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Abstract 

This case study explores the mathematical behavior of a gifted 

1 earning disabled secondary student for the purposes of examining his way 

of thinking, assessing the nature of his mathematical giftedness, and 

making recommendations for his future 1 earning experiences. 

The method of inquiry i s  qualitative i n  nature. For the data 

collection, ten audio-taped interviews were conducted. Eight o f  these 

interviews were with the subject of the case study and one each with the 

subject's brother and the subject's special education teacher. In the 

interviews with the subject, he was asked t o  describe what he was 

thinking while he attempted to solve various problems. He was also asked 

t o  wr i te a computer program, and the mathematics involved were examined. 

Various samples of his work were a1 so collected. 

In order to analyze the data, the interviews were transcribed and 

coded. The codes were then classified and compared. This led to the 

formation of a model describing the subject's mathematical behavior. The 

model i s  then explained and supported with data and i s  followed by some 

recommendat ions for his future learning. Some of these recommendations 

were then implemented and the subsequent results were described. 

The study concludes that the subject i s  a highly self-motivated 

learner only in  situations where the curriculum or  learning activities 

match his special interests. The study shows that he has learned quite a 

sophisticated mathematics curriculum of his own through the completion 

of personal projects on the computer. Since his special learning needs are 

not being met by the school system, the conclusion i s  made that more 



flexibility in  the mathematics curriculum end evaluation procedures must 

be implemented before the subject and others l ike him w i l l  reach their 

academic potential. 
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Chapter 1 

Introduction 

Context of the Study 

Research i n  the last ten to fifteen years has indicated that gifted 

learning disabled students have been among the least served groups i n  

schools (Gunderson, Maesch, & Rees, 1 987; Landrum, 1989). While 

programs for the gifted exist i n  some schools, and programs for the 

learning disabled exist i n  most schools, the gifted learning disabled (GLD) 

are usual1 y placed i n  programs for the learning disabled i n  order to correct 

a deficiency. Thus, their strengths are virtually ignored while all the 

attention i s  focussed on their weaknesses. Furthermore, Suter and Wolf 

( 1987) have suggested that GLD students of ten have their giftedness 

masked by their handicapping condition and that many appear to function at 

an average level i n  which neither giftedness nor learning difficulties are 

recognized. 

Gifted learning disabled students often display a low self-esteem 

and tend to be highly self-critical. This seems i n  large measure due to 

the student's frustration i n  being unable to account for the discrepancy 

between superior cognitive ability and an inability to  succeed at basic 

academic tasks (Suter & Wolf, 1987). Baum and Owen (1988) report that 

GLD students have a greater sense of inefficacy i n  school and that this 

most likely increases their motivation to avoid school tasks. Bandura 

(cited i n  Baum % Owen, 1988) defines self-efficacy as a person's 

Perception of being able to organize and carry out some action. These 



perceptions can then have a strong influence on a person's motivation. 

SucceSsf ul experiences increase one's self -ef f icacy, which in  turn 

motivates better performance. Baum ( 19881, i n  a study involving seven 

elementary school GLD children, found that focussing on the strengths of 

these children through an enrichment program improved their self - 
esteem and had a possi bie indirect effect of improving academic 

achievement. 

Nothing in  the literature suggests that any sti~dies have been done on 

GLD students specifically in  the area of mathematics. The case studies 

reviewed by the researcher k?urnett, i 98 1; Erlwanger, 1975; Harel, 1990; , 

Jordan, 19% 1 ; Landis & Maher, 1989) all  deal wi th average to high achievers 

or children with learning problems i n  mathematics. These studies are 

useful because they provide information about individuals' 

conceptualizations, and conclusions can be drawn that might have 

curri cul urn or pedagogi cal implications for the classroom teacher. 

Given the special characteristics of GLD students, the fact that they 

are under-served by the education community, and the apparent lack of 

study of their mathematical behavior, a case study of an individual GLD 

student might be a step toward understanding the special learning needs of 

GLD students. According t o  Hawkins (cited in  Zehabri, Bruckheimer& Ben- 

The real1 y interesting problems of education are hard t o  study. They 
are too long-term and too complex for the laboratory and too diverse 
and non-linear for the comparative method. They require longitudinal 
study of individuals, with intervention a dependent variable, 
dependent upon close diagnostic observations. (p. 42 1)  



Background 

The init ial  motivation for this study was provided at the beginning of 

October, 1990, et the secondary school at which I was employed. A grade 

I0 student, whom I'll name Kurt, had just written and subsequently failed a 

mathematics unit test. However, the test seemed to reveal that he had 

considerable talent i n  problem solving. Even though he performed poorly on 

the "skills" section of his test, .he solved one particular problem i n  a most 

general and abstract fashion using a technique that was totally surprising 

to me. I was also aware that Kurt had learning disabilities because he was 

i n  a learning assistance program at the school in  grades 8 and 9. The 

combination of Kurt's apparent mathematical talent along with his possible 

disabi li ties captured my interest and as a resu'l t, led to the development of 

this study. 

Influenced by Hawkin's quote above (p. 2) and the research of 

Erl wanger ( 1  9751, 1 decided to undertake a qualitative case study centered 

on Kurt. The methods that I chose were adapted primarily from the 

writings of Goetz & LeCompte C l984), Miles & Huberman ( 1  984), and 

Merriam ( 1988). The study consisted of 8 audio-taped observation- 

interview sessions, over the period 15 February, 199 1, to 7 June, 199 1, 

during which Kurt attempted to solve various problems and explain his 

thinking or reasoning. The in i  ti81 sessions were meant to provide 

formative information for  the purpose of planning subsequent interviews. 

interviews were also conducted with his special needs instructor and his 



brother. The interviews were then self-transcribed, coded and analyzed 

using quali tative methods. 

In September, 199 1, Kurt was enrolled i n  my mathematics 1 1 course. 

I attempted to give him an informal enrichment program by allowing him 

the option of choosing alternative assignments which might interest him 

rather than requiring him to do al l  the "drill" exercises that were assigned 

to everyone else. These assignments were to be weighted at 50% of his 

overall grade. The assignments were collected and I kept journal notes on 

many of his comments over the course of the year. 

Research Objectives 

The general objective of this study was to o b s e ~ e  and analyze a 

learning disabled secondary student's mathematical behavior i n  order to 

identify and understand phenomena related to his way of thinking. The 

in i t ia l  phase focussed on determining the student's sense of self -ef f icacy 

regarding school mathematics and mathematics i n  general. This was 

followed by an attempt to examine the student's mathematical thinking, 

part1 y to assess his giftedness i n  mathematics and part1 y to draw 

inferences regarding his future learning experiences. This objective led to 

the creation of a possible model to explain his mathematical behavior. The 

study was meant to be exploratory i n  nature and not completely l imited t o  

investigating any preconceived questions. 



Limi tstions 

Being qualitative, the study must necessarily reflect my 

perspectives and personal bi ases. For example, other researchers might 

study the data thst 1 collected i n  my init ial  interviews and then proceed i n  

a completely different direction, dictated by their own personal view 

points and interests. Thus, it i s  important for the reader to have some 

insight into my perspectives on mathematics education i n  order to be able 

to judge how they possibly affected the way J perceived and interpreted my 

data. 

Firstly, I do not believe that the current Brit ish Columbia high school 

curriculum, with i t s  multitude of intended learning outcomes, truly 

reflects the nature of mathematics because, i n  my opinion, i t  leaves 

students with the impression that mathematics i s  simply a large body of 

"truths", skills, and techniques that are applied to solve "contrived" 

problems. Mathematical facts and techniques are generally memorized and 

it i s  rare for the student to experience the processes that a practicing 

mathematician i n  industry might be involved in. For example, Tuttle 

( 1 9901, an insurance actuary, argues that approxi mate solutions to 

equations are often desirable and that honest disagreements about the right 

answer occur daily i n  his work. Furthermore, there i s  also the possi bi l i ty  

that there are several right answers, depending on the context, and thst 

solutions must often be "sold" to their perspective audience. That i s  not to 

say that a certain amount of factual knowledge and development of certain 



skil ls are not important. Rather, I believe they are prerequisite skil ls and 

could be de-emphasized as major outcome goals of a program. 

Secondly, i t i s  my belief that the existence of government 

examinations i n  grade 12 motivates teachers i n  lower grades to spend most 

of their time teaching the prerequisite intended learning outcomes for the 

next grade level. As a result, they spend considerably less time on 

activities that are open-ended and exploratory i n  nature and that would 

require students to learn how to effectively communicate their ideas to 

each other. 1 am theref ore frustrated with having to compromise what I 

believe i s  worthwhile mathematics with what 1 believe i s  essentially 

meaningless mathematics for most students. 

Given that I am a secondary mathematics teacher interested i n  

improving my teaching and assuming that knowledge of how students learn 

and think i s  necessary i n  designing effective teaching strategies, a study 

such as this one should help me make some decisions i n  how to plan my 

future teaching. It may also help me to argue the case for a revised 

curriculum which might benefit the majority of students rather than the 

mi  not7 ty. 

One limitation of this study i s  that the findings are unique to the 

individual being studied and that the conclusions cannot be generalized to 

other individuals. However, this does not deny the possibility that the 

study's findings may have imp1 icat i ons elsewhere. 

Another l imitation to the study i s  my double role as teacher and 

researcher. I have developed a very good relationship wl th  Kurt since the 

beginning of the study, to the point where, before classes, he freely 



initiates conversation about some of his philosophical and mathematical 

ideas. As his teacher and friend, I wanted to see him succeed i n  

mathematics. As a researcher, I had to t ry t o  describe his behavior and 

evaluate his work with as l i t t l e  bias as possible. In evaluating his 

alternative assignments given in  the academic year following the 

interviews, i t  was dif f icult  to apply an objective standard because very 

often his understanding was good but his communication of ideas was poor. 

Furthermore, I tried not to put pressure on him to do any of the a1 ternative 

assignments because i wanted t o  see i f  he would be intrinsically motivated 

by them. On the other hand, he was already offered an incentive i n  order to 

improve his mark because the assignments were to make up 50% of his 

final mark. 

There i s  also the possibility that, knowing that his mathematical 

behavior was being studied as part of a master's thesis, Kurt may have 

exaggerated or l e f t  out certain information that might be of importance to 

the study. 

Although there are accepted defini tions far terms such as gifted and 

learning disabled, i t  may s t i l l  be dif f icult  to precisely characterize these 

students using this terminology, because there w i l l  always be 

discrepancies between the students' actual characteristics and those 

described i n  the literature. 

Finally, there i s  the possibility that, being an inexperienced 

interviewer, I may have unintentionally influenced the direction of Kurt's 

thinking i n  any given interview. Although i t  was my intention not to make 

any judgemental or praising comments about his work, there could have 



been times when he sensed something from my tone of voice or body 

language. 

Chapter Organization 

This thesis i s  organized into five chapters. Chapter 1 i s  an 

introduction to the study which describes the context of the investigation, 

summarizes the research objectives, characterizes the method of inquiry 

used, discusses the limitations and outlines the remainder of the thesis. 

Chapter 2 contains a review of the literature. Included i s  a summary 

of the characteristics of gifted learning disabled students and a 

description of some programs that may meet their special needs. 

Giftedness i n  mathematics i s  then discussed along with an outline of 

instructional considerations for the mathematically gifted. Finally, 

various case studies i n  mathematics education are reviewed in  order to 

help justify the use of the case study method. 

Chapter 3 describes the method of inquiry. The subject of the 

investigation i s  introduced and a rationale for performing a qualitative 

case study i s  offered. Following this i s  a detailed account of the data 

collection procedures and the subsequent analytical techniques. 

Chapter 4 i s  a presentation of the findings and my interpretations. It 

begins with an account of the subject's story; his history and his character, 

and illustrates how Kurt compares with "typical" GLD students. Next, the 

nature of his mathematical giftedness i s  described. Finally, a model i s  

proposed of the subject's mathematical behavior, along w i th  i t s  



educational implications. The model i s  then supported with data from 

i ntewi ews and preliminary recommendations are made wi th  regard to the 

subject's mathematics education. An account i s  then given of the 

implementation of some of the preliminary recommendations. 

Chapter 5 i s  a discussion of the practical implications of the study 

as applied to Kurt and to teachers of students with similar characteristics 

to Kurt. Also included i s  an account of the significance of the study and 

some concluding remarks. 



Chapter 2 
Literature Review 

Identification of the Gifted Learning Disabled 

Whitmore and Maker ( lg8S) define giftedness as " the capability or 

potential for  exceptional achievement and contributions i n  a specific area 

of human abil i ty" (p. 8). More specifically related t o  education, " the 

mentally gi f ted child can be defined simply as one w i t h  exceptional 

,wr'enr'A?I [ i tal ics added] f o r  a) 1 earning, b) achieving academic excellence 

i n  one o r  more subject areas, and c) manifesting superior mental abil i t ies 

through language, problem solving, and creative production" (Whi tmore, 

198 1, p. 107). 

On the ot  her hand, W h i  tmore ( 1 98 1 ) defines handicapped chi 1 dren as 

"those whose normal learning and development are impaired by one or more 

specific conditions and who theref ore need special education and re1 ated 

services i n  order to develop their  abil i t ies" (p. 107). The person that could 

be classified as gifted learning disabled would then require special 

education semi ces both to  help overcome or accommodate specific learning 

disabil i t ies and to  fu l ly  develop those talents that are superior. 

While it i s  general1 y accepted that gifted leaning disabled IGLD) 

persons exist i n  our schools, identification, and as a result, service f o r  

such students can often be d i f f i cu l t  fo r  several reasons. First1 y, the GLD 

person's special talent may be masked by specific learning disabil i t ies 

(Suter & Wolf, 1987, Whitmore & Maker, 1985). For example, Whitmore and 



Naker (1985) describe the case of Marcia, a woman with a severe reading 

disability, who used her superior thinking ability and memoy to develop a 

coping mechanism to compensate far her weaknesses and allowed her to 

pass through all her years of schooling as a " C student". Whenever Marcia 

was assigned a paper related to a novel, even though she could not 

successfully read the novel, she gained enough information through 

discussions in  class and with her friends, that her superior memory 

allowed her to write papers which received passing grades. 

Secondly, stereotypic expectations for the gifted may cause the GLD 

student to be overlooked. Whi tmore ( 198 1 ) includes the following 

stereotypes: that the gifted child excels i n  al l  areas; that the best 

indicator of intellectuai abil ity i s  the use of advanced, appropriate and 

fluent language; that gifted students are highly motivated to achieve 

excellence i n  school; and that the gifted child i s  mature, independent, and 

self-directed. Similarily, the label of learning disabled has been found to 

negatively influence teachers' referral recommendations for the gifted and 

talented. in a study of 68 public schools, Hinner, Prater, Bloodworth and 

We1 ker (1 986) found that teachers, even those trained i n  special or gifted 

education, were general1 y unwilling to consider referring or placing a 

handicapped gifted child into a program for gifted students. 

Thirdly, GLD persons may lack the abli l i  t y  or opportunity to evidence 

their superior mental abilities. (Whitmore, 198 1 ; Whitmore & Maker, 1985) 

This may be partly due to the expectations (limitations) and style of the 

classroom teacher or, as i s  of ten the case (Landrum, 19891, the GLD 



students are placed i n  special programs for the learning disabled i n  order 

to correct specific deficits. 

fdotwithstanding the obstacles to identification discussed above, 

researchers have recently defined many of the common characteristics 

displayed by GLD students (Baum, Emerick, Herman & Dixon, 1989; Baum & 

Owen, 1988; Gunderson, Maesch & Willis Rees, 1987; Huntley, 1 990; 

Landrum, 1989; Silverman, 1989; Suter & Wolf, 1987; Whi tmore, 1980; 

Whi tmore, 198 1; Whitmore & Maker, 1985; Cygi &Wolf, 19% 1; Vewchuk & 

Bi bby, 1986). The following i s  a brief summary of these characteristics: 

1. While school performance i s  aften poor, these students often 

have hobbies and interests that require keen motivation and 

creative thinking. They usually become 'expert" in  this area. 

2. GLD students tend to be good problem solvers, have high 

abstract thinking ability, and are often highly creative. 

3. Subscales that assess verbal reasoni ng abilities 

(comprehension and similarit iesl tend to yield high scores; 

scores on digit span, arithmetic, coding, reflecting at tent ion, 

and concentration tend to be low. 

4. These students have diff iculty understanding the discrepancy 

between their poor perf onnance and their superior thinking 

ability. 

5. They have diff iculty setting realistic goals; low goals are 

unacceptable while high goals seem out of reach. 



6. GLD students are highly self-critical, may not take 

constructive cri t icism well and are resistant to influence. 

7. They are frequently more reflective i n  the learning process and 

thus usually have diff iculty wi th  time restraints 

on standardized tests. 

8. They may experience great frustration because they might 

understand higher level, abstract ideas or problems, yet may 

not have the skil ls to do simple math calculations or be able to 

express their ideas i n  writing. The result i s  usually very low 

self-esteem and lack of confidence. 

9. These students are frequently highly disorganized and tend to 

"forget" to  do their homework. 

10. Their long and short term memory i s  often impaired. 

I 1. They may be visual ar auditory processing deficient or have 

visual motor integration problems. 

12. They are often poor at foreign languages. 

13. They of ten seem 'spacy' and inattentive i n  class. 

14. These students are often test phobic, achieving poor test 

results. 

Whi tmore and Maker f 1985) have suggested the following early and reliable 

indicators of giftedness i n  the learning disabled: 

1. Their oral language often shows a more advanced vocabulary, 

a more complex language structure and syntax and perhaps 

fluency of ideas as well. 

2. They have specific deficits related to visual or auditory 



memory. For example, a GLD person may have a superior 

memory for facts, general knowledge, concepts, principles, 

or events and yet show deficits related to memory for  

specific details such as let ter ar number sequences. 

3. They possess superior problem solving ski l ls and reveal 

exceptional analytical ability, use of information and logic, 

and creative manipulation of alternatives and aspects of the 

problem. 

4. They have a keen curiosity and drive to know and often ask 

profound quest i om. 

fleeting the Meeds of the Gifted Learning Disabled 

Since GLD students' achievement i s  of ten low, they have been 

regularly placed i n  remediat ion programs to i mprove their weaknesses. 

However, research has shown (Efaum, 1984) that f mussing on basic ski l ls 

at the expense of encouraging and developing special talents can result i n  

low self-esteem, lack of motivation, depression and stress. In order to 

meet the special needs of these individuals, i t  helps to f i rst  understand 

their system of motivation. Whitmore (1  9801, i n  her study of gifted 

underachievers, defines two psychological dimensions of a child's 

motivational system that are directly related to the degree to which the 

student i s  achievement motivated, apathetic toward school work, or 

negatively unmotivated to achieve i n  school. These are: 

a) the child's self- esteem as a result of self-perceptions shaped by 
experiences that have communicated the degree to which the child i s  



apt t o  be accepted, liked, competent, and successful; and b) the 
child's expectation of finding participation i n  school work rewarding, 
meaningful, and useful, also derived from past experiences. 
(Whi tmore, 1 980, p. 2 1 3-2 1 4) 

Simply put, childrens' self -concepts and the learning opportunities 

(curriculum and instruction) that they are exposed to have a direct effect 

on their classroom behavior. 

Whitmore and Maker (1985) identify several motivating factors fo r  

gifted persons with disabilities including the following: 

1. a perceived possibility of success i n  a learning 

experience that i s  challenging. O f  ten, repetitious d r i l l  work 

does not appear challenging enough and the child i s  apt to be 

motivated not to participate. On the other hand, i f  the 

experience seems far too difficult, the child may not even 

attempt it. 

2. the fear of failure, 

3. the degree of match between an individual's interests and 

abilities and the nature of the learning opportunities, 

4. positive models or successful models that have s imi lar  

disebili ties, 

5. a positive vision of what the individual can become, and 

6. accurate self-knowledge. Motivation to achieve can be 

negatively affected by unrealistically high or low estimation 

of abil ity or disability. 

Whi tmore (1 9801 proposes that i n  order to facil itate the 

development of a higher self-concept, these students require 8 learning 

environment that i s  cooperative and free of the pressure and stress of 



competitiveness; i n  which the child's special talents are made highly 

visible; in which his or  her weaknesses are de-emphasized, a1 though s t i l l  

acknowledged private1 y; and that has an atmosphere o f  freedom t o  test 

their ideas without the threat of failure o r  rejection. She further 

recommends that GLD students be given a much more challenging 

curriculum as these children 'tend t o  perceive school curriculum as 

irrelevant to their interests and needs, not useful t o  them, unchallenging 

and unrewarding" (Whitmore, 1980, p. 2 i 6). Such a curriculum would 

include student-centered programs with student chqi ces from a1 ternatives 

and would require a teacher highly skilled i n  methods of inquiry, problem 

solving and creative thinking. Finally, Whitmore (1980) suggests that 

considering the minimal conditions that must be met to meet the 
basic needs of gifted children, including the desirable 
characteristics of teachers effective wi th  the gifted child, i t  i s  very 
possible that the regular classroom may, i n  many instances, be the 
most restrictive environment for the gifted child. (Whitmore, 1980, 
p. 404) 

Using a formal program which supports the recommendations 

forwarded by Whitmore, Baum l1988) conducted a study i n  which seven 

elementary school GLD pupils were subjected to an enrichment program 

which incorporated ski l l  development into the production of new knowledge 

through independent or small group i nvest i ga ti ons. The program was based 

on Renzulli's (1 977) Enrichment Triad Model. Renzulli ( 1977) developed his 

model around the assumption that "the greatest source of student 

satisfaction almost always resulted from the student's freedom to pursue 

topics of their own choosing i n  a manner with which they themselves felt  

most comfortable* (p. 16). Thus two of Renzulli's program objectives were: 



firstly, students w i l l  spend most of their time pursuing 'their own 

interests t o  whatever depth and extent they so desire; and they w i l l  be 

allowed to pursue these interests i n  a manner that i s  consistent w i th  their 

own preferred style of learning' (p. 5). Secondly, 

the primary role of the teacher in  the program for the gifted and 
talented students w i l l  be to provide each student wi th assistance i n  
( I ) identifying and structuring realistic solvable problems that are 
consistent vvi th  the student's interests, (2) acquiring the necessary 
rnethodalogical resources and investigative ski l ls that are necessary 
for solving these particular problems and (3) finding appropriate 
outlets for student products. (p. 10) 

The model consists of three types of enrichment activities. Type i 

activities are general exploratory activities designed in order t o  help the 

students become aware of areas of study that may be of sincere interest to 

them. Students are not only made aware of particular fields of knowledge 

but also of what professionals in  that field do. Activities include reading, 

field tr ips to observe professionals at work and presentations by various 

resource persons. 

Type li activities are group training activities designed to provide 

students with the skil ls necessary to solve problems i n  a variety of areas. 

The exercises help the learner to develop the processes that better enable 

him or her t o  deal more effectively with content. Some examples of these 

processes include: crit ical thinking, problem solving, reflective thinking, 

divergent thinking, and many other processes related to Bloom's taxonomy. 

Type 1 I1 activi ties are individual and small group investigations of 

real problems i n  which the students become actual investigators of real 

problems by using appropriate methods of inquiry. She child takes active 



part i n  formulating both the problem and the methods by which the problem 

w i l l  be attacked" (Renzulli, 1977, p. 30). The students are not simply 

reparting about other people's conclusions but are drawing their own 

conclusions based on their analysis of "raw data". 

In the study that Baum ( 1  988) conducted, seven GLD students from 

grades two and five met once a week for two and one-half hours at a 

resource center for the gifted. The activities that the students engaged i n  

were appropriatel y based on their own interests, learning styles and 

academic strengths. The inquiries provided open-ended challenges 

requiring divergent thinking, discussion and experimentation and involved 

real problems based on student interests. In the in i t ia l  weekly sessions 

Type I and Type II activities were provided in  order to stimulate interest i n  

possi ble future investigations and to develop the necessary communicat ion 

and technological skil ls to compensate for poor reading and writing skills. 

Later sessions involved al l  the students i n  init iating a whole-group project 

requiring creative production. They wrote, using rhymed couplets, and 

illustrated, using photography, a unique children's book on unusual ways to 

pop a balloon. 

Eventually conferences were held with each individual in  order to 

help i n  defining a real problem, in  determining 8 target audience for the 

study, and i n  deciding the appropriate form of the product. Students were 

required to  sign contracts i n  which clear expectations were developed. 

Some of the projects eventual1 y undertaken were: computer programs, 

qualitative research studies, a comparison of the attitudes of adults and 



children about wearing bicycle helmets and a slide-tape show of f i f t h  

grade at t i  tudes to nuclear war which was eventual1 y sent to politicians. 

The results of the study indicated that learning behavior improved as 

demonstrated by increased time on task and sustained effort toward 

completion. The children's motivation was also found to be improved. 

Unexpectedly, i t  was also found that the "academic achievement in  four out 

of seven children improved d1-am8ticall y" (p. 229). After completion of the 

program, one student no longer required support services, another gained 

four grade levels i n  reading while two others began to show improvements 

i n  all subject areas. 

The educational implications of the study as suggested by Baum were 

the following: 

1. educators must focus on the g i f t  or talent of the individual, 

2. GLD students require a supportive environment which values and 

appreciates individual abilities, 

3. students should be given strategies to compensate for their 

learning problems as well as direct instruction i n  basic skills, 

and 

4. the students must become aware of their strengths and 

weaknesses and must be helped to cope wi th  the wide 

discrepancy between them. 

Huntley ( 1  990) also used The Enrichment Triad model to develop 

what she called the Search Handicapped Outreach Program (SHOP) for the 

gifted learning disabled. Students were selected on the basis of having met 

Connecticut's criteria for learning disabled and having scored an I Q  of 



greater than 120 on the WISC-R (Wechsler Intelligence Scale for Children- 

Revised}. Students completed an independent project based on a topic of 

interest. The project included appropriate methods of inquiry, 

identification of an audience and development of an original product. For 

example, one student interested i n  jets wrote to a major company and 

requested information. From the sources sent to him, the student 

discovered that birds could be a hazard for jet  engines. As a result, he 

designed a screen for the engines and returned his plan to the company. 

Gifted Learning Disabled in  the Mainstream 

Since many, if not most, schools do not have specific programs for 

either the gifted learning disabled, or the gifted, i f  their needs are to be 

met at all, i t  must be done i n  the regular classroom setting. Researcher~ 

(Baum, 1984; Baum, Emerick, Herman & Dixon, 1989; Moiler, 1 984; 

Silvennan, 1989; Suter & Wolf, 1987; Yewchuk & Bibby, 1986) have 

suggested the following a1 ternative strategies for instruction and 

evaluation: 

1. provide tape recording of 1 ectures, 

2. provide opportunities for experiential learning, 

3. provide opportunities for choices i n  the modes of presentation, 

4. use a multisensoy approach to learning because students should 

be assisted i n  locating information in  a form they are able to 

understand, 

5. use a1 ternative evaluation methods (e-g. oral), 



6. use inductive teaching stategies, holistic methods and 

activi ties requiring synthesis, 

7. use more meaningful materials, high interest activities, 

computers and more chall engi ng curricula which expose the 

student to a broad range of topics, 

8. use activities designed to circumvent problematic weaknesses 

and highlight abstract thinking and creative production, and 

9. provide an opportunity for the child t o  meet mentors and role 

models wi th  similar patterns of handicap, excellence, and 

vocational pref erence. 

Since al l  students w i l l  bring their own special learning style to the 

classroam, these strategies would benefit not on1 y the GLD students, but 

a? 1 chi 1 dren. 

Giftedness in Mathematics 

Krutetskii (t 976) insists that "one should distinguish between 

ordinary 'school' ability for  mastering mathematical information, 

reproducing it, and using i t  independent1 y and creative mathematical 

ability, related to the independent creation of an original product that has 

social value" (p. 2 1). This i s  partly due to the fact that ordinary school 

testing does not uncover the true nature of a person's abil ity because 'tests 

are oriented only toward a quantitative expression of the phenomenon under 

Consideration and i n  no way reveal i t s  qualitative characteristics" 

(Krutetskii, 1436, p. 13). In a vast study, spanning twelve years, he used 



both qualitative and quantitative analysis of the solution of specially 

designed experimental mathematical problems by students with various 

abilities in mathematics, primarily for the purpose of investigating 

the structure of mathematical giftedness (as a unique 
combination of abilities) at school age; i n  ather words, t o  
undertake an analytic "decomposition" of this integral property 
of the mind into the individual components that occupy an 
essential place i n  i t s  structure. (Krutetskii, p. 77-78) 

Krutetskii defines the abil ity t o  learn mathematics as 

individual psychological characteristics (primarily 
characteristics of mental activity) that answer the requirements 
of school mathematical activity and that influence, a l l  other 
conditions being equal, success i n  the creative mastery of 
mathematics as a school subject - i n  particular, a relatively 
rapid, easy, and thorough mastery sf knowledge, skills, and 
habits i n  mathematics. (p. 74-75) 

Students were given a problem and asked to try t o  explain their thought 

processes. For example, Krutetskii's instruction to a pupil would proceed 

as follows: 

Think aloud. You do this, don't you, when you are solving a problem 
alone at home? Write down on paper everything that comes into your 
head i n  connection with the solution. I am interested not i n  your 
final decision, not i n  the time it takes, but i n  the process itself. Do 
not try t o  explain anything to anyone else; pretend there i s  no one 
here but yourself; do not t e l l  about the solution but solve it. (p. 93) 

Krutetskii's conclusions about the characteristics of mathematically 

gifted students can be summarized as follows: 

1. These students have a formalized perception of mathematical 

material. This means that: 



"capable pupils perceive the mathematical material of a 
problem ~~nb@tic~IIy (they isolate different elements i n  
i t s  structure, assess them dif fet-entl y, systematize them, 
determine their 'hierarchy') and ,cynth8tic&IIy (they combine 
them into complexes, they seek out mathematical 
re1 ationships and functional dependencies)". (p. 227-228) 

2. These students have the ability to  generalize mathematical 

objects, relations and operations. This means that they 

recognize specific problems as ones repressntati vs of a 

general class and work out a general method for solving 

problems of the given type. They generalize rapid1 y and broad1 y. 

3. They have the ability to curtail the process of mathematical 

reasoning and the corresponding system of operations. The 

student i s  able to by-pass many links i n  the reasoning process. 

4. The student demonstrates flexibil ity of mental processes. 

These students easily switch from one method of operation to 

another, rather than being inf l uenced by stereotypical 

conventional met hods of solution and can reconstruct the 

knowledge and skil ls required t o  adapt to new situations. 

5. These students strive for clarity, simplicity and economy 

("elegance") i n  a solution. 

6. Students demonstrate reversibility of mental processes i n  

mathematical reasoning. This means that the student can 

easily switch from a direct to a reverse train of thought. 

