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Assessment of Questions from the ACS Organic Chemistry Exam.

June 18, 2007

Abstract

This assessment compares the results of select questions from the American Chemical Society (ACS) Organic Chemistry Exam (Form 2004) with an estimate of lecture emphasis (or lack thereof) of topics that were covered in each question and with data provided by the Examination Institute, the entity of the ACS that produces the exam (hereafter called the ACS Organic exam).  The provided data gives a baseline comparison with regard to each question’s statistical norms (percentile correct), difficulty and effectiveness for assessment.  

Background

The ACS Organic Chemistry Exam is administered as the final exam for CHEM 12B and is given under the guidelines given in the instructions: exactly 120 minutes, with just scratch paper and a note sheet that is provided with the test (which contains a rudimentary periodic table and the structure, name and abbreviations for some common organic reagents).  Calculators, cell phones, model sets, or any other notes or paper are not allowed at the exam.

The Spring 2007 semester exam results for 14 students (CHEM 12B, L0035) were tallied and from each students’ raw score a percentile score was assigned.  The percentile for this particular exam (Form 2004) is based on the results 3592 students in 78 colleges.  The percentile score that a student receives is used to calculate a “percent correct” score, which in turn is used in calculating their overall grade.  The chart below summarizes the data for the class results along side the data from the ACS.

	 
	Overall course score
	Correct answers
	Percentile
	ACS data answers

	averages (mean)
	77
	42
	56
	39

	median
	78
	44
	64
	39

	standard deviation
	13
	14
	33
	12


Two clear pieces of information are evident from the results of this semester’s students.  One, they did better than average as seen in the average and median for their percentile score compared to the national ACS data (chart above).  Two, the correlation of the students overall score with their raw exam score is reasonable as can be seen in the graph below, i.e., a good score of the exam generally translates to a higher performance in the course, overall.
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Six questions were assessed from the ACS exam.  They were chosen as the two lowest, two randomly in the middle, and the two highest scores.  They have been arbitrarily assigned the numbers 1-6 for this assessment.

The topic(s) of each question are summarized in the table.  The goal of this assessment is to compare the emphasis with which each topic was presented in the course to the student performance on each question.  The information provided for the six questions is shown in the included table.
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Emphasis   A scale of 0-3 was used.  Zero (0) emphasis means the topic was not covered at all and 3 means the topic was presented with great emphasis.  Some questions on the exam inevitably cover more than one topic.  

Difficulty Index   A scale that represents percentage, the data comes from the statistics provided by the ACS along with the percentile data, however is tabulated from the results of 1612 students from 46 colleges.  Simply put, a value of 0.80 means that 80% of the students got that question correct

Discrimination Index   A scale used to judge how good an exam question is, it correlates students who performed well on the overall exam with the percentage correct for the particular question.  The larger value of this index means that better students are more likely to get a correct answer on the question.  A smaller value indicates that a particular question is not very good at differentiating “good” and “poor” students.  The typical range for this exam is 0.30 – 0.50.  Apparently, a value less than 0.20 means a question is not really a very good one for assessment purposes.  It is sheer coincidence that the six questions selected for assessment in this case are all within the typical range.  In this particular set of questions, which range from 0.36-0.53, it is not immediately clear how this can be used to assess the effectiveness of lecture emphasis on the topics.

Teaching Objectives   Listed below are the current teaching objectives for the two-semester sequence of Organic Chemistry class (Chem12A/12B).  These are the current versions developed during Fall 2005 and Spring 2006 and were first included in syllabi for all Chem 12A and 12B courses in the Fall of 2006.  They are potentially subject to revision. 

1.
Identify the name of an organic molecule by observing it’s structure and vice versa, draw the structure of an organic molecule from an appropriate common or systematic (IUPAC) name.

2.
Predict the outcome of any given set of organic molecules and synthetic reagents using the principles of basic patterns of reactivity and/or identify adequate (appropriate) starting materials to synthesize a simple organic molecule which contains one of the common functional groups.

3.
Predict the overall three-dimensional structure of relatively simple organic molecules and ionic or radical species that contain the common functional groups by applying the basic principles of bonding, hybridization and conformation analysis.

4.
Use spectroscopic techniques (NMR, IR, UV-Vis, MS) to determine molecular structure.  Also, interpret physical characteristics such as electron density or relative bond strength of the common organic functional groups.  Predict spectral properties of a given organic chemical structure. 

5.
Safely handle laboratory glassware, equipment, and chemical reagents using general guidelines and basic knowledge about the common hazards associated with operations performed in an organic chemistry laboratory.

6.
Interpret laboratory results and data correctly within inherent limitations on precision and report findings in a scientific notebook using acceptable appropriate notational and descriptive content that is in turn understandable and reproducible. 

