14

-----------------------------------------------------------

Aptitude, Gender, and Computer Algebra Systems

-----------------------------------------------------------

HANS P. HORNÆS

Department of Engineering and Sciences

Gjøvik College
OLA RØYRVIK

Department of Engineering and Sciences

Gjøvik College
ABSTRACT
The answers to a nationwide questionnaire among college engineering students in Norway have resulted in a large database on attitudes towards use of computer algebra systems (CAS). These results have been used to investigate students' attitudes towards use of CAS correlated to academic standing and to gender. We found that strong students have a more positive attitude towards CAS than weak students, although both groups showed a majority of positive responses.  The data also show a gender difference in attitude towards CAS, male students being more positive, although there was no noticeable gender difference in math grade expectation. Another result of these studies is that students find use of CAS to be more appropriate in subjects like physics and engineering than in purely mathematical subjects.
I. INTRODUCTION

High school education in Norway allows students to choose regular or advanced options in different subjects. Grades in different subjects count equally towards entrance to most college and university studies. As a result, pupils tend to choose the less demanding option in mathematics and physics. These subjects are considered to be difficult, and students compensate by choosing advanced options in subjects in which it is easier to get good grades. For entrance to engineering colleges, however, the advanced options in math and sciences are required. Also, the percentage of young people attending high school and college in Norway has risen sharply during the last decade, while the total number of engineering students has decreased. At the same time, there is a much greater diversity of jobs available. Hence, a smaller percentage of the good students are attending engineering schools, and these students are partly replaced by students who a few years ago would not have aimed at an academic career at all. We believe this to be the main reason why we have, over the last decades, experienced a decline in knowledge and motivation of engineering students, in mathematics as well as other subjects.


Basic engineering education in Norway is a two-track system: a three-year program or a four-and-a-half-year program. A majority of the engineering students enter the three-year track; they are usually the students with less mathematical ability. Mathematics, both as a pure discipline and as part of other engineering subjects, has become a hurdle for students, who seem to be less and less proficient in handling these mathematical challenges.


In 1992 SEFI  (Societe Europeenne pour la Formation des Ingenieurs) published a report on engineering education in Europe: "A Core Curriculum in Mathematics for the European Engineer".1 It advocated that educational institutions incorporate computer programs when teaching mathematics to engineering students. Although it was not explicitly stated in the report, many teachers interpret this to mean Computer Algebra Systems (CAS).


CAS has a history spanning several decades (Macsyma, Maple, Mathematica, Reduce, etc.). These computer programs were initially used by those lucky few who had access to powerful and expensive computers, and who were prepared to put up with a rather archaic user interface. During the last 10-20 years, these programs, as well as desktop computers, have become available at reduced prices and with user-friendly interfaces, placing CAS within reach of practically everybody. 


The latest releases of programs like Maple and Mathematica are very powerful tools that can do far more advanced symbolic and numeric calculations than any student. In addition, they have nice graph plotting and text editing capabilities, making them tempting tools for use in higher education, especially in engineering education. Consequently there has been much interest in use of these systems, with an increasing number of publications reporting that students learn the subjects better when they use CAS. One could say that CAS is a technical tool looking for a pedagogical problem to solve.


The Norwegian government has issued guidelines to all engineering colleges concerning the basic mathematics curriculum. These guidelines, which are based on the SEFI report, require colleges to include use of computer programs in engineering math courses. At most colleges, this is interpreted as use of CAS or numerical tools like Matlab or Mathcad.  The enthusiasm with which these guidelines have been implemented has varied, both among schools and internally among the faculty. When these guidelines were made official in 1995, we saw an opportunity to study the effects of introducing CAS to a large student population at a number of different colleges. Accordingly, questionnaires were distributed to all 17 colleges in Norway offering a 3-year engineering degree. There were different questionnaires for students, faculty and staff. Several of the questions that were answered by the students are relevant to problems being investigated in this paper. 

II. PEDAGOGICAL CONSIDERATIONS

As with any new pedagogical tool, some teachers and students resist introduction of CAS in college education, while others embrace it with enthusiasm. Arguments for or against use of CAS are many, most of them pedagogical but also some practical. The most frequently used argument for using CAS is that it can remove the drudgery and difficulty of doing algebraic manipulations, thus leaving more time to work on the more important task of mathematical modeling and problem solving.1-3  


Traditionally, problems given to engineering students represent unrealistically simple physical situations, so that it is possible for students to do the calculations by hand. The ability to have CAS do the complicated computations, so the argument goes, will give students more time to work on more realistic, more complicated, and presumably more interesting problems.4,5 There is, however, a danger that teachers may be tempted to expect too much of students when using CAS, presumably because the algebraic manipulations become a non-problem.2 


Using the algebraic ability of CAS, some authors claim, may simplify the task of teaching concepts.1-6  It is no longer necessary to master manipulative skills in, for example, integration in order to learn the concept of integration; and less time spent on algebra leaves more time to work on concepts. And learning concepts is the most important part of learning. Among those who are skeptical towards CAS, the opposite argument is often presented: that reduction in algebraic skill results in a reduced understanding of mathematical concepts.