7. These students have a good memory for mathematical 

generalizations. In other words, a the memory of a 

mathematically able pupil i s  markedly selective: the brain 

retains not all of the mathematical information that enters it, 



but primarily that which i s  'refined' of concrete data and which 

represents generalized and curtailed structures" (p. 300). 

8. These students possess a mathematical cast of mind. This 

means that these students tend to pay attention to the 

mathematical aspects of the world and notice the mathematical 

relationships i n  it. 

9. These students tend to be tireless when doing mathematics. 

Other researchers (Heid, 1 983; NCTM, 1 987) have used Krutetskii's 

findings as a basis for desGri bing the characteristics of gifted 

mathematics students. Sowell, Zeigler, Bergwell and Cartwright ( 1 990) 

suggest that mathematically gifted students of ten appear bored i n  the 

regular classroom set t i ng and that 'some may percei ve that long practice 

exercises are a waste of time because they already understand the 

msthematics and see no reason for the practice" (p. 147). This may, i n  

some instances, result i n  underachievement. Citing the cases of well 

known research mathematicians such as Lobachevskii, Krutetskii ( 1976) 

argues that i t  i s  often the case that capable students i n  mathematics show 

l i t t l e  interest i n  i t  and do not display great success i n  learning the subject 

unless the teacher i s  able to "awaken' their interest i n  it. 

Meeting the Heeds of the Mathematically Gifted Student 

The National Council o f  Teachers of Mathematics (NCTM) ( 1  987) 

advocate the following sixteen essential components of any program for 

the mathematically gifted: 



good mathematics 

sound pedagogy 

teacher competence 

higher order thinking 

applications and problem solving 

study ski l ls and work habits 

individual differences 

encouragement of creativity 

learning resources 

integration of content 

planning and development 

evaluation 

student concerns 

mobility 

status 

communication skills 

Above al l  else, Renzulli, Reis and Smith (cited in  PICTH, 1987) suggest that 

the gifted mathematics student requires something worthwhile to think 

about and work on, as well as 'the nurturance of a creative, knowledgable 

and sensi tive teacher" (p. 60). 

Hersberger and Wheatley ( 1  98g) developed a program for gifted f i f th  

and sixth graders which centered around the use of the computer, 

calculator and various problem solving techniques i n  solution of dif f icult  

problems. The emphasis was placed on thinking processes, including self- 

moni toring of thinking processes and a l imited amount of time was spent 

on computations. 

Students worked independent1 y, i n  small groups or together wi th the 

who1 e class. Groups were determined according to student interests and 

learning styles, and grades were deemphasized in  order to encourage 

students to focus on the tasks themselves. Students were most1 y 

evaluated on the basis of group and individual projects, and few tests were 

given. 



Hersberger and Wheatley ( 1989) found that the use of computer 

programming resulted i n  better problem solving. There was a constant 

necessity for students to develop efficient program debugging methods, 

which forced them to reflect on the mode of thinking and the processes 

that they used i n  solving the problems. Testing their ideas on the computer 

helped students become less dependent on their teacher for explanations. 

Through his research into award winning programs for the 

mathematically gifted, Campbell (1988) found that such programs were 

a1 ways problem-oriented, independent study programs which had regul art y 

scheduled classes (before school or at lunch). Students of mixed grade 

levels solved highly imaginative and open-ended problems, which, i n  some 

cases, were assigned for homework. There were no texts used and no 

exams given. In addition, teachers i n  these programs were given extra 

preparati on t i me or reduced supemi s i  on and homeroom duties. 

Stanley, Lupkowski and Assouline ( 1990) proposed the following 

considerations for mathematically gifted youth: 

1. Acceleration may provide the best educational option, al though 

this does not mean racing through a standard sequence of 

learning outcomes at the expense of enrichment. 

2. Students should be given a curriculum of "highly satisfying" 

mathematics that i s  a t  the appropriate level for the individual. 

3. Summer programs could be made available. 

Elsewhere, these authors recommend the use of a mentor model for 

talented students (Lupkowski, Assouline, & Stanley, 1990). In a once 

week1 y, 2 or 3 hour meeting with a gifted student, 8 mentor would provide 



the challenges and motivation that such a student requires. Other authors 

likewise advocate the use of mentors (NCTH, 1987; Vewchuk & Bibby, 

1986). 

Given that programs for the gifted i n  mathematics are not a1 ways 

possible, researchers (Heid, 1983; NGTM, 1987) have suggested several 

classroom level options. These are summarized below: 

1. Be flexible about assignments. Allow students to plan some of 

their own investigations. 

2. Select problems and activities that have a variety of 

approaches and solutions, that have many levels of solution 

(extendible problems) and that are mu1 tistrand. 

3. flake additional resources available. 

4. Spend time with these students i n  extra dialogue. 

5. Provide opportuni t ies for the students to communicate wi th  

others about their work. 

Use of Case Studies in Rathematics Education 

Case study methods i n  mathematics education are not new. 

Erlwanger (1975) used a case study to describe the nature of several 

childrens' conceptions, beliefs, emotions and views concerning 

mathematics and how these appear to guide their mathematical behavior. 

Using the observation/intercriew method an a sixth grader named Benny, 

E r l  wanger found that Benny's under1 ying conceptions about mathematics led 

t o  the justification of procedures and answers according t o  his own beliefs 



and intuition independent of what he was taught. The nature of children's 

conceptions depend on the learning environment and may be quite different 

from an adult's view. 

E r l  wanger concluded that unless a child's conception i s  understood, 

his or her observable mathematical behavior cannot be explained. As a 

result, inappropriate learning experiences and remediation may tie 

prescribed. Since evaluati ons based on tests and occasional conf erencing 

are not enough to reveal conceptions (many analyses of these tests are 

based on adult inferences about the nature of the child's thinking), 

E r l  wanger recommends the use of qualitative methods requiring close 

obsemati on of the students' mathematical behavior. 

Burnett ( 198 1 )  and Landis and Haher ( 1  9691 have also conducted 

similar case studies i n  which mathematical behavior was monitored. 

Landis and Haher observed a fourth-grade pupil i n  a classroom setting and 

i ooked for the heuristics used, the modes of representation employed and 

the connections made by the student bet ween current representations and 

those used i n  previous work. Their observations confirmed that these 

mathemsti cal behaviors do indeed exist i n  natural classroom set ti ngs. 

Burnett (1981), in  a more extensive analysis of the mathematical 

understanding af two senior secondary school students, used videotape, 

audiotape, typed protocols and work samples i n  order to examine the 

following: 

1. The function language served while engaged i n  mathematics. 

2. ~vidende of rules, rule-governed behavior and algorithmic 

thinking. 



3. The degree to which the students explicitly indicated their 

awareness of what they were doing. 

4. The students' problem solving heuristics, strengths and 

weaknesses. 

5. The representations used i n  solving problems. 

Burnett used the results to diagnose difficulties and make 

recommendations for future learning experiences. He also outlined the 

cumculum implications of his study. 

In the area of learning disabilities, Jordan (1981) conducted a case 

study of an eleven year old gir l  for  the purpose of exposing the symptoms 

of her mathematical mi  sunders tanding and then diagnosing the 

mi sunderst andi ng. 

Speer (1983) claimed that i t  i s  quite effective to use observation 

and interview techniques i n  order to collect and analyze data for the 

purpose of forming a profile or 'cognitive style map' of the individual 

student. "Once a student's educati anal cognitive style has been determined, 

i t  i s  possible to structure prescriptive instruction that best meets the 

style requirements" (Speer, 1983, p. 38). 

These studies al l  suggest that case studies of individuals, using 

qualitative methods, may be the best means of gaining an understanding of 

a student's mathematical behavior. 



Chapter 3 

Method 

The Subject 

The motivation to begin a case study of an individual began early i n  

the fal l  of 1990. The subjest, Kurt, was familiar to  me only i n  that he had 

brothers and sisters graduate from the school in previous years and that he 

had been involved i n  a learning assistance prograrn'in grades 8 and 9. In 

early October of his grade 10 year, he wrote a uni t3est on radical 

arithmetic and received a failing grade. On one of the most dif f icult  items 

on the test, however, Kurt demonstrated, i n  my opinion, considerable talent. 

The problem was to determine side AD i n  triangle ABD shown below, given 

that AC = CD and that AB = BC = 1. Kurt's work i s  illustrated below. 
A 

Figure 3-1 - First  Indication of Talent 



It seemed perplexing that a student could create a general algorithm 

to solve the problem i n  the most abstract way, substitute the numbers and 

then not simplify or calculate the final answer. Mast capable students 

would probably have followed similar steps, except that they would have 

worked wi th  the numbers only and not the abstract variables. What seemed 

even more of a contradiction was that he was unable to pass the "easy" part 

of the test involving radical arithmetic. The matter seemed worthy of 

further study. 

A t  the start of the study, Kurt was a fifteen year old grade 10 

student. He had a history of learning difficulties and was receiving extra 

attention from the special education teacher i n  the school. 

Psychoeducati anal assessments conducted by the Vancouver General 

Hospi tat i n  1983 and again by the Vancouver Children's Hospi ta l  i n  1989 

revealed that Kurt had superior intellectual ability coupled with specific 

deficits that made i t  dif f icult  for him to cope i n  an ordinary academic 

setting. His biggest academic diff iculty was consistent1 y producing 

assignments. As a result of his law productivity throughout his academic 

history, Kurt consistently achieved below average grades. In contrast, he 

became very ski l l ful i n  the use of personal computers. A more detailed 

account of Kurt's strengths and disabilities follows i n  chapter 4. 

Rationale 

J~he  research design that one chooses i s  influenced by many factors 

such as philosophical perspecti yes, personal experiences, cultural _ - 



ideologies (ie. the culture of the mathematicsjscience educator) and the 
\ 

views of other researchers i n  one's field of study. I f  one tends t o  view the - 
world as objective reality i n  which a l l  things, including social beings, are 

affected by variables that can be manipulated, then one would tend t o  favor 

a quantitative research design i n  which - hypothesized causal relati onships 

o r  correlations between variables can be tested experimentally and where 

confidence (or lack of confidence) i n  the results i s  guaranteed 

statistically. In this mode of inquiry, hypothesis testing o r  confirmation - - - - - - 

of theory i s  the strongest motivation. Alternatively, i f  one views social 

reality as being affected by peoples' sub jective experience and the 

meanings that they derive from their experiences, then i t  would seem that 

a more quati ta t ive approach would be favored, since subjective meaning 

would be difficult t o  measure quanti tativel y. Hemam [ 1988) writes, 

in  a qualitative approach t o  research, the paramount objective i s  
t o  understand the rn~1~9mh-g [author's italics) of an experience. In 
contrast to quantitative research, which takes apart a 
phenomenon t o  examine component parts (which become the 
variables of the study), qualitative research strives t o  
understand how all the parts work together to form a whole. (p. 
16) 

it would be inappropriate to dismiss either type of research method 

without f i rs t  examining careful 1 y the theoretical framework and research 

questions that guide the study. Goetz and LeCompte ( 1 984) suggest that 

the "primary criterion for selection, development, and implementation of a 

research model i s  whether a design al l  ows the researcher to address 

effectively the research goals and questions posed" (p. 48). 



Since -. --- the major -- purpose of the study i s  to investigate phenomena 

order t o  decide what the 

his future learning experiences, the findings of the 

s unique personal experience. 

Generalization w What Stake ( 1978) calls 

"naturalistic generalization " i s  a more realistic goal. "What becomes 

useful understanding i s  a fu l l  and thorough knowledge of the particular, 

recognizing i t  also i n  new and foreign contexts" [Stake, 1978, p. 6). Thus it 

i s  hoped that the study w i l l  have resonance for other educators, 

particular1 y mathematics educators. 

Given these goals, a qualitative case study seems the more 

appropriate mode of inquiry. Memam ( 1 9881 writes, 

investigators use a case study design i n  order to gain an in-depth 
understanding of the situation and i t s  meaning for those 
involved. The interest i s  i n  process rather than outcomes, i n  
context rather than a specific variable, i n  discovery rather than 
confirmation. (p. xii) 

Furthemore, "research focused on discovery, insight, and understanding 

from the perspectives of those being studied offers the greatest promise of 

making significant contributions to the knowledge base and practice of 

education" (Nerriam, 1 988, p. 3). 

Specifically i n  the area of mathematics, E r l  wanger ( 1975) cites 

Piaget's view that since children develop their knowledge through their 

own activi tg, an idiographic research method i s  required "involving a close 

and detailed study of children through observations followed fry flexible 

and exploratory interviews with children about phenomena arising from 



these observations" (Erlwanger, 1975, p. 165). Lamon (cited i n  Burnett, 

1 98 1 ) suggests: 

Work in small groups of subjects or even wi th  one subject at a 
time,using qualitative methods, should be conducted for the 
purpose o f  penetrating the mental activity of the subjects and 
anal y z i  ng mental processes when worki ng exclusi vet y i n  
mathematics. (p. 1 7- 1 8) 

Memam ( 1  988) defines a case study as an investigation of a 

bounded system, that is, a person, institution, social group, a program or  an 

event and that i t  i s  characterized as being particularistic, descriptive, 

heuristic, and inductive. When the study involves on1 y one person, it can be 

argued that the conclusions cannot be extended t o  the general population 

because the chances are sl im that the individual chosen wf 11 be 

representative of the population. However, as argued above, generalization 

in  the traditional sense may not be the goal. It i s  possible that the 

individual might be representative of some sub-population (such as the 

gi fted-learning disabled), i n  which case the study might be applicable t o  

the sub-population. It i s  the inductive nature of the inquiry that is, 

moreover, important. Many scientists and mathematicians make 

discoveries inductively, form hypotheses and then set out t o  "prove" their 

theories o r  theorems deductive1 y. The published result i s  usually a 

deductive argument, but the real  work of discovery remains hidden i n  the 

scribbled notes at  the laboratory o r  office. Getzels ( 1973) argues that 

Freud used himself as the case study in  order t o  make his discoveries and 

that Piaget's work derived from the observation o f  his own children. He 

writesJNlet usnot be tooscomful of N=l; it isnot theW that matters but 

what i s  done with it" (Getzels, 1973, p. 18). 



Data Collection 

The major form of data collection used i n  this study consisted of in- 

depth interviews [audiotaped) and observations of the student engaged i n  

mathematics [pen and paper note taking). These sessions had as their 

purpose the exploration of Kurt's mathematical thinking. This involved 

presenting him wi th  non-curricul ar mathematical erctivi ties and then 

observing how he proceeded. I chose or designed the activities to reflect 

the interests and abilities of Kurt, but at the same time, they required 

different types of mathematical thinking. For example, activities were 

chosen that might require or involve the use of conjectures, predictions, 

generalizations, justification, different problem solving strategies, 

different modes of representation, and algorithmic thinking. The activities 

also had t o  be challenging enough to expose any giftedness that Kurt might 

possess. Protocols of the subject's work, school reports and 

psychoeducational assessments were also collected. Finally, I kept a 

journal of my reflections i n  order to write my f i rs t  impressions of the 

interviews. 

The f i rs t  eight interviews with Kurt were conducted over a period of 

5 months from 15 February, 199 1 to 7 June, 199 1. It was init ially intended 

that the interviews be scheduled at intemals of every two to three weeks 

at a time and place convenient to Kurt. The lengths of the sessions were to 

be flexible, depending on the nature of the activity and the disposi tion of 

the subject. This was intended to ensure that he did not feel he had to 

partake i n  a session out of a sense of obligation to myself as the 



researcher. Coincidental1 y, Kurt was scheduled with a "study skills block" 

tin place of French) wi th the specials needs/ resource person and this 

period was also my preparation block. With the ful l  support of the resource 

person and Kurt himself, it became convenient to  meet during this 56- 

minute time period. 

On the f i rs t  meeting, which took place i n  the resource person's study 

skil ls room, I asked Kurt to complete a 50-question mathematics attitude 

survey (see Appendix 8, p. 1 19) adapted from surveys i n  The Second 

International Mathematics Study (Robi taille, Q'Shea, and Dirks, 1982). The 

purpose of the survey was to get a "quantitative" measure of Kurt's 

attitudes and views specifically related to mathematics as a process, his 

personal reaction to the study of mathematics, his view of mathematics i n  

terms of i t s  practical value, and his attitude toward calculators and 

computers. Immediate1 y after completing the survey, I conducted an 

interview to gain information related to Kurt's self-efficacy, interests and 

dislikes i n  mathematics. (see Appendix C, p. 124 for a sample interview 

transcript) Examples of some of the questions 1 asked are: "What sorts of 

things or activities would appeal to you i n  doing math? What do you dislike 

about mathematics, that's been i n  your experience so f a f?  General] y 

speaking, at the start of a math test which your teacher gives you or i f  you 

know there i s  a math test coming up, how do you usually feel about your 

chances of success on the test? If you had your choice, what sorts of 

activities or topics would you like to do i n  learning mathematics?" The 

purpose of the last question was to help me decide some possible 

mathematical activities i n  which to engage Kurt later i n  the study. I 



thought that more productive mathematics might result i f  the subject was 

keenly interested i n  what he was doing. Although I had written out 

questions i n  advance i n  order ta  guide the interview, spontaneous questions 

and probes arose as the situation developed. 

During the lat ter part of the session, I gave Kurt a non-cumcular 

cubic equation to solve and my role became that of observer. I informed 

him that the purpose of the study was to reveal his mathematical 

understanding and that I would neither intervene to teach him anything, nor 

acknowledge the "correctness" or "incorrectness", nor do any remediation. 

Furthermore, the problems were to be extra-curricular i n  nature in  order to 

investigate his natural ability. I recorded my observations of what he was 

doing and collected his own written work. In addition, I asked probing 

questions i n  order to attempt to reveal deeper understanding (or 

misunderstanding). For example: "What did you just realize when you said 

"no wonder"? What did you just try to do? What are you thinking? Why did 

you do that?" 

During the second session, 1 had to repeat some of the questions from 

the f i rs t  intemiew because the sound quati ty was poor. The problem was 

solved by subsequent use of the same machine for both recording and 

transcribing. i devoted the remainder of the session to exploring Kurt's 

ability to generalize patterns of numbers. 

The third session was a problem solving session requiring Kurt to 

. use some prior knowledge of coordinate geometry. Due to technical 

difficulties, the session was not audio-taped. However, I took extensive 

notes and immediately following the session, I made a photocopy of Kurt's 



work and wrote down al l  that I remembered directly on the protocol. What 

took place was later transcribed into type. 

The fourth session took place, as did the remaining sessions, in  the 

counsellor's office, where an lBM computer was available for use. The 

purpose of this session was to explore a computer program, previous1 y 

created by Kurt and writ ten in  Turbo Pascal programming language, in  

order to investigate what mathematics was involved. Kurt explained 

various aspects of the program, and based on what was observed, I 

spontaneously thought of a problem for him to program. Since he was using 

trigonometry i n  his programs i n  order to change the direction of moving 

objects, and had i n  previous interviews shown, i n  my opinion, an unclear 

understanding of basic trigonometry, i fe l t  that another problem that could 

possibly involve trigonometry might produce new insight into his 

understanding. I asked him to create a program i n  which an object (a 

projectile) revolves around i n  a circle near the bottom of the computer 

screen, much the same as a rock i n  a sling i s  rotated. Another object 

travels i n  a straight path across the top of the screen. The objective was 

for the user of the program to release the projectile as i t  i s  revolving, i n  

order to make contact wi th the object moving across the screen. 

Subsequently, the fifth, sixth and seventh sessions were ell concerned with 

the programming of this problem. I took notes of the mathematics used, 

Kurt produced diagrams at various stages when necessary and at1 sessions 

were audio-taped. 

The final session with Kurt was an investigation of his ablil ty t o  

make, and subsequently support, conjectures i n  geometry. 



Next, I conducted an interview with Kurt's special needs instructor, 

who had worked wi th  him previously during his elementary school years. 

The purpose of this semi-structured interview was to determine the nature 

of Kurt's disabilities and learning strengths according to the professional 

opinion of the instructor and to triangulate with data obtained i n  his 

psychoeducational assessments. 

The last formal interview that I conducted far this study was with 

Kurt's older brother Ken. During the course of the sessions wi th  Kurt, Ken's 

name often came up as a person that Kur t  consulted on computing matters, 

and i t  became obvious that they were very close. I fel t  that Ken might 

offer more insights into the way his brother thinks. The interview with 

Ken took pi ace i n  August, 1 99 1, and was also audio-taped. 

In February, 1992, after I had wr i t  ten an account of Kurt's early 

years (see Kurt's Story, p.48-601, 1 asked his mother and Kurt himself t o  

read i t  and to make any comments that they wished. Both approved the 

description that I had written. 

Since Kurt was a student in  my class, 1 also had occasional 

opportunities to collect samples of his class work, both writ ten and oral, 

that seemed unique or interesting. 

In addition, 1 started a journal immediately following the fourth 

interview in  order to record my impressions of what transpired and to 

write out any hunches or perspectives as they occurred. Moreover, anything 

of interest that came up i n  the classroom, such as explanations, were also 

recorded i n  this journal. 



During July of 199 1 , l  analyzed all the data that I had collected up to 

that point. As a result of the analysis, I produced a possible model 

explaining Kurt's mat hematical behavior. i also made some preliminary 

recommendations regarding his future mathematics education. Since Kurt 

was scheduled into my mathematics 1 1  course i n  the fai l  of 1991, 1 fe l t  i t  

might be an opportunity to try out some of my ideas. As a result, I 

suggested to him i n  September that since his ability and interests lay i n  

problem salving and computing, I would assign him various enrichment 

activities and problems that would account far 50% of his mark and the 

regular homework would be de-emphasized. I had intended to provide him 

with as many choices of problems or investigations as I could find and 

tried to  relate the work to computing. Far example, I asked him to 

investigate the successive perimeters of the Koch snowflake (see Figure 

4.6, p. 100) and to wr i te a computer program to print them out. Other 

examples of assignment choices were: to write a paper on fractals, to 

wr i te a computer program to calculate the roots of quadratic equations and 

to program the computer to make simple tesselation designs Ibeceuse he 

had shown an ability i n  drawing and art). Any background information that 

may have been required for completion of the assignments was either 

taught i n  class or provided by me outside of class. 

The other 50% of his mark would be made up from regular classroom 

work and testing. He init ial ly responded positively to the idea and was 

wil l ing to  give i t  a try. Thus, throughout the fal l  term and for  the 

remainder of the year, I collected the extra work that he attempted and 



made journal entries of any interesting o r  revealing conversations between 

US. 

Data Analysis 

The data analysis used in  this study i s  based on the ideas presented 

by Goetze and LeCompte (1  984) and Miles and Huberman ( 1  984). They 

suggest a preliminary analysis of each interview o r  observation 

immediately after i t  occurs. In reference t o  leaving a l l  analysis t o  the end 

of data collection, Miles and Hubennan ( 1984) argue, 

It rules out the possibility of collecting new data to f i l l  i n  gaps, 
or t o  test new hypotheses that emerge during analysis; i t  tends 
to reduce the production of what might be termed "rival 
hypotheses" that question the field worker's routine assumptions 
and biases; and i t  makes analysis into a giant, overwhelming 
task that both demotivates the researcher and reduces the 
quality of the work produced. (p. 49) 

Circumstances dictated that I could not undertake a detailed, 

systematic analysis until eight interviews with Kurt and one interview 

with the special needs instructor were completed. That i s  not to say, 

however, that I did no prior analysis. As previously indicated, any ideas or 

perspectives were noted i n  my journal. In addition, the f i rs t  computer 

session was a result o f  the f i rs t  interview with Kurt and the f i rs t  

computer session led directly to a new and unique problem for him t o  solve 

on the computer. 

I transcribed al l  the interview data myself. This i n  i tself  was 

helpful because i t  provided an opportunity t o  note immediately any 



interesting phenomena suggested by the data. In addition, any diagrams 

drawn or work done by Kurt on separate pieces of paper were photocopied 

and pasted into the interview transcripts i n  their appropriate locations. 

Next, I scanned each interview transcript for phrases, sentences, 

paragraphs, equations, diagrams or expressions that indicated or described 

some concept or category which for the most part -derive from research 

questions, hypotheses, key concepts, or important themes" (Miles & 

Huberman, 1984, p. 56). The codes themselves were words or short phrases 

and were generated as I proceeded through the data, rather than having been 

created ahead of time (although their creation would s t i l l  be influenced by 

the research questions). This coding scheme i s  analogous to what Goetz 

and LeCompte ( 1984) refer to as "analytic induction" or what Miles and 

Huberman ( 1984) describe as "essential1 y the more empirical1 y 'grounded' 

approach advocated by Glaser ( 1  978)" (p. 57). 1 also kept the codes on a 

separate sheet of paper, grouped according to transcript number, for easy 

reference and for later comparison to see which codes naturally f i t  

together. Some examples of the codes that emerged are: preferences, 

dislikes, feelings, confidence, pressure, creativity, increase in  

understanding, strategy, use of past experience, justification, explanation, 

generalization, relationships, language, creation of variables, connections, 

organization, humor, learn by accident, modify to adapt, knowledge, seeks 

simpler solution, and so on. 

In addition t o  coding, as I read the data, I took marginal notes and 

wrote questions down when ideas arose. Since the data were transcribed 

leaving a wide right margin, there was plenty of room for notes. lioetz and 



LeCompte 1984) suggest that the "notes taken while scanning constitute 

the beginning stages of organizing, abstracting, integrating, and 

synthesizing, which ultimately permit investigators to te l l  others what 

they have seen" Ip. 19 1). 

Immediately after each interview was transcribed, i wrote a contact 

summary i n  a style suggested by Miles and Hubeman 1984). Similar1 y, 

Goetze and Lecompte (t 984) also advocate a written summary arguing that 

i t summarizes "the major events and issues discovered i n  the course of 

investigation. Writing such a summary helps the researcher to withdraw 

from minute details and look for the larger picture that emerges" (p. 192). 

An outline of the form of such a summary follows: 

Summary *, 

1. Context: 

2. Main IssuesThat Stood Out: 

3. Information Obtained/inferences Made Relating to Research Questions: 

mathematical behavior 

mathematical giftedness 



GLD 

disabilities 

4. Any Other Interesting Phenomena: 

5. New Questions: 

I indexed each entry i n  parts three and four of the summary wi th  the page 

number of the interview transcript from which the entry was derived. 

The next step i n  the analysis involved classifying all the codes into 

larger categories. The construction o f  each category was motivated by 

what Miles and Huberman (1 9841 call a "checklist matrix" which "organizes 

several components of a single, coherent variable"@. 961, and by a 

"conceptualiy clustered matrix" which "has i t s  columns arranged to bring 

together i tems that 'belong togetherg"@. 1 10) Each code became a 

subheading under which interview data that matched that particular code 

was entered. (see Appendix F, p. 140) 

The subheadings Ccodes) of two of the larger categories derive 

directly from the literature and helped me firstly, to compare Kurt's 

behavior to the characteristics of gifted learning disabled students, and 

second1 y, to decide whether Kurt was mathematically gifted. Figure 3.2 on 

the following page outlines these categories which form a type of 

checklist. 



The remaining larger categories evolved f ram my attempts t o  

classify the additions? codes that had emerged from the data. Each ma ja r  

category and the codes that belong w i t h  them are outlined in  Figure 3.3 on 

p. 47. 

As the data were grouped and sorted according to the plan above, i t  

became easier fo r  me to  speculate on some conclusions and perspectives. 



Checklist: Hathematiwl Giftedmss 

-- - - 

Formalized Perceptiond Relationships 

C;erieralization 

Curtail rrrent of Reasoni nq 

Economydflexi bility 

Reconstruction of Mental Processes 

Generalized kmry 

Mathematical Cast of Mind 

E ~ W Y  

These codes are derived from Krutetskii8s 

( 1976) characteristics of the 

mathematically gifted found summarized on 

p. 2 1 - 22 of Chapter 2. 

Cbecklist: Clwracteristics ef tbe 

Gifted Lea r ni ng Disabled 

Hobbies Problem Solving 

Discrepancy S u b l e s  

Goals ian~uages 

Self-Critiml spacey 

Reflective Test- Phobia 

Frustration Deficiencies 

Wmrganized Memory 

The above codes were adapted from the 

characteristics of GLD students 

summarized in the literature re~iew, 

p. 11-12 

Figure 3.2 - Codes For Mathematical Giftedness and 6LD 



Personal Characteristics 

Self - EfficacstSelf - Contest Attitude Towards Matbemtiw 

Comfort Feeli ngs Toward Mathematics 
Pressure Preferences 

Confidence Oisli kes 
Self - Efficacyi Self - Concept Irnportancet Usefulness 

Humor 

Self - Motivated 

High Standards 

NerQQusness 

Feelings Abut Misunderstanding 

Problem %lvi m Stratmitts 
Trial & Error! Experiment 

Use  of Pgst Experience 

Use of Simpler Cases 

Seeks Si rnpler Solutions 

Diagrams 

Use of System of Equations 

tiel p from Brother 

Reads t+%nual 

Pen & Paper Scribble 

Matkerntical P r a m #  
Creati ng Relationships 

Generalization 

Justification 

Pattern Recognition 

Explanations 

Conjecturing 

Error Recognition 

Sudden IdeaslRealizations 

Curtailment of Remni  ng 

Planni ng~rganization 

Creativitg 

Factual Kmviefb~ 

Use of Laangua~e + 1- 

Trigonometry 

Pythagorean Theorem 

A bsol ute Val ue 

TangentiRadi w Property 

Transformational Geometry 

Use of Ineqmlities 

Own Formulae 

Geometry 

Figure 3.3 - Categories and Codes for Personal Characteristics 



Chapter 4 
Findings and Interpretations 

Most of the quotations that I have included i n  this chapter come from 

transcribed interview data that were organized into categories (Chapter 3, 

Figures 3.2 and 3.3, p. 46-47) according to the various characteristics of 

Kurt that I decided to study. Where applicable, I referenced these quotes 

wi th  an interview number (Roman numeralf and the page number of the 

interview transcript. Where dial~gue occurs between Kurt and myself, my 

questions are preceded with R:, and Kurt's comments are preceded with K:. 

Other information came from anecdotal notes in  my journal and documents 

from Kurt's school files. 

Kurt's Story 

A t  the start of this study, Kurt was a fifteen year old grade ten 

student. He i s  the youngest member of a family with ten children. Kurt's 

diff iculties began very early i n  his l i f e  when he had to undergo open heart 

surgery at seven months of age i n  order to remedy a hole i n  his heart. 

During his primary years a t  school, Kurt was characterized i n  a 1983 

Vancouver General Hospital psychoeducstions1 assessment as having poor 

concentration ability, letter reversals and poor articulation, and diff iculty 

i n  remembering past 1 eami ng, especial1 y unstructured learning. In 

addition, there was an indication of a slight delay i n  visual-motor 

organization. On the other hand, he showed goad reading comprehension and 

high average intelligence. Despite the fact that his teachers fel t  that he 



was bright, Kurt was labelled a "reluctant learner" because he was 

distracted easily, and had diff iculty producing work. In grade 3, his 

teacher requested that a portable partition be set up around his desk during 

seatwork in  order to help him focus and concentrate. 

