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This paper reports on affective processes that emerged during a study 
of adult mathematics classes that used a teaching approach compatible 
with a social constructivist theory of knowing.  The study was part of 
a larger research project on the effects of using a cyclical teaching 
model based on the premise that learning occurs through participation 
in the phases of experiencing, discussing, generalising, and applying.  
Paired groups worked through the phases by way of a series of 
mathematical problems with many opportunities for discussion.  
Whole-class student-led sharing sessions allowed students to continue 
their collaborative construction of meaning and solutions.  Each class 
ran for 13 weeks.  Comparisons of pre- and post-course scores on 
attitude and belief questionnaires indicated an increase in positive 
attitudes and beliefs.
Goldin (1988) provides a model of affective pathways that may occur 
 when students undertake mathematical problems.  Goldin's model 
 indicates certain links and pathways between descriptors of affective 
 states.  However, the nature of these links is not elaborated.  The 
 present study suggests that affective states are not as clear-cut as 
 Goldin's model might suggest.  Students with negative affects such as 
 fear and anxiety about mathematical problem solving in fact have a 
 range of affective states relating to areas of knowing (such as 
 teaching primary school mathematics) that are associated with the 
 target area (mathematical problem solving).  These related affects 
 assisted students to move away from negative affective states about 
 mathematical problem solving.  Students who had high levels of 
 risk-taking, high verbal analytical skills, or positive experiences 
 with teaching primary mathematics were able to link knowledge and 
 attitudes and feel more positive about mathematical problem solving 
 despite their initial negative feelings.
The research procedure used in the study was itself compatible with 
 constructivist theories of knowing and involved viewing classes and 
 tape-recordings of all teaching sessions and reading students' 
 journals.   The researchers then collaborated in drawing conclusions 
 from the observations.

Introduction

The New South Wales Minister of Education has announced that, by 1996, 
beginning teachers in government primary schools need to have completed 
successfully the equivalent of two units of mathematics at Higher 
School Certificate level, either in their high school or during their 
university courses.  At the University of Western Sydney, Macarthur, 



some teacher education students enter their course without this level 
of mathematics.  The Faculty of Education now offers an elective 
subject, Mathematics for K-6 Teachers, to assist these students.  The 
main content comes from the Mathematics in Society Syllabus and the 
problems used in the classes are similar to those in past examination 
papers but the time for learning is reduced to one semester.  The onus 
of finding time to come to grips with the topics is on the learner but 
much of the motivation to do this in fact comes with the challenge of 
grappling with the problems in the context of the constructivist 
classroom.
An approach has been developed which is an alternative to ones commonly 
experienced in high schools.  The key constructs around which this 
approach is built are an experiential learning cycle adapted from Jones 

and Pfeiffer (1975) which uses principles of cooperative learning and 
the problem-centred approach of the Purdue Mathematics Project (Wood, 
Cobb & Yackel, 1992).  Similar but distinct cycles are used by others 
in mathematics and mathematics education (see, for example, Simon, 
1994; Ashlock, Johnson,Wilson, & Jones, 1983)
Diagrammatically, the Learning Cycle can be represented as shown in 
Figure 1.

Figure 1.  The Learning Cycle.

Stations in the cycle are understood as follows:
1.Experiencing.  Children must be actively involved in their own 
learning.  They must engage in activities which engender their 
mathematical thinking.  These activities may involve physical action 
with materials but will involve mental action.  Learning must involve 
"doing" in order to be effective.
2.Discussing.  Reactions and observations arising from the experiences 
need to be shared with fellow learners and other members of the 
community and talked about in order for them to be evaluated and, 
perhaps, validated against the taken-as-shared knowledge of the 
learner's community.  Explanation, justification and negotiation of 
meaning through communication will help the learner establish this 
knowledge.
3.Generalising.  Learners need to develop for themselves, through 
individual construction and interaction with their communities, 
hypotheses which indicate the current state of their understanding.  
These hypotheses, or generalisations, will then be tested for viability 
through their application to other problematic situations or further 
communicative discourse.  It is these generalisations which form the 
basis for the learner's next experience.
4.Applying.  Planning how to use the new or revised learning and 
actually applying it to contextual situations will not only validate it 
as viable knowledge (or suggest rejection of it as non-viable) but will 
also provide the learner with another experience which could be used to 
commence yet another cycle.  (Perry & Conroy, 1994, pp. 5-6)



A key feature of the approach taken in Mathematics for K-6 Teachers is 
the interactive construction of a set of social norms within the class. 
 The following norms have been developed by one class.
1.Activities will consist of problems for the students.  That is, it is 
assumed that the students may not be able to obtain solutions or even 
know where to start immediately.
2.When working in small groups, students are expected to develop 
solutions to the activities cooperatively and to reach consensus on 
these solutions.  The teacher is expected to circulate among the 
groups, observing their interactions and encouraging their 
problem-solving attempts.
3.Students are expected, as a small group, to explain and defend their 
solutions or attempts at solutions to the whole class.  Other students 
are expected to indicate their agreement or disagreement and to 
encourage alternative solutions.
4.The whole class is expected to see itself as a community of 
validators and is expected to work towards a solution or solutions 
which can be taken-as-shared.  It is not the teacher's role to validate 
solutions.
These norms have been established within the Mathematics for K-6 
Teachers class, although it has taken some time for the class to agree 
on the fourth one.  
Each student is expected to record in a journal - called their 
 Generaliser - their reactions to the course, attempts at solutions to 
 the activities, and any other feelings or concerns they may have.  The 
 students are encouraged to make and record summaries of discussions and 
 their generalisations.

