposed for this “electronic communication of scholarly information” [Garvey and Griffiths 1972, Lancaster 1978, Hurd 1996].  These models are at a high level of information seeking behavior.  As part of this proposal we plan to address this at a more detailed level.   There are few published attempts to model the workflow of bioinformatics researchers.  Stevens [2001] coded survey responses from 35 biologists to classify bioinformatics tasks.  From 315 task descriptions they produced a classification with 15 categories, with three of them accounting for over half of the reported tasks (similarity search, multiple pattern and functional motif search, and sequence retrieval).  Notably, literature searching was only the tenth most frequent task category.  Bartlett [2004, 2005] provides a detailed workflow model for the task of performing a functional analysis of a gene, based on interviewing 20 bioinformatics researchers.  After analysis and merging of the interview data, she produced a workflow model with 16 steps for this high-level bioinformatics task.  

C. Preliminary Studies and Progress Report

The aim of this proposal is to conduct a national study to comprehensively detail the information seeking behavior of scientists, and in particular, bioinformatics researchers.   As preliminary work for this proposal we conducted pilot studies at University of North Carolina at Chapel Hill using the same survey and interview protocols as are proposed in this grant for the national study.   The survey was conducted during the spring of 2005.  The analysis of the results is mostly completed, with several publications in preparation.   The survey questionnaire is included as Appendix 1.   We identified and recruited the science researchers at the UNC campus (3552) with 27% percent participating in the study (971).   Just over half the participants were women.   While the analysis is not complete, several initial findings are provocative.   Fewer researchers visit the library today than 10 or 20 years ago, and those that do visit, do so less frequently.   Almost all researchers (97%) do their searching and exploration from the personal computer in their office, as opposed to using print resources or going to the library.  This is a substantial change from just a decade ago when most preferred print resources.   Search engines are now just as popular as bibliographic databases for beginning searches.  The most accessed type of information is still the scientific journal, but close behind are web pages and scientific databases.   However, despite the ability to search, retrieve and potentially store their information electronically, most people still prefer to print out journal articles to read them.  Similarly, they still favor print versions for making notes (annotations) and archiving articles of interest.   However, personal collections of electronic articles and associated annotations are growing rapidly and will likely rival the size and scope of print instances in the next 5-10 years.  

There are also many statistically significant interactions between the survey response variables.   For instance, the type of search interface preferred (library home page versus Google) was affected by the participant’s distance to the library (p = 0.0023).  There are also statistically significant differences between members of different academic units.  For instance, chemists (mean=33 visits) are significantly different from biologists (mean=19 visits) in how often they visited the library in the last twelve months (p=0.002).  A large number of interesting correlations have been identified and are under further study.  The table below shows the output from the Chi-square analysis of pair-wise interaction for six of the categorical response variables in the survey.   

	Variable
	Dept
	Dist to library
	Maintain article collection
	Preferred search method
	Preferred retrieval method
	Search interface

	Dept
	0.0000
	<0.0001
	<0.0001
	0.4251
	0.5725
	<0.0001

	Distance to library
	
	0.0000
	0.2625
	0.3960
	0.6982
	0.0023

	Maintain article collection
	
	
	0.0000
	0.3977
	0.3246
	0.4955

	Preferred search method
	
	
	
	0.0000
	0.0297
	0.1363

	Preferred retrieval method
	
	
	
	
	0.0000
	0.8062

	Search interface
	
	
	
	
	
	0.0000


The interview study was piloted in the spring and summer of 2005 with several faculty and doctoral students.  Formal recruitment and participation began in the fall of 2005 after completing several modifications to the protocol and changes to the information tracking software.  As of September 2005, two of the interview processes are complete and several more are underway.   We expect to complete all 15 participants by January of 2006.  Analysis of the interview data will be more time consuming than the survey study.  Significant effort is required to organize and code the information, and to create both the generalized information seeking behavior model and specific workflow models.  Due to the wealth of data in the interviews, another doctoral student (Dihui Lu) has undertaken analysis of the interview materials as part of her dissertation. 

