CHAPTER IV

Presentation and Analysis of Data

             This is a comparative study of traditional and experimental first year Linear Algebra groups. Two research methodologies have been combined to analyze the data. This chapter will first examine the compatibility of the two groups by carefully reviewing background information and pretest results. Second, it will present the results of the questions designed to shed light on the research questions of this study. 

As stated earlier, each post-test question was graded by two independent graders; one of which was the investigator. Grading was done based on Carlson’s 5-point rubric (1998). Reliability between the graders varied from 0.79 to 0.91. The reliability between the graders for the first research question was 0.80, between the graders for the second and the fourth research questions was 0.79, and between the graders for the third and fifth questions was 0.91. Slightly lower reliability between the graders for the second and the fourth questions can be attributed to various reasons. One reason is that 5-point rubric for these questions might have been ill written. Another reason is that it seems to the investigator that these graders may not have followed the outlines of the 5-point rubrics carefully. Over all, there is a high degree of inter-rater reliability.

Background Questionnaire

A copy of the background questionnaire can be found in Appendix D. All questions except question number ten were clear to students. On question number ten, the statements addressing the use of computer algebra systems in mathematics classes were either left out, or students stated on the side of statements that they did not know what the term “computer algebra systems” meant. 

Question 1a in the background questionnaire provided information on what mathematics courses students had taken in high school, as well as information on when students had taken these courses.  Table 1a summarizes the results. 

Twenty-nine (88 percent) students in the traditional group and 26 (89 percent) students in the experimental group had taken high school algebra.  Seven students in the traditional group (20 percent) and in the experimental group  (24 percent) had taken algebra before 1990. The other 23 students (68 percent) in the traditional group and 19 students (65 percent) in the experimental group had taken algebra either in 1990 or after 1990.  Thirty-one students (91 percent) in the traditional group and 27 students (92 percent) in the experimental group had taken a high school geometry course.  Five students (15 percent) in the traditional group and 7 students (24 percent) in the experimental group had taken a geometry course before 1990. Seventy-six percent of the students in the traditional group had taken a geometry course either in 1990 or after 1990, whereas only 68 percent of the students in the experimental group had taken a geometry course in year 1990 or after 1990.

None of the students in the traditional group took pre-calculus course before 1990. However, 19 students (56 percent) in the traditional group had taken a pre-calculus in 1990 or after 1990.  In the experimental group, 5 students (17 percent) took a pre-calculus before 1990, and 16 students (55 percent) took a pre-calculus course in 1990 or after 1990.  Similarly, none in the traditional group has taken advanced mathematics before 1990, but 23 percent had taken one in 1990 or after 1990.

Table 1a

 Information on High School Mathematics Courses

Number of traditional-group students = 34

Number of experimental-group students = 29


                                   Traditional                       Experimental


    Courses           <1990          (1990           <1990             (1990                                                                                                                                                             

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

     Algebra                  7              23                     7                 19  

                                 20%            68%               24%             65% 

    Geometry               5                 26                   7                20                                       

                                15%             76%                24%            68%

    Pre-Calculus          0                  19                    5                16  

                                  0                  56%                17%          55%

   Advanced               0                   8                     2                10       

   Mathematics          0                   23%               6%             34%

    Calculus                0                   21                   3                17           

                                  0                   62%              10%            58%       

    Others                  0                     4                   1                  8

                                0%                12%               3%              27%          


Note.    < 1990” stands for the courses taken before the year 1990

             ( 1990 “stands for the courses taken after or during the year 1990.

In the experimental group, 6 percent of the 12 students (40 percent) who had taken advanced mathematics took the class before 1990.

        The number of students who took a calculus course in high school differed by one student favoring the traditional group. Of these, 21 students in the traditional group had taken the course after 1990 or in 1990, whereas 3 students (10 percent) in the experimental group had taken the course before 1990. Twelve percent of the traditional group and 30 percent of the experimental group stated that they had taken other mathematics courses when they were in high school. 

   Special attention should be given to the point that there were students in the experimental group who had taken pre-calculus, advanced mathematics, calculus and other mathematics courses before the year 1990, whereas none of the traditional group has taken these subjects before 1990. Not having current knowledge on these subjects may affect the results of the study.

