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This research study involved investigations at Masters Degree level into the effects of learner self-confidence on competence in mathematics; specifically the prevalence of mathematics anxiety in return-to-education adult learners.  The research group comprised of four distinct groups of adult learners who studied mathematics in a tertiary preparatory course between the years 2003 and 2007.  From experience and anecdotal evidence, it was observed that mathematics intimidation was rife in this cohort, with the power to paralyse the learners educationally, thereby preventing their access of and progression to tertiary education and achieving ultimately, professional careers.

Research Objectives

These were diverse and numerous, however in order to adhere to word count restriction, only those objectives 

· To investigate any relationship that may exist between mathematics anxiety and competence in adult learners;

· To examine mathematics anxiety in terms of adults’ previous experiences, beliefs, attitudes and philosophies of mathematics;

· To research adults’ attitudes towards learning and engaging with mathematics;

· To explore any effects of gender and age on confidence and learning of mathematics;

· To research adults’ communication skills in terms of discussing mathematics, asking and answering questions on mathematics, and attitudes towards correctness of answers in mathematics;

· To research the effects of the mathematics instructor on adults’ learning of mathematics, as well as adult students’ attitudes towards their instructor;

· To research adult learners’ learning habits in terms of team-working, preferences for collaboration, and ability to manage their learning (self-directedness); 

· To research adults’ mathematics competency in terms of problem-solving, numbers skills, awareness of mathematics around us, and adults’ self-reported competency versus test-score validated competency;

· To investigate the effects on adults’ learning of mathematics in terms of new and non-traditional assessment and teaching modalities in the form of a mathematics learning journal, and an audiovisual mathematics presentation;

1.1
Introduction to Discussion of Findings

This discussion chapter focuses on interpreting the data findings in the light of research reviewed in chapter 2 (Literature Review) and draws upon the triangulation data from students’ learning journals and other reflexive materials to support interpretations and evaluations.  Where this research overlaps, supports or contradicts other research, this is clearly stated.  Data is drawn from the eight questionnaire research categories and discussed under appropriate headings taken from the literature review.

Two groups of students were researched: a combined group from 2005-2007 who studied mathematics and participated in newer assessment and teaching modalities as adult students and a control group from the same course from 2003 who pursued traditional assessment and teaching modalities.

1.1.1
Mathematics Anxiety and Intimidation

The hypothesis is that there is some relationship between mathematics anxiety and mathematics competence responsible for a transformation in learners’ intimidation levels and validated competency.  There also appears to be some phenomenon whereby belief affects confidence and/or competency (this is known elsewhere as self-efficacy).

The data showed clearly the majority of both groups were intimidated by mathematics prior to beginning the course; however a substantial majority were not intimidated afterwards.  Clearly, a metamorphosis occurred in terms of mathematics intimidation with both groups.  Noticeably, it appeared the control group possessed less mathephobia than their counterparts which required further explanation.

There appeared to be supporting evidence for respondents’ claims to be confident learners in mathematics.  When final grades were compared against confidence the data was conclusive: almost no one who claimed to be confident and free of intimidation achieved a failing score.  This is an important discovery in any attempts to find relationships between mathematics competency and mathematics anxiety.  These data illustrate a correlation and would seem to be consistent with research by Zaslavsky (1994) in Burns (1998), where it was claimed self-confidence and mathematics performance were closely related.  These results also find consonance with research by Pintrich and De Groot (1990); Sloan et al (2002); Tobias (1980); Pajeres and Miller (1994); and Carmichael and Taylor (2005); where self-efficacy (belief in confidence to succeed at a given task) was found to have a motivational affect on learning mathematics.  Further common ground was highlighted in the work of Bandura (1997) and Sheffield and Hunt (2006), who argued anxiety is known to correlate inversely with performance due to the motivational effect of self-efficacy.  On the contrary however, research by Higbee and Thomas (1999) and Hopko et al (1998) is contradicted by these findings.

Intimidation manifests in many forms; from experience calculator intimidation is a potential sign of mathematics anxiety in students and data illustrated some startling findings.  Regardless of confidence, over one-fifth were intimidated by the calculator; one-quarter would not challenge answers given by the calculator, and over one-third of all respondents avoided some mathematics due to calculator intimidation.  Clearly, calculator intimidation is a problem for these groups.  

The data for confidence levels showed that 70% of respondents believed their confidence in mathematics affected their competency and mathematics ability.  This is a clear demonstration of the power of self-belief on learner self-image, and motivation - ultimately self-efficacy.  There would appear to be consonance with the research of Carmichael and Taylor (2005) and Bandura (1997).  Moreover, Carmichael and Taylor’s research found motivation affected student performance and confidence.  

Mathematics confidence levels were affected in several ways, for example nearly 90% of confident respondents believed mathematics to be a difficult subject, possibly a throwback to their schooldays.  However, nearly half of all confident respondents agreed their confidence increased as a result of their participation in the mathematics presentation.  

It appeared from the data that lack of confidence in mathematics does not hinder respondents from rendering assistance with children’s mathematics homework.  Over one-fifth of non-confident respondents agreed they had confidence to do this.  Clearly there is something more going on in this context than a simple binary relationship between confidence and ability.  These data showed declared mathephobic parents put aside anxiety to assist with children’s mathematics homework.  If mathematics anxiety can be put aside in this context, perhaps it can be similarly put aside in others?  These data are all the more remarkable when viewed against further data regarding adulthood mathematics and childhood mathematics: nearly half of all respondents (and a substantial non-confident majority) believe their childhood mathematics to be superseded.  

