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Abstract 

This study probed mathematics anxiety among pre-service teachers through the medÏum 

of a workshop. In particuiar7 this study attempted to answer the following question: What 

impact would a workshop have in alterhg the attitudes and conceptions of mathematics that 

wodd in tum rechice mathematics anxiety? The workshop was sidmini,ctered by the researcher 

to seven Education students at Lakehead University- 

Data were collected by meam of an anecdotal survey as weil as concept maps poems, 

and images of mathematicians created by the participants. Further data were gathered 

through transcription of tape recorded discussions. To augment these qualitative materials, 

an attitude w e y  was administered to the participants at the start of the nrst session, and at 

the end of the last session, 

The results of the study indicate that in order to reduce aa>àety, one's leamiog of 

mathematics needs to relate to one's everyday We. Further stress would be reduced if the 

ambiguity of word problerns couid be mhimized, and if there was a balance between 

independent and cooperative leamhg tasks in the mathematics classroorn. The perceived 

invasive nature of mathematics and a lovemate relationslip with the discipline were two ideas, 

emerging âom this study, which are not visible in the literature on mathematics anxiety. This 

study reafbmed the importance of a workshop in reducing feelings of isolation experienced 

by sufferers of this type of anxiety. 
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Chapter 1 

Introduction 

Mathematics e e t y  is a phenomenon that has been extensively researched and has 

been shown by researchers such as Tobias (1980) to be potentidy debilitating- The pupose 

of  this study was to investigate this phenomenon through the medium of a workshop. In 

particulas-, this shidy attempted to m e r  the foilowing question: What impact would a 

workshop bave in altering the attitudes and conceptions of  mathematics that would in turn 

reduce rnathematics amiety? Some of the m g  literature on this subject suggests that 

carewy designed workshops might be of some bene& to sd!Serers of tbis type of aruciety- 

Donady and Auslander (1980) and Hadfield (1 992) have pointed out that the implementation 

of well-structureci workshops' has, in the past, met with success in the deviation or 

reduction of math anxiety. 

The workshop was made avaüable to students in the Bachelor of Education program 

at Lakehead UniverSay m the second half of January, 1997. The workshop was dMded into 

two sections to accommodate for scheduling conflicts, and each section ran for a total of 

seven and a half hours. It involved discussion of the thoughts, feelings, and experiences 

associated with mathematics amciety as weU as the variow ideas related to rnathematics. The 

1 For the purpose of this study, a weil-structureci workshop is one that coasists of a series of components 
similar to those suggested by Donady and Auslancler (1 %O), which mSy iaclude relaxation techniques, role 
playing activities, and sentence cornpletion exmises. 



ideas demonstrateci perceptions of the discipluie that are somewhat different nom the 

perceptiom as shared by maîhematicians. This was a conceni addressed by researchers such 

as Frankenstein (1984). Also, the workshop included hands-on activities in which the 

participants d d  use mampulatives as a way of discoverhg mathematical re1atiomhips and 

building seIf-confidence, such as those suggested by Sobel and Maletsky (1975). The 

workshop conchdeci with each of the participants filling out an anecdotal evaluation form that 

dowed them to comment on the stretigths and weaIaiesses of the workshop as well as 

suggest ways in which the workshop might be mocWed in order to be more effective. 

A h ,  the extent, if any, to which the participants' sense of the discipline of 

mathematics is changed over the course of the workshop was investigated. This has been 

shown to be ofsignincatrce in relation to mathematics h e t y  by Frankenstein (1984). This 

was accomplished by adiniriistering portions of Quilter and Harper's (1988) w e y  on 

attitudes penaining to matheniatics, botb at the start of the first session and the end of the 1st 

sessiun, then andyzing the results. The use of the Quilter and Harper s u ~ e y ,  as well as the 

mecdotai evahiation form and field notes taken by the researcher while listening to the tape 

rewrded sessions of the workshop, was indicative of the researcher's intention to use both 

quantitafive and qualitative research methods in this shidy. However, due to the small sample 

size (N=7), a descriptive, as opposed to inferential, analysis of the survey was dooe. The 

resuhs ofthis study would thus be of interest to educational researchers who wish to probe 

reasons for students' success in mathematics by illuminating the causes of mathematics 

amiety and possible strategies for reducing the anxiety. 



Rationale 

Tobias (1980), Wüliams (1 988) and Folk (1 995) consider that mathematics anxïety 

is a serious problem, parhculariy because mathematics has practical applications in several 

fields of study, including the physical and biological science, the social sciences, cornputer 

science, *ce, and others. Many occupations require a solid groundiig in the hdamental 

concepts of demiitics. The Ontario Minishy of Education's 1985 Curriculum Guideiines 

for mathematics in the Intermediate Senior Division refers to a Link between mathematics 

anxiety and mathematics avoidance. This may lead to serious consequences. If îhere are 

mdividuats who d e r  h m  such a high level of math d e t y  that they do not pursue a study 

of mathematics beyond the minimm requked number of courses to graduate fiom secondary 

school, then they could end up misshg out on several career oppomuiities. Math-amcious 

teachers who are faced with having to teach mathematics may unconsciously transmit their 

anxiety to their -dents. Folk (1995) pointed out that math-hous teachers allow their 

amciety to get the better of them and cause them to teach the subject in an inflemcble m e r ,  

in the sense that such teachers are non-refiective practitioners who do not r e c o e e  the 

amnilative nature of mathematics Therefore, Ït would seem that if math-aflxious Bachelor 

of Education student teachers have their math anxiety examine4 and at least partialIy 

alleviated, before they begin their teachùig careers, then that would ultimately be of benefit 

to their fùture students. An exponential effect would be created whereby each graduate of 

the Bachelor of Education program, leaving the program with contidence in teachuig 

mafhernatics, would transmit that confidence to hundreds of students throughout his or her 

career. In turn, some of these students would becorne mathematics students who would 



transmit their conndence to hundreds more students, and so forth Thus, a weU-structured 

workshop could be of great. societal value, if it works. It is the focus of this study to 

detemine the value of such a workshop. 

Researchers have pointed to a societal need for numeracy. According to Joram, 

Resnick and GabrieUe (1995), "Numbers are pervasive in our daify lives. The- are used to 

acquaint us with fah and to persuade us of a writer's point of view." (~1.346). Joram et al 

went on to argue thac "The ability to undersiand and interpret arguments that hinge on 

numben is essential for evaluating many of the daims that people encounter daily in 

advatisernenfs, forecasts, and public policies and thus for becoming intelligent consumers 

who c m  make ùifomed decisions." (p.346). Paulos (1988) examinai innwneracy in a 

nrmiber of contexts, including a possible link between innumeracy and a guUii%ty regarding 

stock market scams and fiaudutent medical treatments. One is less likely to be victimized by 

such illegal and unethical activities if one bas a basic understanding of  the laws of probability. 

Pados linked innumeracy with mathematics anxiety and pomted out that feelings of terror and 

intimidation when co&onted with mathematics, aaccompanied by the notion "that there are 

mathenutical mmds and non-mathematical and that the former always come up with m e r s  

instaataneously whereas the latter are heipless and hopeless" @.88), alI have the potential of 

leading to a major stumblùig block for nmieracy- Such corrnients suggest an urgent need for 

educators to address the problem of mathematics anxiety. One must redize, however, that 

the meaning ofnumeracy and related terrns like quantitative literacy change over t h e  and 

nom place to place. Joram et al, quoting Cockrofi (1982), dehed mimeracy as "those 

mathematical skills that enable an individual to cope with the practical dernands of everyday 



iifen (p.347). Galbraitf5 Cars, Grïce, Endean and Warry (1992) quoted Australia's national 

definition for quantitative literacy - "'the ability to use mathematical operafions, such as 

addition and multiplication, to solve problems included in wntten matenal" (p.581) - but 

suggest that advancement in dadators and cornputer soâware could change what 

mathematicai skills are regarded as important. 

Mathematics anxiety has been tied to dïfEcuIties that people experience when doing 

mahmatîcs. Levine (1995) stated, "Mathematics iiIYCiety is ofien perceiveci as debilitating 

and is Linked with impaireci performance, both in traditional academic settings (e-g. school 

. . 
scammati011~) and in daily Ne, where it can interfère with niccessful completion of a task or 

achievement of a goal." (p-42). She indicated that d e s  consistently score higher on SAT 

mathematics scores and suggested that mathematics d e t y  for f d e s  mi@ be an 

underlykg cause for this- It is the researcher's position that the presence of too many math- 

amcious teachers wuld ultimately inipair the mathematical performance of society as a whole. 

Definition of Terms 

The foliowing ternis were central to the workshop and for the purpose of this study: 

(1) Marhemms Amiev: "(a) fear of mathemaîics or an intense, negative 

emotional reaction to the subject" (Kennedy and Tipps, 1994, p. 13) 

(2) k v n m e r ~  "the inability to d d  comfortably with the fidamental notions 

of number and chance" (Pauios, 1988, p.3) 



(3) Matlematrccimi: "someone who conducts research in, or h c a t e s  others in, 

mathematics'' (Researcher's definition deriveci fiom Webster's Third New 

International Dictiomuy, 197 1, p. 1303) 

(4) Polyornino: "a set of squares connecteci dong their edges" (Sobel and 

Maletsky, 1975, p.72). 

Research Problem and Ouestions 

Through the process of investigating mathematics atYciety using the medium of a 

workshop, it is important to ascertain whether the workshop is of any value to those who 

choose to participate in t. Thus the researcher has chosen to aramine the problem- 

Research Problem: 

What impact woulda workdmp have ni allering attifudes arad conceptions of 

mathematics t h t  w d d  in r ~ r n  reciicce mathematics miety? 

Research Questions: 

(1) Aikb are the ovenuhehtmg m n ë s  thar tntnggered the mathemutics m e t y  

Nl rhe pcm?c@ants? 

Probmg such memones would heip the workshop participants isolate the sources of 

their mathematics k e t y  and ailow them to  reflect on possible rneans of coming to terms 

with these sources ad, in t u q  diminishing the &ect these sources have on their confidence 

of their own mathematical abiiity- 



(2) W7rot prior teaching styles h e  contr-hted to mathematics anx~ety? 

Researchers such as Haines (1982) have traced mathematics &ety to the mamer 

in which mathematics is taught 

(3) H m  might rhe viovs of the participan& regardmg rheir own abiliiies evolve 

over the course of the worhhop? 

Shce researchers like Frankenstein (1984) have linked mathematics amiety to views 

on mathematics determining how the views of the participants evolved would help to 

determine the overall e f fheness  of the workshop. 

ûvemew 

In Chapter 1, the researcher briefly describes the mathematics anxiety workshop and 

provides a rationale for the study by addressing the problerns of rnathematics avoidance and 

innumeracy- Also, the central t e m  are defined and the research problem and questions are 

stated. In Chapter 2 the literature is reviewed to address the problem of mathematics 

anxiety, ways to alleviate rnathematics anxiety, views on rnathematics, the mathematics 

amàety workshop, and the various data collection instnunents used in this study. The third 

chapter deals with the design of the workshop, the activities conducted during the workshop, 

and the data collection process. The fourth chapter presents information gathered f?om the 

various instruments and discusses the emerging themes. In the final chapter, the research 

Examples of teaching styles wodd include straight lecm, interactive lecture, and seminat. 



i problem and questions are revisZted, and recommendations for the aileviation of mathematics 

arvriety and for M e r  research are suggested. 



Chapter 2 

Literature Review 

The Problem of Mathematics Anxietv 

There are a mmber of defmitioos of mathematics anxiety to be found in the literature. 

To gke two exampIes, Kennedy and Tipps (1994) deked mathematics amüeîy as 'a fear of 

mathematics or an intense, negative emotional reaction to the subject" @. 13), and Kvarnes 

(1980) d h e d  the phenornenon as "a basic situation in which a person experiences a loss of 

seKksteem if and whai he c ~ n h n t s  a sitution involving mathn (p.3). Merent researchers 

use diffiérent words and phrases when creating a definition, but ali the various definitions are 

essentially saying the same thing - namely, that mathematics anxiety is a condition in which 

people becorne scared when confionted with a task that is mathematical in nature. 

An underiying question is: "Why do some people d e r  nom mathematics amiety?" 

In other words, what are the ongins of mathemaiics amciet9 FoUowing the work of Kennedy 

and Tipps (1994). one could hypothesize that the techniques by which teachers teach 

mathematics is a signscant contn'buihg factor. Kennedy and Tipps have identifieci several 

problems in comection with teaching that could lead to the development of mathematics 

anxiety in leamers. Such problems uiclude a lack of variety in the teaching and leaming 

process, emphasis on rnemorization, speed, and doing one's own work, and authontarian 

teaching practices. Perceptions of what mathematics is and what people who teach 

mathematics or shidy mathematics in depth are Iike play another role. Donady and Auslander 

(1980) noted that "rnany math-anxious people see mathematics as strict, unemotional and 



specîfic at ail stages." (p. 1 3). Through their hplementation of a mathematics &ety 

workshop, Donady and AuSIander (1980) aiso learned that rnany derers  of mathematics 

anxiety have their own image of a mathemafician, perceking a mathematician to be "a cold, 

rigid, rational, uncreative, kemitke man who works ody with fhcts and figures" (p. 13), thus 

regarding mathematics as something separate fiom the rest of humanity. 

In contemplation of the reasons behind the ocmence  of mathematics arutiety, one 

would wonder, as suggested by Levine (1995), whether or not there was a connection 

between thk phenornenon and gender. Tobias (1980), who has done extensive research into 

this type of amiety, has stated her beliefin a gender iink in several of her published works, 

including her 1980 book Overcomina Math Anxietv. Tobias has perceived mathematics 

amüety to be an issue predominantly associated with f d e s  and has stated that C ' f e d s t s  

trace math anxîety ta political and social forces that oppress women." b.92). Tobias M e r  

stated that, in American society, "Men are not fke to avoid math, women are." (p.70). 

Tobias' (1980) assertions regardhg the gender link are controversid Haines (1982), 

in his doctoral dissertation Bnef CounseUing Interventions in Collese, pointed out that 

'komen have been considered to constitute a disproportionate share of this mathernatically 

disabled group." (p. 1). This is consistent with Tobias' (1 980) assertion that math atuciety is 

predominantly a femaie phenornenon- 

Tracy and Davis (1989) a r p r d  the idea that math itIYtiety in pre-service elementary 

teachers may be padaüy due to a lack of available information on fernale mathematicians and 

alluded to the work of Sadker and Sadker (1985) on sexïsm in classrooms in the 1980s. 

Tracy and Davis suggested a nimiber of tasks that muid be givq to pre-service and in-service 



teachers to i5.miliarize them with a number of femde mzifhernaticians. One sucb task would 

be to i n t e ~ e w  a fernale mathematics major and prepare a -en report based on that 

interview. Another would be to construct a display, mWng pichires with words, that 

highlights a f d e  mathemafich. Yet another task would be to access a book featuring the 

iives of women mathematicians, and nom that book paraphrase one of the biographical 

sketches. Tracy and Davis had their students in the pre-service program engage in these 

tasks. Afier completing the tasks, these student teachen expressecl their belief that they 

wodd be able to reduce mathematics &ety and sexisrn as related to mathematical learning 

in their friture students. Fraser (1995), in the context of a review of the literature on math 

anxiq, stated his beiief that there is a bigher incidence of math anxiety among f d e s  than 

among males. However, Aksu and Saygi (1988), wrïting in relation to Turkish society, stated 

that '%rith the changing role of women in society, math &ety is slowly moWig in the 

direction ofbecoming an equal opporhrnity ciisabiiity" @.391), suggesting that career changes 

among women have forced them to resolve their math anxiety and thus, women no longer 

constitute a disproportionate share of the math anxious group with both men and women 

suGering equaüy fiom this problem Hembree (1990) stated that females report higher levels 

of math amriety but, 'this does not translate into depresseci performances for fernales" (p.45) 

as it does for d e s .  Hembree's study was the result of combining 15 1 studies into a meta- 

andysis for the purpose of integating Wie findings of the research on mathematics anxiety 

regarding its nature, effects, and relief'' (p.35). The studies for Hembree's meta-analysis 

were derived f?om three data bases - dissertation abstracts, psychological abstracts, the 

Educational Resources Information Centre (ERIC), and fkom "tracking citations fiom shidy 



to study." (p.35). FiesSati and Jarnieson (199 1) noted that, although f d e s  tend to be more 

self-critical about their math anxiety, " d e s  may under-report their lwels of math &ety 

because of cultural pressures against males having math anxiety" (p.3 IO), and m e r  stated 

that "math amiety may be a weakness acceptable for fernales but which may be less 

acceptable for males." (p.3 10). A researcher would therefore be carefid about jumping to 

conclusions about the possible gender Iink until f.urther research has been done. 

