164

Hans-Georg Weigand, University of Wirzburg (Ger many)
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Abstract:

New technologies are rapidly changing our ways of communication, and also the art of teaching, as well as
extending ways of learning. Communication is an essential part of mathematics education and mathematics
teacher education. Communications through technology can support the goals of mathematics education
courses and programmes, and can promote the professional development of participating teachers and educa-
tors. This paper is about a semester-long course “Computers in Mathematics Education” for 150 student
teachers which was given at the University of Giessen in 1999. Every student had to have an email address
and access to the Internet. Viathe Internet, web-based lecture notes, exercises, an electronic discussion panel
and an internal course email communication system were provided. Our main thesis is that new technologies
provide opportunities to expand and enhance communication in mathematics teacher education. This commu-
nication supports the goals of mathematics teacher education and contributes to the professional devel opment
of participating teachers and educators.

1. Internet and M athematics Education

Student teachers need familiarity with a variety of technologies and an understanding of how
technology relates to teaching and learning mathematics. | endorse a view of these new technolo-
gies that was proposed by Pea back in 1987 - as cognitive tools that can help us restructure, reor-
ganize and resequence our acting and thinking. From this perspective, new technologies offer op-
portunities not only to address old purposes, goals and means in new ways but also form new
purposes, new goals and new means that have not been imagined or considered before.

In our discussion of the Internet, different aspects of technology in relation to mathematics
teacher education are presented. First, the Internet is aresource for information. In addition to
the traditional resources of teacher and textbook, students access the World Wide Web to locate
readily the information that is available in published books, articles and reports, as well as special
electronic publications and web-based instructional materials. Second, the Internet is a tool for
mathematics lear ning, an aspect that is growing in importance with the advent of distance learn-
ing (Woods 1998). Third, within the classroom itself, the Internet can be used as a medium for
demonstration, e. g. the use of dynamic visualization software enhances special topical lectures
and seminars (http://www.ies.co.jp/math/javal) or visuaization of different proofs of the Py-
thagorean Theorem (http://www.ies.co.jp/math/java/pythagoras.html).

Fourth and finally, the Internet is a communication tool, which facilitates student-teacher and
student-student communication. | have focused on the Internet in its role as a communication tool
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and concentrated on the types of interactions it afforded students and teachers on a university
campus.

2. What is communication?

The scientific semiotic is about culture as communication, whereby an extreme position holds the
opinion that culture is communication (Eco 1995, p. 33). Communication refers therefore not
only to verbal and written messages, but aso to any behaviour of a human being. Watzlawick
(1969) developed a system of axioms of communication with the first axiom called: “One cannot
not communicate”. It assigns, to each message between a “sender” and a “receiver”, an aspect of
meaning and an aspect of relation. This model was extended by Schulz von Thun to a “sguare
model”, which relates an aspect of self revealing and an aspect of appeal to each message (1981,

P. 13).
M eaning I Appeal I

Sender M essage > Receiver

The aspect of self revealing means that the sender gives something of himself, and the aspect of
appeal aso shows that a purpose is connected with each message.

3. Communication and mathematics education

Communication has gained recognition as a vital element in the learning of mathematics. The
theory of constructivism and interactionism especially emphasizes (see Jaworski, 1994) that in-
struction cannot be understood simply as “information transport” from the teacher to the learner.
Rather instruction must be regarded as an extremely complex relationship or communication
network between teachers and class, teacher and pupil, pupils among themselves as well as pupils
to parents and persons outside the classroom.

The NCTM Standards (1989) in the USA — greatly influenced by the theory of constructivism —
declared principles for constructing the curriculum. These are, on the one hand, the content stan-
dards like algebra, geometry or statistics and, on the other hand, mathematical connections,
mathematics as problem solving and also mathematics as communication.

“Communication is an essential part of mathematics education. It is the means by which
ideas are shared and a vehicle for clarifying understanding.” (p. 85)
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4. Literature Review

In recent times, the establishment of learning laboratories and the number of articles related to
communications via new technologies have provided evidence of a growing interest in electronic
communications. Despite easy access to resources such as classroom activities incorporating
Internet use, only afew empirical investigations focus on researching such communication, espe-
cialy in mathematics and mathematics education.

Among the studies, Swets (1997) reported on using electronic conference software to enhance
collaborative work and to get feedback from students about their understanding of mathematical
concepts. Findings suggested that electronic communication aided formative assessment and en-
couraged input from students who were unlikely to participate in traditional communications.
Zack (1995) used email as an effective research tool for data collection to document the improved
quality of his course. However he was quick to point out that the success of electronic communi-
cation “requires a commitment by the teacher to a spirit of collaboration and interaction and the
willingness to adapt to the needs of the students” (p. 206).

A few studies addressed the question of how the Internet influences mathematics learning and
teaching. Gerber and Shuell (1998) observed students while searching the web and emphasized
the need for basic mathematical knowledge to undertake acritical analysis of the found data. Liao
(1998) performed a meta-analysis to synthesize existing research on comparing the effects of hy-
permedia and traditional instruction on students’ achievement and his studies suggest “positive
effects of using hypermediain instruction” (p. 355). The particular factors that contribute to such
improvement remain amystery. Clark et al. (1998) used the science resources on the World Wide
Web in their lectures and found that students encountered new challenges that were associated
with alack of computer literacy and information-gathering skills. Y et they noted that the World
Wide Web resources opened “many doors that were previously unavailable in classrooms’ (p.
304).

This study focused on technology as a communication tool to promote learning. The study was
explorative in nature and contributed to the development of various hypotheses. Its findings
highlighted the need for in-depth empirical investigations of particular interactions and practices
influenced by Internet-assisted communication.

5. The Internet-based course CiMU

5.1 Goals

The course CiMU (“Computers in Mathematics Education”) is obligatory for high school student
teachers. It is divided into a two-hour traditional lecture and a two-hour exercise in the computer
lab. The fundamental tenet was that the students get to know the computer as an important and
helpful tool for solving problems. A perceived outcome was that students would be able to dis-
cuss probable effects of the use of the computer on goals, contents and methods of mathematical
learning and instruction. The three most important software tools used were a computer algebra
system (Derive), a geometrical construction program (Euklid®) and a spreadsheet program (Ex-

2 Euklid is a program similar to Sketchpad. See http://www.mechling.de
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cel). Contents of the course were numbers, functions and equations in algebra, and the “dragging

principle’, the “modular principle” and the “locus function” in geometry. The most important

goals of this course were:

e Getting to know new technologies as modern communication tools.

* Developing central abilities — which are especially important for teachers - such as personal
responsibility, working in teams and communication.

5.2 Participants

150 student teachers working with primary and secondary schools took this compulsory “Com-
puters in Mathematics Education” course. Nearly all had a computer and half of the students had
Internet access at home. All students had computer access at the university.

5.3 Itemsof the course

a) Lecture and hypertextscript

The lecture was given in atraditional way, however no blackboard was used and texts were writ-
ten directly into the computer and projected onto the wall. Thus the “blackboard script” could be
put on the web immediately after the course. Additionally, the computer was connected to the
Internet so that external Internet resources could be used in class. A hypertext script with ex-
tended assertions, weekly exercises for homework and the solutions to these problems were pub-
lished.

b) Exercises and assistance for the exercises

The students had to solve the exercises weekly. This could be done in a two-hour exercise period
in the computer lab during which tutors were present for consultation. The exercises could also
be done at home and the students had the opportunity to use email to ask questions at any time.
Every week one group of students (a project group, see below) had to submit their solution to the
homework exercise to the instructor. The revised solution was published on the web.

¢) The program WebCT

From the different systems that support multi-media-based courses, like CyberProf®, Asymetrix
Toolbook?, Macromedia Authorware® or WebCT?®, | chose to use the program WebCT (Web
Course Tools). It is an integrated collection of Internet instruction tools for the creation of an on-
line Internet course. It is both an environment for creating electronic courses and also a learning
environment for students. WebCT was developed in 1995 at the University of Columbia and was
marketed commercialy. The system supplies structured assistance in the following ways:

* it helpstheinstructor put scripts and texts onto the web,

% Seer www.eth.uiuc.edu/cyberprof/music/199T/index.html

4 Seer www.asymetrix.com/products/

5 Seer www.macromedia.com/

6 See: www.webct.com
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* itisadatabase for the administration of the course participants,

e itassignsanemail addressto each enrolled student,

* it contains adiscussion panel,

e it supports the creation of on-line tests which can be evaluated electronically, and

* it supports students’ creation of homepages.
The system is password protected, meaning that only the course participants have access to the
electronic classroom.

d) Email Communication

Every student had to have access to a computer with an Internet connection. The email system of
WebCT alowed the students to communicate very easily among themselves, within a group of
students, and with tutors and the instructor.

e) Discussion Panel

It is nearly impossible to have a discussion in the lecture room with 150 students. The electronic
discussion pand is an adequate tool for giving each student the possibility to “have their say”.
The instructor or the students initiated the discussion topics.

+
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Screenshot of the discussion panel

f) Announcementsand Inquiries

The homepage of the course or an email distribution list allowed the teacher to give instructions
to al students outside lecture time. WebCT also allowed on-line quizzes over the web which
were used for getting information from the students about the problems and difficulties of the
course. Participants could not only download scripts and exercises but also files for the computer
programs Derive, Euklid and Excel for independent use at home. Electronic inquiries provided
feedback on how the students used these programs.
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5.4 Student assistants

Six student assistants helped with this course. One administrated the WebCT system (assignment
of passwords and email addresses, creation of new directories, ... ), one created the electronic
script and put it on the web while one placed the exercises and their solutions on the web. These
three tutoring students or student assistants also supported the participants in all technical ques-
tions concerning WebCT and the creation of web pages. Three additional student assistants
worked as consultants in the computer lab during exercise time, but they also answered email in-
quiries throughout the week.

6. Assessment

Typicaly, students gained credits for the course CiMU by passing a written examination at the
end of the semester. Course instructors, focused on developing competencies in communication,
need to think about whether traditional assessment procedures are suitable or whether new kinds
of assessment should be employed. Referring to the NCTM Standards (1989) and especialy to
the NCTM Assessment Standards of 1995, the guiding principle is that assessment should evalu-
ate what children can do and not what they cannot do. Assessment is seen much more as a proc-
ess which accompanies the whole instruction, rather than as a one-off effort.

In CiMU | tried to evaluate a lot of the different efforts produced by the students. They earned
creditsfor five different activities.

1  Participation in the electronic discussion 10%
2  Creating a sample solution of the exercise 10%
3  Doing aspecial activity in the computer lab 10%
4  Doing ateamwork project 35%
5  Fina written examination 35%

Percentage needed to pass the course 70%

The students had to do individual (nos. 1, 3, 5) and group work (nos. 2, 4) tasks. At the beginning
of the semester the students were divided into 15 project groups with, on average, 10 participants
per group. Each group had to create a sample solution to one of the exercises and undertake a se-
mester-long project. The project topic was assigned to each group at the beginning of the semes-
ter. There were topics like numbers, terms, linear functions, exponential function, equations, tri-
angles, squares, circles, and measurement of surface and volume. Throughout the semester they
had to elaborate upon didactical considerations associated with one concept and to create a web-
page that helped other student teachers grasp the meaning of that concept and the didactical con-
siderations for mathematics education. The outline of the pages included the following:

1. Mathematical considerations about the concept
Relation to the syllabus
Concept devel opment
Literature
Interesting links
A special mathematical activity (like an inquiry with pupils, students or teachers)

o gk wN
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7. Worklist for all group members.

Development and organization of the project had to be done entirely by the project group. During
the lectures | didn’t talk about the technical implementation, however a special introduction to the
creation of web pages was given outside lecture time. The student assistants were responsible for
technical consultation.

7. Communication in CiMU
In the following sections, technological communication is classified according to the partnersin-
volved in the communication process. Three different types of communication are distinguished.”

7.1 Types of Communication

Type A: Announcements

An announcement is a one-way communication from an individual to the entire class for the pur-
pose of providing information to the entire class. There are three subgroups.

| nstructor Student

Tutor I Students Students I Students I

Type B: Discussion
Internet DISCUSSION is the interactive communication that is accessible to either an entire class
(whole group) or to a specified subset of a class (small group).

Type C: Dialogue between
There are dialogues between instructor and tutoring students, instructor and students, tutors
and students, students and students.

e |
N

Tutor <+—r Student

" These levels of communication are the result of along-standing discussion with Bridget Arvold.
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Concerning these types of communication our main research questions were:

1) What types of communication are supported by Internet use in mathematics education
courses?

2) How do these types of Internet-supported communication influence the actions of mathemat-
Ics education students and instructors?

3) How do these types of Internet-supported communication affect instructional design?

7.2 Case studies on the types of communication
The following section includes specific examples of each type of communication and the stated
or inferred purposes and outcomes related to each.

Type A: Announcements
The instructor used the internal email for explanations of, and supplements to, the lectures:

Instructor: “ Unfortunately we are not as far ahead as | would have required, therefore | ask
youto..

Instructor: “ Please refer to the new exercise sheet. There is an error in problem 1. Of

course the problem s to find the approximation sequence for ‘€ and not for ‘n’.

The student assistants used the announcements to obtain timely feedback.

Assistant: “ Part of my job isto put the solutions of the exercises on the web. Please can you
tell me whether you are confident with the representation of the solutions or not.”

There were alot of other announcements about articles in newspapers and journals. Students took
advantage of the opportunity to gather information:

Sudent: “Who can recommend well tested learning software for different school levels? |
am especially interested in your experiences.”

There were also critical announcements concerning the lecture and the exercises:

Sudent: “1 think the exercise problems cannot be solved with the knowledge introduced in
the lectures. | would find it helpful if we got more hints and background knowledge in the
lectures.”

Sudent: “In this course computer applications for primary schools and schools for handi-
capped children are missing.”

Type B: Discussions
The discussions in the whole group developed over time. The lecturer and the students posed
guestions. Here is a short sequence of one panel discussion:

Instructor: “ What will be the point of doing term manipulations by paper and pencil in the
future? Should it till be taught at school ?”
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Sudent A: “ With the computer, complex term manipulations can also be done at secondary
school level. The question is however, whether students can reconstruct the computer trans-
formation because it only displays the result and not the step by step procedures.”

Sudent B: “ Surely it makes no sense at all to draw hundreds of parabolas by hand if you
can do this more easily — and you will do it after leaving school — with a computer. It is
enough if you do it for a small number.”

Sudent C: “ There is no doubt that the contents of the math lessons will change if you use a
computer. But you have to have a basic knowledge to be able to use a computer. The ques-
tion is, what is basic knowledge?”

Sudent D: “ But students do also learn from errors. The computer makes — normally — no
errors and the students don’t get the opportunity to learn fromerrors.”

The panel discussion statements showed intuitive responses particularly due to the students' own
experience from school or in the field. Students referred not only to recently published newspaper
articles but also to journal articles that were not mentioned in the lecture. The panel discussion
may be summarised as follows:

*  The contributions show parallels to the actual didactical discussions at scientific conferences
about the meaning of paper and pencil activities and the changing of the goals while using a
computer.

* Therewasarea discussion by the panel and not only an announcement of single statements.

*  The contributions were usually written in essay form. They were quite long — too long and
often too tangential for in-class discussions. This shows that electronic discussion has to be
learned and that the criteriafor an appropriate panel discussion are still open.

*  Apart from contributions on an intuitive understanding level there were also statements indi-
cating a good knowledge of the actual literature.

* Many statements referred to the main aspects of the lecture like the modular principle or the
possibilities of adynamic representation of concepts.

Overall, the panel was a good opportunity for getting immediate feedback to the lectures and ex-
ercises, for getting to know the opinions of many students especialy the typically “quiet” stu-
dents (self revealing aspect of communication), for learning about the difficulties and misconcep-
tions of students, and for reflecting upon the lectures and considering changes (communication

aspect of appeal).

Type C - Dialogues

a) Dialogues between instructor and tutoring students

The organization of the Internet-based course required a precise weekly schedule with all neces-
sary activitiesi.e. installing and updating WebCT, creating and administering a database with 150
students, and putting scripts, exercises and solutions to the exercises on the web. Three tutoring
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students were responsible for these technical operations. The communication between the instruc-
tor and these tutoring students was — of course - mainly about technical questions. On the other
hand, the communication with the tutoring students who were responsible for the support of the
students in the computer lab was more about the contents of the lecture.

b) Dialogues between instructor and students

On the one hand the communication was about questions such as difficulties with the exercise
problems or criteriafor passing the examination. On the other hand the communication was about
very persona things like difficulties in studying, problems with other members of the project
group and the isolation syndrome. Without electronic communication | surely would not have
gained such information. In individual cases the electronic discussion led to a personal meeting.
During this course | learned to care more about the social aspects of students.

¢) Dialogues between tutoring students and participants

There were only a few student questions directed to the tutoring students. Each tutoring student
received — on average — only 1.5 emails a week. The reason for this disappointing exchange was
certainly not that the students had no difficulties with the exercises, because difficulties were ap-
parent in the final test. It may be due to several factors e.g. that the students preferred the exercise
hours in the computer lab — sometimes nearly 50% of the students took part in these hours, that
students concentrated on the time-consuming project work, and finally, that students perceived
that questions about the understanding of concepts could not be adequately answered through
email. Concerning the last point, the reactions of the students show the limitations of electronic
communication and raise the question of whether new tools are necessary for transferring these
ideas over the web, e. g. electronic panels which include text and hand-written graphics (see
Hoppe 1999). Finaly the well-known fact that additional resources are of more interest to good
students than weaker students is supported in this study.

d) Dialogues between students

Information about this type of communication was only received in an indirect way when stu-
dents themselves reported on their communications. Some electronic inquiries were constructed
to get to know more about the communication within a project group. The following inquiry was
undertaken in the middle of the semester. The vertical bars represent the percentage values.
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These diagrams suggest that the difficulties of co-operation lie not in the electronic communica-

tion but in the lack of opportunity for personal meetings and in the lack of interest of some indi-

vidual group members. An email inquiry directed toward those project groups which complained

about problems and which could not meet the project deadline confirmed these difficulties and

resulted in further points of criticism:

*  Time-consuming work and relatively new work like creating web pages was categorically
rejected by some team members.

*  The quality of the individual contributions was worse (bad spelling, no table of contents or
references...).

e Thenumber of students per group (with up to 10 students) was too large.

e Finding time for a meeting outside |lecture time was difficult.

However the students also noted positive aspects of the project work:
* The project topic gave scope for personal ideas.
» Thinking about a specia concept in more detail was good preparation for work in school.
» There was an (electronic) product at the end of the work, which made some groups very
proud.
* Therewere alot of debates about mathematical contents within the group.
» The groups whose members already knew each other quite well worked well together.

8. Difficulties of the course and the final test
Aninquiry at the end of the semester shows how the students evaluated the different items of the
course.
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The diagrams show the dominant aspect of the paper material. The difficulties were obvioudy at
the course content level (exercises, project work) and not at the technical level of handling the
computer or the program WebCT (except perhaps the handling of Derive).

At the end of the course the students were asked whether or not they had communicated more, or
less, in this Internet-based lecture course than in traditional courses. The following diagram
shows the percentage of students who answered the question below it.

60

50 -

] O Instructor
wee | o St.Assist.
30 + m Students
20 -

0

more less no
difference

Communication is the verbal or written exchange of ideas with others.
Do you think that you communicated more or less in this course — with
the instructor, with the student assistants and with your fellow students -
compared with atraditional course?

The diagram shows the classification into two main groups of students. one group which grasped
the new opportunities and the other which did not (the students who answered “no difference”).
This classification into two groups was shown within all activities of this course i.e. participation
in the discussion panel, email discussions and the project work. The good student (according to
the results of the final test) embraced awider range of activities than the other students.

The final test was taken by all students of the course at the same time in several computer labs at
the university. Here are the results
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The results are not as good as in the traditional courses taken in previous years. The Internet-
based communication did not contribute to better results in the written examination. To see the
positive effects of the course, it is necessary to look beyond the experiences tested by the final
examination and to note the development of teamwork and communication skills. This was the
first time most of the students had engaged in group work and hence they had become acquainted
with the type of problems inherent in this method of working. If communication is seen a crucial
aspect which contributes to the professional development of teacher education then the students
have moved a step in this direction. However they would be deemed to have failed if only the re-
sults of the final test were considered.

9. Summary and conclusion

The students did not have significant difficulties in using the Internet as a communication tool,
however only about a third to a half of the students regularly spent time on local independent
electronic communication.

e The communication type A (announcements) was used frequently by the lecturer and the
tutoring students but the participants of the course used it infrequently.

e The panel discussion (type B) was quite popular with all students. Sometimes the discus-
sions were a catalyst for discussions in the lecture and it was a pity that continuing these
debates was nearly impossible during a lecture with such alarge number of students. The
panel discussion may play a more important role for seminars and lectures with fewer
students.

» The dialogues between the lecturer and both the tutoring students and the students them-
selves (type C) can be improved. Perhaps it requires new ideas and possibly new elec-
tronic tools and new lecture methods to give more importance to this type of communica
tion.

» Suggestions for instructors of similar Internet-based courses include the following:

0 Thelectures need to include time for addressing technical questions.
0 The project work needs to be less time consuming if final test results are to be im-
proved.
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0 The evaluation of the project work needs to be less problematic. Giving all mem-
bers the same credit is not always appropriate.
0 Anincreased use of worksheets to prepare students for the lectures would be bene-
ficial.
» If you see sdlf-instruction as an important component of a course, the experience of this
lecture course showed that the Internet is ONE tool which can stimulate students to take
stepsin this direction.
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