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Abstract

Assessment of your students’ understanding of chemistry involves more than administering quizzes and examinations. The beginning chemistry instructor must be aware of curriculum decisions, course goals, course level and depth, department and college expectations, and national standards or guidelines. College chemistry instructors are now expected to demonstrate outcomes based on measures other than teacher-made tests. New instructors should be aware of individual differences in student learning styles and in testing.  You are sure to encounter students who have special needs or requirements when it comes time for testing. Careful consideration of normative- or criterion-referenced grading systems is at the core of how you will award grades. Even if you are the sole instructor teaching a particular chemistry course, you need to be aware of the history of the course and the general pattern for distribution of grades of the students who enroll in that course. Assessment also involves an evaluation of how the course materials are helping students learn the material and an evaluation of the effectiveness of your teaching.
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What can go wrong?

Assessment can be defined as the collection of information, both quantitative and qualitative, obtained through various tests, observations, and other techniques used to determine individual, group, or program performance (Doran 1994). Constructing and administering an exam is only one component of assessment. Assessment also involves making decisions about the curriculum, course resources, what is taught, how it is taught, and about the activities you have your students do to help them learn the topics, concepts, principles, and skills that are part of your course. The course grades your students earn should represent an overall assessment of their achievement and understanding of chemistry. 

How you go about assessing your students’ understanding of chemistry is a responsibility that has far- reaching consequences for your students. As coordinator of general chemistry at two universities, one of the authors of this chapter has seen his colleagues stumble with respect to student protests about testing and grades. Nearly all of these situations could have been avoided if the instructor had taken the time to clearly communicate and fairly implement an effective assessment scheme. Students generally will let you and others know that they feel “cheated” about how the testing and grades are being dealt with after the second exam or after final grades are awarded.  Students will demand that the exam questions reflect what is being taught and at the level it is being taught.  Students also will demand a certain degree of “fairness” in assigning grades at the end of the course. As an instructor you must strive to strike a balance between awarding too many A’s and B’s and too many D’s and F’s. The purpose of this chapter is to provide the beginning chemistry instructor with some basic knowledge about assessment and to provide some practical tips about how to strengthen your resolve about awarding grades. 

Questions to ask your colleagues before you teach your course

About a month before you begin to teach a course for the first or second time, you should gather as much information as possible about the course and about course policies and procedures. In most departments there are unwritten policies, and the only way for you to find out what is going on is to ask. 

Here are some key questions about assessment to ask your colleagues before you begin teaching a course:

· Is there a standard course syllabus? Is there a strong expectation that a specific number of chapters and topics be “covered” during the course (especially if the course is the first semester of a two- semester course sequence)?

· Are statistical records of all courses taught in the department kept on file?

· Is there a written list of goals for the course?  Is there a written list of learning objectives for the course?

· Is group work permitted on homework, on quizzes, on exams, on projects, or on laboratory [image: image1.wmf][image: image2.wmf]136ANOT136
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[image: image3.wmf]reports?

· Should homework earn points toward the course total points?  If so, what percentage of the total points should homework comprise?

· Are the instructors required to take attendance? Does attendance count for points?


· Is there an expectation of a certain percentage of A’s, B’s, C’s, D’s, or F’s for the course?  Is there an expectation of a certain course grade-point average, within an approved range, for the course?

· Are copies available of previous exams administered in this course?

· Is it common practice to drop the lowest exam score?

· Is it common practice to provide students with appropriate formulas, physical constants, and other pertinent information on each exam? 

· Are students permitted to use an information sheet on exams? 

· Are graphing calculators, with information storage registers, permitted on the exams?

· What procedures are available for accommodating students who have an “academic disability” and have a Student Academic Accommodation Request (SAAR)? 

· Are extra credit or bonus problems allowed on exams?  Can students do extra credit projects to make up points for poor performance on an exam?

· What is the policy for students who miss an exam for a good reason? What is the policy for students who miss an exam and do not have a good reason for doing so?

· What is an acceptable average on hour exams?  On the final exam?

· Does the department use a common set of questions for the final exam year after year?

· Are the students allowed to keep their final exam booklet?

· Is one of the American Chemical Society Examinations used in this course? If so, how is it used?  Many departments use the ACS examinations as part of their “outcomes based” assessment.  You can compare the performance of your students to the national average. Or, ACS exams can be used to compare the performance of other sections of colleagues who have taught or who are teaching the course.