Learning the use of CAS takes time, so to produce a major benefit, CAS may have to be used as a unifying tool in several courses throughout the academic career.4,5  However, many teachers argue that engineering students should learn to use other, more specialized, technical programs that are in common use in industries where the students will be employed. Another objection voiced by teachers and students is that use of CAS is an add-on to an already overloaded curriculum in mathematics.3 It takes time to master the program, time that is usually taken away from drilling of elementary skills. Weaker students in particular have problems accepting that use of CAS can help them pass their next exam.


As pointed out in the introduction, many engineering students in Norway lack mathematical competence and may be considered to be weak students. Several investigators claim good educational results from using CAS for these students. Hillel et al.4 have focused on the possibility that CAS could stimulate weak students and found that the students improved. Rogers and Graves7 have also reported success using CAS in mathematics education for weaker students. The prospect of improving the learning situation for the poor students has been one of the arguments for using CAS.


Other investigators, however, are of the opinion that CAS may affect strong and weak students differently in such a way that use of CAS is counterproductive for all but a small minority of students. Indeed, Child 8 claims to have observed that only 20% of students of mathematics benefit from using CAS, and the remaining 80% lose out. He also claims that for CAS to become a successful teaching tool it must be more geared for individual learning. 


During the last decade, there has been substantial interest in effects of gender among students in sciences and engineering. Abelson et al.9  have shown that female undergraduate students at MIT tend to stay away from electrical engineering and computer science more than other engineering courses. This may be because those fields have a reputation for being math intensive. Several investigators, Shoaf-Grubbs10, Jones and Boers11, and Sher12 have studied female students who use graphics calculators or CAS and have found that these students benefit from use of such tools. By and large, however, we found little in the literature about gender differences and use of CAS in engineering education. Our database provides an opportunity to study gender difference in how engineering students perceive the benefits of using CAS. 


To plan further use of CAS in engineering education, it is important to know how different student populations react to CAS. Many teachers feel they need to have answers to a series of questions before they feel comfortable using such a tool in education.  In this paper we will investigate how students' aptitude and gender relate to their attitudes towards use of CAS. We studied the Norwegian engineering student population, trying to find an answer to whether CAS favors some groups of students (good or weak, male or female) more than others.

III. METHODS


We mailed questionnaires to one person at each college, who then distributed them to the students. Questionnaires were also distributed to teachers and administrative personnel, but they were not used in this study.  We received 1779 answers from students, without prodding to increase the rate of return. The rate of return was approximately 35% from a combined population of engineering and computer science students. 


Some questions were designed to collect background information on the students, such as engineering major, year, marks, gender, and name of college and use of CAS in the college. The rest were questions about how the students viewed the use of CAS. The first relevant question (B) attempted to group students according to aptitude for math. The grouping depends on the students’ self-evaluation, based on a combination of grades obtained in previous math courses and expectations for upcoming exams. Answers to this question are therefore a measure of how the students rated themselves in comparison with their fellow students.

B) What grade do you usually get or expect to get in math courses?


Good____           Average____          Poor____


Question D surveyed students’ use of CAS as opposed to use by teachers in class for demonstrations. Most students in this survey have been exposed to CAS in lectures, labs or required homework. However, it was not clear to what extent the students actually used CAS on their own initiative.
D) Do you yourself use CAS?


Much____
Some____
Little____
Never_____


The answers to the four next questions (I, K, L, M) were used as indicators of (1) how students considered they benefited from use of CAS, and (2) how easy they found CAS to use. Questions I and M are about attitude towards CAS, while K and L are about aptitude.

I) Do you feel that use of CAS increases your understanding of math?


Yes____
No______   
Don’t know______

K) Do you have difficulties understanding CAS syntax?


Great difficulty___
Some difficulty___ 
No difficulty___

L) Do you have difficulties interpreting CAS results?


Great difficulty___
Some difficulty___ 
No difficulty___

 M) Do you consider CAS to be a useful tool?


Very useful ___  Useful ___
Somewhat useful ___   Waste of time __


Our aim was to study the differences between groups of students (based on aptitude and gender) as correlated to their attitudes toward use of CAS. The answers have been summarized in a series of correlation tables. For each group we calculated the percentage distribution of all students for each alternative. This produced a row-sum of 100%; however, we show this sum as the total number of students. The numbers of students in each category, and hence the original data, are therefore reproducible from the tables if one uses the row-sum and percentages to recover the approximate number of answers in each field. We omitted students who did not answer both questions, so the total sum in each table is somewhat less than the total of 1779 answers we received.


