Analysis of Post-Questionnaire

To examine students’ opinions on their courses, a post-questionnaire was given later on in the semester. A copy of the questionnaire can be found in Appendix D.  Both groups were given the same questions with an additional question, number five, given only to the experimental group. There was no misunderstanding on most of the questions except question five for the traditional group, and question six for the experimental group. Both questions stated the following:

Read each statement and then circle the response that matches your feelings. Use the following choices:                        

1. Strongly Disagree      2.  Somewhat Disagree                3. Disagree

4.  Agree                        5.  Somewhat Agree                     6. Strongly Agree       

On these questions, there may have been some confusion due to the ordering of the options; options two and three, and options four and five should have been interchanged. The traditional group had taken the questionnaire a week earlier than the experimental group; the experimental group took the questionnaire on the last meeting of the semester.

Table 9 shows the percentages of number of students who chose each difficulty level of the listed linear algebra concepts.

Forty three percent of the traditional and thirty four percent of the experimental group expressed that learning vector space concepts was very difficult. Students in the traditional group also thought that matrices (four percent) and system of linear equations (eight percent) were very difficult to learn. There was, however, none in the experimental group who thought learning these subjects were very difficult. On the other hand, 39 percent of the traditional group, and 34 percent of the experimental group thought that learning linear transformations was very difficult.

Table 9

Students’ opinions on the difficulty level of concepts

Number of students in traditional group = 26

Number of students in experimental group = 23

             

                     Very Difficult                       Somewhat Difficult             Not Difficult  at all


                Traditional   Experimental   Traditional   Experimental   Traditional  Experimental

Vector        43%                 34%                    46%             56%              11%                9%   

Space    

Matrices      4%                   0                         2%               43%             76%               57%    

Linear          8%                  0                         23%             39%              69%              57%                   

Equation

Linear          39%               34%                      54%             60%               7%                 5%  

                Transform.

               

Notice also should be given to the fact that the majority of the experimental group expressed that learning almost all subjects listed on the table were somewhat difficult but not very difficult. However, the traditional group, in general, either thought these subjects were very difficult to learn or not difficult at all. The majority also indicated that learning of the vector space concepts was very difficult. If we consider both vector space and linear transformations, the traditional group had more students (Totaling 82 percent) who indicated that learning these subjects was very difficult than the experimental group (Totaling 68 percent).

Question number 5 on students’ opinion on how helpful Mathematica-related activities had been in learning basic linear algebra concepts, was given only to the experimental group. 68 percent indicated that Mathematica was helpful in learning vector space concepts. Seventy and 71 percent thought Mathematica was helpful in learning matrices and system of linear equations respectively. Mathematica related activities were chosen as the least helpful for learning linear transformations (53 percent) and for understanding definitions (43 percent), and chosen as the most useful for visualization of the basic concepts (77 percent) and for matrices followed by the numerical calculations (67 percent) and applications (67 percent).

To get students’ opinions on how helpful the instructional tools have been for the students in learning linear algebra material, question number 6 for the traditional group and question number 7 for the experimental group were given. Both questions had the same statement. The statement can be found in appendix D.  The data analysis indicated that totaling 100 percent of the experimental group found the lectures either somewhat helpful (50 percent) or very helpful (40 percent). There was none with an opinion favoring that lectures were not helpful. One should recall that lectures in the experimental group were integrated with Mathematica activities. On the contrary, 12 percent of the traditional group expressed opinions favoring that the lectures were not helpful; 50 percent thought lectures were somewhat helpful, and 38 percent thought lectures were very helpful. 

To get students’ opinion on more general statements, question number six for the experimental group and question number 5 for the traditional group were given on the post questionnaire. Both questions stated the same problem. The questions stated the following (more detailed copy of the question can be found in Appendix D): 

Read each statement and then circle the response that matches your feelings. Use the following choices: 

1. Strongly disagree         2. Somewhat disagree         3.Disagree      4. Agree              5.  Some what agree          6. Strongly Agree 

Some of the statements and the percentages of number of students who expressed opinions on these are listed below:

     Statement 1:

“Technology we used is appropriate for this course”

  This was a statement given to the experimental group only: 74 percent of the group agreed with the statement.