During the intermediate years, he continued to have diff iculty 

concentrating, took a long time to copy things down, and often neglected 

completing assignments. His grade 5 teacher commented on one report 

card: 

Frankly, i f  it wasn't for the fact that Kurt must finish at least 
one assignment before going home each day, he would have no 
thoroughly completed assignments. It must be realized that Kurt 
i s  accomplishing one quarter of the workload expected at this 
ti me. 

Occasionally, he was kept in  at the lunch hour and after school for  hours in  

order to do his work. One teacher even placed him in  the hall way from time 

to time i n  the hope of getting him to focus on getting some work done. 

However, these measures did not motivate Kurt to be more consistent1 y 

productive. Eventual] y, he was even suspended from school for a day so 

that his missing work could be completed. Even with a day to catch up on 

his work, Kurt found he could s t i l l  not face those assignments and the 

negative feelings associated with them. His mother ended up having to help 

him wi th  most of them so that he could return to school 

Socially, Kurt has also had difficulties. His grade 5 teacher reported 

that he had a dif f icult  time making friendships. 

Kurt grew up in a farriil y that placed tremendous value on knowledge 

and education. By the time tie reached grade 8, three of his four brothers 

and al l  five of his sisters were either attending or had graduated from 



university (the exception was his brother Ken, who was i n  grade 12 at the 

time) and all were very successful i n  many different areas of study. As a 

result, Kurt was always exposed to a very high level of conversation and 

discussion at home, as well as having had siblings who provided a model of 

studentship. It became very diff icult for  him to understand why he was not 

achieving s t  a high level i n  school, unlike others i n  his family. He fe l t  he 

was a failure. 

The most recent psychoeducational assessment conducted at 

Vancouver Children's Hospital i n  February, 1 989, included the following 

l i s t  of scaled scores that Kurt earned on the WISC-R: 

Table 4.1 - Kurt's WISC-R Scores 

Scaled Performance Scaled 
Scere Subtests Score 

Information 

Similarities 

Arithmetic 

Yocabulary 

3 Picture Completion 15 

6 Picture Arrangement 1 0  

5 Block Dtrsign 1 8  

4 Object Assembly 14 

Comprehension 13 Wing 

Digit Span 1 0  Hazes 

Scaled scores between 9 - I 1 are considered to be well within the average 

range on this test. The assessment concluded that Kurt's scores on the 



W ISC-R are 'indicative of an individual with overall superior cognitive 

skil ls who has a specific area of cognitive deficit which would make i t  

frustrating and diff icult to indicate his capabilities within the regular 

academic system". 

Within the area of verbal skills, Kurt's scores were considered 

significantly above average with the exception of Digit Span, on which he 

scored i n  the average range. However, the assessment concluded that i n  

comparison to his other scores, this score was significant1 y lower, 

indicating that Kurt's short t e r n  memory ability wi th numbers was 

significantly tower relative t o  the other verbal skil ls measured. 

Within the area of Perf orrnance Subtests, Kurt's exceptionally high 

score on Block Design was an indication of well developed spatial skills. In 

contrast, his below average score on the Coding subtest was indicative of a 

significant motor output problem. This means that Kurt had a great deal of 

diff iculty putting down on paper what he was thinking. 

tn addition to the WISER, other tests were also performed i n  the 

1 989 assessment including the Devel opmental Test of bii sual Motor 

Integration (Beery), the Peabody Picture Vocabulary Test - Revised (PPVT- 

R, Form 11, the Detrcri t Test of Learning Aptitude (DTLA-21, the Rey 

Audi tory-Verbal Learning Test fREY1, the incomplete Sentences - High 

School Form (Ratter), and the Wide Range Achievement Test - Level 2 

{WRAT-R2). The overall assessment summarized Kurt's difficulties as 

follows: 

it i s  not possi bte to determine whether these learning 
diff iculties are a result of neurological deficit secondary to 
cardiac surgery i n  view of the fact that Kurt has one older 



brother who exhibited dyslexia i n  early grades. Regardless of the 
source of Kurt's difficulty, the fact remains that he has 
cognitive ability i n  the superior range coupled wi th  significant 
developmental motor output, short term memory, and sequential 
processing problems which [unreadable] he has diff iculty 
completing written assignments, works slowly, i s  disorganized, 
has diff iculty rewtembering multi-step instructions, and feels 
frustrated with his academic performance. I f  the motor 
component i s  removed from tasks, Kurt can perform at  an above 
average 1 evel. 

As recently as Harch, 1990, Kurt's family hired an out of school 

psychologist from an independent assessment agency to conduct an 

interview wi th  Kurt. The psychologist's report reaffirmed previous studies 

and characterized him as having visual-motor impairment, a very weak 

short-term memory and diff iculty wi th the writ ten word. According to the 

assessment, Kurt dislikes being the center of attention and does not readily 

seek clarification of confusing instructions even though he realizes that he 

must do so. The assessment continued: 

If he i s  not sure of the nature of an assignment, he w i l l  delay 
doing it, or  not do i t  a t  all, rather than do something poorly. He 
worries about whether something i s  going t o  be good long before 
i t  i s  even started, let alone completed. If he thinks his effort 
w i l l  not meet his expectations, he puts i t  of f  entirely. 

Not surprisingly, he has often been characterized by teachers as being 

"lazy". The assessment also concluded that as a result of all his 

frustrations and lack of success (academic records show below average 

achievement across all subject areas), Kurt's self -esteem was suffering. 

Furthermore, he experienced "nervousness" and recently began suffering 

from migraine headaches. 

Finally, the above assessment cites Kurt's strengths including being 



a good listener, being a good problem solver, and being ski l l ful i n  the use af 

computers. 

O f  the fourteen characteristics of gifted learning disabled students 

described in the literature (Chapter 2, p. 12- 132, Kurt has matched eleven of 

them. I have underlined each of these characteristics as they are 

discussed. 

Kurt has become an "ex~ert"  i n  the use of computers. His interest in 

computers began i n  grade 5 o r  6. The family purchased a computer and Kurt 

began observing his older brother Ken's use of the machine. Being very 

artistic, w i th  a lave of drawing, Kurt began t o  see the possibilities of 

expressing his talents i n  computer graphics. His interest in computers was 

eventually intensified t o  the point that computing became a major pastime 

for him. For example, during an interview in  April, 199 1, Kurt explained 

how one of his programs functioned and mentioned i n  passing that: 

I started this program i n  the summer and finished i t  a couple 
months into school and I was kind of experimenting with i t  a l l  of 
the time. i v  12. 

In the next interview he commented: 

It's kind of funny, someone asked i f  I knew a l o t  of computers and 
I said that 1 did, a lot  more than a lo t  of people i n  this school, 
not of course including Mr. Bird, (computer science teacher) and I 
got the impression that they thought I was being arrogant or 
something o r  other. I went home and I thought, well, i f  1 were 
being arrogant, I don't see how that could be because i f  I didn't 
know more than these people, I'd be ashamed because I've been 
working with these for l ike five years. Q 20. 

The assessment of Kurt by non-school psychologists indicated that 

he i s  a good ~rob lem soiver. This ability w i l l  be discussed later in  relation 





whole area and for  the most part, he w i l l  not even attempt to  
answer comprehension questions because, i n  the past, he's fe l t  
insecure that he may not have covered all the material. He won't 
complete parts of things. For example, he had a project, which 
was basically a very simple, step by step assignment, that was 
all laid out for him and he was very concerned that he was 
supposed to have four pages of notes. He was very concerned 
from step one that he was not going t o  be able t o  stretch four 
pages of notes out of that assignment and so, he didn't bother t o  
even attempt it, even though the material that was supposed to 
be included was very well laid out and was very predictable. We 
had done one as an example together and when he saw i t  only 
came to two pages, he did not want to  be bothered having 
anything t o  do with that assignment because he had heard from 
classmates that they were supposed to have four pages. When i 
explained to him, W e l l ,  why not hand i n  what you have done, 
you've covered the assignment, don't worry about the length of 
the assignment", he got very angry and said, "what's the point, I 
have to have four pages, that's what everyone else has". His 
teachers coached him i n  the same area but he refused to have 
anything to do with that assignment because he didn't feel that 
he could have the volume that was required. He wouldn't hand in 
parts of the assignment t o  get partial marks because "that isn't 
perfection, that i s  not something I w i l l  be proud t o  hand in, o r  
have anything t o  do with it, so i won't even begin it, won't even 
attempt it". i x  6-7. 

Kurt seems to be more reflective i n  the learnina orocess,and as a 

result, has had past diff iculty wi th time constraints on tests. When he was 

in  grade 9, teachers were asked to give him extra time to complete exams 

and tests. In grade 10, during a mathematics test, he spent 20 minutes 

trying to answer one question, completely obl i~ious to the fact that he s t i l l  

had most of his test t o  complete. Even though he was being allowed extra 

time, I had t o  remind him to move on. The previous example i s  probably 

more close1 y related to Kurt's perfectionist and one directional nature 

described by the special needs instructor: 



Kurt tends t o  be a one directional type person. He tends t o  have 
the type of concentration that he concentrates on one thing at a 
time. He can't sort of, you know, walk and chew gum at the same 
time. He has to think of one area, one focus, and tends t o  be a 
real perfectionist i n  that area as well. . . . . . . . . . . . He tends to, I 
think, go off in  one direction and forget the big picture. He tends 
to get very bogged down i f  there's something he's concerned 
about that takes up a l l  his time and energy and he doesn't see 
that, maybe in  perspective, i t 's not a l l  that important.. . . . . . . . . . 
. . . . That's the kind of learner he is. Kurt kind of lives for the 
moment and he doesn't see a lo t  of things at once, he on1 y sees 
one thing at a time and so that kind of awareness of time and 
managing that time and seeing how i t  connects to other things i n  
the environment i s  a real disability that he has. i x  3-4 

Kurt has always experienced areat frustration at his inabilitu to 

produce work i n  school despite the fact that his mind o f  ten o~erates a t  a 

much higher level of understand in^ than most of his peers. A t  a recent 

meeting with his mother, she quoted him as saying that there seems to be a 

"glass wall" up between himself and his teachers i n  that he can see what i s  

expected of him and yet he cannot seem to "smash" that wall down i n  order 

to give back to the teachers what they expect. His brother Ken offers the 

following explanation as to why Kurt doesn't produce: 

I think, i n  general, homework i s  kind of harder for him than most 
and I had the same experience, because sometimes i t 's hard, you 
s i t  at B desk, and particularily for me writing an essay, and I'm 
trying to transfer that to what he's feeling on a broader scale. 
When I write an essay, a lot  of times I'll just s i t  and stare a t  the 
page and I just can't get anything out and this goes on for a long 
time and so you just tend to drop i t  after a while. I think he's 
just kind of writing off homework as something he can't do 
because he does have problems doing it. For some things at first, 
it'll take him a long time to get i t  out. Now for math, I think i t  
seems to me i f  he just did the homework, i t  would just come real 
quickly. x 6-7. 



As his psychoeducational assessments have indicated, Kurt has 

tended to be hiahlu disor~anized and, as illustrated above, has avoided 

doina most of his homework assiyments no matter what the subject was. 

The common complaint by most of his teachers, both i n  the past and 

currently (grade 1 11, i s  that he has the ability to be high1 y successful, but 

does not complete his assignments. He does not respond to a highly 

structured curriculum. Even his computer science teacher has given up 

trying to get Kurt to hand i n  curriculum work. On the other hand, i f  

something captures his interest, he responds brilliantly. His English 1 I 

teacher was so impressed by an essay Kurt wrote on the novel Lord of the 

Flies, that the teacher gave i t  to the principal to read. When asked why he 

had not handed i n  work on another novel, Kurt responded, "after reading 

four pages of the book, i couldn't get interested, so ! didn't bother anymore". 

Thus, his overall achievement remained low. During a recent meeting 

between Kurt, the counsellor, the special needs instructor and Kurt's 

mother, i t  was suggested that his Accounting 1 1 class be dropped I he was 

failing bad1 y) i n  order that school time be structured into his schedule to 

allow him time t o  complete assignments in  same of his required or more 

important courses. 

One of Kurt's major organizational difficulties i s  wi th time 

management. One of the in i t ia l  goals of the special needs teacher working 

with Kurt i n  his grade 10 year was to develop strategies for him to focus 

on priorities and to plan for time management. The following i s  a 

description of some of the diff iculties Kurt had with organization of his 

time as observed by the special education teacher: 



. . . . a t  the beginning of the year when we f i rs t  started planning 
for time management, we did like an hour block and blocked i t  all 
out for the evening, and how he was going to use his time. Even 
to extra-curricular type things, when was he going to go to the 
computer lab, when was he going to have dinner, etc. That was . . 
. he couldn't handle that emotional1 y. His mother changed the 
time of dinner by fifteen minutes and he said he couldn't use his 
schedule at all, it just threw the whole thing off. He had no 
flexibil ity a t  that stage and he was very snxious about minor 
changes that he saw, that were disruptive to him because of that 
sort of lock-step approach, you know, "if it doesn't happen the 
way i t  i s  predicted, I can't deal wi th it". He was very anxious, I 
mean physically he looked very anxious and . . . just the 
frustration that he walked around with. i x  5 

Kurt seems to have a deficiencu in  his short term memork as his 

psy choeducati onal assessments have concluded. He has a hi story of havi ng 

diff iculty remembering things such as running shoes for physical education 

class and track practice or special equipment required for certain classes. 

This may also be due t o  organizational difficulties, such as a lack of 

routine, rather than just memory problems. 

Kurt's psychoeducational reports have also indicated a visual-motor 

o u t ~ u t  problem. 

Another characteristic that Kurt shares with many other gifted 

learning disabled students i s  a tendency to have dif f icul tu  learnincl f oreian 

lanquaaes. In Kurt's case, the school counsellors decided that since he 

achieved so poorly i n  grade 9 French, he would be given a study skil ls 

tutorial i n  grade 10 i n  place of French. 

Motivation seems t o  be one of the biggest factors in  Kurt's 

productivity. His special education teacher explains: 

I think a key to Kurt i s  whether or not he thinks something i s  
worth doing and unfortunateiy i n  life, we don't always have those 



kinds of choices. Things l ike the mundane things of learning how 
to calculate i n  math are necessary to learn things at a higher 
level. Well Kurt sometimes, I think maybe, because he learns a 
different way, can go beyond those steps, doesn't necessarily 
have t o  learn them as systematically 3s some students do, i n  
areas that he's gifted in, such as math. So, when he has to be 
forced to go through things such as calculations, he doesn't see 
them as being valuable o r  relevant and so he doesn't devote the 
time t o  them. He tends to  have, 1 think, a kind of arrogance i n  
that respect, where he thinks he i s  i n  a position to decide what's 
val~able and what's not riaiuable and I think i t ' s  t ied  to success 
as well. i x  5-6. 

In early January, 1992, 1 spoke with Kurt about his progress in  all his 

subject areas. I had heard that he was doing poor1 y or failing i n  half his 

courses and asked him why he wasn't producing. He suggested to me that i f  

he did al l  his school work al l  the time, he wouldn't have any "spare time" to 

work on his personal projects. Knowing that he wishes to attend a 

university i n  the United States after high school, 1 asked him how he was 

going to achieve the grades that would allow him entrance t o  such a 

university, i f  he didn't start producing i n  school. He could not answer. 

Approximately a month later, when the topic of spare time came up again, 

he explained that he needed the spare time to "escape" the highly structured 

day spent at school. He needed his spare time to express his intellectual 

and artistic tendencies and he did i t  through the use of the computer. 

in summary, Kurt has been frustrated for years with the demands of 

a highly structured school curriculum. Despite his high intellectual 

ability, his school achievement has been low, wi th the exception of the odd 

assignment that captures his interest. He does not complete most 

assignments for a number of reasons: he i s  not interested and the 

curriculum i s  not intellectually stimulating enough for him; he feels he 



cannot meet his own or the teachers' expectations; or he just cannot get 

anything down on paper. The key factor i n  Kurt reaching his potential to 

produce seems to be his perception of whether or not something has 

intrinsic value, especially that i t  be intellectually stimulating and that he 

be able to express himself through a mode of representation that he i s  

comfortable with, such as the computer. The schQ0l system has failed to 

provide for Kurt's specific needs and as a result he has failed to  be 

successful at school. 

The Mature o f  Kurt's Mathematics1 Giftedness 

After having identified Kurt 8s someone who demonstrates many of 

the common characteristics associated with gifted learning disabled 

students, my next goal was to determine the nature of his giftedness, 

particularly i n  relation to mathematics. In Chapter 3, i outlined how codes 

were developed i n  order to sort the interview data into meaningful 

categories, one of which was mathematical giftedness 

(see Chapter 3, Figure 3.2, p. 46). The data were sorted into a checklist 

(Appendix F, Mathematical Giftedness, p. 142) where each code represented 

a characteristic of mathematical giftedness. The number of data entries 

under each characteristic of the checklist enabled me t o  decide, with some 

confidence, which attributes also belonged to Kurt. With the exception of 

the last one, for each of the following characteristics which are 

underlined, there were three or more examples from the data. However, I 

have reported on1 y the most interesting or revealing examples. 



Kurt has demonstrated loaical thouaht about auanti ta t ive and soati a1 

relationshi~s and the abili tu to think in mathematical sumbols. Thus he has 

a formalized ~erceotion of mathematics. For example, i n  the third 

interview he wrote two relationships involving the sides of a triangle 

based on the following problem: 

A triangle whose area i s  4 is  bounded by the two coordinate axes 
and also by the line whose slope i s  4 and whose y-intercept i s  b. 
If b>0, what i s  the value of b? 

After he had substituted into the area formula, he suddenly said, "ok, yes" 

and wrote, side2 = 4, then scratched out the =4 and replaced it with =b. I 

asked him to explain what he was doing. He said, "2 unknowns, but side2 ' 

has a relationship to side 1. I can figure out what side 1 i s  i n  terms of side 

2. It reduces to one variable and the equation i s  salvabte". The sequence of 

steps he used (and which I have numbered) are illustrated i n  Figure 4.1 on 

the following page. 

He was solving a system of two equations with two unknowns 

w i  thout having ever encountered the technique (at least not t o  my 

knowledge) i n  his school cun-iculum and before we had dealt wi th the topic 

i n  grade 10. It was interesting to see him use word variables instead of 

letters and I suspect that this i s  due to his frequent use of word variables 

i n  computer programming. 

Step 4 i n  Figure 4.1 seems t o  be pointless. However, Kurt wrote this 

simple equivalence down as an aid i n  remembering how to manipulate 

proportions because he was trying to  solve the equation i n  step 3 for side2 

He also made several errors. The f i rs t  obvious error occurs i n  his 

diagram where he drew a line with a negative slope (a1 though i f  the 



problem i s  solved using a r igh t  triangle only, i t  would not matter). 

Secondly, he did not labelled t h e  diagram and perhaps as a result,  became 

confused in  his definition of variables (see step 2, Figure 4.1). Thirdly, 

step 9 should be (side 112 = 32. Notwithstanding these errors (or possible 

Figure 4.1 - Use o f  System of  Eciuations 
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misconceptions), 1 consider Kurt's comf ort i n  using variables and symbols 

and the ease with which he idenf i f ies relationships between quantities as 

being more important i n  describing his overall ability. This taient for 

seeing the mathematical structure in  a problem w i l l  also be evident i n  

other examples below. 

Kurt has solved problems which involved ranid and broad 

aeneralization of mathematical obfects. relations and ooerations. For 

example, the problem that motivated this case study (Figure 3.1, p.30) i s  an 

example of one of Heid's ( 1 983) observations, 

It i s  not uncommon for a gifted student to solve 8 probiem on i t s  
most general level, to generalize algorithms for solving whole 
catagories of problems of the type given, and then to neglect 
answering the particular question stated in the probiem. (p. 223) 

Kurt has the abili tu  to curtail the Drocess of reasaninq. His work is  

usually very sparse, often not showing many of the operations required in  

reaching an answer. For example, when I taught problems with systems of 

equations i n  grade 10, I encouraged students to look for totals to suggest 

equations and variables. For example, i f  5000 dollars was invested, partly 

at 9% and partly at 10.5% and the total interest earned was 483.75 dollars, 

the problem was to find the two amounts invested. It was suggested that 

students might proceed i n  such a way as to eventually produce the 

f oliowing equations: 

x + y = 5000 {total amount invested) 

. I  05x + .09y = 483.75 (total interest earned), 

where x and y are the different amounts invested. However, when students 

were asked to try this very question (it had not been done as the example), 



within one or two minutes, Kurt asked me to come to his desk and asked i f  

"this was ok": 

(5000 - X )  -09 = 483.75 - y 

x( 1 -05) = y [Kurt's arithmetic error] 

Nothing else was written on his page. I assumed that Kurt defined (in his 

head) his variables such that y i s  the interest earned at 10.5% and x i s  the 

amount of money invested at 10.5%. Only one of these quantities ( x )  

matches the quantities asked for  in the original problem, but the other 

could later be calculated. I should have asked follow-up questions i n  order 

to determine i f  that was how he, i n  fact, defined his variables, and i n  order , 

to determine how he would arrive at his final answer using these as his 

variables. However, since this took place in  class, I didn't have the 

presence of mind, nor the time, to do this follow-up. Kurt's set of 

equations i s  what I would consider a unique system of equations, ones 

which had never occurred to me before I met him. Assuming that Kurt 

understood what he was doing (and I am very confident that he did), i t  i s  

also an example of his considerable ability to describe mathematical 

relationships between quantities. 

Another excellent example of his curtailment of reasoning i n  

addition to his ability to write relationships i s  illustrated by some work 

which he recently (January 1 992) suhmi tted to me val untaril y. I have typed 

i t  i n  order to make i t  easier to read and so that I couid make comments at 

various points. A copy o f  the original work i s  included i n  Appendix D 

(p. 136). After class on 2 December, Kurt mentioned that he would l ike to 

write a computer program that would involve a cannon shooting down a j e t  



streaking across the screen (in astraight line). 1 was not immediately 

sure of the mathematics of motion that would be involved and suggested he 

talk to his physics and computer science teacher about it. He eventually 

brought up the probi em again on 1 0 January, 1992 and showed me a 

discovery that he had made. What he had written on his page was the Law 

of Sines in  trigonometry! I asked him how he figured i t  out and he replied 

that at f i rst  he experimented with ratios of the angles of a triangle to  i t s  

sides and then he eventual1 y tried some trigonometry. (It i s  not unusual for 

Kurt to experiment wi th trigonometry, as w i l l  become evident later i n  the 

chapter.) By the end of January he handed his work to me. I scanned i t  

quickly and suggested that he f i rs t  write a statement of the problem and 

define all his variables, since he handed me on1 y a diagram and some 

mathematical equations related to it. Two days later he handed me the 

following: 

If I want to shoot down a jet at the co-ords (Tx, Ty) moving at 
the speed V1 and at angle A1 , what angle (An) must I shoot my 
projectile at i f  I am a t  the co-ords (px, py) and the projectile 
t rawls at the speed of '$2 which i s  greater than V1. T i s  the 
unknown time at which the collision takes place. 

See Figure 4.2 on the following page for his work. Note here that in  

writ ing the formula for hr (see **, Figure 4.2) Kurt bypasses several steps 

of algebra in  using the sine law. I acknowledge the fact that Re had time 

to work an this on his own time and might have included the missing 

steps somewhere else, but i t  i s  typical of him not to bother to write i n  

steps of algebra, even when he has the time. He has also made errors. In 

the formula for v (** , Figure 4.2), note that br;z and V1 should be 

be switched. Also 81 i s  given and A2 was supposed to be the unknown, 



point of contact 

x = 8 2  

z = Tan ( PY-jg 
px- jx his should be arctan] 

y =  180 - (x+z )  

W ' =  180-i.~ 

Therefore, v2 52 --- 
v1 - 51 

sin(w) 
v = arcsin ( k? V l )  by sine law 

Fi gure 4.2 - Kurt's Linear Projectile 
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whereas Kurt wrote his equations as i f  the opposite were true. 

Kurt has also demonstrated f lexi bi li tu of mental w-ocesses and 

strives for claritu. simnlicity. economu and rationalitu of solutions. For 

example, i n  the fourth, f ifth, and sixth interviews, Kurt was creating a 

program called David and Goliath in  which a "rock" was launched i n  order to 

strike an object fGoliath) moving across the top of the computer screen. 

David's "sling" and "rock" were simulated by a line segment rotating i n  a 

circle at the bottom of the screen (see Figure 4.4, p.78). The Goliath that 

Kurt created moving across the top of the screen was originally square. 

Determining whether the projectile h i t  Goliath would have required at least . 

two inequalities i n  order to test i f  the projectile was within the range of 

the maximum and minimum x and y coordinates of the square. Suddenly 

he had an insight: 

K: Oh, i t would be interesting i f  I had a circular Goliath. 
khuckles) I could use the Pythagorean theorem and only make one 
equation. 

R: How's that? 

K: Urn, well what I'd do i s  I'd take, I'd just put in  location, the 
distance, your delta x I guess would be location x . . .location x 
minus urn.. . gx and your y would be location y minus gy and once 
you've got that you've got your distance from Goliath and uh, 
when he's within a certain distance, he's going to be within a 
certain circle. v i  1 3 

later: 

K: Maybe I should try that, it'll be easier than this. v i  14 

Kurt d i s ~ l a ~ e d  a mathematical cast of mind: a mathematical 

percention of the world as shown i n  the following (and only) example 



from the data: 

R: You mentioned something to me at the end of the last session 
about one of the reasons you enjoy math; that you always try to 
see . . . . what was i t  that you said? 

K: How i t  relates to things i n  real l i fe.. . . . I, I ,  there are not a 
lo t  of useless math problems. There's lots of stuff you can apply 
mathematics to.. . . just, you know, it helps me think logically. 
They seem to be sort of intertwined, logic and mathematics. ii 3 

Kurt's Mathematical Behavior 

From the data presented thus far, i believe that i t  i s  easy to 

conclude that Kurt i s  both learning disabled and mathematically gifted. 

However, the major goal of the research was to explore and describe Kurt's 

mathematical behavior i n  order to draw inferences regarding his future 

learning activities. I tried to analyze the other five major categories (in 

addition to Characteristics of GLD Students and Mathematical Giftedness) 

that emerged from the data ( Self -Eff icacy/ Self-concept, Attitude 

Towards Mathematics, Problem Solving Strategies, Mathematical 

Processes, and Factual Knowledge (Chapter 3, Figure 3.3, p. 47) with the 

objective of finding relationships or connections among them. This 

analysis led to the formation of the "causal network" (Miles and Huberrnan, 

19841 shown i n  Figure 4.3 @. 69). A brief overview of this model of Kurt's 

mathematical behavior i s  given below. 

The prime motivating factor i n  Kurt's mathematical "life-world" i s  

his interest i n  computing (represented by the rectangular component at the 

top) which began during his intermediate years (grades 5 and 6) i n  
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elementary school. This interest has required him (and led him, as 

signified by the arrow) t o  develop learning and problem solving strategies 

(represented by the second rectangular component) i n  order to create 

designs and programs on the computer. The use af these strategies and his 

subsequent successful experiences on the computer have helped Kurt 

acquire (as signified by the ancowsf several attributes (represented by the 

circular components). First1 y, he possesses mathematical knowledge, some 

of which i s  quite sophisticated and extends well beyond the required 

curriculum. Secondly, he has become a good problem solver. Thirdly, he 

has developed a very positive attitude toward mathematics, and finally, 

Kurt has acquired a greater sense of confidence and self -ef ficacy i n  

mathematics when using a computer. These four. traits, i n  addition to being 

gifted learning disabled with a particular g i f t  i n  mathematics (represented 

by the rectangular components with "rounded' corners), lead me to believe 

(as signified by the arrows) that i n  order to be successful i n  school 

mathematics, Kurt must be offered an open-ended, computer-based 

mathemati cs education (represented by the rectangular component at the 

bottom) i n  which evaluation emphasis i s  placed on his special abil it ies. 

The above model (Figure 4.3) of Kurt's mathematical behavior w i l l  be 

explained in  detail i n  the remainder of this chapter. 

Kurt's interest i n  comouters began when he was in  grade five and 

was init ial ly stimulated by his brother Ken, who was i n  high school at the 

time and who also spent a great deal of time on the computer. As he 

became more computer 1i terate through the help of his brother, Kurt 

became interested i n  programming i n  order to create games and graphics 



designs. This i n  turn required the use of mathematics. For example, he 

explains, 

What I'm working on now i s  I wanted to make sort of l ike a l i t t l e  
snake that would crawl along on the computer and you would 
rotate i t  and it would go i n  that direction and each l i t t l e  part of 
the snake that was following along would follow the snake. But, 
i t  wouldn't do exactly, i t  would kind of swerve because of 
momentum and stuff. i l ike doing that kind of thing. I've tried to 
figure out how I'm going to get that into the computer, how am I 
going to get i t - what are the calculations I'm going to be doing 
to make i t  do that and that sort of thing. i 3-4. 

In order to learn the required mathematics to write his computer 

programs, Kurt had to develop leamina and ~rob lem solvina strateaies. 

These included pri mari 1 LJ tri a? and error experimentation, the use of 

computer manuals and getting help from his brother Ken. Later on i n  high 

school he also received some help from the computer science teacher. 

Kurt seemed to prefer learning things independent1 y through the 

use of t r i a l  and error. This i s  illustrated i n  the following interview 

di a1 ogue: 

R: I f  you had your choice would you prefer to work on your own 
to learn something or would you rather be told. For example, if 
you had to learn a new topic, would you prefer to look up the 
topic i n  s book or would you prefer to be shown? 

K: I'd really l ike to be able to do it on my own, but I may not 
necessarily get it. But, some of the ways I figured out, for 
example, how sine and cosine worked, the way I figured that out 
was my brother was making a program that drew a circle and I 
wanted to know how he did it. So, 1 looked into his program and 1 
just looked at i t  and tried al l  sorts of t i t t le  things with the 
parts that I thought were actually making the circle, kind of 
figuring out where i t was. I finally figured out what were the 
parts, what were the main things that were making the circle, 



making the x coordinates this, what y coordinates and I figured 
out how to do i t and that was kind of fun. 

R: And you did that al l  on your own? 

K: Yeah and . . . I 1 ike doing that sort sf thing. 

R: Did your brother help you t o  figure out what the sine and 
cosine meant? 

K: I kind o f  ini t ial ly playedaround with it a b i t  and for the f i rs t  
few times 1 just took his program and would modify i t  a bit. 1 
would change certain variables in  there and lld look and see what 
happened and a lo t  of times for a while there I was just kind of 
using that program ta make other programs because I wasn't 
quite familiar wi th it. But after a while, after using it, I got to 
know it and I was comfortable and so now I could make up 
something from scratch. But i n  way he sort of introduced me t o  
the idea because i f  he didn't make the program, I wouldn't have 
found it. i 4-5. 