Preliminary Findings
In previous papers (Perry, Geoghegan, Howe, & Owens, 1994; Geoghegan, 
 Howe, Owens, & Perry, 1994) the authors have identified, tentatively, 
 potential critical-change points in the mathematics learning of 
 students in Mathematics for K-6 Teachers.  These critical-change points 
 indicate identifiable points of development in the students' 
 mathematical schema or points where specific challenges met in the 
 problem-solving process can be overcome.  Each of these critical-change 
 points involves students in being responsive to the situation.  Such 
 responsiveness is a composite variable influenced by both affective and 
 cognitive processing (Owens, 1993; Owens, & Clements, in press).  The 
 current paper emphasises the attitudinal changes in students.
85
Theoretical Background on Affect in Mathematics

McLeod (1989a, 1989b) has summarised the differences in beliefs, 
attitudes, and emotions in terms of their position on a range of 
attributes.  "The terms beliefs, attitudes, and emotions then, are 
listed in order of increasing affective involvement, decreasing 
cognitive involvement, increasing intensity, and decreasing stability" 



(1989b, p. 246).  Affective states may be attributed to certain cause 
(Mandler 1989a, 1989b).  Students may hold beliefs either about 
mathematics or about themselves doing mathematics.  Repeated emotional 
reactions to mathematical situations become automatised providing an 
attitude towards mathematics characterised by more stability, less 
intensity, more cognisance, and more involvement than a single 
emotional reaction.  Emotional responses are immediate and short-lived 
and consist of the response to a block during problem solving.  
Positive emotions can accompany construction of new ideas (see, for 
example, von Glasersfeld, 1987) while negative emotions associated with 
a problem blockage may result in students being upset or making wild 
conjectures (Wagner, Rachlin, & Hensen, 1984, cited in D. B. McLeod, 
1993).  The learning environment, including the teacher, may be able to 
assist students to handle these emotions.  Indeed, it is claimed that a 
class that shares their solutions and becomes a group of validators 
will assist students to overcome negative feelings (Cobb, Yackel, & 
Wood, 1989).
A systematic attempt to link affects with problem solving has been 
provided by Goldin (1988).  He has outlined the interaction between 
affective states and heuristic configurations in a proposed model (see 
Figure 2) based on "informal teaching observations and student 
recollections" (Goldin, 1988, p.1).  The emotional states during 
problem solving link into and feed "global structures" about self and 
mathematics.  

Figure 2.  Affective states interacting with heuristic configurations 
(Goldin, 1988, p. 3).

Initially, curiosity and puzzlement are linked with exploratory 
heuristics, problem-defining heuristics and heuristics for 
understanding the problem.  Bewilderment may then lead to encouragement 
if useful problem-solving heuristics are used or if authority-based 
problem solving is challenged.  Bewilderment may lead to frustration 
and the beginning of a negative trend to anxiety, fear or despair, and 
finally global structures such as hatred of self, mathematics, or 
technology.  Frustration and anxiety may link back to encouragement 
through the heuristics associated with encouragement.  From 
encouragement there may be pleasure.  Both pleasure and the heuristic 
state of insight, usually associated with imagistic responses and 
useful heuristics, may result in elation, then satisfaction and finally 
global structures such as specific representational schemata and 

general self-concept structures.  Anxiety and fear or despair may also 
lead to acceptance of authority-based problem solving, defense 
mechanisms, heuristics of avoidance and denial, and concealment of 
inadequacies.  These do not tend to lead to any positive developments.
In the current study it was expected that learning would involve 
changes in affective states.  For this reason, two procedures were used 
to investigate attitudinal changes.  Comparisons were made between 



students' responses to attitude and belief questionnaires before and 
after the semester classes.  Second, video records of students' 
responsiveness in class and written records in their generalisers 
provided case study data on how attitudes changed.

Part A:  Attitude and Belief Changes

Method
Three questionnaires were used: 
1.An attitude to mathematics questionnaire was administered.  It 
consisted of 24 statements which were in no set order but could be 
divided up into three subsections.  Part A consisted of nine items that 
were particularly likely to have been influenced by the class such as 
"I get satisfaction from solving mathematics problems" (item 6); Part B 
consisted of nine items that were generalisations that may have been 
influenced by the class such as "I find mathematics fascinating and 
fun" (item 3); and Part C consisted of xix items that referred to past 
experiences such as "I did not look forward to mathematics lessons at 
school" (item 5).  Students responded by choosing one of five 
categories - strongly disagree, disagree, neither agree nor disagree, 
agree, and strongly agree - and items were scored from 1 to 5 
respectively with some items being scored in reverse order.  Scores 
were added so that total scores could range from 1 to 120 (that is 24 x 
5), and a neutral score was 72 (that is 24 x 3).
2.A beliefs about mathematics questionnaire with six items such as 
"mathematics is computation" had a similar response format.  
3.Similarly, beliefs about mathematics learning had six items such as 
"children are rational decision-makers capable of determining for 
themselves what is right and wrong". 
4.A similar questionnaire beliefs about mathematics teaching was used 
with six items such as "the role of the mathematics teacher is to 
transmit mathematical knowledge and to verify that learners have 
received this knowledge."
A two-tailed t-test was used to compare the results before and after 
the semester's classes for each of the four surveys.  For each, the 
null hypothesis was that there is no difference between the mean scores 
on the survey before and after the semester.  
There were entry and exit results for 37 students, from three different 
classes taken by two different teachers and in two different modes 
(that is, two classes attended weekly for three hours for 13 weeks 
while two classes attended the same number of classes but in three 
blocks of two weeks spread over 13 weeks).  Class sizes varied from 8 
to 16 (too small to make inter-class comparisons).  It should be noted 
that while there were several students who withdrew from all subjects, 
there were also some students who did not withdraw from this subject 
while withdrawing from other subjects.

Results
Table 1 gives details of the before and after scores for each of the 



questionnaires.  There was a statistically very significant increase in 
attitudes to mathematics which were closely linked with the course 
(Part A and Part B of attitude to mathematics questionnaire), and a 
statistically significant increase in perceptions of attitudes to 
mathematics of past experiences, in beliefs about mathematics, beliefs 

about mathematics learning, but not about beliefs about mathematics 
teaching.  The latter may have been influenced by the students already 
changed attitudes from other mathematics curriculum subjects.  

Table 1
Attitudes and Beliefs

These results suggest that the classes had an effect on students' 
 attitudes to mathematics.  A further case study analysis considered how 
 attitudes may have been changing.  

Part B:  Case Studies

The following students were all mature-aged female students who had not 
 completed higher level mathematics at school, who showed a lack of 
 school mathematical knowledge at the start of each topic, who indicated 
 a strong dislike for mathematics, and who showed a degree of fear about 
 doing mathematics.  Pseudonyms will be used for the students.  

