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Introduction
Since 1998 I have worked as a consultant to biotech and pharmaceutical companies, supporting the computational infrastructure needs of biologists and chemists engaged in drug discovery.  These corporate research scientists typically have doctorates in their fields, and are actively involved in the scientific advancement of their respective fields.  Corporate scientists are very much like academic scientists.  They perform laboratory research, analyze experimental results, present talks at conferences, publish papers in refereed journals, and apply for public and private research funding.  Corporations are typically very supportive of sharing of research results, although they do review all papers prior to publication to ensure proprietary information is kept confidential.  Corporations also place a premium on filing for patents on any discoveries.

Information Needs and Information Seeking Behavior
The information needs of corporate scientists are varied.  They must remain at the cutting edge in their professional fields, find specific information to prepare an experiment or analyze results, locate background studies to support their experiments, identify similar experiments and results to prevent duplication and avoid patent infringements, and to support filing of their own patents and approvals for new drugs and discoveries.
The information seeking behavior of scientists has been observed since the 1960's, and has evolved over time as the sources of information have changed.  Yet studies show that many scientists hold on to pre-Web ways of searching for information.

Studies of information seeking behavior in scientists are motivated by the need to build models that allow librarians to understand the needs and respond appropriately to requests for information.  Models of information seeking behavior have been developed that focus on environmental factors, activities involved in the search, the nature and goals of the search, the scientists' psychological states of mind, and services and materials most often sought after.
Leckie et al. [1] identified six components of information seeking behavior as work roles, associated tasks, characteristics of information needs, and three factors affecting the search: awareness, sources, and outcomes.  This model characterizes the environment in which information seeking takes place, and factors that can influence its progress. 

Ellis and Haugan [2] studied activities of scientists and developed a general model of information seeking behavior with six generic stages: starting, chaining, browsing, differentiating, monitoring, and extracting.  Starting involves identifying potential sources, with preference given to those most accessible and with the highest perceived quality.  Chaining is the tracing of citations from existing sources to significant precursors or successors.  Browsing activity is the scanning of summary material, such as indexes, tables of content, abstracts, author lists, and so on, to identify information related to the subject area.  Differentiating is a filtering or prioritization step that identifies differences between the nature or quality of the material.  Monitoring is the repeated review of a small number of primary core sources to remain alert to significant changes or updates.  Extracting is the activity of weeding down the source material to those of specific applicability to the immediate task.  A number of researchers have noted the applicability of these six stages to the behaviors of other user populations besides academics and researchers.
Choo et al. [3] studied how scientists, among others, used the Web to search for information.  They defined four modes of information seeking, undirected viewing, conditioned viewing, informal search, and formal search, forming a progression of intensity or urgency, and found that these are correlated with high activity representative of different stages of the Ellis model.  They conclude that a behavioral framework which relates motivations to activity can lead to more precise analysis of Web-based information seeking.

Kuhlthau [4], beginning with studies of scientists but generalizing to other user groups, defined six states of mind in the information seeking process: initiation, selection, exploration, formulation, collection, and presentation.  Initiation is characterized by apprehension and uncertainty as the lack of knowledge is realized.  Selection occurs when a topic or problem is identified, leading to optimism and readiness to begin the search.  Exploration experiences increased uncertainty and doubt as inconsistent information is discovered.  Formulation occurs when a focused perspective is formed and uncertainty diminishes.  Collection is the gathering of information pertinent to the focused perspective, when involvement deepens.  Presentation is the final stage when the search is complete and the person can confidently explain his learning to others.  The conclusion is that, like Choo, an analysis of the mental states of information seekers can point to the most pertinent activity to advance the search to the next stage.
Three studies of engineers point out similarities and differences with scientists in their information seeking strategies.

Anderson et al. [5] performed a study of aerospace scientists and engineers, and found support for the principle of least effort, with a strong preference for oral over written communication.  In other words, when needing information a scientist would first question colleagues before turning to a review of the literature.  For written material, relevance of the subject matter in an article was more important than the reputation or accessibility of the journal itself.
Tenopir and King [6] documented many different studies of the flow of scientific and technical information, and how it is used by engineers.  They present results based on readership surveys, tracking of scientific journals, and cost studies of scientists' activities, and found that, in general, internally published technical reports are favored over externally published documents, but that library resources fill a small niche by providing access to older or costly material.  Scientists become aware of new knowledge through informal channels within the company, such as discussions over water coolers or information sharing meetings.  There are information "stars" or "gatekeepers" to which other engineers go to learn of new results, and they rely on personal citation databases and collections of electronic articles that are not managed well by libraries.

Mueller et al. [7] reported five key information seeking behaviors of engineers.  Engineers search independently, relying on colleagues rather than library professionals, prefer books to electronic resources, have a cycle of information seeking that correlates with phases of their project, typically seek answers to very immediate problems, and demand that services and facilities be located nearby.  They suggested three best practices for librarians: to develop personal relationships with engineers and teams, to balance virtual and physical library services, and to integrate library and information services into existing engineering web and workflow spaces.
Summary of findings
The various models that have been developed allow the librarian to classify stages of the search process and provide assistance that is appropriate to each stage.  The search process can be partitioned by environmental factors, by typical activites, by search goals, by states of mind, or by resource preferences.  The models reinforce one another, and provide an understanding of the types of support needed in each phase of the search.

The most important aspects of corporate scientists as a user group are that they rely on interpersonal communication and local resources, they manage their own citation lists and document libraries, they initiate their searches by chaining and browsing, and that they file patents and need to avoid infringement on patents of others.

These characteristics suggest the need for increased deployment and familiarization with tools that support corporate resource indexing, personal citation management, citation chaining, and patent searching.  In the companion paper I will review a selection of these tools.
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