The following example again illustrates Kurt's use of t r ia l  and error 

i n  his learning. In the fourth interview, Kurt was explaining how part of 

one of his programs functioned: 

R: Did Ken teach you about the sine and cosine graphs? 

K: He made a ii t t le  program - I asked him how to draw a circle 
and uh, he had it drawn point by point on the apple when I was in  
grade 4 or 5. 1 looked at i t  and uh . . . it took me quite a while 
but I figured out that what was making the thing rotate was the 
sine and cosine. So I experimented with that and learned how i t  
worked. 

R: And the fact that the sine never increases above 1 and stuff 
l ike that, you just figured that out by experimenting? ( Kurt 
mumbles affirmative1 y) You didn't read up about i t  i n  a book at 
al l? 

R: Ok. 



K: Ok, that here I sort of have i t  named after the parts of a ship, 
portx urn, that's the le f t  side, and um . . .so . . . oh, I think urn . . . 
oh yeah, as you'll notice with the portx and the starx and the 
stary um,. . . insteadof adding stuff to the tilt, insteadall I 
did was 1 put a minus and a plus there, to do the perpendicular 
thing, you know, that we're doing now. 

R: With perpendicular slope? 

K: Yeah. 

R: So where did you learn that? Did you pick that up just from 
experimenting too? 

K: Yeah, I picked that up in  . . . grade 6 o r  something or other, I 
happened to be fiddling with a program where I wanted the thing, 
instead of, I wanted i t  to rotate 90 degrees and I wasn't sure 
how to do i t  and somehow I stumbled upon it. (chuckles) 

R: From experimenting? Good for you. 

K: 1 think i t  was totally by accident, because 1 accidently put a 
plus o r  something where I should have put a minus and I thought, 
ah hey, that's interesting, the thing's turning funny (chuckles). 
So I checked that out and ( mumbles something inaudible). 
Anyway, this here, uh, just make sure you don't get confused. i v  
10-1 I .  

A t  the end of the f i rs t  interview, 1 gave Kurt a no#-curricular cubic 

equation to solve and he tried techniques related to the solving of linear 

equations. When these did not work out, he became a li t t i e  frustrated: 

K: Uh, I have to divide everything by 5 and divide everything by 2 
and divide everything by 3 but i was only dividing one of them by 
5 and one of them by 2 and one of them by 3. . . . . . (1  9 sec later) 
I can't get . . [inaudible] 

I?: That's ok. Suppose you were atlowed to use the computer. Do 
you have any ideas on how tto solve the equation using 8 

computer? 

K: . . . . . . . I might do several things uh, 1 might try replacing 



everything with variables or repacing everything with numbers. 

R: When you say replacing with numbers, what do you mean? 

K: Like uh, I'd, well, it wouldn't be with the computer actually, i t  
probably, I might take everything, replace a number, see - then 
work i t  out, see . . . (inaudible) . . . there's no unknown and then 
see what kind of answer f get and sometimes that helps me see 
how tto solve the problem. On the computer, i f  I replace it with 
variables sometimes it helps me look a t  everything i n  relation to 
everything else l ike so i can see a l i t t l e  more clear1 y sometimes 
when uh, . . . what, sort of  l ike uh, when you have a number and 
you want to express it i n  terms of another uh, when I put i t  wi th  
variables sometimes I can look at i t  and i t  gives me a better idea 
of uh, . . . what i t  is, uh, what i t  i s  the problem actually means. 
i 11 .  

Thus i t  i s  easy to conclude that t r ia l  and error i s  a ma j o r  learning 

strategy for Kurt. His brother Ken confirms this: 

R: I was asking Kurt how he learned trigonometry and he 
mentioned to me that you wrote him a program that drew a circie 
and then that's basically how he learned. Did you formally teach 
him trigonometry? 

Ken: 1 think a few times I've sat down with him on different 
occasions as far as that program goes. On a number of different 
occasions that's happened with trigonometry and every thing. 

R: So you would write a program and then s i t  down with him and 
explain how it worked? 

Ken: Urn, ya. Sometimes he just, he would get a very bare bones 
explanation from me and then he'd fust experiment wi th i t  
himself. 

R: Yes, that kind of leads to my next question. How independent 
would you say he i s  in  learning his math and computer skills? Do 
you give him a l o t  of detailed help o r  fust . . . . 

Ken: No, I don't give him much detailed help. 



R: He just fiddles around with the programs? 

Ken: Ya and I assume he's doing a l o t  of investigations himself. 
Just recently he asked me this question. He wanted to find out, 
he had these l i t t l e  programs with l i t t l e  dots moving around on 
the screen, and now that we haw a better computer and a better 
language, he'll have l ike a l i t t l e  spaceship moving around or a 
l i t t l e  man tracking another person and uh he was asking me how 
to, how he would get a missile to hi t  an object i n  the sky. And so 
I was trying t o  show him the way of investigation to figure out 
how to h i t  this missile and he argued with me and I said it would 
take the quadratic formula. He didn't know the quadratic formula 
and I think it would be impossible for him t o  find out haw the 
missile h i t  the object without having the quadratic formula. So 
he's since been interested in  having me teach him that. x 2 

Kurt also makes use of manuals to learn some of the mcithematics 

that he needs. A good example of this follows: 

R: How did you f i rs t  discover the absolute value function? Was it 
part of your . . . . programming . . . Did you look a t  the 
programming manual and look a t  the different functions t o  see 
what they do? 

K: Yeah, every once i n  a while urn, when i was - l ike this i s  i n  
BASIC too, absolute value, so every once i n  a while I would f l ip  
through the thing and . . . it 's not a big coincidence that uh, i 
happen to get absolute value because i t 's one of the f i rs t  ones, so 
[chuckles). v i i  3. 

Kurt easily remembered techniques that he had utilized i n  the past 

and frequently thought about how he could use them i n  new situations. The 

following example illustrates this point: 

R: I f  I gave you a problem, i s  the f i rs t  thing you might think of I s  
t o  how t o  use the computer? Is that how you would try to solve 
the problem? 

K: Um, actually a lo t  of time 1'11 just do it on paper and pencil. 
But uh, . . . sometimes i n  a way I'll figure out how t o  do those 
problems because I thought, oh hey, I did something l ike that on 



computer and I worked i t  out this way. 16 

Over the years, i n  order to create his programs, Kurt has learned a 

great deal of quite sophisticated mathematical knowled~e which was 

beuond the curriculum he received i n  school. Especially impressive i s  his 

use of trigonometry, particular1 y polar coordinates (a1 though he does not 

know it by that name) i n  order to move objects i n  different directions on 

the computer screen. tiis explanations show that his understanding of the 

trigonometric functions i n  his programs i s  unclear. However, he possesses 

"tacit" knowledge, that is, he knows how to use polar coordinates and adapt 

them to new situations (such as the program created during the 

interviews), but cannot really explain how or why. The following dialogue 

shows that his understanding of trigonometry i s  unclear: 

R: Do you know the connection between thesine and the cosine 
and the circle, the properties of sine and cosine that give you the 
circle? 

K: I'm not sure. (laughs) I don't even know i f  I know what I'm 
doing but I can make i t  rotate and I know that, . . . 1 have a rough 
idea of how it 's going to work, l ike i f  I put a number into sine and 
cosine, I know that i f  i increase the number by a certain amount 
it w i l l  go l ike that- 

R: Back and forth? 

K: Yeah and uh, that sine i s  sort of the same thing but a l i t t l e  b i t  
different. I don't know exact1 y how sine i s  different from cosine. 

I?: Do you mean that as you increase one you are decreasing the 
other, i s  that what you're saying? 

K: Well, no, I increase both of them and then . . . (laughs) I don't 
know, i t 's  hard to explain. I could probably learn a l i t t l e  b i t  more 
about sine and cosine um, because I'm not sure exactly what the 
difference i s  between the two. I've tried looking i n  physics 



books and tried t o  look around i n  every mathematics book I could 
find and 1 s t i l l  didn't get s very good idea. Then after a while I 
just kind of forgot about it and just . . .[inaudible]. i 5-6. 

David and Goliath 

in creating his program called David and Goliath, Kurt needed to make 

an object spin around i n  a circle. He did this by spinning a line 

(representing the "sling"). The point at the end of the line represented the 

"rock" that would be released i n  order to h i t  the object (Goliath) moving 

across the screen (see Figure 4.4 on the following page). In order to rotate 
, 

this point he had t o  have the computer pre-calculate 32 positions around 

the unit circle. ( In refining his program after al l  the interviews were over, 

he changed this to 128 positions.) His explanation of what he was doing 

totally confused me at the time we were sitt ing at the computer for the 

interview and it was not unti l I had the chance to study the program 

myself, that I understood what he was doing. The following excerpt i s  his 

explanation on how he gets the object to rotate: 

R: Sine, cosine %rray ,O point, point, O decimal, decimal 15. 

K: Ok, uh, this here, that's uh the lowest number you can put i n  
the array (inaudible) and this i s  the highest number you can put 
in  there. So it'll be 0, 1, 2, 3, 4, 5, any number from 0 t o  15. [ He 
later changes this t o  0 t o  311 

R: Just integers or any number in  between? 

K: Uh, no just integers, but uh, the number itself, you can input a 
real number as (inaudible) uh, because . . . uh, oh, well i t 's sort of 
like you have urn, . . . you don't just have sine and cosine, you have 
sine 1, 2, 3, 4, 5, 6,  7, 8, 9, 10, 11, 12, 13, 14, 15. 



Goliath ----b 
(radius 30) 6 

path of the "rockn--+ 

spinning "sling" .+-- (1 ocx,l ocy) 

Figure 4.4 - Screen Image of 'David and Goliath' 

R: You mean the sine o f  17 

K: No, it 's just the f i rs t  um, i t 's the f i rs t  - 
R: Oh, because you've got 16 positions, i s  that what you're- 

K: Yeah, so I save the position, the f i rs t  position as sine 1, the 
second one as 2 and so on. 

R: And then down this way would be? 

K: And then cosine i do the same thing for. 

R: So then LJOU'VS got a position l ike cosinel, sine3 or something 
like that, and the 1 and 3 you substitute numbers for, i s  that 
right? O r  does that have something t o  do with the different 
positions of turning i t ?  

K: Well, it 's sort of like uh . . . (inaudible) 
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R: Would i t be easier t o  write i t  down, what i t  does? 

K: Urn, . . . see, 1 put i n  a number, tilt, and that i s  going to be urn, 
that's, that tilt can equal anything from 0 to 15 and that'll give 
i t  the. .  . .urn. . . that's where it w i l l  save the position.. .urn.. .so 
, then because those are not l ike preset in  there, it'll, it'll 
calculate and i t  w i l l  say sine, this particular sine w i l l  equal and 
give it the position (inaudible) 

R: I'm not sure I ah. . . 

K: (something inaudible) You have sine . . . . .2 and uh, as of yet 
they don't mean anything. 

R: So that 1 and 2 are actually variables? 

K: Yeah. They're, they're individual variables uh, . . . and what i t  
does is, a t  the beginning they are just equal t o  0 and they're not 
useful unti l I put something into them. So, I make a calculation 
and for . .  . for the f i rs t  sine, which w i l l  be like tilt w i l l  be equal 
to O the f i rs t  time uh, i t  puts i t  into here- 

R: It puts 0 into here for tilt. 

K: Ya, and i t  times it by pi divided by 16, so that'll give i t  a 
position there and so on. Uh, . . . and that way i t 's  able to 
calculate one of the positions and then it puts it, i t  stores i t  in  
this variable. That way I can call i t  up without calculating i t  
each time. 

R: So it does them al l  ahead of time. 

K: Yeah. 

R: Does that give you coordinates, x and y coordinates, sort of? 

K: Yeah. And so l ike uh, by the time I get to uh . . . v 3-4. 

Later: 

R: Now, what would be the idea here i f  you've got something 
moving around? How do you get that thing moving around, using 
your sine and cosine? 



K: Uh yeah, I just add t o  the tilt each time and urn.. . when i t  
gets - 

R: But, doesn't that just rotate the object, how do you get i t 
actually moving across o r  down or  something? 

K: Oh, you mean when I release i t ?  

R: No, I'm going to get to that. Does that sineitilt] stuff move i t  
from one place to another here? 

K: Well,  no that, that'll be just like a fixed position. I'll just 
move i t  from fixed position t o  fixed position. 

R: Do you determine those fixed positions to begin with already? 

K: Well yeah, they've been determined up there uh, so a l l  I have 
to do i s  say tilt = tilt plus or minus depending on which key I 
press here- 

R: The sine and cosine array give you 16 positions to begin with 
already, around the circle? 

K: Well no, they don't give me 16 positions, I calculate them 
down here and then urn, once I've got them stored, I can move 
from one to the other, just as long as when i pass 0 and 15, I 
reset i t  back to (inaudible). 

R: Why did you go f rorn 0 t o  1 5? Could you make that more? 

K: Uh, yeah. 

R: But that's because you've got 16 positions, i s  that why? 

K: mmm hmm. 

R: So i f  you wanted to make 32 positions, you would have to 
change this too? 

K: I think I was going - wait a second - mind i f  I just look at - 
something looks wrong there, cause I don't know i f  that should be 
3 1. Uh, no i t  shouldn't be 3 1. . . Oh, cause I was going to change 
this. Ya, because 15 isn't very many positions for  this. (makes a 
change to program line) Yeah, that's kind of funny, (chuckles) 



thought i t  looked a l i t t l e  wierd. 

R: So that gives you 32 posi tions around the circle. 

K: mmm hmm. 'd 6-7. 

What he has done i s  create a variable called ti1 t, which takes on 

values from 0 t o  3 1 corresponding to  32 positions around a circle. The 

program then calculates cosine(pi~16rYtilt) and sine(pi/ 16*tilt) for the 

various values of tilt and stores them i n  arrays called cosineItilt1, 

sine[tilt] respectively. This gives the x and y coordinates of 32 positions 

around the unit circle. He then used polar coordinates to calculate the 

position of the object on the outside of the circle: 

I ocx = cosf t i1 t]*radius 

locy = sin[tilt]*radius 

R: Any time you need t o  wr i te stuff, just l e t  me know here 
because I've got a paper and pen. 

K: i never usually do have to wr i te stuff. That worries me 
because most programmers do (laughs]. My brother says i t  would 
help my organization but urn . . . Ok . . .(types stuff - types in  
1 ocx: cos[ t i1 t ]  *radius) 

R: Now what does that do? Locx? %-coordinate? 

K: That'll be the location of iih, the l i t t l e  object flying around. 

R: That's - oh, I see ok. costtilt] times radius, that's the . . . 

K: How far out i t 's going to be. v 13. 

It was interesting t o  observe that Kurt wrote virtually nothing down on 

paper i n  the three sessions that he worked on this program and then he did 

so only when I needed clarification. I got a sense that Kurt was very proud 

that he could write a program without planning i t  f i rs t  on paper. In my 



opinion, it also seems t o  be 3 sign of giftedness that he can keep track of 

so many things i n  his mind. 

Kurt l a te r  recognised that the coordinates above were in  error 

because the origin on the computer screen i s  i n  the top le f t  comer: 

R: Oh, so you changed these now, right? You added something, 
you went locx . . . Does the colon mean an equal to? 

K: Well, when you're working wi th  certain variables, you have to 
put a colon i n  front of the equal sign. 

R: Centerx, that's where the center is, plus.. . m s . .  . .that put's 
it on the outside of the circle, i s  that right? Is that what this 
does? 

K: What do you mean, well yeah, i t figures out where i t  i s  on the 
circle. 

R: Where it i s  on the circle. Ok, that's why you had to know the 
center first, right? 

K: mmm hmm, . . . otherwise i t would have been determining i t  
from here { chuckles). He points to the top le f t  comer of the 
screen.] 

R: Yeah, that's right because this radius here depends on where 
the center is, right? Is that why? 

K: Uh, it, it would, i t  would just be l ike i f  I - changing the center 
would mean that, i f  I didn't have centerx there, i t  would be 
rotating around zero. f He means the origin, top le f t  corner of the 
screen] 

R: Ok, that's right, that's right. v 16. 

He therefore used transformational geometry i n  order t o  relocate the circle 

somewhere in  the lower middle of the screen. He assigned specific 

coordinates t o  the center of the circle and wrote the following formulae t o  

represent the posi tion of the "rock": 



locx = centem + cosineItiltl*radius 

iocy = centery + sine[tiltl*radius 

Kurt knew that i n  order to  launch the "rock-, he had to release it in  a 

path that was perpendicular t o  the radius Isling) of the circle. This i s  

evident i n  the following dialogue that took place when the in i t ia l  planning 

for the program took place: 

K: I thought like, what I thought was, this would be the point, 
and i t  would be changing the slope all the time, l ike from there 
to there, and then t o  shoot the thing I'd just take this - 
R: Oh, and f i re  that off at it. 

K: I'd just uh, I wouldn't f i re in that direction, but I'd take, I'd 
know that was our slope, right? And then I would just take 
something perpendicular to it. 

R: Oh, to  throw i t  out. 

K: Yeah. 

R: Why perpendicular? 

K: Uh, well because i t 's  not going to f i re out that way [points i n  
outward direction]. It's going t o  be moving, . . . because the rock 
i s  moving that way, so- 

R: So i f  you l e t  i t  go here, i t 's going to be perpendicular to this 
line here [the radius-sling]? 

K: Yeah. 

R: Do you know that just from intuition o r  did you know that 
already from geometry? 

K: Well ;. . 

R: You just have a feeling for it, i s  that right? 

K: Yeah (chuckles). i v  18. 



In the next interview, he explained how he would actually launch the rock: 

R: Alright, when it gets to the point of release, when this thing 
i s  coming around here, what w i l l  be the mathematics of that? 

K: Ok, I'll take uh, the . . . position. 

R: The posi ti on from where you're releasing i t ?  

K: mmm hmm. Uh, then I'll take, 1'11 take i t 's slope, well, I'll 
take the reciprocal of i t  , the negative reciprocal l ike what we 
were doing i n  math (chuckles). v 8. [ He i s  referring to the 
negative reciprocal of the slope of the radius (sling].] 

A few moments later: 

R: Ok, so then you take the negative reciprocal . . . . of the slope.. 
. . of that thing there? Now what? How does i t  actually shoot up 
to some.. . i t  has to go i n  that direction, right? 

K: Yeah, then I'd times it by the speed, to make sure it goes i n  
the right direction. 

R: Multiplied by what speed? 

K: Uh, at which it 's moving from position to position. So like i f  
i t 's moving a t  1, i t 's  going t o  change position - each time i toll be 
a t  a new position, but say it's moving a t  -25, each 4 times it'll be 
at a new position but i t  w i l l  appear l ike (inaudible) 

R: Ok, so a t  this point, i n  order to get i t moving along a t  the 
speed that i t was rotating, right, i s  that what you're saying you'd 
have t o  multiply.. . . . . . . what I'm trying t o  figure out i s  what 
the mathematics is, how you're going to get this thing to move 
from here to here. 

K: Ok, uh.. . 

R: From this point here to that line there. 

K: Well, once I've calculated all that stuff, I'll store i t  i n  a 
variable, and 1'11 just each time, I'll, uh . . . . I'll store i t i n  two 
variables, I'll store the x and the y and then um . . . 



R: The x and y of this position here when you l e t  i t  go, ok and 
then you increase - then what do you do? 

K: And then I just forget a11 this circle stuff and I'll go to a new 
routine where it'll, it'll add to  this position, the x and y each 
time and eventually . . . 

R: And how do you calculate those new posi tions, based ctn what? 

K: Besed on (inaudible) 

R: Based on the slope. 

K: Yeah, just keep on adding to it and then eventual1 y i toll find 
out whether or not i t  hits that. Urn, I guess I could calculate 
before hand . . . you wouldn't get the fun of seeing i t  miss i t  
(chuckles). v 9- 1 1. 

Therefore, i n  order to create the launch, he defined new coordinates which 

would move i n  a perpendicular direction t o  the turning radius of the rock by 

using the following formulae: 

mlocx = -si neki 1 t]*speed 

mlocy = cosineitiltl*speed, 

where speed i s  the speed of rotation of the rock and controls how fast the 

rock travels toward i t s  target. Recall that the position of the spinning 

rock was defined as: 

locx = centerx + cosinekil tl*radius 

locy = centery + sineitil tl*radius. 

Therefore, I can see that Kurt understands that (cosx, sinx) and (-sinx, 

cosx) define perpendicular vectors (although I never used vector 

terminology with him). When I asked him t o  give the coordinates of a point 

that i s  a 90 degree rotation of the point (x,y), he responded with (-y,x). 

In order t o  make the rock move along a straight path from launching, 



Kurt again used transf ormatienal (translations) geometry: 

R: And what moves it from one location to the next? 

K: That's what I'm going to do i n  procedure collision. I'll say uh, 
locx = locx + mlocx. v i  7-8. 

The other formula i s  locy = locy + mlocy. He has these i n  a subroutine 

which keeps adding equal increments to the position of the rock and thus 

makes i t  move i n  a straight line. 

A final example of Kurt's use of personal computer projects t o  

increase his mathematical knowledge i s  his discovery of the Law of Sines 

referred to earlier in  this chapter (p. 65). 

in summary, Kurt has made use of some quite sophisticated 

mathematical knowledge i n  the area of trigonometry (such as polar 

coordinates) and i n  the area of transformati onal geometry required to 

rotate objects 90 degrees and to move objects along straight line paths. A 

complete copy of the program David and Goliath i s  included i n  Appendix E 

(p. 137). The program i n  the appendix i s  a slightly more refined version of 

David and Goliath than the one described i n  the interview text, since Kurt 

has since worked out some of the "bugs". However, the mathematics that he 

used i s  s t i l l  the same as i n  the original draft of the program. 

In order to test the location of an object within certain boundaries, 

he has made use of the Pythagorean Theorem (in the form of the distance 

formula) and the absolute value function, both of which he understands 

clear1 y. For example, i n  order to  test to see i f  the 'rock" collides with 

Goliath i n  the program discussed above, Kurt used the following inequality: 

i f  30 > J(locx - gx)z + [iocy - 30)z then . . . . 



Goliath i s  a circle wi th radius 30 and center (gx, 30). Thus, i f  the distance 

between the "rockw and the center of the circle i s  greater than 30, the 

"rack" w i l l  keep moving. I f  the distance i s  less than 30, collision takes 

place and the program outputs "you hit!". 

In order to  test t o  see i f  the "rock" leaves the screen, Kurt uses the 

following inequalities: 

1320 - 101% f > 320 

1 240 - lacy i > 240, 

where the screen has a width of 640 and a height of 480. As he was 

writing these program lines I began t o  probe him for his understanding of . 

absolute value: 

I?: So, where do we begin? 

K: W e l l  now I'm checking on whether i t  leaves the screen. 

R: You're checking to  see i f  it leaves the screen. Now you said 
something t o  me a minute ago that you found another way to 
make your decisions? 

K: Yeah, I know when we were going to make this a box, I was 
going to check it four times but I figured out a way of I 
doing that with, without doing that. 

R: But didn't you change i t  to a circle? 

K: Ya, ya, but l ike this screen would be similar cause i 
one big box. 

R: Oh, I see. 

not uh, of 

t's just 

K: So 1 was just going to do i t  the way I was going t o  do i t  over 
there uh . . . but I figured out another way of doing i t  uh . . 

R: To determine i f  i t  goes off the screen. 



K: With only, only checking twice. 

I?: And how i s  that? 

K: What it does i s  i t  - that's uh 320 i s  the middle of the screen 
along here and locationx i s  where the object i s  along here and uh, 
. . . i t  takes the center of the screen minus locationx and i t  
changes that into an absolute value. 

R: Which i s  what, what's an absolute value? 

K: It's, i t 's  positive. 

R: Do you know what i t  i s  though? Do you know what it does f o r  
you? 

K: Well uh, 1 don't know, 1 just consider i t  as getting r i d  of al l  
the signs (chuckles). 

R: Getting r i d  of the negatives. 

K: Yeah. So no matter what i t  is, i t  changes i t  to a positive, so I 
can work with it. 

R: So what i s  i t in fact giving you then i f  it changes it t o  a 
positive? 

K: I guess the difference between two things whether or not i t 's  
on this side or on that side. And that's what this i s  doing so, urn - 
i f  i t 's 320 past this point, which would be i f  i t 's greater than 
320 past this point uh, then it'll know that i t 's off the screen on 
that side, urn, i f  i t 's less than then it'll be off the screen on that 
side and either way it'll te l l  me that i t 's greater&han 320. 

R: Ok, so how did you figure that out, were you just thinking 
about i t  one day or? 

K: Urn, i t  just popped i n  my head just now. 

I?: How did you know t o  use the absolute value function in  your 
program? Have you used i t  before? 

K: Yeah, I've used i t  once or twice before. 



R: To do the same soft of thing? 

K: Well no, to do something (inaudible], well actually I think I 
have (inaudible) before. v i i  1-3. 

The above dialogue reveals that Kurt has a good understanding of absolute 

value and also shows that he was i n  search of the shortest, most efficient 

way of solving a problem. 

Besides the new knowledge that Kurt has aquired through his use of 

the computer, he has become a skil lful oroblem solver, often easily 

recognizes relationships between quantities, and i s  comfortable working 

with symbolism i n  mathematics. The writing o f  the program David and 

Goliath i n  i tself  shows that Kurt i s  a good problem solver. Other examples 

of his problem solving ability were already discussed earlier i n  the chapter 

in  relation to his mathematical giftedness. O f  course, programming a 

computer requires frequent definition of variables and their expression i n  

terms of dependent variables. Kurt explained to me af te r  our f i f t h  session 

(not on tape but noted i n  my journal) that he thinks he i s  a good problem 

solver because of his work with computers. He went on to say that i n  order 

to create his programs, he needs to create equations and relationships. 

Kurt's computing hobby has also led t o  8 positive attitude toward 

mathematics as exemplified by the following exchange: 

R: Suppose we take the computer out of i t  completely? 

K: It would get a l i t t l e  more boring. (laughs) 

R: You'd find it a lo t  more boring, eh? 

K: Uh, yeah. Uh, I'd probably s t i l l  l ike i t  though. It just uh, i t  
just makes i t  a l o t  more interesting. I find it even easier to 
understand when I'm working with i t  on the computer. i 6. 



He prefers challenging and unique problems: 

K: I kind of l ike uh, . . . what 1 do on the computer a lo t  - I'll take 
an idea and I'll have i t  i n  my head but i f  it 's al l  i n  written words 
and pictures and uh, . . . I'll put it into a mathematics problem. 

R: Something's i n  words and pictures? -(Kurt interrupts) 

K: Yeah i n  my head and then 1'11, 1'11, figure out how I can get the 
computer to  do i t  or, . . .how i uh, . . . solving l ike a practical 
problem and putting i t  into numbers and algebra. i 1 

and later, 

R: I f  you had your choice, what sorts of activities or topics 
would you l ike to do i n  learning mathematics? 

K: Definitely computers, uh, . . . 

R: Can we get any more specific? You don't have a huge 
repertoire or background in  mathematics t o  pick from, but i f  1 
said to  you, "Ok Kurt, we've got 3 months of time in  the 
mathematics classroom and I'd l ike you to be involved i n  your 
choice of what we could study", what types of things would you 
l ike to do? 

K: I know what I'd l ike t o  do but when i t  comes t o  saying i t  
{laughs). . . 

R: You are finding it hard to express what you'd like to do? 

K: Yes. 

R: Just throw out any word, you don't have t o  express yourself i n  
a ful l  sentence, just throw out any idea. 

K: Like uh, I know my favorite part when I'm working with 
computers, . . . l ike when i'm making a program or  something, I'll 
be taking . . . . [inaudible] . . . I just love really interesting and 
complicated problems to do something different than what I've 
been doing before. I l ike to try new things. I like using sine and 
cosine a lot. i 3-4. 



On the other hand he dislikes mundane things 1 i ke an  thmetic and must see 

some challenge or worth in  what he's doing: 

R: Like for instance, is there anything you've done in 
mathematics that perhaps your teacher has given you and you 
think "Oh God, this i s  boring" o r  "I wish i didn't h a w  to do this", 
something that just doesn't appeal t o  you? 

K: When it 's stuff maybe I already know really well that I can 
almost get the answer t o  . . . [inaudible] . . . challenge. 

R: So you like the challenge. 

K: Yeah. i 2. 

In the next interview: 

K: Uh, . . . Okay, uh, . . . If I could, I wouldn't deal with the 
Arithmetic at all. (chuckle) Well, not, not completely, of 
course- 

R: You mean calculations, and stuff l ike that? 

K: Yeah, uh, t prefer Algebra, stuff like that. ii 1. 

The results of an attitude survey (see Appendix 8 , p.1 19) given t o  

Kurt a t  the start of the study, as compared t o  the means for grade 8 and 12 

students i n  British Columbia, are summarized in  Table 4.2 on the following 

page. Kurt's mean scores are considerably higher than the mean scores for 

grades 8 and 12 students on all scales tested, but particularly so on the 

scale testing his attitude toward computers and calculators. These 

statistics reinforce the fact that he has a positive attitude towards 

mathematics, especial1 y when used in  combination with computers. The 

survey was adapted from a survey developed by Robitaille, O'Shea and Dirks 

( 1982). 



Table 4-2 - Results of  Attitude Survey 

Scale Gr, 8 r * Gr, 12 r* Kurt's 

Mean Mesn Mean 

Matbasa 
Prates 

Math and 
Hgself 

Math i n  
Society 

Calculators# 
Computers 

* Hoyt's Reliability Coefficient 

Kurt i s  comfortable with his mathematical abilities and yet cannot 

articulate o r  understand why he has not been a high acheiver (as previous1 y 

discussed In this chapter, p. 54). For example, 

R: How do you feel about your abilities i n  Mathematics? 

K: Uh. I'm not sure, uh.. . . . . . I can't be too bad because I have a 
lo t  of fun working w i th  computers and uh, I use a lot  of  Algebra 
when I'm.. . 

. . . Uh,. . . I don't know. I find i t  hard to look at that question 
from an objective point of view because I'd l ike to be good at  
Mathematics, but 1 don't know i f  I am. i ,  1 think i t 's  important to 
be good at Mathematics. ii 2. 



However, his sense of self-efficacu seems t o  be dependent on his 

experiences on the computer. For example, during the second interview, i n  

trying to determine an expression for the sum of the f i rs t  n odd integers, 

Kurt was having diff iculty and suddenly said Yhis i n  computers, I'd have an 

easy way out of this" and chuckled. Unfortunately I did not have the 

presence of mind t o  explore this statement further. Kurt's greater sense of 

self-efficacy i n  mathematics i n  using a computer may be due f i rst ly t o  the 

fact that the computer gives him feedback on his errors, which he can then 

immediately correct and secondly, t o  the fact that I t  does not make 

arithmetic errors. For example, during the seventh interview, I was asking 

him something about the error  messages: 

R: Oh you mean i t  sends you to the cursor? The error message? 
Does i t  send the cursor to where the mistake was? 

