Core Course Assessment Progress Report Cover Sheet:

Course Title & Number:  Chemistry & Society, CHEM 1409
For Calendar Year:         2005-2006
(Date submitted to review committee:  _____________By: ________________)

Overall Rating:__________________________________

Respond to all six parts following the “Core Course Assessment Progress Report Instructions.”  (NOTE:  Parts 1 through 4 can be copied from the relevant sections of your assessment plan.)  Attach additional pages as needed.
(1)  Student learning goal(s) addressed this year: 

Three of the five core competencies were assessed:

Competency A 
Philosophy and Methods of Science

Competency B  
Critical Thinking 


Competency E
Ethical and Moral Consciousness
(2)  Learning outcomes/objectives for those goals addressed this year:
Pre-test and post-test outcomes were used to assess Goals A, B, and E.
Goal B also was assessed using student learning objective 2: "All students will design and/or perform experiments, making observations, collecting data and interpreting data to confirm or disprove hypotheses."
(3) Activities where assessed:

The pre-test comprising twenty questions addressing Goals A, B, and E was administered the second week of classes during the Fall, 2005, and Spring, 2006 semesters.  To obtain post-test data, the same twenty questions were embedded in the final exam for each semester.

Goal B, Critical Thinking, also was assessed in the laboratory portion of the course by conducting two experiments in which the students were required to devise their own procedures.
(4)  Methods used:  see detailed descriptions on pages 4 – 5.

(5) What are the assessment findings? How did you analyze them?
Comparison of pre- and post-test results showed significant student improvement on the post-test, especially for the Spring 2006 class section.  Distribution of correct and incorrect answers was obtained in the scoring output from Computing Services.  Further analysis and presentation of results were performed using Excel.
(6) What conclusions were drawn and what decisions were made as a result? How were stakeholder groups involved?
Reproducibility of the positive correlation in (5) is confirmed by comparison of results obtained over a five year period.  The five year results showed that on average, the greatest student improvement occurred for Goal A, Philosophy and Methods of Science.  Although the smallest test improvement occurred for Goal B, Critical Thinking, significant improvement was observed.
REPORT DETAILS FOR

CHEMISTRY AND SOCIETY, CHEM 1409
2005 - 2006

Chemistry and Society, CHEM 1409, is the core science course offered by the Chemistry Department.  This course is designed to provide non-science majors an opportunity to explore the multitude of ways that chemistry impacts their daily lives. The focus is on the practical side of the concepts of chemistry, in the context of societal, political and economic issues that impact the world today.  Student participation is stressed individually and in groups through written and oral assignments. The laboratory provides hands-on experience with chemical phenomena. The course is designed to address the following Core Competencies with their accompanying objectives.
1.  Student learning goal(s) addressed this year were Goals A, B, and E from the following Core Competencies

A. Philosophy and Methods of Science

Goals
–1.How scientists learn about the world 

•Role of observations and experiments

•Modeling and interpretation

•Skeptical scrutiny of experts

–2.Relationships between science and society

–3.Use of scientific reasoning
•Evaluate conflicting statements

•Develop informed opinions on contemporary issues

-4.Appreciation of how scientifically viewing the world differs                    from other ways of knowing 
-5. Knows the questions that science neither asks nor answers

B. Critical Thinking

Goals


-1. Analyze data


-2. Synthesize information


-3. Make decisions

C. Verbal Literacy



Goals




-1. Use of language in discourse and decision-making




-2. Utilize small group communication




-3. Demonstrate the ability to read and write with 




  comprehension

D.
Historical Consciousness



Goals

-1. Understand how scientific knowledge develops

-2. Understand the interdependence of technology and scientific developments

E.
Ethical and Moral Consciousness



Goals

-1. Recognize ethical and moral issues arising from scientific and technological developments

 -2. Understand how science affects personal and cultural values

 -3. Understand how science is accepted by society and undergoes social scrutiny

 -4. Understand relating scientific knowledge to non-scientific culture

 -5. Be able to arrive at informed decisions

 -6. Be able to develop position based on scientific reasoning

2.  Learning outcomes/objectives for those goals addressed this year
Last year, the three learning objectives listed below were incorporated into the assessment plan.  All of these were conducted to some extent for class sections taught in 2005-2006.  However, quantitative data was collected only for objective (2).  Assessment of other learning outcomes was based on analysis of pre-test and post-test results.
(1)
All students will write short exam essays explaining the formulation of scientific (chemical) laws, theories and hypotheses.  The student will include appropriate examples such as conservation principles, atomic theory, and environmental issues.