Wavs to AUeviate Mathematics Anxietv 

How could a tacher help prevent or alleviate math anxiety in his or her students? 

Cleady, the phenornenon of math anxiety is so extraordinariIy complex that there are no easy 

answers to thk question However, many researchers have offered a number of suggestions. 

Kennedy and Tipps (1994) cited several ways to alleviate math anxiety which include the 

Provide a relaxed atmosphere for learning. 

Give credit to process and thinking as well as the answer. 

Be sensitive to children's feelings. 

Spend time explaining concepts thoroughly. 

Look at ail aspects of mathematics. 

Do not use mathematics as punishment. 

Use various concrete materials. 

Work in a variety of settings. (p. 17). 



hplementing these suggestions would help the leamer to understand how 

mathematics can be applied to everyday events. They can ais0 help demonstrate to leamers 

that mathematics is a way of thinking and not just right or wrong answers. The Ontario 

MZnistry of Education's Curriculum Guideline for mathematics in the Intermediate Senior 

W o n  admowledges the d e n c e  of mathematics anxiety and suggests ways of aüeviating 

it, including the foUowing: 

The provision of many oppmtdtiies for sûdentj to expience success and positive remforcement; 

patience, receptivity and imderstandmg; the avoidance of umiecessary tension and pressure in the 

ciassroom; a matching of the reading level of resaurce to that of the students; the use of a variety 

of asesment techniques (e.g k p e n t  short tests, take-home tests7 projects); provisions for re- 

testing if necessary; the acceptame of alternative solutio~~~; the use of diagnostic interviews to 

probe beywd a superficial identification of leamhg problems associated with mathematics; the 

rrlatsig ofmathematical concepts and generabttion to application familiar to the leamer- (p. 13). 

These staternents might help teachers in increasing th& awareness of the problern of 

mathematics anuiety. 

Fairbanks (1992) investigated the use of an optional contract as a means of treating 

math am<iety. The contract which Fairbanks shared with 1 1 1 of his college *dents (a group 

coosisting of 74 f i e s  and 37 males, of which 5 1 females and 12 males signed and retumed 

the contract) was designed to assure students of a passing mark in the mathematics course 

provided they met certain non-evaluative requirements such as regular class attendance, 

briogiog texîbooks, notebooks and calculaton to every class, and correcthg the errors made 

on acaminations. Although some of his colleagues were concemed that some students who 

did not know the course material would pass the course, Fairbanks discovered that those 

d e n t s  who si@ the contract scored better on final examinations than those who did not. 



Commentbg on this, Fairbanks stated that he "senseci that the contract relieved anxiety" and 

fkther noted that "several students stated that knowing they would pass the course relaxed 

them." (p.430). 

A teacher mi@ wish to deterrnine ifopportumties to engage in collaborative problem 

sohriog w d d  help students to cope wah th& d e t y .  Matz and Leier (1992) suggested that 

a series of word problems codd be presented in the form of a script that could be role-played 

by a group of students. During such activity, a narrator would shout %eeze9' whenever a 

computation would need to be performed. The audience in tum would pediorrn the 

cornputation. After practising with pre-existing scripts, students could work in groups to 

design th& own scripts. Matz and Leier pointed out that, in such situations, students learn 

how to work cuoperatively 

their communication skills- 

toward a common goal, delegate respons'bilities, and devdop 

Matz and Leier alluded to the non-cornpetitive nature of such 

activities and stated that "Regardless of ability* every student can be a successfbl participant 

and an essential contributor." (p. 17). Ifa math-atucious leamer feels that he or she has an 

integral part of the group process, might that help to lessen the anxiet)n 

Views on Mathematics 

Frankenstein (1984) identifid a number of "rnisconceptions" that sorne math-anxious 

people have regarding the discipline. Examples of such rnisconceptions include: 

(1) People who are good in math do it fast, in their heads and in one sitting. 

(2) It is unacceptable to make mistalces or ask questions in class. 



(3) The teacher knows the one correct answer and the one correct way offidhg 

the m e r .  (p. 172-175). 

ifmath-amrious students cannot generate correct answers quickly. in their heads, and 

in one sitting, then that in tum increases their ZllVEiety. Frankenstein (1984) suggested 

techniques to assist shidents in breaking down those misconceptions, such as small group 

discussions, adyzing student mistalces, showing a nurnber of methods to solving problems, 

and careiUy acplaining the nature of mathematicai symbolism. Haines (1982) attempted to 

recti& certain lmsconceptions and irrational ideas that sufferers of mathematics arutiety have 

as part of his cognitive intervention scheme for his doctoral dissertation study. Two 

partïcular mathematics classes that Haines tau& were given a treatment consisting of 14 

s<permieclfaI handouts dealing with such topics as student and instnictor responsibiiities, the 

"Math Anxiety Bili of Rights", math myths, and games to play both done and with others, 

while two mathematics classes which did not receive this treatment served as the control 

groups. Both experimental and control groups were taught in a similar lecture manner, but 

the experimental groups were exposed to three-to-five-minute presentations that related to 

each of these handouts. However, through an analysis of variance, Haines reporteci that he 

found "no signiticant main-ef f i  Merence between the experimental and control groups" 

(p. 149), which led hmi to suggest that kther research was needed in this area. Commenting 

on this conclusion, Haines stated that 'tvhether this is a fiction of inappropriate treatment, 

population characteristics (e-g. age, intact classes), a d o r  other factors, remain speculation 

and an issue for fhther study" (p. 149), which led this researcher to suggest that this study has 

the potential of making an important contn%ution to the Iiterature of mathematics anxiety. 



' nie signincaace of this study is to increase the avdable knowledge regardhg the j 

effectiveness of a workshop in the reduction of mathematics anxiety. 

The Math M e t v  Workshou 

How usefiü would a math arWety workshop be in the reduction of this anxiety? What 

would such a workshop imroIve? Donady and Auslander (1980) descriid a number of 

techniques in wtiich hstmctors of typical math aflxiety workshops would use a resource 

marnial that was part of a 1980 project on math aruriety, directed by Tobias. These techniques 

would mciude sentence completion exercises, role playing acnvities, relaxation techniques to 

control breathing, keeping a math diary in which participants would note successfd and 

unsuccessf.u1 experiences in matheatics, and psychologicai homework involving the use of 

ail of the above techniques. Donady and Audander felt that such a workshop could be of 

considerable value, and previous successes in the implementation of workshops led thern to 

discover that "members no longer want to hide their fea., and as they build sekonfidence 

and self-esteem they no longer have to." (p.8). 

Recent Research 

Recent research into mathematics anxiety has offered some illuminating insights. 

Levine (1995) supported the notion of gender differences in attitudes toward mathematics and 

ways ofapproachhg mathematical tasks, which has implications for the study of mathematics 

d e t y .  Her research has suggested that girls tend to have less confidence in thek 

mathematical ab-, which could adversely afFéct perfortnance. She also suggested that, 



wmpared to boys, "Math-anxious girls take fewer chances, relying mstead on the logic and 

the lessons of the classroom. This reliance on algorithmic solutiom is at odds whh the 

expectations of timed examinations like the SATs, which reward creative invention and 

shortcuts with higher scores." (p.45). 

Bandura (1968) defined seIf-efficacy beliefs as "people's judgments of their 

capabilities to organize and execute courses of action required to attain designated types of 

performances." (p.39 1). Pajares and Miller (1 995) de& with the contention that "self- 

eEcacy beii& strongly innuence the choices people make, the effort they expend, the 

strength of their perseverance in the face of adversity, and the degree of amciety they 

experiaiw." (p. 190). Pajares and Miller's study centred &omd 391 undergraduate University 

students (247 women and 144 men) £?om tbree large public Umversities in the southern United 

States who were asked to perform three types of mathematics self-efficacy judgments - 

"confidence to solve mathematical problems, confidence to succeed in math-related courses, 

and confidence to succeed in math-related tasks" (p.190), using a descriptive survey, the 

Mathematics SeIf-EfEcacy Scaie-Revised (Be & Hackett, f983), and a problem solving test. 

It was discovered that "students' reported confidence to solve the problems they were later 

asked to solve was a more powerfùl indicator of that performance than was either their 

confidence to perfom math-related tasks or to succeed in math-related courses" (p. 1 go), and 

confidence to succeed in math-related courses more strongiy predicted choice of math-related 

majors than the other two types of seIfkfEcacy. The researcher believes that the multi- 

dimensional nature of mathematical seIf4cacy might suggest a multi-dimensional nature for 

mathematics anxiety. 



T'bis muhMmensional nature became apparent in Bessant's (1995) study in which a 

&or amdysk of the r d t s  of the administration of the Mathematics Anxiety Rathg Scale, 

devised by Richardson and Suimi (1972). to 173 miversity students led to the identification 

of six fhctors, These are as foliows: 

Ewryday Nirmeriical Alfxlety: ' 'mathada d e t y  induced whde using basic 

anthmetic to cany out budgetary or financial affairsr) 

PassÏve Observation Amie@: anxiety associated with such aaMties as 

'bvsttching someone work with a caIcukor7 sitting in a math class and waking 

for the professor to begin, and walkmg into a math class" 

Pe@matule Arne@: aauieîy rekited to "being observed by others while 

carrying out basic arîtiimetic tasks" 

Muthematics Test Amnety: mxiety related to ' î . b k . h g  about an upcoming 

math test" 

Pmbïem4bIMngAma'e~ anxiety related to sohring mathematical problems. 

(p.67). 

These factors emphasize the rnulti-dimemional nature of mathematics anxiety. 

Bessant also related mathematics &ety to approaches to leamiag, and concluded that 

iatriosicaily motivated leamers who eogage in syllabus-fiee inqujr tend to d e r  less ZtIlZEiety. 

On the otha band, leamers who rely on rote memorization when studyhg mathematics tend 

to d e r  from wmparatively high levels of g e n d  evaluation mathematics anxiety. 



A mrmber of hstrmm& were used m this study These need to be d e s m i  in some 

detail, 

Ouilter and Hamer Survev 

Qdter and Herper (1988) noted the problem of mathematics arntiety and its adverse 

&kt on mathanatics achievement but remarked on a lack of cianty as to how mathematics 

mxiety aml o k  variables contnie to an inaf>'i  to do mathematïcs. Quiiter and Harper 

design4 a study 'Y0 i d e  the reasons offered by adults (who succeed to some degree in 

th& own speaaüst subjects) for thar difkdties, amrieties, fears and inabïiity to cope with 

mathematics at more than a nidimentary level." (p.122). The researchers devised a w e y  

that would be administered to "a professonai group, the name of which it wahheld ... to 

preserve confidentiabf' (p. 122), from which a target group was sdacted who were judged 

to have a "negative attitude" regarciing mathematics on the basis of an assesment of the 

surveys made by the researchers and a mafhematician From that target group, a random 

sampIe was selected for an interview. W e  were 147 respondents to the suivey and 15 of 

those respondents were selected for an interview. 

T&e origimii draft of the w e y  coatained 57 statements "derived h m  two sources: 

verbatim reports E Buxton's Do You Panic about Mathematics (1981), and from tape 

recordhgs of an extendeci k group discussion on mathematics education attended by eight 

&-confkssed poor mathernaticians following the Master ofEchxcation degree course at the 

University of Bath-" (p. 123). Two pilot studies of this survey were conducteci on students 



at the University of Bath and tests of mteinai reliability were completed after eadi study, thus 

reducing the Onginal 57 statements to 24. 

Qdter and ZIarpa (1988) concaUded fiom the interviews conducteci during their study 

that & d c s  e e t y  arises from a disfie of teachers who are perceïved in the foUowing 

mamer %ey are "wo&antn and "assume howledge of othersn or they "betittle inabiiity" 

end are "dogmaticn and "lack flair - both social and professional"." (p. 125). The interYimees 

associateci dislike of teachers with uother variables, in pdcular, teachg methodology, the 

iack of rdevance in mathematics, and the perceived rigidity of the subject." (p. 125). Further 

insight about the leaniing of mathematics was gathered through these interviews. Some 

inteMewees suggested Wie existence of a dyscaICUfic syndrome a18n to dyslexia." (p. 124). 

Such a syndrome, ifit does exist, should be investigated fliirther so that techniques could be 

developed to help leamers cope with this problem The interviewees also pointed to 

conceptual cMiCUfties when faced wïth algebra for the nrst time, thei. perception that the 

Ianguage of mathanatics is alien, and th& "need for open-ended or multi-factored 

conclusions" (p. 127), which they do not fhd in mathematics. 

Concept mapping can be a mmhgfd part of tbe Ieamiog processoce3s Novak and Gowm 

(1989) stated that "Concept maps are intendeci to represent meaningfid relationships in the 

form of propositions. Propositions are two or more concept labels linked by words in a 

d c  unit." (p. 15). Novak and Gowin commented that such maps are visual road maps 

showhg pathways taken by leamers to connect meanhgs of concepts. White and Gunstone 



(1992) remarked tbar concept maps show structure and lïnkages in a msinner that is quicker, 

more direct and less verbal than essays. N d  and Gowin also poiiuted to the valuable social 

hctiom of concept maps, ifthey are constructeci in smaii groups, by trigge~g classroom 

ckcussions and dowing for to be "- disaissed, negotiated and agreed upon" 

(p.20). An example of a concept map taken fkom White and Grmstone is as foUows (p. 18): 

Novak (1995) commenteci on the conditions of rneaniclgfùi leaniuig to suggest that "The 

material to be leamed rmst be conceptuaiiy clear and presented with language and exampIes 

relatable to the leamer's pnor knowledge." (p.230). Novak m e r  stated that "Concept 

maps can be helpfiil to meet this condition, both by i d e g  large gaeral concepts prior 

to mstniction in more specific concepts, and by assisting in the sequencing of learning mks 

though (sic) progressively more explicit knowledge that can be anchored into deveioping 

conceptual heworks." (p.230). Movhg beyond the scope of learning, Novak has also 



determined the vafue of concept maps as a tool for evduation. Valid and invatid ideas can 

be i d d e d  by an instnictor adyzhg a lemer's map. The effectiveness of ofch maps as 

a tool for evduation can in him, as Novak pomted out, encourage -dents to engage in 

m m  leamhg (as opposed to rote fearning). Thraugh the consmiction of these concept 

maps the complety of mathematics h e t y  is made clearer. 

Poems - 
The researcher was inspimi to use mathematical poetry as a means of investigating 

mthemdcs amciety drrring the workshop, by BBartley, the researcher's thesis supervisor, who 

acquired information via the Intemet f?om Panitz (1997), an instnictor at Cape Cod 

Community College. P d  has @en students in his mathematics classes an assignment in 

which îhey were asked to reflect on th& Srpenences, féelings and problems with mathematics 

and translate these retlections ïnto q fom of poetry they choose. Panitz was impressed 

with the effort and sincerity that most of his -dents put into the poems, an example of which 

Mafh Doesn'f Conte Easv io Me 

Math doesn't corne easy to me 
It's not iike my A, B, C's 
t+2+3equals6 
But what does 2A + 6AB mean? 
In Iife we use aArfing, subtracting, 
Mdtiplying and dividtog 
To m e r  evayday problens. 
But I've m e r  corne across a day, 
Whai algebra and geometry meant Emything 
The two sean to have no rneaning in Me. 
So why do professors waste their t .  teaching? 
But 1 wiU acceptt, and try not to k t  
Because math doesn't  con^ easy to me! 