An important strength of this proposal is that all the proposed methods and protocols for the survey and interview studies have already been tested at UNC at the same scale that they will be applied at each study site.   The effort spent in pilot testing and developing these two studies prior to their conduct at UNC resulted in both studies being accomplished as planned and on schedule, with minimal problems.  We believe that we can conduct the survey and interview studies equally well at the proposed national sites.  

D. Research Design and Methods
Defining a comprehensive picture of the information seeking behavior of health and science researchers requires a national study.  The pilot survey and interview studies at UNC have demonstrated successful methodologies that can be extended nationwide.  We will conduct the survey and interview studies at multiple sites, in both academic and industry settings.   We have chosen academic settings as our primary environment because the libraries serving these populations have a strong interest in understanding their users’ information seeking behaviors and are willing to invest time and effort to help conduct the study at their sites.   Additionally, we have many contacts with such sites that facilitate relationships with them.  We have approached private companies about participation, and they have agreed to participate in the interview study, but not the survey study (due to privacy concerns).  The overall design is a standard fixed sites design (random sites would not be feasible because sampling a site requires significant cooperation and commitment from the site, which rules out true randomized selection of university sites).  We anticipate a fixed effect due to site, and will examine interactions between sites, and when grouping across sites (such as on department).
To estimate the number of subjects at sites needed for a national survey study we performed a power analysis based on the UNC survey study.   The average number of available subjects at the identified sites is 2000, or 500 participants assuming a 25% participation rate.   For simplicity we assume equal size samples (500) at each site, and equal numbers within each department.  Estimates were only made for quantitative and binary response variables; categorical ones, which are more difficult to calculate, were assumed to be in the same range.  Because of the large number of questions (30) on the survey, we did power calculations primarily on the more difficult analyses for which we had the least power, and assumed the smallest likely number of participants per department (20), based the pilot study.   The number of samples per department is important because we are interested in effects by department.  We found that 7500 samples (16 sites with slightly under 500 subjects each) would provide excellent power (99.9%) for most questions, and adequate power for all questions.  The table below gives example calculations for two questions for which we have the least power: number of annual library visits (effect size of .35), and which search interface is preferred (effect size of 45%,55%) [ Cohen 1988].  We calculate the power for both the full sample size (7500) and also by department (320), in order to do the between department comparisons. Contrasts for other variables with other distributions should have similar power. 
	Question
	Type
	Sample Size
	To Detect
	Power