Janet and Narelle
Background.  Janet and Narelle worked together in a pair.  Janet 
claimed that she was out of the classroom for most of the algebra 
lessons in high school and she was quite fearful of this topic.  She 
came into the subject feeling that she was basically good at 
mathematics but had been let down by poor high school experiences.  At 
high school, she used mathematics-avoidance tactics.  However, she was 
competent with a calculator from her previous work.  She enjoyed 
teaching children mathematics and had succeeded in her attempts.  We 
could classify her as a high risk-taker.  At times, she enjoyed being 
able to lead the class and was willing to give answers even though she 
was likely to be wrong.  For this reason, she kept trying in the 
tutorials.  Her risk-taking and self-esteem enabled her to move from 
fear through to heuristics for understanding the problem and useful 
problem-solving heuristics.  On these occasions, she felt confident and 
elated.  Janetís score on the questionnaire on attitudes to mathematics 
went from 41 to 62.
Narelle is exceptionally competent at language and in living in exotic 
places but does not see herself as competent with mathematics.  Indeed, 
she has a strong aversion to mathematics, believes school mathematics 
is not useful, and believes she is not good at mathematics despite 
several achievements in mathematics over the past two years.  In the 
previous year, she and her partner had solved a difficult problem 
called "eight queens" in which eight draughts need to be placed on an 



eight by eight square board so that there is no more than one queen on 
any one row, column, or diagonal line.  For this problem, her partner 
had used a considerable amount of mathematics, looking at patterns, 
sketching solutions, and considering a smaller square until the problem 
was solved.  Narelle had linked the problem metaphorically to a queen 
who would have order and system.  Her solution was a prose story of the 
queen.  In this way, she accepted and followed her partner's systematic 
search for patterns.  She had followed her partner's systematic ways of 
finding alternative solutions.  
Narelle's scores on the questionnaire attitude to mathematics went from 
 42 to 46 with increases in all areas of attitudes and beliefs except 
 the immediate classroom effects.  This is supported by qualitative data 
 findings.  Narelle and Janet were actually in a class with a number of 
 younger students who had recently completed high school mathematics: 
 this made them feel rather inadequate at times (a feeling expressed by 
 other mature-aged students), and Narelle expressed these feelings 
 strongly.  

Early Anxiety and Fluctuating Feelings

Like others, these two students entered the subject and openly admitted 
their reservations and anxieties towards the subject content.  It is 
clear that their feelings fluctuated; it was not until the fifth or 
sixth week after considerable struggle that they became more positive 
about mathematics.  The following extracts have been taken from their 
generalisers.  

Week 1
Janet:Today we had our first maths lesson (the subject I have been 
dreading) . . . quite frankly the thought of maths scares the hell out 
of me.  It is my biggest fear in teaching.  I wonder if the children I 
will teach in the future will suffer because of my insecurities.
Narelle:With much trepidation and reservation I approached the Maths 
K-6 [Teachers] class even harbouring a certain resentment for having to 
participate in a subject which I despise and abhor. . . . My feelings 
towards maths have been deeply ingrained since my childhood and I 
cannot attribute them to either a teacher and teaching methods or an 
horrific experience that has left an indelible mark on my psyche, I 
have just little mathematical process and even less interest in  
cultivating dexterity.

Week 2
Janet:  Well after such a successful first week, I attended this week 
with enthusiasm.  This was short lived.  Although it wasn't a complete 
disaster, I do feel it is not going to be as easy as I first thought. . 
. . However, I am perservering.
Narelle:The way by which our team attempted the solution was futile and 
frustrating and thoroughly annoying.  We did not achieve the answer nor 
did we get anywhere near close.  Yes, yes, we did attempt it and used 



what to the best of our ability was the most practical way of achieving 
the solution. . . . When the easiest and most common method was 
explained, I still did not understand and I could not possibly use this 
method myself.
At all times, these students were aware that they needed to make the 
mathematics their own, to reproduce it themselves if they were to be 
successful.
Empathy.  On many occasions in class empathy for the struggle has 
resulted in the class overcoming a constraint in order to proceed 
towards a solution.

Week 3
Janet: It was overwhelming for me.  And you know what it all had to do 
with factors.  That's those numbers we discussed last week. . . . At 
present I am feeling a little disillusioned.  I will continue though, I 
am not a quitter.
Narelle:  I am fighting a sense of panic and being forced to deal with 
this in front of a group of young kids. . . . I have nothing positive 
to say about today's lesson.  I'm too distraught and disgruntled.  
At this time, peer support emerged as an opportunity to offer comfort 
and reassurance.  

Week 4
Janet:My partner also had a tough time with this.  I was really 
concerned for her. . . . We should not have to succumb to tears because 
no one else is making sense. . .  We did not do [the homework] because 
we both felt defeated.  
The session to which this refers is now described.  Narelle had been 
sitting listening to the rest of the class discussing the problem.  She 
swung her leg.  She looked quite discontented by the situation as if 
she was controlling her anger in such a hostile environment.  After 
much class discussion, Narelle in fact was able to convert the 
mathematical problem to an arena that was more comfortable to her; she 

analysed the problem verbally.  Her verbal analytical skills were high. 
 She outlined her thinking to the rest of the class and this was the 
turning point in the class solving the problem.  In fact, the 
critical-change point occurred as the ìstudents separated the 
mathematics from the written problemî (Geoghegan et al, 1994; Perry et 
al, 1994).
During the class discussion, one student says, "Cool.  I just don't 
know what's happening here.î  Narelle comments quietly while the other 
students are interacting, "Thank you for saying that."  The first 
student says, "Oh, they just started going on about factors and I'm 
saying 'Yeah'." 
Through such empathy, the learners bond together and become willing to 
share their findings leading to further critical-changes (Geoghegan et 
al, 1994; Perry et al, 1994).  



Applying a Useful Heuristic
The student has realised that there is certain mathematical knowledge, 
 to which she has access already, which can be applied to the problem 
 (Geoghegan et al, 1994; Perry et al, 1994).  The students have 
 separated the mathematics from the story problem.  All students have an 
 immense store of mathematical knowledge but they need to recognise that 
 they have it (see Narelle's later comments on travel), to be encouraged 
 to recall it, and to be confident to use it.
Later in the discussion, Narelle interrupts again.  "I'm in the same 
boat as you over here and I've just been enlightened, right.  Probably, 
right, just my boat's overturned but I think instead of going through 
and saying like you've got to open every third door, so instead of 
going through and going walking down the corridor and going 1, 2, 3 
open, 1, 2, 3 open, 1, 2, 3 open, the easiest way of doing it so that 
you don't have to physically go through and do that is to find the 
factors [multiples] of the number of the one you're supposed to open 
and that's what the factor thing is." 