This poem ekpendy captures the confusion regarding mathematics and detachment 

fiom f o m  of mathematics other than arithmetic, as eqerienced by a studetlf. 

Recreational Mathematics 

One source for examinhg recreational mathematics is that of h o h o ,  Silvey and 

Hughes (1986) who attempted to demoastrate a possible integration of mathematics and 

humour. This was accomplished through a compilation of cartoons, anecdotes, jokes, and 

humorou poetry. If use of such material &es a student laugh, the laughter might he$ 

relieve the feelings of tension 

Sobel and Maletsky (1975) compiled a number of activities that have potential 

d a o a i  vahie- Among such actMties are ones involving magic squares which, according 

to Sobel and Maletsky, "date back to ancient times when people believed they held strange 

mystic powers because of their speciaI properties." (j1.89). M e r s  hclude the construction 

of polyominoes (see Definition of Terms) and a card game (see Appendix C). A teacher or 

workshop hstructor codd expriment with a number of such activities, deternime which are 

enjoyable and suitable for a partidar group of leamers and, through observation and 

questionhg, determine ifthe leamers feel relaxed when engaghg in those tasks. 

The Nature of Mathematics and Mathematics Education 
Mor i tz  & Shaw) 

How mi@ math-am0ous leamers respond to ideas about what mathematics is and 

how it is taught? Such a question migbt be answered by havhg lemers respond to certain 



quotes. Moritz (1942) compiied hundreds of such qwtes ïnto a single volume. Mo* 

expressed his hope that "the present volume wül prove indispensable to every tacher of 

mathenmtics, to wery writer of mathematics, and that the student of mathematics and the 

r&ed sciaices will find its perusai not only a source ofplearwe but ofenwuragement and 

inspiration as well." (p.2). Moritz later d e s m i  the development of a better appreciation 

of m a t h d c s  as his central aim Despite the fkct that this source predates this study by 55 

years, the ideas containeci wahin it have the potentid of spakhg disnission by cornparhg 

them to more recent ideas. 

An interesting experiment rnight be to test a math-aLVnous learner's response to the 

idea of mathematics as an art. This is an idea that has found support fiom a number of 

nutkdcians, incluluding Shaw (1966). Shaw viewed mathematics as "on the artistic side, 

a creation of new rhythms, orders, designs and iiarmonies, and on the kmwledge side, a 

systematic study of the various rhythms, orders, designs and harmonies." (p.259). 

Consolidating these ideas into a dehition of mafhemtics, Shaw explaineci that "mathematics 

is, on one side, the qwütative study of the structure of b-, and on the other side is the 

creator of new artistic f o m  of beauty." (p.259). Part of Shaw's love for the discipline 

çtemmed h m  his beliefthat mathematics is the one subject which "has steadily added to its 

riches and neva has throm away arn/dmig.'." (p.239). Perhaps an examination of material by 

Shaw, or someone with a M a r  perspective' might encourage leamers to reflect on their 

thoughts as to what mathematics is and possibly broaden their interest in the subject. This 

heightened interest mÏght make them fiel less amdous when fked with mathematicai tasks. 



Cbpter 3 

Methodology and Design 

Design 

This workshop was aimed at students who were in a Bachelor of Education program. 

Enrollment consistecl of a self-identi6ied sample of seven participants who responded to either 

a written advertisement of the workshop or a brief oral description of the workshop given by 

the researcher to three Primary/Junior Environmental Studies classes. The workshop was 

held in a classroom The workshop was divided into two sections to accommodate for 

difkmces m scheduies among the participants. The workshops were held between January 

21 and January 3 1, 1997, and the total time of each workshop was seven and a half hours 

(fie ninety-minute sessions for workshop A and two ninety-minute sessions plus one two- 

hour session and one two-and-a-haIf'-hour session for Workshop B). 

This study combiies the ethnographie techniques of obsedon  and transcription with 

. . 
a pe-test and post-test adnmusbation of the QIiiiter and Harper (1988) objective style swey. 

The survey consisted of 24 items, in which the participants were asked to indicate strong 

agreemart, agreement, strong disagreement, disagreement, or undecidedness about each item. 

There was also a briefsection for comments. A copy of the survey (Figure 1) is to be found 

on the next page. 



MethodoloeJr 

T k  h t  session of the workshop began with the adminidon of d o n s  B. C and 

D of QUiltg and Harpg's (1988) attitude survey. See this page and the following page. NO 

time Iimit was gÏven for its completion, 

Fimrre 1: Onilter and Hamer (1988) Snrvev 

1 

3. Math is bcwildcring. 

4.1 thbkguessworkhasaparttoplaym 
soiving mattianaa'ral problems. 
5. Math muid be aInght if it was expresscd 
in wards insttad of symbols, 
6. You can gct a math question haifnght. 

1 1 1 1 

7. Math problems can make your brajn 1 1 1 1 

priests of some domriin of secht 
knowledge, * 

9. The trouble with math is that it is too 
abstract. 

1 I 

1 1.1 don't panic about math. 1 
12. The rightntss or wmngnws of my 
rmümmtics w d  is o h  obvious to me. 
13.1 bccomc anbmased XI'm stuck on a 

C o m m o n ~ .  
15. luggiing a r o d  in math less~ns with 
symbols and numbas have no mcaning. 
16.1 find maîhanntia grlnbols (eg. n: ) can 

mathanatics. 
18. Y, the udcmm, is full of mystay. 

I 

1 9. People who can do math are clever. I I I 



2 0 . M g t h i s n o t a a ~ a c t m i t y a c t m i t y  

r 

21. I d o n ' t m m r d h ~ a c t m i t y  

22Mathisimtating. 

2 3 - ~ ~ ~ c s r t s m c n O m i n r m i n p  
math. 
24. As much cm k icamcd hm awrong 
811s~crmmnthannticsashmarigMane, 

Do you fiel there were any particular signifiant ~ I S  that led you to your parti& attitudes? 

Please add any other camuncnts you may wish to make. 



The researcher gave the participants a wpy of the w e y  which they were asked to 

complete. Then the researcher gave a detailed explmation of the workshop's purpose and 

f~rmat He informecl the participants that he is a Master of Education student who is in the 

process of writmg a thesis on d e m a t i c s  h e t y ,  and the data collected fiom this workshop 

would be used in this thesis. The researcher assured the participants that tneV names would 

not be used in the thesis and any references to what they said during the workshop would be 

made pseudonymously. He also aswred the participants that they did not have to say 

amlthmg about themselves or thei. experiences that they were uncornfortable talking about. 

The researcher then instructed the participants to work in groups and constmct a 

concept web for mathematics aQlciety- He then gave a presentation using chart papa that 

involveci denning mathematics anxiety, tracing the possible orïgins of mathematics anxiety, 

explainhg possible techniques for reducing mathematics amiety, and the controversy 

surrounding the possible iink between mathematics anxiety and gender. The researcher 

welcomed questions f?om the participants both during and after the presentation. 

After the presentation, the researcher infiormed the participants that, although he has 

deep respect for mathematics and has studied mathematics at the post-secondary level he has 

not always been utterly immune to mathematics anxiety. He told them of his o m  math- 

anxiety-inducing experiences including long diJinon in grade four, doing work involving 

straight edge and compas constructions in grade oine, and taking a statistics a u s e  in 

Universityersity Afierward he encouraged the participants to talk about any negative experiences 

that may have triggered the mathematics amiety within themselves, as well as the thoughts, 

feehgs and physical symptoms associateci with the maîh-anxious state. The participants were 



/ also &en the task of creating their own image of a mathematician using either pictures, 
1 
1 words, or both. 

Subsequent sessions of the workshops varieci slightiy between Workshop A and 

Workshhop B due to the fàct that the nwnber of sessions and the time period for each session 

differed for each workshop. The participants fkom both workshops wrote poems that 

captured their attitudes- conceptions and emotions associated with mathematics, and 

commentai on a series of cartoon strips designed with the intent of wmbining mathematics 

with humour and a Sedies ofbriefquotes reiated to the mitme of mathematics and the teaching 

ofmathematics taken f?om Moritz (1942) and Shaw (1966). These exercises were @en in 

order to determine how the participants' attitudes toward mathematics and their 

understanding of the nature of the discipiine might conmîute to their mathematics anxiety. 

The participants were &O &en the opporhinity to engage in a number of activties 

related to mathematics wtrich were sdected nom Sobel and MaIetsky's (1975) book Teachi. 

Mathematics: A Sourcebook of Aids. AdVities and Strateaies, and were chosen with the 

intent that they might have a greater appeal for the participants than what more traditionai 

mathematical exercises would have. nie activities chosen for Workshops A and B were 

&gMy diffèrent fiom one another to take into account the possibility that due to scheduling 

conflicts, a participant from Workshop A might attend a session for Workshop B or vice 

versa. Both workshops had activities involving the construction of ma& squares, simple 

probabii experbents through coin tossing, and puzzles of a geornetric nature. Workshop 

A also included an &ty involving the creation of poiyominoes (see Definition of T e m )  

whereas Workshop B inchideci a card game in which the object of the game was to generate 



; the sum of 22 using the cards. Both workshops also engaged in collaboratve probtem 

&g and collaboratRre probiem sohring. The source for such exercises was Tobias' (1980) 

Resource Manuai for Counseilors and hstructon. Specinc detail regarding the content of 

the workshops is given here: 

Session Activities 

Administration of the Quilter and Harper 
(1 988) survey 

h u û w t d s  preseatation on mathematics 
d e t y  (using a concept map as a visual 
aid) 

General discussion about mathematics 
amcieV 

Construction of an îmage of a 
matbanatician (using words, picttnes, or 
bth) 

Rationale 

Initial assessnent of attitudes related to 
mathematics 

Participants refiect and discuss what the 
believe to be the essential elemeats 
mdedybg the phenornenon of ~~ltlthematics 
anxiety 

Participants become familiarized with the 
problem as descri'bed in the fiteranire (e-g. 
dehhiolls, causes, method of reductiw) 

Instnictor determines the negative 
expxïences thai the participa. had in 
comectian with the study of mat&ematics 

htmctor detennioes what @tics the 
participants believe to be part of the 
personal and professional nature of 
rnathematiciaas 

1. Creatian of math poems (Any style of 1. Participants capture their thoughts and 
poetry is ttcoeptable- The instructor r a d s  feelings about m a t h d c s  in a creative 
examples of math pOems by shideots of miuinet 

Panitz (1 997)- thai asks the participants to 
create th& own poems, AAenvards, they 
read k i r  poems out Id) 

2. Discussion of cartoons by Azzolino, Silvey 2. Instnictor detennines if such cartoons 
and Hugbes (1 986) couid evoke a hummus response ficm the 

participants 

3. D i d m  of slectcd quota fiom M& 3. hstructor probes frirther for their thoughts 
(1 932) and attitudes about maihematics 



2. Participation m the 'ûeamûic Tidbits" 
activity from %bel and Maieekg (1 975) 

3. Collaborative probIem m&hg 
@%rticipants work as a group to create 
problems based on i&onnaticm d e d  
m "A GIorious Dar, a short sbry by 
Domdy and Ausiauder (1 %O).) 

4. Collaborative problem solving 
(Participants work as a p u p  to select a 
problem f b n  a tist of problenis, îhm 
attempt b solve it) 

5- Constnictim of squares (activitiies 
of %bel and Maletsky (1 975) 

1. Instnictar detemks if mabmtics h01& 
any eesthetic appeal for the participants 

3. I n s t n i d o r b  - ifpmblernmakingis 
mure relaxhg than pmblem dvÏng 

4. insüuctor dP * ifworking as a group 
to solve a math problem is Iess amciety 
i n d u c m g t h a n w o r s c i n g ~  

5 1. Additional activities by Sobel and Maietslcy 1. Iostructor detenames if such activities are 
(1 975) (e.g. polynomials and card games) relatively aflxiety firee 

2. Discussion ofworkshop activities 2. Participants express th& opinion about the 
s&engths and limitaauns of the workshop 

. - 3. AQsuirstration of anadotal evduaîion 3. F i  assessment of attitudes related b 
fonn matbernatics 

4- Admhiscmtion of the Quïiter and H q a  
(1988) m e y  



The research process was documenteci in the form of field notes that the researcher 

: took while the participants were engaged in activities. He aiso traoscribed notes from tape 

~iecordings of each of the workshops. What foliows is description of the various types of data 

used in the study. 

Concent Mabs 

Iu each of Workshops A and B, the researcher had the participants work together to 

design a concept map for mathenilitics h e t y  using coloured markers and chart paper. Mer 

the concept maps were completed, one participant volunteered to be spokesperson and gave 

a brieforal presentation of the material within the maps. This provideci the researcher with 

insight into the participants' understanding and experience of mathematics anxiety which 

could then be augmenteci with the researcher's insight into the phenornenon as rwealed 

through the fiterature and consolidatecl into the researcher's own concept map. The 

researcher could then compare what the literature had to say about the nature, origins, and 

possible meam of reduction of mathematics anrciety with the participants' beliefk regarding 

these issues. Working as a group on these concept maps aiso aiiowed the participants to 

socialize and share ideas. 



Poems - 
Theresearcherwas fbchatd with the idea of ~tudying msthemafics amciety through 

the medium of poeûy and decided to miplement uthemstical poetry into the workshop. Six 

of the participants composexi a math poan c h h g  the workshop then read that poem out loud 

to the group. (There was one absentee during the poetry session.) Afterward, the researcher 

coilected the poems fiom the participants and these poems became part of the researcher's 

data base. 

Donady and Auslander (1980), as d i s c u d  in the review of the literature, noted that 

many people have an unflattering image of a mathemafician Such an image emphasizes 

stnctness and a lack of creativity and sensitivity. 

Donady and Auslander Iinked the perceived unemotional nature of mathematicians 

which in tum was lixiked to msthemaîics h e t y .  These Linkages inspired the researcher to 

ask his participants to mate their own image of a mathematiciaa The participants worked 

independentiy on this actMty and were allowed to use pictures, words, or a combination of 

the two. The participants completed their image of mathematicians during the workshop, 

then submitted their images to the researcher. 

Anecdotal and Obiective Survevs 

The Quilter and Harper (1988) survey was anministered to the participants at the 

be-g and at the end of the workshops for the purpose of detennining whether the 



experience of participahg in a mathematics h e t y  workshop led to any changes in their 

thoughts and feelings regardhg mathematics. The w e y  consisteci of 24 objective style 

items, dong with a section for comeirts. Due to the srnail sample (N=7), it was detefmined 

thai the use of interential statistics on the results would yieid M e  value. However, the results 

couid stül be an- on an item by item basis to determine ifthere were any notable changes 

fiom the Biibial admimstration to the final arlministration of the w e y .  (ie. If six participants 

strongiy disagreed with the item "Mathematics is creative" on the initial survey, but six 

participants stronghl agreed with the same item in the finai survey, that might be meaningful.) 

It was determineci by the researcher in codtation with the supervisor that to give 

proper consideration to the research problem (ie. What impact would a workshop have in 

altering the attitudes and conceptions of mathematics that would in turn reduce mathematics 

anxiety?), an anecdotal evduation should also be given during the last session of the 

workshops. The anecdotal evduation survey was designed by the researcher and the 

participants were asked to provide written comments relating to the strengths and limitations 

of the worksho~ as well as sumzestions for modification. 

