Summative Assessment of Math 25 Finals

             
         Fall 2007
Background: Math 25, Elementary Algebra, is the prerequisite to Math 30, the capstone course for the DE Math Program. This is the third summative assessment of Math 25 finals. The first assessment was completed in Fall 2003. The assessment in fall 2006 showed some slippage in terms of student understanding, particularly in terns of the multiple representation SLO.  A comparison of results from previous semesters is given below. Over the Summer of 2007, the activities packet for Math 25 was completely rewritten with the hope of better aligning the curriculum with the course outcomes. During Fall 2007, an Elementary Algebra Teaching Community met weekly with the goal of improving student achievement of the outcomes by having faculty go through the activity packet as a group and by looking at a parallel written Instructors Manual. This semester’s summative exam analysis would hopefully help determine whether these actions had a significant effect on the performance.
Sampling design: Eight of the ten instructors voluntarily submitted class sets of final exams which comprised 80% of the number of sections taught.  Many were adjunct faculty, all teaching on the Pittsburg campus. Most extensively used the activity curriculum developed over the previous summer and reviewed by the Teaching Community during the fall. Students who were failing the course prior to the final were excluded from the pool. From the eight of the ten sections of Math 25, we chose a random sample of 33 exams. More exams were chosen from larger sections.
Method: The FA 07 Teaching Community rewrote problems aligned with the DE Program Outcomes and Math 25 SLO’s. These problems comprised at least 50% of each instructor’s final exam. Three of the five DE Program Outcomes (communication, problem solving and multiple representation) were holistically assessed using from two to four separate items on the final exam. There was a separate look at the optional skills portion of the final, and the effective learning outcome was not assessed this time
Technique: Each final exam was assessed holistically relative to each of the three outcomes using a rubric written by the FA 04 Teaching Community. For each outcome we conducted a benchmarking exercise in which each instructor graded the same paper. We then discussed the scores and reached consensus. Next, for each outcome each final was assessed independently by two instructors. If the two scores differed by ± 1 on a scale of 5, the scores were averaged. If the two scores differed by more than one level, that student’s work was independently assessed by a third instructor. The closest two scores were then averaged. Six instructors participated in the grading.

	Outcome 
	Criteria
	Final Exam problems

	Communication Outcome:  Students will read, write, listen to, and speak mathematics with understanding.

	Clear, organized, and logical work
Clear explanations
Correct use of vocabulary or notation

Defines variables and interprets the meaning of slopes, points, intercepts, and solutions in context.
	4, 5 bd, 8b, 10, 11

	Problem-Solving Outcome: Students will use mathematical reasoning to solve problems and a generalized problem solving process to work word problems.


	Understanding of problem 

Applications of standard methods & use of relevant concepts
Demonstrates conceptual understanding
Use of a general problem solving process.

Estimation and checking answers
	3, 4, 7, 9, 11

	Multiple Representation Outcome: Students will demonstrate the ability to use verbal, graphical, numerical, and symbolic representations of mathematical ideas.
	Construction, use and interpretation of tables, equations and graphs.

Use of technology
	5, 6, 8


Results: See rubric for description of scores

Communication Outcome : stemplot of rubric scores
(2| 5 represents an average score of 2.5 rounded to the tenths)
 


Problem-solving Outcome : stemplot of rubric scores 

 


Multiple Representations Outcome : stemplot of rubric scores 




Profile of the “average” Math 25 student based on rubric criteria and mean scores for each outcome:
Communication: Most of the work is neat and organized with answers supported by work shown. Explanations are usually given, but may at times be incomplete. If prompted, defines variables accurately and with appropriate specificity in most cases. Interprets slopes, intercepts, and solutions accurately, though some interpretations lack precision, clarity or units.

Problem-Solving: Usually interprets problems correctly in all but a few instances. Strategies are usually appropriate, but may not be efficient or complete. Attempts to apply relevant concepts in most cases, though execution may have some errors. Errors usually do not indicate a lack of conceptual understanding. Limited and incomplete use of a general problem-solving process; for example, at times estimates are unreasonable, reasoning may be illogical, and does not consistently check answers.

Multiple Representations: Sometimes correctly interprets and uses information from tables and graphs in an attempt to answer a question, if extrapolation not required. Usually constructs linear equations from tables, graphs and verbal description. In some cases can successfully use given information to construct tables and graphs to answer a question but has difficulty setting appropriate scales.
Analysis: 
1. Did previous action plan (Fall 06) impact learning?  

Based on the Fall 06 assessment, instructors were asked to ask more “why” questions and have students explain more, both verbally and in writing. Also instructors were asked to change contexts and representations frequently while encouraging students to try more of the difficult problems rather than leaving them blank. Based on the significant drop in proficiency of students in terms of multiple representations, and no improvement in other outcomes between Fall 03 and Fall 06, the entire set of activities was rewritten over the summer of 2007. The activities were written in a manner that more directly addressed the outcomes rather than being just constructive ways of learning more skill based outcomes. The instructor’s manual that accompanied the new activities focused on implementing the outcomes in a very detailed moment by moment explanation. The combination of all of these helped significantly improve the performance on all three major outcomes. The problem solving outcome in particular made huge strides, probably because of the rewrite of the activities. Communication bounced way up, perhaps because of the number of instructors in the teaching community who were demanding that students explain their solutions in detail up at the board, on activities, and on exams. Multiple representations still continues to be the weak outcome.