In terms of Goldin's (1988) model, the student was able to apply a 
useful heuristic.  It would seem that the class validations assisted 
this student by providing her with empathy, and time to think verbally 
and analytically.  Narelle had a high positive self-esteem in language, 
she was able to listen to others, say ideas in her own words, make 
links with verbal ideas, and construct ideas and comment about what was 
being discussed.  These were the pathways for her to leave the negative 
global structures and move towards a useful heuristic for understanding 
the problem.  At least for this occasion, she was able to receive some 
sense of pleasure in finding a "solution."  The links between affective 
states are not merely embedded within the task or singularly developed 
but are a composite of experiences.  However, the overall inadequacy in 
front of the younger students overwhelmed her as indicated by her 
comments in the generaliser.  Applying useful heuristics is taking 
Narelle slowly from a negative position to a middle road that could 
lead to curiosity.
Narelle withdrew from class for a week, spoke with the lecturer and 
returned after the mid-semester break and a period of practice 
teaching.  During this time, the students taught mathematics lessons in 
schools.  Janet in particular taught an excellent lesson with four 
well-prepared learning centres through which her class rotated.  She 
found that she loved teaching mathematics.  It seems that the desire 
and success at being a good primary mathematics teacher allowed the 
student to experience some positive aspects of learning.

Applying Knowledge with Success
One aspect that seemed to be important in changing affect was that of 
success.  Goldin's (1988) model acknowledges pleasure as an important 
step along a positive affective pathway.  Goldin asserts that "success 

can evoke continued application of the successful method. . . . it 



blossoms into pleasure as the method works", but the current study 
would suggest that positive past experiences (in these cases 
out-of-school experiences) contributed to the affective dimension.  Two 
examples of familiarity with concepts are given: (a) Janet was familiar 
with the use of a calculator and statistics in comparison with her lack 
of familiarity and fear of algebra, (b) Narelle was familiar with 
travel.  The following extracts illustrate how a particular area of 
strength can be sufficient to assist the student to overcome global 
negatives.

Week 7
Janet: Yes, more statistics.  It was good to have Narelle there, we 
worked well through the problems.  We came across a few minor dilemmas 
but we solved them because we're enjoying it. . . I really did 
understand what everyone was talking about.  I estimated and was pretty 
close, maybe the way I did it won't always work.  I am felling a little 
more confident now.  I want to continue this.
Narelle:What a positive experience.  Today is the first day where I 
felt I was part of the class and could almost 'keep up'.  The fact that 
we passed the assignment also has left me on a high and I never 
actually felt that I would achieve the sensation of satisfaction about 
maths. . . . perhaps my attitude is changing. . . . I walked out of the 
class happy with the lesson and my own performance.
An apparent linchpin in Goldin's model is the encouragement step.  It 
is through encouragement that a student's doubts may be conquered and a 
student may be empowered to persist to a solution.

Week 8
Narelle:I never thought about the odds of either winning or losing 
because I never take it seriously, but after what was revealed in 
today's session, it is apparent that the odds are stacked against the 
innocent punter and the bookies are well able to 'rig' the results.  A 
little knowledge is dangerous as they say.  Well little knowledge it is 
that I have, that is about this sort of maths.  Discovering a counting 
method seemed the best way by which to arrive at a solution for these 
types of probability exercises. . . It put a whole new perspective on a 
game of black jack then doesn't it???
At this stage, there is some relevance as she makes links to her own 
past experience, and some humour as she accepts her status positively 
by laughing at herself.  Furthermore, the student is using mathematical 
terms to describe the day.
Particular areas of subject matter. Positive responses to particular 
 areas and changing negative attitudes to a particular topic may improve 
 responses to the whole subject.

Week 9
Narelle:  The dreaded "T" word.  That snuck up on me today as I sat 
unsuspectingly contemplating [the success of our last assignment].
Not quite as daunting as a previous experience, we managed to come to 
terms with the concept of trigonometry . . . When it is explained to me 



by one of my peers in a really basic fashion I am able to understand 
and it actually seems to make sense.

Week 10
Narelle: I thought I was making some connections and even got excited 
at the fact that I was doing the work unaided at one stage. . . . well 
we are moving much too quickly but I am starting to feel a little more 
au courant with tan, cos and sin.

Changes in Responsiveness
The students have been responsive and are showing a positive 

disposition which has kept them on a pathway towards meeting the 
challenge.  The students are neither at the frustration nor the 
encouragement step but in general they may be back at the curiosity 
stage.  During the weeks, Narelle continued with the class despite her 
lack of mathematical background.  She never changed her opinion that 
the requirement to study this level of formal mathematics was not 
useful; partly a reaction to her expectation that the subject was going 
to cover K-6 Mathematics (expectation is an important part of students' 
learning, see Owens, 1993; Owens & Clements, in press).  She and her 
partner did, however, plan a very successful round the world trip as 
part of the subject requirements.  Her level of performance in the 
final test was not high and areas of weakness such as algebra remained 
an area of weakness though she attempted these questions and could 
manage some algebra.
In Narelle's next generaliser entry, she is talking about the really 
 fun day they had presenting their world travel race assignment:
rewarded by . . .  delicious comestibles from all around the world, . . 
.  interviewing people from the various countries about their 
countries, languages, and customs.  It is assignments such as this that 
promote a healthy curiosity and respect for people and languages spoken 
- actually it occurs to me that constitutes a paradoxic acronym PALS 
(people and languages spoken) - if only we were. . . . I'm off on a 
non-mathematical tangent again but this is what I derived from the 
assignment, not so much mathematical empowerment but a realisation that 
through social studies the bond can be established and strengthened and 
as a potential teacher I have the power to at least try.
On a more mathematical slant, the maths of travel was familiar to me 
and conversions, exchange rates, accommodation costs, time differences, 
and so forth proved to be no problem and being comfortable with this 
type of procedure allowed me to undertake this part of the course with 
ease and confidence.  In fact it was the highlight of the K-6 maths 
[teachers] subject and a fine way to see the semester end.  Thank you.

