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1. Class Demographics.

Fall, 2003
*Principles of Chemistry Laboratory (CHE 121)

Spring, 2004
*Introduction to Chemical System (CHE 122)


Both courses are part of the one-year (two-semester) introductory chemistry course sequence (See Table I) for all science majors including: chemistry, biochemistry, biology, biopsychology, geology, marine science, and environmental science majors. 

Table I. Introductory Chemistry Sequence for Science Students

Semester
Course Number


Course Description

Fall

  CHE 120


Principles of Chemistry    (lecture)



*CHE 121          
          *Principles of Chemistry Laboratory 

Spring 

*CHE 122

          *Introduction to Chemical System (lecture)  

  

  CHE 123


Quantitative Methods Laboratory

These are freshmen chemistry courses. However, many students have postponed their schedules by taking introductory chemistry in their sophomore or junior year due to their readiness for the courses.  Table II shows student distributions in CHE121 and CHE 122 this year in terms of their years in college.  

Table II.  Student Distributions in CHE 121 & CHE122 for 2004 (in terms of their years in

   college) 

Freshmen
Sophomores
  Juniors
Seniors

Total

CHE 121    
  8

      2

    3

  1

   14

CHE 122
16

    15

  13

  1

   45

2. What problem(s) or question(s) about my students' learning and my 

     teaching strategies did I address?


In general, most students think chemistry is difficult to understand: 

· Some of them think that they are not good at math, so they can never do well in chemistry. 

· Some of them think that they can do the math, but that the concepts are very hard to understand.
· Some of them think that they understand the material if they can follow the lectures and complete homework, but always have difficulty performing well on quizzes and tests.
Therefore, I want to understand better what are the main factors that prohibit students’ learning in chemistry, and then to develop my teaching strategies accordingly. Inspired by the BRIDGE program, I set my main goals for this project:

(1) to better understand my students’ learning 

(2) to test how my teaching approaches would affect their learning through various forms of classroom assessments. 

3. What methods did I use to gain information? 

In order to find where students get lost and what factors prohibit their understanding, I have used various forms of classroom assessment tools and surveys to gain information:

(1) Developed an assessment (for CHE121) to assess students’ basic analytical skills and their abilities of connecting known to unknown when a new chemical concept was introduced.  (See Appendix I, below: “From making sandwiches to making water molecules (H2O)”) 

(2) Developed pre-class background tests and attitude survey (for CHE 122):
· 10 min basic math skill test

· 10 min basic chemistry knowledge test 

· questionnaire about background, attitude, and expectation of the class.

(3) Used and modified the regular practice and evaluation methods to monitor and assess students’ progress and difficulties in their learning process as well as to review my own teaching effectiveness (in CHE 122) through:

· weekly homework assignments 

· daily quizzes (including classroom open-book or closed-book quizzes,

take-home quizzes, and take-home self-assessment work sheets) 

· tests  (three one-hour tests and one final test)

4. What have I learned so far? 

The results are overwhelming. I am still in the process of learning, analyzing, and interpreting the information gained from this project. Here I summarize what I have learned from this year so far:

A.  From the results of the assessment on the connections between known to unknown 

(“From making sandwiches to making water molecules (H2O)”, see Appendix I below), I have learned where students got lost in their connections.  This will help me  redesign my teaching approach to help my students find and reinforce their existing knowledge and make the connections to the new concept.

B.
Daily quizzes in various forms can serve as effective assessment tools for both students and teachers.


The Layers of Understanding


Some students always think that they will automatically understand the material if 

they can follow the lectures and complete their homework. Over the years I have seen many students who told me that they were doing fine in the classes but when it came to the quizzes and tests, they always did poorly. So I have been discussing with my students the learning process that is usually involved with many layers of understanding before one can succeed in mastering the materials. Several questions have been addressed to the class to help students better assess their own learning:
· Can you follow/understand the lecture? Do you have any questions on newly introduced materials?  

· Did you read the related topics in the book and review the lecture notes? Can you understand them?

· Did you practice and complete homework? Is there anything you don’t understand?

· Did you organize the newly learned knowledge in your knowledge bank? (Making the connections and distinctions with your prior related knowledge) 

· Can you use the new knowledge to explain and solve related chemical problems independently with or without any references?