1.1.2
Previous Mathematics Experience

The hypothesis is that previous negative mathematics experiences impact negatively on current mathematics learning.  A majority of respondents began their mathematics module intimidated to some degree from previous experiences.  Journals detailed insidious treatment mainly by school mathematics teachers.  For example, this student had a particularly vindictive mathematics teacher suffering ongoing public humiliation by him: 

 “…this is where my ‘fear’ surrounding mathematics comes from…because it’s the one thing that always sticks out in my mind.  It later carried on into secondary school, where I always performed badly at mathematics.  In the end I opted to take Foundation mathematics paper for the Leaving Cert. because I HAD NO CONFIDENCE ABOUT MATHEMATICS.” 

Another student reflected: 

“I know a lot of my fear stems from primary school; I never understood what the teacher was saying.  When I asked a question I was made the butt of his jokes for that particular lesson, that was bad enough, but he also had a sweeping brush handle and for every sum we got wrong he used to whack us really hard across the palms of our hands.  By the time I got to secondary school I had lost all interest in mathematics and failed every exam I ever did.  It was because of this that I bottled out of doing my Leaving Cert…”

These quantitative and qualitative data showed clearly the effect of previous negative mathematics experiences on current learners of mathematics.  There is consonance with the research of Higbee and Thomas (1999), which showed previous mathematics education and perceived ability are key elements for success in mathematics.  Further research by Campbell and Hackett (1986); Hackett et al (1990); Meyer and Eley (1999) and Hall (2002) concurred with Higbee and Thomas’ findings.

1.1.3
Adults’ Beliefs, Attitudes to, and Philosophies of Mathematics

The hypothesis is that altering one’s philosophical paradigm transforms attitudes and perceived self-efficacy, and perhaps even confidence.  

The data showed conclusive evidence the majority (55%) of respondents began their course preferring an ‘instructional understanding’ mathematics paradigm (knowing how) over ‘relational understanding’ (knowing why).  By the end of their course however, 72% preferred a more holistic paradigm, incorporating the relational understanding paradigm - knowing what to do and why.  This included almost half the number of previously ‘instructional understanding’ respondents, demonstrating a trend towards a more holistic paradigm.  Any move away from the instructional paradigm could be interpreted as positive in terms of mathematics teaching and learning.  

Skemp (1971) distinguished between instructional and relational understanding, highlighting that from an instructional viewpoint mathematics is viewed as an absolute set of truths, where rules must be followed carefully and correctly in order to achieve the correct answer.  However, Ernest (2004) amongst others, highlighted the benefits of the opposing view to absolutism – fallibilism – as a human construct, corrigible, and open to revision.  The data illustrated two-thirds of respondents believe mathematics to be corrigible.  Anecdotally, experiences of inducting these cohorts for several years, indicates such figures would be much less at the beginning of the mathematics module due in part to negative previous educational experiences.

By altering philosophical paradigms, these learners seem to have been well-placed to transform their attitudes and improve their self-efficacy.  To what extent self-confidence has been improved, or for that matter, mathematics anxiety decreased, was not fully revealed by these data.

1.1.4
Attitudes to Learning and Engaging with Mathematics

The hypothesis is that persistence affects competency, and a proper work ethic for engagement with mathematics impacts positively on mathematics competency.

A sizeable minority (39%) of respondents displayed a good work ethic and motivation for engagement with mathematics.  Overall, 49% with proper engagement motivation appeared not averse to undertake hard work should it be necessary to understand mathematics.  For example, a student who had difficulty keeping his momentum up over holidays and midterms wrote: 

“After today I realise mathematics needs to be practised, it’s like going to the gym – you’re fit while you’re training but once you stop you go into reverse and get rusty.  I need to go to the ‘gym’ more often.”  

On another occasion this student was very candid in his reflections around understanding mathematics, he wrote: “…I don’t know exactly how to explain it but it’s as if I feel I’ve no right to learn mathematics”.  This dramatic insight into his attitude towards mathematics illustrates a significant benefit of the journal to teachers of mathematics.  Due to his candour his tutor was able to help him confront this attitude, expose it and show him he was worthy.  This same attitude manifested in a small number of students.

Another student reflected on his attitude to mathematics now the course was almost over.  Originally from the UK he utilised an icon from his culture to derive an analogy of his attitude to mathematics: 

“I’m no longer afraid of mathematics; I just know I will have to work at it harder than most other subjects.  But then in the words of Margaret Thatcher, she supposedly said ‘if it isn’t hurting it isn’t working!’”

One can see the similarities in both analogies here: hard work and working out.  Both of these students believed mathematics is something akin to exercising – “if you don’t use it, you lose it”, as another student put it.

Research by Kieran (1994) found that contemporary thinking regarding learning mathematics has shifted away from rote learning/instant recall and changed to include learning mathematics with understanding.  From the journal extracts it can be seen how difficult learning mathematics with understanding might be for adult learners with little or no mathematical foundations.  It would seem from these representative data from journals some of the learners were prepared to work as hard as necessary to learn mathematics with understanding.

