Project Description: ChemPRIME

ChemPRIME (Chemical Principles through Integrated Multiple Exemplars) has been designed to resolve a conflict between two philosophies of teaching chemistry: Many teachers prefer to present chemistry as a logically developed, hierarchical structure of knowledge, where each idea depends on previously developed concepts and is prerequisite for subsequent ideas. Many students are not motivated or satisfied by this kind of presentation, so teachers have responded with various “case study” approaches, where the theoretical background needed to understand the case is provided on an “as needed” basis for explaining some (presumably interesting) case. While this provides a context that may motivate students who happen to be interested in that particular case, teachers are generally uncomfortable with the disorganized presentation of theory, and any student who is not interested in the case at hand gains no inspiration through the case study approach. 
ChemPRIME gleans the best of both approaches: it presents the theory in a logically developed manner, but for every theoretical concept, it presents a selection of exemplars from different subject areas, so students can learn the theory in the context of a subject that interests them. For example, the student may learn the concept of stoichiometric ratios through exemplars in food science (stoichiometry in diet); in biochemistry (stoichiometry in metabolic pathways or VO2max values); in consumer chemistry (stoichiometry in cosmetics formulations); in the history of chemistry (opposition to the atomic theory through misinterpretation of results showing “nonstoichiometric” compounds);  in geology (where stoichiometry establishes the boundaries in mineral phase diagrams); in physics or engineering (strength of cement related to the stoichiometry of the setting reactions); in the environment (eutrophication of lakes by adding stoichiometrically limiting nutrients); and so forth. Thus ChemPRIME allows logical development of theory, and optimizes the chance that students will find a topic that motivates them to learn the theory. In addition, maintaining the logical structure of chemistry enables students to appreciate chemistry as a coherent discipline rather than as a set of tools that is mainly important because of its applicability to specific problems.
Structure of ChemPRIME

Our plan is to make ChemPRIME available to students via a wiki combined with a course management system (CMS)  and to provide a means for teachers and students to contribute to ChemPRIME via the wiki. Therefore we intend to develop ChemPRIME in MediaWiki
 in combination with the course management system Moodle
, both of which are open-source projects. Our project will be a model for combining the two, and will present no major obstacles to adoption and adaptation by others. 
As proof of concept a demonstration wiki
 has been created for selected concepts typically taught in a general chemistry course. It includes these tracks, chosen because they represent majors or interests of the typical student constituency of general chemistry: 
· CoreChem (Fundamental/Pure Chemistry): This is an important track, because it follows a typical General Chemistry text, and it defines the prerequisites and learning outcomes expected in the parallel exemplars of each track.

· Geological       
· Physics/Astronomy; Engineering       
· Everyday Products (grocery store, drugstore, hardware store, pet store, cosmetics)
· Sports, Physiology and Health
· Biological
· Liberal Arts (historical, cultural connections)
· Environment and Forensics
· QUIZ

These tracks are illustrative of contexts we plan to develop, but they are not intended to be comprehensive or limiting. Additional tracks may be suggested by teachers or students at any time, some of these tracks might be separated into two or more, and we intend to welcome anyone who volunteers to create new contexts for any concept in the course.

The front page of the demonstration wiki is shown in Figure 1. (It was developed in PBWiki,
 a commercial wiki that facilitates small project development. The final product, in MediaWiki, will have a slightly different appearance.) The rightmost column is a list of typical
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What is ChemPRIME? Wiki How-To  For Authors

ChemPRIME is an approach to leaming chemistry which presents Concepts in a logically developed
order common to many popular texts, but allows students to choose from a wide variety of Exemplars,
or subject-specific examples arranged in Tracks of related topics which illustrate the concepts.

In ChemPRIME we use the tools of chemistry to discusses topics (sets of exemplars from any particular
subject area) that students are interested in. ChemPRIME retains the advantages, and sheds the
disadvantages, of previous approaches to teaching chemistry. Users are encouraged to add exemplars
reflecting their hobbies and interests.

ChemPRIME is initially focused on General Chemistry, but the strategy is equally applicable to organic
chemistry, chemistry for nonmajors, and other courses.

Tracks (click on a concept at right, and it willtake you to these tracks):

CoreChem  (Fundamental/Pure Chemistry): This is an important track, because it follows a
typical General Chemistry text, and it defines the prerequisites and leaming outcomes expected in the
parallel exemplars of each track.
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Figure 1

concepts in the style of a table of contents, with links to appropriate pages within ChemPRIME. For example, if the user clicks on the Density link, the page shown in Figure 2 appears. It is a submenu that allows branching to several Tracks that have exemplars for Density.
Students may now select from various tracks. Typical exemplars are density of black holes in the Physics/Astronomy Track; lava lamps in the Everyday Products track; density of LDLs (low density lipids) in the Biological track; bulk density of soils in the Geology track; a discussion of “Density 21.5”, a composition by Edgar Varese for the inaugural performance of a platinum 
(density = 21.5 g/cm3) flute, in the Liberal Arts track; and density sorting of recyclables in the Environmental track.
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Figure 2

If the student clicks on Sports/Health, a page with a selection of exemplars appears. This might include “Density of Muscle and Fat”, “Floating Footballs” and other selections. If the user chooses Floating Footballs, the page shown in Figure 3 appears (Note that at any time, the user could click on the Density link in the right column to return to the page where other selections
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Helium Football Myth on Mythbusters:
This time around, Adam and Jamie test out a myth that footballs filled with helium willfiy further and hang
longer than ones filled with regulation air. Based on the myth of a 70s Oakland Raiders Punter. The myth
was busted; the football filled with air went farther.
http://kwe.ora/mythbusters/2006/02/mythbusters catching a_bullethtml
Myth: Helium-filed footballs travel farther than regulation footballs

Irrelevant stat from this myth: they filled up a football to find out that at 110 psi a football will explode.
Possible source of myth: Rav Guy, punter for the Oakland Raiders from 1973-86. His punts stayed in the.
air o long that they invented the hangtime statistic for him. In a game against the Houston Oilers, he
Kicked it so well that the opposing team collected the ball and tested it. There was no helium.

