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The National Council of Teachers of Mathematics Principles and Standards 2000
lists Assessment as a Principle. [1, p. 22]

NCTM suggests that assessment should provide information useful to both teachers and students and encourage and emphasize student learning. Assessment results are also noted as ideally being the basis for making instructional decisions. The Standards 2000 refers to standards and assessment methods about exemplary mathematics assessment that are also contained in the 1995 Assessment Standards [2]. These six standards are:

(1) reflect the mathematics that students should know and be able to do

(2) enhance mathematics learning

(3) promote equity

(4) be an open process

(5) promote valid inference

(6) be a coherent process [1, p. 22]

The four types of assessment are:

1. Making instructional decisions 

2. Monitoring student progress

3. Evaluating student achievement

4.    Program evaluation

It was the first three types of assessment that formed the theoretical basis for the examples that we provided during our presentation.

The session was intended to share results from the different types of assessments that were implemented in university mathematics classes. Participants at the session were invited to participate by contributing their own ideas.



1. Making Instructional Decisions

The muddiest point (modified)

One of the classroom assessment techniques advocated by Angelo and Cross in Classroom Assessment Techniques: A Handbook for College Teachers is the "muddiest point" paper, in which students are asked to jot down a quick response to the question


"What was the muddiest point in this lecture / lesson / chapter?"









([3], p. 154)

This can be an effective method of assessing student knowledge, as it generates feedback from all students,  even the shy or demure students who are reluctant to ask questions during class or seek help during office hours. 

The problem is that the feedback gathered from muddiest point papers is often vague. In a precalculus class, the students had just completed a chapter on polynomial and rational functions. Prior to the review, the students were asked to identify the muddiest point in this chapter. Sadly, many papers simply said "polynomial and rational functions" - a response which was too general to be useful.

The professor thus decided to modify the muddiest point technique. When it was time to review for the next chapter (exponential and logarithmic functions), students were asked to complete the following questionnaire:


Rate your confidence in the following areas (circle one):








high



low

3.1 Exponential functions and their graphs


*
*
*
*
*

3.2 Logarithmic functions and their graphs


*
*
*
*
*

3.3 Properties of logarithms



*
*
*
*
*

3.4 Exponential and logarithmic equations


*
*
*
*
*

3.5 Exponential and logarithmic models


*
*
*
*
*

The professor was then able to structure an appropriate review that took place in the following class meeting. 


Minute papers or ungraded short writing assignments

In an effort to determine if preservice elementary education majors had an understanding of the application of adding fractions an adaptation of the muddiest point papers was employed as a minute paper or an ungraded short writing assignment. Students were asked to write a real world problem in which the answer was found by adding the fractions one half and three fourths. One student wrote the following problem:

 If half of my cookies are chocolate chip, and three fourths of my cookies are oatmeal, how many cookies do I have?

Several students submitted problems similarly structured. It was evident that they did not understand how to design a problem in which the sum of two fractions was more than a whole. This evidence caused the professor to realize that further discussion was necessary. One of the participants at the session suggested that after discussing the misunderstanding, that the student problems might be shared and discussed in groups to determine whether or not their problems were appropriate.

Students were later given a similar task on an exam, and they were successful in writing an appropriate problem.

In designing assessments for determining if the class understood a lesson, professors should not be disappointed if they must reteach a concept.  Assessments help them to realize students' misconceptions.  Professors are then able to alter their teaching to provide deeper understanding of the concept.

2. Monitoring Student Progress

Group Assignments

A nontraditional method of monitoring students' progress would be through a group assignment in which all students in each group were required to prepare the written work to be submitted although only one paper per group is collected. Students are encouraged to work in a group of three or four members, and discuss the work with each other. The instructor is available during the allotted class time that the group works together. At times group work may be extended to a time period outside of class time. When the assignment is due, only one paper is randomly selected to be submitted. 

A professor asked students to write the date of their birthday on the top of their individual paper. After each person wrote his or her birthday, the group member with the birthday closest to the day the assignment was being collected was the person whose work was graded. Each group member understood that they each would receive the same grade. The progress of each student in the group was thus assessed, since students collaborated in doing the work. Students accepted the choice since it was truly random.

Time-study surveys
Approximately four weeks into the semester, college algebra students were asked anonymously to respond to the following question:


How much work do you feel you are putting into this class?




too little



too much



1
2
3
4
5

When conducting student surveys such as the above, it is of paramount importance that one asks the right question. In this case, the instructor quickly realized his mistake: "too little" and "too much" are relative terms. If Student A is highly motivated, he/she may regard six hours per week as too little time, while Student B may feel that anything more that two hours per week is too much.

After the midterm exam, a follow-up survey was administered after the tests were handed back. This time, the students were asked anonymously to 


a) Record their score on the exam


b) Estimate the number of hours per week they study college algebra


    (outside of class).