Field Notes 

The sessions of the workshop were tape recorded. Dunig the two weeks following 

the data collection period, the researcher transcriied the tape recorded discussions by hand 

for the purpose of searchiag for emerging themes. The researcher also made notes baçed on 

observations of the actions of the participants as they engaged in the various workshop 

a&ties. 



1 

Field notes were descn'bed by Stainback and Stainback (1988) as "a written record 

of what the researcher has seen and heard in the field and his or her feelings, reactions and 

thoughts." b.57). The purpose of field notes according to Stainback and Stainback is '90 

keep tmck of the development of an investigation, visualue how the research plan has been 

a e d  by the data collecte4 and to remain seif-conscious of how he or she has influenced 

or has beai infiuenced by the Qta" (p .5 7). 

Data Analvsis 

The field notes, transcrïïed notes and anecdotal evaluation f o m  were studied and 

ernerging themes were extraad and categorized. Eadi theme is reported in depth While 

extracthg themes, the researcher kept in mind the literature and personal experiences that 

have idluenad his thinking. Researchers like Kennedy and Tipps (1994) have, for example, 

pointeci to the problem of authoritarian teacbing practices and the need to make mathematics 

concrete. Reflection on personal experiences reinforced nich points. The notes, poems, 

d o t a l  surveys, concept maps and images of mathematicians were read through carmy. 

Items within these sources of data (eg. a statemetlf made by a participant during a disaission, 

transcrribed âom a tape recordmg) that corresponded to a particular theme were identifiai by 

placing a symbol representkg that theme beside the item The symbols used can be found on 

page 69. 

In section B of Quüter and Harper's (1988) mvey are 3 1 items related to feelings and 

perceptions regarding mathematics. Participants must indicate whether they strongly agree, 

agree, strongly disagree, disagree, or are undecided regarding each item Quilter and Harper 



: (1988) identifiecl seven statements that 'tvere not incfuded in the swnmated scores on the 

basis of relatively poor construct or criterion related valicüty arishg fiom the main survey." 

(p. 129). Thus, the researcher eliminated those items fkom his administration of  the survey. 

The items were ranked on a scale ranging @cm +2 to -2 in which +2 represents a response 

with the potential of inducing much aLuciety and -2 represents a response with the potential 

of bmic8ig liale or no mxiety- The entries in tables 1 and 2 (see Chapter 4) were multiplied 

by its rank rmmber and the d t s  were added to give a cumulative ranking. The differences 

of the cumdative ranking of each item between the initial and final admhktntion of the 

survey were also noted (ie- Fial-Initiai). Thus, alterations in the participants attitudes and 

conceptions regarding mathematics could be determineci. 



Chapter 4 

Introduction 

A total of seva people participateci in the workshops - one male, six fernales. Six  of 

the participants were Bachelor of Education student teachers in the Primary/Junior Division 

and the other participant was a third-year Concurrent Education student. Attendance at the 

workshop was mt consistent due to conflicting commitments on the part of the participants. 

This problem wÏth attendance was noted as one of the limitations of the workshop when the 

participants completed the mecdotai evaluation forms. - Howeveq the inshictor attempted 

to rectay this by aüowing a participant fiom Workshop A to corne to a session of Workshop 

B. and vice versa, if scheduiing problems emerged. Thus, five of  the participants received 

seven and a halfhours of "treatment", another meiveci six hours . and the other received four 

and a halfhours. The concept maps, survqs, poems, notes and images of mathematicians ati 

yielded a considerable amount of data. Exarnples and interpretations of each type, as weii as 

the themes that emerged fiom this data, are discussed in this chapter. 

What follows is a table indicating the pseudonym of each participant and their total 

time of attendance: 

Table 1: Worksho~ Attendants (Total Time in Houn) 

Participant Yvme Nancy Teni JO= Rhonda Greg Cydi-Lym 

Total T h e  7.5 7.5 7-5 7.5 7.5 6 4.5 



The Partici~ants 

The following descriptions contai. idonnation told to the researcher by the 

participants as weii as the researcher's general impressions. 

Cvndi-Lvnn 

Cyndi-Lym was a third year Concurent Education student majoring in mathernatics. 

She joined the workshop mid way through its nia She leamed about the workshop fiom a 

posted advertisement and wntacted the researcher by telephone. 

Cyndi-Lynn had two reasoas for participating- F i  she hoped to corne to terms with 

the -on that the mdy of mathematics had causeci her. This hstration had been a 

probtern for her despite the fact that she had SufjEicient interest in mathematics to pursue it at 

the UIiiVersity level, with the ambiion of becoming a mathematics teacher. Secondly, she was 

seeking the pleasures of d interaction which was ümited for her given her responsibilities 

as a mother and as a student. 

The researcher's general impression of Cyndi-Lym was of someone who enjoys 

w o a g  in a group setting. She was consistently eager to share her ideas about mathematics 

atyciety and her insights h o  mathematics with the other members. 

Greg 

Greg, as was the case with al the other participants yet to be mentioned, was in the 

one-year Bachelor of Education program, in the Primary/Junior Division, who responded to 

the researcher's oral promotion of the workshop. 



Before attendhg the first session of the workshop, Greg told the researcher that he 

had not expaienuxi any signïficant amount of mathematics amoiety untiî taking a current 

levd -CS course- The anxiety that this course triggered, however, was of 

a sufficiart degree that he was winmg to participate in this workshop with the hope of gaining 

some insight into this phenornenon. 

The researcher's g e n d  mipression of him is that he is serious mindeci and assertive, 

yet always willing to Iisten to the ideas ofothers. It shouid be noted that Greg was the ody 

male participant. 1s this indicative of the contention of some researchers that mathematics 

amciety is a probIem more aSSOciated with f d e s  than with males? Perhaps, but seven is too 

s m d  a sample size fiom which to make generaiizations. 

Rhonda 

Rhonda, who has stniggied for much of her student career with mathematics, has a 

son who has proven to be gified in mathematics. She believes that because of this, 

mathematics may become an important part of her Iife in the near h u e .  Her reason for 

participating was to have the opportunity to disaiss possible ways of reducing her 

mathematics amiety. Then in tum she would be of more help to her son in numiring his 

m a t h e c d  talent. 

The researcher's generai impression of her was of someone who is practical minded 

and goal orieuted. Mathematical work that she did not perceive as practicai was of Latle 

interest to her. 



Joanne 

Joame participated in the workshop because she wanted to h d  out more about the 

rnderiybg causes of mathematics amcietyeoY Ifshe knew what caused mathematics anxiety she 

rnight be able to prevent her own students fiom developing t. 

Joanne opened herseff enomously during the workshop, speaking at Iength and in 

depth about her ideas and &ences. She mentioned that she was married to someone who 

had a Masiers in Business Admkktdon and had considerable mathematical ability- He had 

helped her solve computationai problems like what mark was needed on a particular 

examination to pass a particular course. 

Tem had found mathematics difficult. When she had had to take mathematics 

courses, she had invested a tremendous amount of tirne and energy into them, to the point of 

"living off coffee and cigarettes." She had become fiusaated when confkonted with 

mathemafical problems that she had dï.fEcuIty solving. Perbaps her motivation for 

participating in the workshop stemrned £?om a desire to find a coping mechanism for that 

i5ustration- 

Terri, according to the researcher's generai impression, was a highly selfaiotivated 

hdividual with a strong desire to confiont and niccessfiily overcome challenges. Her 

participation ifthe workshop might represent one stage in h a  w&ontation with mathematics 

anxiety. 



NPnçn 

Nancy's mathematics amriety was so severe that she demibed her reaction to 

mathematics as 'tisceral." Pe-s her awareness of the extreme nature of her problem with 

rnathematics sparked her interest in the workshop where she would share ideas with 0th- 

who wodd understand what she has been through. 

Nancy presented herseifas an outgohg individual who smiled and laughed a lot and 

enjoyed sociai interaction She was open to a wide range of ideas and was careful not to be 

too iudgmentai reamdinn people and tfiinPs of which she had a limited understandine- 

Yvonne 

Yvome had traced her h e t y  to the early years of secondmy schooi, and negative 

experiences in rnathematics classes during those years had Ieft their mark on her. Yvome 

wanted insight into al1 aspects of mathematics anxiety in order to effectively help any h u e  

students of hers who might have this problem 

Yvonne. in the mind of the researcher, was a very humane individual who was 

sensitive about the feelings of others. She evoked an impression of being passionate about 

her ambition to become a tacher. 

Conce~t Maos 

Small group work led to the construction of two con- maps related to mathematics 

amciety. These maps provided insight into how the participants interpret what mathematics 

e e t y  is and what concepts or ideas they associate with the phenornenon. The maps were 



1 somewhat difkxnt from the concept maps shown by Novak and Gowin (1989) in the sense 

' that the participants drew arrows ieading nom the term "math anxiety" to other words, 

phrases or statements without joimng prepositions which were n o d y  placed beside the 

m w s  in exampIes pronded by Novak and Gowin An example of one of the concept webs 

constmcted during one session of the workshop is &en on this page. 

Out Make 

Control Break 
Resentfid Barrier 

This concept map provideci information about the physid and psychological reactions 

associated with mathematics anxiety as weii as the & i  this problem has on their outiook 

On -ig mathamtics the events that transpire in a mathematics ciassroom, 

and themselves. One limitation within the concept webs is a lack of suggestion as to how 

their afYEiety mi& be reduced. 



l 
! The second concept map is to be found on the next page. This map is particularly rich 

/ in thoughs, féeliogs and ideas. It ihstrates an actremely bleak view of mathematics teachers, 
f 

d o  seem like magicians who are mwibg to reveal their secrets to their audience. A feeling 

of embarrassrnent at not being able to do mathematics well is glaringly evident in this map. 

Other revelations offèreci by this map are the perception that mathematics lacks a recreational 

dimension, the idea that people either do or do not have a mathematical min& and a Iack of 

a perceiveci need to leam any mathematics beyonci a minimal level. Much of the information 

containeci in the map fits weli with the Literature on mathematics arixiety, but there were some 

additional iosights, including the perception that mathematics becornes too difncult to leam 

when one is beyond a certain age, and pdement  over not being mathematically inclined, yet 

havhg a child who is. 



So fk, rve b successfiiI If1 have a gocxi reasori den matbinstnictors 
with a grade 5 level to master çometIring then have to arplam a concept 
math ability . Ican&it thqrseanunpatient 

ifyou sbould know this 
Matbkdisconnected Math is humourles, 

h m  the real wrld 

lu th  teachers 

Mgth Instniars 
-barsh 
-unsympathetic 
-look on students other people get 

around even basic 

Math Iostnictors beiieve It's innate.You've got 
îhey h w  it then it or p u  don't. Since 
so must you! Seem s to get numbers No m m  to practice co~lcepts it is mnate and 1 don't get 
out of dini air, not r d  explanation it, Why k k  y o ~ ~ ~ e l f o u t  



Poems 

Six of the participauts wrote poems that captureci their thoughts and feelings about 

mathematics. The participants seerned eager to express thernselves through poetry and 

seemed pleased with the results of their creative endeavours. Three of them asked ifthey 

could place their math poems in their Language Arts folder. The researcher agreed to this 

and he photocopied those poems, gave the on@ to the participants, and kept the copies 

to add to his data base. An example of one of the poems is the following: 

[ I h d t  Cd M d  

Wby is it 1 don't get math? 
It's not that I'm stupid 
Not that I don't try 
However the fact that 1 can't do 
Up to grade 8 math 
Makes me so embarrasseci, I codd 
Just die! 
mat au 1 lacking? 
What is it that 1 shodd do? 
1 just dm't get math 
Why is it so much easier fm you? 

The question in the first h e  of the poem is an important one. What do people who 

do well in math possess that others do not? This poem subtiy suggests that some individuals 

possess an innate mathematical talent that dows them to solve mathematicai problems 

effortlessly. On the other han& those who do not have this talent must stniggle in vain. 

The other poems dso proved to be extremely illuminating. 

' Titles of poems that appear in square brackets are tities inventai by the mearcher. 



[ Drowning 1 
Fatal flam with fiactions 
hinder my actions 
and make me feei divided 

Gigantic guesses in geometry 
that I stili can't see 
make me ask '7 
Swirling shapes 
make me ache. for sense and reason 
but stil l d e  me feel square 

1 want to feei big 
iike it used to be 
before 

Help l'm drownylg Ïn a sea 
of x's and 0's and tic tac mes, 
that make it dBicult for me 
to look at foes 
like calcuius and geometcy 
without some time to woe 
about the ansnm 1 can't see 

Here, the writer express& the belief that mathematics is essentially m d g i e s s .  

Solutions to problems in calcub and geometry lack sense and the underlying rationale behind 

pursuhg such disciplines is elusive. Mathematics appardy was not dways a problem for 

the d e r ,  but fàced with growing complexity and abstraction, it began to attack h i d k  self- 



certain 
tbat everyone can 
see into my 
empty head 

1 
don't hate Math 

L 
don't understand 

It would seem fiom this poem that the study of mathematics has led to several 

humiliahg experiences for this indMdual. However, such experiences have not caused 

himher to undervahie the discipline but to undervalue himseWherseK To what extent were 

h i d e r  teachers responsible for this dering? More is said about this poem later in this 

chapter when the per&ed abusive nature of mathematics is discussed. 



1 e t h m k m a t h  
is a twisted path 
that sidewmds along 
and doesn't reaily belong 
it's not part of my Life 
it's Like aa uwvieldy M e  
that cuts 
m.y worid 
in two 

The d e r  of tlris poem perceives extremely Iittle practicatity to mathematics. Despite 

this sepmation of the disaphne h m  the mundane aspects of daily life, hdshe has had to deal 

with mlithemafics as a subject in school. Wematics, in this respect, is iike a warrior 

mvadmg the d e r ' s  Wé, and the writer lacks the neœssary tools for defending hiInseWhmeIf 

against this attack Further iosight into this poem is revealed when the perceived abusive 

nature of mathematics is explored. 



Around and aromd 
In a sea of symbols 
Numbers and letters 
iike vegetable soup 
m my mind 

A sludgc ofequritions 
and odd sounding words 
Making no sense at aii 
No worthwhile meaning 
ofanykind 

Moving and tickering 
Marks on a page 
Formulas with not a trace 
of life m them 
Feeling resigned 

As the game goes on 
around ne in the fog 
Numbers, more numbers 
Problems and lessons 
No hope 1 h d  

The complexity and abstraction of mathematics is clearly conveyed in this poem. To 

this d e r ,  mathernatics is a game in which the object and the d e s  are lost to h i d e r .  The 

search for meaning has been almost given up as beyond W e r  ability. Despite this lack of 

comprehension, mathematics continues to haut this individual. He or she is forced to 

continue playing this "'game'? without any hope of ever winnhg. Perhaps this poem is a 

declaration by the &ter that he or she has @en up ûying to make sense out of cornplex 



This acrostic poan capanes a number of physicai, mental and emotional reactions to 

dealing with mathematics. The f m  and anger work together to W e r e  with the thought 

processOCeSS The resulfiag confusion undoubtedly leads to increased fear and anger, thus creating 

a vicious cycle of negativity. Since every letter in mathematics is associated with an 

unpleasant f&g or sensation, one might infer that for this person, mathematics is a 

discipline lacking in any positive qualities. 

These poems captureci hstration, embarrassment, pualement, fear, helpiasness, 

hopelesmess, ~e~hatred, resignation, despair, anger and terror. What the poems did not 

aipaire were ways of conf?ootmg and overcoming these feehgs. In the researcher's opinion, 

the poems demonstrateci considerable d g  skiiis on the part of the participants, which is 

understandable given the fàct that they are university students in the Bachelor of Education 

program. Ifthe participants had poor wnting sWs, then the poems might have had Limiteci 

value. However in this study, the poems seem to capture what having mathematics 8IYCiety 

means to the participants. In their bnrtal honesty their poems make visible their emotional 

scars and the debilitating repercussions of these scars. 