More scientific evidence was gathered at:
http://lib.stat.cmu.edu/DASL/Stories/Heliumfootball html,
http://lib.stat.cmu.edu/DASL/Datafiles/Heliumfootballhtml, which showed virtually no difference.

Do the data from the Mythbusters episode make sense? One factor useful in deciding is the density of
the gas in the football, D = m/v.

‘Show that air in a football weighs about 3.2 g at 250C and 13 psi (above atmospheric pressure). If
the density of air is about .0023 g/cc under those conditions, what is the volume of the football in cc?
(1330)

The density of helium is about .00030 g/cc under the same conditions.
football? (0.4 g).

Helium filled footballs are lighter than air filed footballs by about 7 g, and lighter than an empty
football by about 1%. If the football contained a vacuum, it would weigh 3.2 . less?? They must mean
filled with air at 13 psi it weighs 3.2 g more than filled with air at ambient pressure?

What is the mass of helium in a
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Figure 3.

can be made, or the student could move on to the next concept, Conversion Factors in this case). This exemplar discusses the myth that footballs filled with helium can be kicked farther than those filled with air. Normally, it would contain more information about the meaning of density and how density is used in calculations, but that has been removed from the Figure to illustrate the possibility of including links to encourage further inquiry, and links to sources of data to encourage data driven educational strategies. 

The Football exemplar has embedded questions (some of which could have worked solutions in linked pages), links to background information (the source of the myth is Ray Guy, punter for the Oakland Raiders from 1973-86), and standard information about calculating densities. This exemplar might also be linked to another on the ideal gas law, for example, to emphasize the complementarity of various approaches to the problem. 
A major advantage of our approach is that the full resources of the Chemical Education Digital Library (ChemEd DL, www.chemeddl.org) and the National Science Digital Library (NSDL, www.nsdl.org) can be accessed to provide links to high quality digital assets. In addition, new information about an exemplar can be added at any time. A wiki also allows for interactions among students of similar interests, who can collaborate while working on, or developing, exemplars reflecting their common interests. We will explore several means, such as blogs or forums, to achieve this within the MediaWiki/Moodle environment.
After reading the Floating Football exemplar and doing sample exercises it contains, the student is expected to return to the Density page (Figure 2). Two of the choices that the student encounters there require further discussion: (1) the first Track, called CoreChem; and (2), the link called Density QUIZ. The CoreChem link opens the page shown in Figure 4. 
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‘The terms heavy and fight are commonly used in two different ways. We refer to weight when we
say that an adult is heavier than a child. On the other hand, something else s alluded to when we say
that oak is heavier than balsa wood. A small shaving of oak would obviously weigh less than a roomful of |~ Concepts
balsa wood, but oak is heavier in the sense that a piece of given size weighs more than the same-size | 1. Introduction
piece of balsa.