(2)
All students will design and/or perform experiments, making observations, collecting data and interpreting data to confirm or disprove hypotheses.  They will be able to present and/or interpret that data in narrative, tabular, or graphical form.

(3)
All students will discuss selected examples of current environmental problems, including cause-effect relationships and evaluating possible solutions, in both individual and small-group assignments.

3.  Where activities were assessed

The pre-test comprising twenty questions addressing Goals A, B, and E was administered the second week of classes during Fall, 2005, and Spring, 2006.  To obtain post-test data, the same twenty questions were embedded in the final exam for each semester.

Goal B, Critical Thinking, also was assessed in the laboratory portion of the course by conducting two experiments in which the students were required to devise their own procedures.
4.  Methods used
Previous assessment cycles for Chemistry & Society have used data collected by academic year and that is the format continued in this report.  If a change is to be made to a calendar year format, there will be a delay of about 10 months between the end of the data collection period and submission of the progress report.  Assessment of Chemistry & Society still is mainly based on Blue Ribbon Competencies designed a number of years ago.  Although we feel the main student learning goals remain valid, it is time to revisit our assessment plan in order to be consistent with recent revisions posted at the Provost's web site.
For the academic year 2005-2006, three of the five core competencies were assessed:

Competency A 
Philosophy and Methods of Science

Competency B  
Critical Thinking 

Competency E

Ethical and Moral Consciousness 

A pre-test was designed in 2001 with twenty questions addressing those three competencies.  The pre-test was administered the second week of classes during the Fall, 2005, and Spring, 2006 semesters.  (The class section scheduled to be taught in Summer 2 of 2006 was cancelled due to low enrollment.)  In figures at the end of this report, results on the pre-test mean percentage scores for questions from each competency are shown graphically in red.  The same twenty questions were embedded in the final exam for each semester.  The post-test mean percentage scores for these questions are shown graphically in blue.
The three learning objectives listed above also are, and have been, routinely assessed by the following means.  This year data has been collected for results of the critical thinking laboratory experiments.
(1)
During three unit examinations and a comprehensive final examination, students will be presented with a number of questions requiring several sentences or a short essay.  In addition, several problem assignments will include both verbal and mathematical problems to be solved.
(2)
In laboratory situations, several experiments will be performed to make observations and/or collect data which is to be used to draw conclusions about the topic. Two (at present) experiments are presented as problems to be solved;  there is no set procedure specified.  The students will design an appropriate procedure, follow that procedure to obtain data, and then evaluate that data in order to solve the problem presented.  A formal laboratory report is required from these experiments.
(3)
The writing requirement is now met with the two formal laboratory reports, writing exercises scattered throughout the semester, and the four examinations which include objective and discussion questions.
Competency C, Verbal Literacy, and Competency D, Historical Consciousness, are scheduled to be assessed in the next cycle after appropriate assessment methods are developed.  This has not yet been done;  the department assessment committee has not addressed the preparation of a new test or new questions for the current test. 
5.  Assessment findings
Fall 2005 and Spring 2006 results for student performance on the pre- and post-test are shown in Table 1, Table 2, and Figures 1 - 4.  Performance was noticeably different between the two groups.  The overall result showed a pre-test mean of 45% and a 6% increase for Fall 2005 compared with a Spring 2006 class which had a pre-test mean of 54% and a 16% increase.   Both groups showed significant improvement in Competency A, Philosophy and Methods of Science and some improvement in Competency B, Critical Thinking.  It may be that developing an understanding of the philosophy and methods of science is an easier task than learning to apply critical thinking to a problem.  The fact that there are fewer exam questions addressing Competency B may also influence this result.  The decrease in performance by the Fall 2005 class for Competency E is an anomaly.  It is the only time in five years a decrease for Competency E has been observed.  The Spring 2006 class showed an improvement from 57% to 76% for Competency E.
Data collected on two lab experiments was also used to assess Competency B, Critical Thinking.  Experiment 10, Hot Stuff, required the students to measure the temperature of hot water indirectly, based on heat transferred by mixing with a sample of cold water.  Students had to work out a method based on measuring mass and temperature, with a final calculation using the known heat capacity of water.  Experiment 20, Solubilities,  dealt with the solubility in water of CuSO4, Al(NO3)3, KI, CaSO4, NH4NO3, and NaCl.  Here is the description from one student lab report for the purpose of the experiment:  "We were given a problem with no directions or procedures.  The lab was designed to produce reasoning skills from each student.  We were given six compounds and had to figure a way to determine their solubility in water at room temperature.  Then, we had to rank the compounds in order from least soluble to most soluble."
The scoring rubric counted each lab report as 25 possible points, of which the Procedure was 5 points and Data, Results, and Calculations were 5 points.  Student performance on the experiments is shown in Table 3.  Scores for Procedure + Results averaged slightly more than 60%.  Total scores averaged slightly less than 60%.  Most students succeeded in devising a procedure that gave them a reportable result and only a small number of scores were markedly lower than those average values.  This is our first experience in using results from these lab experiments as an assessment tool, and we will be refining use and interpretation of this tool.  However, these initial results indicate success in meeting Competency B, Critical Thinking.
Each semester, only one section of this course is offered and it is taught by the same instructor, so a comparison of sections is neither possible nor necessary.  If a standardized final is instituted in the future comparisons from semester to semester will be possible.
6.  Conclusions and Plans for the Future
Results for student performance on the pre- and post-test for the five year period from Fall 2001 through Spring 2006 are shown in Figures 5 - 8.  The results show good overall reproducibility.  Average performance improvements were:  12% on the total test score; 14% for Goal A, Philosophy and Methods of Science; 9% for Goal B, Critical Thinking; 10% for Goal E, Ethical and Moral Consciousness.  Students in Chemistry & Society continue to achieve competency in those areas.  Data collected from critical-thinking-based laboratory experiments also showed that students are meeting Goal B.