1.1.5
Confidence, Gender and Age

The hypothesis is that perhaps gender and/or age affected confidence and/or competence in mathematics.  No significant differences appeared from these data, either between genders or groups.  Preis and Biggs (2001) found that, amongst others, a mathematics ‘myth’ existed which claimed ‘women can’t do mathematics’.  These findings also contradict that statement.  Zaslavsky’s research (1994) examined schoolgirls’ progression with mathematics and noted negative gender differences in that context, however, none were revealed in this current study’s findings.  

Regarding age and confidence, the data seemed to show the most confident age group was 41 to 50 years, followed by 24-30 years.  The least confident group was 51 to 60 years.  Perhaps due to the length of time since traditional schooling, confidence in mathematics is low; also, this group may believe their mathematics has been superseded as illustrated previously.  These findings seemed to fit with findings from Multon et al (1991) who found the effect on performance of self-efficacy would be greater for older and low achieving students.  

1.1.6
Communications Skills

1.1.6.1
Discussing Mathematics

The hypothesis is that more intimate settings are more conducive for discussion especially for low-confidence learners.  Respondents were asked to show how they felt discussing mathematics in different situations: class, tutorials, study groups, and generally.  At least 85% of respondents liked discussing mathematics generally and in class, rising to 89% in the study group forum.  These data seem to describe a trend whereby respondents agreed with the statement the more intimate the discussion forum.  For example, agreement scores across the four statements regarding discussing mathematics increased, while disagreement scores fell, illustrating a downward trend, and a move away from disagreement generally.  Moreover, the data showed respondents preferred discussing mathematics in smaller, more intimate and apparently less intimidating surroundings.  Their preferences were: study group, tutorial, and classroom.  For example, one student wrote about how her study group offered benefits beyond the academic: 

“…I’ve put the effort in and can do the graphs but [it] really does not float my boat!  Perhaps this will cause me problems in September … if I don’t learn how to deal with stuff I don’t like.  A matter of figuring out how, I think, maybe getting together and chatting with study group might help?”

Later the same student noted:

“But my learning strengths so far are definitely through listening!  Especially within the study group I can remember a lot more of what’s said through discussion and so on!”

These findings seem to concur with those of Dodd (1999) who found some students feel more comfortable speaking in smaller groups, obtaining emotional and academic support. 

1.1.6.2
Asking and Answering Questions

The hypothesis was to ascertain whether more intimate settings provide low-confidence learners particularly, with increased opportunities to ask and answer questions.  These data exhibited significant differences between the groups regarding confidence to ask questions in class, tutorials, and study group.  Consistently the 2003 control group exhibited more confidence in each setting.  As observed previously, the data showed the preference trend for more intimate fora, and these data showed clearly some respondents felt more able to ask questions in tutorials rather than classes.  These data were triangulated and showed a sizeable minority of respondents relied on others to ask questions in class because of intimidation or low self-confidence.  Preis and Biggs (2001) found high mathematics-anxious students distrust themselves to obtain answers, preferring to collaborate instead of working alone.  These findings were supported by this current study.  

It could be argued that by providing tutorials respondents were in some way enabled to withdraw from classroom questioning; this requires further investigation.  Conversely, tutorials provide low-confidence students with a less intimidating environment and a much smaller discussion forum in which to ask questions.  There may be a perceived lack of threat to self-image under these circumstances enabling them to be somewhat freer than in the normal classroom.  

These hypotheses are given further relevance when additional data regarding questioning is examined.  A majority (58%) were not intimidated by raising their hand to ask questions, however nearly one-half of respondents consider what others think of them before asking their question.  Lynch et al (2003) found similarly.  For example, one student reflected often of his frustrations around his lack of courage to ask questions.  On one such occasion he wrote: 

“I could feel the questions on the tip of my tongue, I just needed that one more bit of courage – I couldn’t find it.  It was like being a child confronting a fear like jumping into a swimming pool for the very first time.” 

1.1.6.3
Attitudes towards Correctness of Answers

The hypothesis is that attitude towards correctness and persistence in answering questions indicates underlying confidence.  These data showed that of those respondents who enjoyed proving the answer correct in mathematics, almost two-thirds were confident it was actually correct, meaning over one-third were not.  There seems to be some consonance with the findings of Dodd (1999) who found some mathematics-anxious learners distrusted themselves to answer questions correctly.

Previous research by Selfe et al (1996) and Lanigan (2006) showed students increased confidence in ability to problem-solve and participate more in class; mistakes were valuable if utilised in learning mathematics.  For example, a student reflected on remedying mistakes: 

"...went over fractions on the weekend…Trial and error, but it worked.  Now when I get something wrong I go back to see where and why!”

After presenting on the impact of mathematics on society another student reflected on new learning from the process: 

“…I realised I did learn something from the whole experience and that is: if I ever have to give a presentation in the future I should get other people’s opinions and take on their points while giving myself plenty of time to make all the adjustments that might need doing.”

Another student reflected: “Don’t know what to say about last week’s exam; I’m half dreading the results.  I know I’m going to find out my weaker points and from there I can revise it all again…”

The data showed 60% both enjoyed proving answers, and did not mind making mistakes so long as the error was discovered.  These data illustrate a paradigm shift in these cohorts who previously would have perceived mistakes as de-facto incompetence.  Their concepts of competency seem to have been readjusted or to some degree redefined.