What we are actually comparing is the mass per unit volume, that is, the density. In order to determine
these densities, we might weigh a cubic centimeter of each type of wood. If the oak sample weighed 0.71
9 and the balsa 0.15 g, we could describe the density of oak s 0.71 g cm™® and that of balsa as 0.15 g
cm™3. (Note that the negative exponent in the units cubic centimeters indicates a reciprocal. Thus 1 cmi>
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are read as grams per cubic centimeter, the per indicating division.) Reactions
In generalit is not necessary to weigh exactly 1 cm® of a material in order to determine its density. | * Macroscopic Properties and
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EXAMPLE 1.9 Calculate the density of (a) 3 piece of aluminum whose mass is 37.42 g and which, of a Chemical Reaction
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 Figure 4
This is the relevant section of a traditional text to which one of the PIs (JWM) holds copyright, and which is being digitized by ChemEd DL. The CoreChem exemplar serves to define prerequisites and outcomes for each of the exemplars for that concept. It will also be used in our study as a benchmark, to see how many students opt for the traditional chemistry presentation, and how that cadre compares to others in scores on online quizzes and classroom examinations.
The other special link on the Density page (Figure 2) is the QUIZ link, which takes the student to an online quiz in Moodle. The quiz is the same, regardless of the exemplar(s) the student elects, so it serves to evaluate both the student’s performance, and, with proper item analysis, the efficacy of the exemplar the student has chosen (which will be recorded). Constructing quizzes will be facilitated by the large collection of Moodle-ready questions already available through the JCE QBank of the ChemEd DL.
Pedagogical Advantages of ChemPRIME
ChemPRIME is easy to adopt. Exemplars can be chosen for a very small portion of a course, but because the exemplars fit into a sequential development of well defined concepts, the rest of the course is not necessarily affected. Faculty are more likely to be comfortable with this approach, which allows a gentle, low-stakes entry into context-driven pedagogy, bridges the “Principles (or concepts) Driven” and “Topics Driven” philosophies, and allows students to control their learning in meaningful, appropriate ways. 
The case study approach has been successful. Interest generated by carefully selected cases is indisputable. The National Center for Case Study Teaching in Science
, the LifeLines Project
, and the NSF-sponsored Modular Chemistry Consortium
 have produced many excellent case studies in chemistry. But the case study approach is difficult for many teachers to adopt because it has the appearance of an all-or-nothing conversion. Cases often involve several topics in general chemistry and force an order of coverage that may not fit the rest of a traditional course. 
ChemPRIME is easy to modify. Because of the wiki structure, any ChemPRIME exemplar can be modified by any registered user. Therefore a faculty member who wants to apply a different pedagogical style to an exemplar (such as having students work in pairs or small groups) can easily change parts of the text in the course management system accordingly. Faculty will also be able to create, try out, and submit their own new exemplars. We expect that students may voluntarily create new exemplars or be assigned to create them as part of class assignments. Teachers at different levels will be able to adjust both their selection of exemplars and the level of a given exemplar to suit their students’ educational level.
ChemPRIME’s organization around concepts is supported by learning theory. Several recent reports indicate that students’ understanding of a subject can be constructed more effectively if the conceptual structure common to experienced practitioners forms the basis for organization of content. For example, the first of seven principles of learning promulgated by the National Academies of Science (NAS)
 states, “Learning with understanding is facilitated when new and existing knowledge is structured around the major concepts and principles of the discipline.” (The full text of these principles of learning is at the URL in ref 8.) The NAS report argues that to be successful in a discipline, students must be able to retrieve information and apply it to specific problems and this can best be done when students understand the discipline’s core concepts and major habits of thought. Students need to be able to “recognize similarities between new problems and those earlier encountered” which requires building on the discipline’s major organizing principles.
In How Students Learn, Donovan and Bransford point out that “Using concepts to organize information stored in memory allows for much more effective retrieval and application”. The authors emphasize the idea that both factual knowledge and conceptual framework are important in understanding
. Since exemplars are presented in the context of a larger concept, we believe that ChemPRIME will encourage students to generalize or abstract concepts from the facts found in exemplars, and simultaneously discourage  memorization. 
ChemPRIME incorporates metacognitive strategies. We expect this approach to reinforce the importance of “self-monitoring”
 so that learners will actively seek out the underlying concept, which will be the subject of the general quiz they must take. This metacognition
 is an important factor in effective learning of chemistry.
  Use of Metacognitive Strategies is the third of NAS’s seven principles,
 “Learning is facilitated through the use of metacognitive strategies that identify, monitor, and regulate cognitive processes.” (see URL in ref 13 for full text).  
ChemPRIME promotes metacognitive strategies by facilitating the process of connecting new information to former knowledge by its conceptual sequencing, distinguishing factual knowledge from its conceptual underpinnings, and encouraging students to monitor their learning of concepts rather than the factual content of exemplars. Quizzes will be conceptual and will usually involve different examples from those the students have seen. A student’s initial reaction may be that the tests do not reflect the point of the exemplar, but ChemPRIME is designed to encourage them to realize that the point of the exemplar is the underlying concept, which is the subject of the test!  Quizzes will contain questions from several of the exemplars so that students will be forced to see what is common to them all, and abstract that concept. If a student does poorly on a quiz, the student will be directed to choose another exemplar to review and prodded to think about how the two exemplars relate to the concept being taught.
  As the Density exemplar above shows, ChemPRIME is consistent with Problem Based Learning
 or Data-Driven Problem strategies, since exemplars can involve real data and real problems (even research results) from the chosen subject area.   ChemPRIME is largely neutral with regard to teaching/learning strategy, providing fodder for the minds of creative teachers and learners. 
ChemPRIME is consistent with constructivist ideas. In ChemPRIME, concepts are developed sequentially or cumulatively (hierarchically). Each step builds on a foundation or scaffold of simpler ones. Exemplars are hung on this structure. We contend that this approach puts learning on a firmer foundation, with more time to reveal and dispel misconceptions, than typical case study approaches, which do not build concepts gradually and logically from the lowest level to the highest. Effective teaching requires gauging what learners already know, and this is easier to achieve using ChemPRIME than with the various case study approaches.

This is consistent with NAS’s second principle of learning:
  “Learners use what they already know to construct new understandings” (See URL in ref 15 for full text). Students will apply prior knowledge, conceptions, and misconceptions to new problems they encounter and will attempt to connect a new idea to ones they already understand. By introducing concepts through a context with which students are familiar, and then testing students’ understanding of the concept, ChemPRIME can detect misconceptions and provide feedback to help students reject them. According to the NAS, “effective instruction entails detecting those misconceptions and addressing them, sometimes by challenging them directly.”15
We notice that a large body of research as been devoted to modes of learning and motivating students by changing methods of teaching (POGIL, JITT, etc.), but virtually no research has been done on the possibility of allowing students to select motivating subject matter while ensuring logical development. Principles of learning suggest that this may be of at least equal importance. 
ChemPRIME motivates students and individualizes their education, so that it naturally integrates the goal of diversity. Students have little patience with courses that they perceive are not getting them closer to their goals. We think that students will perceive ChemPRIME as presenting (and inviting) exemplars that seem relevant to them. We expect that they will be more enthusiastic about learning chemistry, so they will learn more aggressively and effectively, surpassing their peers in other countries. This is consistent with student-centered learning models where students have a choice of (and even voice in choosing) content, as opposed to faculty-centered teaching models, where the presenter makes all the choices.
  

