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In the process of re�evaluating the curriculum of the existing chemical information courses at Indiana University, we have investigated other, possibly complementary, ways of educating chemistry students in the chemical literature. The main focus of this study was to determine the feasibility and/or usefulness of integrating instruction into several courses of the existing undergraduate chemistry curriculum. We will examine the guidelines that exist for this type of program, how similar programs have been implemented at other institutions, and some of the decisions that must be faced if such an approach is taken.





The general framework for chemical information instruction in the undergraduate curriculum is defined by the American Chemical Society Committee on Professional Training (CPT), which approves undergraduate chemistry curricula.�  In the 1983 CPT guidelines, the necessity of formal instruction in chemical information, either in a specific course or as part of coordinated instruction within other upper�level chemistry courses, was noted. In addition to the section devoted to "Chemical Literature and Information Retrieval," the Committee stresses the use of (and concomitant instruction in) the chemical literature as part of the core courses,� laboratory work,� and undergraduate research.�  In a separately published appendix, prepared with the help of the ACS Division of Chemical Information, the specifications of the guidelines are spelled out. The objectives are based not only upon competence in specific reference works (such as Chemical Abstracts, Beilstein, and Science Citation Index), but are skill�based as well. This focus on solving various types of information problems is a valuable framework for integrating chemical information into the classroom, and would be useful in assigning and coordinating bibliographic instruction throughout the undergraduate curriculum.





Given the latitude allowed for the structure of chemical information instruction in the CPT's Guidelines, it is inevitable that schools would meet this requirement in a variety of ways. In a survey sponsored by the ACS Division of Chemical Information, Somerville sought information on how schools were handling instruction in chemical information.� She found that 33% of the respondents offered separate courses, whereas 63% preferred to integrate the instruction into other courses, particularly laboratory and seminar courses.�





What advantages do each of these approaches offer? Somerville notes that proponents of the integrated approach claim that it enables the students to apply their information skills as an essential part of coursework. Thus the information work is directly relevant to success in each course and seen as an integral part of research. Those favoring such an integrated approach argue that a separate course lacks direct applicability to research and is an "artificial situation".  Some schools have chosen this approach because they felt that their curriculum was already too crowded and therefore could not accommodate a separate course.�  Detractors of the integrated approach claim that the subject of chemical information is too big to be broken up and that the integrated system lacks cohesiveness and comprehensiveness. Some maintain that trying to mix chemical information into other courses is impossible given the amount of material that must already be covered. Gorin contends that "a formal course is the more reliable way of fulfilling the CPT recommendations..."�  Wilen observes that often the schools with the best research libraries opt for the integrated approach, while smaller schools offer a separate course. He conjectures this is because the faculty at the research institutions take their library and librarian for granted and rely on the library to provide informal bibliographic instruction.�





If instruction in the chemical literature is integrated into the core curriculum, decisions must be made as to what aspects are taught and when.�  There are several examples in the literature of the schedules developed at other institutions, and from an examination of these, a consensus timeline can be constructed.�  During the first year, the student will become acquainted with the chemistry library and its organization, with the flow of information through the chemical literature, and with literature that will be used in the classes. This includes a basic introduction to Chemical Abstracts, as well as the use of chemical handbooks and encyclopedias. During the second year, the instruction can be integrated into the laboratory setting. Resources for chemical properties and spectral catalogs will be introduced, as well as Beilstein and more advanced instruction in Chemical Abstracts (such as the Ring Index and structure searching). Upper level instruction would include sources such as Science Citation Index, Gmelin (introduced in the Inorganic Chemistry course), reaction chemistry, locating patents, and current awareness tools. Most seem to delay online instruction until the latter part of the undergraduate's education, when the print sources have been mastered and the search can be used to further the student's undergraduate research (i.e., until the information problem is particularly relevant to the student).





There are in the literature numerous depictions of chemical information units oriented towards specific classes or student populations. Many of these lesson plans provide practical advice and effective exercises for the inclusion of literature projects in courses, particularly labs. Such lesson plans fulfill the CPT's first objective for laboratory instruction, namely that it "should give students the...competence to plan and execute experiments through the use of the literature."�  Kline argues that using the literature in the laboratory allows students to explore and develop their own interests, and that is excellent practice for the way that the working chemist uses the literature. He then proceeds to illustrate this with an example for the organic laboratory.�  Dess et al. describe a "dry lab" for physical chemistry that serves as an introduction to online searching which consists of planning and executing a search strategy with the aim of getting a bibliography of five to twenty citations.�  At an even more advanced level, Prorak and von Braun report the use of the National Library of Medicine's TOXNET system throughout an environmental chemistry course. Several assignments are given which are integral to the completion of the course.�  At the other end of the curriculum spectrum, there are also articles describing basic library units for incorporation into general and organic chemistry courses. These focus on the organizational structure of the library, basic reference sources, and Chemical Abstracts.�  Other articles, while not involving bibliographic instruction per se, advocate the incorporation of exercises in the chemistry curriculum that highlight the importance of the chemical literature and chemical literacy.� 





Other decisions must be made, regardless of the type of course in which chemical information is taught. One of these is whether the print or electronic (including online) sources should be emphasized. Many instructors feel that with the amount of material that must be taught, there will not be room in the curriculum for one of the two, but there is no consensus as to which should dominate.�  Print has the advantage of being more widely available and of laying the foundation for online searching, in addition to the obvious benefit of not requiring expensive equipment and online charges. However, electronic sources offer search capabilities not found in print and will be an ever increasing part of the chemist's research tools.