· Are laboratory practical exam tasks used to assess students’ skills in the chemistry laboratory?

[image: image4.wmf]Before you start the course, it is helpful to review previous one-hour exams and final exams.  This will provide you with the best indication of the different types of problems, the degree of difficulty of the test problems, and the depth of coverage of topics.  If possible, during the semester, have an experienced colleague review your exam before it is printed and administered to the students.  Experienced faculty can judge whether or not an exam is too easy, too difficult, too long, or too short for the time allocated.  New faculty members should be aware of local conditions that may influence how intense and difficult the course is and the expectations for how the grades are assigned.  For example, if you are assigned a “trailer course” (a course taught in the off-semester–i.e., General Chemistry I taught in the spring semester), you can expect to have lower exam averages.  You may be expected to assign a lower percentage of A’s and B’s, and a higher percentage of D’s and F’s compared to the “on-semester” course.  

What to assess?

What you assess and how you assess your students depends on what the goals and objectives are for the course. Angelo and Cross (1993) discuss six broad categories of goals for college courses: higher-order thinking skills, academic success skills, content knowledge and skills, academic values, career preparation, and personal development. You should state in writing the goals and objectives of the course, put the main points on the course syllabus, on the course web site, and keep these in mind when it comes time for constructing assessment activities.  The assessment activities should match the course goals and objectives.  For example, if one of your goals for the laboratory portion of the course is to have your students design an experiment and control variables, then you should have a laboratory [image: image5.wmf]practical exam activity that assesses this skill.  If one of your goals is to have students demonstrate problem solving ability in chemistry, then one of your assessments should be a true problem-solving activity. 

[image: image6.wmf]Most chemistry instructors rely on a cycle of grading homework problems, quizzes, and exams. The instructor allocates points for each graded assignment. In this cycle, students may have the opportunity to solve the same general type of problem three times for points. [image: image7.wmf] Instructors generally believe that this is an objective system that places the burden of demonstrating chemistry knowledge on the student.  Instructors want to assign grades using an impartial and fair procedure. The assigning of letter grades requires a judgment be made as to what constitutes the difference between an A and a B, a B and a C, etc.

Types of problems on chemistry examinations

Instructor-made tests can include the following types of problems: multiple choice; showing all work of several steps of calculations; writing statements or explanations; justifying a choice; and laboratory practical tasks. Your examinations should include at least one novel problem that requires a transfer of learning[image: image8.wmf].  If one of your goals is to have students demonstrate conceptual understanding, then one of your assessments should include paired quantitative and conceptual problems (same structure, same concept).  Written explanations require additional time to grade, but they also reveal how well the student understands a topic.  We will not debate in this chapter whether or not multiple choice problems are an accurate tool to measure your students’ understanding of chemistry (Binder 1988).  It is sufficient to say that multiple choice problems are used by many chemistry instructors who have enrollments of over 60-75 students in their course.  Most instructors use a combination of multiple choice problems and “show all work” problems on their examinations.[image: image9.wmf]
Most often, chemistry instructors are interested in determining wheher students can do a calculation problem[image: image10.wmf]. For example, a typical problem might ask the student to calculate the number of grams of precipitate that form when 20.0 mL of 1.0 M AgNO3(aq) is mixed with 20.0 mL of 1.0 M NaCl(aq). This problem requires students to write a balanced equation, use solubility rules to predict which product will be a precipitate, use stoichiometry to determine the limiting reagent, and calculate the number of grams of AgCl that can form. 

[image: image11.wmf]Sometimes a simple question can reveal more about the misunderstandings held by your students than a calculation problem.  For instance, consider the following conceptual problem.[image: image12.wmf] The question is followed by sample data from students enrolled in General Chemistry I for 2001 and 2002.  Item analysis data reveal a difference in performance.  The item analysis data show the number of students selecting each choice, the percentage correct, and the discrimination index.  The discrimination index is a measure of how well the problem discriminates those students who score well overall on the exam compared to those students who score poorly on the exam relative to each individual problem (Mehrens and Lehmann 1978; Bodner 1980[image: image13.wmf]).  A discrimination index of 0.35 or above indicates that the problem effectively discriminates between students who do and who do not know the material.  Instructors can use item analysis to improve the effectiveness of exam problems.

[image: image14.wmf]Consider a representation of a small volume of gas in a reaction flask before the start of a reaction between nitrogen gas and oxygen gas to give dinitrogen pentoxide, [image: image15.wmf].