	Library Visits
	Quantitative
	7500
	0.88 (+/- 1 visit)
	95%

	Library Visits between Dept
	Quantitative
	320
	Difference
	99.9%

	Search Interface
	Binary
	7500
	+/- 1 visit
	95%

	Search Interface between Dept
	Binary
	320
	Difference
	72%


We have chosen a census design since we can identify and easily recruit all candidate subjects at each site, and this will provide us the most comprehensive results.  While there is potential for bias to be introduced by which participants choose to participate in the online survey, initial analysis of our pilot study indicates that we were able to achieve a representative sample (as measured in age, gender, department participation rate).  We believe this is due to the efforts of the on-site coordinator to promote the study, having the study easily accessible to everyone, and quick and convenient to take.  Prior to beginning the national study we will do an in-depth analysis of the pilot study with our statistician (Chris Weisen of the Odum Institute at UNC) to determine if there is a significant risk of bias. In that case, our alternative design would be to recruit a random sub-sample of the available population at each site.  This would take more of the site coordinators’ time (to follow up with specific individuals), so the tradeoff would be to have fewer participants from each site for the same site stipend.  Based on our experience at UNC in the pilot study, however, we believe our national sample will have a good participation rate, be representative, and have a high degree of accuracy.   Additionally the census design is preferred by the libraries as it would accrue a much larger sample of answers to the comment based questions, as well as those identifying which resources their patrons use. 
While we will acquire fairly detailed information from the survey, it will not help us to identify the specifics of how bioinformatics researchers conduct their research.   For this purpose we will use in-depth structured interviews with bioinformatics researchers in order to better understand their individual information seeking behaviors.  We will use a grounded theory approach, to derive both a generalized model and specific workflow models for bioinformatics information seeking behavior.  These models could be used to inform the design of information seeking tools for bioinformatics researchers at several levels, including widely used resources such as Medline, genetic databases GenBank and SwissProt, individual university and corporate libraries, and more domain specific tools.   Based on our experience and the large variability of types of research done by bioinformatics researchers, we believe a large interview sample (80-100) is required.  
This research program is conducted by the University of North Carolina at Chapel Hill’s School of Information and Library Science, which has a long and successful history of surveys and studying the information seeking behavior of different populations in multi-institutional settings.   The proposed national studies are based on the pilot studies successfully conducted of UNC-CH health and science researchers by the principal investigator.  This research has excellent support from the university, including formal endorsements and support from all the University Libraries, the Renaissance Computing Institute and Informational Technology Services, the Carolina Center for Genome Sciences, the Program on Computational Biology and Bioinformatics, the School of Information and Library Science, and the chairs of all the science departments on the UNC-CH campus.  

D.1 Description of Experimental Methods for Survey Study 

Survey Instrument

The national survey instrument will be based on the web-based survey instrument used in the successful pilot study at UNC in the spring of 2005.   This instrument was developed with the PHP Surveyor tool.  The survey is web based, allowing participants to take the survey from any computer with an internet browser.  This enables us to administer the same survey to all the survey sites.  The initial survey questions were developed by a team of researchers and librarians at UNC, led by Dr. Hemminger.  Many questions were chosen intentionally to be the same or similar to questions previously asked in prior studies of the information seeking behavior of scientists, so that we can compare results with prior studies of research scientists.  One particular study that was utilized is Brown’s [1999] similar study of scientists’ use of electronic resources.  We consulted with Dr. Brown during the development of the pilot survey, to benefit from her experience, and to plan for performing an analysis between her 1998 study and our own.  Dr. Brown is a consultant on this grant and will serve as an adviser in designing the national study as well as conducting comparative analyses between our study and her studies on scientists [Brown 1999] and on bioinformatics database usage [Brown 2003]; both papers are included in the appendix.       

A print version of the pilot study survey is included as Appendix A (the actual survey itself is also available at http://ivlab3.unc.edu/survey/test).  It was developed over the course of 8 months of testing, with feedback from representatives from each of the libraries at the UNC-CH campus.  In our analysis of the UNC pilot study we performed a careful review of how successful individual questions were, as well as their relevance to the national survey and our study aims.  We updated several questions and added questions specific to bioinformatics and interdisciplinary research.   An initial draft of the national survey is included as Appendix B (and available at http://ivlab3.unc.edu/survey/test3).  We are in the process of soliciting comments from each of the proposed sites on the national survey.  We will use their input to draft a new revised national survey that will receive a final review by all investigators at all sites.   Survey questions will be identical across sites except for the demographic question identifying the participants’ academic unit, due to site differences. 

Sites
A strength of this proposal is the enthusiasm of other universities to participate in this study.  At the American Society of Information Science and Technology (ASIST) 2004 conference we met with several universities that were interested in administering our survey at their institutions.  We have followed up informally with people in the spring of 2005 to identify potential sites.  We contacted nine institutions and all have expressed interest, and all but one have committed to participating.  We have a panel presentation accepted for the ASIST 2005 conference in November 2005 to discuss the survey, with the stated purpose of promoting the survey and recruiting additional sites to participate.  We will also advertise and attract sites at the American Library Association (ALA) 2006 conference.  The study sites are distributed across the two years, with half the survey sites active the first year, and the rest the second year.  The first year’s sites have been identified and include Arizona State, Harvard University (Massachusetts), John Carroll University (Ohio), University of South Florida, University of Oklahoma, University of Oregon, University of Washington, and University of Wisconsin. We will select additional institutions for the second year to achieve representation from many different segments of the population (for instance including African Americans from North Carolina Central University, and Native American Indians from Arizona State).   We will fund 16 sites from the grant, with each receiving a stipend ($1500) to help support administration and participant recruitment at that site.    