Belief Changes
Narelle had originally attributed her lack of mathematical ability and 
 lack of self-esteem in mathematics to "a lack of endowment" (see 
 Mandler, 1989a on attribution) (Week 1, generaliser).  By the end of 



 the subject, she has recognised her own use of mathematics, she has 
 seen some relevance after all in mathematics, and she concedes some 
 successes which she is willing to own.  The times she felt more 
 confident were the times when either the teacher or a peer was more 
 directive in telling them  about trigonometry or how to solve problems 
 (situational feelings).  It was felt that more assistance was needed 
 for some students to begin to tackle problems and feel some success 
 with problems even though the first few problems required nothing more 
 than simple additions and multiplications.  Algebra, for example, did 
 require further introductory work for some students and by the time of 
 the trigonometry classes, the teacher did have more input.  
 Nevertheless, overall it can be said that collaborative work was a very 
 important support for these sudents and the main reason for their 
 attitude changes and success.  This was the case also for other 
 students.  

Rachel and Sally and Collaborative Learning
Background.  Rachel was very poor at mathematics and really feared 
 doing it; she often took a long time to get a new idea.  Her attitude 
 to mathematics score went from 51 to 63 (neutral 72).  Sally had done 
 some mathematics at high school many years ago but she really felt 
 uncomfortable with the mathematics.  Her attitude score went from 79 to 
 88.  At the end of the subject, Sally commented in the final interview: 

 Sally:I specifically liked having to go in there and doing maths but 
 not on my own.  If on my own I always make mistakes -  going over and 
 over it again.  But when I've got someone with me to talk to then it 
 gets easier to get my answer quicker.
But her friend Rachel added:
The only thing I didn't like (pause) that some of the people, because 
they were confident in their mathematics, they explained it too quickly 
and it went, flip, right over and that's when I felt really lost 
(pause) but I did enjoy it. . . . [one night] I spent five hours on it. 
 I must admit I didn't get too many of them right when we checked as a 
group but I never thought that I myself would actually do that.  
Sally:I actually sat down on the bus and got my pen and started 
working.  I've not done that before. . . . I just had to do it.  I 
liked to get into it.  It really got me in.
And in her generaliser she commented:
If I was to work alone I do not believe that I would have learnt 
anything at all except negative feelings about my abilities.
And Sally made a final comment about working alone during the last 
lesson which they called a trial exam.  She hoped to achieve well and 
her confidence was now high but the different approach of working alone 
(with the ex-HSC students in the room) raised horrible feelings, 
frustration, anger, annoyance with her anxiety and her over-reaction, 
and self-doubting.
"This is maths.  It has been enjoyable on the whole but in this session 



I hated it."  
She did not think her performance in the final assessment was as high 
as she in fact achieved.
As a result of these comments, the final assignment was changed for the 
 next group of students.  Students were allowed to ask their partner (if 
 the partner was in agreement) or, preferably, the teacher questions 
 during the assessment but they understood that the teacher would take 
 notes of all interactions and take them into account when marking the 
 final paper.  The other change that was made to the subject was to 
 provide lead-up questions before the problems in order to provide the 
 students with more connections to their recognised existing knowledge.

Effectiveness of Interactive Construction of Solutions

Through the processes of collaborative validation of attempted 
solutions, the student realises that a solution is viable and will be 
taken-as-shared by the learning community.  In this way their 
confidence in themselves and their willingness to discuss problems with 
others are boosted.  In order to illustrate this aspect further, the 
following discussion provides details of one student, Jill, as she 
progressed through the course.  Jill's attitude to mathematics score on 
entry was 66 and she left the subject with a score of 84.  The scores 
on the attitude to mathematics survey for her partner, Lorraine, moved 
from 63 to 81.

Initial Attitudes to Mathematics
Jill and her partner have enjoyed working together since they began 
university as mature-aged women with teenage families.  Jill, like 
others, saw no relevance in mathematics and feared formulae.  However, 
the whole class became a large supportive group.  The following 
comments are based on observation of video-recorded incidents in the 
classroom.

Week 1
The class are establishing the norms for the classroom.  Jill states 
 she was afraid of showing her ignorance at school.  As the teacher 
 explains that they are not to put anyone down, she wriggles her chair, 
 adjusts paper, and plays with her pen and rings.  The teacher says that 

 the teacher is not the authority figure and the students will be doing 
 all the work.  The teacher asks if anyone wants to leave and Jill 
 smiles, "We can't."
She works on the first problem (called Happy Numbers which can be found 
 in Perry & Conroy, 1994), doing most of the work while her partner 
 watches.  They talk inaudibly.  She notes, "Oh. It's repeating what 
 happened here,  I wonder why?  Let's do some other numbers."  She 
 continues working, her performance is unanimated and her partner is 
 passive.  After ten minutes, she shows small gestures of despair.  The 
 teacher asks, "How are you going?  Jill replies, "We're stuck here. . . 



 .You're not going to tell us, are you? . . . It might have something to 
 do with (inaudible).  I don't know."  After more tries and a further 15 
 minutes have passed, she says "There's no pattern that I can 
 determine."  She drums her fingers in frustration.  Jill and her 
 partner come out to present results and say they are puzzled.  Jill and 
 the teacher pass a few jokes about the problem before the next problem 
 (Sieve of Erastothenes - another introductory problem) is given (see 
 next page). It is her partner's turn to work on the next problem.  
 During this problem, Jill contemplates the notes on her friend's page 
 and identifies some patterns and areas needing extra work.
Jill has a fine sense of humour, often a deadpan face when making a 
joke, and may avoid eye contact when unsure.  The above intensity of 
uneasiness was not as noticeable in later sessions. 

Week 2
The students begin by presenting the homework problem (prison problem - 
 Perry & Conroy, 1994).  The teacher sends her out when her partner goes 
 to present.  She explained how she tried to do it at home, with little 
 success, with near tears.  She describes how she worked on the pattern 
 of gaps and decided that "That's it.  I'm not doing any more."  The 
 class discuss the frustration caused by the problem and Jill says, "All 
 through you think: "Why am I doing this?  Where's the relevance?"  And 
 I think that's the big question that needs to be answered."  The 
 teacher says, "It's a twisted way of introducing square numbers." and 
 Jill grins.