1.1.7
Effect of Tutor, Students’ Attitudes to Tutor

The hypothesis is that student attitudes to tutor affect confidence and competence and the safe environment created by the tutor enables effective, competent and confident learning.  Research by Maslow (1943, 1954, 1971, and 1998) and Jackson et al (1999) have shown generally the provision of a safe environment and positive reinforcement is conducive to productive learning engagement.  For example in school, students cited lack of safe environment and negative reinforcement as culpable in precipitating their withdrawal from mathematics and developing mathephobia.  Mathematics teachers were referred to in negative terms mostly from those with some degree of mathephobia.

The data illustrated some significant differences between the groups, for example, I place much confidence in my tutor and It is extremely important for me to know my tutor believes in me, however the control group agreed more with these statements.  Possibly one reason for this may be down to their relationship to their mathematics tutor.  It is possible there was a perception of more mutual belief/trust with their tutor.  Preis and Biggs’ (2001) research showed the importance of instructors believing in each student’s ability to learn mathematics; Dodd (1999) discovered this can assist learners develop self-belief they can do mathematics.  These findings may have some consonance with the current findings: irrespective of confidence, significant majorities of respondents cited trust and confidence in tutor, and tutor’s belief in respondents as being extremely important.

The data showed categorically the majority of respondents’ learning was unaffected by substitution of regular tutor.  However, it seems long-term (over one month) substitution caused some anxiety to learners through readjustment to new tutor.  Different teaching methods, classroom manner, question-answer techniques on tutor’s behalf may precipitate uncertainty in the learner causing growing anxiety or anxiousness.  For example, research on mathematics anxiety by Ashcraft and Kirk (2001) found failure to prevent worrisome thoughts loaded working memory and detrimentally affected performances.  This may possibly have been a factor in the reported anxiousness of the 2007 group.  

Moreover, they had least time to bond with their tutor.  It consequently affected trust and attitudes towards their tutor.  It may have coloured responses regarding trust and confidence in their tutor.  It may also be indicative of their lower confidence scores when compared to the control group.  The control group experienced no tutor substitutions, were facilitated with an extra tutorial per week, and the tutor was more available for one-to-one sessions.  They had more exposure to their tutor and more time to bond and build trust with him.  These mitigating factors may have coloured the control group’s responses, in a similar but opposite fashion to the 2007 group.  This may explain the consistently higher confidence and validated competency scores evidenced throughout the data.  It may also go someway towards explaining why there is not a more emphatic case for confidence-building from either learning journal or mathematics presentation.  

1.2
Adult Learners

1.2.1
Team Working Skills

Were respondents not attending study group meetings or attending infrequently for reasons other than the fact the meetings were a waste of time?  What reasons might these be?  Overall, data showed team working had high agreement with no significant difference between groups.  The data showed clearly respondents’ willingness to part-take in collaborative learning.  By far the most popular frequency was weekly.

The respondents appeared divided on the issue of frequency of meetings.  However, there seemed to be many unable to meet frequently, indicative perhaps of social, domestic or other demands.  For example, some respondents were employed as well as studying; some were homemakers and/or carers.  The majority have children, some are still dependents.  With a somewhat fluidic lifestyle, it is little wonder study group meetings took place infrequently.  It is worth noting no respondents cited ‘waste of time’ for non-attendance or infrequent attendance.  Zopp (1999) found unrelated events and a lack of support, amongst other things contributed to mathematics anxiety in learners.  There would seem to be some consonance between Zopp’s findings and this current study.

1.2.2
Preferences for Collaboration

The hypothesis is that learners prefer smaller group settings in which to learn mathematics and collaboration benefits learning in mathematics.  The data showed clearly those with a collaborative preference collaborated for mathematics; significant because traditionally, mathematics is taught and learned in isolation, or with minimal collaboration between learners.  These findings would seem to agree with those of Lynch et al (2003) and Higbee and Thomas (1999) who found benefits to collaborative learning and a safe classroom environment.  

Respondents preferred tutorials for collaborative exploration, and for questions and answers.  Noticeably, all those who attended study groups did so voluntarily, including, remarkably, those without a collaborative preference (at most 9%).  This is a significant finding in that these adult learners exhibited clear self-directedness in pursuing study groups despite their personal collaborative shortcomings.  They may have chosen to embed themselves in a study group to appropriate the associated academic, social and personal benefits of study groups.  Learners typically cited their academic improvements to participation in study groups; further benefits included mutual support of learners by learners, in many cases this included some form of socialising, shared child-minding and shared transportation.  For example, one student wrote: 

“Going to ask my friend to pick up the kids from school tomorrow so I can go to the tutorial.”

The needs of the participants were met in a similar way to those Maslow (1943, 1954, 1971, and 1998)  identified as being necessary prerequisites for learning to be effective; once lower order needs were met students were freed to coalesce with their group.  Another reason why some did not or were unable to meet with study groups possibly was their needs were not met.  A very small minority of students reported negative experiences in groups claiming they did not feel safe exposing their vulnerability due to insensitive behaviours from other group members.

1.2.3
Managing Own Learning

The hypothesis is that ability to manage own learning indicates competence.  Decreasing stress levels (due to good time management for example) may allow growing confidence to develop; this was one finding made by Zopp (1999).  Although a large majority of respondents agreed they were capable of self-directedness, less than half overall were comfortable managing their own learning.  There appears to be a dichotomy emerging between those able to manage self-directedness and those unable.  A dichotomy emerged previously relating to confidence in mathematics.  What is not clear however is whether the dichotomies overlap with the same respondents; that is for further research and investigation.