K: Yeah. 

R: Oh, that's good. Oh, yes I see. 

K: It's a great way to solve all my problems. (chuckles) vi i  8. 

In contrast wi th  Kurt's sense of comfort while working on the computer 

i s  the sense of pressure he feels when doing written work o r  writing tests. 

The following sequences illustrate these points: 

R: I f  I gave you a problem, i s  the f i rs t  thing you might think of i s  
how to use the computer? Is that how you would t ry to solve the 
problem? 

K: Um, actually a lo t  of time 1'11 just do i t  on paper and pencil. 
But uh, . . . sometimes i n  a way 1'11 figure out how to do those 
problems because I thought, oh hey, I did something like that on 
computer and I worked i t  out this way. It's kind of funny, when I 
see i t  on a piece of paper i t  seems different from seeing i t on 
the computer even though it 's basically the same. Like . . . I, I put 



my brackets here and there and I make sure that everything i s  
arranged accordingly so that uh, l ike I pay attention to all the 
rules that I normally do when I'm, when I'm doing stuff on paper. 
But i n  a way i t 's different. It could be just that I feel more 
comfortable on the computer, l ike there's not the 
pressure there because uh, . , - I don't know, l ike I use 
the pythagorean theorem sometimes urn, to calculate 
distance a lot  on the computer but sometimes I can st i l l  
boo boo when I'm, when I'm doing it  on paper whereas I 
never make that mistake on the computer- 

R: Right, so why i s  that? 

K: I don't know, maybe i t 's  just that I feel pressure. 

R: When you say "boo boo" , what do you mean? The calculation? 

K: Well, on the computer, f i rs t  of a l l  I'll always wri te out the 
Pythagorean theorem right and it can get very complicated on the 
computer. But most of the time uh, sometimes the problem w i l l  
be a couple of lines and I'll have a bracket here and a bracket 
there and that w i l l  be the end of the pythagorean theorem 
(laughs) and inside there w i l l  be a l l  sorts o f  individual l i t t l e  
problems that w i l l  calculate each l i t t l e  thing. I could probably 
make it more simpler I guess but, sort of l ike uh, say you have 
the length here and the width there and uh, instead whet I have 
for the length I have such and such minus this and what not times 
and then I can get a l o t  of, I can get a l o t  of variables stuffed 
into there and I s t i l l  don't make a mistake as much as i f  I were 
doing i t  on paper. Maybe I just feel more comfortable. - - - 
and i n  a way it's better on the computer because if I 
make a mistake, I know it 's easier to figure out where I 
went wrong because the computer wi l l  st i l l  do the 
program right, it wi l l  s t i l l  go through the program. But, 
i t  w i l l  uh, because it'll usually go through the program several 
times and l ike i n  less than a second, I get t o  see what's going on 
and I see how the numbers progress, usually on the screen with 
graphics and stuff. So i can see, oh I bet I know what happened, I 
probably put a minus here where i should have put a plus or I 
times it and I should have divided it o r  I didn't square i t  over 
here when I should have and I can kind of see what's going wrong. 
i 6-7. 



With regard to  his feeling about the chances of success on written math 

tests, Kurt explains: 

Uh, . . . mediocre, i don't have a lo t  of confidence when I'm under 
pressure. i 2. 

So i t  seems clear that traditional written work and tests create pressure 

for Kurt, which lead to a lack of confidence and a lower sense of self- 

efficacy which i n  turn might have led t o  lack of success. On the other hand, 

i n  working with the computer, i n  addition to the enjoyment he receives, he 

develops a greater self-confidence which enables him to freely and 

creative1 y experiment wi th his ideas. 

I also easily concluded that Kurt i s  highly self-motivated i n  the area 

of computers. Kurt confirms this in  the following excerpt: 

K: Usually I never wr i te instructions (chuckles) i n  my programs. 

R: Because you are the on1 y one using them? 

K: Most of the time I write them for myself and once i n  a while 
someone i n  the computer room w i l l  play with it. v i i4  

Init ial Recommendations For Kurt 

The fact that Kurt i s  a self-motivated, independent learner i n  the 

area of mathematics and computing, together wi th his sophisticated level 

of knowledge for his age, his strong problem solving skills, his positive 

attitude and sense of confidence and self -ef f icacy in mathernatics when 

using the computer, lead to the conclusion that Kurt's needs are not being 

served by the present school system. Kurt's special education teacher 



explains: 

I think he would benefit from a very open-ended kind of education 
where he can make choices about what kind of project he would 
l ike to do and how he would go about gathering information i n  a 
way that he can work with. There are a variety of ways that he 
could do that, whereas 1 don't think the traditional style um . . . 
simply taking notes and writing reports urn, using one textbook 
source, that kind of thing, i s  what motivates him. He's a v e y  
creative kind of thinker and the options aren't necessarily there 
for him, and haven't been there for him i n  most areas. i x  9. 

After analyzing all the data i n  the summer following the interviews, 

I concluded that Kurt should be offered an open-ended, computer-based 

mathematics education. I fe l t  that I, as a caring, hardworking teacher 

familiar with, and sensitive to, his special needs, could integrate such an 

education into the regular curriculum fo r  Kurt. He would s t i l l  need t o  be 

taught the required cumculum as preparation for provincial examinations 

and therefore, he would s t i l l  be required to write a l l  the same tests as 

other students i n  his class. However, my evaluation of Kurt would place 

much greater emphasis on a modified homework program. His daily 

homework could include a choice of one from several problems or 

investigations related to the curriculum and which, i f  possible, would 

require the use of the computer or  a graphics calculator that would be made 

available to him. In addition, he would be required t o  complete some 

mathematics projects which would require a greater amount of time to 

complete, perhaps weeks or months. 



Implementation of  lni t ia l  Recommendations 

By the end of September, 1 99 1, Kurt (now i n  grade 1 1 ) and I had 

agreed that he would have the opportuni ty to do optional assignments and 

that the regular homework assignments would be de-emphasized. We did 

not discuss the number of assignments that would be completed, only that 

each time he handed one in, a new one would be assigned. I also asked him 

to make sure that he completed at least three or four questions f ram the 

class homework i n  order to test his understanding of the concepts covered 

i n  class. The optional assignments were to make up 50% of his final mark . 

a1 though I put no pressure on him regarding deadlines. My evaluation of his 

work was rather subjective and I tried to take an holistic approach. For 

example, I assigned marks to things l ike statement of the problem, 

understanding of the problem, clarity of presentation, use of symbols and 

variables and creation of relationships. However, I was not completely 

consistent, primarily because I was learning as I went along and did not 

a1 ways have clear i n  my mind what I wanted to evaluate as I assigned some 

work. What was important to me was that Kurt would be motivated and 

interested i n  his school mathematics and at the same time, improve his 

grades. 

Throughout the f i rs t  term (which lasted until mid November) Kurt 

had completed only four optional assignments. I considered this to be a 

rather low output, because none of the assignments was very lengthy. Many 

of the reasons for his low output have already been discussed earlier. 

Others w i l l  be discussed below. Of the four completed assignments i n  the 
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f i r s t  term , I w i l l  present two of the more interesting examples. 

The f i rs t  assignment was a set of three problems from the 

enrichment sections of his textbook, from which he was t o  choose one. 

He chose the following investigation and his solution follows: 

I f  n i s  a perfect square, what i s  the next perfect square? 

Figure 4.5 - Perfect Square Investigation 

The work above is  another example of Kurt's abil ity to see relationships and 

make generalizations. 

On 17 October I presented him wi th  the following problem suggested 

by Johnson ( 1 99 1 1: 

The Koch 'Snowflake' is made by taking an equilateral triangle and 
adding, a t  the middle of  each side, an equilateral triangle that i s  
one third the perimeter o f  the original triangle; and so on. (p. 63) 



a) Investigate how each successive perimeter of the Koch 

Snowflake relates to the previous one and then write a program 

that will pr in t  out the perimeters of the first 45 phases using a 

phase 1 perimeter of 27. Based on your results, what happens to 

the perimeter of the Koch snowflake a s  you keep increasing the 

number of phases indefinitely? 

phase 4 

0 
b) In a similar way, investigate the successive areas o f  the Koch 

Snowflake and write a program to  print out  the areas of the first 

45 phases. What happens to the area as  the number of phases is 

increased indefinitely? 

He immediate1 y read the problem and remarked, 'Oh, I'm sure I'll have f u n  

with t h i s  me'. The very next class he brought i n  the work shown i n  Figure 

4.6 on the following page. 

Notice that Kurt uses a general side length rather than the specific 

length of 9 as  suggested by the problem. Furthermore, instead of just 

finding how each successive perimeter relates to the previous one, Kurt 



Figure 4-6, - Koch Snowflake 



goes beyond that and writes the general formula for the perimeter of the 

nth phase! To my knowledge, Kurt had not formally studied the properties of 

sequences and series as this topic i s  f i rs t  introduced i n  the grade 12 

curriculum. During the next class, Kurt began investigating similar 

patterns for squares instead of equilateral triangles and was trying to 

generalize the problem to a higher level. Thus the problem led to a more 

open ended investigation. Kurt's approach to this problem shows that he i s  

more interested i n  the general solution rather than the specific solution. 

I then asked Kurt i f  he had written the computer program yet and he 

had not. Over the next few weeks 1 kept asking him for the program. On 28 

October, he said that he wrote the program but forgot i t at home. On 4 

November, he said that Re could not find the program and thought he might 

have lost it, but that he would redo it. On 7 November, he said that he had 

wanted to work on i t  that morning, but that the staffroom door was closed. 

(I'm not sure what he meant, because i f  he wanted to see me, I sm usually 

i n  my classroom.) On 1 1 November, I went to look for him i n  the computer 

lab, where he was producing a beautiful graphic design. I asked i f  he had 

worked on the snowflake program and he complained that a certain input 

statement had "escaped" him, so he abandoned the effort. 

I finally decided to leave i t  alone and, since reporting time was near, 

I had to calculate his mark. His average on the four assignments he 

completed was 82%, combined with a class mark of 56X, giving him an 

average of 69% for  his f i rs t  term mark. He also made a goad effort at 

attempting some questions from the majority of his daily class homework 

assignments. 



A t  the start of the second term, I decided that since he was keen on 

graphic design, i might suggest that he do some art work involving 

mathematics. On 27 November, I presented him with part of a paper I had 

written on "Escher" type tesselations and asked him i f  i t  were possible for 

him to create such tesselations with the computer. On 2 December, Kurt 

said, "sorry, I haven't done anything on the tesselations yet". Then after 

class that day he presented me with his missile problem, discussed earlier 

i n  this chapter (see p. 64-66). He also mentioned i n  a very matter of fact 

manner that he had three projects on his mind simultaneously. His 

computer science teacher later told me, "Ya, and he seems to work on a 

different one every day". 

The next assignment that I asked him to consider was the writ ing of 

a program that would calculate the roots of a quadratic equation. One week 

later he asked when I would l ike i t  completed because, i n  his words, "I'm 

busy t y i n g  to f ix  my car track game so that the keys don't have to be 

banged i n  order to make the car turn. Otherwise Mr. Bird [the computer 

science teacher] won't network i t  for other people to use". He never did 

write the quadratic equations program. 

Kurt devoted the remainder the second term to his missile project 

and at one point he mentioned to me that he just had to show his brother 

Ken that he could create programs on his own without borrowing ideas from 

his brother. I suspect that Kurt's concern grew out of an accusation that 

his brother made. Kurt's brother Ken explains: 

I think one of the main thrusts i n  my teaching him, one of my 
main goals i s  trying to get him {which I'm very unsuccessful i n  
getting him to do) to start a program from scatch. To use very 



structured programming, l ike t o  s i t  down and write the program 
and plan i t  all out beforehand. I was successful a l i t t l e  b i t  
because I know he'll sketch the variables and stuff to the 
program and then s i t  down with the computer. So he's getting 
the ides of how to program but I've been trying to push him to do 
that. I was recently accusing him of just taking my programs 
and just reworking them but I think, I found out that that wasn't 
really the case, he got some ideas from my programs and he did 
use some of my procedures which sometimes I wrote for him, 
but other than that he's been on his own. x 3. 

During all of second term, the only assignment Kurt handed i n  was 

the mathematics of his missile project which was described earlier i n  the 

chapter (p. 64-66). He did not respond to any other suggestions that I made 

including the possibility of writ ing a paper on fractals, for which I gave 

him several resources. Needless to say, f could not weight the one 

assignment very heavi 1 y i n  his second term mark. He had also completely 

given up on doing any class assignments, not just i n  mathematics but i n  

virtually all his other subject areas as well. Despite his lack of 

productivity on assignments, his unit test marks actually improved. With 

the exception of a badly failing mark on his quadratic equations test (which 

he said he forgot about), he averaged 79% on the remaining three tests that 

he wrote i n  second term. 

One exception to his non-compl i ance i n  completing assignments was 

i n  English class, i n  which he eventually handed i n  al l  outstanding 

assignments for second term and scored the second highest mark on the 

grade 1 1  English exam, which he completed i n  the required time limits. His 

teacher and I discussed Kurt's tendency to be so selectively productive and 

the teacher made an interesting remark about Kurt's attitude to Social 

Studies saying "Kurt described Social Studies as a memorization course and 



that he was not interested i n  memorizing facts and therefore saw no use in  

doing the assignments despite the fact that he was aware of his graduation 

requirements". 

In addition to being successful i n  his Mathematics and English 

courses, Kurt seems to have also made strides i n  improving his social 

skills. His teachers have recently noticed that he seems much happier and 

less withdrawn than he was i n  previous years. 

Even though the program of a1 ternative assignments worked 

reasonably well for  the f i rs t  two months, i t  soon became apparent that i t  

would not work over the long tern. One reason for this may have been my , 

inability to find enough interesting problems f o r  him to choose from. I 

consulted many books on problem solving i n  computing and found very l i t t l e  

work that would be at the appropriate level for Kurt or found the work to be 

almost too trivial, requiring the programming of a simple given formula. in 

addition, finding interesting problems or investigations related to  the 

cum cul um was difficult. 

A second possible reason for the program's lack of success was 

Kurt's internal motivation. I thought that a 50% weighting on alternative 

assignments might be a powerful incentive to be productive . However, 

based on Kurt's academic history, 1 should have realized that marks do not 

motivate him. Kurt has his own personal agenda and unless i t  matches an 

externally imposed curriculum, he may not respond to that imposed 

curri cul urn. 

In the following chapter I w i l l  discuss some of the theoretical and 

practical implications of this study. 



Practical Implications f o r  Kurt 

In my opinion, one of the most significant descriptions of Kurt's 

diff iculties was his very own analogy with that of a "glass wall" between 

himself and his teachers (Chapter 4, see p. 56). He ref 1 ected that he could 

see what was expected of him and yet could not break through the barrier, 

transparent though i t  was. He also clearly knows what i s  expected of him 

i n  terms of graduation requirements and prerequisites fo r  post secondary 

education and yet he w i l l  not or cannot conform to the expectations of the 

system. Any disability ( i f  i t  i s  a disability) that Kurt s t i l l  has i s  related 

solely t o  his low productivity i n  school related tasks. His recent 

improvement i n  his Mathematics and English classes are evidence that he 

has overcome earlier deficits related to written output and time restraints 

on tests. Furthermore, I do not believe that these improvements are a 

coincidence. Kurt has developed excellent relationships, both with myself 

and his English teacher. The English teacher and I have shown extra 

interest i n  Kurt and have placed great value on his talents and 

contributions, and I believe as a result, he has responded positively. A t  the 

end of Kurt's grade 10 year, after a11 the interviews with him had ended, 

his  speci a1 educati an teacher commented: 

i know that his mother was talking to the principal from the 
elementary school that he attended and said how happy she was 
with his whole self-concept this year, that he has really changed 
i n  terms of his acceptance of himself, he's happy, he has friends, 



his attitude has changed dramatically towards himself and 
towards others and towards school, which doesn't mean that he's 
that much more successful i n  school, but he sees himself as 
being more accepted, and I think, certain1 y what you've done with 
him and the sort of, time to talk about things has really helped 
him. He needs that ti me to reflect and bounce things off people . 
. .ix 3 

I believe that Kurt has a deep-rooted intellectual need for personal 

value and meaning i n  the educational tasks he decides to undertake. It i s  

as i f  he must have total unique ownership of the solution to a problem o r  

indeed of ten the cr~?~t'io,-? of the problem (as i n  the case of his missile 

problem) before he sees value i n  completing it. He has a deep need t o  be 

creative, something which the computer and, more recently, his writing, 

have allowed him to be. 

Therefore, i f  conformity i s  one of the goals of our educational 

system, then Kurt i s  disadvantaged because he finds i t  impossible to 

conform to the system's expectations. I am confident that there are other 

students w i th  characteristics similar to Kurt who are also silently 

suffering throughout their school years. Renzulli and Reis ( 199 1 1 argue: 

Whole group instruction, prescribed and didactic curriculum, and 
an emphasis on standardized achievement and minimum 
competence have turned our schools into dreary places that 
cannot begin t o  compete with non-school interests, extra- 
curricular activities, and endless hours i n  front of the television 
set. (p. 28) 

However, i f  creativity i s  one of the goals of our educational system, then 

Kurt i s  wi l l ing and able to produce and must have his needs and talents 

attended to. 

Current trends i n  educational reform i n  British Columbia, wi th the 

intended adoption of many of the recommendations of the Year 2000 



document, are a step i n  the right direction toward meeting the needs of 

students l ike Kurt. The principles of the Intermediate Program stating that 

the cum culum and assessment should be 1 earner-f ocussed, that the 

curriculum should provide students with choices, and that assessment 

should help students make informed choices, are especially important. In 

addition, the integration of special needs (including the gifted) students 

into the regular classroom setting has become the accepted norm. 

However, i believe that i f  Kurt's intellectual potential, at least i n  

mathematics, i s  to be realized, then i t  must be through a program for 

gifted mathematics students or an alternate school program modelled after 

something si mi 1 ar to the Enrichment Triad Model {Renzul li, 1 977) discussed 

i n  Chapter 2. Certain1 y some ski l l  development must be built into such a 

program, but I have seen that Kurt can learn more sophisticated 

mathematical knowledge than his peers through his own investigations - 
his own curriculum. The current mathematics curriculum with i t s  

multitude of content-oriented intended learning outcomes i s  st i f l ing ta 

Kurt's potential because i t  does not allow sufficient class time to explore 

ideas. 

A program of study might be developed that does not necessarily 

have the same content objectives for each person that enrolls i n  it, but i s  

based on a curriculum of process objectives. For example, students could 

be encouraged to choose investigations that would involve one or more of 

the following processes: inductive investigation or argument, deductive 

proof, algorithmic thought and generalization, conjecture, and problem 

solving of various types. Many of the useful basic algebraic skil ls that are 



part of the current curriculum would probably be required i n  many of the 

investigations that students would undertake. The specific content that 

each person learns would be dependent on the types of investigations that 

the student chose. 

The teacher's role i n  such a program would be to act as a mentor and 

resource person and general1 y as someone to discuss ideas with. Kurt 

would also have to be under some pressure to produce, perhaps i n  the form 

of a negotiated contract. He might also benefit from co-operative work 

experience, perhaps with a f i rm that produces software and computer 

games. 

Such a program of study would also include some small group 

investigations. Certain1 y Kurt would benefit from working with someone 

that has complementary skil ls to his own. It would also fu l f i l l  the need to 

be social during the learning process i n  addi tion to encouraging verbal 

communication of mathematics between students. 

Implications for  Teaching 

The study of Kurt has evoked an awareness i n  me that there may be 

others (and not just gifted students) wi th similar needs i n  mathematics 

classrooms. Kurt i s  an extreme case of someone who needs t o  be 

motivated wi th  challenging learning activities and self-chosen topics of 

study. Given that i t  i s  highly unlikely that specialized programs such as 

the one described above would be readily available for students such as 

Kurt, provisions must be made to integrate these students into the regular 



classroom. These provisions, however should be beneficial to all students. 

The implications for teaching are threefold: the curriculum must be 

flexible, new resource materials must be readily available, and new 

evaluation procedures must be developed. 

The current mathematics curriculum does not have enough flexibil ity 

built into i t  to allow teachers to deviate from the intended learning 

outcomes prescribed and thus provide students such as Kurt a source of 

stimulation. The argument might be made that a creative teacher can cover 

all the curriculum i n  a stimulating way but reality dictates that the 

majorityofteacherswil lfol lowwhatthecu~culumguidesuggests. The , 

current Biology 12 curriculum at least offers teachers optional topics and I 

see no reason why the same flexibil ity could not be built i n  to the 

mathematics curriculum. Bishop ( 19881, i n  offering curriculum 

suggestions, argues that the concepts l isted i n  curricula should not be 

viewed as 'topics' as i n  examination syllabuses. He explains: 

They are offered as ofq~niz-ing [i talics author's] concepts in  the 
curriculum which provide the knowledge frame. They should be 
the foci of concern, approached through activities in  r ich 
environmental contexts, explored for their mathematical 
meaning, logic and connectedness, and generalized to other 
contexts to exemplify and validate their explanatory power. 
(p. 100) 

Bishop further proposes that one third of the curriculum be devoted to 

project work and an additional one third to investigation type activities. 

Thus, there i s  plenty of f lexibil ity i n  terms of the content that a student 

such as Kurt might choose to investigate. 

As mentioned i n  the previous chapter, I fe l t  that one of the l imit ing 



factors to the success of the program of alternative assignments that I 

gave to Kurt was the diff iculty that I had i n  finding appropriate material, 

especially sources of computer projects that require the use of 

mathematical concepts related to the curriculum. Undoubtedly, there are 

interesting materials for projects and investigations scattered throughout 

university libraries but the fact remains that they are not easily 

accessible to the classroom teacher. With the great number of students 

that teachers are responsible for, i t  would be dif f icult  for a teacher to  go 

far out of his or her way to provide for the special needs of one or two 

students,andyetthatiswhatisideallyexpected. Whatisneededisfor . 

some researcher to collect and classify, according to topic area, al l  the 

investigations and projects currently available at the various grade levels. 

These could then be published and sent to the schools along with the 

curriculum guides. In this way, mathematics teachers would have an 

immediate source of interesting materials that could be given as possible 

choices to  students such as Kurt. 

Given that Kurt i s  not motivated by grades or marks and assuming 

that there are others like him, perhaps the emphasis i n  evaluation should 

shift  toward a more formative type. Furthermore, i f  the curriculum were 

to become more flexible as suggested above, then standarized examinations 

for all students would have t o  be eliminated or at least altered. For 

example, an evaluation of Kurt might include a description of the 

mathematical content and processes that he has used i n  his projects. This 

might be aided by requiring him to keep a journal where he could record his 

reflections on any particular investigation. The report would also include 



areas that require improvement. Then, rather than a test mark being the 

measure of his ability, the formative report and the products that he 

creates become the measure of his achievement. After a1 1, that i s  the way 

that the real world operates outside school. 

Current1 y, the on1 y options available to Kurt regarding provincial 

examinations i n  mathematics are cosmetic i n  nature, meaning that the 

actual content of the exam remains the same, but that he may be allowed 

extra time, or to take the exam orally, for example. However, I believe that 

there could be other options. If, for example, the curriculum were to 

become much more flexible, then the provincial examination might 

eliminate multiple-choice questions and instead provide a wide range of 

choices of problems to solve from the content areas that are i n  the 

curriculum. 

Another a1 ternative would be to waive the examination requirement 

altogether, and instead provide an aption for  gifted students such 3s Kurt 

whereby their evaluation would be based on a project that would be carried 

out at the end of the year over a one or two week period. Students would 

have several options including computer projects, research papers and 

investigations al l  requiring students to demonstrate that they have met 

various content and process ob jectives. The projects would be completed 

i n  class under the supervision of the teacher. I realize of course that the 

evaluation of such work would require more effort and cost more money 

than would the passing of computer cards through a scanner, but gifted 

students such as Kurt should be considered an investment for the future. 



Significance of the Study 

This study i s  significant i n  at least three ways. Firstly, the study 

reaffirms many of the characteristics of gifted learning disabled students 

and, i n  a realistic way, makes the reader aware that these students exist i n  

our British Columbia schools. Perhaps the study may have resonance for 

other mathematics educators and offer possible insights into the minds of 

students with characteristics similar to Kurt's. Thus, the study may be a 

source of ideas on how to motivate such students in  the regular classroom. 

Second1 y, the study presents a challenge to curriculum planners in  . 
mathematics. Because a good education i s  every person's right i n  this 

province, curricula and resources should be avai lable that are flexible 

enough to suit everyone's learning style. This study has suggested that the 

current British Columbia mathematics curriculum i s  not suitable to all 

individuals, especial1 y some of the more creative students. 

Finally, conducting this research project has laid the ground work for 

me to be a much improved classroom teacher. Prior to undertaking this 

research, 1 more often than not paid l ip  service to the notion of enriching 

individual students while teaching the required cuniculum. Working with 

Kurt has shown me that i t  i s  possible to at least offer the option of 

enrichment to ai l  students. I have recently suggested optional 

assignments, worth a small percentage of the term grade, to a l l  students in  

both my science and mathematics classes. The need to offer students a 

variety of choices i n  curriculum and assignments has never been clearer in  

my mind. , 



Concluding Remarks 

The nature of gifted learning disabled children i s  very complex and 

puzzling. It seems a contradiction that people could be both gifted and 

learning disabled and yet, as this study reveals, the existence of these 

types of students i s  not uncommon. GLD students are intelligent, creative, 

and strong problem solvers and of ten have a keen interest i n  a hobby. On 

the other hand, visual or auditory processing difficulties andlor motor 

integration problems may result i n  them having a great deal of diff iculty 

expressing themselves i n  traditional ways. Other deficits, such as i n  short , 

term memory, and their usual unorganized nature, may also hinder their 

efforts at being successful i n  school. In addi tion, they usually show 

patterns of non-compliance with assignments. As a result of e l l  their 

difficulties, GLD students are usually low or average achievers. The 

frustration fel t  by these students at the discrepancy between their 

superior thinking ability and their low achievement usually leads t o  a 

lower self -esteem. 

Early identification of gifted learning disabled students i s  extremely 

important. In Kurt's case, psychoeducational assessments revealed his 

superior intelligence i n  early elementary school. Throughout his 

elementary school years, teachers were aware of both his high intellectual 

ability, and some of his difficulties. However, I suspect that most 

teachers fel t  that his potential ability would eventuslly be realized, 

despite the traditional approaches to teaching that Kurt was not responding 

to. Through no fault of their own, Kurt's teachers were probably not fully 



aware of, and therefore could not possibly understand, the nature of the 

GLD student. These students must not only be identified i n  elementary 

school, but must also have their special learning needs met soon after 

identification. 

The following i s  a l i s t  of characteristics of a gifted learning 

disabled student, as portrayed through my experience with Kurt. I am not 

attempting to generalize these to all GLD students, as indeed no GLD 

student ever shows all the characteristics listed in  the literature. They 

are meant only to make teachers aware of some of the possible 

characteristics that these 'mystery' students might exhibit. 

1. Early psychoeducational assessments indicated high 

intelligence coupled with specific learning deficits. 

2. He was forgetful. 

3. He was articulate and had a good sense of humor. 

4. He was highly motivated, creative, and an 'expert", i n  an area 

of interest outside the school curriculum. (ie. computers) 

5. He did not readily respond to a highly structured curriculum 

which required much memorization of factual knowledge or 

completion of "dril l" type exercises. Non-compliance with 

assignments was frequent, and as a result, achievement was 

usual1 y low. 

6. He was not motivated by marks, grades, or post secondary 



requirements. Interesting, challenging and preferably self - 
discovered or self -created probl ems provided the moti vati on. 

Unusual, strange or "wierd" phenomena of ten attracted his 

attention. 

7. He preferred to learn independent1 y, choosing his own 

curriculum of study. He often worked on several personal 

projects a t  the same time, frequently jumping from one to 

anot her. 

8. He clearly understood what was expected o f  him from his 

teachers and yet could not bring himself to respond to those 

expectations, either because he perceived the task as being 

impossible to perfect, or because i t  just may not have been 

interesting enough for him to "waste" time on. 

9. He loved to discuss his special interests. O f  ten this occurred 

before and after class. 



Appendices 

Appendix A - Letters of Authorization 

The following i s  a l e t t e r  of request to the parents of Kurt for the 

participation of their son i n  this study. A similar letter was also sent to 

Kurt. The second 1 etter i s  a request fo r  authorization to  access Kurt's 

confidential school file. 

Simon Fraser University 
Faculty of Education 

Informed Consent bu Parent for Part ic i~at ion of a Minor i n  a 
Research Proiect i n  Mathematics Education 

Dear Mr. and Mrs. J 

The purpose of this l e t t e r  i s  to ask for your consent t o  have your son, 
Kurt, participate in a research project that 1 wi l l  soon be undertaking. This 
project has heen examined and approved by Dr. Tom O'Shea, Faculty of 
Education, Simon Fraser University. 

The purpose of the project i s  to examine your son's mathematical 
behavior. He w i l l  be asked to attempt to solve a variety of mathematical 
problems using any means which are available t o  him. While he i s  solving 
the problem he w i l l  be asked t o  try t o  explain what he i s  thinking. My role 
wilt be only t o  observe and record his responses, t o  ask probing questions 
and t o  clarify any misunderstanding that he might have i n  interpreting what 
a problem i s  asking. I w i l l  then attempt to analyze the information in  
order t o  determine Kurt's characteristic patterns of thought, his strengths, 
his weaknesses and his interests. 



This study might be important for his future learning of mathematics 
because i f  a teacher knows how a student thinks, then learning activities 
might be structured i n  such a way as t o  best take advantage of the pupil's 
strengths. In addition, the project may also benefit other educators 
because there may be more students who learn and think i n  similar ways to 
Kurt. 

The information collected and the analysis of his work w i l l  be 
confidential and wi l l  not negatively influence in  any way Kurt's school 
marks o r  evaluation. A11 recorded inf  omation w i l l  be destroyed at the 
conclusion of the project and the final results of this study w i l l  also be 
available to you. 

Your consent for the participation of Kurt w i l l  be very much 
appreciated and i s  completely voluntary. It i s  your right to withdraw Kurt 
from this research project a t  any time. Thank you very much for your 
cooperation. 

Sincerely, 

Reg Cichos 

1 agree t o  allow my son, Kurt, t o  participate i n  the research project 
described above. 