7.
Demonstrate how thermodynamic and kinetic principles can be used to characterize organic chemical reaction energy changes, mechanisms, and reaction rates.

	Question
	Synopsis
	Assessment
	Adjustments

	1
	With the high emphasis placed on hybridization, the foundation for predicting the structure of organic molecules, clearly all responded with the correct answer.  The students clearly connected the geometry about a central element with its hybridization.  (Anecdotally, the one incorrect answer was for sp3 hybridization, which is a common default answer for most students.)  This topic is covered in Teaching Objective 3.  This class did better than the norm 93% vs. 80%
	The objective was met.
	None.  Continue with current method of presentation.

	2
	Conformational analysis starts with simple alkanes and then progresses to cyclohexane.  Understanding the preference for functional groups to be equitorial versus axial comes from “seeing” the interactions.  But first, in this problem, the student needed to narrow down the answer choices by eliminating the one choice that was incorrect, then the student could choose between the conformations.  Even though very few students answered this problem correctly, by far the most common answer showed a molecule with all of it’s substituents in the preferred equitorial position!  This topic is covered in Teaching Objectives 1 and 3. This semester, the emphasis on conformational analysis was only moderate (2), whereas the naming (stereochemistry) topics were covered with great emphasis (3).  This class did poorly, 14% vs. 31%
	The objectives were only partially met.
	Consider more emphasis on the naming of cycloalkanes, especially with regard to stereochemistry.

	3
	Typical stereochemistry problem – identify the relationship between isomers.  This requires the student to know the difference between constitutional isomers, enantiomers, and diastereomers.  This topic receives a very great amount of emphasis (3) and clearly the presentation of this topic achieves the goals listed in Teaching Objective 3.  Although the topic of stereochemistry is not specifically listed in teaching objective 3 (or any of the other objectives) the three-dimensional aspect of the topic is very important to understand the relationship between isomers.  This class did much better than the norm, 100% vs. 61%
	The objective was met
	None.  Continue with current method of presentation.  Maybe add stereochemistry to the Teaching Objectives

	4
	The question has three main parts:  aldehyde reduction, stereochemistry (Fischer projections), and sugar chemistry.  Both the reduction topic and stereochemistry topics were covered with great emphasis (3), however as these topics pertain to sugars was not covered (emphasis 0) with this particular class of students.  Half of the class did get the correct answer, presumably since the answer can be derived from knowing only the first two parts of the question.  This problem clearly involves understanding about meso compounds and how they are optically inactive (achiral), since the product of the reduction leads in three of the four cases to a meso compound.  Half of the class recognized this fact.  Just below the norm, 50% vs 55%
	The objective was met
	None, coverage of the sugar chemistry should enhance the connection between the three topics.

	5
	The topic is a typical mechanism question and was covered with moderate emphasis (2).  The question relies on the understanding of the stereochemical consequences of the SN2 mechanism and also requires students to remember what is a good nucleophile and whether the nucleophile is also basic (or not).  The students overall understood that the reaction was a substitution and most of those also understood that the substitution occurred with inversion of configuration.  A few students (3) considered that the nucleophile was a strong base instead of a potent nucleophile and suggested the answer which showed an elimination reaction (presumable, E2).  Keeping these mechanisms straight is one of the most difficult parts of the first semester.  Remembering them in the second semester is also difficult.  Just below the norm 57% vs. 63%
	The objective was partially met
	Provide more clarity for the SN2 mechanism (and SN1, E1, E2).  Review in 2nd semester

	6
	The question is about a multiple-step synthetic sequence.  The main reaction of the sequence (diazonium salts) was not covered at all in the class.  The low number of correct answers is not surprising, especially considering that the difficulty index is 0.33 (only 33% of the national norm got this one correct).  The incorrect answers were randomly divided among the other answers.  The topic is covered by teaching objective 2.  Although one of the objective’s goals is that students learn how to predict the outcome of any organic reaction, the diazonium chemistry in this question is quite complex.
	None
	None.  Consider presenting this topic.