“…I’ve just lost my spark somewhere along the way…It’s just my whole life is taken up with everything: if it’s not the work we have to do for college it’s someone on the phone asking me if they can come over to study with me.  My husband barely talks to me anymore, my kids don’t see me and on top of all that I have to work.  I just feel like screaming, everyone wants some of my time and I don’t even have any for myself.  I have asked myself so many times why I don’t just give up now; it would make everyone’s life so much easier.  But I can’t do that and yes maybe I am being selfish but this means so much to me and I want to make it through the whole year.”

The data showed there were a sizeable minority of respondents who claimed to be uncomfortable managing their own learning as well as being unable to supplement own learning through self-directed means.  This finding is worrying because it highlights a learner group who were ‘at risk’; they may be mathematics-anxious learners or perhaps low competence learners.  They may also have answered the statement negatively for example due to limited access to the Internet, or perhaps felt intimidated by the college libraries.  The most significant point to note is they seemed to be disenfranchised further in terms of learning mathematics.  

There were no significant differences between the control group and their counterparts on this issue.

1.3
Mathematics Competency

1.3.1
Problem Solving Skills

The hypothesis is that mathematics develops logical, problem-solving skills in the learner providing spin-off benefits to other subjects and areas of life, thereby increasing learner confidence through awareness.  Nearly three-quarters of respondents, irrespective of confidence agreed they were more persistent at mathematics than previously.  This finding demonstrates the development and exhibition of stamina/tenaciousness in the learner, backed up by numerous journal accounts.  For example: 

“I have heard nothing but nightmare stories on this subject [statistics]”

However having finished the module she wrote: 

“It’s all about understanding what’s being asked (words like ‘deviation’), finding averages.  I’m no longer scared of starting something new (what you sow you reap).”

Another stated:

“It’s just not sinking in, I wish it would click with me but it’s just not happening…I have to keep telling myself to stop feeling sorry for myself.  To be honest if I’d stop feeling sorry for myself and spent that time trying to figure out linear programming I’d probably do a lot better!  I’m not letting myself give up just yet…where there’s a will there’s a way.”

Apparently, learners now take time to dwell over problems, strategising and deducing their next moves.  This behaviour is a paradigm shift and is, to some extent evidence for their transformations into self-sufficient learners.

The NCTM (2006) recommended students should acquire scholarly characteristics that will serve them well outside of the classroom.  Skills such as persistence, curiosity, and confidence amongst others were identified.  This current research study showed some students achieved these characteristics to some degree.  

In the majority of comparisons, the control group agreed more with statements than did their counterparts from 2005-2007.  A possible explanation for this may lie in the previous mathematics levels of respondents from different years.  However, the groups’ level of study showed no significant differences.  The control group had slightly higher grades, although the overall average grade was ‘C’.  Therefore, it appears some other reason exists to explain this phenomenon.

Overall the data showed a trend in the development of scholarly characteristics such as confidence, logicalness, and persistence with approximately 40% treating problems more logically, and 50% persisting with problems until resolved.  The development of such problem solving characteristics – a form of mathematics competency – impacts positively on learners’ self-confidence and self-efficacy as can be seen from the following journal entries.  

“…now I know more mathematics than I have ever known in my lifetime of mathematics at school.  This happened in just 7 months, which just goes to show that how it’s taught has a lot to do with how it’s revised.  I am no longer afraid of mathematics.  I’d have more confidence in myself to tackle [mathematics] or apply for jobs or courses that involve mathematics, a road on which I would have never travelled before.”

Another wrote:

“…just hope I get more confident with numbers because they still frighten the life out of me”, “…fractions!  Algebra!  I can’t believe I can understand them let alone do them!  It’s great I really feel good about it, like I have achieved something already!”

These data provided further evidence for a tentative link between confidence and competence in mathematics.

1.3.2
Number Skills; Universality of Mathematics

The hypothesis is that de-mystifying mathematics increased awareness, thereby positively impacting upon confidence and competence.  By the end of the module there was near complete awareness of the universality of mathematics, of its everyday use.  Mathematics was no longer mysterious – 89% of 2005-2007 sample cited their participation in the presentation as one reason for this transformation.  (The mathematics presentation is dealt with separately in a following section).  

1.3.2.1
‘Trophy’ Mathematics and Invisible Mathematics

More than three-quarters of respondents felt they need to understand mathematics even if it was not a major portion of their chosen course in third level.  Why would such a majority of respondents feel this way?  One potential reason may be the fact that, in their psyches mathematics remains the yardstick by which incompetence and so-called ‘stupidity’ are measured (perhaps another throwback to compulsory education).  There may be reluctance to relinquish mathematics after achieving validated levels of competency.  Moreover, learners may have felt achieving such mathematics competency akin to a ‘trophy’ subject, something to boast in, regardless of its prevalence in their college courses.

Regarding the perceived usefulness of mathematics to the respondents’ daily lives, a large majority apparently recognised mathematics’ usefulness either in college life or other walks.  Over one-quarter recognised it in both walks; for example, to quote a number of respondents’ questionnaires:

“Business: Gave me confidence to work with numbers.  Areas in life: In general I feel that I can think more logically and I now question before I act.”

“All areas; knowing in myself that I can come to terms with understanding complicated mathematics has lifted my confidence in all my subjects and has made me a more confident person generally.”