Consider these questions as the bases and guidelines, I used homework, several forms of quizzes, and tests as assessment tools to evaluate the levels of the students’ understandings. For example:

· Homework for assessing students’ work and practice outside classroom  

· Open-book quizzes for assessing the understandings of newly learned materials while the relevant resources are available to use within a limited time.

· Closed-book quizzes for assessing the degree of the students’ understandings.

· Take-home quizzes for evaluating the ability to learn completely new materials through reading a chemistry textbook without an instruction.

I graded and analyzed each piece of their work in detail, so the students and I could learn a great deal from these assessments.

The Cycle of Learning and Understanding 

One of the main findings in my teaching this year is that a repetitive cycle of assessments on one fundamental concept can have a strong impact on the students’ self-assessments, self-repairing and self-adjustments in their learning process. This year, one such exercise has improved the class performance pattern in the emphasized and related subject areas considerably.


The exercise was focused on the topic of “Introduction to Chemical Equilibrium”. This is one of the important foundations and also one of the most difficult subjects in chemistry. Other topics, such as acid and base equilibrium, oxidation and reduction equilibrium, solubility equilibrium and complex formation equilibrium, are all directly built on this foundation.  Therefore, I decided to spend a relatively longer time to discuss this subject in detail. I also emphasized problem-solving in chemical equilibrium, since it is always the most difficult area for our students.  Several teaching strategies I have tried include:

· Lecture and classroom practice: While introducing a systematic problem-solving strategy, I emphasized a stepwise approach to clarify the concepts and the relationships between the given and unknown information, and to solve the problems using correct mathematical calculations. Example problems and classroom exercises were used to reinforce the understanding. 

· Repetitive cycle of assessments: Better learning always takes place when repetition and detailed analyses of various aspects of the material are incorporated into the process. I have developed a set of daily open-book review exercises and closed-book quizzes to help students with their concept-building and practical skills reinforcement. The following diagram illustrates the time and assessment cycle.  The contents of the assessments are available in Appendix II (below). Each assessment has been evaluated and analyzed individually, not only the final answers but also the stepwise approaches in the problem-solving process. A learning and assessment profile was set up for each student.  The feedback was given during the next lecture time after the assessment. 
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This approach had a positive impact on students’ learning.  Table III and Figure 1 show students’ improvement in solving equilibrium problems stepwise through a repetitive cycle of assessments. 

Table III. 
Students’ Improvements on Stepwise Solving Equilibrium Problems through a Repetitive Cycle of Assessments

Basic Steps to Solve the Problem 

Quiz 1

Quiz 2

2nd Hour Test 






        (Open book)    (Closed book)
(Closed book)







3/8/04

3/12/04
 
    4/7/04


1. Write an correct equilibrium 

constant Keq expression


*30

38

40

2.   Calculate correct concentrations

  30

35

39

3.   Recognize initial and final



      concentrations



  14

31

38

4.   Set a correct condition table

  
  16

33

41

5.   Work with a correct 

      stoichiometry



  13

34

40

6.    Work out a correct answer 

       for the problem



   6

16

31


* number of students


[image: image1.wmf]Fig.1 Students' Progress in Stepwise Solving Chemical Equilibrium 
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Since the previous approach had laid a good foundation for introducing new concepts and problem solving skills in acid and base reactions, this year, the entire class did very well on these related topics. It was much easier to introduce these new related concepts. The test on the subjects of chemical equilibrium and acids & bases (the second one-hour test) showed a great improvement in comparison with their first test and with the same subject test last year.  Figure 2  provides the grade distributions of the 1st and the 2nd one-hour tests for CHE 122 in 2003 and 2004. 

Fig. 2. Grade Distributions of the 1st and the 2nd Hour Tests for 

     CHE 122  in 2003 and 2004
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C. From this year’s teaching project, I also learned that students were very sensitive to my teaching approaches. Their understanding of subjects and their performance in class were directly related to:

· how I organized and delivered the material;
· how I paced the lecture;
· how I demonstrated interest in their performance inside and outside the classroom;
· how I assessed their progress and provided immediate feedback on their learning; and
· how I set my expectations and maintained solid discipline in the class.
Over the years, I always believed that no matter how I teach, good students always perform well and weak students always have trouble understanding.  I thought that all my efforts to change my teaching would only affect  a small group of students whose academic abilities fell into the middle of the class.  However, this year the BRIDGE project inspired me to do experiments on different teaching approaches in my class with the same group of students. During the four test periods of this semester, (three one-hour tests and one final exam) I have varied my teaching approaches and lecturing pace intentionally and unintentionally (I was trying to cover more material at the end of semester).  These are summarized in Table IV and the corresponding grade distributions for each test are graphed in figure 3.  The results are far more astonishing than what I have expected. The distribution of the grades for the whole class has varied dramatically in response to my teaching approaches. (Please see Figure 3 following Table IV.)