Some participants drew pictures to convey their images of mathematicians. Others 

used words. Here is an arample of one participant's written verbatun description of a 

mathemafician: 

oid 

male 

boring voice 

imrolved in numbers, not interested in people 

no humour 

smarter than average in some thuigs, ignorant in others 

works for the governent or 

wears a polyester plaid suit 

doesn't get enough exercise 

lacks creatkity 

squeaky shoes 

big business or the rnob 

Life has no meaning, conm%utes nothing to the community 

graduate of higher education 

not a good listener 

can't convey knowledge in eveqrday language 

limited. 



Such an image as thïs portrays an individuai detacheci nom the social mainStream and 

is somewhat reminiscent of the cold, insensitive man h d e d  to by Donady and Audander 

(1980). It is a harsb, though possibly brutaily honest description, yet one might wonder 

whether the participants created their images on the basis of a large sample of mathematicians, 

or on one ernotionally scaning example. These images dowed the participants to examine 

criticaily thet own views on mathematicians, and aüowed the researcher to compare these 

images with the one refmed to by Donady and Auslander (1980) (See p.9). 

The other participants' images need to be Bcammed Here is another verbatim d e n  

description: 

O 

O 

O 

O 

O 

O 

0 

str ict 

rïgid 

UOforgMng 

seif-important 

rnathematically brilliant 

socially inept 

bad "bedside" mmer  

self-absorbed 

lazy 

wülllig to share ody with the gifted students 

ignores the shidents who are slow 

tends to make assumptions 

lack of humoudfim 



lack ofcreathdy 

everything is black or white, right or wrong 

power hungry - enjoys puttmg people on the spot 

. mes to show off his/her brilliance 

no patience for slow leamers 

tends to openly favour the bright students. 

In this image, the -cian does not sean to possess msny important social and 

practical s a .  In facS mathematical abWy would seem to be the ody favourable quality. 

Both Wriffen images of a mathemafician seem to portray such an individual as a social outcast, 

yet approach this portrayal fiom Merent perspectives. The description describes a 

perceiveci physical appearance in some detaü, whereas the second description focuses more 

on mental and emotiod characteristics (e.g seIf- absorbe& self important). 

The other images of mathematicians were portrayed using pidures. These pictures 

appear on pages 55 to 57, and for the purpose of interpretation, they have been labellecl as 

Picture 1, Picture 2, andPichue 3.  

Picture 1 shows an individual that has a somewhat masculine appearance (as 

mterpreted by the researcher), although there is no positive identification as to gender. He/ 

she is dreçsed in a shirt, necktie, bek, pants and shoes. The presence of a necktie suggests 

a busllieswninded professional, but the pants are too short, suggesting careIessness or a Iack 

of concem for one's public image. The spectacles and unruIy hair convey the stereotypid 

image of a 'herd", wbich relates to the "outcast" theme that seans to be present in the written 

description 



Likewise wàh Pichire 2, one camiot be ce- if the mthematician is d e  or f d e ,  

although this one is aiso wearing a necktie, suggestive of mascuünty. The bizarre squiggles 

surroundhg the person mi@ represem an unpleasant odour. Like P i m e  1, the hair is 

unnily? but this person is not wearing spectacles. Hdshe seems to have a very troubled fàciai 

srpression (e.g the wwy mouth and the ünes undemeath the eyes), which contrasts with the 

srnile in Picture 1. Nancy commenteci during one of the workshop discussions that she 

beiieved mathematicians were unheppy due to a lack of meaningful interaction with 

others. This picture might dso reflect that beM 

Picture 3 a d d l y  depicts an entire ciassroom with the students Sitting at their desks, 

arraoged in rows. The mathematics insauctor is standing in fiont of the class, using a metre 

d e r  or stick (or some long, n m w  instrument) to point at multiplication questions on the 

blacbard. Again, the appearance of a ltecktie suggests a male, though certain identification 

cannot be made. The short hair and spectacles bear some similarity to P i m e  1. This 

mdMdua is straight fàced, suggesting a business-like derneanor. Mght such a demeanor be 

imimidating for some learners? 

All of these images -est that if a mathematics teacher presents to students certain 

characteristics, iike saictness, or mtidiness, and fds to present other characteristics iike a 

sense of humow, then that teacher might be unwittingiy contributhg to a student's 

mathematics amiety. This amiety in turn might create a perception of the mathematics 

tacher in wfiich his or her fiaws are overemphasized and his or her Wtues are ignored. 









The Ouilter and Hamer Snrvev 

The results of the Quilter and Harper (1988) survey have been consolidated so that 

the ormiber ofindividuals who stroogiy agreed, agreed, strongly disagreed, disagreed or were 

t d e d e d  with each partidar item on the initiai and h a 1  administration of the w e y  was 

determined. These results appear on the following page. Items that were lefk blank or in 

which two check marks were placed in two dBkent  columns for the same item were ignored. 

The consolidation of the results of this survey appear on the next two pages. 

AIthough there was reIanveiy M e  change m most of the items on the survey between 

its mdial and final administration, three items deserve some consideration For the nrst item 

(ie. "'Mathematics is creative"), there was a signScant change (a difference of -8 in the 

cumulstive rankiog). Thus, the pdcipants at the end of the workshop were more inclined 

to give aedence to the idea that xmhmi i cs  bas room for creativity and iess inched to Viau 

mathematics as merely a ngid collection of d e s  and symbols. 

The tenth item (ie. "'Minus numbers are daW) also exhibiteci a significant change (a 

difference of -7 in the curndative ranlàng). Although minus (negative) numbers were not 

given special attention dwing the workshop, there was one probabiüty activity used on the 

workshop that involved the use of a number line ranging fiom -5 to +5 (see Appendix C). 

Perhaps after engaghg in this activity, the participants perceiveci a use for negative in their 

comection to hands-on activity. 

The sixth item (ie. 'You cm get a math question halfright") also changed signincady 

but in a way that the researcher did not expect (the difference in the cumulative raakùig was 

+7). The researcher ranked this item in such a way that agreement with this item would 



mduce M e  h e t y  because in his or her pnor experience a halfright soiution to a problem 

was usuaily entitled to some part marks. However, it emerged through disaission that not 

alI teaches accept partial sohmoos. Yvonne r d e d  secondary school teachers that marked 

solutions as either rïght of m n g  without awardmg any part marks. This discussion may have 

lead to the zlnanticipated change. 

The comments on the survey provided some background. One participant recailed 

bebg slapped by mahmatics teachers in elementary school in the 1960's for using wncrete 

objet%. Another d e d  hg& behind m mathematics in elementary and secondary school. 

Another duded to exposure to mathematics teachers he or she deemed to be incompetent. 

Problems kvolving teaching were reinforced in the workshop discussions. 



Table 1 
ReSults of the Initial Administration of the Survey 

Item 
Nmnber 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 



Table 2 
Results of the Final Adminiseation of the S w e y  

Item 
No, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Cumplmbipe 

Ranki43 

-4 

+6 

+2 

+3 

O 

-1 

6 

+4 

+5 

-6 

+8 

+2 

+5 

- 1 

+I 

4-6 

+4 

+1 

ffi 

- 1 

+8 

+7 

+S 



Ail the participants filleci out the mecdotal e v h t i o n  forrns. (See Appendix A for 

an -le of the fom) Some of the positive comxnents were as foliows, dong wÏth possible 

interpretations: 

(1) 1 had a good time challenging nryseff and my memory and 1 had fun doing 

the questions. (This mggests that eflective workshops s W d  ofler some. but not 

too mch, hteIZecctuol StnmrIlan'o~~, It mIIUght a~~oggest that muthematrcs courses 

wmld be frm if the acfjvjties were perceived as deing creafive.) 

(2) Everyone had the chance to express themselves. (A2Zpart-J-cipts of a 

workshop shoukibe emmragedfo express lheir i&us so [bar m>ne of !hem is Iefl 

feeling isoluted) 

(3) Meeting other people who are experiencing dBicufty in math, 1 don't feel 

isolateci with this problem (In a nrafhematr'cs anxieiy workshop, each participant 

neeh to Rnow t h  he or she is not the fist person to &Kerfrom this problem. 

TolRng with other people aLso helps to generctte ideas tiiat might help rehce 

their m-e iy . )  

Other comments were as follows: 

(1) Disaiss in more detail how to ellliilliate math amiety and help children get 

over their amiety. (Eliminating mathemutics m c m a e t y  might be mtpcssible. 

Havever, a worhhop irrsauctor mg, workwifh the p(~~ffk3pants to alevelop a list 

of idear of how to rehce this m t y .  The partrpartrcipants may also discover thpt 

certuin m e s  of mathemutid acfnrities me less stres&I t h  others..) 



(2) More word problems - to learn to elirnmate the umiecessary. (Ifmore word 

probIem were usai, they shouId be of apractical nar~re, in keeping wirh the need 

as ~ ~ c e d  by the participants, to relate ntafhemat-~ks to everyaby ive-) 

(3) It would have been better for me to attend a workshop like this when I'm 

not in school fuiI tirne and coping with a woricioad of 9 courses. (mis is an 

hvitable problem The best miy mshuctor am do is set up days ami m e s  for 

the worhhop rhrd me of greatest cornenience to the greatest mrmber of people 

interestai in purticipafr'ng in the workhop.) 

Overall the results of the mecdotal evaluation indicate that most of the participants 

tOund the worlcshops to be enjoyabie and worthwhüe, but the workshops codd be modified 

to address a wider range of ditncd!ies. 

Field Notes 

What foilows is a sarnple nom the transcribed notes (Workshop A, Session 2): 

INSTRUCTOR: Are you hfiuenced by the media in your image of a mathematician? 

YVOM?E: No, I don't watch television 

TERRI: My idea of what you would c d  a nerd is very stereotypical. 

NANCY: I think so too. Mhd yoy 1 have seen some neat stuff too, like 

Stephen Hawking's Brief History of Time. 1 redy liked that. I had 

to read some paragraphs twice over to get it, and once you get it, it ' s 

like, wow, this is d y  interesthg and fâschting 1 really liked 

it. Mine is more of a cornical take on it; 1 guess that's what Steve 



UrkeP 4 k h i  of a commentator but somebody who's so oblivious to 

everything gomg on around him because that's d. That's it. That's 

math. Food dom your tie, d o m  your shirt, never noticed it. Nwer 

bas the time to get a haircut because you are so wrapped up in 

quantum physics that you actually leave your house and you're 

locked. 1 don't tW they're happy. 

1 did very welI in math untif Grade 9. Looking back on it, I did weil 

in math right up to Grade 8. Then in Grade 9 when I had this tacher, 

1 was so busy fighting his rude remarks, crude conversations in class, 

1 went back to my Grade 7 and 8 math teachers for help. Maybe 1 just 

lost the basis -&at you needed m grade 9 to continue on, 1 don't know. 

The remarks about mathematics educators align themselves with the harsh images of 

mathematicians creafed by the participant$ tInrs showhg how one type of data could be used 

as a reinfiorcement for another type of data. 

Mathematics and Humour 

When the instnictor asked if there was any connection between mathematics and 

humour, Terri responded with an emphatic "No such thing!" Nevertheless, the instnictor 

mempfed to demonstrate a humorous side to mathematics by handing out to the participants 

' Steve Urkel is a chanicter on the television series Fcmri&Mattem. He is a teenage boy and presents himseif 
in the stereotypical image of a n e d  This image is conveyed through spectacles, a squeaky voice, and social 
awkwardness. 1 Jke l  a h  haî inmendous ability and interest m mathematics and .science. This may contribute to 
a perception thaâ people who do weii m mathematics are nerds. 



cartoons by Azzoho, Sihrey and Hughes (1986). (See Appendix D.) Reaction to these 

cartoons was mmmiaL No laugtder was heard. Howwer, Joanne found the cartoon showing 

the M e r  and the teeaage girl to be "aite." The iostnictor feit that this cartoon represents 

the misunderstandings that can occur when communication involving numbers talces place, 

and perhaps fiequent misunderstandings of this nature could intensify feeliags of anxÏety. 

The hck of desn-ed efect Ge. laughter) on the participants that the cartoons had may 

be due to a perception of the hwnour contained in them as being droli and unsophisticated. 

The instructor asked the participants if this was the case and some of them nodded in 

agreement. However, a more sigmficant reason is simply that the cartoons containeci 

mathematical knowledge and symbolism with which the participants were Ulfamiliar. For 

example, the cartoon invoiwip the Fi'bonacci series was ineffective because they didn't know 

what this series is. AIso obscure was the man who said, "Hd -1." (ie. 'Tiï!"). Complex 

nurnbers are sums of real numbers and i m m  numbers in the form a + bi where a and b 

are real and I equals d - 1. (Bendick, Lwin, and Simon, 1965). 

Rhonda r d e d  a previous encounter with an attempt at mathematical humour. She 

said, "1 was looking for a Hailoween card for my kids and one of the cards said, "What do 

you get when you divide the cirderence - pumpkin pie?"" (Note: she must have meant 

"divide the c i rde rence  of the pumpkin by its diameter.") She smiled when she said this, 

showing some mild amusement. 

Although the cartoons did not amuse the participants, this does not necessarily 

suggest that mathematics and humour are incompatible. A tacher rnight use different 

cartoons on bis or her students, or try a Mirent medium like jokes or humorous poetry. If 



a mathematics teacher is able to get the students to lau& that laughter might help them to 

relax. For instance, cartoons that emphasized feelings of helplessness in mathematics, or 

cartoons that satirized mathematics might have been more appropriate. 

Discussion of Ouotes 

The Ïnstructor read to his participants the finai paragraph of the essay Mathematics - 

The Subtle. Fine Art by Shaw (1966). The paragraph is quoted here: 

hrlany- 
* .  

have beai artistS m other ways. Some m t e  poetry, some composed music. 

The inquixy amduded s e v d  years ago into mat)iematiCians7 activities f o d  that most of them 

weze s e r i e  mterested m some phase of art, And most ofthem reported that th& discoveries or 

d o n s  came- as do the inspnatiom of arhts in other lines. The mathefnatician dmms, and 

in his dream an elusive spirit in and fl08ts in the mist, and vanishes; @des back at 

moments, but slips awqkum the hand that would grasp ha. reappcars in iniricate 

dance, and phantaad play of color, ciisappears; and one day steps out to clasp the hand that has 

awaited her, with Kummer's ideal numbers for a gifL The mathematitian dreazns and in the 

spinning chaos fairy flowas in fantastic fomis bloom and vanish; mis& wind through them wiîh 

birds fiashiug now and then; str* me Debussy's nocturnes are faintiy heard; a seething, 

bewildering multitude of f m  are created out of the void, they drop back into the void; and then 

in one rapturous moment a new fom appears, superbly beautifirl and Prosperous wand is held 

s t a t i q  to bid tbe d w  the flowers, the d d  birds, the haunting music, the spirits of Iight 

and beauty stay, anci a new brauch of mathematics is bom, the iinear associative algebra of 

Benjamin Peirce. This is an enchanted land, and the city, Like Hugh F e j '  Metro~olis of 

Tom~row, is, in TV's words, âu i i t  to music, thecefore never b d t  at ail, and therefore built 

forever-" It is a world that h m  no second law of thennodynamics, a world that guarantees to 

m m  his creative sature, his eternity of the ,  his mipaishability. Here grows the ash-tree 

w p p h g  the universe, its mots in nature, its tnmk of the fibers of logic, its foliage in 

dearest etfier ofiutrrition, its inflorescence the lMng imaginatition. In this land of enchantment the 

queen is beauty, who hrms men uito gods. (p.260-26 1) 

The instnictor found tliis sample of Shaw's writing to be aesthetically appealing, and 



he wondered if the participants wodd feel likewise. Wnfomnately they didn't. Terri's 

reaction was as fonows: 'Tm soq, I didn't get that M y  mind is blank." Joanne's comment 

was as follows: "it hasn't been my e x p h c e .  1 cm understand it being someone's 

arperience." In an effort to explore the possible aesthetic dimension of mathematics f.urther, 

the insrniaor asked the participants if they could perceive any comection between 

rmdmmiics and art. Most of the participants had a ditnailt t h e  seeing mathematics being 

wmected in any way with art, abough ioanne did aiiude to the golden rectangle and Nancy 

r d e d  watching a television program about Martin Gardner that mentioned how Gardner's 

abiiay to draw geomemc patterns iduenced women to pursue studies in mathematics. 