Subjects and Recruitment

Achieving a high level of participation in online surveys can be challenging.  It is important to make contact with the individuals and their departments to help them understand the importance of the study, and to motivate their participation.   Matthias’ [2001] survey of the participation rates of web based surveys found a participation rate range of 7%-44%.  Participation rates reported in the literature for university surveys range from 30% to 61% for paper based surveys [Brown 1999, Choo 2003, Curtis 1993, Hallmark 2003, Tenopir 2004] and from 3% to 62% for electronic surveys [Jones 1999, Schleyer 2000, Bell 2001, Vredenburg 2002, Kwak and Radler 2002, Owen 2003, Vaughan and Hahn 2004].   Electronic surveys tend to have lower participation rates especially if no follow-up is used.  The best estimate is likely our pilot study, in which we had 27% participation.  We achieved this by keeping the survey reasonably short (10 minutes), and supporting a student part-time to work closely with each department to recruit participants.  Eligible subjects received an initial email from their department as well as three follow-ups (two email and one postal mail).  By supporting a site coordinator at each site we believe we can achieve similar rates at other institutions using the same methodology.  

At each site we will contact by email and postal mail all eligible subjects to recruit them to the study.  Eligible subjects are adult academic researchers at the university including faculty, research staff, and students (doctoral and post-doctoral).  Based on the planned number of institutions and their estimated eligible subjects, we expect to recruit 30,000 subjects.  Based on our pilot study (and similar results from studies using similar survey instruments) we expect to get completed survey responses from 25% (7500 participants), giving us adequate power for all planned analyses.
Analysis

There are 30 questions on the survey.  Three are open-ended comment questions in which participants describe the strengths and weaknesses of their libraries, and their ideal searching environment.   The remaining responses to questions are categorical (22) or quantitative (5).  Completed survey data from the PHP surveyor tool is automatically transferred into a MySQL database.  This data is cleaned up and then imported into SAS version 8.  The survey questions are implemented in PHP Surveyor using constraints so that all answers are of the data type expected and are valid responses.  In the pilot study we did uncover a few problems in our constraint definitions and in the clarity of the questions.  These were identified during the data cleanup stage, and the problem questions have been improved for the proposed national study.  For the quantitative response variables standard descriptive statistics (mean, min, max, standard deviation) are computed, and histograms are used to visualize the distribution.   Categorical variables are reported as counts and percentages for each category, and displayed as frequency tables.   

There is potentially a large of amount of interesting information contained in relationships between the variables, so we additionally examine all pair-wise interactions between all combinations of variables (for instance, do the number of visits to the library depend on the researcher’s department) using the statistical techniques shown in the table below.  Additionally, Tukey groupings will be calculated for variables with
	Types of Variables Involved
	Type of Test
	SAS Procedure

	Categorical vs Categorical
	Chi-square
	CHISQ

	Categorical vs Quantitative
	Analysis of Variance
	ANOVA

	Quantitative vs Quantitative
	Correlation
	CORR


statistically similar results (for instance, departments will be grouped based on statistically significant differences in how often they visit the library to search out materials).   Additional analysis and study will be made of individual statistics or interactions of interest to the experimenters and librarians involved in the study.  The SAS procedures for conducting the statistical analyses have been developed and successfully used in the pilot UNC study.  An example of the output from the Chi-square analysis of pair-wise interaction for some of the categorical variables was shown in the preliminary studies section of the proposal.  