     Statement 2:

“Computer assisted instructions, such as MATHEMATICA, MathCad, DRIVE, can enhance learning of the material covered in this class.”

 This statement was given to both groups: 70 percent of the experimental and 79 percent of the traditional group agreed with the statement.

     Statement 3:

“I have enjoyed the class “

 This was given to both groups: 70 percent of the experimental group and 50 percent of the traditional group agreed with the statement. Here, notice should be given to the large difference between the percentages of students in both groups who expressed that they have enjoyed the class. This result indicates that the majority of the experimental group enjoyed the class, contrary to the lower percentages (50 percent) of number of students in the traditional group who expressed the same opinion.

To examine students’ ability to answer visual-based problems, the last question on the post questionnaire was given to the students in both groups.  A detailed copy of the question can be found in Appendix D. Question was stated as:

        On each graph below, shown a set of vectors originated from  (0, 0). Circle the ones that are linearly independent. 

A.            B.           C.          D.         E.         F.




 

                       

 
The correct response for this question was options C and D; Option C had two vectors with an acute angle in between; Option D had two perpendicular vectors. All the other options had three or more vectors with angles varying from acute to perpendicular. Table 10 shows percentages of students who chose options C and D as the set of linearly independent vectors. 

Table 10

Percentages of Students’ Responses

Number of students in traditional group = 25

Number of students in experimental group = 21

   Options               C             D
         

   Traditional          56%       64%         

  Experimental        67%      76% 

Table 10 indicates that the experimental group seems to be slightly better at answering visual-oriented problems than the traditional group: 56 percent of the traditional group and 67 percent of the experimental group had chosen option C as the set of vectors that are linearly independent. There was 64 percent in the traditional and 76 percent in the experimental group who thought that the vectors in part D were linearly independent. Some students chose other options as well as these two options as linearly independent vectors. In both groups, responses that include all options were around 20 percent within the epsilon difference of plus and minus two. Interestingly, both sections had higher percentages of students who chose option D than option C.    The analysis of selected interviews shed light on what bases the students made their decisions. Interviews (see Appendix A) revealed that some students perceived linearly independent vectors as those with different angles in between, and some perceived linearly independent vectors as those that are perpendicular to each other. For instance, student A is more likely to chose all options as his/her answer. According to him/her, a set of vectors is linearly independent if the vectors in the set do not have the same angle between themselves and the x-axis. His understanding of the concept can be detected in the following statement he made during the interview:

“A: Okay, I am (pause) I come to apply the same thing. There is no vector in the set that can be produced by adding any of the other two vectors in the set but okay that can be produced by linear combination of any other vectors in the set so I would, if there is like n vectors in the set. I would  draw whole bunch of them none of them would be on the same, have the same angle between themselves and x-axis like that so look like that, there will be no vectors that are just shorter  versions of each other.  “ 

Here is a student (interview of student B) in the experimental group describing his/her understanding of the concept:

“ Umm to represent them, three coming from the same point, I don’t think so...Because one of them will always be able to be represented by the, the sum of, of you know scalars times the other two......Well umm, you had (pause) three vectors, and they are all you know coming, passing through zero then umm that you know that they definitely have the trivial solution but you could also may be see that umm if this you know vector was multiplied by something that would bring it this way, and the other was multiplied by something that might bring it umm you this way by a certain amount then you could see that, that this vector could be a result of ...see it looks like ohh, you were just to add these two together but send them in the opposite direction (pause) then you would get opposite of that vector, and then you would get it to be zero. That would say that it is not linearly independent....”

This student’s understanding of the concept seems to be more visual-oriented, and seems to be based on his interpretations of Mathematica demonstrations used in the experimental group. 

The difference of 12 percent between the two groups who chose options C and D does seem to indicate that there is less misinterpretation of the abstract definitions in the experimental group than in the traditional group.
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