Name 
(please print) (signature) 

Date 



Simon Fraser Universi t~ 

Facul tu of Education 

Dear Mr. or Mrs. , 

I am writing to request your permission to access and photocopy some 
of  Kurt's school f i les i n  order to gather certain personal information 
regarding Kurt. Specifically, i n  order to properly complete my research 
project, i t  will be necessary f a r  me t o  obtain his entire academic history 
and his psy choeducati onat assessments conducted by Vancouver General 
Hospital, Vancouver Children's Hospital and the f i rm of psychologists hired 
by yourseltdes to do an independent assessment of Kurt . Again, all 
information w i l l  be kept str ict ly confidential and the photocopies w i l l  be 
destroyed after the project i s  complete. Thank you for your cooperation. 

Reginald A. Cichos 

I authorize Reginald A. Cichos to obtain the information requested above. 

Mame 

(please print) (signature) 

Date 



Appendix B - Attitude Survey 

The following attitude survey was adapted from Robi taille, O'Shea, 

and Dirks ( 1 982). The survey questions presented here are classif ied 

according to the scales that they were designed to test. The test items 

were scrambled before they were administered to Kurt. Kurt's response i s  

given i n  brackets beside each question. Questions with a * at the end are 

negatively worded. 

Mathematics Attitude Surveq 

The following survey measures how you feel about various aspects of 
mathematics. On the following few pages are statements about mathematics. 
Read each statement carefully and decide how you feel about it. Rate each 
statement on a scale of 1 to 5, as follows: 

5 means "I strongly agree". 
4 means "I agree" 
3 means "1 cannot decide" 
2 means " I  disagree" 
1 means "I strongly disagree" 

Hath as a Process 

1. Mathematics w i l l  change rapidly i n  the near future. (2) 

2. Mathematics i s  a good field for creative people. (4) 

3. There i s  l i t t l e  place for originality in solving mathematics problems. *(2) 



4. New discoveries i n  mathematics are constant1 y being made. (2) 

5. Mathematics helps one to think according to str ict  rules. *(2) 

6. Estimating i s  an important mathematics skill. (3) 

7. There are many different ways to solve most mathematics problems. 
I41 

8. Learning mathematics involves most1 y memorizing. *( 1) 

9. In mathematics, problems can be solved without using rules. (2) 

10. Trial and error can often be used to solve a mathematics problem. (4) 

1 1. There i s  always a rule t o  follow in  salving a mathematics problem. 
*(3) 

12. There have not been any new discoveries i n  mathematics for a long 
time. "(3) 

13. Mathematics i s  a set of rules. *(2) 

14. A mathematics problem can be solved in  different ways. (5) 

15. Mathematics helps one t o  think logically. (5) 

Hath and Myself 

16. 1 really want t o  do well i n  mathematics. ( 5 )  

17. My parents really want me to do well i n  mathematics. (4) 



18. 1 am looking forward to taking more mathematics. (5 )  

19. 1 feel good when I solve a mathematics problem by myself. (4) 

20. 1 usually understand what we are talking about i n  math class. (4) 

2 1. 1 am not so good a t  mathematics. *(2) 

22. I l ike to help others wi th  mathematics problems. (1 )  

23. if I had my choice I would not learn any more mathematics. *( 1 ) 

2 4  1 feel challenged when I am given a diff icult mathematics problem. (4) 
. 

25. 1 refuse t o  spend a lo t  of my own time doing mathematics. *(I) 

26. Mathematics i s  harder for me than than for most persons. *(2) 

27. I could never be a good mathematician. "(3) 

28. No matter how hard I t ry  I s t i l l  do not do well i n  mathematics. *(3) 

29. 1 w i l l  work 8 long time i n  order t o  understand a new idea i n  
mathematics. (4) 

30. Working with numbers makes me happy. (4) 

3 1. It scares me to have to take mathematics. *(4) 

32. 1 usually feet calm when doing mathematics problems. (5) 

33. 1 think mathematics i s  fun. (5)  



34. When f cannot figure out a problem, f feel as though I am lost i n  a maze 
and cannot find my way out. *(4) 

Math i n  Society 

35. It i s  important to know mathematics i n  order to get a good job. (5) 

36. Most people do not use mathematics i n  their jobs. *(3) 

37. 1 would l ike to work at a job that lets me use mathematics. (4) 

38. Mathematics i s  useful i n  solving everyday problems. (3) 

39. 1 can get along well i n  everyday l i f e  without using mathematics. *( 1 ) 

40. Most of mathematics has practical use on the job. (3) 

41. Mathematics i s  not needed i n  everyday living. *(I) 

42. A knowledge of mathematics i s  not necessary i n  most occupations. 
"(2) 

Calculators and Computers 

43. It i s  less fun t o  learn mathematical ideas i f  you use a hand-held 
calculator. * ( l )  

44. If you use a hand-held calculator you do not have to learn to compute. 
* ( I )  



45. Using a hand-held cal w l a t o r  can help you learn many different 
mathematical topics. (31 

46. Solving word problems i s  more fun i f  you use a hand-held calculator 

(3) 

47. Computers solve problems better than people do. *I 1 ) 

48. Using computers makes learning mathematics more mechanical and 
boring. *( 1) 

49. Everybody should learn something about computers. (5) 

50. Computers do lo ts  of good things f o r  people. (5) 



Appendix C - Sample Interview 

This interview was originally transcribed with a wide right margin, 

i n  order to leave room for coding and commentary. In the interest of saving 

space, the wide margin has been removed. 

INTERVIEW MUMBER TWO, 6 MARCH 1991 

R: Kurt, what sorts of things or activities ap  peal to you i n  Mathematics? 

K: Uh, . . . 1 think 1 like, uhm, word problems because they have some 
meaning behind them. Uh, . . . i l ike using problems that I can apply to 
things. 

R: So i f  you had your choice, i s  that al l  you would want t o  do i s  t o  solve 
problems throughout the whole year? What else would you l ike to  involve 
i n  your learning? 

K: Uhm, . . . i l ike t o  use computers, of course. Uhrn, . . . . . . 

R: Maybe there are some things that you dislike. What types of things to 
you dislike, and maybe we can yo from there. 

K: Uhm, (chuckle), . . . Uh, . . . i don't really like, uh, . . . I don't know. 
Ichuckle) 

R: When does mathematics bore you? 

K: Uh, . . . Okay, uh, . . . I f  I could, I wouldn't deal with the Arithmetic a t  all. 
(chuckle) Well, not, not completely, of course - 

R: You mean l ike calculations, and stuff l ike that? 

K: Yeah, uh, I prefer Algebra, stuff l ike that. 

R: How do you feel about Geometry? 

K: Uh, i t 's  okay, I guess. I don't, I haven't done a lo t  of Geometry, uh, . . . I 



guess except for the stuff on the computer. It's uh, I like it. It's okay. 

R: How do you feel about your abilities i n  Mathematics? 

K: Uh. I'm not sure, uh. . . . . . . I can't be too bad because I have a lot  of fun 
working with computers and uh, I use a lo t  of Algebra when I'm 
. . . Uh, . . . I don't know. I find i t hard to look a t  that question f ram an 
objective point of view because I'd l ike t o  be good a t  Mathematics, but I 
don't know i f  I am. I, I think i t 's  important to be good at Mathematics. 

R: What would be some of the reasons? 

K: Uh. Well. . . I think programming w i l l  be useful and of course I use 
mathematics, uh, everyday sort of stuff . . . depending on what career 1 go 
into, uh, i know my one brother Ken i s  thinking about engineering. He 
phoned up recently and he told me that and of course that would be 
something you need mathematics for. . . . . . o r  say i f  you just wanted t o  do 
home renovations and things. 

R: So you think it might be useful at home too? 

K: Ya. 

R: Do you feel  that you have achieved as high as your potential might 
allow? 

K: No (laughs). 

R: Do you have any idea why that might be the case? 

K: Uh, i t 's hard to say, uh.. . . . I think I could be better at mathematics but 
1 don't really know why I'm not l iving up to the standards I've set for 
myself. 
Uh, . . . . . i t  boggles me (laughs). 

R: I f  you had your choice what sorts of things or actiiri ties would you like 
to do i n  learning mathematics? 

K: Anything to do with computers (laughs) . . . I have a lo t  of fun with 
computers. . . . . . 1 would l ike to learn more about trigonometry; i t  seems 
interesting from the l i t t l e  b i t  that i do know. 



R: You mentioned something t o  me at  the end of the last session about one 
of the reasons you enjoy math; that you a1 ways try to see . . . . what was i t  
that you said? 

K: How i t  relates to things i n  real l i fe.. . .. 1, I, there, there are not a l o t  
of useless math problems. There's lots of stuff you can apply mathematics 
to.. . . just, you know, i t  helps me think logically. They seem to be sort of 
intertwined, logic and mathematics. 

R: Ok, here are a series of l i t t l e  questions that involve pat terns. It says 
what's my rule? So just read i t  and then I'm going to ask you i f  you really 
understand what the question i s  asking. 

a moment later. . . 

R: Do you understand what i s  meant by "find the nth tern'? 

K: You mean uh, how would you be able t o  calculate the next uh, number? 

R: Ok, that's what you're asked t o  do init ial ly i s  t o  give the next few 
numbers, but then suppose I asked you now, which term would this be? 
(point t o  the f i rs t  term) 

K: First term. (R points t o  the next term) Second term. Third, fourth, fifth. 

R: Ok, now suppose I asked you to calculate the eighteenth term (Kurt 
interjects "ok") without having to go through that whole sequence, how 
could you calculate the eighteenth term, that's what it 's asking. 

K: Ok. 

R: You understand? 

K: Un huh. 

R: Ok, so why don't you t r y  the f i rs t  one there, f i l l  in  what the next few 
numbers would be and see i f  you can come up with a formula i n  terms of the 
term that you have-the nth term. 

(25 seconds) 
R: 1s that a multiplication symbol? 

1 



K: Uh, yeah. (chuckles) looks kind of funny doesn't it. 

R: How do you know for sure that that (the formula) i s  correct? 

K: Urn, because I could take every one of these and do that and then I could 
keep on going what I think i s  the next pattern and this works far every me  
that I can come up with - pick any one of these that I know would f i t  this 
pattern a t  random and I know i t  would work for that. 

(continues working - 2:42 later S begin chucklingl 
R: What's that? What's happening between - what's happening here to get 
the pattern going? 

K: I think i t  just - plus five each time. 

(30 seconds later) 
R: Now, how did you get the plus two here S? 

K: Urn, . . . . . they uh, they weren't multiples of f ive but each one had five 
extra than the next one and each of them could, urn, be minused by two and 
i t  would equal a multiple of five, so I knew that n times five plus two i n  
each case would give me one o f  these. 

R: Does that in fact work? 

K: Yuh. 

R: Does that work for the second term? . . . . . Ok, how would i t work then 
for the second term? 

K: Uh, n would be one and i t  would be times five- 

R: For the second t e r n  n would be one? the second term n would be? 

K: Oh, uh, oh yeah (surprise) uh. . . . . . wait a second, I think I got myself 
confused, so in  each of these the f i rs t  one of n i s  one? 

R: Yeah, that's the f i rs t  term. This would be the f i rs t  term (points), the 
second term, third term, fourth term, f i f t h  term and so on. 



K: Ok, then I have t o  change this a bit. 

R: So, you put an n- 1 i n  there? 

K: Yeah. 

Icontinues working - 1: 15 later) 
R: Are you saying here add 3 t o  n and then divide by 2? 

K: Ya. uh no. No, (laughs) not any more (laughs and makes a change). 

R: What i s  this supposed t o  say now? 

K: Uh, n plus 2 divided by 2. 

R: And that works for a l l  of them? 

K: Yeah. 

R: Ok. 

(continues work - 1:55 later) 

R: In these harder examples, numbers 6 through 9,10 you' r e  figuring out 
the rule i n  your head and then you are writing the sequence down.. . . . . So, 
what's the rule then for number nine? 

K: n plus 2, no, n plus (chuckles) - keep on wanting to add more than I 
should, n plus 1 uh, . . . times . . .8, and then, n plus 1 times 8 minus . . . no, 
plus 1. 

R: Hay I ask you something Kurt before you go on to the next one? What 
makes you add one t o  n here al l  the time? See in  a l l  these formulas you're 
putting n plus something in  brackets and then dividing by 2 , ok, for  these 
ones that were a half (point to fractional examples) - here you went In- 
11*5 +2, here you went In+ 1 )*8+ 1 - Why do you put the n+ 1 i n  brackets? 

K: Uh, because these are supposed to be the f i rs t  term, right? 

I?: Right. 



K: So, n equals I ?  

R: Right. 

K: And uh, . . . it just doesn't f i t  to have n equal to I (laughs). 

R: You mean i t  just doesn't f i t  when you just have n, i s  that what you're 
saying? 

K: Yeah. 

R: But how do you determine the pattern like that - how do you determine 
that you haw to add one- just by looking at the f i rs t  term? 

K: Uh, usually uh, after I've gone through it, I look a t  the relationship 
between these and I get the rest of the stuff and then I figure out that, 
well, that's kind of times 2 really and then so I figure well I guess I'll have 
to  add one to n. Like i sort of figure out what the relationship i s  between 
these guys and then I figure out where it starts. 

R: And what's the relationship between each number i n  number 9? 

K: Uh, there uh, i n  number nine they're uh, times 8 plus 1. 

R: HOW did you know t o  times by 8? What made you see that i t  was eight 
that you have to mu1 tiply by? 

K: Well, I knew there had to be uh, they couldn't be . . . uh . . . they didn't 
seem to make any sense the way they were there so I tried minusing 
numbers and looked at  what I gat and i f  some of them weren't . . . I don't 
know. . . when I minused 1 i t  looked like it needed minusing or something or 
other (1 sughs). 

R: Wel l ,  i n  each case here you either multip[lied or divided by something. 
Now what made you decide on what number to multiply by? 

K: Uh, . . . What do you mean like (laughs)? 

R: Ok, well see here your pattern i s  n times 3 and here i t 's n times 2 and 
here it's n times 3 plus 5 and here i t 's n minus 1 times 5 and suddenly here 
you are dividing by 2, here you're dividing by two, now you're back t o  



multiplyiny by a number. How do you figure out that number there, that you 
have t o  mu1 tip1 y by? 

K: Uh . . . well . . . I'm not sure exactly, uh, I think I must have minused o r  
something, subconscious1 y. 

R: Ok, let's go through the next one, number 10, and try t o  think out-laud as 
to how you are figuring out the pattern so that 1 can here what i s  going on 
in  your head. 

K: Ok, uh, . . . they look like they're multiples, uh, . . . and 9 and 23 don't uh, 
don't have uh, aren't any multiples of something but I know theg must be 
because of the way that they are - i f  you subtract 23 from 9, i f  you 
subtract 37 from 23, 1 know I'm going to get the same number uh. 

R: 50 what numher do you get in that case? 

K: I get . . . 1 don't know how i figured it . . . well i t  just looks like it's being 
multiplied - I kind a .. . 

R: Ok, so you subtract the numbers and what would you get in  this case, 
what i s  that common number that you get? 

K: Uh, . . . fourteen. 

R: Ok, go ahead and t ry  to come up with the rule and the next few terms. 

K: 21 i s  close to 23 so i f  I minus by 2 and i f  I minus by two they both 
come t o  be a multiple of 7, urn, so it 's whatever times 7 plus 2 ,urn . : . . . 

R: How come it doesn't work? 

K: Oh (laughs) because, un, well t think the rule works but 1 messed up 
somewhere. 

R: Show me that the rule actually works for the f i rs t  three. 

K: Uh, 1 times 7 equals 7 plus 2 equals 9. . . . . no i t  doesn't work (iaughs), 
it doesn't work. Uh . . . ok. 

R: Does i t  work for the next one? 



K: . . . i f  n were 1 there, i t  were 3 there . . . and . . . i f  i t  were 5 there . . . 
ok, uh, . . . n times 2 minus t times 7 plus 2. 

R: Does that work now? 

K: Works for the f i rs t  3 uh, . . . . . ya. 

R: What did each one of these questions have i n  common? What was 
similar about al l  of them? 

K: Oh, you already said that, they're either mu1 tiplied or divided by uh, . . . , 
and one's either multiplied or divided by somewhere along road, i n  here i t 
was after a plus or something. 

R: Ok but the actual patterns themselves - forget the rules for a minute - 
what i s  similar about a l l  the patterns? 

K: uh, . . . . . you can say that uh, the f i rs t  and the second number are 
different i n  the same way than the second and the third number are 
different. 

New Problem 

R: Find a rule to calculate the sum of the f i rs t  n odd integers. Ok, now ask 
i f  you don't understand. 

K: Oh wait, I get i t  now, I get i t  now. 

R: Tell me how you know you get i t ?  

K: Well you mean the f i rs t  n odd integers, uh, you want an odd number every 
time,um, I'm not sure i f  I get i t  now. 

R: You can write something down i f  you want. 

K: Ok, yeah, that might help. Uh, . . . 

R: Why don't you wri te same numbers down first. 



K: You add them all, right? 

R: flk, what's this number here? 

K: Uh, oops, yeah . . . uh . . 

R: Right and you have t o  add those together, right? And that would be the 
f i rs t  how many odd integers? 

K: Four. 

R: Dk, so now I'd l ike you to come up with a formula. For example, i f  I 
asked you what would be the sum of the f i rst  25 odd integers, I'd l ike you 
to be able to te l l  me wi th  a formula, what that sum would be, without 
actually adding up a l l  the numbers. 

K: That doesn't do it, i t  just calculates one of them - the last one (refers 
to his rule nY2+1). 

R: What does this give you - this 2n plus I ?  

K: The last number. 

I?: Ok, so that just gives you the number, right? 

(long pause) 

K: This i n  computers I'd have an easy way out of this (laughs). 

I?: What are you thinking now when you write 4 times 2 + 1. 

K: I'm thinking that - how I would get that- uh, yeah and so I'm just sort of 
substituting and then - 

R: What does this give you, 4 times 2 plus one? 

K: That w i l l  give me 7 

R: No. 



K: No. Uhm, ok then that helps, I know I'm doing something wrong. (laughs) 

R: W e l l  you just finished telling me a minute ago that this 2n + I  only gives 
you the last term, right? I want you to find the sum of all of them. 

K: But I'm thinking that would help me, uh, . . . . . (long pause) 

R: Well, what i s  the sum up there? 

K: uh, 16. ... . . 

R: What are you thinking? 

K: I'm thinking that (chuckle) . . . I don't think I know how to do this because 
. . . I'd have t o  have series of numbers, an indefinite series of numbers 
depending on what n is. 

R: No. [ I  probably wasn't listening because what he said i s  correct, he just 
hasn't determined how to generate the series yet] i'd l ike to know 
specifically, i f  I ask you to find the sum of the f i rs t  4 odd integers, that i s  
my answer. If I ask you to find the sum of the f i rs t  6 odd integers, you add 
them up and give me an answer. Ok. Now what I'm asking you t o  do now i s  
i f  I asked you to find the sum of the f i rs t  100 odd integers, can you give me 
a rule that w i l l  give me the answer l ike that? (snaps fingers) 

S: (long pause) I s t i l l  don't get i t  because . . . I f  I want the sum of al l  
these integers, this only gives me the last one, and seeing n could equal 
anything, i t  could equal the next hundred integers, the next 10 1 uh, I'd need 
to do this 
. . . . . . I'd, I'd need to do equation similar t o  this uh, for I don't know how 
many times, wouldn't I? 

R: Wel l ,  test out some other sums. 

K: From 0 to n, right? 

R: No, no you're starting with 1. 

K: Sorry, from 1 to n. 

R: No, that's not n. n i s  the f i rst  n terms, this n i s  4 here. 



K: But i t  w i l l  start wi th  one, right. 

R: It w i l l  always start wi th one. Could you write out a representative for 
me of the sum that you would have to find - the sum of the f i rs t  n terms? 
Like this i s  the sum of the f i rs t  four terms, could you write out for me 
what it might look l ike to add the f i rs t  n terms, the f i rs t  n odd integers? 

K: What do you mean? 

R: Ok, write out the sum of the f i rs t  3 odd integers. 

(he does this) 
R: Clk, write out the sum of the f i rs t  five odd integers. 

(he does this) 

R: Wr i te  out the sum of the f i rs t  n odd integers. 

K: Ok, uh oh,oh, ok {insight)l think I know what you mean now. (long pause) 

R: Where does i t  have t o  start? 

R: What's a way to show that i t actually starts at 1 and goes higher and 
higher and ends at the nth term? 

pause 
R: Ok, you've had no experience at writing out these things, but anyways, 
can you see what the answer might be, what the sum might be from the few 
that you've done? 

S: Well, i don't know, I,\ keep on seeing these,uh, a series of, of . . . those 
things, uh, of n times 2 minus 1 - 

R: (interrupts) Those are the numbers that gou are adding, right, but what 
about the sums? 

K: And then add that t o  n minus . . . minus n minus 1. 



R: But what about the answers, what do the answers look like? 

K: uh, oh,. . . . ok, ok, uh, . . . that's easier. 

R: That's what I want you t o  find, I want you to find the answers, I want 
you to find the sums. 

K: Ok, 1 could have been approaching this i n  an easier way. Ok, . . . . I'm 
going t o  do that l i t t l e  pattern thing, uh, . . . .(tong pause- 45 sec. - writes 
something down) 

R: Is that your answer? 

K: It fits. I guess so. Uh. 

R: Circle i t  there so I know where you are on the page - n squared i s  your , 

answer. 

K: Yeah. 

R: And i t  fits, right? That's it. 

R: Maybe you misunderstood my question. 

S: I, I couid have, I should have thought of that because.. . 

R: You were concentrating on the terms instead of on what you were 
supposed to concentrate on, the sum, right? 



Appendix D - Kurt's tlissile Problem 

This is  a copy of the actual work that Kurt handed in to  me as an 

optional assignment. The transcribed version i s  i n  Chapter 4, Figure 4.2, 





left: 
begin 
speed:=speed-rspeed; 
end ; 

right: 
begin 
speed:=speed+rspeed; 
end; 

up : 
begin 
launch:=i; 
end ; 

end ; 
end ; 

end ; 
end ; 

procedure update; 
beain 
tiit : =tilt+speed; 
if tilt>i27 then tilt:= ((tilt/l28-trunc(tilt/128))*128); 
if tiltco then tilt:= 128+((tilt/l28+trunc(tilt/128))*128); 
~locx:=locx: 
olocy:=lo~y; 
ogx : =gx ; 

end ; 

procedure draw; 
begin 
setcolor (12 ) ; 
line(trunc(1ocx) ,trunc(locy).centerx,centery); 
setcolor (2 1 : 
circle(&&c(gx) ,30,30) ; 
end ; 

procedure erase; 
begin 
setcolor (0) ; 
line(trunc(olocx),trunc(olocy),centerx,cente~~); 
circle (trunc (ogx) ,3O , 30) ; 
end ; 

procedure launch-it; 
besin 
ml&x:=-sine [trunc (tilt) ] *speed; 
mlocy:=cosine[trunc(tilt)]*speed; 
rlocx: =locx : 

~ ~- 

rlocy:=locy; 
end ; 



procedure newupdate; 
begin 
tilt:=tilt+speed; 
if tilt>l27 then tilt:= ((tilt/l28-trunc(tilt/128))*128); 
if tiLt<O then tilt:= 128+((tilt/l28+t~n~(tilt/l28))*128); 
olocx:=locx; 
olocy:=locy; 
ogx : =gx ; 
gx : =gx-gspeed 
end ; 

procedure collide; 
begin 
or locx : =r locx ; 
orlocy:=rlocy; 
gx : =gx ; 
rlocx:=rlocx+mlocx; 
rlocy:=rlocy+mlocy; 
putpixel (trunc (rlocx) , trunc (rlocy) ,l5) ; 
if 30>sqrt(sqr(abs(rlocx-gx)))+(sqr(abs(rlocy-30)) then 

begin 
collision:=l; 
subend : =I ; 
end ; 

end ; 

procedure screen; 
begin 
if abs(320-rlocx)>320 then 

subend:=l; 
if abs(240-rlocy)>240 then 

subend : =l 
end ; 

begin 
repeat 
initialize; 
makeSinCosArray; 
repeat 
keys ; 
update; 
draw ; 
erase ; 
until launch=l; 
launch-it; 
repeat 
newupdate ; 
collide; 
draw ; 
erase; 
screen ; 
until subend=l; 

{main} 

setcolor (4) ; 
if collision=l then outtext ('You hit! I )  ; 
delay (350) ; 
until subend=O; 
end. 



Appendix F - Data Sorted into Categories 

This appendix includes a l l  the data that I classified according t o  the 

major categories that emerged during analysis. I further grouped the data 

according t o  whether they matched a particular code o r  not. Occasionally, 

my observations or  comments were also included. Originally, I l e f t  a wide 

margin t o  leave room fo r  additional remarks, but in  the interest o f  saving 

space, I have removed the margin. 

Checklist: Characteristics of  GLD 

1. Hobbies 
Computers-5 years up to 1 991 , V20 
K: l s t a r t e d t h i s p r o g r a m i n t h e ~ r  andfirtiSheditacouplemonthsintos&ooland I was kind of 
experimenting with it an of the time. k13 

2. Discrepa~cg 
I think I could k bttw at mathematics but I don't reaw h w  why I'm not 'living up to the standards I've 
wtfor myself. Uh,. . . . . i t b q g k s m ~ ~ ) .  ii2 

3. G s a b  
If he thinks he cannot meet his own or other peoples' expectations in an assignment, he puts it off 
entirely and w u M  rather wxept a mark of zero. 

. . . . He feels that he is a faih-e in . . . the routine of note taking, he's afraid that he's maybe missed out 
something, that he's not competent enough at note taking in class or, note t a m  from a W, or 
answwing a mmpreiwnsim qwsth. He feek that, "what if I've missed a pint"? So he's v q  anxious 
about that whole are and for  the most part, he wil l  not even attempt to answer comprehension questions 
because, in tlw past, he's felt insetwe that he may not have covered all the m a t h i .  HQ won't complete 
parts of things. For example, he had a project, which was basically a v q  simple, step by step 
assignment, that was an laid out for him and he was very concerned that he was supposed to have four 
pages of notes. He was very c m c e r d  from step one that he was not going to be able to stretch four 
pages of notes out of that assignment and so, he didn't b o t w  to even attempt it, even though the 
materia1 that was supposed to be inch& was very wen laid out and was very predictable. Ye had  don^ 
me as an exwpk  together and when h~ saw it only came to two pages, he did not want to k bothered 
having anything to  do with that assignment because he had heard from classmates that they were 
supposed to have frwr paps. When 1 explaiwd to him, "well, whg not hand in what you've have d m ,  
you've covered the assignment, don't worry ahat ttre longth of the assignment", he got vwp angry ;rrtd 
said, "what's the point, I have to have four pages, that's what evwyone else has". His tea-s GWCM 



him in the same area but he refused to have anything to do with that assigmmt because he didn't feel 
that Ire could have the v o h  that was required. He wouldn't hand in parts of the assignment to  get 
partial marks because "that isn't perfection,, that is not umethinq I win be p r d  to hand in, or have 
anything to do with it, so I won't even begin it, won't even a t t ~ t  it". ix 6-7. 

see inteniew ix,  p. 3,7 for examples. 

4. Self-critical 
no examples 

5. Reflcetive 
In grade 9 year, teachers were asked to give extra time in completinq tests. Spent 20 minutes on one 
test pstion for me, co~pletely forgetting or ignoring other questions. 

Kurt tends to be a one directional type person. He tends to haw the type of c o ~ t r a t i o n  that he 
cancentrates on me thing at a time. He can't sort of, you know, walk and chew gum at the same h e .  
He has to think of me area, one focus, and tends to be a real perfectionist in that area as well. . . - . . . . 
He tends to I think go off in one direction and forget the big picture. He tends to get very bogged dom if 
there's something he's concerned about that takes up all his t h e  and energy and he doem't see that 
maybe in perspective, it's not all that impwtartt. . . . . . . . ix 3 

6. Frastfaties 
Frustrated at the lack of m s  in basic things. See int&w ix. 

Bvo~Km:l th ink, in~a1,homeworkiskindofkharf f r r rh im~mortandIhadthesarr \~  
experience, because sometimes it's hard, you sit at a desk, and partiwlarlly for me vrMq an SswJ, 
and I'm trying to transfer that to what he's feeling on a broader scak. When I write an essay, a lot of 
WrtesI'll justsitandstareatthepageandl justcan'tgetam~th~outwrdthisqoes~foralonqtkne 
and so you just tend to drop it after a while. I think he's just kind of writing off b w o c k  as something 
he can? do becase he does have problems doing it. For some things at fwd, it'll take him a tonQ t h e  to 
get it out. Wow for math, I think it seems to me if he just did the homework, it would just come real 
quick@. x 6-7. 

- - -  - - - - -- 

7. Disorganized 
Tends to not & homework regularlg (special ed. teacher, myself, others) 
Work is sloppy, sparso. (id. iii, viii) 
Time management difficulties: That's the kind of, I think the kind of learner he is. Kurt kind of lives for 
~m~nentandbdoemYs~aktofthhrqsato~,heon~seesmthhrgatatimeandso~tlcindof 
awareness of time and managing that tbw anb seeing how it connects to other things in the e n v i r m t  
is a real disability that he has. ix 4 

. . . . at the beginning of the year when we first started planning for time management, we did like an 
hour block and blocked it all out for the evening, and how he was going to m his time. Even to extra- 
curricular type things, when was he going to go to the computer lab, when was he going to have d*, 
etc. That was . . . he couldn't handk that emotional@. His mother changed the time of dinner by fifteen 
minutes and he said he couldn't use his schedule at an, it just threw the whole thing off. He had MI 
fkxibilitrJ at that stage ad he was very anxicKls about mk#w changes that he saw, that were disruptire 
to him because of that sort of lockstep approach, you know, "if it doesrt't happen the way it is 
predicted, I cw't deal with it". He was very anxious, I mean physical@ he Wed very anxious and . . . 



just the frustration that he walked around with. ix 5 

8. Mcmrg 
PsychoeQlational assessments- fwgetful, difficulty remembering past learning, especially 
unstructured, poor short term memory 

9. Dcficieacies 
Pw~choeducatio~l assesnnents- delay in mtw output 
Plorwchl psychologist- visual motor impairment 

10. Problem SBlvhg 
Plenty of examples in data - test q w s k i ,  computer program, coordinate geometry problem. 

1 1. !hbscales 
'BflSC-R 1989 
High scores in similarities, arithmetic, vocab., comprehension, picture completion, block design, o b N t  
assembly. 
LOW scores in digit span, ding ,  p i c b e  arrangement. 

12. Expert 
Computers : 
I started this program in the summer and fHtished it a couple months into school and I was kind of 
experimenting with it all of the h e .  iv 12. 