Using a Few Existing Problem Solving Heuristics
In the next problem, after some class sharing, Jill explains that she 
 tried to work backwards.  
Jill looks quizzically at the class to be sure they have understood and 
that she is on the right track herself.  She explains that her process 
simplifies the problem, since it eliminates doing the whole thing on 
paper or in one's head.  The teacher praises Jill for her solution 
method.  Then there is a discussion about the acceptance of alternative 
solutions, with Jill and the teacher following her partner's lead in 
supporting another student on this issue.  
The students explore the use of a calculator for the next problem and 
have a few races with their partners calculating by hand.  They find 
out a few features of the calculator like repeated addition keys.  
Discussion and a sense of humour enhance the learning experience.
Jill says to her partner, "I didn't know calculators could do that did 
you?"  She jokes that she is very slow adding up by hand.  Jill 
acknowledges her repeated error: 19 + 3 = 21.  Her partner tells of 
difficulty with columns of additions.  Jill responds, "Yes, I find it 
threatening."  They talk about the problem: half of 3 add 2, and she 
nods in recognition and mentions the book in the bookshop on language 
in mathematics. 
At the next handout, she reads the problem, head on hands, and takes 
 her turn in working on the problem.  She says, "Gosh!  It's getting 
 complicated now."



Facing Problems

Week 3
The students have been explaining to the teacher some of their 
 concerns.  Mary is concerned that the subject is knocking her 
 confidence in doing mathematics as she works with a student who has 
 done some HSC mathematics before.  They are concerned about the 
 irrelevance of the problems.  In an interesting twist on family 
 support, a moderated view on irrelevance seems to have occurred 
 (Onslow, 1992).  The students have been solving the problem about the 
 number of rabbits if each pair breeds once a month.  In this section, 
 we can note how students have discussed the problems outside of class.  
 We can also see how Jill worked comfortably with ratios on her own and 
 saw some patterns.  She is also thinking about her thinking.  For 
 example, she ponders whether she should have checked her answers 
 further and she looks for validation from her colleagues.
Jill, her partner beside her, is explaining to the rest of the class 
that after getting no where, she turned the page and attempted to link 
the series on the back to the problem.  Her partner takes over and says 
she would never have come near to this way of recording by herself and 
Jill agrees, shaking her head vehemently.  The partner notes that the 
outcome was interesting.  Jill nods.  "It was.  I went on to play with 
the fibonacci thing, - the sequences which I did, - and that was 
interesting.  I still couldn't understand the relevance of it, and what 
that meant in everyday life in a society.  My son came down and said: 
"Fibonacci, Mum.  Great! Terrific!î I said, "What's so terrific about 
it?  He went on to say they were the sort of numbers you would see in 
nature, is that right?  No.  Yes?î  She looks to class for a response.  
They move on to the ratio of terms and find it is the golden ratio.  
Jill explains how her other sequences reached 1.618 twice but she 
didn't do it a third time.  She thinks that perhaps she shouldn't have 
taken it for granted and checked it a third time.  
The teacher asks the meaning of "irrational numbers."  Jill, who has 
 been examining her notes asks if 1.618... is one.  Students discuss.  
 Jill sits, thoughtfully, expressionless, as conversation flows.  After 
 the teacher explains the difference between rational and irrational 
 numbers, and distinguishing between recurring and non-recurring 
 decimals.  Jill remarks that the dial on the calculator may be no 
 indication of irrational numbers, since the next number, if it was 
 shown beyond the end of the display, may terminate the decimal 
 fraction.  A little later, Jill realises the difference between a 
 recurring decimal and an irrational number and says, "Oh , I see!"  
 When the teacher refers to a homework problem and asks why is it so, 
 she gestures, hands thrown open.  ìYou couldn't get a 1.764 out of it.  
 I'm grasping at straws."
With the new sheet, Jill and her partner have been working together on 
income and tax problems.  



ìIt looks like we'll need a lot of pages in the Generaliser.  She looks 
frustrated, looks at watch and becomes restless.  The whole class 
discuss a problem (to do with the number of shirts needed to take them 
to the laundry once a week).  Jill offers to draw her diagram which she 
checks with her partner, "Am I doing this right, Lorainne?  One 
colleague is having trouble and the class patiently work through it, 
even acting out the problem using concrete materials.  Eventually the 
colleague gets it.  Then they have trouble connecting the problem with 
the money problem.  The teacher suggests that a connection may be 
keeping money in hand.  Jill nods emphatically, "Even having a float.î
At this stage, we can see the kinds of interactions being set up in the 
classroom and the reflection Jill brings to her work.

The Value of Quality Communication

The following session illustrates the quality of the developing 

 interactions about mathematics and the group collaboration.
Week 4
The students are working out the simple interest rate per annum for a 
car paid by a deposit and monthly repayments for 5 years.  Natalie and 
her partners (Mary and Tina) are standing up at the board explaining 
what they did.  Natalie and Tina completed the HSC mathematics fairly 
recently.  Mary is quite unsure about what they are doing.  In this 
excerpt, note how Jill waits until she has properly compared her 
approach with her colleagues, the support she gives to the others, and 
her developing confidence.

Natalie:So to work out the amount of interest paid yearly, you put the 
amount of interest paid yearly over the amount paid yearly  (uneasy 
when some students are unsure)
Jill:(Encouraging her) Right I can follow that.  I can follow that.
Natalie:And so you just work it out as a percentage that's a 100 over 
1.  So that is approximately 49.6% interest paid.
Tina:That's on the balance, you don't include the deposit.
Natalie:Right.  You don't include the deposit.  Right, altogether 
(interrupted)
Lorraine:You were standing between me and the board when you were 
explaining that bit.  Could you explain that bit again?
Natalie:Okay that's the amount they paid yearly.  They paid $8 320 
altogether for five years
Jill:That's including interest.
Natalie:Yes, including interest.  So  the amount that they paid for the 
car altogether was the deposit plus the interest so they paid $11 116 
so when you work that out as a percentage.  So the cost of the car was 
$6990 so when you work that out as a percentage of the total amount 
that works out to be (some inaudible discussion).
Jill:Okay I can see where you get that from but there is a problem 
there because you have the interest on the top but the amount on the 



bottom $1664 is payment plus the interest
Stephanie:Yeah.  The payment without the interest
Jill:So I think you should have 
Tina:No
Natalie:You're working out percentage of the interest of the total 
amount paid.
Jill:But why are you doing that?
Natalie:I don't know, that's what you just do, I think. (inaudible)
Teacher:Did you try something different?
Jill:That's okay
Natalie:I can't explain very well (a little later)
Sonya:That can't be right.  If that's 49.6% of balance that's nearly $2 
000 you've paid for the car
Natalie:Altogether he only pays $11 000for his car.  So the car's only 
worth $6 000 and if you take away the balance it works out practically 
50% interest in any case
Stephanie:(whose hand has been raised)  Yeh, it does.  So the balance 
was $4 144 and the interest paid over the years was $4196 so it is 
pretty close to that
Jill:No it's not.  It's 100%
Stephanie:Is it, okay.
Jill:It's 100% interest
Sonya:Yeah, that's what I'm getting at
Jill:(Directing the other student at the board) If you take the 
interest out of the bottom figure $825  No, no leave the top figure, 
that's (a little later)
Teacher:Were you going to do something else then?  Put something else 
underneath.
Jill:Take the interest off that $1164.  Take off 825.20 from 1164
Stephanie:(uses calculator) That's 838.80