Individualization may be especially important with learners who are dissimilar from the mainstream chemist, and who may find nothing in the typical chemistry course that seems relevant to them. The ability to respond to diverse audiences is an integral part of the ChemPRIME strategy. Individualization of students’ education is a goal called for by several groups that have studied education. The Business Higher Education Forum report, presented by Project Kaleidoscope (PKAL), poses “The Challenge by 2010:  Every Student will have access to individualized and customized strategies for his or her specific education needs.”
 It is clear from the experience of many professors that student motivation is necessary before any learning takes place and this is the fifth of NAS’s seven principles of learning:
  “Learners’ motivation to learn and sense of self affect what is learned, how much is learned, and how much effort will be put into the learning process.” (See URL in ref. 18 for complete text) Learners’ level of motivation strongly affects their willingness to persist in the face of difficulty or challenge. Intrinsic motivation is enhanced when students perceive learning tasks as interesting and personally meaningful, and presented at an appropriate level of difficulty. The use of instructional strategies that encourage conceptual understanding is an effective way to increase students’ interest and enhance their confidence about their abilities to learn a particular subject.

We will allow students to generate exemplars from their hobbies, interests, or vocations. Because students will take the same test at the end of each section, they will be given immediate feedback if the exemplar does not sufficiently provide them with the necessary knowledge, and report that deficiency. It may be that exemplars written by experts will be found inadequate as often as those written by students, and we will design diagnostics to reveal good and bad exemplars by asking students to record, in Moodle short answer questions, the exemplar(s) that were used in preparing for the quiz.

Guided inquiry approaches lose followers if the subject is of no interest to them. We will provide exemplars developed by experts for their inspiration, inherent interest, or previously proven use by students. We will encourage inquiry learning by adding web links to each exemplar and including challenge questions that ask students to investigate the example more thoroughly. Teachers, of course, can use whatever techniques, pedagogical content knowledge (tricks of the educational trade in a discipline)
 they prefer, or apply whatever educational philosophy they favor, in presenting the conceptually organized exemplars in ChemPRIME. Carmean and Haefner
  point out that a content delivery system is no more responsible for bad pedagogy than is the blackboard in a classroom. CMSs like Moodle may allow for active learning through assessment and feedback, while social learning may be promoted by chat rooms, blogs, and similar features. 
ChemPRIME unites theory with application and the world beyond campus. There is a convergence of informed opinion on the value of incorporating real-world material into academic courses. One PKAL summary goal is to “connect student learning in STEM fields to the world beyond the campus, so, with the help of capable teachers, students appreciate the relevance of their studies and consider careers that use the skills and understandings gained from study in these fields.”
 Bridging the gap between theory/research and application was one of the themes of the initial Innovate America Report, and subsequent reports have reiterated the need for moving away from lecture-mode approaches in undergraduate STEM education. They emphasize the importance of increasing innovation and diversity in STEM education programs and the increasingly urgent need for change
 ChemPRIME is consonant with these calls for incorporation of a variety of real-world problems. Exemplars can be research data or recent findings that are reported in the news; exemplars may be from frontier problems in various fields, or historically interesting applications of technology.
ChemPRIME is interdisciplinary/multidisciplinary. Exemplars are drawn from disciplines that chemistry students are known to be involved in and the wiki structure makes possible even broader scope. The benefits of multidisciplinarity are supported by a body of research and informed opinion. PKAL urges that we “respond to the contemporary calls for interdisciplinarity by nurturing and rewarding faculty who make the kind of cross-discipline connections they hope their students will make”
. The National Academy of Engineering echoes this call:  “Real world problems are rarely defined along narrow disciplinary lines. Undergraduate students would benefit from at least cursory learning about the interplay between disciplines embodied in such problems.”
  Interdisciplinary curricula are also championed in “Evaluating and Improving Undergraduate Teaching in Science, Technology, Engineering, and Mathematics,"
 which states that faculty should be encouraged to develop curricula that transcend disciplinary boundaries, through a combination of incentives (including funding), expectations of accountability, and development of standards for disciplinary and interdisciplinary teaching.


This idea is echoed in “BIO 2010: Transforming Undergraduate Education for Future Research Biologists”:
 “Departments and faculty need to utilize this educational research to guide curricular and pedagogical reform so that transfer between disciplines is promoted. Successful interdisciplinary teaching will require new materials and approaches.”  The report indicates that although the effort will be substantial and expensive, modules on biological problems should be developed for mathematics and physical science topics.
The sixth NAS principle of learning points out that embedding topics in a broader multidis​ciplinary context can foster learning
. “The practices and activities in which people engage while learning shape what is learned”  (See URL in ref 27 for full text). The context of learning is critically important to the depth and breadth of learning,  Students are motivated when con​cepts are applied to real world situations, and may begin to see chemistry as a means of solving novel problems encountered in other contexts when it is explicitly shown to be valuable in that way. The proven efficacy of learning through multiple exemplars may be used in the context of remediation as well:  Students who do poorly on the quizzes may be directed to other exemplars, so that they begin to learn the concept by extracting the principle from related exemplars.
These claims are vindicated by a multidisciplinary approach to mathematics (Quantitative Education for Biologists, University of Tennessee), where calculus was applied to a variety of subjects broadly biological in scope to improve mathematical performance of students in biology
.  We argue that the multidisciplinary ChemPRIME approach will be equally effective in improving performance in chemistry.
ChemPRIME addresses the emerging nature of the chemistry discipline. We recognize that chemistry is defined not in terms of the subject of study (chemists are fond of saying everything is chemistry, or everything is a “chemical”), but rather in the mode of study, explanation, or understanding. Chemists understand everything in terms of the properties of atoms and molecules. This is perhaps why chemistry departments are being dispersed, so that chemistry groups exist as enclaves dispersed among user departments, rather than in a separate department. In his Priestley Medal address in 1991 Harry Gray predicted the end of chemistry departments because chemistry would be taken up by other fields until the only part left to “pure chemists” would be organic synthesis. 