Table IV.   Teaching approaches and lecturing paces prior to each test in CHE122

Teaching Period
Topics


 Teaching Strategy
           Lecturing Pace 

Period 1

intermolecular

    Explain concept in detail
      very slow

(before the 1st  test)
force, solution,
   
    Classroom practice




solid & liquid

    weekly homework







    weekly quizzes

Period 2

Chemical Equilibrium         Explain concept in detail
             slow

(before the 2nd test)
Acids and Bases
     Extensive classroom practice







     Daily Quizzes 







     Personal profile on assessment







     Weekly homework

Period 3

Buffer solutions

     Explain concept


 fast
   

(before 3rd test)

Chemical Kinetics
     Extensive classroom practice

     

    



     
     Daily Quizzes







     Homework with answer sheets







     Self-assessment problems

Period 4

Electrochemistry
     Explain concept

      
fast

(before the final



     
     Classroom practice


 exam)





     Homework with answer sheets

Fig. 3 Grades Distributions of 04’ CHE122 Introduction to Chemical System
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In order to find which groups of students are more sensitive to my teaching, I have organized CHE122 assessment data from this semester in Table V and Figure 4 based on the students’ average test grades and their grades’ variation ranges. The results  show that only about 12% of the students in CHE 122 were very consistent with their performances without significant change with my teaching approaches. (Their grades fluctuations are less than 10 points.)  Also, the average grades of these students are spread out from 90s’, 80s’, 70s’ to the 40s’, which is not completely consistent with what I have expected.  In contrast, the performances from the other 88% of the students in this class were very sensitive to my teaching, and their learning and performance were directly related to my teaching pace and approaches. These results have shocked me and challenged me to rethink and reevaluate my teaching very seriously.    

Table V.   
The Observations Between Students’ Average Grades in CHE 122 and Their Grade Points Fluctuation Ranges Over the Semester





Grade points fluctuation ranges over the semester 

Students’ average
______________________________________________________

test grades in

< 10

 10 ~ 20
 20 ~ 30
30 ~ 40           40 ~ 70

CHE122
  










90

  *2

    1

   0

  0

 0

80

    1

    5
                2

  1

 0

70

    1

    2

   2

  2

 0

60

    0

    0

   0

  2

 3

50

    0

    2

   3

  1

 2

40

    1

    2

   1

  0

 3


30

    0

    0

   2

  0

 0


20

    0

    0

   1

  0

 0


*number of students
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5.  Where will I go from here?

· Continue to learn, analyze and interpret the information gained from this project;
· Continue to develop and improve the classroom assessment tools in my future class; 
· Start a comprehensive course revision for CHE122 based on what I have learned from this year.
Appendix 1 
Teaching and Learning Assessment Results

“From making  sandwiches to making water molecules (H2O)”
1. Assume two slices bread and one slice meat can make one sandwich.

a. If you have 10 slices bread and 10 slices meat, how many sandwiches can 

you make?  Explain why.

100% students got this question correct. But


[image: image11.wmf]Students gave a 

reasonable 

explanation.

86%

Students cannot 

give a clear 

explanation.

14%


b. If each slice of bread weigh 50 grams and each slice of meat weigh 30

grams, and you have 150 grams of bread and 150 grams of meat, how 

many sandwiches can you make? Explain why.




[image: image12.wmf]Other

78%

Students gave 

a correct answer 

without a clear 

explantion 

21%

Students gave 

a correct answer 

by finding the 

numbers of slice 

of bread & meat 

first.

57%

Students had 

no clue to solve 

the problem.

22%


2.  For a chemical reaction:

H2   +   O2  (   H2O


a. Is this chemical equation balanced?   _____ If it is not, please balance it now.

b. If you mix 5.0 moles of H2 with 5.0 moles of O2 to make H2O, which one is the

    limiting reactant?    

_____________.   Show your work.


[image: image13.wmf]Other

50%

Students thought 

that O2 is the 

limiting reagent

43%

Students had no 

clue.