“Percentages/APR: I now understand what it means (mortgage/bank); Fractions: having the general knowledge of them; All of it: I love the confidence to help my son with his homework.”

“Banking: now know what APR is!  Children's mathematics: have 2 children in secondary school; can help them with their mathematics.  Have been able to break it down so they understand.”

As indicated in another context earlier in this chapter, anecdotal evidence would suggest such a large awareness of the prevalence of mathematics in everyday life would not be indicated prior to the mathematics course; to a large extent the prevalence of mathematics would appear to be ‘invisible’, only becoming visible through a process of ‘coming-to-know’ – awareness.

1.3.3
Competency: Self-reported and Test-score Validated

The hypothesis is that although learners indicated so, were they actually more competent after the course?  The control group had slightly better scores in terms of Christmas Exam marks; however there were significant differences between groups in terms of Final Exam marks.  This seems best explainable in the context of the effect of tutor on the groups (see section previously).

Almost two-thirds of respondents claimed to be more competent after the course – these were formerly incompetent students by their own admission, illustrating further evidence for the students’ competency transformations in mathematics as a subject.

When taken into account with the data regarding intimidation and self-confident mathematics-learners, and considering the data regarding validated competency improvements it would appear some form of inter-relationship exists.  The data highlighted a potential link between mathematics confidence and mathematics competence.  This finding is quite important as it has the potential to answer the primary research question.  Data presented earlier highlighted the correlation between self-reported competency and actual test scores, thereby validating them.  Taken together with data regarding pre-course and post-course mathematics anxiety, and reported confidence levels with mathematics, a potential link between learner self-confidence and mathematics competency was identified.

1.4
Assessment and Teaching Methodologies

1.4.1
Learning in other Ways, Learning Journal, Non-“3-R’s” Learning

The hypothesis that assessment and teaching methodologies assisted learners develop competence and confidence in mathematics is discussed.  As declared previously, the control group did not part-take in the new assessment and teaching methodologies, so no direct comparisons between groups was possible.  However, some questionnaire statements
 were useful for comparison in terms of attitudes towards reflexivity in mathematics.  It must be stated that some control group respondents who were in their final year or who had graduated the previous year pursued humanities courses where reflexivity went hand-in-glove with their academic studies.  Some of these respondents provided further insights verbally and by means other than the questionnaire that were useful for discussion.

1.4.1.1
Learning from Participation in the PowerPoint Presentation

The hypothesis is that newer assessment and teaching modalities enabled the learners to learn mathematics and by using PowerPoint helped learners become more aware of everyday mathematics thereby increasing confidence and competence.  Overall, 90% of respondents agreed they learn best in a practical, hands-on type of classroom environment.  However, these data may have involved biases.  For example, with so many respondents suffering under mathephobia to some degree, and with many turned off the traditional ‘chalk and talk’ lecturing style of mathematics education, is it any wonder such a majority felt this way about practicality in the mathematics classroom?  A possible consequence of this point may be respondents’ disbelief in the practicality of mathematics.  The data could be highlighting such underlying phenomena.  

The exercise of participating in the mathematics presentation may have reintroduced learners to the practicality of mathematics, demonstrating through their own presentation and that of their colleagues’ the very practical nature of mathematics.  It would seem from the data the presentation was very effective in assisting learners transform their opinions concerning the practicality of mathematics.  Evidence from journals and guided reflections, in addition to quantitative data showed 89% of respondents cited the presentation as directly changing their views about the practicality of mathematics and its everyday use.  This may also be indicative of a transformation in self-efficacy leading to an increase in confidence perhaps.

1.4.1.2
The Mathematics Learning Journal

The hypothesis is that the learning journal assists learners transform to some degree from intimidated learners to unintimidated learners of mathematics; that it helped build confidence and identify learning strategies.  Half of all respondents liked writing about how they feel about mathematics; with nearly one-quarter disliking it.  These data showed some low-confidence learners, who found mathematics difficult, liked using the journal.  Why was this the case?  Perhaps these learners identified benefits with journaling, possibly to communicate with their tutor and share their problems and difficulties with mathematics.  By journaling regularly, perhaps these learners were able to ‘deal’ with their problems by making them explicit rather than allowing them to remain internalised, perhaps alleviating stress or anxiety.  Findings by Selfe et al (1996) and Lanigan (2006) may provide insights in this context.  They found journals provided a written account of the students’ progress as seen not only by the instructor but by the student as well.

Conversely, the data also showed the dislike some competent and/or confident learners had for such endeavours.  Perhaps, in some cases, learners felt the journal was somehow ‘below’ them; others may have felt unable to expose their vulnerability in such a forum.  These points highlight a significant shortcoming of the learning journal – it does not suit every learner.  Some learners chose to keep their feelings to themselves and decided purposefully not to explore their learning of mathematics in any expository fashion.  

As a case in point: moderate-to-high confidence/competence respondents’ journals clearly showed their frustrations coming to terms with the journal as a learning tool.  For example, entries were ‘fabricated’ rather than expressed from actual events or so-called ‘critical moments’.  This is evidenced from at least one respondent’s journal where he complained about others in the group discussing how they were going to borrow journals to fabricate their own to achieve continuous assessment credits.  The learning benefit to such learners is minimal at best.  (Although, it could be argued these learners have learnt how to ‘play the academic game’ to some degree, in terms of submitting for continuous assessment credits.  This too, is a valid form of learning, albeit an unintentional one in this experiment).