The Chemistry Assessment Committee plans to design better methods to assess Competency C (Verbal Literacy) and Competency D (Historical Consciousness.) The committee believes that the course is currently meeting those competencies, but a systematic means of assessment should be developed.  We also realize the need for some assessment to occur during the course rather than at the beginning and the end.  The committee will continue to collect information from pre- and post- testing and will enhance the course assessment with the following additions:
(1)
Design rubrics to assess the group discussion activities, opinion paper and formal laboratory reports to demonstrate Competency C and Competency D.

(2)
Implement a standardized final exam so that student performance can be compared across semesters.
(3)
Examine the course syllabus to increase the variety of topics.
(4)
Incorporate current topics in the news and their relationships to scientific accuracy and significance to society.

Chemistry Department Assessment Committee

Mr. Darryl Reach, Chemistry and Society Instructor

Ms. Marian Douglas, Freshman Programs Coordinator
Dr. James Luba, Graduate Programs Coordinator

Dr. Robert Steinmeier, Chemistry Assessment Committee Chair, effective August, 2006
Table 1.  2005-2006 Test Results Overall
	PRE- and POST-TEST RESULTS
	
	
	
	
	

	
	(% correct)
	
	
	
	
	
	

	TEST
	FALL 2005
	
	
	
	SPRING 2006
	
	

	QUESTION
	PRE-TEST
	POST-TEST
	CHANGE
	
	PRE-TEST
	POST-TEST
	CHANGE

	
	
	
	
	
	
	
	

	1
	58
	82
	24
	
	70
	70
	0

	2
	58
	82
	24
	
	80
	88
	8

	3
	35
	64
	29
	
	55
	94
	39

	4
	76
	52
	-24
	
	55
	70
	15

	5
	35
	52
	17
	
	35
	70
	35

	6
	23
	47
	24
	
	45
	76
	31

	7
	52
	58
	6
	
	75
	64
	-11

	8
	29
	52
	23
	
	50
	88
	38

	9
	41
	41
	0
	
	50
	70
	20

	10
	29
	47
	18
	
	35
	58
	23

	11
	47
	52
	5
	
	65
	47
	-18

	12
	35
	47
	12
	
	50
	70
	20

	13
	58
	58
	0
	
	60
	64
	4

	14
	35
	41
	6
	
	55
	58
	3

	15
	41
	29
	-12
	
	80
	88
	8

	16
	58
	70
	12
	
	70
	94
	24

	17
	41
	35
	-6
	
	55
	64
	9

	18
	35
	29
	-6
	
	20
	41
	21

	19
	64
	47
	-17
	
	50
	76
	26

	20
	47
	35
	-12
	
	20
	47
	27

	Average
	45
	51
	6
	
	54
	70
	16


Table 2.  2005-2006 Test Results by Learning Goal

	PRE- and POST-TEST RESULTS
	
	
	
	
	

	
	(% correct)
	
	
	
	
	
	

	TEST
	FALL 2005
	
	
	
	SPRING 2006
	
	

	QUESTION
	PRE-TEST
	POST-TEST
	CHANGE
	
	PRE-TEST
	POST-TEST
	CHANGE

	
	
	
	
	
	
	
	