Regardless of the lessons themselves and the exact timetable for integration, it is obvious that in order for the integrated approach to work, there needs to be a designated coordinator. It would be this person's job to ensure that all relevant sources and skills are being taught at appropriate levels in the curriculum, that the instructors have adequate training, and that the necessary teaching materials are available. Some advocate that chemists should teach the courses, especially in the integrated setting, as they are presumably the ones most able to relate chemical information in a practical way to the curriculum. Others say that librarians should be the instructors, a position supported by the authors of the Indiana University Libraries report "Information Literacy and Undergraduate Education." They feel that librarians "understand aspects of the organization, storage, and transmission of knowledge in ways often different from those of the teaching faculty: understanding which better appreciates the structure of information systems."�   Of course, at many universities, the lack of a librarian specifically trained in and assigned to the chemistry collection makes this point irrelevant. Perhaps the best solution, and one that has apparently worked well for institutions using both models of chemical instruction, is to have librarian�chemist teams design, coordinate, or teach the courses.�  In the 1983 Division of Chemical Information survey, chemistry faculty taught the course in 69% of the cases, the librarian in 14.5%,  and a combination in 16.5%. The Department of Chemistry at Indiana University is in an enviable position with respect to chemical information instruction. In addition to a state�of-the�art library, with professionally trained staff, IU is unique in that it has a training program for chemical librarians on campus and is the site of the Clearinghouse for Chemical Information Instructional Materials. Many of the problems commonly cited in teaching the chemical literature are absent in this environment, such things as lack of effective teaching exercises; unavailability of key search tools, textbooks, and user aids; unqualified librarians; lack of a subject specialist in chemistry; etc. In light of the favorable conditions in the Department of Chemistry, it seems that an increased emphasis on integrating chemical information into the classroom would be both desirable and effective in training chemists of the highest caliber at the undergraduate level. Herman Skolnik, former editor of the Journey of Chemical Information and Computer Sciences. stated a decade ago:





...I think it is time for academe to take a positive approach toward motivating students to acquire and maintain an appreciation and knowledge of the chemical literature. In addition to having a basic course in chemical literature relatively early in the curriculum, there are valid reasons to incorporate in each chemistry course, viz., inorganic, organic, and physical chemistry, those aspects of the chemical literature that are specific to each course. In view of the fact that chemical information science is a discipline of chemistry, one in which several thousand chemists are shaping meaningful careers, we should expect some graduate schools to conduct research in this discipline, preparing students for potential careers as chemical information specialists. Most importantly, however, students of chemistry, undergraduate and graduate, need to be comfortable and competent in using the chemical literature as they metamorphose into professional chemists.�





In light of the preceding, the Department of Chemistry should consider better coordination of the library exercises routinely assigned in undergraduate chemistry courses, preferably with chemist�librarian teams deciding on the timing and content. Furthermore, the existing chemical information courses need to be re�examined. Given developments in the chemical information area in recent years, it is suggested that:





C400 remain a survey course for upper�level undergraduates with the content more geared toward BS undergraduates





C401 concentrate on the more complex major computer�based tools chemists are likely to use in both the academic and industrial environments





C402 be changed to a seminar course in which topics in chemical information would be explored





C409 be an avenue for those undergraduates who truly have an interest in conducting research in chemical information science.
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Appendix:


Resources for Chemical Information Instruction





ACS Chemical Information Division, Education Committee:


	Course outlines, lists of chemical information texts, lists of audio courses, library exercises, and other helpful guidelines are available from thisw committee.





Clearinghouse for Chemical Information Instructional Materials:


	Maintained here at Indiana University, this clearinghouse includes syllabi, problem sets, and exams as well as a wide variety of guides for different disciplines, resources,  and different reference works.





The Chemical Information Instructor:


	This column appears regularly in the Journal of Chemical Education as a forum for discussion of techniques, exercises, and issues in chemical information instruction.





Journal of chemical Education and Journal of Chemical Information and Computer Sciences:


	Both of these journals regularly contain articles and exercises relevant to chemical information instruction and to integrating the use of the chemical literature into the classroom or laboratory setting.
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� Arleen N. Somerville "Perspectives and Criteria for Chemical Information" Journal of Chemical Information and Computer Sciences (1990) v. 30, pp. 177�181.


� Arleen N. Somerville "Chemical Information Instruction of the Undergraduate: A Review and Analysis" Journal of Chemical Information and Computer Sciences (1985) v. 25, pp. 314�323.
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� Larry R. Sherman "Using the Chemical Literature to Write an Interesting Freshman Term Paper" Journal of Chemical Education (1988) v. 65 pp. 993�994. 
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� Herman Skolnik "Relevancy of Chemical Literature in the Educational Process" Journal of Chemical Information and Computer Sciences (1984) v. 24, pp. 95�96.