  To check on how current students’ knowledge on college mathematics, the data summarized in the table 1b was collected. Over all, table 1b confirms the indications of table 1a. That is the traditional group had taken college mathematics classes more recently than most of the students in the experimental group, which means that most students in the traditional group had fresher knowledge on mathematics concepts than the students in the experimental group. Sixty-five percent of the traditional students had taken calculus I after 1994 or in 1994, and 85 percent of the traditional group had taken calculus II also after 1994 or in 1994. On the other hand, there were only 17 students (58 percent) in the experimental group who took calculus II after 1994 or in 1994. The other 3 students (10 percent) in the experimental group had taken calculus II before 1994. Calculus II and IV was also taken by most of the traditional group after 1994 or in 1994; 85 percent of the students had taken calculus III, and 74 percent of the students had taken calculus IV.

Sixty-two percent and forty four percent of the students in the experimental group had taken calculus III and calculus IV, respectively, either in 1994 or after 1994.  These results indicate that the two groups on their calculus background were not equal. The traditional group had more students who had taken calculus
Table 1b

Previous College Course Information 

Number of traditional-group students = 34

Number of experimental-group students = 29
                     

                                     Traditional                   Experimental

 

          Courses          < 1994      ( 1994     < 1994          (  1994                                                                                                                                                        

               

          Elementary             0             5                1                    2

          Functions                0%        15%         3%                 6%           

          Calculus I               1             22              4                   15

                                       3%          65%          14%               51%

         Calculus II              0              29               3                 17           

                                        0%          85%         10%               58%                                                                                

          Calculus I for         0               1               0                  3                                

          Business                0 %           2%            0%              10%                           

         Calculus II for        0              1                0                   1                                                                                                               

         Business                  0%          2%             0%              3%                                                                                                                        

         Calculus III            0             29                2                 18                                                                                                                                   

                                        0%          85%             7%             62%                                                                                                                                     

         Calculus IV           0              25               2                  13                                                                                                    

                                       0%           74%           7%               44%                                                                                                                                        

         Engineering           0              13                2                  9                                                                                                                            

         Mathematics          0%          38%            7%              31%                                                                                                                             

         Others                    0             5                  0                   4                                                                                                                                    

                                        0%         15%            0%              14%                                                                                                          

 

classes after or in the year 1994. The experimental group, on the contrary, had fewer students who had taken calculus sequences; fourteen percent of the students took calculus I, 10 percent took calculus II, and 7 percent took calculus III and IV before the year 1994. This may indicate that the experimental group had more students with weaker calculus knowledge.

The two groups had about the same number of students who had taken an engineering mathematics course, and both had taken the course after or in the year 1994. 

Ten percent of the students in the experimental group, and two percent of the students in the traditional group had taken calculus I for businesses. Both groups had taken the course after or in the year 1994. The difference between number of students who had taken business calculus should be noted here. The experimental group actually had more business students than the traditional group. Table 2 also confirms the finding. Table 2 categorized students based on intended majors. The students who were majoring in engineering, computer science, geoscience, mathematics, physics and chemistry were counted as science majors, and those who were majoring in life sciences, business, humanities and education were counted as social science majors. Table 2 shows that 94 percent of the traditional students, and 69 percent of the experimental students were science majors. That indicates that the rest (31 percent) of the experimental group were in social sciences. A few students in both groups were counted as social and science majors due to the fact that these students were double majoring. Here, one should note that social science, mostly business, students at the University of Oklahoma are not required to take intense mathematics courses. They are usually weak on their mathematics knowledge. 

Table 3 shows that students in both groups were evenly distributed as the first time takers and repeating students. Nine percent of the traditional and seven percent of the experimental students were repeating the class. These students in both groups indicated that they were repeating the class due to a failing grade from a previous linear algebra course.

Table 2

Students' Majors

Number of traditional-group students = 34

Number of experimental-group students = 29
     Majors       Traditional     Experimental



      Science               32                20

                                94%              69%      

      Social                  2                 9

      Science               6%              31%


Both the experimental and the traditional groups had about the same number of full time and part time students. Twenty-seven (93 percent) students in the experimental group and thirty-two (94 percent) students in the traditional group were full time students. The other two students in both classes were enrolled part time. 

Table 3

Enrollment status of the students  

Number of traditional-group students = 34

Number of experimental-group students = 29

 Enrollment

  Status            Traditional       Experimental  

        

 First time               31                   27   

 Taker                     91%                93%

 Repeating              3                      2   

                               9%                   7%    

 Full Time               32                   27

                               94%                93%   

 Part  Time             2                      2     

 More than             6%                   7%        

 One course


The background questionnaire also collected data on students’ ethnicity for the purpose of checking diversity of the two groups. The results are summarized on table 4.   