If there were no attitude difference between groups, the percentages in each column would be approximately equal.  Significant differences in these numbers, and hence row patterns, indicate different attitudes between groups. Random variation results in some deviation from this expected pattern, even if there is no correlation between group and attitude. To test if the observed variation exceeds what is normal random variation, we performed (2-tests.13  Because we have mainly categorical data, we used the (2-tests rather than ANOVA. We present the results as p-values, which are the approximate probability of getting a deviation at least as big as the one observed, provided independence. If this number is small, the data show that there is probably a connection. We say the dependency is very significant if  p ( 1%,  significant if 1% < p (  5%, and weakly significant if  5% < p ( 10%.  If  p > 10% we consider that the data show no connection, but if several results point in the same direction, the hypothesis about a connection will be strengthened.

IV. STUDENTS’ STANDING

There seems to be some disagreement in the literature on whether CAS is more or less helpful for students of different abilities. Does CAS discriminate against poorer students compared to stronger students, or is it beneficial, or not, for all groups of students?  In this section we analyzed our database with the intention of finding out whether students of different abilities differ in their view on CAS.


In the answers to question B, students evaluated their own standing in math as good, average, and poor, and we used these results to rank students according to aptitude for math. An independent check on the reliability of these answers was done for our school (Gjøvik College) by comparing the grade expectation reported by students to the actual grade distribution the students as a group obtained in different math courses. This check showed that students seemed to be more optimistic about their grades than results from the exams give them reason to be. One reason for this difference may be that a larger percentage of the good students answered the questionnaire, simply because they are more likely to show up in class (where the questionnaire was distributed). This is exactly the reason why they are good students and get better grades. We do not think this bias is a problem, since we are not interested in the absolute grades, only in the relative ranking between the students. The individual variation in self-confidence also makes a somewhat arbitrary placing of students in the groups, but the large number of answers compensates for these variations.


In question I we asked if the students felt that use of CAS increased their understanding of math. The students' answers were grouped according to good, average or poor standing in math (question B). The results differ, as we can see from Table 1. Good students are more likely to believe that CAS helps them understand math than poor students are. Using the (2-test we found a p-value of 0.8% when we included the "don’t know" answers. If we exclude the "don’t know" answers, the data show a p-value of 2.9%. The "don’t know" group is considerable for all three ability levels. It is noticeable, however, that for those students who have an opinion, a majority show a positive attitude towards use of CAS.

	
	Yes
	No
	Don’t know
	Total

	Good
	42%
	29%
	29%
	867

	Average
	39%
	25%
	36%
	622

	Poor
	32%
	30%
	38%
	252

	Total
	
	
	
	1741


Table 1.  Grade standing versus view on mathematical 

understanding (B(I).


Next we investigated the relationship between students’ standing and their view on general usefulness of CAS by correlating questions B and M. The results are presented in Table 2; they show that 70-80% of the students in all groups think CAS is useful in general. It is encouraging with regard to continued use of CAS that a clear majority of students have this positive attitude. Question M does not specifically mention mathematics, a point we will discuss later. The results in Table 2 also show (as did Table 1) the effect we expected: good students are more likely to believe that CAS is a useful tool than are poor students. The differences are not great, but they are statistically very significant (a p-value of 0.3%  with the (2-test).

	
	Very useful
	Useful
	Less useful
	Waste of time
	Total

	Good
	21%
	59%
	16%
	4%
	730

	Average
	17%
	59%
	18%
	6%
	523

	 Poor
	14%
	55%
	21%
	10%
	214

	Total
	
	
	
	
	1467


Table 2.  Grade standing versus view on the usefulness of CAS (B(M).


The next two tables (3 and 4) show how the different student categories rate difficulties using CAS. Table 3 relates to use of input syntax and Table 4 to output syntax. It comes as no surprise that the results show a clearer difference between the groups, the good students having the least problems both in writing CAS syntax and interpreting the CAS results. In both Table 3 and Table 4 the differences are very significant ( p < 0.1% ). However, it is somewhat encouraging that the majority of students in all categories do not have great problems using CAS.

	
	Great
	Small
	None
	Total

	Good
	28%
	61%
	11%
	632

	Average
	38%
	60%
	2%
	470

	Poor
	44%
	51%
	4%
	203

	Total
	
	
	
	1305


Table 3.  Grade standing versus problems understanding CAS syntax (B(K).

	
	Great
	Small
	None
	Total

	Good
	12%
	56%
	33%
	623

	Average
	14%
	67%
	20%
	465

	Poor
	20%
	57%
	23%
	198

	Total
	
	
	
	1286


Table 4.  Grade standing versus problems interpreting CAS results (B(L).