The Committee on Challenges for the Chemical Sciences in the 21st Century, National Research Council
 reported that, “Chemistry and chemical engineering have changed significantly in the last decade. They have broadened their scope into biology, nanotechnology, materials science, computation, and advanced methods of process systems engineering and control so much that the programs in most chemistry and chemical engineering departments now barely resemble the classical notion of chemistry. We conclude that chemists and chemical engineers must put much more effort into effective communication with the media, and with students from kindergarten up. We also urge that our profession make much more effort to attract women and minorities.” 
ChemPRIME recognizes the value of chemical explanations in other fields and adopts them explicitly as a means of motivating students and enabling conceptual learning.
Sources of ChemPRIME exemplars are plentiful. An incredible amount of material for exemplars exists. It just needs organization. Chemists are eager to illustrate the usefulness of chemistry in other disciplines, so it is reasonable to expect enthusiastic adoption of ChemPRIME and many voluntary contributions of exemplars. The wiki structure will encourage this. 
The recent American Chemical Society (ACS) 235th National Meeting had an undergraduate program with these sessions
: Polymers in Sports and Health; Sports and High Performance Materials; Biodegradable Polymeric Drugs to Treat Injuries; and  Evolution of Golf Ball Design and Materials. In a recent issue of Chemical & Engineering News
, a highlighted storyline from another recent ACS meeting was “Meeting News: Chemistry Isn't Just For Majors; Professors design curricula for creating chemically conversant consumers.”  Chemists are recognizing the advantages of showing commitment to applications in other fields, and championing the importance of chemical explanations in other disciplines.
The Journal of Chemical Education (JCE) allows searching by keywords including: Applications of Chemistry, Astrochemistry, Consumer Chemistry, Drugs/Pharmaceuticals, Food Science, Geochemistry, Green Chemistry, Medicinal Chemistry, Molecular Biology, Nutrition. A five minute search for sports related topics in the JCE Index online garnered 18 hits, dealing with concepts such as acid/base chemistry
, 
, atomic weight
, atomic sizes
 gas laws
, 
, the Rutherford experiment
 Swimming pool chemistry
,
, Health and Fitness
, 
, 
, 
, ion chromatography
, symmetry of organic molecules
, density
 
, and other topics
 The JCE carried a long series of applications of chemistry written by J. Arthur Campbell called “Eco-chem”, and often carries descriptions of courses dealing with real world subjects, such as the Chemistry and the Automobile theme for courses at University of Michigan, Dearborn.

Many popular texts include, but seldom integrate in any meaningful way, applications of chemistry in other disciplines. Even when the examples are placed within an appropriate chapter, typically only one case is presented so there is limited variety. Examples include Chemistry in Context and Chemistry in the Community, published by ACS; The World of Chemistry
, The Chemistry of Everything
, Chemistry in the Marketplace
, and Chemistry for Changing Times
. One of the PIs (JWM) is co-author of a general chemistry textbook that incorporates applications of chemistry into standard chapter material (text and examples), emphasizing nanoscience, biomolecular science, and environmental science, among others
 Throughout the text there are items on Chemistry in the News, Tools of Chemistry, and a Portrait of a Scientist. Nevertheless, the range of material possible in a textbook is far less than in ChemPRIME.
Through the ChemEd DL, ChemPRIME has ready access to other NSDL Pathways and their digital assets. NSDL Pathways span STEM disciplines, including biological science, computational science, engineering, materials science, mathematics, and physics/astronomy. Pathways also span educational levels (middle school, two-year colleges), multimedia, and informal education. ChemPRIME will make use of Pathways resources and interact with Pathways PIs as we design and evaluate exemplars in different fileds. We will also call on JCE resources such as the Biographical Snapshots of Famous Women and Minority Chemists, to broaden the diversity of exemplars.

There are innumerable resource books like The Physics of Baseball 
, where chemistry-related topics are discussed. Here, for example, the question of if, or why, a dry ball travels farther than a humid ball when hit, which has to do with polymer properties, and was treated on Mythbusters TV show
 suggesting that these kinds of topics can be very popular.
We are responding to the insights and advice of experienced chemists:  Harry Gray was quoted earlier, and germane themes reappear in Whitesides’ Priestley Address earlier this year
:

“Let me give you examples of the problems for which chemistry seems so promising for supplying solutions...[we should study] The Cell and the Nature of Life. Energy, the Environment, and Global Stewardship. The Origin of Life. Molecular Recognition in Water and the Design of Drugs. The Molecular Basis of Sentience. 