____N2(g)  +  ____O2(g)  (  N2O5(g)

[image: image16.wmf]
a. Which of the following represents the resulting volume of product after the reaction occurs?

[image: image17.wmf]
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b. What is the limiting reagent in the above problem?

1)  N2O5
2)  N2

3)  O2

4)  both N2 and O2
5)  none of these
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The results of the item analysis indicate that the students have difficulty understanding the fact that some nitrogen remains unreacted.  The data show that most students who answered this question could identify the limiting reagent in the problem. 

Consider the following problem[image: image18.wmf].  It uses a two-tier approach (Birk 1999) to structure a multiple choice question.   It assesses factual knowledge–does the student know the definition of endothermic and exothermic-and then assesses whether or not the student can apply this information in a realistic situation.

[image: image19.wmf]A sample of baking soda dissolves in water according to the following equation.  The initial temperature of the water is 23˚C.  The temperature of the resultant solution is 18˚C.

NaHCO3(s)  [image: image20.wmf]  Na+(aq)  +  HCO3–(aq)

For the dissolving process described above, the reaction shown is _____ and heat is _____.

1. exothermic, given off by the reaction.

2. exothermic, taken in (absorbed) by the reaction.

3. endothermic, given off by the reaction.

4. endothermic, taken in (absorbed) by the reaction.

5. cannot tell without knowing the mass of water and the specific heat of the resultant solution.

Item analysis
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The results of this item analysis indicate that fewer students in 2002 were able to answer this simple question compared to the students in 2001.  Both problems focus on assessing students’ conceptual understanding of chemistry (Herron and Greenbowe 1985; Nurrenbern and Pickering 1987; Nakhleh 1990).  It is desirable to have a variety of different types of problems on your examinations, as well as a range in the degree of difficulty. Most instructors place at least one difficult problem on their exams to ensure that the exam average will be 70 to 75% or lower and to help identify the most capable students. [image: image21.wmf]
Maintaining records about the course

One of the biggest challenges a new instructor faces is how hard or easy to make the exam problems. Prior to the start of an academic semester, new instructors should discuss grading standards with other faculty in their department who have taught the course(s) they will be teaching.  A record of grades assigned to students in the course in previous semesters may be available in the department for the past five to ten years.  This record should include the number of students who started the course, the number of students taking the final exam, (after the drop/add period), the score for the final exam, the total points earned, and the percentage of A’s, B’s, C’s, etc. assigned.  The average course grade for the entire course should be calculated. The retention rate should be calculated each time the course is taught and an average retention rate calculated for the fall and spring semesters of the course.

For example, Table 1 displays hypothetical information collected over a five-year period for a General Chemistry I course for science and engineering majors. The course was taught in both the fall and spring semesters.  Instructors used a core of similar questions on the final exam. General trends can be spotted from this information.  First, the distribution of grades for this course is not consistent from semester-to- semester.  Depending when students take the course and who teacahes the course a different percentage of A’s and B’s will be awarded.  Presumably, lower ability students enroll in the spring semester of the “trailer course.”  Many of these students have failed the course in the fall and are repeating it for a better grade.  However, in recent years, these students are earning a higher percent of A’s and B’s compared to the students enrolled in the fall semesters. A de facto limit of 50% A’s and B’s combined appears to be in place for this department and group of faculty.  The same instructor taught the course in the fall of 1997, 1998, 1999, 2001 and 2002.  This instructor assigns an average number of A’s, B’s, and C’s compared to other instructors who teach the same course. 

Table 1.  A record of hypothetical grades issued for General Chemistry I (1997–2003).

Semester
Final exam

average
Total points

average
Course grade

average
%A’s
%B’s
%C’s
%D’s

Spring 2003
71
71
2.31
23
21
32
14

Fall 2002
61
74
2.45
15
33
32
12

Spring 2002
45
58
2.07
24
21
21
14

Fall 2001
64
74
2.57
20
35
28
10

Spring 2001
53
60
1.91
21
41
19
22

Fall 2000
67
72
2.20
11
33
34
13

Spring 2000
42
54
1.98
10
22
37
22

Fall 1999
61
72
2.55
22
29
33
12

Spring 1999
50
58
1.85
7
25
32
20

Fall 1998
68
71
2.74
28
27
26
11

Spring 1998
55
64
2.22
18
28
37
9

Fall 1997
58
70
2.40
18
25
39
15

Also, the final exam and course averages for this course are not consistent.  There appears to be no correlation between performance on the final exam, the total number of points earned and the assignment of the number of  A’s and B’s in the course.  For example,  it appears that students enrolled in the fall of 1999 received more A’s than students enrolled in the fall of 2001,  yet their performance is lower on the final exam and on total points earned.[image: image22.wmf] The other instructosr who taught the course in the spring of 2001 and 2002 probably should not have assigned as many A’s and B’s, because the final exam average and the course average are significantly lower when compared to other semesters[image: image23.wmf]. 