7%

Students thought 

that H2 is the 

limiting reagent and 

showed a clear math 

work. 

7%

Students thought 

that H2 is the 

limiting reagent with 

a partially correct 

answer.

22%

Students thought 

that H2 is the 

limiting reagent 

without knowing 

why.

21%


c. If you mix 5.0 g of H2 with 5.0 g O2 to make H2O, which one is the limiting?    

    reactant?             

_______________.  Show your work.
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14%

Students had no 
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14%

Students thought 

O2 is the 

limiting reagent 
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43%

Other
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c. How many grams of H2O can you make based on the condition of “c” ?

· 11 out of 14  students  found O2 is the limiting reagent.

· 6 out of the above 11 students have tried to convert grams to moles first and got the correct answer.

· 3 out of the above 6  students have got the correct theoretical yield (grams of product –H2O based on the limiting reagent.


Appendix II 
Teaching and Learning Assessment Examples
“Repetitive Cycle of Assessments on Chemical Equilibrium” 

________________________________________________________________________

3/8/04

CHE122

Open Book Exercise

Chemical Equilibrium

Obtaining an Equilibrium Constant from Reaction Composition

Hydrogen iodine, HI, decomposes at moderate temperatures according to the equation


2 HI (g) ( H2 (g)  +  I2 (g)

When 4.00 mol HI was placed in a 5.00-L vessel at 458 (C, the equilibrium mixture was found to contain 0.442 mol I2. What is the value of Kc for the decomposition of HI at this temperature?

CHE 122 INTRODUCTION TO CHEMICAL SYSTEMS
Spring 2004

Instructor: Dr. Chen

Quiz # 5 (Close Book)



Name_________________________

3/10/04

1. Write the equilibrium expression for the following reaction:

2 B (s) + 3 F2 (g)  (  2 BF3 (g)

2.
For a chemical reaction:

PCl5 (g)  ( PCl3 (g)  +  Cl2  (g)


Knowing that: [PCl5]=0.00325 M,  [PCl3] =2.52 M, and [Cl2] = 0.02175 M at 

equilibrium.  

a) Calculate the equilibrium constant Kc
b) What is the equilibrium constant Kc of the reverse reaction ?

c) What is the equilibrium constant Kc for the following reaction?

 3 PCl3 (g)  +  3 Cl2  (g) ( 3 PCl5 (g)


d)   What is the gas equilibrium constant  Kp for the original reaction?

CHE 122 INTRODUCTION TO CHEMICAL SYSTEMS
Spring 2004

Instructor: Dr. Chen

Quiz # 6 (Close Book)



Name_________________________

3/12/04

1. A mixture of 5.000 x 10-3 mol of H2 and 1.000 x 10-2 mol of I2 is placed in a 

5.000-L container at 448 (C and allowed to come to equilibrium. Analysis of the equilibrium mixture shows that the concentration of HI is 1.87 x 10-3M. Calculate Kc at 448 (C for the reaction



H2 (g) + I2 (g)  ( 2 HI (g)

2. At a particular temperature, Kc = 2.0 x 10-6 for the reaction 

2 CO2 (g)  (    2 CO (g) + O2 (g)


If  2.0 mol CO2 is initially placed into a 5.0 – L vessel, calculate the equilibrium 

concentrations of all species.

3/22/04






CHE 122

Open Book






Chemical Equilibrium

After-break Review Exercise:






name__________________

1.   Calculate the equilibrium concentrations of SO3, SO2, and O2 present when 

       0.100 mol of SO3 in a 250-mL flask at 300 (C decomposes to form SO2 and O2.


2 SO3 (g) (  2 SO2 (g)  +  O2 (g)    

Kc = 1.6 x 10-10 at 300 (C

CHE 122 INTRODUCTION TO CHEMICAL SYSTEMS
Spring 2004

Instructor: Dr. Chen

Quiz # 7





Name_________________________

3/24/04

Nitrogen gas and oxygen gas combine at 25(C in a close container to form nitric oxide as follows:


N2 (g) + O2 (g)  ( 2 NO (g)

(H=+1.81 kJ

Kp=3.3 x 1030
What would the effect on the direction of equilibrium (i.e. would it shift to the left, Right or not at all) if the following changes are made to the system?

a) N2 is added

b) He is added

c) The container is made larger

d)  The system is cooled.
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