Algebra course in fall 1998


General starting point


After participating in Dr. Ed Dubinsky’s summer course in didactical mathematics in august 1998 in Joensuu, we, Taina Malvela and Martti Pesonen decided to try his teaching methods on our abstract algebra course.  The arrangements had to be done quite quickly but we still wanted to try, especially as Tanja Terho had already tried the use of programmin language ISETL (Interactive Set Language) in the algebra course last year. Back then, however, only two of the four exercise groups were working with ISETL and the lectures were traditional. The results from that were mildly encouraging although not showing any better learning measured by the final exam. 





This method includes first of all the use of ISETL in the teaching. Students are supposed to construct mathematical objects by it, and thereby learn also mathematics. ISETL is a developed version of SETL, SET Language. We were using ISETLW, Windows version of ISETL. The philosophy of ISETL is near to mathematics; for example the statement 


� EMBED Equation.2  ��� so that � EMBED Equation.2  ��� 


corresponds to ISETL with 


forall a in G: exists b in G: a + b = 0;


(assuming that one has defined the set G earlier).


According to its name, also sets are defined similary to mathematics. For example the set � EMBED Equation.2  ���is divisible by four } is in ISETL


{x: x in {0..100}: x**2 mod 4 = 0}. 


The third aspect very similar to math is the concept of function. In ISETL (and in other programming languages) the return statement ensures essentially that the constructed procedure is a function, that is, to every input corresponds exactly one output.  





Working with ISETL forces the student to express his/her mathematical ideas in an exact way, which is also very similar to mathematical language. Also, especially in abstract algebra, it is easier to demonstrate some objects with a computer that what it is with paper and pencil; for example investigating properties of permutations by hand could be very tedious. Computer frees the student from long calculations to reflect about mathematics.





The other main factor in Dr. Ed Dubinsky’s teaching method is group work. It is well proven that discussing mathematics in small groups generally helps students a lot. It might be easier to ask for help from a peer than from the teacher; also a group doesn’t so easily get stuck with problems because there are many viewpoints and may ‘heads’ working together.  In group one often has to explain one’s solutions to others, and in this process one usually learns a lot oneself. 





Dr. Ed Dubinsky has been using a so called ACE-cycle in his own courses. This means that the students first encounter Activities that relate to topics not yet covered and are made with ISETL. Then comes the Classroom discussion with teacher in a regular classroom, and after that students work in their own time with traditional paper-pencil Exercises. 


Practical arrangements


In the beginning of the course the students were divided into groups of 3 to 5 people, mainly according to the computer exercise time and living place. Each week students worked two hours (90 minutes) in the computer lab in these groups. They were not required to submit their work in any way. These ISETL-exercises occurred before the actual lectures, on Tuesdays and Wednesdays depending on the group. The lectures were on Thursdays and Fridays (2 times 90 minutes).  Students were given homework exercises on Thursdays, and they were to do them by Thursday morning next week. I checked them on Thursdays and returned them on Friday’s lecture. In the beginning of the course the students were required to attend to both the ISETL activities and the lectures. This policy changed after a few weeks so that the attendance to lectures wasn’t required. 





The middle component in ACE-cycle should be ‘classroom discussion’, meaning that students would discuss things with the teacher in the classroom, do little exercises and try to find answers to questions concerning the subject matter of the course. All this would happen in the study groups. Students could even be given some credit for answering questions in the class. Teacher would also give some proofs or do summaries of studied material, but as I undestood the system, the main focus would be in working in groups and discussive teaching, not just lecturing. 





This didn’t quite work the same way in our course. I had originally intended to use such method, try to make students work in the lecture and then ask every group something. I did make them do some calculations and little problems every lecture, but common discussion or even answering to my questions amongs the whole group didn’t take place.  There might be several reasons to this. Perhaps I wasn’t persistent enough in requiring this kind of discussing. One reason lies in the physical space  - we were in a big lecture hall. There one has to speak quite loudly to be heard from the back rows. Maybe my first year students were shy and on the other hand the second year students were perhaps so used to the usual method of sitting still in the lectures that they didn’t bother to participate in discussions. However, I feel that calculating some examples and doing little problems during the lecture time was beneficial, and I also think students felt the same way.





I already mentioned that I gave up the attendance requirement in the lectures. This was because students complained about it so much. In Finland and especially in mathematical sciences attendance in the lectures is not required, nor even attendance in exercise sessions, but instead it is required  that student does at least one third of the homework problems. In theory one might thus be absent from two thirds of those exercise sessions, if one has done all the homework problems every third week. This freedom to be absent without explaining the cause seems to be something students don’t want to give up. They don’t want to go back to school. 





I did however keep record of attendance, and it was quite good. After the first exam some people stopped coming to ISETL exercises for several weeks, until I gave an order of requiring them to submit to me all the ISETL exercises that they had been absent from. 


Group work


Group work has been shown to be beneficial to learning in many ways. 


Here I present some comments form the students. 