D.2 Description of Experimental Methods for Interview Study 

The interview study will be used to identify in more detail the specific information seeking behaviors of bioinformatics researchers.   We will use in depth interviews with 90 bioinformatics researchers at 5 universities and 5 companies.  The interview process will consist of three meetings, with several structured components (an information seeking task, a two week diary, and predefined interview questions) as well as unstructured interview time with the participant.   From the overall set of information we gather in the interviews, we will use a grounded theory approach [Glaser 1967, Strauss and Corbin 1990] similar in application to Ellis [1993] and Orlikowski [1993], to derive a high level generalized model for “bioinformatics” information seeking behavior.   Additionally, we will develop detailed specific workflow models of the processes used by bioinformatics researchers.   We anticipate developing multiple workflow models because of the number of different tasks performed by bioinformatics researchers.   As a starting point we will use the tasks identified by Stevens [2001] in his classification of bioinformatics tasks.  For each task we will develop a workflow model, similar to what Bartlett [2004] did when analyzing bioinformatics researchers performing functional analysis of genes (see workflow diagrams in her dissertation).  

The main cohort of participants for the interview study will be from 5 university campuses, with 15 bioinformatics researchers at each institution.  Interviews are expected to take a total of 6 hours time, plus 2 hours for keeping the diary.   Participants will be paid $100 for completing the interviews.  The first interview session will cover an explanation of the study, and the information seeking task.  Participants will be asked to search out enough information on a topic so that they can provide a summary analysis.  For instance, what if any, are the possible genetic causes of Creutzfeldt-Jakob disease.  Sessions are observed by the experimenter and recorded via computer logging applications (TrueActive, Inc or similar).  Participants then will be asked to keep track of all their information seeking and utilization in a diary over a two week period.  The second interview starts with reviewing the information seeking task transcripts so that the experimenter can verify that they have properly coded the events, and understand what the user was attempting to do.  Then, the experimenter will review the two week diary with the participant.   The interview continues with the experimenter asking a predefined set of structured questions of the bioinformatics researcher.  At the third interview meeting, the experimenter first will review with the participant the experimenter’s classification of the participant’s activities (as described in their diary and in their interviews) into information seeking and use tasks.  Then, they will have an open ended discussion about the information workflow the experimenter has created to model that participant’s information seeking behavior.  The pilot interview study began in the fall of 2005 at UNC with a small cohort (15).   When completed in January 2006, we will use the results from this study to refine the protocol for the national study that is part of this proposal.      

The five sites will be chosen from the 16 survey sites.  Site coordinators will be responsible for identifying eligible bioinformatics research scientists at their institution, and proposing their site.  We will select 5 sites for the interview study based on (1) their having sufficient (greater than 15) participants, (2) obtaining a representative sample, i.e. not having all bioinformatics researchers being mouse geneticists or performing the same task types; (3) minimizing travel expenses for conducting the interviews.  A random sample of 15 participants will be selected for interviewing from each of the 5 identified sites.  

A significant amount of research occurs in private industry and not in university settings, so we also have included a second cohort of participants for the interview study.  We will include participants from 5 companies, with 3 participants from each company.   The participants will be volunteered by their companies and will not receive reimbursement from us.   No computer logging of the information seeking task will occur for this cohort.  Otherwise, the protocol is the same between the academic and private industry cohorts.   The differences are due to conditions requested by the private companies.  The companies are based in the Research Triangle Park campus in North Carolina, which is a short drive from UNC.   An additional part of the analysis will be to compare results between the academic and private industry cohorts.   

