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One problem that students encounter in trying to master organic chemistry is the sheer volume of information, particularly the vast number of chemical reactions that are possible for the various functional groups.  The ability to predict the outcome of typical reactions for each functional group is a necessary skill for understanding more difficult concepts such as reaction mechanisms or multi-step organic synthesis.  An effective analogy is to compare organic reactions to the alphabet.  In order to form words, sentences, and ultimately tell a story, it is vital first to know the letters that are used to construct these items.  So, from this perspective, effective methods to aid students in “learning the alphabet” of chemical reactions are quite desirable.


While students may be averse to studying by memorization, it is hard to avoid the fact that repeated practice with chemical reactions is important to becoming proficient.  One method commonly observed in class is note cards that feature the reactant(s) and reagent(s) on the front of the card and the product(s) on the back.  Once again, the parallel with other literacy skills can be noted since children are often taught the alphabet or basic mathematical operations using these types of cards.  Writing out the various reactions to prepare these cards provides students with additional exposure to the subject matter.  But this task can also be perceived as overwhelming or tedious and serve as an obstacle for students to utilize this valuable procedure for learning reactions.


To circumvent this problem, a web-based system of reaction flash cards, known as the Reaction Rolodex, has been developed to provide students with the same benefits of traditional index cards as well as some additional features.  This project reflects a growing interest in web-based reaction tools providing various reaction and questioning options. [,  #6] The effectiveness of the Reaction Rolodex, however, has been critically evaluated through observation of student performance in the reactions section of organic chemistry exams.  The Reaction Rolodex also differs from some of the other recently published web-based materials, which cover a much broader scope of information [Penn, 2000 #1; Grabowski, 2003 #2] or focus on other specific areas of interest such as nomenclature [Shaw, 2003 #5] or the animation of organic reactions. [Borkent, 2003 #3; Stueker, 2003 #4]

Methodology

The Reaction Rolodex website (http://uhaweb.hartford.edu/chemistry/ch230/reactions) is compatible with both Netscape (version 4.7 or higher) and Internet Explorer (version 6.0 or higher) and focuses on reactions encountered in the first semester of organic chemistry.  On the welcome page, the user is provided with a menu of functional groups and their relevant reactions in a small frame on the left side of the screen.  Reactions that result in the preparation of each functional group are included along with those that use the functional group as a starting material.  In a larger frame that occupies the majority of the display, a welcome message and instructions are displayed.  Once a button has been selected from the menu, a sample card displaying the reactant(s) and reagent(s) is shown while the product is simply represented by a question mark.  When the user is ready to see the result of the reaction, a simple click on the question mark will cause the product card to appear, as shown in Figure 1.

In some cases, the cleavage or formation of a particular bond is highlighted.  With the addition of HX to an alkene, for example, the reagent is highlighted in a specific color on the reaction card to give the user a clue regarding the atoms that will be present in the product.  The product card displays the newly formed bonds with the same highlighted color, indicating the portion of the molecule where the reaction occurred.  As an additional feature, a brief message that discusses the regiochemistry, stereochemistry, or product distribution accompanies the product when appropriate.
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Figure 1.  Representations of the reaction and product cards for addition of HX to an alkene.


If the user wishes to consider the reaction again, selecting the product field will hide the product and regenerate the question mark display.  If the question mark is again selected, the product card will return.  This process can be continued repeatedly for as long as the viewer desires to study the reaction.  If another reaction button is chosen, this same process will be

 initiated for the new reaction.  New reactions can be chosen or the same reaction can be repeated as many times as needed.  For example, it is possible for a student taking the first semester of organic chemistry to navigate seamlessly from alkene hydrogenation to alkyne halogenation and finally to the formation of a Grignard reagent using an alkyl halide.  Although any example from the entire course can be selected from the menu, organization of the reactions by functional groups allows students to focus only on the material relevant to the upcoming quiz or exam.

Results and Discussion

Student Feedback


From survey questions included with the final exam, student response indicated that the website was broadly used.  Approximately 85% of students from two lecture sections with a total population of 40 reported using the site.  If students that were denied access to the website due to technical difficulties are included, this number exceeds 90%.  Students were not offered extra credit or any other incentives for testing the Reaction Rolodex, other than the suggestion that it could be a useful study tool.  Given the extensive participation by students, comments about the site are a good reflection of the general opinion of the class.


There was a wide range of positive feedback indicating that the website was “easy to understand and concise”, “easy to use, the reactions were right in front of you”, and “time-conserving”, since it was “like using flashcards without the trouble of making them”.  Some students noted that features such as the highlighting of reaction outcomes were helpful, while others appreciated the overall concept of learning the reactant, reagent, and product.  An additional benefit was that some students used the site as a tool to review for exams and quizzes or to test their knowledge as an alternative to surfing the web.