1.4.2
Regularity of Journal-keeping

Keeping a regular journal assists mathematics learning; was there any evidence confidence increased as a result of journal-keeping?  The learning journal concept in mathematics was to assist learners in various ways to become more confident, more competent, and more discriminating and critically aware in mathematics class.  The data highlighted a trend in respondents’ preferences for journaling.  The majority journaled weekly, meaning they did not journal after each mathematics class, as encouraged by their tutor.  A possible reason for this behaviour may lie in their unwillingness or inability to part-take in the learning journal.  This may have occurred because of the time involved in reflecting, writing and the general upkeep of the learning journal.  Quite a number of the adult learners had poor levels of written English, including poor grammar and punctuation.  Some did not have English as their first language.  Embarrassment may have played a part in their lack of enthusiasm for keeping a more frequent journal.  A number of learners may have felt unworthy of providing opinion and comment in the pages of a journal due to past negative-reinforcing experiences.

Comparisons were effected between confidence and various other accrued benefits of the journal (based on Lanigan, 2006).  These data were illuminating in terms of exposing the benefits to the 2005-2007 group.  For non-confident respondents, 41% reflected more often in the second semester than in the first; 38% reflected more deeply; 43% recognised their difficulties with the subject played out within its pages; 36% recognised increased ability over time; 27% recognised improvements to confidence over time; 42% preferred quality over quantity of reflective accounts.  For 40%, motivation to please tutor was not their main reason for journal production, 27% would continue it even if it was not credited for assessments; 38% discovered learning strategies from its pages; and 33% agreed it provided their tutor with insights into their learning which in turn assisted with learning mathematics.  The benefits to confident learners were as good or better in most instances.

Tobias (1987) found that writing or ‘self-monitoring’ broke the paralysis of mathematics anxiety which would seem to agree with the findings from this current research study.  Further consonance is seen in the findings of Preis and Biggs (2001) who found that a mathematics autobiography helped learners positively by encouraging them.  Increased confidence due to journal-keeping was found by Selfe et al (1996), however, correlation between regularity and confidence was not identified explicitly.  Although not conclusive here in this study, it would seem that by journaling weekly confident learners remained confident and low-confidence learners were assisted to become more confident.  There would appear to be some link between frequency of journal-keeping and confidence in mathematics.  

Although these data did not provide categorical evidence for the role the journal played in the confidence-building process, they did however illustrate a major benefit of the journal to the learners, namely the personal historical record of interactions with learning mathematics: over time, a series of ‘snapshots’ develop into an overall personal historical record.  They were also able to recognise when their confidence began improving in mathematics.  It is entirely possible that based upon these records confidence is derived by the learners from reflexivity.  Successes are recorded to be replayed at a later date perhaps when the learner is not so successful.  Comfort may be derived from the fact the learner made it through their previous bout of ‘failure’; for example, on numerous occasions the phrase ‘this too, shall pass’ appeared in journals.  There is much scope in this area particularly for further research.  

1.5
Summary

Based on Higbee and Thomas’ (1999) research, educators have begun to research various techniques, including the use of collaborative learning (including study groups) and verbalisation (including reflexive journals) during the problem-solving process.  

The data demonstrated lack of confidence in mathematics does not hinder respondents from rendering assistance with children’s mathematics homework.  There is a similar phenomenon in the data for those who experience intimidation regarding asking questions in class.  Clearly there is something more going on in this context than a simple binary relationship between confidence and ability.  Declared mathephobes willingly put aside mathematics-anxiety under certain circumstances.  If mathematics anxiety can be put aside in this context, perhaps it can be similarly put aside in others?  This is perhaps the most important finding of this research.  There would seem to be a non-linear relationship therefore between competency and confidence in mathematics, under these circumstances.  It would seem that human nature is a large variable in the competency-confidence equation.  Further research on this specific issue is required.

Respondents were categorical in their preference for smaller, more intimate settings in which to learn and explore mathematics.  The provision of a safe and ‘vulnerable-friendly’ atmosphere was preferred to the traditional mathematics classroom.

Most students used the journal to pose questions, both mathematical and non-mathematical in nature.  This allowed engagement in a dialogue and helped build a mutual bond that endured until the conclusion of the term.  In other respects, students mentioned their fear of asking questions in case they appeared ‘stupid’ – a large hangover from compulsory schooling; and of being asked questions by their tutor; some felt this approach made them uneasy.  By utilising the journal in this way their tutor was informed of their preferences immediately, particularly useful in the case of a shy or unassuming student who would not approach their ‘mathematics teacher’ due to the connotations of power that go with that title.

Most notable throughout the findings is the lack of significant differences between the control group and their counterparts.  So-called ‘advantages’ were identified, marking out the control group as having an especially close bond to their tutor.  These may to some degree explain the consistently higher confidence and validated competency scores evidenced throughout the data.

2.1
Introduction to Conclusions & Recommendations

The aim of this research was to answer a two-part research question: 

“With respect to adult learners: what effect has learner self-confidence on mathematics competency?” and “With respect to adult learners: what effects have less traditional teaching and assessment modalities on the learner’s self-confidence and mathematics competency?”

Examining the first part of the question indicates the involvement of factors such as Mathematics Anxiety and Self-Confidence, Adult Learners, and Mathematics Competency.  These are discussed below.  Examining the second part of the question involves an examination of Assessment and Teaching Methodologies, and this also, is discussed.