The instnictor also read quotes found in a collection of quotes cornpied by Moritz 

(1942). Here is one of them: " n e  essence of mathematics lies in its f?eedomn (George 

Cantor). Joanne responded by saying, "1 don't think of à that way at d. There's always 

some d e  or regdation or formulan Terri wondered ifthe author of that quote was being 

sarcastic and added, "Maybe he's tqing to say the opposite because it is so obvious that it 

is not me." Rhonda recded, "One time when I did find the use of math fieehg was when 

1 was workmg m real estate. Getting a mortgage for $100,000 at 12%- but maybe a relative 

couid laid them W,,000 at 100/o and W,ûûO at 15%. Which is the better deal? 1 could heip 

to negotiate, and because I'm such a strong-minded language person, 1 could educate my 

clients, and they appreciated that they had choices." The instnictor speculated whether the 

quote was meant to convey the idea that work in pure mathematics is unbounded by ethicai 

constraints. It was the instructor's thought that a mathematician has limitless freedom to 

manipulate mathematical symbols without causing harm to others. 



Another quote discussed during the workshop was as foilows: 

Tbe m i s  be attamcd cm the tradmig ofmnthrmnticP in the seconAliry sehoois] are tbe knowledge 

of abodyofgeametridûuths,thepowextodrwvconectinfeaences hgivenpremises,the 

power to use algcbraic processes as a rmaos of nadmg results in practical problerns, and the 

awakening of mtaest m the science of mathanntics. (1912 Amaiean Report - Intemational 
Conrmission on the teacbing of Mathemtics) 

The insttuctor wondered ifthe ideas expressed in this passage might be viewed today 

as rather archaic. Terri was in partial agreement of bis view. "Awakening in science and 

mathematics should start eartier- That's archaic; but as fàr as a body ofgeometnc truth and 

shiff- as fiir as 1 how they are sti. teacbgthat." kanne descnbed a shift in emphasis &om 

then and now. "The way they wony about problem solving. You no longer have to adci, 

subtract, or do long division - more emphasis on 

emphasis toward problem solving one that would 

solving the problem" Is this shift in 

be beneficial in reducing mathematics 

anxiety? This would depend on whether the students are trained in the necessary skills to 

solve problems effectively and if the codent of the problems relate to çhidents' everyday 

lives. 

-~meining Themes 

A d y &  of the notes, concept maps, poems, evahiation forms, w e y s 7  and other data 

have yielded seven emerging themes. Such d y s i s  was wnducted through a lem shaped by 

personal expiences and reviews of the beranire, ail of which connect ~Iliifhematics amiety 

to the dry, abstract, impractical manner in *ch mathematics is sometimes taught. Each of 

these themes were examineci in their relationship to mathematics aruciety. nie themes (not 



in rank order) are as foilows: 

Theme Code 

(1) The perceiveci practicality of the discipline P 

(2) The perceiveci complexity of the discipline C 

(3 Collaborative versus independent mathematics work Cfi 

(4) AmbiguÏty of word problems A 

( 5 )  Comection between mathematics and p d e s  and nddles MMR 

(6) The perceiveci invasive nature of d e m a f i c s  INV 

(7) A lovemate relatiomhip with mathematics LJH 

The Perceived Practicalitv of the Disci~line 

The concept maps of mathernatics anxiety designeci by the participants indicated the 

stressfÙl feelings that emerge d e n  mathematics seerns disco~ected nom everyday Me. This 

suggests a need on the part of teachers to demonstrate the practical applications of the 

mafhem8fica.l concepts that they are presenthg to their students. However, one question 

needs to be asked: To what extent is the discipline of mathematics itself perceived as being 

of practical value by math-anxious students? 

D d n g  the workshop discussions, varying attitudes merged. For example, one 

participant, Rhonda, descriid her career in real estate which involved much financial 

mathematics that was usefui, practicai, concrete, and made sense to her. Mathematics also 

played a role in her hobby as a quilt maker when she needed to measure particuiar lengths of 

material. Joame also used math in particular situations iike complethg incorne tax forms, 



h a  checkbook, and baking- In these fiunilia, situations, the mathematics imroh.ed 

do mt generate anxïety for her. She bas experienced e e t y ,  however, when doing work in 

algebra (e-g. fk&g 'Y') or sohhg obscure word probkms. In such cases, mathematics was 

seen as separate fiom r d  Wee Cyndi Lynn also emphasized that stress originates fiom a 

perceived lack of possible application. Mathematicai thought does take on an added 

dimension wim set in a real Efè context. Feosham (1992) audeci to Lave's (1988) study of 

women shoppers in a grocery supennarket. It was discovered through this shidy that the 

women were able to solve far more wmpIst anthmetic problems while shopping than on a 

pend and paper test despite the added compledy of the "real He'' situation. 

Howewr, tk degee to which math&= itseifis applicable in a pracfical sense was 

mclear to some of the participants- Greg viewed mathematics as being about solving riddes 

which mi& unpS that he perceives of the discipline as having minimal practical value. 

Rhonda alluded to a personal dilemma in which she was not sure if mathematics itself was 

"dumb" and as such was unsucces& at it, or if she was "dumb" and was merely trying to 

convince herself tbat the mathematics was "dumb" through a land of donabation. This 

dilemma was a b  scpressed in the final seven lines on the poem Endess Lessons in Humilie. 

Here, the participant has decided that the discipline of mathematics itseif is not to blame for 

hidher amiety. Rather, the problem might lie within the self This leads to a provocative 

question: Does mathematics anxiety arise from an innate disabiiity to cope with the 

complexity of the discipline? This lack of understanding would undoubtediy make one 

anxious and might contribute to a perception that certain nisithernatical concepts are more 

complex than he or she is able to grasp. 



The Perceived Com~lexitv of the Discbhe 

The idea of cornplexity was evoked through descriptions and metaphors related to 

mathematics that were used in the workshop discussions and through the medium of math 

poehy. Greg r e f d  to mathanetics as a tree without a root structure, wwhich might suggest 

a perceived complexity without a correspondhg foundation of simplicity or elegance. 

Feelings of drowoing were alluded to by a number of the participants. Cyndi L ~ M  has 

memones o f  compulsory mathematics courses that she descflied as being over her head. 

In the poetxy, one participant desuibed madiematics as "a twisted path that Qdewinds 

along and doesn't r d y  belong." Another participant expressed the complexity in the las 

stanza ofthe poem Dra*. The idea of "drowning in a sea of x's aud 0's and tic tac toes" 

suggests that the participant is faced with far too msny symbols when doing mathematics. 

In this cornplexity of symbolism, it is diffiCUIt for the participant to find whatever it is he or 

she is supposed to h d  within this perceived chaos. 

Another participant made use of similar imagery in the fit stanza of the poem 

M w e s s n i e ç s .  niere is some similarity between this stanza and the previously alluded-to 

stanza fiorn Drowninq. Once again, there is the image of immersion in a "sea of symbols." 

The lines in this stanza suggest that too much complexity might lead to the perception that 

mathematics is essentially rneaaingiess. 

Such expressions stroagSr çuggest the need for teachers not oniy to provide students 

with a practid base for studying mathematics, but to provide students with a proper, 

thorough grounding in the basics (e-g. computationaf skills) before too much complexity is 

introd~ced~ Might the concern about complexity be effecfively addressed if teachers expand 



th& vision of & d i c a l  leamhg to incorporate more than just independent work? Hamm 

a d  Adams (1992) hypothesized that "w-operative leamhg improves academic performance 

among bi@ and low achieving studans." (p.8). Migin this improved performance be partialiy 

attn'butable to improved ability at handling complexity? 

Collaborative versus Indewndent Math Work 

The participants in the workshops had the oppominites to collaborate on a number 

of activities. In some cases, such as exercises in problem malang and problem solving, the 

participants were specificaify asked to work as a goup, white in other instances they were 

&en an option of ether w o r h g  collaborativeiy or independently. It was observed that wen 

maing the exercises that were intendeci to be coilaborative in nature- the participants would 

spend at least part of the time working quietly on their own For example, they might read 

a problan qui* to themselves, work out their own solutions, then compare their solutions 

to those of the other participants, and nom that cornparison of notes would work together, 

asking questions and exchanging ideas, toward a commonly egreed-upon solution. This 

tendency to spend at least part of the thne working on their own probably might stem Eorn 

their personal backgrounds in mathematics where the vast majori~ of their work would 

probably have been done independently. 

Certain participants seemed to feel that the opportunity to do collaborative work 

helped to reduce their atlzciety. Terri realized that she was not the ody one who could not 

sohe a problem nght away. The sharing of ideas seemed to be quite beneficial. One camot 

comment f.urther on this topic f?om this study, therefore more research wodd undoubtedly 



have to be done to d e t h e  a suitable balance between collaborative and independent work 

in the contact of mathematics. Further study w d d  ais0 help to determine to what extent the 

sharing of ideas about word problems could reduce the anxiety felt by some whem they 

confiont this problematic aspect of mathematics. 

The Perceived Arnbiguity of Word Problems 

Difnailty in so1vh.g word probIems was noted by s e v d  of the participants as  a major 

source of amïety. Ln the comment section of the Quilter and Harper (1988) survey, one 

participant stated that "readmg problems always causes me ta freeze - 1 have no idea how to 

eliminate unnecessary data" Joame dennitely found some word problems quite awkward, 

alluding sornewhat vaguely to one problem she has encountered involving a plane taking off 

and Imding at various times, but unable to remember the exact details. 

What does the stress m connectim with word problems stem fiom? Does the inability 

in dealhg &ectiveIy with word problems originate nom a lack of essentiai skills on the part 

of those attempting to çolve the problems, or does it originate fkom a degree of ambiguity 

inherent within a large number of word problems? Matz and Leier (1992), while 

acknowledghg problem solving as an essential skiil, recognized that many Iearners h d  it 

dficult. When codkonted with word problems, ''the student must read the problem and 

decide what operations could apply. These decisions are made difncult when a problem 

requires several steps." (Màtz & Leier, 1 992, p. 14). Clearly, a considerable amount of 

research would have to be done before a definitive answer muld be reached as to why some 



students find word problems so difiinilt, but the redts of the workshop has o f f i  some 

ches, 

Whüe engaged in problem-solving activities during a session o f  a workshop, it was 

noted that there were complications inherent in the interpretation of some of the problerns. 

One that created particuiar confusion was a problem taken out of Sobel and Maletsky's 

(1975) book f i c h  asked the reader to d e t e d e  how many pennies could be arranged such 

that e v q  penny touched every other penny. Mer spendmg some tirne manipulahg pennies, 

some of the participants wondered whether or not the problem could be interpreted in such 

a way that pennies could be arranged in a straight he, in which case the aoswer to the 

: problem would be an innnite number and aot the published answer offive. 
1 

The participants were engaged in both problem making and problem solving. They 

tended to fhd the act of problem making l a s  stressful than problem solving. An example of 

a problem-making activity is one devised by Donady and Auslander (1980) in which one is 

asked to aeate d e L n a t i c a l  word problerns based on a short story entitled A Glorious Dav. 

M e r  completing this exercise, Greg noted, when asked to compare problem makùig with 

problem sobing that h the probiern-making exercise he could see aIl the information, which 

might suggest that d e n  asked to sohre a given problem, aU of the relevant information may 

not be VisiiIe. Also noteworthy was the comment, also made by Greg, that problem making 

is "math with a m o n  rights," suggesting that being able to create a word problern without 

having to h d  a solution to it can be an intensely liiberating experience. This lads one to 

wonder whether mathematics amciety could be considerably reduced if students had a greater 



awareness of the enormous breadth of the discipline, Uichiding what mi@ n o d y  be 

thought of as puzzles and riddles. 

Connections Between Mathematics and Puzzles and Riddles 

Greg remsvked that rmthemafics is about s o h g  riddes. Opimons varied, however, 

as to the relationship between mathematics and riddles and punles. Joanne commented that 

certain acthities administered during the workshop sessions (e-g. counting the number of  

-es in a rectaq#ar design) were brain teasers t h  might do in her spare time but she 

would not think of such activities as rnathematics. She later noted that such activities were 

good tncks but were not very u s a  Rhonda agreed with this, 6 6  that there was Little 

to the actnrities beyond entertainment value. When asked to define mattiematics, Rhonda 

staîed tbat to her mathematics is numkq and Joanne said that mathematics involves numbers 

and a logical way of thinking. To both of them, the actMties iovohg magic squares 

represented the best of both worids in the sense that it involves both mathematics and the 

eiement of a puzzle. if more teachers made use of activities of this nature, it is conceivable 

that a more positive attitude toward mathematics might be nurtured, leadhg in him to less 

aruriety. 

The Perceived Invasive Nature of Mathematics 

The imagery that math-hous people use to describe the process of teaching and 

leamhg mathematics can be quite powerful and suggestive of an abusive or invasive nature 

of the discipline. This was most evident in the math poetry that the participants wrote. 



Consider the h t  seven lines of the poem Endless Lessons in H i d i t y .  In those hes  

there is a description of the embarrassrnent the participant fiels when she perceives that 

"everyone can see hto my head." To the researcher, the idea that people are looking h o  

one's "hed," which is pmbabty synonymous with 'himi?' and shodd be a private place, might 

be invasive. Such an act mi& even be iaterpreted as "the act of a mental voyeur." Although 

no SU& "iIltnrsionn wodd be inrartionaüy perpetrated on the part of the tacher, the feelings 

experienced by the participant are no less real. 

Consider the final five 1Eies in the poem Twisted P d  Here, mafhemafics is identifieci 

as something ttiin is "not part of my litè." Thnis7 mathematics might consthte aa unwelcome 

intnisicm The metaphor of the 'imwieldy M e n  suggests that mathematics might be viewed 

as a p o t e  dangerous weapon The M e  a i t s  the participant's wodd in two, suggesting 

a feeling of victimization. 

Consider the nrst stanza of the poem Drowainq. The participant is descriiing error- 

plagued work with hctim. The idea that such work d e s  the participant ''fèel divided," 

athough it could be interpreited as a "tongue in cheek" remark, might be viewed in a Mirent 

way. Perhaps by "divided," the participant is attempting to convey the sensation of feeling 

tom open and acposed when doing rnaîhematics. 

Other pieces of evidence offer subtle dues to this invasive quality. On one of the 

concept webs, the word "paranoid" is used, which wodd be an appropriate word choice for 

someone f i  ttireateaed by an basive, ademal fmce. Ais0 suggestive of this is the r e d t  

on the Quilter and Harper (1988) survey in which six people out of seven either strongly 

agreed or agreed with the statement '7 fhd math questions threatening" on the pre-treatment 



* .  
-on of the survey and five people agreed or strongly agreed with the same item on 

. . 
the post-treatment administraton on the m e y -  Sice an invasive situation can be 

tha&nüg  for the vicrim, one mi@ woder whether some severely rnath-anxious indMduals 

might feel "invaded" when forced to do mathematics in, for instance, a classroorn setting. 

A Love/Hate Relationshi~ with Mathematics 

Greg said m comiection with mathematics that Tt's amazing if you get ir; if you don't 

get it, it's heii." This statement hmted at a love-hate relationship with the discipline. 