H ' s k i n d o f ~ , ~ a s k e d i f I k n e s r a l o t o f C O m P U f e r s a n d i s a i d t h a t  Idki ,a lotmwethana 
lot of people in this s b l ,  not of cwrse includung Mr. Bird - uh, and I got the impression that they 
thWght I was being arrogant or m t h i n g  or other and I went h e  and I thought, well, if i were being 
arrogant, I don't see how that cwld be because if t didn't know more than these people, I'd be asharrted 
becam I've been working with these for like five years". v20 

13. Languages 
French was dropped from his schedule in grade 10. Pow perfwmam arid tircle with special ed. teacher 
was required. 
-- - -- 

14. S-g - no examples found 

Checklist: tiathematical Giftedness 

I .  Fwmalized PerccptienlRelatiemhips 
K: Ikindoflikeuh ,... what I d o o n t h e a q u t e r a k t -  illtakeanideaand I'llhawitinmyheadbutif 
it's all in written wwds and pictures and uh, . . . Ill put it into a mathematics problem. 



R: Something's in words and pictures? -(S interrupts) 

K: Y e ~ i n m r ~ h e a d ~ t h e n l V , I ~ f ~ w e & h o w l c a n g e t t h e c o m p u t e r t o d o i t o r ,  ... howl&, ... 
soMq like a practical problem artd putting it into nwnbers and algebra. il - A-- 

K : I find it fun to use the COmPUfer and (inaudible) at the same time. 1 like taking something from words 
and putting into wmbws wwl stuff and in a way it kind of increases my &standing of what I'm talking 
about - what I'm t h ~ ~ .  i4 

R: But how do you determine the pattern like that - how do you determine that yw have to add one- just 
by l d h g  at the *st term? 

K: Uh, usually uh, after I've gone through it, I look at the relationship b e t w m  these and I get the rest 
of fhP duff arrd then i figure out that, well, that's kind of times 2 really ;md then so I figure well I quprs 
I11 have to add me to n. Like I sort of figwe wt what the relationship is between ttrese guys and then i 
figure out where it starts. n7 

creates variables for a problem quickly (iii), evident thrmghwi study. --- ---- - 
tn session iii he has written two relationships invoking side1 and side2 of a triangle based OR given 
information. He suddenly says, "&, ok, yes" and writes, side2 = 4, then s c r a m  wt the =4 and 
replaces it with =b. 1 ask him to explain what he's doirtg . He says, '2 unkmwns, but side2 has a 
relationshiptosidel. IcwrfiQureoutwhatsidel is intwmsofs ide2.  Itreducestoonevwiablemdthe 
equation is solvable". iii2. - - ---- 
a problem given to his goup in class was to -two linear profit relationships, described verbally, 
and determine u h e ~  one ompay 's profits overtook the other mmpq 's .  This was an introduction to 
linear systems. Steven wrote two, 2variable equations and began to solve the system algebraically. 
(mtes, April 18) - ------------- 
In teaching prablems with systems of equat ia~~ ,  students were encowaged to la& for totals to suggest 
eqwtkurs and variables. Far example, if 5000 dollars was invested, partly at 948 and partly at 10.548 
and the total interest earned was 483.75 dollars,  the^ it was suggested that t h y  might p r d  in such a 
way as to  produce the folkwing equations : 

x+y=fjQoo 
.I 05x + -05%~ = 433.75, where x and y are the different amcmts invested. ~ o w ~ v e r ,  

when students were asked to t ry  this very qwstion (it hadnY been done as the example), he asked me to 
come t o  his desk and asked if this was ok, 

(so00 - x )  -09 = 483.75 - y 
xf1.05) = y (arithmetic error his) 

Wothinci else was written on his paae , but one cwr see that y is the interest earned at 10.5% and x is the 
a m t  o f  money invested at 10.5%. This is quite different. (notes, April 30,1991 ) 

2. Geawrlitatioa 
the example that motivated the study is an example of one of  Heid's (1 983) abservations, "It is mt 



uncommon far a gifted student to salve a problem on its most general level, to general& algorithms far 
solving whole catagorbs of problems of the type given, and then to neglect answering the particular 
-ion stated in the prablem" (p. 223) 

after writing the foymula far the nth term of a mrmber of arithmetic sequences : 
R : What did each one of these questions have in common? What was simrlar about all of them? 

K: Oh, y w  already said that, they're either multiplied or divided by uh, . . . , and one's either muWpW 
ar divided by somewhere along rd ,  in here it was af€w a plus w smethhg. 

R: Ok but the actual patterns themselves. Farget the rules far a minute, what is simiW about all the 
patterns? 

K: uh, . . . . . you ran say that uh, the first and the .second mmber are different in the same wag than the 
secr#rd and the third nrsnbev are different. ii9 

Next, I asked him to show me that the answer is in fact correct. First he thought it might be the wronq 
sign. Then he began talieing about the slope equation. He gave the s?ope as - y intercept) x intercept. 1 
& e d h k n ~ n e ~ a t i r e a n d k ~ e r e d ~ t h e l k b e s l o ~ d o m a n d s h o w i t o n t h e d i a g r w n . ( k  
new this from c k s  as well, but was not shown the intercept farm of slope formula] i i i3 - -- - - 
3. Cwtailsmnt af Reasming 
shows very little work as indicated in the systems of eqwtiorrs example above. 

in interview viii, where relationships are right triangle trigonometric, he first writes an acronym 
learned in class to rmwr trig ratias but, instead of for example, writing sinA=xli'L1, he will go 
directly to sin A Y  1 =x1 arsin(A+B) *L2=x2 in his wwk. pplO,16 ------------------- ---- 
missilr! problem 

4. Ewmnng, F k x * i g  
in writing the program David & Goliath, his Goliath moving across the tap of the screen was wiginally 
square. DeterminkrQ if the projeciile hit Goliath would have required hequalities (2 ar 4)iestinq the 
range of x ccrordinates and y ~ d ~ t e s .  Suddenly : 
K: Oh, it would be inierestkg if I had a circular Goliath. [chuckles) I could use the pyhgarean harem 
wrd 0nh make O W  wtbll. 

R: How's that? 

K: Urn, well what I'd do is I'd take, I'd just put in lacation, the distance, yaur delta x I guess would be 
locatianx.. .kwtianxminusum.. .gxandyowy wouidklocatiany minusgy andor#;eyou'vegot 
that you've got your distance from Cioliath arid uh, when he's within a certain distance, he's wing to be 
within a certain circle. .pi1 3 

later : 
K: Maybe I should try that, it11 b~ easier than this. vi14 

%ik working on David & Goliath, he freqmdly borrows stuff from another program, which he refers to 
hQre : 



K: hudible stuff) about my car program is, it works and everything but it doesn't really need the 
pythaqwean theorem uh . . . 

R: f i t  doesn't need i t ?  

K: The car program. See . . . . . (types - goes back to car program) this spot here is where it uses the 
pythagwean theorem to urn, calculate urn, what the momentum of  it's going to be, including all the 
slippage and stuff, but I think you could just use ratios, like . . . . it could probably just times a certain 
m m k  by -9 and that wwld mean 9#$ of it would go in whatever direction and then the other me would 
be times point one, add them together, divide by 2. . . . or no . . . . . . yeah, I'd just add them together 
and that would fiwdible). vil6 

----PA-- ------ 
m interview vii, he's Ctcrmininq if the project i i  leaves the screen, which he originallq did ty using 4 
inequalities: 

K: !h iwas justgoingtodoittheway Iwasgoinqtodoitoverthweuh ... b u t 1 f ~ u r e d o u t ~ ~ r  
way of doing it uh . . 

R : To determine if it gaes off  the ween. 

K: With (only, only chechg twice. 

K: ~ t i t d o e s i s i t - ~ t ' s u h 3 2 0 i s ~ m ~ o f t h e s c r e e n a l o n g k e a n d l m a t ~ i s w k e t h e  
object is a h g  here and uh, . . . it takes the center o f  the screen minus locationx and it changes that into 
an a b ~ l u t e  value. wil -2. 

5. Remmdmctioa of Mental Processes no examples 

7.  Cast o f  Mind 
R: You mentioned somethbg to me at the end of the last session about one of the reasons you enjq 
math; that you always t r y  to the . . . . what was it # a t  you said. 

K: How it relates to things in  real life. . . . . I, I, there are not a lot of useless math prllems. T k e ' s  
kts of stuff you can apply mathematics to.. . . just, you know, it helps me think logically. They seem to 
be sort of intertwined, logic and mathematics. ii3 

He certainly never seems to get tired of computing. 



Problem Solving Strategies 

1 . Trial and ErrerIEmeriarr?ntf a 

K: Yeah and.. . I like doing that art of thing. 

R: Did your brother help you to figure out what the sine and m i n e  mat? 

K : I of initially played a r d  with it a bit and far the fist few tm I jwt to& his prwm and 
wodd madified it a bit. f wauld chwQe certain variabies in m e  and iSd look and see what and a 
tot of times far a while there I was jwt kind of using that pro~rwn to make other program5 bemJS@ 1 
w m ' t  W e  faml'liar with if. But after a while, after USiTtg it, I vt to know it and I was COmf~fabk a d  

M w  1 m t M  make up stmething from scratch. ~ u t  in way he sort of introduced me to the idea w e  
if he didn't make the program, I warauldn't have found it. i4-5 

K : . - . . . . . I might uh, I might do several things uh, I might try replacing e\rerything with variables 
repackrg every thing with numbers. 

R: When you .say replacing with numbers, what do you mean? 

K : He made a little p r q a r n  - I asked him haw to draw a circle and uh, he had it drawn point by 
p . o i n t o n t h e a p p l e ~ I w s i n g r & 4 ~ 5 .  Ibakedatitanduh.. . i t t & m e s u i t e a w h * ~ I  



figwd out that what was making the thing rotate was the sine and #sine. So I e x p r h m t e d  with that 
and learned how it worked. 

R: And the fact that the sine never increases abctw I and stuff like that you just figured h t  out by 
experimenting? ( K w t  rr#mrbks afirmatively) You didn't read up about it in a book at all? 

K: Ok, that here I sort of have it named after the pwts of a ship, pwtx um, that's the kft side, and urn . 
. so . . . oh, I think urn . . . oh yeah, as you'll notice with the portx and the starx and the stary um, . . . 
instead of adding stuff to the tii, instead all 1 did was I put a minus and a plus W e ,  to do tiw 
perpendicular thing, you know, that we're doing now. 

R : With perpendicular slope? 

K: Yeah. 

R: So where did you learn that? Did you pi& that up just from experimenting too? 

K: Yeah, I picked that up in . . . grade 6 or something or other, I happed to be fiddling with a program 
bmere I wanted t h ~  thing, instead of, I wanted it to rotate 90 degrees and I wasn't sure how to & it 
and s m b w  I sturnbled upon it. ~chudcles) 

R : From experimenting? Good for you. 

K: I think it was totally by accident, because I accidently put a pkrs or something where I should have put 
a minus and I thought, oh hey, that's interesting, the things turning fumy (chvckks). So I checked that 
out and ( rrmMb1es 4mth ing inaudibk). Anyway, this here, uh, just make sure you don? get confused, 
uh- &lo-11 

- - -- 

2. U s e  o f  Past Expnicace 
R: tf I gave you a problem, is the f i rst thing you might think o f  is to how to w the emputer? k that 
how you would t ry  to solve the problem? 

R: How this is a mm-curricular example. I'm always going to be Qiving you pstbns that are not from 
the curriwb. You don't wmssar13y have to take approaches that, ran - (Kurt interrupts) 

K : I'm just b y  ing this because I'm fam17iar with them. 

R: Becwse you've learned it in school. 



remembers m th ing  he did earlier in session : 
R: That's what I want you to find, 1 want you to firad the answers, I want y w  to find the sum. 

.... K : Ok, I cwld have been approaching this in an easier way. Ok, I'm gainq to & that l itt le pattern 
thing, uh, ... .(Ong p a u p  45 sec. - writes mthing dam) ii13 ---- --- --------- 
At the very beQinninQ of the programming o f  David & Goliath : 
R: Let's just see - can you clear- this and start - you'd \ va t  to work on paper *st, eh? 
Before ycw start programming anything? 

, ... K: Sawtimes I dr, a litt le of troth um, sometimes I don't I dm't know Ok, urn, Ill probably keep 
same of this program seeing it'll help r r i ~  wt (chuckles whi* saying this). A lot of time+ I don? make 
anything up from w a t c h  anymare. iv14 ----- ----------- --- 

. K: An equilateral triangle 60-613.. ....... .can't remember what the ratio of the.. uh, wcwld it be 
ak to ask what the, (chuckles) what the . . mi . . ratio is of this side to this side, because I can't 
reme*. Like ycw h w  how r e  were hinq special triangles. v i i i6  ---------------- - 
R: Now can you w e  me  me indication as to why you drew that line? ~~ on outside of triangtQ) 

K : Urn ... it, it just helps me think k m  urn ... like. .. graphing (also strategy far geometry)kind of 
urn ..... usually when I get canfused with like uh, some swt of trigmmetry thing, urn .... .what I like 
to da is, like when 1 was thinking of three dimensiPnal trigortometry, what would help me the mast was 
w ~ I w ~ , l i k e & a ~ ~ 1 w a s t h i n k i n q o f t h e ~ s m m y h e ~ , a n d m ~ t h e m w w n d a n d  
stuff, urn, and haw I was going to do it, I uh .... sort of like drew, I had the point where uh ... .like 
say I had a line that I had determined using sine and casine, I would um .. .think about it kind of like this, 
and this is x urn, this is y ad this is x and urn ... .well now this cwld take me a while to explain 
<chuckles) 

R: Ok, what I'm readinq - you can tell me whether I'm reading what you're saying correctly or rtat- 
yw're trying to interpret the pametry on a grid. 

K: mmmhmm. 

R: Using coo~dinates, is that right? 

K: (begins to chuckle) ... .<witesoutSOHCAHT0A,memaq device twqht inmath 10 tor- 
trig ratios) vi i i lO --- -- 

......... K: Even though it doesn't loolc like it. (dwkles) .this makes me thmk of, what & y w  call it . 
... .. .... .that uh IBM (inaudible) 3-diwnsional graphics projecting things, bemuse this is a lot like it I 

... thbrk ......................................... (begins chuck- 

............. R : So y outre labelling every thing with variables. ................. 

K: Oooooah. ..... Ok, ok, I think 1 gat samething now. ...... .that uh, that cl i f f  thing, that that cliff urn 
.... 



K : That wwM be the 'lake there, and these would be the banks. 

R: Oh, Isee,idcethequestiononyourtest? 

K: Yeah. ... Ok, that's ping to make things easier now (chuckles) .. now that I've drawn that 90 
d Q g r e e s d o w n ~ e . .  .&,because Iknew 11tof i taSl)degreean~kinWesome*eand 1 
couldn't figwe out how I was ping to do it. ... Dk, .... the problem is what does z have to do with 
any th ' i  .... .urn ............................... problem is i have evm~thirtg ups* do- 
k e  so 1 can barely read it ...... hmm ... I don't know if that's going to help me ..... .L2 ........ 
...... .ml4 

K: Uh, ... It probably doesn't help but, uh, ... it win help me get an idea ... maybe how I ~ ~ l d  
.... ... them in another form or something that would work better. (chuckles3 (55 sec later) I'm 

thinking of percentages for some reason. .. i9 -- ----------------- 
He next writes the propodion side1 {side2 = 411 but is not swe how t o  solve it, so he m i t e ~  the 
proportion 4/2 = 8/4 in order to remember the relathship between the terms. iii2 

K: Thisisconfusing(chuckles~. . .um .. .Ismjustgoirqtotry towriteanequationfor.. .thaturn. .. 
that.. .for what side one I'S1) is going to equal, depending or, the length and U?Q angle.. ........... 
Yeah I, what's that triangle that we - that's an isosceles <mumbling something) 

R: Mat do youmean? 

K: Lice say if I had ha example, maybe it might help m~ out a bit. 

R : Oh, a q e i f i c  example? 

K: Yeah. viii5 

4. Sedcs Simpler Sdutitms 
see e c o w q  Alexibility in Mathematical G i f ted f i~55  category. 

hgrams in session viii were rotated frequently, perhaps in the hop of somthing "clicking" &Id 
notes) 



6. Use o f  Sgstcars o f  E~uatims 
see formalized perceptionhlationships in MathPmahl Giftedness category. - -------- 
Referring to the diagram he drew (viiil4), Steven wrote the following equations : 
sin(A+B) *L2--X2 
sin(A)*L1=XI and S2sX2-XI and then wanted A 
R: Vhy are you trying to determine that angle? 

K: Becwse Iuse it here. 

R: You mean you're trying to find a specific measure for it? 

K: b,m,nowno,Ichuckk) ... U m . . & e I ~ i t h e r e a n d A i u t ' t r ~ a ~ i n W t ~ k , 1 h a ~ e t 0  
fisure out what R i s  in relation to B urn . . . that way instead of just putting an A in there I can just plug 
in some sort of 3 thing . 

R: Oh, I see. 

7.  Help from Brother 

Re : car program 
R : So you p r o g r d  this from scratch yourself? 

K: Urn, I got a l itt le help from, my brothw, um, doing this really neat little procedure up here where it 
checks the keysuh,. . .heirridmethat fcouMusethisspecia1pr~e~Hed "casekey of"(??)and 
then instead of - what I would haw done before i s  I wwld have had a lot o f  "if" statements - "if key = 
left" - M e a d  it's m t ~ e  like one "if" statement. i f i  

R: Ok, how did you find that out? Did Ken help you with that? 

R: Yeah. 

K: Yell, uh . . . .he uh, uh . . . I guess I could have figured it out myself m, . . .he actually plugged in 
thatparticularthingmtherebecwse Iforgot to putit inum.. . 

R: So did he just ten you that this is  the thing that rotates something? 

K: Yell, not this put ,  it was just tho pi  thing. Mhor than that I w u l d  have had uh . . .I probably just 
would have put 8 there uh . . . because uh . . . well I knew that you had to use pi, I just forgot to put it in 
thereuh . . .iv8 ---- - 
Special ed. teacher with the COMPUfer, he's always had that interest and always had gorrd experiences 
kith the computer, and with people associated with computers, We Mr. Bkd and his brother 
particularly, who has spent so much time with him, they're very happy time that he remembers with 
k. ix11 



8. Reads  MilMUk 
R: How did you first discover the absolute value function? Was it part of your . . . . programming. . . 
Did yw bok at the progvamming manual and look at the diffwent fwu:tims to see what they do? 

K: Yeah, every a c e  in a whi* urn, when I was - like this is in BASIC too, absolute value, so ewry once 
in a whik I would flip through the thing and . . . it's not a big coincidence that uh, I happen to get absolute 
value be- it's r#te of the first ones, so lchuckles) vi5 

K: Well, fust  I took like, uh a piece of paper and just sort of put mmbrs on it and kind of drew out a . . . 
(R: interjects "grid") a grid, yeah. 
R: And then you decided on those coordinates based on what y w  have on ytwa - what's the maxknwn 
number of units #a t  you have across the screen? 

K: I think across it's 640 and down it's 480, I think. k 2 4  

Factual Knowledge 

I .  Use sf laupage 
K: I'm thinking that (chuckle) . . . I don't think I know how to do this because . . . I'd have to have series 
of numbers, an indefinite sties of numbers depending on what n is. iil1 

K: They're different. W ' v e  got a, W ' v e  got the, the square and the cube there. One is cubed and 
theothworreissquaredsolcan'trninusthem. i8 

R: May I ask what you're thinking? 

K: Uh, . . . i'm not sure what to say (laughs). Ifm, these relate in a way but I can't do anything with 
themsourn,.. . I'mtryingtofi(iurewthow Icouldswtofcornpare~,sokethese .. .ywcan,you 
c a n W a t t h e m a n d ~ ' r e a l l s o r t o f ~ w e r s o f ~ ~ 3 i s a p o w w o f x t o W O w t d W ~ e c O n d o n e i s  just 
x t o ~ p o w w o f o n e a n d u h , 2 i s x t o t h e p o w e r o f ~ a d t h t h i s ~ h w e i s t r s f o x t o t h e p o w w o f  
third, u, . . . i9 

K: W e n , l h w W r e M t o b e u h , h r ~ c l w i d n ' t  be . . .  uh ... bydklnYseemtomakeutys~nseW 
way they were there so I tried minusing numbers and h k e d  at what I got and if some of them weren't . . 



K: .. . i taddsyourposition~re~car&andthenittimesstheslopesothatit7lb,sothat~ 
point won't be right next to the location. iv f  6 

2. Trigeaenrctty 
R: Doyouknow&crtnnec~bekeen~~andthe&andWcivck,Wpr~iesofs~and 
cosine that give y w  the circb? 

K: I'm not sure. (laughs) I don't even know if I know what I'm LinQ but I can make it rotate and I know 
that, . . .I haw a rough idea of how it's going to work, like if I put a number into she and cosine, I know 
that if I increase the nrmtber by a &din amount it will go like that- 

R: Backand forth. 

K: Yeah and uh, that is sort of the sarrre thing but a little bit different. I don't know exactly hoar 
sine is different from corn. 

R: Do you mean that as you increase one ylru are decreasing the OW, is that what you're saying? 

K: Wen, no, I inwease both of them them then . . . (laughs) I don't h w ,  it's hard to explain. I could 
probably learn a litt le bit m e  about sine and rosirti! um, because I'm not sure exactly what the 
dif fwm is between the two. I'w tried boking in physics book and tried to lock around in every 
mathematics book I could find and I s t i i  didn't get a very good idea. Then after a wh~?e I just kind of 
forgot abut it and just . . .(inwdible) i5-6 

K: Um, . . . that's just to make sure that uh, see if I weren't to use sine and COS~W, . . . I don't m w ,  
uh, well, why wwkin't l? (chuckks) 

K: Uh, well it means all I have to do is, is like here, what it does is, there's this mmbr called ti% and I 
just increase it from 0 to 15 and for each one it will go through this procedure pkfQginq the, the . . the, 
plugging the, the . . t h i i  ti% which is whatever nwnber in between here and here - 

R : Artd what's this pi&? 

K: Oh, that's uh . . . I think if t don't do that Ill run up, 171 get a reallq wacko uh, . . . like it7l increase 
tn.j toorcwchsoitllbelikegoingarocmd5times- 

R : So do y au understand what the pi M e d  brJ 8 is though? 

R: What's that? 



R: !h pi is how mag degrees? 

K : Uh, pi? P i  is 3.1 4 (nervous chuckle) Well, it's uh . . .that, just p i  I think would be uh, would be 1 
degree.. . . No, no, no, s m q  360 degrees. 

R: Yauld be pi. 

R : Wen, becutre g w 'vo got 1 6 different directions, right? 

K: Yeah. 

R: And pi  d ided  by 8 would only give you 8 directions. 

K : Yeah, so I guess it's . . . pi  would have to be 180 then. 

K: O h , & . . .  wellbecausethe .. . [ l o o k s f w m p ~ r t o d r a w o n , w h i d s i g k e h h f  whthemw 
uh . . probable miat draw this very well . . . gaes something like uh . . . roughly like that . . 

R : The cosine gragh? K u r t  draws overlapping sine and cosine graphs) 

K: Yeah. The skte and cosine, so there's, at one point they're uh, midway in between, therJ8re uh .75, 
theyvbe .75at45degrees,souh.. .andm nevergoabove 1 so Ihavelikearatio.. . o f U h w  
direction between uh where my x will be in a certain direction and y . 
iv8 ------- --- 
Uses a variable which he calls sine[ I &I I where [ 1 = first 0 to 15, then later, O to 31, and 
represent 3 2  positions around a circle, each the same angle away from the preyiouqmitim. v3,7 

Uses polar coordinates to calculate the position of the object on the autsi& of the circle. locx = 
~Cb~hadkrs ,  logf = sin[bi]%adius (pp13) and l a tw  recqnises (jpl6)this is a mistake becaSe the 
w i n  on the computer screen is in the top left corner and therefore must make use of trutsfor~~tio~l 
pwtry m order to relacate the circle somewhwe in the lower middle of the ween. 



For m e  see summary 6 

Uses right triangle trig in session 

3. Pytbgarean Tbareub 
Uses it in problem that motivated the study. see protocol 

-- -- --- 

Uses it in tho programming of David and Goliath - see E a x m y  Rlcxibiliiy in the Mathematical Giftedness 
category 

K: <inaudible) about my car program is, it works and everything k t  it doesnot really need the 
pyMagorean Vtearem uh . . . 

K: The car program. See.. . . .(types - grws back to car program) this qmt here is where it the 
pythaQorean thewem b urn, calculate urn, what the momentum of it's going to be, including all the 
slippage and stuff, but I think y w  cwld just use ratios, like . . . . it could probably times a  bin 
riumber by .9 and that w d  man 904B of it would go in whatem- direction and then the othev one would 
betimespmtm,addthemtogether,diH&brJ2 ... .orno. ... . . yeah,l9djustdddthernt~thev 
and that would iinwrdible). vi16 --------- 
h tying to find a relationship between the line joining the midpoint of adjacent sides of a triangle and 
remaining side : 
K: I keep on thinking distance though. <chuckles) the pythagorean thewem, um . . . . . . . . . see what 
keep on thinkinq is i keep m seeing this little triangle in my mind, like this . . . 

R: Right. 

R: So what's this? k this a mwdinaie system? 

K: Um.. .Yeah. vin13 

4. Ahsolute Value 
K: 1startedihisprogrammthesumwandfinisMitacouplemthsinto~landIw~kkrdof 
experimenting with it all of the time. I had it ycle through the colors and i just added a bunch of stuff. 
Urn, so that part . . . . . it takes the x distance from whwre y w  are from the center of the check pint 
andthey d i s h w u m . .  . . letmethkdc, i te i th~raddsthemw~ theaverage.. . oh,oh I h w , i t  
takes the x distance, the absolute value of where y ow l a c a t h  and minus the center of the check point, 
for bth the x and y , and if both of them are less than a certain number, it krtows yw're within the 
quare, uh, tk check jmint. iv13 

R:  To determine if it goes off  the screen. 

K: With only, only checking twice. 



R: Andhow is that? 

K: h t  it doe+ is it - that's uh 320 is the middle o f  the ween along here and locdtionx is where the 
object is alonq here and uh, . . . it takes the mi te r  of the s e e n  minus kcationx and it changes that into 
an absolute value. 

R: Which is what, what's an absolute value? 

(here seems b be evidence of Kurt lrtoking fw the shortest, most elegant method of solving a problem) 

K: It's, it's positive. 

K: Well uh, I don't k w ,  I just consider it as getting r id of al l  the signs (chuckles). 

R : Getting rid of the w t i v e s .  

#: Yeah. So no matter what it is, it change+ it to a positive, so I can work with it. 

K: i guess the difference beheen two things whether or not it's on this side w on that side. And that's 
what this is doing w, m if it's 320 past this point, which would be if it's greater than 320 past this 
point uh, then it'll know that it's of f  the screen on that side, urn, if it's k s  than then it11 be off tho 
screen on that side and either way it'll tell me that it's greater than 320. 

K: Urn, it just popped in my head just now. 

R: How did yw b w  to use the absolute value function in yow program? Haw you used it befwe? 

K: Yeah, I've us4 it owe or twice before. 

K: Well no, to do something (inaudible), well actually I think I haw (inaudible) befwe. 

5. Tamgent Perpendicular to R a w  of Circle at the Poiat of Contact 
R : You have #is #kg spinning a r d  in a circle and if you want to hit it (the target] there, where are 
you going to release th& thing? The mtention is that the person who is contro?ling this thing is the one 
that presses the button to let it go on a straight trajectory to hit that thing, to intercept whatever is 
Corning W O S S  & W e n  here. 

K: I thought like, what I thought was, this would be the point, and it would be changing the skqe all the 
time, like from there to there, and then to shoot the thing I'd just take this - 



K: I'd, I'd just uh, I wouldn't fire in that direction, but I'd take, I'd know that was ow s l ap ,  right? And 
then I wmkl just take something perpedicular to it. 

R: Oh,tothrowitout. 

K: Yeah. 

R: %@I petprrdicular? 

K : Uh, well ~~e it's not going tr, fre & that way fpaints in h a r d  direction]. it's going to b 
modng, . . . because the rock & moving that way, so- 

R: So if you kt it go here, it's going to be perpendicular to th& line here [the raditrs-slhg)? 

K: Yeah. 

R: Do you know that just from intuition or did you h o w  that already frm geometry? 

K: Well.. . 

R: You just have a feeling for it, is that right? 

R: Alright, when it gets to the point of release, when this thing's coming around M e ,  wbt will be the 
mathematCcs of that? 

K: Wr, I l l  take uh, the . . . position. 

R : The position from where you're releasing it? 

K : mmm hmm. Uh, then 171 take, 171 take it's slap, well, 171, 1'11 take the reciprocal of it , the nqative 
reciprocal like what we were doing %I math hhuckksj. 

R: Right,( this "right" is not meant to judge mrrctness, instead it's meant to convey my 
understanding, although I should have chose a different word) now just a see now- You got it, you Q O ~  it 
at a positSon here. Negative reciprocal of  what? 

K: That, oh no, well, it won't mean anything if it's 0, so it71 just stay at 0, but what I'll bo is (inaudible 
- seems to be showing something un pap-?) 

R: You mean, ok, so you're taking a slope of a line from the center of the circle. 

K: Uh huh. 

R: And then taking the negative reciprocal of &at? 

K: Yeah. Cktd of course if it's moving that way - it wouldn't make sense going that way - so 171 times it 
ty the s p e d  at which you're rotating it. That way if it's negative [inaudible) v8-9 ---------------------------------- 
R : T i m ~  negative speed. Now wty did y bu multiply by negative speed? 



K: I rnultip'licrd by negative speed because it's going to be (stin mwiq stuff w h ~ k  mrworkrg), it's not 
going to be the actual direction of the, of  the . . . where the line ir;, it will be peqmkular to it. . . 
.although I might have to reverse and make this negative speed ( inaudible) 

R: So speed is what? What mathmatical quantity would speed be? v i2 - --- --- - 
R: See, if you're at a point (x,y) . . .and then you simply multiply, take the negative x, see k e g s  
{-x,y) [drawing it on page) does that make it ppdicular? 

K: b, [yp) .  You, yw'd switch them around. 

R: k that what you've done? 

K: Yeah uh, . . . I did that originally, {chuckles) but I  didn't know 1 had done it, so when you told me, I 
s w i e d  it around a second time but I didn't need {inaudible) 

R: So qou'd switch, you'd take this value's negative and put it as the x and this value's positive and put 
i tas they .  Yi4-5 

K: Uh, a variable, and I l l  say uh, let's call it x for now- x equals x plus or minus, depending on what 
ride i ts  movinq, uh if I'm mviq that way , I  make it minus, that's 0, O over Wm-e uh, 1'11 say x equals x 
plus or minus a certain nurnber, ?ike whatever the speed. v6 -------- 
R: Ok, so at this point, in  wder to get it mom along at the speed that it was rota-, right, is that 
what y w're saying y w'd have to multiply . . . . . . . . what I'm trying to figure out is what the 
mathematics is, b w  you're going to get this thing to move from k e  to here. 