Table 4

Students' Ethnicity 

Number of traditional-group students = 34

Number of experimental-group students = 29


Ethnicity                      Traditional            Experimental

  

White                               20                             13 

                                         60%                         43%

 Hispanic                          5                               2         

                                         14%                          6%

 African American            0                               2

                                          0%                           6%

 American Indian            1                                 0 

                                         2%                           0%

  None of the above          8                              13      

                                        23%                          45%                 


Table 4 indicates that the traditional group had slightly more students (60 percent) with white ethnicity than the experimental group (43 percent). The traditional group also had more Hispanics (14 percent) than the experimental group (6 percent). There was no African American student in the traditional group contrary to the two African American students in the experimental group. There was one American Indian in the traditional group, and none in the experimental group.

Twenty-three percent of the traditional group and forty-five percent of the experimental group stated that they were none of the ethnicity stated, that they were either Indian or Asian. A question, addressing students’ nationality, in the post questionnaire also revealed that these 13 students (45 percent) in the experimental group were international students, and they have been in the United States for less than two years. The majority of these students stated that they had arrived in the country 6 months to a year ago.

 Here, attention should be given to the number of international students in the experimental group. Almost half (45 percent) the class was international students, whereas the traditional class had only 8 (23 percent) international students. Given the abstract nature of linear algebra concepts, this fact about the groups may affect the results of the study.

Since the experimental group intensely used Mathematica as part of their lectures, knowing students’ experience with computer algebra systems would be helpful to interpret results of analysis of the data correctly. Table 5 shows the distribution of the students in both groups with respect to their experiences with computer algebra systems.

The number of students who had not used any computer algebra systems was higher in the experimental group (69 percent) than the traditional group (56 percent). Also, the traditional group had more students (30 percent) who used a computer algebra system at least once a month or more than once a month, than the experimental group (20 percent). Since the experimental group had used Mathematica, a computer algebra system, having students with less experience with computer algebra systems may have affected the results of the study. 

Table 5

Experience with Computer Algebra Systems 

Number of traditional-group students = 34

Number of experimental-group students = 29

  Experience                  Traditional           Experimental

   Not at all                         19                              20

                                         56%                            69%    

  Less than once                  5                                 3

   A month                          14%                           11%

   At least once                   4                                  1   

   A month                        12%                              3%

 More than once                 6                                  5 

   A month                       18%                              17%

The last question (question # 10) on the questionnaire was an opinion question with fourteen statements. The question stated the following:

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

 Strongly Disagree       Disagree      Neutral        Agree      Strongly Agree

           1                                       2                      3                     4                        5

	1. Mathematics is my favorite subject
	1
	2
	3
	4
	5

	
	
	
	
	
	

	2. A mathematical topic is of little 
	1
	2
	3
	4
	5

	    importance if it has no real  world 
	
	
	
	
	

	    Applications
	
	
	
	
	

	
	
	
	
	
	

	3. Use of software, such as Mathematica, 
	1
	2
	3
	4
	5

	   MathCad, or Derive, enhances learning 
	
	
	
	
	

	   of college algebra
	
	
	
	
	

	
	
	
	
	
	

	4. It is necessary to use symbols  
	1
	2
	3
	4
	5

	    to define most mathematical concepts 
	
	
	
	
	

	
	
	
	
	
	

	5. The best way to learn mathematics is 
	1
	2
	3
	4
	5

	    to study visual representations of
	
	
	
	
	

	    given concepts
	
	
	
	
	

	
	
	
	
	
	

	6. Geometrical demonstrations enhance
	1
	2
	3
	4
	5

	    Learning of mathematical concepts
	
	
	
	
	

	
	
	
	
	
	

	7. Computation is an important 
	1
	2
	3
	4
	5

	    Mathematics skill
	
	
	
	
	

	
	
	
	
	
	

	8. In mathematics courses, hard work 
	1
	2
	3
	4
	5

	    can make up for having less ability than 
	
	
	
	
	

	    other students
	
	
	
	
	

	
	
	
	
	
	

	9.  I like to use technology (calculators, 
	1
	2
	3
	4
	5

	       computers etc.) in my classes.
	
	
	
	
	

	
	
	
	
	
	

	10.   Algebra is my favorite subject
	1
	2
	3
	4
	5

	
	
	
	
	
	

	11.   Mathematics is useful
	1
	2
	3
	4
	5

	
	
	
	
	
	

	12.   I really need a mathematics textbook 
	1
	2
	3
	4
	5

	       with clear explanations to do well
	
	
	
	
	

	       in a mathematics course
	
	
	
	
	

	
	
	
	
	
	

	13.  The best way to learn mathematics 
	1
	2
	3
	4
	5

	       is to find good examples of  kinds
	
	
	
	
	

	       of problems you have to solve and 
	
	
	
	
	

	       try  to follow its pattern.
	