If[image: image24.wmf] you are teaching the same course over a number of years, you should be aware of the statistics of your grading system and how it compares both year to year and to other instructors who are teaching the same course.  If your department has not maintained a record of course grades similar to this, your Registrar’s Office will have the information on file.  The information requested may not be compiled in a useful format when you receive it, but you can format it so that it makes sense to you.  You may need only information from the past two or three years to see what the trend is for the students in the course. While there are many variables that can influence the grade profile of a class, the instructor of a course should strive to be consistent from semester-to-semester and year-to-year in the assingment of letter grades.

Assigning letter grades (Cut offs)

Figure 1 displays a graph of the number of students earning a percentage of the course points in a general chemistry course.  The average for the course is 60.0%.  The number of students is 222. Based on this distribution, how would you assign grades of A, B, C, D, and F?  Instructor X might decide the following: 80–100 A; 65–79 B; 50–64 C; 35–49 D; below 34 F. This instructor is using a range of 14% for each grade.  Only two students would receive an F using this system. Instructor Y might decide the following: 90–100 A; 80–89 B; 70–79 C; 60 – 69 D; below 60, F.  This instructor might have told the students the first day of class that this was the grading scale regardless of what the distributions were on the exams.  Half of the class would fail using this system. Instructor Z might decide: 85–100 A; 75–84 B; 60–74 C; 50–59 D; below 50, F.  In this system there would be relatively few A’s and B’s, but many C’s, D’s, and F’s.  Any one of these grading assignments may be valid depending on the context of the course and the average on the final exam. How does a novice instructor decide which grade cuts to use? 

Figure 1. Distribution of the percentage of total points earned in a general chemistry course
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Figure 2.  Distribution of the percentage of total points earned in a general chemistry course.

[image: image30..pict]
Figure 2 shows a total points distribution for another general chemistry course. The average for the total points earned in this course is 71% (413 students). An analysis of this distribution indicates that the distribution is skewed to the right.  Too many students have earned a high percentage of the points.  How should an instructor assign grades to this group of students?  Should the average grade be a C, C+, or B-? Instructor Y might use the following grade cuts: 90–100 A; 80–89 B; 70 –79 C; 60–69 D; below 60, F.  This instructor might have told the students the first day of class that this was the grading scale regardless of what the distributions were on the exams or the total points earned in the course.  Using these grade cuts with this distribution there would be 10.6% A’s, 28.1% B’s, 34.3% C’s; 17.0% D’s; 9.4% F’s.  For courses with an enrollment of 40-50 students, the exams usually do not generate a normal distribution. The instructor should look for natural “breaks” in the distribution and assign grades accordingly.

Laboratory practical examination tasks

You should not rely exclusively on the scores of laboratory reports for assessing your students’ skills and their understanding of chemistry laboratory topics[image: image26.wmf].   Laboratory practical exam tasks can be used to help determine understanding (Rozeiu 1969; Hayes 1972; Jones 1977; Robyt and White 1990; Silberman et al. 1987; Tamir 1998).  For example, many teachers have students do a laboratory experiment to determine the concentration of an aqueous solution of hydrochloric acid by performing an acid-base titration with a known concentration of an aqueous solution of sodium hydroxide.  To test their understanding, have your students do a short (20 to 25 minute) laboratory exam task that requires them to determine the concentration of an unknown acid. Figure 3 contains an example of an acid-base titration laboratory practical exam task.  This task requires students to both think about and actually do chemistry.

There is no limit as to the type of laboratory practical examination tasks that can be developed and administered.  Students could be asked to:

1. Determine the ∆H of a reaction by doing a calorimeter experiment.

2. Determine the E° of a half-cell reaction by doing an electrochemical cell experiment.

3. Determine the limiting reagent and the percentage yield of a simple precipitation reaction.

4. Determine the rate law of a chemical clock reaction.  Mix two reagents that will achieve an end point at a designated target time.