	Competency A:  Philosophy and Methods of Science

	1
	58
	82
	24
	
	70
	70
	0

	3
	35
	64
	29
	
	55
	94
	39

	4
	76
	52
	-24
	
	55
	70
	15

	5
	35
	52
	17
	
	35
	70
	35

	6
	23
	47
	24
	
	45
	76
	31

	8
	29
	52
	23
	
	50
	88
	38

	9
	41
	41
	0
	
	50
	70
	20

	10
	29
	47
	18
	
	35
	58
	23

	11
	47
	52
	5
	
	65
	47
	-18

	13
	58
	58
	0
	
	60
	64
	4

	14
	35
	41
	6
	
	55
	58
	3

	18
	35
	29
	-6
	
	20
	41
	21

	19
	64
	47
	-17
	
	50
	76
	26

	Average
	43
	51
	8
	
	50
	68
	18

	
	
	
	
	
	
	
	

	Competency B:  Critical Thinking

	2
	58
	82
	24
	
	80
	88
	8

	7
	52
	58
	6
	
	75
	64
	-11

	12
	35
	47
	12
	
	50
	70
	20

	17
	41
	35
	-6
	
	55
	64
	9

	Average
	47
	56
	9
	
	65
	72
	7

	
	
	
	
	
	
	
	

	Competency E:  Ethical and Moral Consciousness

	15
	41
	29
	-12
	
	80
	88
	8

	16
	58
	70
	12
	
	70
	94
	24

	20
	47
	35
	-12
	
	20
	47
	27

	Average
	49
	45
	-4
	
	57
	76
	20


Figure 1.  2005-2006 Overall Test Results
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Figure 2.  2005-2006 Test Results for Competency A
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Figure 3.  2005-2006 Test Results for Competency B
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Figure 4.  2005-2006 Test Results for Competency E
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Table 3.  Results of Critical Thinking Laboratory Experiments

	FALL 2005
	25 Possible Points Per Experiment

	Student
	Experiment 10 Scores
	Experiment 20 Scores

	
	Total
	Procedure
	Results
	Total
	Procedure
	Results

	1
	17
	3
	4
	13
	3
	2

	2
	12
	3
	2
	
	
	

	3
	12
	2
	5
	11
	2
	3

	4
	19
	4
	5
	16
	3
	4

	5
	3
	0
	2
	7
	1
	2

	6
	8
	2
	2
	6
	1
	1

	7
	12
	2
	3
	12
	4
	2

	8
	14
	3
	3
	17
	4
	3

	9
	13
	3
	3
	20
	4
	4

	10
	21
	4
	3
	17
	4
	3

	11
	14
	3
	3
	9
	2
	2

	12
	15
	4
	2
	14
	2
	3

	13
	13
	2
	4
	
	
	

	14
	13
	2
	3
	11
	2
	3

	15
	15
	3
	3
	13
	2
	3

	16
	14
	2
	4
	17
	4
	4

	17
	19
	3
	4
	13
	2
	3

	18
	22
	5
	5
	19
	4
	4

	19
	22
	4
	5
	18
	4
	3

	Average
	14.6
	2.8
	3.4
	13.7
	2.8
	2.9

	
	
	
	
	
	
	

	SPRING 2006
	25 Possible Points Per Experiment

	Student
	Experiment 10 Scores
	Experiment 20 Scores

	
	Total
	Procedure
	Results
	Total
	Procedure
	Results

	1
	17
	4
	1
	
	
	

	2
	12
	3
	3
	11
	2
	3

	3
	17
	3
	3
	13
	4
	2

	4
	11
	3
	2
	12
	3
	3

	5
	18
	4
	4
	19
	4
	4

	6
	6
	2
	2
	5
	1
	1

	7
	15
	3
	3
	12
	3
	3

	8
	16
	3
	3
	23
	4
	5

	9
	15
	5
	3
	
	
	

	10
	21
	4
	5
	23
	4
	4

	11
	13
	3
	3
	12
	2
	2

	12
	17
	3
	4
	17
	4
	4

	13
	14
	4
	4
	
	
	

	14
	16
	3
	3
	14
	3
	4

	15
	13
	3
	3
	18
	4
	3

	16
	19
	3
	3
	18
	3
	3

	17
	12
	2
	3
	14
	3
	3

	18
	14
	2
	3
	11
	3
	1

	19
	14
	2
	3
	12
	3
	2

	Average
	14.7
	3.1
	3.1
	14.6
	3.1
	2.9


Figure 5.  Five Year Overall Test Results
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Figure 6.  Five Year Test Results for Competency A
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Figure 7.  Five Year Test Results for Competency B
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Figure 8.  Five Year Test Results for Competency E
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