	
	
	
	

	
	
	
	
	
	

	14.  A student's mathematics program should 
	1
	2
	3
	4
	5

	emphasize  theory  as well as applications
	
	
	
	
	


For the majority of the statements, two groups’ opinions were evenly distributed. Students’ opinions for the statements; two, ten and thirteen differed in both groups. The distribution of percentages of students’ opinions can be seen on table 6. 

Forty seven percent of the traditional group strongly disagreed that a mathematical topic is of little importance if it has no real world applications, whereas there was only 17 percent of the experimental group who strongly disagreed with the same statement. 

For the statement 10, students’ opinions also differed between the traditional and the experimental group.  Those disagreed with statement was 47 percent in the traditional, and 13 percent in the experimental group.  Statement 10 stated following:

“ Algebra is my favorite subject “

Table 6

Percentage of Students' Opinions 

Number of traditional-group students = 34

Number of experimental-group students = 29

Statements               1     2        3     4      5     6     7     8      9      10     11      12     13    14  

Strongly         T       5      47      0      2     3    2      2     2       8      5      5        5      14    2 

Disagree         E       0      17     3       6     0    0      0    3       13     0      3       3        3     0  

Disagree         T      23    29     11     17   14    5     5    5        5      47     0      14     26    5                        

                       E      10     41      0      6    13    6      3   6         0     13     0      10    10    3                             

Neutral           T       23    20     47    17   38    14  14   8        26    38    2        8      20    8  

                       E       48    24     44    17   20    13  13  13       17    55    6       24    10   17

Agree              T      32    0       23     47   35    55  41  64      32      5     17    32     17   47           

                        E      31    17     44    55   55    68  44   41      37    24     34    34     44   58          

Strongly          T      14     2      17    14    8     20   35  17      23     2       73    38     20  32      

Agree              E     10      0      6      13   10    13   37   34    31      6      55     27     31   24  

The experimental group stated that algebra was their favorite subject. This seems to imply that majority of the experimental group were better at algebraic skills than visual skills. They may have been used to solving problems through algebraic manipulations. The visual-based approach in the experimental group may not have responded well to these students’ learning styles.                

 The traditional group dominantly disagreed with the thirteenth statement: 14 percent and 26 percent of the traditional group strongly disagreed and disagreed, respectively. The percentage of those in the experimental group who strongly disagreed and disagreed with the statement was totaling only 13 percent. The statement thirteen stated the following:

“ The best way to learn mathematics is to find good examples of kinds of problems you have to solve, and try to follow its pattern.”            

              This may indicate that discovery learning style this study used in the experimental group may not have served well the students’ learning style. 

Analysis of the Pretest Questions

A copy of the pretest questions can be found in Appendix D. Pretest was given as part of the background questionnaire. The background questionnaire was given on the first day of classes in the experimental group, and in the traditional group, it was given at the second-class time during the first week of classes. On pretest scores, no significant difference for (=0.05, was found between the traditional group and the experimental group. Table 7 shows a summary of the results. There was a non-significant difference of 0.14 of a grading point favoring the traditional group.

Notice should be given to pre-test question 1. The question dealt with addition of two vectors chosen from R4. Table 8 summarizes the results.

Question 1 stated the following:

 Given the following vectors v=(1,2,3,4) and w=(0,-1,4,5). Find                   

      v+ w.

Notice should be given to the high percentages of correct answers in the traditional group. The percentage of correct responses in the experimental group was 65, and in the traditional group was 85. The p-value (0.07) for (=0.1 indicates a significant difference on the mean scores of the two groups. Results indicate that the

Table 7

Results of Pre-test Scores

Total point = 5

Number of traditional-group students = 34

Number of experimental-group students = 29
     Group                         Mean          SD          Med.   AWS t’   p-value      df
    

  Traditional                    3.38            1.18         3.5       0.40        0.69          51.3                          

  Experimental                3.24            1.57           3                


     students in the experimental group were not as familiar with vector or vector operations as those in the traditional group.  

Table 8

Result of Pre-test Question 1

Total point=1

Number of traditional-group students = 34

Number of experimental-group students = 29

 Group                 Mean        SD      Med.     AWS t’       p-value       df
 Traditional           0.85         0.35        1          1.82            0.07          51

 Experimental       0.65          0.47       1        
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