Server malfunctions did present one potential problem since a handful of students reported that they experienced access problems.  A likely cause is that the website was originally accessed through the chemistry department server, which was more prone to crashes that sometimes were not quickly detected.  The site has since been moved to a University server that has better reliability, leading to less down time.   

The most prevalent suggestions from students for improvement of the project requested the inclusion of reaction mechanisms and more information such as additional examples for each reaction or questions asking for the reactant or reagent.  I agree that the addition of reaction mechanisms would broaden the focus of the site, while addressing the latter concerns would improve the depth of coverage for each reaction.  Although mechanisms were beyond the original focus of the project, they are traditionally an area of difficulty for students, so this would probably be the first area of focus for improving the site.  Since the initial set of flash cards has proven to be effective, additional cards with more examples and a variety of question options would then be the second area to address once reaction mechanisms have been added.
Assessment

In addition to appealing to students, the website clearly must also assist in the learning process.  The first set of data obtained after the page was introduced indicates that the Reaction Rolodex did enhance student performance with regards to organic reactions.  Exam questions were broadly categorized as referring to nomenclature and structure, reactions, or reaction mechanisms so that achievement in these specific areas could be assessed.  Results for the reaction sections of exams in a 2001 class of 35, prior to the development of the Reaction Rolodex, are compared to those from 43 students in two sections of a Fall 2003 organic class that did use the site.  As shown in Table 1, the latter class consistently scored higher on reactions than their counterparts, with the average difference being nearly 6 points (72.4 versus 66.8).

Table 1.  Comparison of scores on reactions section of exams for 2001 and 2003 classes.

	Reactions Score
	2001 class
	2003 class

	Exam 2
	72.0
	78.3

	Exam 3
	62.5
	69.0

	Final Exam
	65.9
	69.8

	Average of all Exams
	66.8
	72.4


Examination of the data for all exam categories (supplementary material), which is included in the JCE online material, reveals that the more recent class also performed better in the nomenclature and structures category.   In the area of mechanisms, meanwhile, scores for the 2003 class were, on average, slightly lower than those for the 2001 class.  Since achievement was not elevated in all areas for recent sections, the improved performance in the reactions category cannot be attributed solely to a higher caliber of student.  The increase in scores corresponds with the introduction of the Reaction Rolodex.

Further evidence for the potential benefits of the website is found in a comparison of a class from the summer of 2003 with the Fall 2003 class, which was the first group to utilize the Reaction Rolodex.  As seen in Table 2, grades for the summer class were significantly stronger overall and in nearly every area of assessment.  Despite this disparity in achievement, exam scores for the two classes on questions focusing on organic reactions were nearly identical.  This result also suggests that the Reaction Rolodex has some impact on student learning with regards to organic reactions.

Table 2.  Comparison of all sections of exams for 2003 summer and fall classes.

	Exam and Section
	2003 summer
	2003 fall

	Exam 2 Naming
	83.2
	78.8

	Exam 2 Mechanisms
	70.4
	53.7

	Exam 2 Reactions
	77.6
	78.3

	Exam 2 Median
	87.0
	75.5

	Exam 3 Naming
	89.0
	75.2

	Exam 3 Mechanisms
	54.9
	57.5

	Exam 3 Reactions
	67.9
	69.0

	Exam 3 Median
	75
	70.4

	 Final Exam Naming
	86.2
	78.2

	Final Exam Mechanisms
	65.4
	37.1

	Final Exam Reactions
	77.9
	69.8

	Final Exam Median
	81.5
	69.3

	Naming Average (all)
	85.3
	75.1

	Mechanisms Average (all)
	69.3
	49.4

	Reactions Average (all)
	74.5
	72.4

	Median Course Grade
	83.3
	78.4


Summary and Conclusion

Based on these assessments of student performance and the majority of student opinions, the initial use of the Reaction Rolodex was a success.  Some modifications, such as additional examples, will be considered but overall the site appears to be an effective tool for improving student proficiency with organic reactions.  A similar site, which can be accessed at http://uhaweb.hartford.edu/chemistry/ch136/reactions, has been developed for the organic phase of the general, organic, biochemistry (GOB) course that is offered at the University of Hartford.  An additional site (http://uhaweb.hartford.edu/chemistry/ch231/reactions) that is devoted to the second semester of organic chemistry is also under evaluation. Finally, the use of this format as a tool for learning reaction mechanisms is being considered for future investigation.
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