	
	Very useful
	Useful
	Less useful
	Waste of time
	Total

	Much
	71%
	27%
	2%
	0%
	41

	Some
	25%
	65%
	8%
	2%
	340

	Little
	14%
	58%
	24%
	4%
	582

	Never
	16%
	55%
	19%
	10%
	521

	Total
	
	
	
	
	1484


Table 5.  Amount of use versus view on usefulness (D(M).


One might suspect that the attitude towards CAS would be correlated to the amount of use outside of required class work. And as expected, Table 5 shows this connection quite clearly (p<0.01%). A majority among all groups consider CAS to be useful even among those who never use CAS on their own initiative. The disappointing fact in these data is that so many students seldom or never use CAS except for required work. It is obvious, however, that those students who use CAS often tend to find it more useful; that is probably the reason why they use it in the first place. On the other hand, extensive use may make students more likely to appreciate the positive aspects of using CAS.

	
	Very useful
	Useful
	Less useful
	Waste of time
	Total

	Yes
	32%
	63%
	5%
	1%
	628

	No
	8%
	45%
	34%
	12%
	448

	Don’t know
	11%
	64%
	20%
	6%
	405

	Total
	
	
	
	
	1481


Table 6.  CAS helps understanding mathematics versus usefulness in general (I(M).


Table 6 shows (p<0.01%) that those students who find CAS to be helpful in understanding mathematics also find CAS useful in general. It is interesting, however, that a majority of those students who do not believe that CAS helps improve mathematical understanding find CAS to be a useful tool. We interpret this to mean that students see a difference in learning mathematics and using mathematics as a tool in other subjects. This can possibly support our view that CAS is more useful as a tool in engineering subjects than it is in pure mathematics courses.

 V. GENDER DIFFERENCES

In question A, one of the subquestions was gender, an unproblematic question answered by almost everyone, and we do not find any reason to think it contains many wrong answers. First we checked if, sorted on gender, there were any differences in expected math grades. We suspected that women might be more modest in their confidence, but, as seen in Table 7, this is not supported by the data. It is interesting to observe that there is no sex difference in expected grades, even though there is a definite skewed distribution. Our data do not reflect the population in general, where there is a strong gender difference in attitude towards math.

	Grade
	Good
	Average
	Poor
	Total

	Male
	50%
	35%
	15%
	1471

	Female
	49%
	39%
	12%
	298

	Total
	
	
	
	1769


Table 7.  Gender versus Grade of all students surveyed (A(B).

.  


Next we correlated gender with the same four questions (I, K, L and M) that indicated benefits from CAS, as we did in the previous section. First we correlated gender with students’ views on improved mathematical understanding; the results are presented in Table 8. Among those who express an opinion, the majority of males are positive towards use of CAS, whereas the majority of females are negative. In addition, a greater proportion of males has an opinion on of this question. These differences are significant, with a p-value of 2.8% if we only consider the "yes" and "no" answers. If we also include the "don’t know" answers, the result is very significant (p<0.01%).

	
	Yes
	No
	Don’t know
	Total

	Male
	43%
	27%
	30%
	1459

	Female
	24%
	31%
	46%
	295

	Total
	
	
	
	1754


Table 8.  Gender versus view of mathematical understanding (A(I).


The results of correlating gender versus the usefulness of CAS in general are shown in Table 9. Female students find CAS less useful than their male counterparts. We find, however, that among both males and females the majority find CAS useful ("Very useful"/"useful"). These results are very significant (p<0.01%).

 
Ease of use of CAS as related to gender is summarized in Tables 10 and 11. The gender differences in Table 10 are very significant (p=0.07%). In Table 11 the result is only weakly significant (p=6.2%), but the results point in the same direction: Female students have greater problems than male students using CAS, both formulating input and interpreting output. These data, together with those in Tables 8 and 9, add up to a very clear conclusion that male students have a more positive attitude towards use of CAS than do female students.

	
	Very useful
	Useful
	Less useful
	Waste of time
	Total

	Male
	20%
	59%
	16%
	5%
	1255

	Female
	12%
	52%
	27%
	9%
	224

	Total
	
	
	
	
	1479


Table 9.  Gender versus view on the usefulness of CAS (A(M).

	
	Great
	Small
	None
	Total

	Male
	33%
	59%
	8%
	1112

	Female
	44%
	54%
	3%
	201

	Total
	
	
	
	1313



Table 10.  Gender versus problems understanding CAS syntax (A(K).

	
	Great
	Small
	None
	Total

	Male
	13%
	60%
	27%
	1099

	Female
	18%
	60%
	21%
	196

	Total
	
	
	
	1295


Table 11.  Gender versus problems interpreting CAS output (A(L).