Although it is doubtfùl that ail ofthe participants would desnibe a lovehate reiationship in 

the coutext of th& mathematical qexiences, this idea was woked by Cyndi Lyml who is 

the third year conment educatjon student, also majoring in mathematics. The other 

participants were initidy quite surprised that a mathematics major would suff i  fiom 

mathematics anxïety. She recaüed tirnes when she would be cryhg because "Math gets to 

me," yet these f ~ h g s  have not stoppe. her fiom deciding to pursue a career as a 

maihernafics teacher and q m s s h g  a love for the discipline. Sbe weed with the researcher's 

assertion that mathematics was fnghtening and fàscinating at the same time, and the act of 

doing mathematics actually involved a whole range of emotions. It would be interesthg to 

know if the feelings Cyndi Lynn qressed were cornmon to other math-anxious mathematics 

majors. Although it was noted that this lovehate tension regarding mathematics was 

demonstrated by only two of the participants, this is an area of personal interest for the 

researcher, and one that he might study f b h e r  in the h e .  



Chapter 5 

Discussion 

Introduction 

It is clear froom that mathematics anxïety has a number of causes. Information 

provided by the participants in this study suggested such causes as transmissional modes of 

instruction, impatient and uncaring instnictors, a lack of positive reinforcement, a Iack of 

cooperafive learning strategies, over-rhce on textbooks to guide instruction, over-reliance 

on testmg as a means ofevaiuation, and a ciïfliculty in adequately grasping word problems. 

Given the considerable number of potentiai causes of mathematics anxiety, hding 

ways of reducing mathematics aaxiety becomes a cornplex task. Teachuig styles for 

mathematics, as weiI as mathematics amiaila, need to be revised and rndfied if society's 

goal is to briag about a major, lastiog reduction in the mathematics anxiety experienced by 

learners. Workshops, however, might have a sxnaii yet valuable role, p~~CUIarly in th& 

potential for increasing both tacher and student awareness of this problem. 

Now that the themes emerging fkom the research have been discussed, as well as the 

research problem, recommendations regarding mathematics anxiety, its deviation, and 

avenues for M e r  research need to be addressed. 



Revisitinn the Onestions and Problem 

Questions: 

(1) Whui are the overwhehing mernories rhni ûiggered the mafhemafics m - e t y  

in ~ertarn indiviclcual~? 

Mariy of the initial mernories that have led to this problem seems to involve partidar 

teachers and teaching styles. For instance, in the comment section of the Quilter and Harper 

(1988) survey, one participant dudeci to unpleasant mernories dating back to the second hdf  

of the 1960's when there were instances of "beuig slapped for attempting to use concrete 

objects to solve problems." and in subsequent grades "having teachers refbse to answer ny 

questions because '%ut was supposed to be leamed in Grade 8-7 Rowan and Bourne (1994) 

referred to one of the goals in the NCTM Standard: "Children must be actively involved in 

doing mathematics," (p. 1 1) and stated that cbildren "must interact with the physical world 

and with other cblldren and supporthg adults. Concrete materials are essential to provide the 

foundations for children just developing the ability to think abstrady" (p. 1 1). Rowan and 

Bourne stressed that "Hands on activity is critical to "doing" mathematics, and the basic 

language components - speaking, Iistening, readiag and writmg - serve as neces- links 

between action and mathematical understanding." (p.12). Thus, his or her use of concrete 

materials for mathemafical use in the 1960's was consistent with curicuium reforms in 

mathematics in later decadeses It dso demonstrated the extremely ngid and autocratic nature 

of the teachers. Another respondent to the s w e y  alluded to teachers' negative and 

complicated instruction Yet another respondent descrii experiences related to high school 



mathematics - s p d d y  Grade 9 - without sp-g the precise nature of those 

experiences. 

The participants in this study provideci evidence that mathematics arWety doesn't 

necessady begh m early childhood. and c m  in fact develop within someone at any age. 

Cyndi Lynn experienced linle anxiety until she began taking mathematics at the OAC Iwel. 

Greg did not experience any considerable amount of mathematics d e t y  until he had 

-sure to a airrait University-1evel mathematics course. Mathematics might have a much 

greater potential for inducing h e t y  when t becomes more advanced and abstract rather 

than the computationd style o f  mathematics that tends to be emphasized in the elementay 

grades. However, everyone bas his or her own limit as fkr as mathematical ability is 

concemed. Learners could expect to experience some dHculties as their mathematicai 

studies become more complq and some amciety is bound to occur as they confiont such 

dBidties. Lmels of &ety are also dependent on the stakes involved. For example, a 

required mathematics course for a professional program can be extrernely stressful, if 

successfùl completion of the program requïres successfûl completion of the course. 

(2) Wha2 teachmg styles haw contntnbuted to mathemaris d e t y ?  

Whai asked to coostnict an image of a mathematician, one student drew a classroorn 

snting in which d of the students are sitting in rows, and the teacher is standing in fiont of 

the studait$ behind a blackboard, and is pointing at multiplication questions with sorne sort 

of stick This is suggestive of the authoritarian teaching practices duded to by Kennedy and 

Tipps (1994) as one of the origïns of mathematics aruciety. Teaching styles that play a 

coritn-buhg rote in this type of anxiety seern to relate somewhat to a math-amious leamer's 



image ofa &ematician and mauy of the participants understandably designed their image 

based on prix exposure to mathematics educators. Teaching styles involving strictness, 

puttÏng students on the spot, dispiays of teachers' own bfiance, and a lack of humour or fun 

have been problematic for one participant. Another participant ahded to teaching styles that 

reflect a lack of creatMty and poor voice modulation. 

At least one participant made a coiiscious S o r t  to avoid using teaching styies while 

student teachhg that she was uncornforable with as a student. As a studeat teacher, Terri 

avoided the lecture approach to teaching rnathematics, spending as M e  time as possible in 

fiont of the classroom srpiahhg something to the class. She prefened to have them work 

with conmete, manipulative objects Wre geoboards and gave the students the oppoitunïty to 

position themsehes anywhere in the classroom while working, so an observer in her 

classroom wouid see some students Sitting dom on the floor, or perhaps lymg d o m  on the 

floor wMe engaged in mathematicai activities. 

It a h  emerged from the workshop discussions that having the opportunity to work 

coilaboratively was less stressfill than worlsng mdependedy all the time. This would niggest 

that teachers who structure their lessons in such a way that all the mathematical leamhg 

scpdences are in an independent role might be conm'buting to the problem. 

(3) How rnight the Mews of the part;lpart;lcipan& evdve over the course of the 

workshop? 

Severi and a halfhours of treatment was reasonably close to the ten hour time period 

mggesteci by Donady and Auslander (1980). It is the hope of the researcher that the 

discussions and activities will give the participants material for r e f ldon  Through a 



descriptive analysis of the Quilter and Haiper (1988) survey, it was observed that fewer 

students reported hding that math questions were threatening in the post-treatment 

administration of the w e y .  Also during this post-treatment survey, fewer participants 

disagreed with the idea that mathematics is creative- Some ciiffierences in the items of the 

survey between pre-treatment and post-treatment seemed to the researcher to be minimal. 

Near the end of the workshop the participants seemed slightiy more mclined to accept the idea 

that mathemafical actMties could e f f ive ly  contain the element of a puzzle. When 

questioned about the effêctïveness of magic squares7 the participants agreed that they serve 

the best of both worlds in the seme of being a presentation of a fiindamental aspect of 

rnathematics, namely addition, but the nature of this presentation is that of a p d e .  

On the anecdotal evaluation fom, one participant commented that he or she no longer 

f& isolated wiîh the problem of mathematics aryriety. Others noted the value in having the 

oppomuiity to discuss their fwlings amongst each other, which rnight suggest that they no 

longer feel as though they are the oniy mes who d e r  fkom this problem Perhaps the most 

signincant evolution for the participants could be dehed as a heightened awareness of the 

cornmonality of mathematics anxiety. 

Pro blem: 

what h p c t  woulda workshp have in afiehg attrattr2udes and conceptio~ts of 

mathematics bat warld in tun, reduce mathematics m e @ ?  

Reflection ocairred chring the course of the workshops, and the researcher is hopefiil 
I 

1 that the scperience ofparficipating in the workshop wiU lead to fiirther reflection on the part 
i 

i of the participants. Perhaps the greatest hction that a workshop of this nature codd 
1 



provide would be to increase people's awareness of the problem and provide a situation 

whereby the causes of mathematics anxiety codd be explored and possible solutions to the 

problem codd be discussed. 

The impact that a workshop has on its participants and the instructor is dependent on 

its content and structure. Based on the andotal evahiation forms, the workshop might be 

modined for the better if there were to be a greater emphasis on techniques for sohing 

problems. One fjivourable aspect of the workshop was the incorporation of hands-on 

mthmtics activities. This would suggest that such actMties shouid be an integral part of 

any m a t h d c s  amOety workshop, thus providing an o p p o d t y  for participants possibly 

to equate the act of dohg mathematics with having fun. Impact couid be maximized ifthe 

participants could leave a workshop with experience of alternative approaches to doing a 

variety of mathematid problems. The vahe of the workshop stems Erom the potentiai it has 

in tnggering reflection within the participants to examine their own attitudes about 

mathematics and how such attitudes might be contriiuting to th& own anxiety- A workshop 

administered to Bachelor of Education students, dows for an understanding their own 

anxiety which is a crucial step in helping their future students deal with their SUUCiety. 



Strenglb and Limitations of the Worksho~ 

On the basis of the andota l  evaiuafion form, the strengths of the workshop were: 

(1) The opportunities ofthe participants tu leam h m  others (m resemcher w m  

pleawd to (liiscover tlse mntriht im of the p a r t c i p t s  ma& for aposim>e 

Zeaming experience.) 

(2) The cornfortable d group setting (Ine srnail group size allowed all 

purîi'cijmnis the oppotfrmity to apress thmsehres and get to btow euch oiher.) 

(3) The discussion of the pheuornenon of mathematics anxiety (Die workrhop 

discum0m imohed excaniniing whal mathematics d e t y  is mulfom where it 

orighwtes.) 

(4) The opportunity to participate in hands-on actMties (The hands-on acfivities 

were undmbfed!y a welcome c h g e j r o m  a merely abstract rnanipIatratron of 

sym bols.) 

(5)  The oppominity to social& (Hard worhgpeup~e IiRe the pmticipants may 

not find much rime to sociuiize, but if an opportunity mises thaf combines 

practical and social benefits they may wish to fmd the t h e  to participate.) 

The limitations as identifieci by the participants on the anecdotal evduation f o m  

were: 

(1) An insufncient number of word problems and breadth of methods presented 

to deal with word problems (This comment mggesfs thet wordproblems me a 



mqbr contntnbutiPig factor to matheman'ics amnamnety and t h  strafegies for dyzing 

word probIems may not haw been fui& &esssed &y the inrtructtor of this 

worRshopP) 

(2) The problem of attendance (This was ineMtabIe @en the purtïcipants ' h s y  

schehles. ïhis Iimitatiun might be Imked tu a gr- desire fur the regulur 

confnfnbzrfiom of ce- gt.orup members. me herns, workload of Bachelor of 

 cation students also meant thal the workhop had on& a maII m b e r  of 

participants.) 

(3) The absence of a test for mathematics anxiety ( m e  p a r t r a p t  mzght be 

refenfng to a suntey in which his or her &ety c d  be ratedon some kind of 

scale. Ilie researcher believed thm acihrinisien'ng a muthematics anxiety scale 

would have taken vaIuabIe tnne awayfrm discussion mid marhematrèal 

actMfies.) 

Suggestions for modification of the workshops included: 

(1) Spencbg more time examinin6 ways tu eLmiirite mathematics (It is 

dOt~brfuI thut mathemutics m e t y  c m  be elzminuted art some of the idem raised 

on the workshop, Zike the use of hands-on activities, nzighi be implemented wirh 

the effecct of re-g this amiety.) 

(2) Alternative approaches to problem solving (Students mzght feel more 

comjiortaable if tfey realiie ihat there tr of in  more rhmi one wqy to solve a giwn 

problem.) 



(3) Alternatives to testhg (k evaluafmg in mathemutiés, it might be 

6eneficial to examine ways of dbing this fhat me more creafive and less stresrfirl 

than tests. For example, shrdents couid compose shon e-s on the connectio~ts 

between mafhematr*~~ adart .  giw oruipresenlotions on the practical appIicaficafion 

of pum*ctlIar concepts, or investigrne the hisfory of mathemafrc~~) 

One @or Iimhtion of the workshop as conducted was the small sample size (N=7). 

Due to the srnail sample size, the r d t s  cannot be generalized, in the same way that a 

predombdy qmnthtbe study might be generalized, b k r ~ a m ,  (1 988), raised the question: 

"1s gendimion fiom a siogle case possible?" @. 174). Merriam refaed to Stake's (1978) 

idea of naturalistic generalization, in which one cm take a detaiied knowiedge of the 

p a t t i a k  and look fbr siniitarities in a new context. Memiam aiso ailuded to Wüson's (1979) 

idea of reader or user generaiizability which "involses leaving the extent to which a study's 

hdiogs appiy to other situations up to the people in those smiations." @. 177). However, the ' 

srnall sampie size allowed the instnictor to examine the mathematics anxiety of the 

participants in considetable depth, thus creating a rich supply of data £tom this case study. 

The data gave rise to themes that have not been adequately addresseci in the Merature. Thus, 

this study represents a significant wnm'bution to the understandmg of mathematics amiety. 

Recommendations 

Two types of recommendations need to be discussed. One concems the alleviation 

of mathematics anxiety. The other concems possible avenues for f.urther research 



Mathematics Anxietv and Its Aiieviation 

The goal of alieviating mathematics d e t y  mandates a responsibility on the part of 

both the teacher and the leamer. The mathematics teacher needs to be observant and make 

an effort to look for s i p  of mathematics aruciety in his or her students. An important 

question needs to be raised. Do any of the students appear tense when wnting a test or 

examindon? Ifthere are no no~~.verbal aies, such as fi&@ or a worried fàcial expression, 

ind idng  anxïety during such a situation, a teacher might ask the -dents how they are 

feeling- Then, an elemenîary çchwl teacher may wish to probe the students' feelings if hdshe 

gives hifier students a rnathematics test and, if the student were feeling tense or scared, 

helshe would take the test away fkom them and re-teach the material. This may not be 

appropriate for orndary schooI mathanatics teachers, who have a large mount of material 

to cover w i t h  a limitai t h e  h m e e  However, such teachers also need to have some 

awareness of theu students' feehgs, and if necessary alter the style of teaching. AU 

mathematics teachers need to h d  ways to tie mathematical concepts to practical situations. 

Such practical aspects could be reinforced by providing students with opportunities to engage 

in a variety of hands-on activities, some of which could be done in s m d  groups. 

Furthemore, some time needs to be spent helping students learn metacognitive strategies for 

solving word problems. Beyond the instructional aspect of teaching, teachers rnight reduce 

the ami* associated with mathematics assessrnent if they impiement a contract system. 

Such contracts wodd guarantee a passing grade if certain requirements are met. 

One of the goals of mathematics teaching should be to have students become aware 

of their own styles of leaniing. This means encowaging students to engage in ongoing 



rdection For example, students wuld keep a mathematics j o d  in which they record their 

thoughts and feeliogs while engageci in mathematical tasks. This might help students to 

answer the foilowing question: Wbty am I experiencing this amOety? If the leamer codd 

isolate the negantive srpaiemes that trïggered the amci*, he or she might attempt to separate 

the experiences fiom his or her perceptions of his or her mathematical abiiity. The leamer 

nnght also refiect on whesher or not his or her thoughts and attitudes regarding mathematics 

are reaUy justinable. 