Summary

The amount of emphasis placed on lecture material appears to correlate with the understanding of the topics (no surprise).  The ACS Organic Chemistry Exam appears to offer a suitable measure for gaging the success of the presentation of individual topics that are both normally presented or optionally presented during the course of a two-semester Organic Chemistry course.  The basis of the selection of questions to assess in this case was based on the worst, median, and best scoring questions, however the criterion for selecting questions could be reversed.  Perhaps by choosing questions that matches a topic to be presented, the efficacy of the method of presentation can be assessed.
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				Question		Number of Correct answers		%correct		Topic(s)		Topic was covered		Emphasis
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				1		13		93		carbon hybridization		yes		3		A		0.80		0.40		1

				2		2		14		cyclohexane conformational analysis, naming		yes		2		A		0.31		0.36		1, 3

				3		14		100		stereochemistry, diastereomers		yes		3		A		0.61		0.53		3

				4		7		50		sugar reduction, NaBH4, stereochemistry		no		2*		B		0.55		0.51		2

				5		8		57		SN2 reaction		yes		2		A		0.63		0.47		2

				6		1		7		diazo compounds		no		0		B		0.33		0.41		2

				*NaBH4 reduction of aldehydes was covered, however sugar reduction was not
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						Overall course score		Correct		Percentile		ACS data

				averages (mean)		77		42		56		39

				median		78		44		64		39

				standard deviation		13		14		33		12

				Number of students		14
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						overall score		leetter grade		serial number		incorrect		correct		Final percentage		percentile				Question#		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70

		SSN		Student																		Answers		2		2		1		4		4		3		2		3		1		2		1		3		2		4		1		3		2		3		4		3		1		2		4		2		2		1		2		4		4		1		3		4		3		2		3		1		3		2		4		1		2		2		2		3		4		4		3		4		3		1		1		4		3		1		4		1		1		2		3		3		4		1		2		2		3		1		4		4		1		4

		551-73-5382		ALCALA MARISOL		74				18150		27		43		85		61						1		2		3		4		4		3		2		3		4		2		1		3		2		2		2		3		2		1		4		3		1		1		4		2		2		3		2		1		1		2		3		4		1		2		3		3		3		2		4		2		2		2		2		1		4		4		3		4		3		1		2		2		3		4		2		2		4		2		2		1		1		1		1		1		3		1		3		4		1		4

		616-56-6487		CHOW TRACEY		81				20461		25		45		88		66						2		2		1		4		2		3		2		3		4		1		1		2		1		4		1		4		3		3		4		3		1		2		4		3		2		1		2		4		2		1		3		4		3		3		1		1		3		3		4		2		2		2		3		4		3		4		3		4		3		3		3		4		3		3		4		1		3		3		3		3		4		3		3		1		3		1		4		3		3		1

		623-21-4597		DIRIBSA DAWIT W		69				20463		37		33		56		34						2		2		3		4		4		3		2		3		4		2		2		2		3		4		1		4		2		3		4		1		4		1		4		1		2		4		3		4		2		2		2		1		3		3		1		3		4		2		2		2		3		2		3		3		4		2		3		4		3		2		1		4		4		1		4		1		4		2		2		2		2		4		3		1		4		1		4		4		3		3

		602-41-2382		DOAN CHAU B		78				20469		38		32		54		32						2		2		1		3		4		1		4		1		4		2		3		3		3				1		4		2		4		4		1		1		2		4		3		2		3		2		1		1		2		3		4		3		2		1		1		3		1		2		2		2		1		2		1		4		4		3		2		3		2		1		1		3		4		3		1		4		2		3		3		2		3		1		1		4		2		3		1		3		1

		626-82-9464		FUNK ALYSSA D		45				20472		45		25		26		14						1		1		3		3		4		3		3		2		4		2		1		3		1		1		3		2		2		3		4		3		2		3		4		4		2		3		2		1		1		2		1		3		3		2		3		3		4		2		3		2		2		1		1		1		4		3		1		3		3		2		1		4		2		4		1		3		1		3		3		4		3		3		1		1		4		1		4		2		2		2

		626-41-6620		HUANG YAN		68				20470		45		25		26		14						2		2		1		3		4		3		1		2		4		3		2		3		2		3		3		2		4		3		4		3		1		3		3		3		4		3		3		4		2		2		2		4		2		3		1		1		3		1		1		2		1		1		1		4		4		3		2		2		3		1		3		2		3		1		4		4		4		2		2		1		1		2		4		2		2		2		4		1		3		4

		572-89-4268		KIM AUDREY M		93				20476		19		51		96		81						2		2		1		4		4		3		2		2		2		2		1		3		4		4		3		4		2		3		4		3		1		3		4		2		2		3		2		2		2		2		3		4		3		2		3		1		2		3		1		1		2		2		2		4		4		4		3		4		3		1		3		4		3		1		4		1		1		2		3		4		4		1		2		1		3		1		4		1		1		2

		617-19-2118		LI ZI YING		92				20462		9		61		100		96						2		2		1		4		4		3		2		2		4		2		1		4		2		4		1		3		2		3		4		3		1		2		4		3		2		1		2		4		4		1		3		4		3		2		1		1		3		2		4		1		2		2		2		3		4		4		3		4		2		1		1		2		3		1		4		1		1		2		3		3		4		3		2		1		3		1		4		4		1		4