2.2
“With Respect To Adult Learners: What Effect Has Learner Self-Confidence on Mathematics Competency?” 

2.2.1
Mathematics Anxiety and Self-Confidence

There is a relationship between mathematics anxiety and mathematics competency that is responsible to some degree for causing a transformation in learners’ intimidation levels and validated competency.  Nearly all confident learners successfully passed the course.  However, a number who claimed to be non-confident learners passed also.  In addition, there were a number who were non-confident who did not pass.  This might lead one to conclude prematurely, perhaps, the influence of mathematics anxiety on competency in mathematics is not linear.  

Unquestionably, there were a number of self-confessed non-confident learners who passed the course.  For these learners especially, the relationship is not linear.  Some other influence seems to have been affecting their self-assessment of confidence/math-anxiety levels.  Therefore, it could be construed from these findings that, although the relationship is not always linear, linear characteristics are exhibited for the majority of learners.  The effect of human nature on the apparent breakdown in linearity for non-confident, competent mathematics learners requires further investigation.

There can be no argument about the effects of previous mathematics experiences on current learning.  In addition to the reviewed literature on the subject, the findings from the data were clear: previous negative experiences of mathematics education, particularly compulsory education, were culpable in the withdrawal of learners from mathematics and their development of mathephobia.  It appears this reason alone is responsible for such high pre-course intimidation.

Moreover, evidence for the effect of mathematics instructor on learners’ confidence and competence were identified.  In addition, somewhat surprising findings in terms of trust and belief at the interface between learner and instructor, lead one to conclude the environment created by the mathematics instructor is of huge significance to learners’ self-confidence and self-efficacy.  Learner confidence was affected by mathematics instructors.  Further research is indicated.

Transforming philosophical paradigms and attitudes towards mathematics seems to have been instrumental in the learners’ metamorphoses identified earlier.  Large numbers of respondents noted benefits mainly to self-efficacy.  It might be concluded from these findings, and those of others in the literature reviewed in this area, that motivation, self-efficacy, and philosophical paradigm are powerful instruments in positively transforming non-confident learners’ attitudes toward mathematics.  Although confidence-building might be inferred from these findings, it is not possible to conclude conclusively in this regard.  Therefore it is recommended further research in this area be undertaken to measure the effects on confidence-building.

Furthermore, findings regarding discussing mathematics, asking and answering questions, and attitudes towards correctness of answers, were conclusive: learners preferred smaller, more intimate settings – the less intimidating and more collaborative, the better.  Moreover, conclusive evidence indicated respondents’ preferred collaboration to isolation.  Benefits accruing to them from study groups encouraged their continuation.  However, some experienced negative stress due to their inability to attend, thereby foregoing the associated benefits of group collaboration.  The provision of a safe environment for learning mathematics is an important conclusion to be drawn from this research.  

2.2.2
Adult Learners

The belief by some older adult learners that their ‘school’ mathematics had been superseded was remarkable.  Their beliefs affected their confidence and competence in mathematics, agreeing with findings by other researchers.  Although not conclusively proved by this current research, it might be concluded older age affects mathematics learning.  Furthermore, this study found no conclusive evidence for gender bias in terms of confidence or competence.  There appears to be much research opportunities in these areas.

Inability to manage own learning emerged, however any relationship to competence or confidence needs further investigation.

2.2.3
Mathematics Competency

It was hypothesised persistence and proper work ethic for engagement with mathematics impacted positively on competency.  To some degree this was demonstrated in the findings.  Although potentially difficult for some adult learners, working as hard as necessary to comprehend mathematics, in addition to persisting and engaging fully with the subject, seems to have paid dividends for many learners.  Learning mathematics with understanding was new to most learners and was the cause of some difficulties for them.  Readjusting to this new approach to learning may have more suited those with less demands on time, for example.  This requires further research.

It may be concluded from this research that problem-solving behaviour improved in these cohorts generally.  It can also be concluded that previous mathematics levels or grades are not a reliable indicator of future competence in these cohorts.  It appears effect of previous experiences, particularly of tutor, hold greater influence over future competency and confidence levels.  The researcher recommends further research in this area.

The majority of learners are more competent post-course, indicating the beneficial effect of the module on learners.  Validated competency correlates to self-confidence/mathematics-anxiety claims for these respondents.  There exists further scope for research into this area.

2.3
“With Respect To Adult Learners: What Effects Have Less Traditional Teaching And Assessment Modalities On The Learner’s Self-Confidence And Mathematics Competency?”

2.3.1
Assessment and Teaching Methodologies

Almost 90% of those respondents who participated in the PowerPoint mathematics presentation had their awareness of mathematics, its practicality, and usefulness readjusted to the point where mathematics was demystified.  This impacted upon learners’ self-efficacy and may have led to increased confidence in some cases.  This requires further research.  

Journal-keeping seems to have positively benefited those learners who honestly engaged with it.  The benefits of journaling to learners of mathematics ensured its continuation, particularly for low or non-confident learners; this despite others’ ulterior motivations to fabricate journals for assessment credit.  Weekly journal-keeping seems to have built confidence although this was not shown conclusively.  There is scope for further research in this area also.

Conclusive evidence was found to encourage the continuation of newer assessment and teaching modalities.
� Statement G9 is such a representative statement from the questionnaire: “I like writing how I feel about mathematics”.  This statement was directed at ALL respondents alike.
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