“Teaching and Textbooks: What we teach is often based more on the convenience of what is available in textbooks than on consideration of what students should learn. What's more, textbooks are designed to maximize sales, not to prepare students for research in new and undefined fields. Again, it is for us to choose what we teach. We are free to ignore the textbooks and to introduce material that prepares students for new problems. We can also use the Web to trade good ideas for free.”
ChemPRIME responds to trends in chemistry by integrating the kind of subjects Whitesides recommends. The sources cited above only hint at the extent of accumulated information on interesting applications of chemistry that we will organize for presentation in courses.
ChemPRIME scales to other subdisciplines of chemistry and other disciplines. It should be obvious from the discussion in this proposal that extending the ChemPRIME approach to organic, physical, and other chemistry subdisciplines, will be easy to do. In addition, through connections with the NSDL, the approach can also be scaled to other Pathway disciplines.

  Faculty Response
In our informal polls of faculty about their reactions to ChemPRIME, one common initial response by faculty is “How would one know enough to teach such a class?”  But chemists soon realize that they know the concepts, which is what is actually being taught. The next stage is excitement about the variety of examples and the opportunity for learning that ChemPRIME affords.

The idea that we are not really teaching chemistry will gradually be replaced by an appreciation that we are teaching what we preach:  That chemistry really is the central science, and is as universal as we have been claiming it to be. Chemical explanations add a dimension to other subjects, without which those subjects would stagnate.
Project Plan

A typical General Chemistry course consists of about 90 class sessions over two semesters. These may be lectures, peer led learning sessions, or other formats.  It is reasonable to say that the course can be broken into a roughly equal number of conceptual chunks. Our goal in this project is to prepare a fairly complete set of exemplars for the first half of a general chemistry course (definition of chemistry; atomic structure; stoichiometry; overview of reaction types; gases and gas laws; thermochemistry; electronic structure; periodic relationships; ionic and covalent bonding; molecular geometry; intermolecular forces; solutions), and a minimal set of exemplars for the second half of a general chemistry course. We plan to finish most of these by the end of the second year of the project, at which time the Moodle course and the wiki can be publicized and some users invited to try the materials we have created. Preference will be given to those who indicate that they will expand the collection of exemplars starting in the third year of the project. The third year will be devoted mainly to revising exemplars on the basis of outside feedback, publicizing the availability of ChemPRIME, and seeking volunteers to expand the collection of exemplars.
Exemplars will be developed by the PI, the co-PI, and a graduate student (who will be directed by the co-PI). The PI (EWV) will devote a half-time, one academic year sabbatical at UW/Madison to ChemPRIME, in addition to the grant-supported released time.. Several tracks (see Figure 2 and accompanying discussion) will be chosen for development, but these have not yet been specifically identified. They are labeled Track 1f, Track 2f, Track 1s, etc. where the number specifies a domain (physics, geology, sports, etc.) and the letter specifies the first or second half of a general chemistry course. An approximate time line for development of exemplars follows:

First year (2009)
Spring:
CoreChem first half of course; create Track 1f (see previous paragraph)
Summer: 
complete and edit Track 1f; create Track 2f; develop quiz question banks
Fall:
CoreChem second half of course; incorporate Tracks 1f, 2f into courses 
Second year (2010)
Spring:
create Track 3f; create Track 4f 
Summer:
complete and edit Tracks 3f, 4f; create Track 5f; develop question banks
Fall:
incorporate Tracks 3f, 4f, 5f into courses; create Track 1s; publicize project
Third year (2011)
Spring
incorporate Track 1s into courses; create Track 6f; publicize project
Summer
publicize project; build community of creators of exemplars
Fall

evaluate use of exemplars in first half of course; build community of creators
In addition we will concentrate initial efforts on one or two concept areas, such as chemical bonding, to create a complete set of exemplars for all of the tracks shown in Figure 1. As exemplars are created they will be incorporated into general chemistry courses taught by the PI and co-PI. Students will choose exemplars that pique their interest and provide feedback in written reports. To motivate students to write reports, we will grant a small quantity of course credit simply for turning in a report. This technique of formative feedback has been used effectively by the co-PI in the past for improving and refining computer- and Web-based materials.
We will invite students and selected colleagues to contribute to the wiki by issuing passwords, but we will not make it publicly available during the development stage (first two years of the project). At the same time, we will develop question banks in Moodle for each of the concepts, by adding exemplar-specific questions to the collections that we already use. We will be able to draw on the JCE QBank collection in the ChemEd DL, which contains 3500 questions, mostly conceptual, for both the first and second half of the general chemistry course.
By developing a core of exemplars we assure that when we make the wiki public, users will find useful material there and be inspired to contribute. The established wiki will provide templates and structure to guide new contributions. We will publicize the ChemPRIME wiki at the end of the 2009/2010 academic year in the Journal of Chemical Education, in sessions at the Biennial Conference on Chemical Education, and the American Chemical Society National Meetings in 2010, and via the ChemEd DL and the NSDL. The ChemPRIME wiki and associated Moodle questions will be built in and will become part of the ChemEd DL, which is part of the National Science Digital Library. We will encourage teachers to contribute. Even the nascent product should be quite valuable, especially to new teachers who are unlikely to have developed a repertoire of interesting examples.
Metadata will be assigned to each exemplar and to the CoreChem modules using the restricted vocabulary developed by the JCE Digital Library and the ChemEd DL.
  Assigning metadata will be straightforward, because the ChemEd DL will have available an interface called Textbook Tables of Contents (TToC). TToC assigns to each section of each chapter of a typical textbook a set of appropriate metadata. These can be transferred to any exemplar associated with the concept in that textbook section. Additional metadata will be assigned to identify the track within which the exemplar lies. Some specific keywords may need to be assigned to each exemplar also, but 95% of the metadata assignment should be automatic, Because this project will be a community developing within the ChemEd DL, metadata assigned to each exemplar will be transmitted to the NSDL through the ChemEd DL Pathway.
Classroom Management Systems (CMSs) and Wiki Engines
Traditional CMSs have been used primarily for top-down (instructor to student) instruction, supporting presentation of course material in a manner similar to the way it is presented in textbooks
, but students are increasingly dissatisfied with this approach. They prefer more interactive features that are allowed by wikis, which now allow features similar to blogs, with Really Simple Syndication (RSS) feeds, online collaboration, and so on.