Jill:Okay. Rub out 1164 and put 838.80
Stephanie:Why'd you do it?
Jill:Because what you've got there now is on the top you have the 
interest and on the bottom you've got  (unsure)
Natalie:What you paid, the repayments without interest.
Jill:The repayments without interest.  Yeah, okay.  (Hesitates)  No I'm 
not confused.  That's going to give you nearly 100% interest, it's 
going to give you 98.38% interest
Sonya:(excitedly) I've just worked it out
Jill:Now we did the same thing but we worked it out on the five yearly 
figure and we figured,
Lorraine:Let's (stands to present Jill and her result)
Teacher:Okay let's just leave this and rub half the board out and see 
what they did and we'll come back to Sonya.
Jill:(At front) You see we don't know what simple interest is and 
that's the whole problem.
Natalie:We simply did this.  Which was um so the loan that they paid 
per year was 4194 so we wanted to express the interest as, I'm not sure 



that I'm using the right words, as a fraction of that so we put it at 
the top so 4126 so that's 98.38 so this is the same as that only we've 
done that over 5 years.
Teacher:So that is as a percentage.  Does any one else want to do it?  
Yes Sonya what do you want to do.
Sonya:I was just fiddling with the calculator trying to work out.  
Don't laugh at me.
Mary:We're not
Sonya:Some reason I thought. . .  If you look at 825.80 and the 4126, 
10% that is $412.60 So for some reason I just put it into the 
calculator.  If any of you have a calculator, I thought of putting it 
as 20% times the amount of $4126 equals 825 that the amount you pay 
each year in interest. So it's 20% interest that they paid.  Can nobody 
see that.  I'll write that down.
Teacher:Don't rub that off.
Jill:So each year they pay 20% interest.
Sonya:Yeah.
Jill:So each year they pay 20% which adds up to 100% over 5 years.
Sonya:Yeah.
Teacher:So how's 98.38% relate to that.
Sonya:Oh I don't know anything about that.  I've just said what, [I 
did].
Natalie:It's what Jill just said.  It's almost 100%.
Jill:We've worked out that they've paid almost 100% interest.  That's 
over 5 years.  Do we agree on that.  Now you've come up with 20% 
interest per year so just say that over five years its 100.
Jill:(a little later) We overlooked the words "per annum"
Sonya:That's why I divided by 5
The teacher concluded this section by recapping what they had done in 
two ways (a) obtaining the total interest over total payment and then 
dividing by five, and (b) by dividing interest by 5 first.  The teacher 
also pointed out the difficulty of having the balance and the amount of 
interest being nearly the same.  The teacher went on to link their work 
to the simple interest formula to indicate why the two methods worked, 
but the imposed comment was not really well received by Jill as she 
commented sarcastically that she at least now knew where formulae come 
from.  Lorainne pulled out her smiley stamp and gave everyone a stamp 
when they had no problems with the tax, and loans, after the 
exhilerating sharing session on simple interest rate.

Wanting to Solve the Problems

Week 6
The class have been discussing the importance of finding time to work 

 with their partners.  Jill explains that Lorainne and herself sometimes 
 get carried away in their discussion hour and go overtime.  The 
 students are really quite involved in the subject.  The topic of 
 finance is a little more relevant and they have accepted that primes 



 and composites and factors and multiples are part of the primary school 
 curriculum.
During the session, there is a long discussion on scientific notation.  
Jill listens but participates little.  In doing a question, her partner 
points out that she has too few zeros.  She concurs, "It should be 8; 
10 to the 8th.   Yes, Thank you."  The next question about molecules is 
complex, "I just don't understand the question.  I don't understand the 
first sentence," and Jill sits looking blank and glum; she grimaces and 
fiddles.  Her neighbour excitedly gives her answer to the teacher and 
asks "Did I do that right?"  Jill says "I've no idea.  I haven't done 
it," and she still looks unhappy when her partner explains the answer.  
Later, "I still don't understand the question.  I doubt I ever will.  
Eggs I understand.  Molecules I have a big problem with."  She makes 
several more jokes about her lack of understanding.
We can note here that Jill, along with other students such as Mary and 
Lorainne, is perplexed by the quick introduction of scientific notation 
and a difficult problem.  She is glum but able to laugh at herself.  
She seems to recognise her difficulties and when a new sheet on algebra 
is introduced she tries again even though she is unsure of the 
algebraic configurations given in the questions.  She makes several 
quick suggestions, quickly taking on the risk-taking role again as it 
seems her underlying confidence has picked up and is now not easily 
lowered by just one problem.  
Jill says to her partner, "Do you know what I'm doing?  But I don't 
know if I'm right."  She continues working.  "So it can't be 1."  She 
works.  "Oh, hang on.  This - is that side.  I was getting mixed up I 
was trying to put it over here.  OK.  [Later] Jill asks, "Why is it 
that what we did learn to Year 10 hasn't stayed?  It's as though we've 
never even seen it before.  Why is it?î  She recalls that maths 
teachers were kind.  She helps her neighbour by explaining a question, 
and then explains further.  
In her journal this week, Jill has noted a textbook comment about 
 grouping symbols in algebra and commented:
"Wow!  This is fun, (but I don't know where I'll use it).
I think that the procedure used above (doing the same thing to both 
sides, multiplying or deciding to add or subtract from both sides), of 
using + - etc. to simplify the problem is similar to the adding of +1, 
-1 (zeros) we did a few weeks ago.  We are performing mathematical 
operations, by inserting mathematical operations, to make sense of the 
original problem.  The use of brackets and parentheses gives direction 
to the sequence of performing operations.  Now to try it the other way! 
. . . I am not sure if I have used the correct procedure re: brackets & 
parenthesis!!. . . Discuss with Lorainne.