[image: image1.wmf]0

1

2

3

4

5

6

7

8

9

10

A

B

C

D

F

less than 3

between 3 and 6

more than 6


The results were then categorized by letter grade and by number of hours per week:





Figure 1: Data grouped by letter grade
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Figure 2: Data grouped by hours per week

After seeing Figure 1 and Figure 2, the students concluded that

a) Those who put in more time tended to earn better grades

b) Those who earned better grades tended to put in more time

 

3. Evaluating Student Achievement

Oral quizzes

An open-ended question such as "Describe the relationship between Pascal's triangle and probability" was posed to a class of elementary education majors when studying a unit on probability. The instructor then randomly generated a number between one and 18 (since there were 18 students in the class) on the TI-73 overhead calculator. The number that the calculator generated was then matched to the student in her grade book. Students were listed alphabetically. That person needed to begin to answer the question. After an appropriate beginning, the instructor generated another random number in the same manner.  The person matched with the second random number needed to continue the discussion. Since this question requires the identification of the row of Pascal's triangle, the sum of the row related to the probability, and the entry in the appropriate row, at least five students were involved in the class quiz. If each successive student selected could continue the argument, appropriately until the entire discussion was completed, the entire class scored 100% on the quiz. With this particular discussion, the class was successful.

The Test Correction Quiz

To encourage students to understand their mistakes when an exam is returned, they are required to correct their mistakes, and discuss why they missed each problem that had any points deducted. Students are given one week to complete their "test corrections." Students are permitted to use any available resources to aid them in correcting their mistakes (talking to the professor, working with group members, referring to notes or the text, etc.) The test corrections are then graded as a quiz. Five points are awarded if all errors are corrected, and a discussion of the error is described for each incorrect problem. One point is deducted for each incorrect answer, or if the discussion of why the error was made is missing. When students continually write, " I didn't study that concept enough," they then realize that they need to allow additional study time for the next exam. The analysis of why they missed each problem helps them to see procedural or conceptual patterns in their errors, and ultimately, learn from their own mistakes. Writing skills are emphasized in mathematics class while connections are made to their errors and insufficient study time.



The examples described in this article are classroom tested and revised.  The assessment techniques have been discussed in helping instructors to make instructional decisions as well as monitor students' progress and evaluate student achievement. Since the NCTM strongly recommends employing various types of assessments, the authors' expectations are that the examples described in this paper will benefit others in the use of multiple assessment techniques.

References

[1] National Council of Teachers of Mathematics. (2000). Principles and Standards for School Mathematics, Reston, VA: NCTM.

[2] National Council of Teachers of Mathematics. (1995). Assessment Standards for School Mathematics, Reston, VA: NCTM.

[3] Cross and Angelo, Classroom Assessment Techniques: A Handbook for College Teachers, Jossey-Bass, 2nd edition (1993).


� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���











[image: image3.wmf]0

1

2

3

4

5

6

7

8

9

10

A

B

C

D

F

less than 3

between 3 and 6

more than 6

[image: image4.wmf]0

1

2

3

4

5

6

7

8

9

10

less than 3

between 3 and 6

more than 6

A

B

C

D

F

_1049642953.xls
Chart1

		less than 3		less than 3		less than 3		less than 3		less than 3

		between 3 and 6		between 3 and 6		between 3 and 6		between 3 and 6		between 3 and 6

		more than 6		more than 6		more than 6		more than 6		more than 6



A

B

C

D

F

2

7

3

4

9

4

7

7

3

5

8

5

7

3

5



Chart2

		A		A		A

		B		B		B

		C		C		C

		D		D		D

		F		F		F



less than 3

between 3 and 6

more than 6

2

4

8

7

7

5

3

7

7

4

3

3

9

5

5



Sheet1

				A		B		C		D		F

		less than 3		2		7		3		4		9

		between 3 and 6		4		7		7		3		5

		more than 6		8		5		7		3		5





Sheet1

		





Chart3

		0		25

				26

				28





Sheet2

		less than 3between 3 and 6more than 6

		25		26		28





Chart4

		A

		B

		C

		D

		F



14

19

17

10

19



Sheet3

		A		B		C		D		F

		14		19		17		10		19






_1049643190.xls
Chart1

		less than 3		less than 3		less than 3		less than 3		less than 3

		between 3 and 6		between 3 and 6		between 3 and 6		between 3 and 6		between 3 and 6

		more than 6		more than 6		more than 6		more than 6		more than 6



A

B

C

D

F

2

7

3

4

9

4

7

7

3

5

8

5

7

3

5



Chart2

		A		A		A

		B		B		B

		C		C		C

		D		D		D

		F		F		F



less than 3

between 3 and 6

more than 6

2

4

8

7

7

5

3

7

7

4

3

3

9

5

5



Sheet1

				A		B		C		D		F

		less than 3		2		7		3		4		9

		between 3 and 6		4		7		7		3		5

		more than 6		8		5		7		3		5





Sheet1

		





Chart3

		0		25

				26

				28





Sheet2

		less than 3between 3 and 6more than 6

		25		26		28





Chart4

		A

		B

		C

		D

		F



14

19

17

10

19



Sheet3

		A		B		C		D		F

		14		19		17		10		19