5. Mix two solutions together that will produce an acidic or alkaline buffer solution that matches a target pH.

Figure 3. A laboratory practical exam task

Your instructor will assign you a sample of acetic acid to analyze. Titrate the acid solution with an aqueous solution of 0.279 M sodium hydroxide.  You may use either phenolphthalein or thymol blue to help you determine the end-point.

Record the following information:




Acetic acid sample number       
_______
Volume of acetic acid used       
_______

NaOH concentration (M)        
_______
Volume of NaOH 

_______

Acetic acid concentration (M)
_______



Write an equation for this reaction.  Explain whether or not the acid is being neutralized by the base.
We have been administering laboratory practical exams to over 3,000 students each semester for the past 10 years.  All of the teaching assistants and instructors for a course meet for about an hour and a half after the exam to establish the grading system for each task.  Students receive 20% of the score if they have written a reasonable procedure, 20% of the score for recording clear observations and data, 20% for calculations, 20% for obtaining a reasonable value, and 20% for a correct explanation.

Partial credit

The most common system for assessing and assigning grades for performance in a chemistry course involves the instructor grading problems from homework assignments, quizzes, and exams by assigning points. The problems used by chemistry instructors typically involve the generation of a numerical answer by doing a calculation or involve the student writing a short statement or explanation to a problem. Comparing a student’s answer to a correct numerical answer is easy for the instructor to grade because a student cannot dispute the answer.  It is either right or wrong. However, instructors typically assign partial credit for work displayed on a problem if a mathematical error leads to an incorrect number, but the procedure is correct.  Assigning partial credit to written work is a matter of judgment. As the instructor, you must strive to be consistent in your grading process.  Students who exhibit the same work should receive the same credit.  Students will compare their graded exams and will demand additional credit if they believe another student received more points for the same or similar work. The development of a written scoring system to assure that the partial credit awarded is consistent, is an essential component of good assessment.  If possible, new instructors should develop this scoring system with an experienced instructor.  Each instructor should grade the same problem for five or six exams, then stop and compare the partial credit both have awarded.  At this stage the graders can make the necessary adjustments to the grading scheme.  For a small class, the instructor should grade the same problem on all exam papers before moving on to the next problem.  This method can be adapted for grading teams at a larger institution.

ACS examinations and the ACS item test bank

The American Chemical Society’s Examination Institute has many different types of examinations that national committees have written, field-tested, revised, and standardized.  There are several different types of general chemistry exams: diagnostic, first semester, second semester, full year, as well as exams that focus on conceptual understanding.  Exams for general, inorganic, analytical, physical, organic, and biochemistry are available. The examinations use a multiple choice format. There is a national average available for each exam. Some advantages for using an ACS exam can be cited.  The exams help you determine whether your curriculum meets what other chemistry instructors deem acceptable.  They provide a means to help you demonstrate outcomes from an independent source, other than teacher-made exams.  If you give an ACS exam as a final exam, then you do not have to write final exam questions.[image: image27.wmf] There are some drawbacks to using ACS exams. You will not have addressed between five and six questions on the exam due to differences in the topics you teach and the level and depth of topics you do teach.  The exam might be too easy or too difficult for your students.  There is a cost involved. You will need to purchase an exam booklet for each of your students.  The ACS Exams Institute does not permit anyone to copy an exam. Each exam booklet has a unique identification number printed on the front cover. As a chemistry instructor, you can purchase one review copy of an examination.  If your institution purchases a reasonable number of the exams for your students, you may obtain a refund for your examination copy.[image: image28.wmf]
The ACS Examinations Institute also offers a Test Item Bank for general chemistry (Eubanks and Eubanks 1992) that consists of questions and problems that have been retired from previous exams.   By using the ACS Test Item Bank, you can select as many or as few questions as you want on your examinations.