Heightened Confidence

Week 7
Jill asks the class to explain parentheses to her.  She also attempts 
some algebra problems by applying simple rules such as "multiply both 
sides by 3."  



Jill explains a ratio question to her neighbour and other points to her 
partner.  "All we need to do is work out the ratio 5 to 7.  We've 
worked out all the other ratios, so 5 to 7 is 1 and 2 fifths; it's 
exactly the same."  She leaves the room and on returning asks, "What 
have we discovered?"  Partner answers, "That we need you."  Her 
strategy is to reduce all the ratios to x : 1.
Jill has used several questioning techniques in previous sessions to 
 establish the meaning of questions, and to check whether her processes 

 make sense.  She is now finding that she can make suggestions on 
 methodology for solving problems.  In the following week, she quickly 
 understands a probability question and explains it to her partner.  
 When her partner suggests one solution, Jill is quick to be able to 
 explain a different one.  By this time, she has been using a school 
 textbook to give her some help about the new topics.  

Week 9
Jill has found a related topic in the textbook and using the formula 
 for combinations to suggest what the answer to the probability question 
 might be.  She is really excited about finding and being able to apply 
 the formula to this question.  She gets the combination (3) but is 
 unable to explain that the probability is then 1/3 for the question in 
 hand.
The students move on to mathematics in construction and Jill is 
 familiar with this.  One question asks for slope of the floor.
Jill says, "I have no idea how to do that, short of drawing it up to 
scale and measuring it with a protractor.î  At one stage, the lack of 
challenge leads them to suggest it is boring.  However, the teacher 
suggests that trigonometry might be needed.  
Jill offers to show the class her solution on the slope of the floor.  
Jill draws on the board, but realises from the diagram and her own 
visual image, that the angle can't be 45 degrees. . .  "because of the 
span, because of the length."  She shows and explains, "If we were 
dealing with a square, the angle would be 45 degrees."
The teacher explains the tangent ratio and the use of the calculator 
and Jill has no difficulty following this.  Furthermore, she checks 
that the answer makes sense.  They talk briefly about Pythagoras' 
theorem but at this stage, Jill thinks it is too much to take in .
They turn to a revision sheet on fractions, decimals, and percentages.  
Jill comments, "It's all related, isn't it.  Almost sort of a reversal 
process."
In her generaliser, Jill comments:
I hope all of this is correct.  This is a revelation to me, because I 
have never made the connections between decimals, percentages & 
fractions before.
I think I need a lot more practice though, so that I get it right & 
don't get confused with the conversions.

Changed Attitudes and Beliefs



Jill sums up her response to the subject in her generaliser by making 
 the following comment:
The course so far?  
I have never had so much fun in a tutorial -
Everyone gets along together so well
and 
everyone is enjoying the challenge and the stimulation of thought 
processes.

Maths is not boring!
it is fun!

Discussion
In outlining the progress of Jill and her class over the sessions, we 
can note the gradual change in attitude and the use of heuristic 
processes.  The extended classroom scene in Week 4 indicates how the 
class participated to overcome a difficulty.  There was disagreement 
between the groups but they carefully listened to each other in order 
to rectify the difficulty and in so doing not only correcting an 
approach but also noting two ways of doing the same problem.  
Throughout, we can see minor examples of uncertainty but the supportive 
 atmosphere in the discussion allowed the students to listen to each 

 other and recognise their inadequate explanations.  It should be noted 
 that these students (with the exception of Mary) were initially no more 
 than neutral in their liking of mathematics and had been unsucessful in 
 mathematics beforehand.  It can only be said that the influence on the 
 students on this occasion was the supportive classroom atmosphere that 
 allowed the students to move towards a feeling of pleasure.  Taking 
Jill as an example, it can also be noted that elation came on 
several occasions: (a) together with Sonya's insight at getting 
the correct answer in simple interest; (b) with irrational 
numbers; (c) the link between percentages, decimals, and 
fractions; (d) the response to algebra and the connection with 
simplifying positive and negative numbers by adding +1 and -1 for 
zero; and (e) the use of an appropriate formula for probability.

Conclusion

The above results, show some of the values of the approach being 
undertaken in the subject Mathematics for K-6 Teachers.  The 
interactive constitution of the social norms within the learning 
community has meant that the students feel comfortable with the 
approach and what it is attempting to do.  Nevertheless, the paper also 
points to the difficulties of establishing such a classroom when there 
are students with extreme mathematical backgrounds and affects.  The 
study has also highlighted affects associated with examination 
conditions, lack of previous talk about mathematics, textbook language, 
the effects of repetitious drill and getting the answer in the back of 



the textbook or from the teacher, and perceptions of irrelevance.  
These have been noted by other authors (see, for example, FitzSimons, 
1994)
The cooperative, problem-centred approach has facilitated the 
mathematics learning of many of the students in the classes and has 
developed in them a confidence in their own abilities to, at least, get 
started on mathematical problems.  The paper illustrates the importance 
of affective variables in learning.  We have seen how over a period of 
time increasing success and positive feelings associated with a 
supportive classroom have assisted learning.  Different types of 
affects, from positive to negativeóshort term feelings, general 
attitudes, and long term beliefsówere all involved in the learning.  
The paper has further illustrated the links between problem heuristics 
and the development of either positive or negative affective variables. 
 The paper has noted that it has often been peripheral issues that have 
assisted students to develop positive feelings: (a) positive feelings 
about teaching mathematics to primary school students; (b) being a 
high-risk taker; (c) the fun and support of the classroom; (d) students 
becoming consciously aware of their use and ability with mathematics; 
(e) the empowerment that comes from the group being responsible to 
validate the answers; (f) family support (of course, it is generally 
the parents who support, cf Onslow, 1992); and (g) being able to use 
skills such as language reasoning (also commented on by Esty & Teppo, 
1994), or group skills, or humour to have breakthroughs in the negative 
line of affects.  However, it is clear that actually solving problems 
and having a sense of achievement in learning new materials (past and 
present) and having a sense of ownership of their learning have been 
the major resources for changing attitudes and beliefs.
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