Decreasing satisfaction with commercial CMSs like WebCT and Blackboard, and their significant expense has led to development of several popular freeware CMSs, like Sakai, Angel, and the very popular Moodle. We will develop ChemPRIME so that it takes advantage of the structural relations between Moodle, and MediaWiki  This will allow for the participatory environment we envision. Moodle is currently running on the ChemEd DL site and ChemEd DL supports its use to create online courses.
 Exemplars will probably be developed in a standalone wiki with links to assessments in Moodle, but it is possible to embed wikis in Moodle, so we will explore that option. It may be that developing the project entirely within Moodle will make it more streamlined, as long as the security of the assessments can be protected. Moodle has been embraced by several chemistry teachers; for example, Fred Senese contributed a paper to CONFCHEM 2006 on “Teaching Chemistry with Moodle”.

Chemists have reported experiences with presenting courses as wikis. Henry Rzepa contributed “Progress towards a holistic web: integrating open-source programs, semantic data, wikis and podcasts” at the CONFCHEM 2006 online conference
, while “The Science of Spectroscopy Wiki”
 was developed as a wiki by Stewart Mader of Brown University, creator of the Confluence® commercial wiki, who has written extensively about educational wikis
. Of course the NSDL now has its own NSDL wiki,
 so our project will be consistent with directions that the NSF is taking.
While many wikis are available (Confluence, Wikispaces, PBWiki, etc.), we have chosen MediaWiki because it is so well established as the base for Wikipedia, it is easily adopted and open-source, and it is the engine for the NSDL wiki with which we should be interoperable.

The question of using a wiki instead of a more traditional “Institutional Repository” is still open to debate; by allowing open access, we will promote community involvement and explore new possibilities in education, but we must be concerned about malicious editing. Experience with Wikipedia indicates that more people are interested in a reliable site than are interested in attacking the site, because malicious edits are usually corrected rapidly. The same may be true for us, because students will undoubtedly report exemplars that do not help them succeed on the required quizzes. We realize that more control may need to be applied, and could issue editing passwords only to educators with validated faculty positions. (The JCE DLib does this routinely now for access to the JCE QBank collection of questions and answers.) More routine accuracy and stability issues have been discussed in the Journal of Chemical Education
 and elsewhere.

Assessment

The outcomes we expect are (1) enthusiastic use of exemplars; and (2) enhanced learning of the underlying concepts so that they can be applied in different contexts. One of the visions for effective teaching and assessment noted by the NAS is that we focus on what students learn and are able to do with their new knowledge…and their ability to apply knowledge in novel contexts.
 ChemPRIME will provide these kinds of novel contexts for chemistry concepts, and the quizzes we envision will present questions in novel contexts (different exemplars of the same concepts). We expect enhanced learning because the exemplars should motivate learning, and should enhance metacognitive skills, since students will need to distill the central concept of exemplars to do well on a quiz that tests that concept, but though a variety of questions based on different exemplars. The central concepts of general chemistry are fairly well agreed upon (although there is a residuum of discussion about the best order and emphasis). We will use in-chapter or middle difficulty end-of-chapter problems from popular texts to define what students should know.