Another piece of the assessment puzzle to consider is the entry-level skills of your students.  Figure 4 shows a graph of the mean scores on the ACS California Chemistry Diagnostic Exam (ACS Exam Institute) over a seven-year period for students enrolled in a General Chemistry I course for science and engineering majors.  This diagnostic exam consists of 44 questions on basic chemistry facts and skills, algebra, and scientific notation. Practically speaking, the difference in the mean ACS diagnostic score, over the seven-year period, is plus-or-minus one question correct. Based on the results of this exam, we can conclude that since 1995 the mean entry-level chemistry skills of the students enrolled in this course have been about the same.  How does this impact the difficulty of exams that can be administered, and how does it impact the final grades assigned to students? If the difficulty of the exams is equivalent to previous years, the instructor might anticipate that the same percentage of A’s and B’s will be earned in the course, 

[image: image31..pict]Figure 4.  Mean ACS California chemistry diagnostic score vs. year 

Alternative assessments: portfolios and poster sessions

Some chemistry instructors have their students make portfolios of their work or else present a poster.  The instructor develops a grading rubric to grade the students’ work. The grade of the portfolio and/or the poster is part of the assessment of the students’ understanding of chemistry.  The portfolio can contain a variety of documents (Phelps et al. 1997). It can be a paper document or an electronic version that can be presented on a CD-ROM or on the World Wide Web.  Poster sessions can be an effective way to evaluate a project on which the student has worked over a two to three week period (Mills et al. 2001). The grading of portfolios and posters can be subjective and time consuming, but it provides the students with an alternative assessment.  Vitale and Romance (1999), Edwards (2001), and Popham (2002) provide useful guidelines for scoring nontraditional assessment tasks
Responding to requests for accommodations by students with disabilities

You and your institution are mandated by law (Section 504 of the Vocational Rehabilitation Act of 1973 and the Americans with Disabilities Act of 1990) to provide reasonable accommodation to every student with a disability. Your department and college should provide up to $200 per student per semester to meet the requested accommodation(s) of the student.  The student initiates the request to the instructor by showing a Student Academic Accommodation Request (SAAR) to the instructor. With respect to assessment, the accommodations for a student can be extra time, a reader, larger font size, or special materials when taking exams and quizzes.  These accommodations have been recommended by your institution’s disability officer. As an instructor, you may not inquire about the nature of the disability itself, since the student is not required to explain it.  The accommodations are intended to enable disabled students to meet course requirements through an alternative path, with no reductions in standards or quality expected.  A problem may arise when a student requests that spelling, grammar, and mathematics errors do not influence the grade on the chemistry quizzes or exams.  Or, that because a student has problems with mathematics, the student should have double the time to take the exams. For chemistry instructors, this is at odds with the intention that “no reductions in standards or quality are expected.”  As an instructor, you can disagree or can ask the student to compromise on any accommodation that you find unacceptable.  In such cases, a joint meeting with the disability officer is warranted.[image: image29.wmf]
Normative- and criterion-referenced grading systems

You should make a decision to use either a normative-referenced or criterion-referenced grading system (Mehrens and Lehmann 1978) at the start of the course.  A normative-referenced grading system determines the achievement of a student by comparing his or her work with the achievement of other students.  Students who accomplish a higher level of understanding in an academic course are recognized with a higher grade compared to students who perform at a lower level.  Often, a normative-referenced grading system specifies in advance (or de facto) that a certain percentage of each grade designation (A’s 10-12%, B’s 20-25%, C’s 30-35%, D’s 20-25%, F’s 10-12%, Withdraw or drop 10%) will be issued. If the distribution of grades in a course follows a normal distribution over a number of years, a normative grading system is used. A normative-referenced system grading scheme does not encourage students to help each other.  If there are only a certain percentage of A’s and B’s, regardless of student performance, then students realize that by helping another student, they may prevent themselves from obtaining the grade they want.  The more students who score ahead of them, the less likely it is that they will receive a high grade.

In a criterion-referenced grading system, student achievement or understanding of chemistry is based upon a pre-determined set of criteria, usually points earned in the course: 90% is an A, 80% is a B, etc.  It does not matter how many students earn a particular grade.   A criterion-referenced system compares an individual’s performance to some pre-specified objectives and or scoring system. A criterion-referenced system encourages students to work in groups and help each other.  One student’s success does not hinder his or her classmates’ ability to earn a grade. Under a criterion referenced grading system there is no limit on the number of A’s, B’s, C’s, D’s, and F’s that can be earned in the course. Motivation to put forth effort and work in the course can be maintained throughout the semester because there is hope for each student. However, even when instructors tell students that there are no limits to the number of A’s or B’s, if there is an instructor or department de facto limit, students will soon realize this and lose trust in their instructor.  Figure 5 represents a typical distribution of letter grades at the end of a general chemistry course with an enrollment greater than 200 students. This distribution could have been obtained using either a normative-referenced or criterion-referenced system.  This distribution seems to be the ideal letter grade distribution that most chemistry instructors strive to achieve. 