Analysis

The grounded theory approach was chosen because it allows the interview study to focus on contextual and process-based elements rather than the quantitative data and models of variance that are more common in information science studies [Markus and Robey 1988, Orlikowski and Baroudi 1991].  Thus, the interview study complements the more traditional positivist orientation of the quantitative survey study.  While the findings of this grounded theory study will be detailed and particular to each subject and site, we will use analytic generalization, [Yin 1989], to produce a more general explanation from the results [Eisenhardt 1989, Dutton and Dukerich 1991, Leonard-Barton 1990].  We plan to further extend this generalization by comparing the generalized model with those proposed from the general information seeking literature (following the strategy recommended by Glaser and Strauss [1967]). The outcome is a general model of information seeking behavior that both contributes to our research knowledge and informs information seeking practice. 
The data will be analyzed within each subject and site, and as a whole.  The iterative approach of data collection, coding, and analysis will be open-ended and generative, especially when reviewing the initial interview data.  The focus will be on the development of concepts, properties, and relations, following recommendations by Glaser and Strauss [1967] and Eisenhardt [1989].  Content analysis will be performed with the data categorized into concepts that are suggested by the data rather than imposed from outside [Agar 1980, Strauss and Corbin 1990].  The “data” that is coded comes primarily from the computer log of the information seeking task and the diary, as well as the follow-up questions during the third interview.   Every user action at the computer station (and what they are viewing) is recorded during the information seeking task, providing a very detailed task analysis.  The diary is used in a similar manner, except the task detailing is at a higher level (e.g. a subject may write down “searching for COMT gene and Schizophrenia using Pubmed”), and their journal is used more as a basis for the experimenter to review with the subject their actions and motivations, over the longer time period).  Once all the data have been examined, the concepts will be organized by recurring theme. The themes become candidates for a set of common categories, which link the associated concepts.  As additional interviews are added, the overall data will be re-examined and re-coded using this proposed scheme, with the goal being to determine the set of categories and concepts that describe as much of the interview data as possible.  These techniques will be applied similarly to deduce common specific bioinformatics tasks and workflows.   However, rather than attempting to generalize them into a single common data model, the identified common bioinformatics tasks will each be detailed to a fine level.  These workflow models will provide researchers working on text mining and information retrieval algorithms the details necessary to understand the benefit of their results in the total picture of the bioinformatics researchers’ everyday work process.   

D.3 Summary

Without this work, research scientists will continue to struggle to stay abreast of material pertinent to their research.  They will miss relevant resources, and be stressed by knowing they cannot stay current.   Development of text mining and information retrieval tools will continue, but will fail to affect the everyday practice of bioinformatics researchers.   Libraries will continue to cut back on journals, without detailed knowledge of how their patrons use their resources, or what they consider to be the most important resources.   

The research of this proposal would lay the groundwork for solving these problems.  The survey results will provide a comprehensive quantitative summary of the current information seeking behavior of research scientists.  Further, with Dr. Brown’s help we will analyze our data against previous studies to document changes in the research scientists’ behavior over the past several decades.   We will capture extensive information on the materials utilized by research scientists; informing all libraries about health and science researchers’ current needs.  From the comment questions we will produce a wealth of feedback for libraries about their services.   Together with the librarians participating on the grant we will produce general recommendations for libraries regarding which materials and resources are most valuable to their clientele, and how they are used.   From the interview study we will be able to produce a general model for the workflow of bioinformatics researchers, and compare it with those proposed for general information seeking behavior.  We will define specific bioinformatics workflow tasks, and detail these operations so that other researchers can build systems based on a precise knowledge of how bioinformatics researchers use information on a daily basis.  
E. Human Subjects Research
The existing pilot survey study was conducted under an approved IRB (LIBS-05-001) at UNC.   We are submitting a revision to the IRB based on the changes being made to modify the pilot survey instrument into the one for the national study.   We expect to have UNC IRB approval for the national survey instrument in early 2006.   Because the recruitment for each site occurs locally, and the sites ultimately have a copy of their own data, it is appropriate that each site receive its own IRB approval.  Thus, each site will be required to submit and receive IRB approval for the study at their site.  We will provide the national study IRB used at UNC as the template for each site.   Similarly the UNC interview study is being conducted under an approved IRB (LIBS-05-018), and after analysis of this study we will submit a modified protocol for IRB approval in the February of 2006.  This will be used as a model for the sites participating in the interview study, as each of them will similarly be required to submit their own local IRBs for the interview study.   