It is always difficult to assess whether these research outcomes are achieved in the context of a course taught as part of the standard curriculum. It may be possible to set up course sections that are identical, except that one is exposed to only the CoreChem portion of ChemPRIME, while the other section(s) are exposed to the full suite of exemplars. But even if this cannot be done (professors schedules may not allow assignment of the same professor to two sections), meaningful assessments may be possible. A time series design, comparing student examination results, attendance, and other measures of the ChemPRIME course to a previously offered version of the same course, can sometimes provide a meaningful assessment of the new program. For some courses, we have administered the Toledo Placement Exam© as a pretest, so some evaluation of the similarity of student cohorts is possible. But we can use other strategies:  A superior assessment design that we may try is to provide many exemplars for some concepts, and none (except CoreChem) for the succeeding concept, and measure student performance on Moodle quizzes and in-class tests. While this may not be meaningful for a single pair of concepts (one may be more difficult than the other), if repeated several times over a semester, meaningful correlations may emerge. This procedure should control for student maturation, changes in lecturer style or effectiveness for various concepts, and other confounding variables.  
Formative assessment of student outcomes is possible by means of linked, independent quizzes in Moodle. The quizzes will not be subject to user editing (to change reliability, difficulty, discrimination indices of questions). The quizzes will have questions based on several exemplars so that they force students to deduce what is conceptually common to all exemplars. Performance on the quizzes will be used to assess student learning. Students will also record which exemplar(s) were used by the student in preparing for the quiz, so we can determine whether choice of exemplar has an effect on learning. We will be able to evaluate the ChemPRIME program by recording (1) the percentage of students who elect tracks other than the CoreChem track, and (2) the performance of students who elect the CoreChem track compared to those who elect other tracks. We will administer a questionnaire to assess student attitudes toward the exemplars and the ChemPRIME approach in general. ChemPRIME program assessment will also be based upon the number of outside contributors once the wiki is made available to students and to the public.
We will do a thorough item analysis
 on the results of the quizzes to determine whether performance on each item is due to lack of reliability of the item or the quality of instruction, and improve both the quizzes and the exemplars in accordance with the principles of good learning system design.
 Summative assessment of student performance is possible by comparing results on midsemester and final exams in the course. It is expected that faculty will develop multiple methods of summative assessment of student knowledge that are consistent with the desiderata suggested by the NAS
 and we can compare the performance of students who select the CoreChem track, to those who select other exemplars to varying extents. As is frequently the case, the ideal research protocol may be sacrificed to the pedagogical protocol; we expect faculty to apply their Pedagogical Content Expertise to the content of ChemPRIME, so it may be difficult to extract the effects of ChemPRIME from the effects of other aspects of the course.
For the past five years the same comprehensive final examination has been used in the course taught by the co-PI. Thus there are longitudinal data on the results. Prepared in collaboration with the ACS Examinations Institute, this examination contains paired conceptual and traditional questions and provides an excellent opportunity to compare performance of students who use the full set of exemplars with those who do not, both within a given semester and with students taught by the same professor in previous semesters.
Independent assessment will be conducted by Renee Cole, Central Missouri State University.
Sustainability:

The MediaWiki platform provides some assurance of sustainability, because outboard columns (margins) can be used for advertising linked to the topics on the page. This advertising is very cost effective, and it can be managed, for example, by Google Ads.
  We expect that the cost of continued hosting of ChemPRIME, and even further development, will be, in part, sustained by Google Ads, especially if we can demonstrate the popularity of the site.
Results of Prior NSF Support

PI: Edward Vitz. NSF  DUE 0226244 (National Science Digital Library), $930,000,  1/1/2003-1/1/2005. The Journal of Chemical Education Digital Library (JCE DLib). Vitz was co-PI and created the DigiDemos component of the JCE DLib. This includes a current collection of over 70 new online demonstrations (published since the grant award) that complement the Tested Demonstrations in the print Journal. The online versions offer the possibility of revision, are searchable by keyword or title, and have associated with them a forum for discussion. In addition, we have mounted hundreds of demonstrations that were previously published in the JCE, or in the reprint compendia edited by George L. Gilbert
 These have been cataloged according to a table of contents of a typical general chemistry textbook to allow teachers to select appropriate demonstrations for any topic,  are searchable, and can be supplemented or updated. We have initiated a new section of the JCE and DigiDemos called Demonstration Extensions to promote the latter activity.
These publications and presentations resulted from the NSF award: Vitz, E. “The History of Tested Demonstrations and Future of DigiDemos”, Symposium on Using the Journal of Chemical Education Features Effectively, 19th BCCE, Purdue University, August, 2006; Vitz, E. “DigiDemos.”  Middle Atlantic Regional Meeting of the American Chemical Society, May 24, 2005; Vitz, E., “JCE DigiDemos”, In Project Kaleidosope (PKAL) Essay:  What Works:  Reports on Twelve Digital Libraries for Chemistry, 2004: http://www.pkal.org/documents/Vol4ReportsOn12DigitaLibraries.cfm; Vitz, E. “JCE DigiDemos Debut”, J. Chem. Educ. 2004, 81, 160; Vitz, E., “DigiDemos”, 18th Biennial Conference on Chemical Education, Iowa State University, Ames, July 20, 2004 (Invited presentation in symposium on digital libraries).
Co-PI: John Moore. NSF DUE-0632303 (National Science Digital Library Pathway), $1,149,794, 10/1/2006-9/30/2009. Collaborative Project: ChemEd DL: An NSDL Pathway for Chemical Sciences Education (ChemEd DL). Moore is PI and is leading a project to collect digital assets; combine them into learning objects; organize and curate content and online services; publicize the library and carry out workshops to teach others how to use it; develop new services and techniques for online learning and teaching; and build communities that will create, evaluate, and use online chemistry content. The project is currently at the midpoint of its three-year span and has provided online resources through a new Web site, www.chemeddl.org, created one new collection (Data-Driven Exercises),
  nurtured nine new communities (inorganic, organic, physical, high school, testing and assessment, general chemistry, Spanish-language, dissemination, chemical information), carried out more than 20 workshops and other outreach activities and distributed more than 6000 publicity flyers.
These publications and presentations resulted from the NSF award: Moore, J.W, "Beating a path to the National Science Digital Library", J. Chem. Educ. 2006, 83, 1735; Moore, J.W. “Streaming Chemistry” J. Chem. Educ. 2008, 85, 171; Diener, Lynn “No Apple Fool: Biochemistry and Taste” J. Chem. Educ. 2008, 85, 345; and more than 15 presentations. 
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