It is well known that women in general have a more negative attitude towards mathematics and engineering than men do. This is reflected in a great majority of males among engineering students. Our study, however, is not of a cross-section of the entire population, but of a group of young people who have not elected out of mathematics and physics in high school, and who are aiming for engineering careers. Even in this group, there appears to be a difference between male and female in the choice of engineering major. Some majors, like electrical engineering, probably have a reputation for being more mathematically demanding.9  Table 12 below shows a great majority of male students in EE. Chemical engineering, on the other hand, has a reputation for modest use of difficult mathematics and a majority of female students.

	
	Civil eng.
	Computer science
	Electrical eng.
	Chemical eng.
	Mechani-cal eng.
	Others
	Total

	Male
	80%
	91%
	92%
	41%
	92%
	75%
	83%

	Female
	20%
	9%
	8%
	59%
	8%
	25%
	17%

	Total #
	224
	337
	524
	162
	285
	247
	1779


Table 12.  Gender distribution among majors.


Then the question arises as to whether the aforementioned gender differences are also present in the statistics from the different branches of engineering. Or the differences observed in Tables 8-11 could be a result of a majority of male students in subjects heavily dependent on mathematics, and a majority of female students in subjects that are less mathematically demanding. We considered two of the extremes, electrical and chemical engineering students.


It appears from Table 13 that the more positive attitude towards use of CAS for understanding math among male students is largely independent of the engineering subject studied. It is also apparent that electrical engineering students (first number in each category), male and female, are more positive than chemical engineering students (last number in each category). The differences are significant (p=1.7%) for both electrical engineering and for chemical engineering students, and very significant (p=0.1%)  if we include the "Don’t know" field.

	
	Yes
	No
	Don’t know
	Total

	Male
	55-44 %
	19-32 %
	26-24 %
	468-66

	Female
	35-19 %
	21-35 %
	44-46 %
	43-94

	Total
	
	
	
	511-150


Table 13.  Gender versus view on mathematical understanding

              among electrical and chemical engineering students.


Table 14 shows the correlation between gender and view on usefulness of CAS in general as related to electrical or chemical engineering students. For chemical engineering this table shows a significant but not very great difference between male and female students’ attitudes (p=1.2%). For electrical engineering the difference is not significant, but the tendency is in the same direction; male students are more positive towards use of CAS than are female students.

	
	Very useful
	Useful
	Less useful
	Waste of time
	Total

	Male
	27-18% 
	60-64%
	11-4%
	2-15%
	438-55

	Female
	19-9%
	67-63%
	11-21%
	3-7%
	36-70

	Total
	
	
	
	
	474-125


Table 14.  Gender versus view on the usefulness of CAS, 

electrical and chemical engineering students.


Thus the observed difference in attitude towards use of CAS between male and female students (Tables 8 and 9) is not an artifact of different gender distribution in different engineering majors. The difference is also present in the statistics from each of the two engineering groups studied in Tables 13 and 14. This means that the gender differences in attitude towards use of CAS are basically independent of the difference in choice of major.


The questions correlated in Tables 8, 9, 13 and 14 are concerned with students' attitudes towards use of CAS. On the other hand, the differences presented in Tables 10 and 11 are concerned with proficiency in use of CAS, so we wanted to investigate if the same gender differences are present when students are divided into subgroups according to engineering major. Thus the correlations between gender and ease of using CAS for the two engineering student groups are presented in Tables 15 and 16; the former relates to familiarity with input syntax and the latter with interpreting output. 


The differences observed in these tables are less clear. It seems that female students in each group have marginally greater difficulties using CAS than male students, but the differences are not great, and moreover the differences in Tables 15 and 16 are not significant. The differences that are clearly observed in Tables 10 and 11 are thus substantially reduced at the subgroup level. We interpret the differences between Tables 10/11 and 15/16 to mean that the more mathematically minded electrical engineering students have fewer problems using CAS, and there is also a greater proportion of male students in electrical engineering.

	
	Great
	Small
	None
	Total

	Male
	26-46 %
	66-46 %
	8-9 %
	407-46

	Female
	28-52 %
	69-47 %
	3-2 %
	36-64

	Total
	
	
	
	443-110


Table 15.  Gender versus problems understanding CAS syntax, 

electrical and chemical engineering students.

	
	Great
	Small
	None
	Total

	Male
	8-33 %
	67-41 %
	24-26 %
	405-46

	Female
	11-19 %
	60-56 %
	29-24 %
	35-62

	Total
	
	
	
	440-108


Table 16. Gender versus problems interpreting CAS results, 

electrical and chemical engineering students.