1.  Human Subjects Involvement and Characteristics

This Human Subjects Research falls under Exemption 4.  The study involves a survey and interviews of science researchers at universities.  Participants must be at least 18 years of age.  At each site we will conduct census studies, and recruit all possible participants.  Based on the preliminary study we expect about 25% participation from the complete population of each site.  No vulnerable populations are included.  Involvement of human subjects is only as survey respondents or as interviewees.   No identifying information is recorded in the survey.  Interview participants may be identifiable from the complete record of their interview.  However, their identities are coded, and the interview records encrypted and not publicly available.   Interview participants will be made aware that they may be identifiable if sufficient information from the interview is published.   Sixteen collaborating sites will be included.  The first year’s sites have been identified and include Arizona St, Harvard University (Massachusetts), John Carroll University (Ohio), University of Oklahoma, University of South Florida, University of Oregon, University of Washington, and University of Wisconsin.   This is not a clinical study.  Except for recording the participant’s academic unit, no specimens, data or other identifiers will be acquired or recorded about them except for their responses to the survey and interview questions.  

2.  Sources of Materials

The only materials recorded will be respondent’s answers to survey or interview questions.   Only demographic data (academic unit, age, rank) will be recorded.   No information linking participants to their records will be maintained.  Information will be collected throughout the two years of the grant. 

3. Justification for Exemption 

The research is exempt under Exemption 2 because it acquires only survey and interview responses, and does not keep any identifying information.   As described above in the Research Methods section, the preliminary study was conducted under an existing IRB (LIBS-05-001) at UNC.   A revised version of the preliminary study’s IRB will be submitted at UNC in January 2006 for this study.  Individual sites will submit their own IRBs (based on ours) to their own institutional IRB committees. 

4.  Inclusion of Women and Minorities

While this proposal is not a clinical study, it does attempt to include significant women and minority populations to be representative.   In the preliminary study, women were slightly over half of the participants.  We expect a similar ratio for this study.  We did not track minority participation in the preliminary study but we plan to add a question to this study so that it can be tracked.  In our experience there is significant non-US population representation in the graduate student and faculty populations at most institutions.   Since the study design calls for sampling the entire available populations at each site, we have recruited sites that have significant African American (North Carolina Central University) and Native American (Arizona State) populations, to ensure adequate representation of those groups.         

F. Verebrate Animals

Not Applicable. 
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H. Consortium/Contractual Agreement

Not Applicable.

I.  Resource Sharing

This proposal will provide several valuable resources to the community.  At the conclusion of the grant we will produce a detailed summary of the information seeking behavior of science researchers, recommendations for academic libraries regarding service and acquisition to support science researchers, and both general and specific workflow models of bioinformatics researchers’ information seeking behavior.   These resources and details of the experimental results will appear in journal proceedings and be presented at conferences.  All journal articles will also be submitted to Pubmed Central so that they will be freely available 6 months after publication.  Additionally, all research summaries, written reports, and analyses will be made available via a web site dedicated to this research project and through the UNC Institutional Repository (coming online in spring of 2006).   All materials will be freely available using the Creative Commons attribution and non-commercial use license.  Materials will be stored in an open format (PDF/A) so that they may be retrieved and used by all computer types, as well as preserved.  Other researchers will be able to electronically retrieve and study our survey results, interview notes, and work flow models.    Participating sites will additionally receive complete data from the surveys regarding their patrons’ library usage patterns as well as the feedback regarding their current services.
Finally, upon completion of the study we will seek funds to process the raw dataset into a documented large SQL format database, and provide continued support of it, so that other researchers may make use of the raw survey results since this collection will be unique due to the size and scope of the survey sample.  The results would then become available to other researchers through a registration process.  As part of the registration process, users will have to agree to conditions governing the use of the data, including restrictions against attempting to identify study participants, destruction of the data after analyses are completed, reporting responsibilities, restrictions on redistribution of the data to third parties, and proper acknowledgement of the data resource. Registered users would receive user support. The information provided to users would not be used for commercial purposes or redistributed to third parties. 
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