		609-41-1163		MOHAMMED NEBIL H		87				20468		22		48		93		74						2		2		1		4		4		3		2		3		4		2		2		2		3		4		2		2		2		3		4		3		1		1		4		2		2		1		2		4		2		1		3		4		3		2		4		1		2		2		1		1		2		2		3		4		4		4		3		2		3		1		1		4		2		3		4		1		4		2		3		3		4		3		2		1		3		1		4		1		3		2

		570-79-0053		NGUYEN JACKIE P		84				20474		14		56		99		90						2		2		1		4		4		3		1		3		1		2		1		3		2		4		4		2		2		3		4		3		1		3		4		2		2		1		2		4		1		1		3		4		3		2		3		1		3		1		1		1		2		2		2		3		4		4		3		4		2		1		2		2		1		1		3		1		4		2		3		3		4		1		2		2		1		1		4		4		1		4

		414-37-8426		NORTH CARMAN M		77				20464		13		57		99		92						1		2		1		4		2		3		2		3		1		2		1		3		2		4		3		3		3		3		4		3		1		2		4		2		2		1		2		2		2		1		3		4		1		2		3		1		2		2		4		1		2		2		2		4		4		4		3		4		3		1		1		4		3		1		4		1		4		2		3		3		4		3		4		2		3		1		4		4		1		3

		621-78-5689		SHARIF YUSRA M		62				20475		52		18		4		2						2		2		3		1		2		3		2		1		4		2		1		3		4		2				4		3		3		4		3		1		1		1		4		4		3		3		4		1		1		2		1		1		2		1		3		4		1		3		2		1		2		1		1		2		2		2		3		3		4		3		1		2		3		1		2		4		1		2		2		3				1		3		2		2		2		4		1		3

		613-35-8836		TRAN SON T		89				20477		15		55		99		89						2		2		1		4		4		3		2		3		4		2		1		3		1		4		1		1		2		3		4		3		1		2		4		2		2		1		4		2		2		2		3		4		3		2		3		1		3		2		4		2		2		2		2		4		4		4		3		4		3		1		1		4		3		1		2		1		1		2		3		2		4		3		2		1		4		1		4		1		1		4

		000-09-2807		YOON SEO YEON		73				20465		34		36		66		42						1		2		1		4		4		3		1		3		4		2		3		3		4		2		3		1		2		1		4		2		3		1		4		2		3		3		1		4		1		2		3		4		1		2		1		1		1		2		4		2		2		3		1		1		3		2		3		2		3		2		1		4		2		1		3		4		1		2		3		3		1		2		2		2		3		4		4		1		1		2

				averages (mean)		77								42		71		56		39

				median		78								44		87		64		39		correct		10		13		10		10		11		13		9		8		2		12		9		10		5		8		5		3		10		11		14		11		11		5		12		7		11		6		9		8		1		6		10		11		9		11		6		10		7		8		6		5		11		10		7		3		11		9		11		8		12		8		8		8		8		8		7		9		5		11		10		7		7		3		6		4		7		10		11		6		8		5

				standard deviation		13								14		33		33		12		%correct		71		93		71		71		79		93		64		57		14		86		64		71		36		57		36		21		71		79		100		79		79		36		86		50		79		43		64		57		7		43		71		79		64		79		43		71		50		57		43		36		79		71		50		21		79		64		79		57		86		57		57		57		57		57		50		64		36		79		71		50		50		21		43		29		50		71		79		43		57		36
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				Question#		6		9		19		24		28		29

				Answers		3		1		4		2		4		4
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						3		4		4		2		2		2

						3		4		4		2		4		1

				correct		12		2		13		7		7		1

				%correct		85.7142857143		14.2857142857		92.8571428571		50		50		7.1428571429

						x		x		x		x		x		x

				Question		Number of Correct answers		%correct		Topic(s)		Topic was covered		Emphasis
(0-3)		Semester presented		Difficulty index		Discrimination index		Teaching objective

				1		13		93		carbon hybridization		yes		3		A		0.80		0.40		1

				2		2		14		cyclohexane conformational analysis, naming		yes		2, 3		A		0.31		0.36		1, 3

				3		14		100		stereochemistry, diastereomers		yes		3		A		0.61		0.53		3

				4		7		50		aldehyde reduction, stereochemistry, sugar chemistry		no		3, 3, 0		B		0.55		0.51		2

				5		8		57		SN2 reaction		yes		2		A		0.63		0.47		2

				6		1		7		diazonium salts		no		0		B		0.33		0.41		2

				*NaBH4 reduction of aldehydes was covered, however sugar reduction was not
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						Overall course score		Correct		Percentile		ACS data

				averages (mean)		77		42		56		39

				median		78		44		64		39

				standard deviation		13		14		33		12

				Number of students		14