In order to aileviate or reduce mathematics anxiety, mathematics currida must be 

reviewed and possiily revised. Certain questions should be asked. 1s the content of a given 

m a t h d c s  course suitable for the needs and interests of -dents? Does it take into account 

the practid aspects of mathematics? Are the objectives or outcomes reasonable &en the 

time &une of the course? Have the assessment instruments used to determine the extent to 

which those objectives or outcomes have been reached chosen wisely? Such questions might 

be used as a guide for any curricuhmi reform effort that wodd take into account mathematics 

amiety. The 1997 Ontario Curriculum Grades 1-8. Mathematics addresses the importance 

of using a wide variety of theoretidly sound teaching stmtegies, hcluding the use of conmete 

manipulatives. Some practicai applications, like connections between nimiber sense and 

grocay shopping are recognized, but M e r  suggestions in this regard might be helpful. 

Teachers could d e c t  on the questions addressed h m  and attempt to fit concepts to the hed 

experiences of thar students. Stallings and Tascione (1996) studied -dent self-assesment 

i and self-evaluation which, according to the researchers, find support fiom NCTEiTs 1995 
I 

1 Assessment Standards. Stallùigs and Tascione stated that, "According to the Assessment 
I 



Standards, student seIf-assessrnent can be used to miprove student's codidence in their ability 

to do mathematics and dow them to become more independent in th& learning of 

mathematics." (p.548). Recognition of such alternative forms of assessrnent wodd suggest 

that NCTM (National Council of Teachers and Mathematics) is cooscious of the need to deai 

with the problem of mathematics anxiety- 

A workshop should be a medium for the discussion of mathematics anxïety and the 

instnictor should search for themes that emerge nom th& disaission These themes could 

then be probed tOr ways of dealing with this problexn As an outcorne of this workshop, the 

researcher recommends that m a t h d c s  courses be aligneci with practical concenis, suggest 

stnitegies for a d p b g  word problems, and mix independent and cooperaîive leaming tasks. 

Recommeadations for Further Research 

The workshops that were centrai to this study, while providing some insight into the 

phenornenon of mathematics aturiety, have also generated a nurnber of questions that could . 

serve as avenues for M e r  research. One such question would be as follows: How might 

a mathematics anxiety workshop be created, taking into consideration time m e s ,  content, 

orgamPiton, and management m order to maicimize its value? Such wncems were addressed 

through the anecdotal evahration surveys and the researcher's reflections. Clearly, such a 

workshop wuld be designecl in a mmiber of dBkrent ways, and this type of workshop should 

have d c i e n t  intemal flexliility to dow for different needs and desires on the part of the 

participants. An anphask on word prob1ems and a more compact schedule (perhaps sessions 

of two and a half hours over four days) would have been helpfid to the researcher's 



participauts. One niight pay particular attention to the nature of the workshop activities. This 

partidar set of workshops fonised on activities that were mathematical in nature, but this 

is not the only possible approach. Other approaches are more psychological in nature. For 

example, Walker (1981) conducteci a d e m a t i c s  arWety workshop in Austin, Texas for bigh 

school -dents m which the emphags for the entire five sessions was on discussions of f i  

mathematics experiences, and the physical and emotional &ects of the resulting anxiety. 

Perhaps a workshop ofthis nature woufd better suit some individds than a workshop that 

is more rnatbematicdy intensive. The researcher proposes that two streams of workshops 

could be offered. One would focus on discussion, the other would focus on mathematical 

activities. Participants could be identined for a partidar Stream by administering a swey 

and anatyzing the results. 

The mathematics poems that the participants wrote durhg this study served as a 

remarkably rich source of information. To what extent could math poetry be usetùl in 

probing the mature of matbernatics mciety' Age and writing ab- wodd certainly be major 

fàctors for consideration. In this particuiar situation, the participants were all students in the 

Famhy of Education, which stn,ngh/ suggests a considerable amount of ability in artidating 

thoughts and feelings in written form. Other groups of participants might struggle with 

written expression and mïght becorne amious wlde dealing with such a stmggle. However, 

such participants might be able and connfortabIe expressing themseIves through other creative 

: modes of expression like cirama, music, or visual art. Poetry and other creative modes of 
1 

expression migbt also be implemented into the mathematics classroom, whereby a teacher ! 
1 wodd encourage his or her students to articulate not only mathematical concepts and ideas, 
i 



but thoughts and emotions related to the act of doing mathematics, in creative fiishion, and 

in so dohg may help students not only to retain mathematicai knowledge, but also to reduce 

any mathematics anxiety that they might be experiencing. 

Cyndi Lynn's conm'butions to the workshops have inspired a question of some 

signincance. To what extent do unïversity students m a j o ~ g  in mathematics have to cope 

with mathematics anxïety7 While such students have chosen mathematics as their academic 

focus, there may be a signifiant number of such students who mi& be reactiag to the 

opposing forces of attraction and fhutration and in turn confimiing and doubting thek own 

mathematical abïlity. A comparative analysis might be undertaken whereby seIfIfidentifieci 

math-amious non-mathematics majors and math-hous mathematics majors would be 

studied on the bags of th& level of mathematics mxiety, the underlying causes of this anxiety 

and th& coping mechanisms for dealing with tbis amiety. Communication of the results of 

such a study might heightea an awareness among members of both groups of a common 

experience, which is turn might lead to ref ldon on the perceived dichotomy, composed of 

people who can do mathematics and people who cannot do mathematics, which Tobias 

(1987) claimed to be a false belief 

The S i d c a n c e  of this Studv 

The significance of this study is its potential to increase awareness of possible 

effectiveness of a workshop as a means ofhvestigating the problem of mathematics aruciety. 

Given t h e  limitations inherent in the design of such workshops, a workshop obviously does 

not constitute a cure to mathemafics a d e t y  by itseE but if carefiil thought is given to its 



content and structure, it might serve as a velncie for reflection, and this reflection could in 

turn lead to increased ~e~confidence, 

The problem of mathematics anxiety should not be underestimatecl. The comments 

made by ai l  of the participants strongly suggest that the problem can have some severe side 

eEects. Mathematics anxiety has manifesteci tself not only in terms of serious emotiod 

effects but also physical &écts. Yvome reporteci feeling her hands tremble and sweat in 

situations hvohmig miithdcs, and Nancy descri'bed her reaction as viscerai, rneaning that 

severe anxiety the night before a mathematics test would cause her to vomit. A workshop 

could serve the needs of math-anxious people by offering a time and a place for derers  of 

mathematics amciety to meet and discuss these debilitating effects. Such a workshop might 

be of partïcuiar vahxe to d a u x i o u s  teachers or student teachers, for if their probtem is not 

solved, they may find themselves unconsciously becoming part of the problem. 

Conclusion 

What was there to l e m  from the experience of participating in and conducting the 

mathematics anxiety workshop? The participants leamed that they are not alone in their 

suffering of matheniatics aiyc ie~~ They also seemed more inclined to accept the idea that 

dohg mathematicai work can be a creative, experimental endeavour, and that mathematics 

is more than pst a collection of d e s  and formulas. 

The instnidor has concluded that the information acquired d u ~ g  the workshop not 

ody reinforces the fiterature but to some extent augments the Merature. The need to make 

mathemafics practid, refèrred to in the üterahxe, was a central concern for the participants. 



The perce~ed invasive nature of mathematics is a theme that offers a unique perspective in 

the problem of mathematics anxiety. A h ,  fiom a purely personal point of view, the 

researcher discovered he is not the only mathematics major who has had to cope with 

mathematics anxïety. The workshop reinforceci the need for mathematics teachers to be 

cognizant not only of the anxiety felt by their students but also how the way in which they 

present themselves and their materid contn'butes to that aiYciety. 

The value of  the workshop is h u g h  the generation of an increased awareness of the 

mmplexky of thû problem Through th hcressed awareness, the instnictor has Ieanied that 

he needs to look fbr sigos of mirthematics amiety in his fuhire students and be carefd that he 

structures his lessons and evaluations in such a way as  not to increase the anxiety felt by the 

students. The participants, d e r  leaming more about their own mathematics arixiety, will 

likewise be sensitive to the needs and feelings of their friture anxious students. 



1. Are there any aspects of mathematics anxiety that were not covered in this 
workshop? If so, what are they? 

1 

2. What do you consider to be the strengths of this workshop? 

3. What do you consider to be the weaknesses of this workshop? 

4. How might the activities, presentations, discussions or format of this workshop be 
modified in order to make it more effective? 



Ayendix B: Ouilter and Haiper (1988) Survey 

Do you fcel tbaic wtrt any particuiariy significant factors that Itd to your pariicular aniaidcs? 

Pltase add aay other commuits you may wish to maice. 

a 

PLEASE REïURN THIS FORM IN THE ENVELOPE PROVIDED 

.bb 

1. Mathamtics isaeativt. 

2.1 fïnd math quedoas hmîmimg, 

3. Maths is btwilderiag. 
- --- - - 

4. 1 think gucsswork has a part to play ia solving mathexnatical problcms. 

5. Maths wouid bc aln'ght if it war expresscd in words h ü d  of symbols. 

6. You cm gd a madu q d m  balf right 

7. Maths problems can makc your brain se& up, 

8. Matbernatics oeachrn appcar to bc the high pricstr of some domain of secret 
knowledge. 

9. Tk üoublt with maths is thaf it is too &tract 

IO. Minus numbcrs art da% 

1 1. 1 don't panic about maths. 

12. .nie righîness or wrongncss of my matheraatical wark ir oftm obvious to me, 

13. 1 bccomt cmbarrasxd if l'm 'stuck' on a maths problem. 

14. Much o f  matfKmatics is an a f i h t  to common scnsc. 
-- - -  -- 

15. Juggiïmg eround in ma&~ Itssons with symbofs and numbcrs have no 
mtaning. 

16. 1 find mathdcal symbols (eg. rc, r c - k d a  cm k fiighlening. 

17. 1 fmd it shamcfiil if I can't do a p h  of rnathcmatics. 

18. 'x', the unknown, is fui1 of mystuy. 

19. Pwplc who can do ntalhs arc cltver. 
- -  -- -- -- 

20. Maths is not an cxptNnental activity. 

21. 1 don't fmd maths fighttning. 

22. Mathr is irritating. 

23. High anxiety pmmts me learning maths. 

24. As much can k Iesmed fiom a wrong answtr in ma!hcmatics as right one. 

Sbmdy 
rgct 

- Durgec 

- 

s-dY 
di=@= 

, 

-y 



Appendir C 

Mathematical Activities 

What follows are samples of problems and actMties used in the workshop and selected 

h m  Sobel and Maletslry (1 975). 

(A) From "Geometric Tidbits" (p. 39-40) 

(i) How many pennies can you arrange such that each penny touches every other penny? 

ci) The digits O to 8 have been classifieci with the letters A, B, and C. How would you 

classifjr the digit 9? 

(iii) How many squares are in this figure? 

(B) From "Magic Square Activities" (p. 88-94) 

Study these arrays. Then wmplete them so that they becorne magic sqysres. 



Complete these magic squares7: 

See if you can complete these magic squares using the same set of numbers, 1 through 9. 
Remember, the numbers in each row, column, and diagonal still must add to 15 

What happens when you add a constant to each entry in a magic square? Wi11 you get 
another magic square? 

' Magic Sqnans are "numbas arraflged in a quare so that each row, culmrm, and diagonal add op to the 
same total.." (Bendick, Levig & Simon, 1965, p. 124.) 



Start with the magic square above. In each case add the constant given to each entry to 
form a new array- Then check to see if if too, is a magic square. 

Add 1 Add 5 Add 25 

Add 1/2 Add 1 1/4 Add 1.5 

Does it appear that, when you add the same number to each entry in a magic square, 
another magic square is formed? - 

Now multiply each entry in the original magic square by these numbers. 

Multiply by 9 Multiply by 3/4 Multiply by 1.3 

Does it appear that, when you multiply each enby in a magic square by the same number, 
another magic square is fomed? 

The entries in this magic square are integers. Show that the numbers in each row, 
column, and diagonal add to O. 



Start with the magic square given above and perform the operations indicated. In each 
case, see if the resulting array is also a magic square. 

Add -3 Add -1.5 

Multiply by 4 3  then 
add 2 

Add -3/4 then 

(C) From "Probability Experiments" (p. 127429) 
Each student draws a number lioe f?om -5 through 5. Then starting at O he moves one 
unit at a t h e  to the nght or lefi depending upon whether a tussed coin lands heads or 
tails. The fmt one to reach -5 or 5 tossing his own coin wins. 

Reaching a 5 requires 5 heads; reaching -5 requires 5 tails. In 5 tosses, the 
probability of all heads is 1/32> as it is for ail W. So if you allow just 5 tosses, the 
chances are 1 in 16 that a student will reach -5 or 5. In an average class, then, at least one 
student shodd be scpected to win in just 5 tosses. 

An interesting foliow-up is to find how many in class landed at each number and 
compare these results with those fiom a list of dl 32 ways in which the 5 tosses wuld 
fall, 



1 way to stop at -5 
m 

5 ways to stop at -3 
m T T r H T ~ T E F I T T m  

5 ways to stop at3 
HHHHT HHHTHHHTHHHTHHHTH)3MW 

@) The Game of "22" @- 50) 

A game is played b y using a set of 16 cards wnsisting of the four aces, four 2's, four 3's, 
and four 4's. 

Players alternate selecting one card at a time fiom the pile of 16 car&, without 
replacements. As before, cumulative sums are kept The winner is the fust person to 
select a card that brings the total to exactly 22, or forces his opponent to go over 22. The 
set of numbers here is (2, 7, 12, 17,221. The strategy for winning is to go fmt and 
begin with 2. There after, select the complement of your opponent's number relative to 
5. That is, if he picks 4, you chooses 3. This wodd force you to repeatedly choose 2 
and you would run out of 2's prior to reaching the objective number of 22. Can you 
consider alternative strategies for such a situation? 

) From ''Polyominoes" (p. 72-74) 



A polyomino is merely a set of squares connected dong  their edges. The simplest 
fom is a single square, called a monomino. Two connected squares are called domino, 
three squares are called a triomino, and four connected squares are called a tetromino. ln 
this enrichment topic we are concemed with the total number of possible arrangements of 
such figures that are not congruent to one another. 

Supply students with graph paper since this is the most convenient way of drawing 
aad studying polyominoes. Together with the class, demonstrate the following figures 
and arrangements. 

There is only one type of monomino and one domino. 

There are two possible arrangements using three squares. 

There are five possible tetrorninoes. 

Having offered a class the preceding exposition, ask them to fmd dl the possible 
pentorninoes, figures formed by five comected squares. Caution them not to include any 
that are congruent to one another. For example, each of the following consists of just a 
single arrangement. 



Participants experimented with the construction of polynomials, using graph 
paper, made up of four, £ive, and six squares. 

(F) From Geornetnc Tidbits @p 39-40) 

(a) Move just three dots to form an arrow pointing down instead of up. 

0 O 

O O 

O -0 0 

@) Form four equilateral triangles with just six toothpicks. 

(c) How many pennies cm you arrange such that each penny touches every other 
penny? 

(d) To mount a pichire two thumbtacks are needed in any two corners. What is 
the least number of tacks needed to mount four pictures? 

(e) Rearrange three toothpicks to form a figure that consists of three squares of 
the same size. 

(f) Rearrange three toothpicks to f o m  a figure that consists of five squares of 
îhe same size: 



(g) Here the letters A through H have been classified with the digits 1,3, and 5. 

@) Without lifting your pend fiom the paper, try to draw four comected h~es  
that pass through ai i  nine points. Remember, the lines must be straight. 

1 

3 

5 

(i) How many aiangles are in this figure? 

A L  . -  

A E F H  

C 

B D G  

(j) How many rectangles are in this figure? 



Appendix D 

Cartoons (Azzolino, SiIvey & Hughes, 1986) 
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