“Working in groups was rewarding and nice.”





“If you had to explain something, you got to reflect upon it better.”





“GROUP IS BENEFICIAL! I wouldn’t have managed all problems myself. When we encountered a problem that no one could do, there was always some spark from somebody that led to new insights  IN THE GROUP. From there the solution was found, but working alone would have been to no avail.”





“Yes (it was beneficial), at least to other members of the group. I myself have been a little frustrated at the home work problems.“





“It was beneficial. One didn’t have to think about the problems alone and others gave advice.”





“It was quite nice to do homework in groups. One could do the problems better, and if one thing wasn’t going, someone told about it, and so we got forward again. And if you didn’t for example grasp some thing, there was another who explained it in an understandable way. And you cannot just think about yourself in a group, but you have to press on all the time, because your own grades (for example in the tests) have an effect upon others, and you wouldn’t want to be “lowering” their grades.“





“Well it wasn’t very beneficial but not harmful either. I wasn’t all the time with what the group was doing, but after looking at the matter at home things cleared up. Often I didn’t have time to look at the problems before group meeting so following was sometimes a bit troublesome.“





“GROUP  WORK: is partly beneficial. On the other hand the groups are too big. 2 or 3 persons would be the ideal size. And there is too much group work, in any case it isn’t possible to make groups so homogenous that all members of the group would work equally. I think there should also be independent problems.


HOMOGENEITY OF THE GROUP: Ours was very heterogenous.... and it was a disadvantage, when only some members of the group do anything at all.”





 “Group work had its benefits and drawbacks. It was beneficial that you could ask from others if you couldn’t do or didn’t understand some problem. Whereas it was a disadvantage when you didn’t bother to think about the problems well because you counted on the other members of the group being capable of doing it.”





“At least one has got to know new people and you can always ask for advice from your group. We have always been able to make things clear in our group so that all could at least understand.


HOMOGENEITY OF THE GROUP: Very heterogenous, which was only beneficial, because the allocation of the problems was easy.”





“Doing homework problems in a group has been a good thing. We have usually looked into the problems at home beforehand, thought about them and solved them according to our possibilities. Then when we have done them together, we have been able to ask each other for help for those problems we couldn’t do alone. So group work was beneficial, because you understood things better, when you had to think about them together and possibly also explain to others.”





“I think group work was a excellent decision, because in group someone always knew answers and from thereby also others. It was a drawback when we couldn’t find common time for working. We missed a real good and united group spirit. It was positive when not all had the same main subject, so that there were different viewpoints!! Doing the problems went quite nicely. I don’t have anything to complain.”





The grading was also based on group work. We had one group exam (counting 20% towards the total grade), and then several little tests along the course. Of these tests, the individual grades weighed 15% of the total grade and the group averages formed 10% of the total grade. Also, homework problems formed 20% of the total grade, and the rest 35% was to the second (individual) exam.


Some students didn’t like it this way; they felt it is unfair. And indeed, one can get either a better or lower grade than in usual system with individual exams. The point here is of course that we have tried to evaluate the group work too, not just mathematical abilities and knowledge of the individuals. On the other hand, almost all the students had liked the group exam. It went extremely well and could have been more difficult. Students felt like they were just doing homework problems, and there was a lot of laughing in the actual exam. 


I also set up a system that if the individual grades (from tests and second exam) differ very greatly from group grades, then the individual’s grade will be lowered or raised. At the time of writing this, the total grades are not yet available. I can however forecast that there will be some persons who will get a lowered grade because of this.


Problems in group work





Half of the groups seemingly worked well during the whole course and the other half had some major problems at least at some times. I discussed separately with each group twice during the course. This should have been done more frequently to at least try to address the problems in time. 





Almost all the groups reported that they had had problems with finding a common time to work together. This can be easied by reducing the group size, first of all. I could imagine that three persons could be a working solution, also four if all of them are working actively.


This time four of the 11 groups consisted of five people. This was partly due to the dropouts early in the course when I had to do a lot of rearranging. Also, one two groups wanted to be like that. Another reason for time problems was the analysis 2 course where also was some group work. This was especially a problem for one group. We should have coordinated the people that are taking both analysis 2 and algebra to same groups. Also, the forming of groups should have been based on students’ timetables. 





There were some individuals who did not participate very actively in doing the homework problems or studying. In one case three members of the group came to me about this matter, and after discussing with the one person things cleared out very well. I had told the students that they may come to me if there are problems, but only two groups did so. The second occasion was when one group member spent a whole week out of town, and to this we really couldn’t do anything. There is a great freedom in Finnish universities and therefore it is not rare for people to take off one week in the middle of the term and then catch up later. 





Towards the end of the course I became evident that certain persons (perhaps 4 of 45 in 3 different groups) were not putting much effort for studying. At that point it was very difficult to do anything, because the rest of the group had silently approved of it and had not complained to me openly.  It might also be that the group cannot force that kind of individuals to work more. They shou