VI. DISCUSSION AND CONCLUSIONS

A survey of recent literature shows a number of studies reporting positive correlation between learning and use of CAS or in some cases advanced calculators.4,6,7   There is, however, at least one study showing negative results.8  These mainly positive correlations are usually interpreted as improved learning resulting from use of CAS. Some investigators have, however, considered the possibility that the positive correlation may not show a cause and effect relationship. One obvious alternative may be that the extra effort resulting from conducting an investigation on CAS results in extra attention given to the students compared to normal educational situations. Another effect that may make it difficult to make such comparisons is that use of CAS almost invariably requires some change in the curriculum.


A different way of investigating the result of using CAS in teaching is to survey the students' own perceptions of how easily they learn mathematics and other subjects with the help of CAS. We consider the students' opinions to be a crucial measure of the effect of CAS use. In the questionnaire distributed to engineering departments in Norway, we asked students for their opinions on several aspects of CAS.  If a student's attitude is positive, it is likely that he/she has positive experiences using CAS. A positive attitude is also an important prerequisite for learning. A negative attitude almost ensures failure.


The data presented in this study show that students, good as well as poor, find CAS useful for understanding math (as well as being a useful tool in general), although there is a small but significant difference in that the good students have more positive attitudes towards use of CAS than poor students have. Good students also find CAS easier to understand; input, as well as output syntax. There is a clear difference between the good and the poor students; as might be expected, the better students have fewer problems using CAS. 


It is not clear from the answers whether the problem the students seem to have with the syntax is really a syntax problem or a disguised modeling problem that is largely independent of the CAS. Given that the amount of syntax that the students have to use for elementary use of CAS is limited, we feel that a large part of the difficulties may be due to modeling problems. This is a problem we know that the students have in large measure when they solve problems by hand.


If the above interpretation of the data is correct, the conclusion must be that the students first and foremost need to work on modeling. When their ability to model increases, then the perceived syntax problem may lessen. However, some of the reported syntax problems are probably genuine and need to be addressed. One solution is to require more regular use of CAS. Furthermore, students need to be given problems in ways that introduce new CAS syntax gradually.


As expected, students find it much easier to understand the results returned by CAS than to formulate the mathematical model in CAS syntax. It appears from the tables that students consider themselves quite capable of interpreting the results obtained from the CAS programs. However, we suspect that the situation is not that encouraging. Obtaining any result gives a good feeling, but it is easy to overlook that these results need to be interpreted in two ways. First, what does the output mean mathematically, and second, but more important, how are the results related to the physical world. We feel, without being able to give other than anecdotal evidence, that most students do not spend enough time interpreting results, and therefore do not get a clear idea about their own ability to interpret the results. We do, however, believe that they are able to understand the output syntax without too many difficulties. 


Child 8 has studied use of CAS for those he considers weak students (80% of his student population). He concluded that CAS, such as Maple and Mathematica, was too advanced for the average weak student. Although we found that weaker students consider use of CAS to be more of a problem than strong students, the difference is not great. A majority of our weak students still considered CAS to be a useful tool. So our students’ attitudes towards CAS do not agree with Child’s conclusion. The explanation may be that our students, although weak, are after all engineering students and probably are not quite as weak in math subjects as those of Child's study.


One may speculate as to why the good students in our study accept use of CAS more readily than poor students do. The more obvious reason is hinted at in the comments the students have made, both on the answer sheets and in private communication. The poorer students do to a greater degree find that CAS is not very useful relative to upcoming exams. The fact that CAS cannot be used for regular exams becomes an argument why CAS is not useful.


Another problem is that use of computer programs in mathematics courses has a tendency to come on top of an already heavy curriculum. Especially the poorer students have problems understanding and accepting that learning to use CAS can be instrumental in learning modeling and concepts in other subjects. They do not to a sufficient degree understand their own situation as students. The poor students do not use CAS because they find it too much extra work to learn CAS and therefore do not use CAS to make it easier to learn. They are weak students exactly because they do not want to work to become better students, and not because they do not know that use of CAS will benefit their study. To increase the acceptance of using CAS among the weaker students, it is necessary to include CAS in some way in the exams. It is also necessary, to a greater extent, to design homework problems that, by their nature, benefit students who use CAS. These possible solutions, of course, work only if the teachers believe in CAS.


We did know from experience and many reports for example Makrakis and Sawada14, that female students in general are less interested in math and science than male students. But our study concerns a sub-population of students who have already chosen a heavy mathematics and physics curriculum in high school, and who are aiming at an engineering career. It is not at all obvious that any kind of math rejection exists for the females in this population. Indeed one might guess that it would be the other way round. These are female students who have chosen nontraditional studies and are aiming to work in a male-dominated environment.

In this study we have found no gender difference among engineering students when it comes to expectation of grades in math. Thus the gender difference in math found in the general population does not show up among engineering students. This finding is in agreement with other studies of gender differences among engineering students.15 Initially we hoped that this result would point to equally positive attitudes towards use of CAS between the sexes. However, we have found a clear gender difference in attitude towards use of CAS. The female students reflect the resistance to computers known to exist in the general population. 


The positive point is that, although the gender difference among students is significant, it is not great. Nevertheless, the results indicate that even among these engineering students one finds the pattern that girls tend to be less interested in CAS than boys. This is consistent with the results found by Grandy16 that, even among engineering students, there is a tendency for female students to stay away from math and especially computer subjects. 


In a survey of Japanese and Swedish 9th graders, Makrakis & Sawada14 investigated how these pupils viewed use of computers. They investigated the relationship between gender and attitude towards computers after control for attitude towards mathematics. In both groups they found a very significant gender difference as related to interest in computers. In the Japanese group there was also a gender difference with regard to aptitude for using computers. These findings strongly suggest that there is a resistance to computer use among girls that goes deeper than the resistance to science and math in general. This seems to agree with our results, although our study is restricted to students’ use of CAS. Furthermore, our investigation is not about math and computers as separate subjects, but about mathematical computer software. One possible explanation for the observed differences is that they may be due to the computer component of CAS, and not the mathematics. We are tempted to question whether use of computers is developing into a masculine field to an even greater extent than math and science in general.


Jones and Boers10 and Jones17 have studied gender differences in math proficiency using graphics calculators. They have found that female students are considerably more restrained when it comes to self-confidence in using computers and in understanding math.  Our results do not show the same difference in perceived mathematical ability between the sexes as the previously mentioned authors, probably because our students' answers are partly based on actual grades, which show the female students that they are at least as good as the male students. Nevertheless, our findings support the aforementioned authors in that female students have greater reservations in using CAS and computers. This may be due to female students being more pessimistic in rating their own computer ability and more dubious about using computers. On the other hand it could be claimed that female students have a more critical and realistic attitude towards new and «unproven» tools in education.


CAS may be considered a tool for problem solving.  One of the points where Grandy observed gender differences was in the interest in problem solving. If this is also true for our sample, it may partially explain why girls seem to be less interested in CAS, even though we have not observed any difference in mathematical skills. CAS, as it is advocated to be used, is supposed to help students in more advanced problem solving, a possible problem for female students.


Our data agree with many other studies in that there is a large gender difference in the choice of engineering discipline. For example, electrical engineering is very male dominated and has a reputation for being math intensive. Chemical engineering, on the other hand, is believed by the students to be less math intensive, and it has a much greater proportion of female students. One might suspect that the same factors determine choice of engineering discipline and attitude towards math and thus also CAS. And since there is a substantial gender bias, one could possibly argue that the gender difference observed was a direct result of choice of major. However, our data show that the gender differences remain even when the data have been sorted according to engineering discipline. Male students find CAS more useful than female students do, regardless of discipline. On the other hand, there is no significant gender difference within disciplines with regard to ease of use of CAS. We conclude that our data show a gender difference in interests rather than in skill. In both groups (chemical and electrical engineering) female students seemed to be less fascinated and impressed by the usefulness of CAS than males.


One important question is then to determine the extent to which the different colleges have exposed the students to CAS. As mentioned earlier, use of CAS in engineering education in Norway has been mandated from 1995 by the Department of Education. However, there are great differences in the preparedness of the different colleges to adopt CAS. Some of the schools had started well before 1995 and saw this as an opportunity to charge ahead; some followed up with use of CAS more reluctantly; and a few have ignored the order.  In addition, some of the teachers are enthusiastic about using CAS, whereas most are not. The result is that CAS has been introduced into only a few courses in each college, and then mainly mathematics classes. Thus students have not, in most cases, been given a uniform exposure to CAS. In fact, we are quite sure that most of them have been subjected to quite a few arguments for not using CAS. Several comments from both teachers and students have given us the impression that on the whole the average student is more positive to use of CAS than the average teacher. For this reason we feel that any positive attitude shown by the students is not due to a uniform influence from the faculty, but is rather a result of students in general being interested in computers and the possibilities they offer.


Although our main interest was to study aptitude and gender differences, other interesting aspects have emerged. For instance, good and poor as well as male and female students, all consider that use of CAS is somewhat useful in increasing mathematical understanding, but at the same time consider it very useful as a help with math-related subjects in general. This difference may be due to the way the questions have been phrased, although we do not think this is the explanation. We feel confident that the students consider CAS to be a more appropriate tool in physics and engineering than in mathematics. This conclusion has been strengthened from conversations with a number of students and comments on the answer sheets. It also corroborates our own opinion, based on pedagogical considerations, that CAS as a tool allows students to concentrate on the physical problem and not on the mathematical manipulation. The students understand this difference in connection with physical subjects, but are of the opinion that in math the main thing to learn is the symbolic and numeric manipulation. We believe that students consider concepts to be part of the physical world and manipulation to be the essence of math. In most colleges, however, CAS is a part of the mathematics curriculum and is little used in engineering courses. It may not be of very great importance to try to correct this attitude among the students, since math modeling tends to be based on physical problems anyway. However, a serious effort should be made to increase the use of CAS in science and engineering subjects in addition to math, and to improve the cooperation between teachers in different courses.


To conclude, Norwegian engineering students have shown a largely positive attitude towards use of CAS as a learning tool. However, there are differences between students. Male students and good students have this positive attitude in larger measure than poor students and female students do, although the differences are not great. One interesting finding is that all students believe that CAS is better suited as learning tool in general science subjects than in mathematics. These findings indicate that the way CAS is used in engineering education needs to be adjusted. CAS will be a limited success as long as it is used mainly in math education.

REFERENCES

1. "A Core Curriculum in Mathematics for the European Engineer". M.D.J. Barry and N.C. Steele, ed., N.C.,  SEFI Document 92.1, 1992.

2. Boyce, W.E. and J. Ecker, "The Computer-oriented Calculus Course at Rensselaer Polytechnic Institute," The College Mathematical Journal, Vol. 26, No. 1, January 1996, pp. 45-50.

3. Mayes, R.L. "The Application of a Computer Algebra System as a Tool in College Algebra", School Science and Mathematics, Vol. 95, No. 2,  1995,  pp. 61-68.

4. Hillel, J., L. Lee, C. Laborde, and L. Linchevski, "Basic Functions Through the Lens of Algebra Systems," Journal of Mathematical Behavior, Vol. 11, 1992, pp. 119-158.

5. Levi, I., "A Note on Using MAPLE to Teach Linear Algebra," Mathematics and Computer Education, Vol. 31, No. 2, 1997,  pp. 182-189.

6. Judson, P.T.,  "Elementary Business Calculus with Computer Algebra," Journal of Mathematical Behavior, Vol. 9, 1990, pp. 153-157.

7. Rogers,G., and E. Graves, "Computer Algebra System in Calculus and Differential Equations: does it Help or Hinder in Later Courses?",  ASEE Proceedings, Urbana, Illinois, June 1993.

8.  Child, J.D., "Computer Algebra Systems for Entry Level College Students,"  Proceedings of the Fourth International Conference on Technology in Collegiate Mathematics - L. Lum, ed., Addison-Wesley Publ. Co., 1993, pp. 125-131.

9. "Women Undergraduate Enrolment in Electrical Engineering and Computer Science at MIT," H. Abelson, ed., MIT Department of Electrical Engineering & Computer Science, Final Report, 1995, 
        http://www-eecs.mit.edu/AY94-95/announcements/13.html 
10.  Jones, P., and M. Boers, "Some Gender Differences  in Attitudes and Mathematics Performance with Graphics Calculation," Proceedings of the Fourth International Conference on Technology in Collegiate Mathematics, L. Lum, ed., Addison-Wesley Publ. Co., 1994, pp. 173-217

11.  Sher, L., and P. Wilkinson, "Calculus with a Product: Projects, Portfolios and Animated Movies; the Collaborative Computer Calculus Program at the Borough of Manhattan Community College," Proceedings of the Fourth International Conference on Technology in Collegiate Mathematics, L. Lum, ed., Addison-Wesley Publ. Co., 1995, pp. 683-687.

12. Shoaf-Grubbs, M.M.,  "The Effect of the Graphics Calculator on Female Students Cognitive Levels and Visual Thinking," Proceedings of the Fourth International Conference on Technology in Collegiate Mathematics, L. Lum, ed., Addison-Wesley Publ. Co., 1993, pp. 394-398.  

13. Larsen, R. J., and M.L. Marx, "An Introduction to Mathematical Statistics and its Applications," second edition,  Prentice-Hall, 1986, Ch. 9.5

14. Makrakis, V., and T. Sawada, " Gender, Computers and Other School Subjects Among Japanese and Swedish Students," Computers Edu, Vol. 26, No.4 1995,  pp. 225-231. 

15. Hawks, B.K., and J.Z. Spade, "Women and Men Engineering Students: Anticipation of Family and Work Role," Journal of Engineering Education, Vol. 87, No.3, July 1998, pp. 249-256. 

16. Grandy, J., "Gender and Ethnic Differences among Science and Engineering Majors: Experiences, Achievements and Expectations," GRE Board Report No 92-03R, Educational Testing Services, Princeton, NJ. 1994.

17. Jones, P.L., " Releasing the Educational Potential of the Graphics Calculator," Proceedings of the Sixth International Conference on Technology in Collegiate Mathematics, L. Lum, ed., Addison-Wesley Publ. Co., 1995, pp. 212-217.