Figure 5.  A typical general chemistry course grading profile.
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T-scores: an alternative method for grading

If a student earns a certain percentage of the total points i.e. 90%, 80%, 70% 60%, etc., he or she is usually assigned a grade of A, B, C, etc. This approach assumes that all examinations are about the same level of difficulty and that it is valid to simply total the points earned for each exam, for each quiz, etc., to achieve total points earned in the course.  Typically, grades are assigned based on the total number of points earned. The flaw in this approach is that chemistry exams and quizzes are not always of equal difficulty.  A statistically accurate way to add exam scores is to use T-scores (Mehrens and Lehmann 1978; Agresti and Finlay 1997). Test scores can be interpreted to make decisions about a student’s knowledge of chemistry relative to other students currently in the course and other students who have taken the course. Test scores can also be used to make decisions about the degree to which a student has demonstrated knowledge about a topic. If you are using a normative-referenced grading system where there are a limited number of A’s and B’s to be awarded, then it becomes important for you to accurately compare the performance of students on an exam-to-exam basis. A T-score is generated by calculating a z-score and then transforming the z-score to a T-score by using 500 (or 50) as the mean and 100 (or 10) as the standard deviation.

z = (raw score – mean)/standard deviation

T = 100(z) + 500  OR   T = 10(z) + 50

Let’s compare the scores earned by two students on two exams called “Exam 1” and “Exam 2.” Figure 6 shows an example of how raw scores from “Exam 1” are transformed into T-scores. Student X earns a score of 30 points out of 51 points (T-score = 484) on Exam 1 (mean = 31.17, standard deviation = 7.19) and 40 points out of 50 points (T-score = 644)  on Exam 2 (mean = 32.59, standard deviation = 5.15).  The student’s total raw score is 70. The total T-score for the two exams is 1,128.   Student Y earns a score of 40 points (T-score = 623) on Exam 1 and 30 points (T-score = 450) on Exam 2. Student Y has the same total raw score of 70 as Student X, but the total T-score for Student Y, 1,073, is lower than the total T-score for Student X. Based on the total T-scores, Student X should earn a higher grade than Student Y. Final letter grades can be determined by adding the T-scores from each graded quiz, exam, or other assessment activity, providing the activities generate a mean and a standard deviation.  

Summary

The best advice we can provide you with respect to assessing your students’ understanding of chemistry is to assess your students on problems and tasks that are consistent with your course goals and objectives. Furthermore, make sure that these problems and tasks are consistent with the manner and level of difficulty with which you taught the course. Use a variety of assessment methods.  Be consistent and fair in your grading, especially when you assign letter grades at the end of the course. Keep complete records and compare your course results over five to seven years.  Seek advice from your colleagues. At the end of the semester, when you assign grades to your students, you should be confident that you did everything reasonable to provide each student with a fair chance to demonstrate what he or she knows about chemistry.

Figure 6. An example of how raw exam scores are transformed into T-scores.

Average test score =  61%
Error variance =    9.09

Standard error of measurement in raw scores =    3.01
Standard error of measurement in T-scores =   41.94

Number taking test =  647
Number of scored items =   51

Mean =   31.17
Variance =   51.65

Standard deviation = 7.19


SCORE
N
CUM
%ILE
TSCORE

SCORE
N
CUM
%ILE
TSCORE

11
1
1
0
219

31
31
326
50
498

12
1
2
0
233

32
29
355
55
512

13
3
5
1
247

33
35
390
60
526

14
2
7
1
261

34
31
421
65
539

15
5
12
2
275

35
35
456
70
553

16
4
16
2
289

36
36
492
76
567

17
6
22
3
303

37
28
520
80
581

18
7
29
4
317

38
21
541
84
595

19
12
41
6
331

39
21
562
87
609

20
8
49
8
345

40
22
584
90
623

21
16
65
10
359

41
15
599
93
637

22
14
79
12
372

42
16
615
95
651

23
16
95
15
386

43
9
624
96
665

24
25
120
19
400

44
11
635
98
679

25
28
148
23
414

45
7
642
99
692

26
30
178
28
428

46
2
644
100
706

27
20
198
31
442

47
0
644
100
720

28
28
226
35
456

48
2
646
100
734

29
29
255
39
470

49
0
646
100
748

30
40
295
46
484

50
1
647
100
762
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