	Summary of Previous Action Plans
	Progress on previous action plan

	Fall 03:

· Performance was bimodal and that most recent skills were strongest. There is a need to recycle or review.

· How to use activities in the classroom needs work.

· Communication outcome not addressed in activities.
	Review of initial concepts still a concern. Less bimodal student work and higher proficiencies this time around (Fall 07).

Instructor manual written for faculty. Fall 07 Teaching community looks at understanding activities and going over them prior to teaching them.

Faculty in fall 07 teaching community spent time discussing how to get students to communicate on the board, in their group and on exams.

	Fall 06

· Students need help with being good at multiple representations, not just their most comfortable rep.

· Students did not try difficult problems but left them blank. Students need to explain the step by step process.

· Estimation and reasonableness are frequently left out.


	Interpretation and interpolation still are difficult concepts. Linear graphing problem still hard.

Rewrite of activities over summer 07 helped improve performance on word problems, since activities were directed at problem solving outcomes specifically. Instructor and activity warm up and group work focus on step by step logic. Problem solving proficiency jumps from 39 to 64 %.

Students still did not voluntarily estimate or check for reasonableness without prompting.


2. Did student performance on the three outcomes appear to differ by section?  Both instructor and student anonymity are protected in the assessment process. Instructors who submitted student work can request to see the assessment results for their students. However, there was an effort to look at performance of students that were significantly exposed to using the activities as opposed to those who did not. Proficiency for Fall 07 for the standard outcomes looked like the following:
	
	Communication
	Problem solving
	Multiple representation

	Without activities
	2.6, 1.3, 44% *
	2.5, 1.4, 33%
	2.3, 1.4, 44%

	With activities
	3.1, .9, 67%
	3.28, .9, 75%
	2.6, 1.2, 50%


· refers to the mean, standard deviation and the percent proficient, that is, a score of over 3.
Closing the assessment loop: improving learning

1. Instructors participating in the assessment of Math 25 final exams were happy that overall student performance on the three Math DE Program Outcomes improved significantly. Use of the newly written activities appears to foster proficient performance relative to communication, problem-solving, and use of multiple representations. Differences in the student performance in the communication and problem solving outcomes between sections that did or did not use the activity packets are obvious.

2. Instructors participating in the assessment had a variety of recommendations for improving student work and the exam questions. 
a. In general, the clear difference in performance based on activity use makes using the activities imperative. 

b. For communication: instructors need to use different phrases that represent the same concept, for example, slope, rate of change, etc. in order for students to learn consistent concept woven through different representations. Students should practice restating the problem as part of the communicating process.

c. For problem solving: instructors should force students to go through the Polya process explicitly on at least one problem per activity. Review or recycling is important, especially for things like geometry at the beginning of the semester that are not touched on until the final; more emphasis on special reasoning. Finally instructors need to time their semester planning such that they get to the Unit 4 activities and include discussions of quadratic equations.

d. For multiple representation: once again, transferring the same concept, like “slope” from one representation to the other. Interpolation and extrapolation continue to be difficult and need to be emphasized in the activities. Activities need more emphasis on solving linear equations graphically. The final exam considers tables with non regular inputs, but activities may not emphasize. 

e. For the exam itself: # 5d needs the term “estimate” so that students actually do the problem, not just explain how to do the problem. Also #6d needs to be “explained”. Some felt the exam was still too long.
Instructor participation
	
	# instructors submitting student work
	# instructors participating in the assessment session

	FA 03
	8/11 = 73%
	12

	FA 06
	9/11 = 82%
	11

	FA 07
	8/10 = 80%
	6?


Participation by faculty in turning their work in for assessment has been fairly consistent. Hopefully the Spring 08 assessment will have full participation. We will move the assessment of Spring work to right after the semester in order to use the information from the assessment to influence the Fall early enough to have an effect before the semester begins.
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�
FA 03�
FA 06�
FA 07�
�
Sample size�
23�
28�
33�
�
Mean�
2.5�
2.7�
3.05�
�
St. Dev.�
1.1�
.9�
1.75�
�
Low�
1�
1.3�
1�
�
1st quartile�
1.5�
2.1�
2.5�
�
2nd quartile�
2.5�
2.5�
3�
�
3rd quartile�
3.5�
3.4�
4�
�
High�
5�
4.5�
5�
�
% proficient or better�
39%�
39%�
64%�
�
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FA 03�
FA 06�
FA 07�
�
Sample size�
23�
26�
33�
�
Mean�
2.8�
2.8�
2.92�
�
St. Dev.�
1.1�
0.9�
1.01�
�
Low�
1.5�
1.3�
1�
�
1st quartile�
1.5�
2.3�
2.25�
�
2nd quartile�
3�
2.5�
3�
�
3rd quartile�
3.5�
3.6�
3.8�
�
High�
5�
4.6�
4.5�
�
% proficient or better�
57%�
42%�
61%�
�
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FA 03�
FA 06�
FA 07�
�
Sample size�
23�
28�
33�
�
Mean�
2.9�
2.5�
2.55�
�
St. Dev.�
1.0�
1.0�
1.23�
�
Low�
1�
1.3�
1�
�
1st quartile�
2�
2.1�
1.3�
�
2nd quartile�
3�
2.5�
2.5�
�
3rd quartile�
3.5�
3.1�
3.5�
�
High�
4.3�
4.8�
5�
�
% proficient or better�
61%�
32%�
48%�
�









