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Abstract

Computer-supported collaborative learning (CSCL) is one of the most promising ideas to improve the teaching
and learning of mathematics with the help of information technology. However, despite the rapid increase in the
use of technology in mathematics education over the last decade or so, the number of studies investigating the
effects of its use in schools has been surprisingly low. The reality seemsto be that the integration of technology
into mathematics curriculum at secondary school is not widespread. The introduction of technology into
mathematics instruction raises new possibilities for teaching and learning. International as well as national
curriculum documents have pointed out that computers can be a valuable tool in the enhancement and
representation of mathematical concepts. They also stress the importance of utilising technology to allow
students to explore mathematics. The study of attitudes toward using computers in mathematics learning has a
relatively short but intensive history when compared to studies investigating attitudes toward mathematics in
general. The emphasis has tended to be toward interaction with technology rather than on its use in particular
learning contexts. In response to this, we have designed teaching materials that use computer spreadsheetsin
the learning of algebraic concepts at secondary school, particularly in the area of Financial Mathematics. We
have designed a study that compares technology-based instruction with equivalent pencil-and-paper based
instruction via quantitative and qualitative analysis. This paper will present a brief literature review, the
materials used as well as the methodology and design of the study.

I ntroduction

A teacher from the late nineteenth century entering a typicd classoom today would find most things quite
familiar: chak and talk, as well as desk and texts, predominate now as they did then. Y et this nineteenth-century
teacher would be shocked by the demands of today’s curricula..... Although computer technology is a pervasive
and powerful forcein society today with many proponents of its educational benefits, it is aso expensive and
potentially disruptive or misguided in some of its uses and in the end may have only marginal effects.... As
ever-increasing resources are committed to bringing computers into the classoom, parents, policymakers and
educators need to be able to determine how technology can be used most eff edively to improve student learning.

Roschelle et al. (2000, pp. 76-77)

Schods today face ever-increasing demands in their attempts to ensure that students are well
equipped to enter the workforce and ravigate a complex world. Research indicates that computer
techndogy can help suppat learning, and that it is espedally useful in developing higher-order
skills of criticd thinking, analysis, and scientific inquiry (Roschelle et al., 2000. However, the
mere presence of computers in the classroom does nat ensure their effective use.

This paper explores the various ways in which computer techndogy, in particular, spreadsheds can
be used to improve how and what students learn mathematics in a collaborative learning
environment. We have designed teading materials that use computer spreadsheets in the learning
of algebraic concepts at secondary schod, particularly in the aea of Financial Mathematics. A



sample of these can be foundin Appendix A. We have designed a study that compares techndogy-
based instruction with pencil-and-paper based instruction via quantitative and quelitative analysis.
This is discussed in the methoddogy sedion d this paper. Sample test items for the pre-test and
post-test are included in Appendix C. We ae interested in determining whether or not:

» thereisadifference between the atievement of students using spreadsheds to solve problems
and the atievement of students using pencil -and-paper for the same unit of work;

* using spreadsheds increases motivation d students and improves their attitudes toward using
computers in a wllaborative learning environment; and

» collaborative learning (CL) is an effedive and appropriate learning strategy at secondary school
level with or without the integration d techndogy.

The first section d this paper explores techndogy and what curriculum documents say abou
techndogy use in schods. The discusson then reviews the literature on computer suppated
collaborative learning (CSCL) and its effects on students' achievement and learning. A mentionis
also made of the various appli cations of spreadsheds, finally closing with a discussion onstudents’
role in a CSCL environment. The second sedion gives an overview of the design of our study
including the measurement instruments used. As mentioned above, sample spreadsheda and CL
materials designed by us and sample test items are in Appendices A, B, and C.

Technology

The introduction d tedhndogy into mathematics instruction raises new possbilities for teaching
and leaning. According to the Panel on Educaional Techndogy (1997, there are two key points
with regards to the uses of techndogy in education today:

»  Focus on leaning with technol ogy, not about technol ogy, and
* Emphasize ontent and pedagogy, not just hardware... Particular attention shoud be given to the potentia
role of technology in adiieving the goals of current educational reform efforts through the use of new
pedagogic methods focusing on the development of higher order reasoning and problem-solving skills.
Panel on Educational Technology of the President’s Committeeof Advisors on Science and Technoogy (1997, p.1)

The Curriculum and Evaluation Sandards for School Mathematics (NCTM, 1989, point out that
computers can be a valuable tod in the enhancement and representation o mathematicd data. This
document also stresses the importance of utilising techndogy to allow students to explore
mathematics.

Computer -supported collabor ative learning (CSCL)

CSCL isone of the most promising ideas to improve the teaching and learning of mathematics with
the help of information techndogy. A tedcndogically sophisticated collaborative learning
environment can provide alvanced suppat for a distributed process of inquiry, fadlitate
advancement of a learning community’s knowledge & well as transformation d the participants
epistemic states through a socialy distributed process of inquiry. All comporents of knowledge-
seeking inquiry, such as setting up goals, research questions, explanations or seach for scientific
information, can be shared o distributed among inquirers. A socially distributed process of inquiry
provides strong suppat for the development of the participants metacognitive skills. Further,



computer-suppated collaborative leaning appeas to engage students to participate in in-depth
inquiry over substantial periods of time and to provide socially distributed cognitive resources for
comprehension monitoring and aher metacognitive adivities (Lehtinen et al., 1998.

Collaborative lear ning

Cooperative learning is generally understood to be learning that takes place in an environment where studentsin
small groups share ideas and work collaboratively to complete academic tasks. However, such a genera
definition overlooks the fad that there are adually a number of different models for cooperative learning,
models that vary considerably in their assumptions about the nature of learning and about the roles of teaders
and students in the clasgoom.

(Sharan, 1990, in Davidson & Knadll, 1991, p.362)

With regards to this discussion, the terms ‘ cooperative’ and ‘collaborative’ are regarded as having
relatively the same meaning and hence may be used interchangeably throughou.

Effects of CSCL on learning and achievement

Long research tradition hes hown that collaborative condtions are helpful for learning (Slavin,
1997. Theories of collaborative learning are based onthe nation that knowledge construction is
basically a social event, and adequate mllaboration is particularly important for leaning complex
knowledge and Hgher order cognitive skills (Lehtinen et al., 1998. Meta-analyses on the
eff ectiveness of computers have shown that in the majority of experiments the use of techndogy
has markedly improved the learning outcomes (eg. Fletcher-Flinn & Gravatt, 1995 Khaili &
Shashaani, 1994 Kulik & Kulik, 1994. These studies do nd, however, distinguish between
different pedagogical ideas on hav computers have been implemented in classrooms. Thus, it is
impassible to draw any conclusions abou the dfectiveness of CSCL on the basis of these general
impad studies (Lehtinen et al., 1998. Several empirical experiments offer some evidence that
CSCL environments like Computer Suppated Intentional Leaning Environments (CSILE) have
proved to be helpful for higher order social interadion and, subsequently, for better learning in
terms of degp understanding (Scardamalia, Bereiter, & Lamon, 1994). The primary goal of CSILE
is to suppat structured collaborative knowledge building by having students communicate their
ideas and criticisms — in the form of questions, statements, and dagrams — to a shared database
classified by dfferent types of thinking (Roschelle et al., 2000.

There ae numerous studies on CSCL environments demonstrating encouraging effeds on the
amourt and quality of social interaction and dher procedural feaures of teaching-learning
processes (eg. Amigues, & Agostinelli, 1992 Crook, 1994 Fishman & Gomez 1997 Lamonet al.,
1996 McConrell, 1994 Rysavy & Sales, 1991 Scardamalia, Bereiter & Lamon, 1994. The
number of studies on CSCL has dramaticdly increased duing the last decade. There have been
many studies aimed at investigating the dfeds of CSCL on students’ achievement. Many studies on
small group computer-based instruction, puldished in the late eighties and the ealy nineties,
indicated at least some positive impact on students’ learning (eg. Anderson, Mayes & Kibby 1995
Hooper, 1992.



Spreadsheets and their applications

Spreadsheets have enormous potential for assisting in the learning of algebraic concepts. They can
be of grea benefit at all |evels. Spreadsheds enable students to concentrate on thinking abou the
subjed matter at hand rather than onthe software. There ae many mathematicd applications of
spreadsheds as noted by Beae (1993 in Figure 1 below:
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Figure 1. Applications of spreadsheets

Therefore, as siImmarised by Beare (1993:

Spreadsheets.... have anumber of very significant benefits many of which shoud naw be apparent. Firstly they
fadlitate avariety of leaning styles which can be charaderised by the terms: open-ended, problem-oriented,
congtructivist, investigative, discovery oriented, active and student-centred. In addition they offer the following
additional benefits: they are interactive; they give immediate feedback to changing data or formulae they enable
data, formulae and graphical output to be available on the screen at once; they give students a large measure of
control and ownership over their learning; and they can solve complex problems and handle large anounts of
datawithout any need for programming.... (p.123).

Effects of using spreadsheets

Spreadsheets have been found to be valuable from the point of view of developing algebraic
understanding (Sutherland & Rojano, 1993. Spreadsheets allow students to represent and test
mathematicd relationships withou having to take on bard all the cmplexities of a symbadlic
language. Recent studies such as those cnduwcted by Abramovich & Nabors (1997 paoint out the
value of using spreadsheds with midde schod mathematics sudents as they develop poblem-
solving skills. These studies foundthat using spreadsheets helped students learn through problem
posing, higher levels of thinking, deaeased intell ectual risk, and increased dalogic exchange and
that the use of sprealsheets can help develop higher level thinking skill s and foster an experimental
attitude toward learning mathematics. Asp et al. (1992), showed that students can learn to use a
spreadsheda with guess and check to solve alinear equation. Students who wed the computer
spreadsheds in the study were not able to dscover on their own hav to make full use of the
spreadshed capabilities in aorder to refine their guessand check approach.

Ghazali and Ismail (in Borba et al., 1997 reported onthe use of techndogy in the teaching of
mathematics in Malaysian secondary schods and in particular, on the use of spreadsheets. Their
papers include areport on the use of spreadsheds with sixteen year old students, of the ‘Fence



Problem’ invalving afarmer whois fencing a section d field and trying to maximise the aea. They
outline the use of a numerical solution by using the spreadshed (although na a graphical or visual
representation). The students’ resporse to the use of spreadsheetsisto seeit as‘not as abstract’, and
‘more exciting than straightforward differentiation’. The aithors suggest that the students found
mathematics more meaningful when using spreadsheets by enabling them to focus on the
underlying concepts and processes rather than onthe final numerical answer.

Shimizu, Ueno and Tanaka (in Borba et al., 1997) reported onthe use of function gotting software
with 11" grade students in Japan. They outlined classroom activities based on ofserving the
behaviours of pdynomial functions. The activities were designed to help students understand the
concept of function and properties of families of functions. They involved guided exploration,
observing similarities and dfferences in order to find characteristics of cubic functions. The use of
techndogy prompted activities such as ‘trial and error’ methods, ‘conjecturing and testing and
working’ with dynamic images to explore common poperties of families of functions. They
charaaerised the use of the computer ‘as atoad’ for exploring charaderistics of cubic functions and
for checking results. They observed that the sequence of the mathematics curriculum changes as a
result of the use of techndogy.

Therefore, these studies have shown that the use of techndogy in classrooms has resulted in
improved attitude and attention to underlying concepts and rocesses.

Students' rolein a CSCL environment

When students are using techndogy as atod or a suppat for communicating with ahers, they are
in an active role rather than the passive role of recipient of information transmitted by a teacher, or
textbook The student is adively making choices abou how to generate, obtain, manipulate, or
display information. Some of the new roles for students are diredly related to engaging in group
problem solving. If students are to work with partners in problem-solving tasks, they must learn to
cooperate and coll aborate. Leadership roles within a group are likely to change. In an environment
of collaborative problem-solving, students can learn to use their fellow students as legitimate
resources for learning. Computer-laboratory explorations in pairs or groups can also increase the
need for students to communicate both orally and in writing. Oral communication is a necessity if
joint discusdorrmaking is to evolve and written communication is needed for computer-laboratory
reports. Moreover, when techndogy is used as a tod to suppat students in performing tasks, the
students are in the position d defining their goals, making design decisions, and evaluating their
progress Project-based and cooperative leaning approaches prompt this change in roles, whether
techndogy is used or not.

Methodology and design of study

Mathematics can be learned in a variety of ways — with or without techndogy, individually or
collaboratively. We ae investigating the effects of CSCL in algebra, particularly the area of
Financial Mathematics, using computer sprealsheets. As dated ealier, the am of this research
study is to investigate the eff ectiveness of collaborative group-work in mathematics learning wsing
spreadsheds. This study also aimsto try and improve the overall learning of algebraic conceptsin a
collaborative and techndogy-rich environment, and hopes to determine how useful and enjoyable
students find this approac to leaning. The design o the propased reseach study includes three



methods of data lledion— a questionnaire administered to students, observations of collaborative
activity, and audio-recordings of seleded groups in the dassroom. A pre- and pcst-test will be
administered to determine students' knowledge of algebra particularly in the aea of Financial
Mathematics, one at the beginning of term and the second towards the end d term, after students
have had an oppatunity to work with the materials. The post-test is mostly aimed at deteding any
change in students' understanding and/or problem-solving using the materials. Student’s feelings
and/or opinions towards collaborative group-work using spreadsheds will be determined from the
resporses to questionraire items administered uponcompletion d the post-test. The second method
of data wllection involves observations of students working collaboratively using techndogy.
Finally, selected students will be asked to participate in an interview where resporses would be
audiotaped and totally anornymous. The diagram in Figure 2 below, outlines the design and
methoddogy of our research study:

CONTROL GROUP FINANCIAL PARTIAL
Students work MATHEMATICS TREATMENT
individually using (General Mathematics Syllabus) GROUP 1
pencil-and-paper Students work
collaboratively using
pencil-and-paper
TREATMENT
TRI’DI'EAAR'ITI\I/IAI\EI;\JT Approx. 220 Year 11 high GROUP
GROUP 2 s_chool students fron_1 4 co-ed Students work
Students work «—p highschoolsand2single-sex | ¢——| collaboratively using
individually using high schools: spreadsheds
spreadsheds

!

Pre-test at the start of term 3
4 lesns on Financial Mathematics
Post-test on completion of lesons
Attitude Questionreire after completion of post-test (attitudes towards collaborative learning and
using spreadsheds)
Interviews with students that worked collaboratively/ used spreadsheets (audio-taping of resporses)
Observations of collaborative group work (hand-written notes)

Figure 2. Design o study

Conclusions

Computers are likely to bring abou major changes in the way we teach secondary schod
mathematics. We neeal to examine objectively the eff ects of teaching and learning with or withou
techndogy as well as different leaning styles. As computers become acessible to all students,
changes can be made in the classrooms that enrich students' experiences in mathematics. The
question remains: Can the use of techndogy in a collaborative learning environment give rise to a
much richer clasgoom environment that fosters gudent exploration and investigation?
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Appendix A. Calculating Simple and Compound I nterest Using Spreadsheds

You have just inherited $100000 from your grandparents. Y our parents advise youto invest the full
amourt. You dscover, from investigations, that you have threeoptions for investing your money:
Commonwealth Bank of Australia offers an accourt with 6% annual interest; Westpac Bank offers
a cetificate of depaosit with 8% annual interest; and ANZ off ers a mutual fundthat has historically
earned an average of 10% per yea.

1. Which o these options appeas to dfer the best return onyour money? Why do you think so?

2. If you were to invest your $100Q00 for a period d 15 years, what do you gredict your ending

balance will be if youchose e@h o the threeoptions.

3. Compute the simple interest on your $100000 investment after 2 yeas for each of the accourts.
What is the formulathat you used to compute your interest.

4. Describe the formulathat youwould need to compute your ending balance after 30 years for an
accourt that has a 6.25% interest rate compounded annually.

5. Usethe above formulato create a spreadsheet to represent your three investment options over a
30-year period.

6. What formula (algebraic as well as goreadsheet formula) did you pu in cdl that contains the
value $106000?

7. Create agraph to dsplay the three investment options. Make sure you creae an appropriate
title, label the axes, and make a legend. Looking at the graph, what do you olserve abou the
three investment options?

8. Now that you have completed your spreadshed on you investments, what are your ending
balances for a 30-year period in your passbook accourt, certificate of depaosit and mutual fund?

9. What conclusions can you finally make from your work?

Effeds of Compounded Interest
2000.00
150.00
@ 100M.00
<
500000
0.00 -
n (years)
Growth of |nvestment P | $1,00000
Effects of Compounded I nterest n/r 0.06 0.08 0.10
where: 1 |$2106000|$% 1,08000|$% 1,10000
n - Number of yeas 2 [$112360|$ 1,16640|$ 1,21000
r - Rate of interest per annum
30| $574349 | $ 1006266 | $ 1744940




Appendix B. Working Collaboratively in Groups to Solve Simple and
Compound Interest Problems

Students work in groups of 3-4 students. Each student holds a card that contains a due in order to
be &le to solve the problem. Eadh student must work collaboratively with the other membersin the
groupto reved the remaining clues and solve the problem.

Cluel Clue?2
In 2007, trip to Brisbane aosts $2600— Cost of trip rises~ 2.5% in 2002
including arfares and accommodation
How much per month must | deposit? How much per month must | deposit?
Clue3 Clue4
ANZ Bank offersan account of 4% p.a.
compounded monthly | wish to travel in November 2002
How much per month must | deposit? How much per month must | deposit?

Appendix C. Sample Test Items

=

Giventhat A= P (1 + )", find A, if P=$70Q r = 5% compounded annwally and n= 2.5 yeas.

2. Youwishto go onan overseas trip. The trip will cost you $5600Y ou oy have $1000that you
inherited from your grandparents. Westpac bank is offering a 4.25% rate of interest p.a
compounad weekly. What is the amourt that needs to be deposited each week in order to be
ableto pay off your trip in 4% year’stime?

3. Giventheformula, | = Prn, findr from the graph as shown below:

Simplelnterest on $1000

1 ($)
S S
o o

—— " ears