K: Ok,uh.. . 

R: From this point here to that line there. 

K: Yell, once I've calculated all that stuff, I l l  store it in a variabk, and I'll just each time, 171, uh 
I'll store it in two variables, 171 store the x and the y and then um . . . 

R: T h e x a n d Y a f , f t h i s ~ k e ~ y w k t i t q , o k a n d t S w n y o u i m x e a s e - t h e n w h a t d o y o l  

K: And then I just forget all this circle stuff and I'll q to a new routine where 371, it'll add to this 
paition, the x arrd y each time and eventually . . . v10 

------- - ----- 
R : Arrd what moves it from one location to the next? 

K: That's what I'm going to do m procedure collision. Ill say uh, b c x  = locx + mlocx. 

R: Oh,& go ahead. 

K : Loc short for location. Ayway uh . . . (continues) m7-8 

.... 

l do? 



7. Use ef inequalities 
Uses inequalities to test the l o c a b  of objects on screen. See computer programs. 

8. O v a  Forwplas 
In reference to the area of  the triangle formed by the coordinate axes and a straight life : 
I ask, *what are you thinking"? He replies, " area = y -intercept times x intercept divided by 2. iii 1 --- -we---- 

Next, I asked him to show me that the answer is in fact correct. First he thought it might be the wonq 
sign. Then he began talking about the slope equation. He gave the slope as - y-intercept{ x intercept. 1 
asked him why negative and he -wed because the line slopes down ad shows it on the diagram. i he 
new this from class as wen, but was not shown the intercept fwm of slope formula) ii i3 

9.6eemett-y 
R : How do y w feel about Geometry ? 

K: a, it's okay, I guess. I don't, I haven't done a bt of Geometry, uh, . . . I gucrss except for the stuff 
mthecmputw. tt'suh, l l ikeit.  It'sdcay.iil-2 --- ----- - 
R: Mow can you give me same indication as to why YOU drew that line? 

K: Um . . . .it, it just helps me think because um . . . M e . .  . graphing kind of urn .. . . . w l ? q  k l 1 1 t  
confused with like uh, some sort of triIpnometry thing, m . . . . .what I like to do is, like when I was 
thinking or' three dimeisha1 trigonometry, what would help me the most was when I was, like d r a m  
~ ~ w s # k r k k r g o f ~ i m a g e s m ~ h e a d , w d m ~ ~ a r o t s a d a n d s M f , u m , ; m d h o w ~ ~ ~  
ping todoit, iuh. .  . .swtoflikedrew, Ihadthepomtwhereuh .. . .likesay IhadaMethat I h d  
d e ~ m i n e d u s i n g s ~ a n d ~ , i w w M m  ... t h f i ~ i t k i n d o f l d c e t h i s , d t h i s i s x m , t h k i s ~  
and this is x and um . . . .well now this could take me a wh~fe to explain (chuckles) 

R: a, what I'm reading - y cwr can tell m whether I'm reading what you're saying correctly or not - 
yw're trying to interpret the geometry on a grid. 

R: Using coordktes, is that right? 

S: mmm.. . . . . . . . . m k . .  . . . .viii9 

Attitude Towards Mathematics 

- - - - -- - - - --- 

I .  Feelings Ttwards Math 
R : The fwd guestion is, do you like mathematics? 



R : Suppose we take the computer out o f  it completely ? 

K : tt would get a l itt le m e  boring. <laughs) 

K: Uh, yeah. Uh, lad probably still like it though. It just uh, it just makes it a lot m e  i n t e r m -  
find it even easier to understand when I'm working with it on the computcY. i6 --------------------------- 

2. Preferences 
R : What sorts of things w actkithi  would appeal to  you in doing math? 

K: Like, uh, . . 'would I like exponents or cliffwent problems? 

R: Yeah, do you like solving problems, do you like just doing c a k u l a k ,  you know, that type of thing? 

K : 1 kind of like uh, . . . what 1 do on the computer a lot - I'll take an idea and 171 have it in my head but if 
i t 's all in written words and pictures and uh, . . . I'll put it into a mathematics problem. 

R : Something's in words and pictures? +Kurt interrupts) 

K: Yeah inmy headand then Ill, I'll, figureout how Icanqet thecomputer todo it or,. . M W ~ U ~ J  

solving like a practical problem and putting it into numbers and algebra. il 

K: Yeah. i2 --------- ----- 
R : tf y ou had your choice, what sorts of  activities or topics wwld you like to do in learning 
mathematics? 

K : RefmitekJ computers, uh, . . . 

R: Can we get any more specific? You don't have a hhuge repertoire or background in maWmd*s 
from, but if I said to you," Ok Kurt, we've got 3 months of time in the mathematics classroom 4 I'd like 
y w to be involved in your choice of what we cwld study, what types of things would you like to do? 

R : You are findinQ it hard to express what y w'd like to do? 

K: Yes. 

R: Just throw out any word, you don't haw express yourselfin a full sentence, just throw idea. 

K: t i k ~ u h , i ~ w m y f a v d e p a r t ~ l ' m w o r k i n g ~  computers, ... l i k e w t m I g r n m W a  
program or something, I l l  be taking . . . . &audible stuff) . . . I just love really interesting and 
fmkated problems to do 50mthing different than what I've been doing before. I like to tnJ 
things. Ilikeusingsineandcosineabt. 



R : When you say y ou like to figure out formulas to do certain things, does that mean for example, that 
if someone gives you a problem in computing that you want to sobe with the computer and you have to 
ftmi some mathematical f m l a  to program the computer to do the job for you, is that the type of thing 
you man? 

K: Yeah, like uh, . . . what I'm working on rmw is I wanted to make sort of like a little snake that would 
crawl a m  on the computer and you would rotate it and it wwld go in that direction and each little part 
of the snake that was following along wwld follow the tho but it wouldn't do exactly, it would irirrd of 
swerve k w s e  of momentum and stuff - I like doing that kind of thing - I've tried to figure out how I'm 
ping to get that into the computer, how am I goiq to get it - what are the calculations I'm going to be 
doing to make it do that and that sort of  thinq. 13-4 

- - 

R: So basically, you'd like to invoke the computer as much as you could in your karning of  math, is that 
right? 

--. 

K: I find it fwt to use the computer and iinwdibk) at the same time. 1 like takihg something from wwds 
and put&q into -5 and stuff and in a way it kind of increases my itnderstandirq of what I'm talking 
Jbout - what I'm #irking about. 

-------------------- 
R : What mrts of thinQs or activities appeal to you in Mathematics? 

K: Uh, . . . I think I Me, uhrsl, word problems cause they haw some meaning M i n d  them. Uh, . . . i like 
using problems that I can apply to things. 

R: Okay, So if y ou had your choice, is that all yw would want to do is to solve problems throughout the 
whole year? What else would you like to involve in your karning? 

K: Uhm, . . . I like to use cumputers, o f  w s e .  Uhm, . . . . . . iil 

R : How do you feel about y wr abilities in Mathematics? 

K: Wh. I'm not w e ,  uh. . . . . . . I can't be too bad because I have a kt of fun working with computers 
and uh, 1 use a lot of Algebra erhen I'm . . Uh, . . . I don't know. ii2 -- ------------------------ 
R: tfywhadyour&iceplhatsortsofthingsoracti~Mwm'ldyouliketodoinlearning 
mathematics? 

K: Anything to do with computers (laughs). . .I have a lot of fun with mputers . .  . . . . I would Mce to 
learn more about trigonometry; it seems interesting from the l itt le bit that I do know. 

R: You mentioned something to  me at the end of the last session about one of  the reasons yau enjoy 
math; that you always try to see . . . what was it that you said. 

K: How it relates to things in real life. . . . . I, I, there, ttiet-ens not a bt of useless math problems. 
There's bts of  stuffy ou can apply mathematics to. . . . just, you know, it helps m think logically. 
They seem to be sort of intertwined, logic and mathematics. ii3 ------------------- 
Special Ed. teacher : I think a key to Kurt is whether w not he thinks something is worth doing and 
unfwtunately in life, we don't always haw b e  kinds of choices. Things like the m d a m  things of 
learrting how to ci)Iculate in math are necessary to barn things at a higher Iwel. Yell Kurt xunetimes, 1 



think maybe, m u s e  he learns a different way, can go b y d  Unm steps, daesn't necessani have to 
learn them as systematically as s ~ n e  students do, in areas that he's gifted kr, such as math. And so 
when he has to be forced to go t t w q h  things such as calculatiom, he m t  see them as &inq valuable 
or  relevant and so he doesn't devote the time to them. And he tends to have, 1 thinlc, a kind of, arrogance 
in that respect, where he thinks he is in a position to decide what's valuable and what's not valuable and I 
think it's tied to success as wen. h e  example is s a d  studies. He reads very wen. He has very goad 
b&grOIB#I knowledge. He likes history. k likes diswssinq it, but he does mt, he says he is not a goad 
social studies stucht. Social studies is a *-out for him. Arrd his attitude is very pow towards it. 
So as a result, even Uwugh his camprehension is very good, even thaugh he's interested in ~ subject 
area when you're diswssktg it, he does not respond to the structure that it's taught in. But he win not, 
say, sit dawn and study far a test. If it's sawthing he's remembered from reading it the first time, he 
will recall that, but if it takes any kind of wwk, arty review, arq sitting dam and disciplining himself to 
review things, that he doesn't see as being possible to be succezisful at, because he maybe had lack of 
success w r y  ear@ on, on written exams, for example, or didn't want to take the tkne to go arid read 
over thas  notes again, urn, certain things he doesn't want to invest time in. So he's really made a lot of 
decisions about what he likes and doesn't like at a very yquq age, which is very d i f f i i l i  because we're 
in the jab of expasing him to many things that he may mt like. And as a result that makes him disabled 
m the sews that . . . he, he h ' t  fit the pattern of the typical student and unforhnatelg, schaol is 
structured to meet an average range of students that learn in a certain style, a very sort ofJ Structured 
approach and K u r t  bm ' t  learn that way. ix 5 

3. Disl ikes  
See special ed. teacher's co~ments above. 

R: Like for indam?, is there anything you've done in matherrutis that p h p r  your teacher his gken 
you and you think "Oh Gad, this is baring' ar 'I wi5h I didn't haw to do this", samething that just dae5nat 
appeal to you? 

K: Whet  it's stuff mqk I already h w  really well that I can almost get the answer to . . . (inaudible 
stuff). . . c h a w .  i2 ----------------------- 
R : Suppase we take the camputer out of it complek?y ? 

K: It would get a little mare hiq. (laughs) 

K : Uh, yeah. Uh, I'd p r W I q  still like it that@. It just ufi, it just makes it a kt mare interesting. I 
find it even easier to urtderstand when ism working with it on the camputer. i6 -- ---- ----- 
R : Yhen does Mathematics bore you? 

K : Uh, . . . Ckay , uh, . . . If I wld, I wouldn't deal with the Arithmetic at an. [chuckle) Well, not, not 
completely, of course - 
R: Yau mean like calculations, and stuff R e  that? 

K: Yeah, uh, 1 prefer Algebra, sMf l ike  that: iil 



4. Itagertaacc)Usefu'bress o f  Plathcarirtics 
K: Ifkidit funtousethec4mputwand(inwdible)at thesame time. Iliketakinguwnethingfromwrds 
and putting into numbers and stuff and in a way it kind of increases my understanding of what I'm taking 
about - what I'm thinking about. i4 

-- --- ----------- --- 

K: Uh, yeah. Uh, I'd probably still like it though. It just uh, it just makes it a lot more interesting. I 
finditeveneasiertolrndwstandwhen I'rnworkingrzithitontheCOMPUfer. if3 

- - - - - - - - - 

K : Like uh, I'd, well, it wouldn't be with the computer actually, it probably, I might uh, take every thing, 
replace a number, see - then work it out, see . . . hudib le )  . . . there's no unknown a d  then see what 
kind of a w e r  I get and 50~etimes that helps me see how to solve the problem. Qn the computer, if I 
replace it with variables some times it helps me look at every thing in relation to every thing else like so 1 
can see a little more clearly sometimes when uh, . . . what, sort o f  like uh, when you have a nm&r and 
you want to express it in terms of another uh, when 1 put it with variables sometimes I can look at it 
and it gives me a better idea of uh, . . . what it is, uh, what it is the problem actually means. i l l  

K: Uh. I'mnotswe,uh.. . . . . . I m ' t b e  toobadbecause I havealot o f  fun working with 
computers and uh, I use a lot of Al@ra when I'm . . . Uh, . . . I dwt't know. I find it hard to look at that 
qu& from an objective point of view twcause I'd like to be god at Mathematics, but I don't know if I 
am. I, I think it's important to be good at Wthematics. 

R: What would be some of the reasons? 

K: Uh. wen. . . I think programming will be useful and a f  course I use mathematics, uh, everyday sort of 
stuff. . . depending on what carrw I go into, uh, I know my one brother Ken is thinkkrQ about 
engineering. He phoned up recently and he told me that wd of course d he told me that and of course 
that wmldbemthing y o u ~ m a ~ m a t i c s f o r .  . . . . .orsay ifyw just wantedtodohome 
rmovatians and things. 

R : So you think it might be useful at home too? 

K: Ya. ii2 

Self -Ef f i cscy i Self -Concept 

1. Camfwt 
R: How do you feelabout your ability inmath? 

K :  I'm not sure uh, . . . . . some stuff I seem to have a natural feel for and othw things kind of confuse 
me. Most of the time 1 actually fee1 pretty comfortable. i2 

K: "It'skindof funny, when I seeit m a  p iweof  p p a p w i t  M e r e n t f r m m i n g i t m t h e m e r  
even thwgh it's basically the same. Like . . . I, I put my brackets here and there a d  I make sure that 
everything is arranged accordingly so that uh, like I pay a t t e n m  to an the ruks  that I normally do when 



I'm, when I'm doing stuff on paper. But in a way it's different. It could be just that I feel more 
mfo+table on the anputer, like there's not the pressure there kQcause uh, . . . I don't h w  , lilco I use 
the pythagorean theorem some- wn, to calculate distance a lot on the computer but sometimes I can 
st i i l  boo boo when I'm, when I'm doing it on paper whereas I never make that mistake on the computer. i 6  ------ -- ---- 
K: . . . "I can get a lot of variables stuffed into there and I still don't make a mistake as much as if I were 
do@ it on paper. Maybe I just feel more comfortable. . . . and in a way it's better on the wmputer 
becasei f  tmakearnistake, llcmwit'seasiertofiqurewtwbre Iwentwronqkausethecomputer 
win dill do the program right, it win still go through the program. But, it win uh, because it'll usually 
go through the program several times and like in less than a second, I get to see what's going on and I see 
how the numbers progress, usually on the screen with graphics and duff. So I can see, oh I bet i know 
what happened, I probably put a minus here where I should have put a plus or I times it and I should have 
divided it or I didn't square it over here when I should have and 1 can kind of see what's qoirrg wrong. 17 

2. Prernae 
R: Generally speaking, at the start of a math test which your teacher gives you or you know there is a 
math test ming up, how do you usually feel about your chamx of success on the test? 

K: uh, . . . mediocre, I don't haw a lot of confideme when I'rri under pressure. i2 

R: If 1 gave you a probkm, is that the first thing you might think 01 is to how to use the COCnpUfer? fs 
that how you would t ry  to solve the problem? 

K: Um, actually a lot  of time 171 just doit  on paper and pencil. Eutuh,. . .sametimesha way I11figure 
outhowtodo thoseproblernsbecawze I thought,ohhey, ldidsomethingl&ethatoncmpdwand I 
worked it out this way. tt's kind of fumy, when I see it m a piece of paper it seems different from 
seeing it on the mmputer even though it's basically the same. Like . . .I, i put my brackets here and 
there and I make sure that everything is arranged accordingly w Wat uh, Mce I pay attention to all the 
rules that I normally do when I'm, when I'm doing stuff on paper. But in a way it's difkent. It mki be 
just that I feel more comfortable on the computer, like there's not the pressure there becaus uh, . . . I 
don't know, like I use the pythaQorean theorem sometimes um, to calculate distance a lot on the 
computer but m e w  I can stii boo boo when I'm, when I'm doing it on paper whereas I never 
make that mistalce on the computer. 

K: I don't h w ,  maybe it's just that I feel pressure. 6-7 
- - - - -- - -- 

3. C o a f i h e e  
R: Generally speaking, at the start o fa  math test which yaw teacher gives you or you know there is a 
math test cominq up, how d0 you usually feel about your &awes of success on the test? 

K: uh, . . . mediocre, I don't have a lot of confidence when I'm wider pressure- i2 --- 
R : So you'd switch, you'd take this value's negative and put it as the x and this value's positive and put 
i tas they .  

K: Yeah. But Ithinkuh,cause i t ' s m t a ~ m u c h s ~ ~ i t a b b a d i r e t i o n ,  lmiQhtendupgoing,it 
might be spinning like thk and end up gohg in that direction, but Ill find out soon enwgh. 



R: yw try it. 

K: Yeah. wi 

K: Yeah. 

R: Oh, that's pod. Oh, yes I see. 

K : It's a  great way to solve all my problem. {chuckles) vii8 -- --- --- 
K : . . . . . .put . . . plus . . . urn . . . . . . .I don? know if I'm d n i i  this the right way. . . . . . 

R: Well it doesn't matter whether you're doing it the right way or not. We're just trying to see what 
y w're thinking here. So h ' t  worry abut it. viiill 

K: I think 171 give a few grade 11 and 12'scopies if they want them.. .Ok,.. .keep that and change 
some numbers a r d .  (he's borrowing stuff from his car program) . . . . . iv15 

-- 

4. Self-Efficlcy / Self-Conccpt 
R : How do you feel about your abrmy in math? 
K: I'm not sure uh, . . . . . sane stuff I seem to hare a natural feel fw and other things kind of confuse 
me. Most of the the I actually feel pretty mfor table.  

R : Do you feel that you have achieved as high as yow potential might a lkw? 

R: Can yw think of any r e m r t f  why? 

K: (longpause-noresponse) 

R: Generally speaking, at the start of a math test which your teacher gives you or you know there is a 
math test coming up, how do yw usually feel about your chances of success m the test? 

K : uh, . . . mediocre, I don't have a lot of mfidence when I'm under pressure. i2 --- -------------- 
R : How do you f-1 about your abilities in M a b a t i s ?  

K: Uh. I8mnntwrreJuh. ...... i canYbebbadbecause ibvea lo to f f i rnw~~k ing~comp&rs  
a n d u h , I u s e a k t o f A p a m i ' m  . . .Uh, . . .  i & Y h w .  ifindithardtomkatthatqwstion 
from an objective pint of view because I'd ?ike to be p o d  at Mathematics, but I don't latow if 1 am. I, I 
think it's important to be g o d  at Mathematics. ii2 ---------- --- 
At the end of the session (51, after the tape recorder was turned off, I suggested to K u r t  that it might be 
good to evaluate his perfc#mance in c&l mwe a a problem so- basis, because that what he seems 
to enjoy and is s k i i l  at. He then mentioned that he thinks he is good at problem wtving because of his 



K : No (laughs). 

R: Any ideawhy that might bethecase? 

K : Uh, it's hard to say, uh . . . 1 think I could be better at mathematics but I don't really know why I'm 
not living up to the standards I've set for myself. lh, . . . . . it boggles me [laughs). i i2  -- ---- 
In ttying to l te rmine an expression for the sum of the first n odd integers, Kurt is ha* some 

difficuliy and says 'This i n  computers I'd have an easy way out of ihis [laughs). nlO 
A-- --CI-I-----I__I-__CI_I_________I__I__---I-__CI_I_________I__I__---I-__CI_I_________I__I__---I-- 

K: 1 can~aginetheway it ~ M k i f i c o u M  type[chuckk)v13 
---------------p--------------- 

R : You've o b v i o ~ ~ l q  fiddled around wiih this stuff a lot already, eh? 

K: Yeah. It's k i n d o f f ~ , ~ a s k e d S I l c n e w a l o t o f  computersand Isaidthat Idid ,a kt m e  
than a lot o f  people in this sdtooi, not of course includunq Mr. Bird - i laughing from R) - uh, and 1 got the 
impression that they thought I was being arrogant or something or other and I went home and I thaught, 
well, if I were being arrogant, I don't see how that could be h a u s e  if 1 didn't know more than these 
people, I'd be ashamed because I 'w been working with these for like five years. &ughter) v20 ------- ---------- 
R : You're just writing relationships d o ~ .  

K: Yeah. .. .... . . . . . . . .... Seeif lcanfigureoutthatthey're parallel,IWWkabktofiqure 
out what their lenqths are (chuckles) . . . . . . . .l'w never tr'ied anything like this before. 

R: Well, . . . . that's the whob point. I want you to t ry  things that you've never seen before. ~iii13-14 

K : Division by zero. &qhs) il 
- - - - - - - - - - 

K:hyway, when y w  get here, around here I think it is, there's a check pint and it says , ok you're done 
and uh, it increases your score uh, by the time left. So some-, I gwss if you go around to slow you 
get negat&e t b s  [chuckles). iv4 

- - - - - - - - 

K: Yell if it hit ihis, if it hit this, hit this, it would forget checking whether it went off +.he smm and 
urn . . . . . . .if it went of f  the s e e n  then I'd just have i t  ask you if you want to trrJ again. 

Ok, well that's interesting. 

Magbe I could have it do aything like I could insult the guy now. [chuckles) ~ i 1 5  
-~ - - ~  

You're going to call that angle up at the top A. 



K: Um . . . I guess that's the top from where you are I'chudcles). 

R : That's right. It's the side from where you are. vin3 

6. SeIf-Metirated 
1 don't know, it's hard to explain. I could probably learn a l itt le bit more abu t  sine and cosine urn, 
because I'm not sure exactly what the d M e r m e  is between the two. I've tried looking in physics books 
and tried to 'look a r d  in every mathematics book 1 could fd and 1 still didn't get a very god idea. 
Then after a wh~% 1 just kind of forgot about it and just . . dkrwdibk) # 

K : Urn, yeah. Usually I never write instructions (chudcles) in my programs. 

R: Because y ou're the only one using h? 

K : Most of the time I write them for myself and once m a while slwneone in the computer roam will play 
with it. . . . . bnt inues)  . . . . Vii4 

7. High Stdadark 
K : Uh, I think I cwld be better at mathematics but I don't really know why I'm not Wing up to the 
standards I've set for myself. Uh, . . . . . it bqlrrs iw (hgkd. ii2 

K: Um, . . . that's just to make sure that uh, see if I weren't to use sine and cosine, . . . I don't knaw, 
uh, wen, why wouldn't I? fchuckk) iv6 

9. Feelings About flisanderdadiq 
K: And then there's times when you're just sort of  stuck and you can afford to do this (chuckles). . . . . 
Ok, there's 9ne thing though I don't get about this and I really shouM bok into and it's uh, this thing 
h a m  to do with checking this key press. My brother put it in  there and I know if I take it out it doesn't 
work. I don't get why not though. 

and later on same page, 
R: Butyouneedit. 

K: But t wed it. (chuckles) . . . . It's rather mqing though hecause when you're programing, you h ie  
to assume yw know everr~thirrg in your program, what it does and when it's one thing there it gets 
annoying. iv23 

Mathematical Processes 

1. Creatiag Relationships see Formlized Perception d Relationships in Mathematical Giftedness 



3. Justificatioa 
R: How do you  ROW for swe that that [the formla) is correct? 

K: Urn, because i mi ld  take every ow of these arrd do that and then i could keep on going what i think is 
the next pattern and this wo rk  for every one that I can come up with - pick any cine of these that I know 
would fit this pattern at random and 1 know it would work for that. ii4 

- - -- - 

#ext, I asked him to show me that the answer is m fact correct. First he thought it might be the wrong 
sign. Then he began talking about the slope equation. He gave the sbpe as - y-intercept! x intercept. I 
asked him why negative and he answered becaw the line slopes down and shows it on the diagram. C he 
new this from class as well, but was ROf shown the intercept form of slope fwmla) 

He finally substitutes the sohtim into the area equation, but instead of using radical arithmetic [taught 
at the start of the year], he feek he needs a calculator to do the rest of the check. iii3 ------ 
K: Ok these, geah these are parallel. 

R : Which are parallel? 

K: These two lines. 

R: k there any way you can prove that? 

K: Urn.. . i'm thinking about it. . . . . . . . . (12 seconds later) Ok, well the side aktng here is double to 
thesideshereandthey havethe sameangle ... so ... therat ioofther idesisqingtoktheume .. 
. and seeing #ey haw the same angle, they're going to have to be parallel. [S AS for similarity?) . . . uh 
. . . . . . . .yeah . . . .wii2-3 

4. Pattern Recognition 
He determines the general formula for the nth term of the sequence 2,?,12,17,22, . . . as fn-1)*5 + 2 
[ first wrote n q  + 2) 
R: Now, how did you get the phis two here Kurt?  

K: Llm, . . . . . they rtnh, they weren't multiples of f ive but each wre had five extra than the next one and 
each of them could, urn, be mkwsed by two and it would equal a multiple of fie, u, I knew that n times 
five plus two in each case would give me one of these. 

R: Does that in fact work? 

K: Yuh. 

R: hes that work for the se& term? . . . . . Ok, how would it work then fw the second term? 

K: Llh, n would be ime and it would be times five- 

R: F o r t h e  r e d  termn wwMbeone?tbsecond twmn wwldbe? 



K : Oh, uh, oh yeah [surprise) uh. . . . . . wait a second, I think I got myself confused, w in each of these 
thef i r r tmwofni rone? 

R: Yeah, that's the f r s t  tm. this would be the first term [paints), the s d  term, third term, 
follrth term, fifth t m  and so on. 

Ok, then 1 have to change this a bit. 

So, y w  put an r r l  in thwe? 

Yeah. ii4-5 

Can I ask y w  samething Kurt before you go on to the next om. What makes y w  add one to n here all 
the time? See in all these f m l a s  you're puttirig n plus samething in brackets and then dividing by 2 , 
dc, for these OMS that were a half [pint to fractional examples) - here you went [n-1)*5 i2, here you 
went (n+I)Wi1 - Why da you put the n i l  in brackets? 

K: Uh, because these are suppod to be the f i rst term, right? 

R : Right. 

K: So, n equals I ?  

R: Right. 

K: And uh, . . . it just doeur't fit to have n equal to I (laughs). 

R: You m a n  it just ~ S R Y  fit when you just have n, is that what you're saying? 

K: Yeah. 

R: But haw do yw determine -the pattern like that - haw do qw determine that y w have to add one- just 
by looking at the first term? 

K: Uh, usually uh, after I've gone through it, I look at the relationship between t h e  and I get tfnr rest 
of the stuff and then I figure & that, well, that's kind of times 2 really and then so I f w e  we11 I guess 
I'll have to add one to n. Like I sort of figwe wt what the relationship is between these guys and then I 
figure out where it starts. 

R: And what's the relationship ktween each number in nwnbw 9? 

K: Uh, there uh, in number nine they're uh, times 8 plus 1. 

R: Haw did yau knaw ta times by 8? What made yw see that it was eight that you have to multiply by? 

K: Well, I knew there had to be uh, they couldn't be . . . uh . . . they didn't seem to make any sense the 
way they were there sa I tried mimKinQ numbws and looked at what I got and if uwne of  them weren't . . 
1 danY know.. . w h  I minused 1 it laaked like it needed mku+ing w s m t h i n g  or other ~~~. 



R: Yen, in each case here you either mlt@[lied or divided by something. Plow what made you decide on 
whatr#anbwtOmu?tiplyby? 

K: Llh, . . .What& youmeanlike(laughd? 

R: O k J w e f l ~ h e r e ~ o u r p a t t m i s n ~ s 3 a n d k e i t ' s n t i m e s 2 a n d k e i Y s n t i m e s 3 p l u s 5  and 
here it's n minus 1 times 5 and suddenly here you are dividing by 2, here yw're dividing by two, now 
you're back to rrtultiplyiny by a number. How do you frqure out that number there, that you have to 
mltiply by ? 

K: Uh . . . well . .. . I'm not sure exactly, uh, I think I must have minused or something, subconsctously <I? 
interrupts) 

R: Ctk,l&gothrrwghthenoxtone,wmbw 10,andtt-y tothfiout-loudxtobwyouarefiguringwt 
the pattern so that I can M e  what is  going on in your head. 

K: Ok,uh,. . .they looklikethey'rernultiples,uh,. . .and9and23dm'tuh,do#Y hapreuti,aren'tay 
multiples of somethi~g but I know they must be because of the way that they are - if y w subtract 23 
from 4, if y w  &tract 37 from 23, I know I'm going to get the same number uh. 

R : Ok, so y w subtract the numbers and what would you get in this case, what is that common fnmtbr 
that y w  get? 

K: Uh, . . . fwrkfi. 

R:Ok,goahadandtry tocomepuwiththeruleandthenextfewbrms. 

,f 7, uhm, K:21 iscbseto23soi f  lminusty 2 andif Iminusby twothey hthm tobeamuttiplec 
so it's whatever times 7 plus 2 ,uhn . . . . . 

R: How caw it doesn't work? 

K: Oh f,laughr;) cause, uhn, well I think the rule works but I messed up mkewhere. 

R: Show me that the rule actually works fort the first three. 

K: Uh, 1 times 7 equals 7 pkts 2 equals 9.. . . .no it i t n ' t  work [laughs), it doesn't work. Uh . . . &. 

R: Doesitworkforthenextone? 

K: ... i f n w e r e l  Me , i twwe3 the re  ...and... i f i t w w e 5 W e . .  .ok,uh ,... ntknes2 
minus t times 7 plus 2. 

R: Does that worknow? 

K: Yarksforthefh.st3uhJ.. . . . ya. 



R : What did each me of these qwdkm have in m n ?  What was shn~ilar atrout a1  of them? 

K: Oh, you already said that, they 're either multiplied w divided by uh, . . . , and one's either multiplied 
or divided by somewhere along road, in here it was after a plus or something. 

R : Ok but the actual patterns themselves, ok, forget the r u k  for a minute. What is similar about all the 
patterns? 

K: uh, . . . . .you can say that uh, the first and the second number are different in the same way than the 
second and the thit-d number are different. ii6-9 - --- --------- 
In trying to find a formula for the sum of the first n odd integers, he says: 
K: I'm thinking that (chuckle) . . . I don't think I know how to do this because . . . I'd have to have swies 
of numbers, an indefinite series of Manbers depending on what n is. 
-- - - 

5. Explanation Using 'If It YasnY Sa, Then - - . ' 
R: Howcmyouusethesineandcosine? 

K: Lkn, . . .that's just to make sure that uh, seeif I weren't t o w  sine and cosine,. . . !don't h w ,  
uh, well, w h j  wouldn't I? <chuckles) iv6 ----- ---------------- 
R: And what's this pi/8? 

K:Uh,that's uh... Ith~ifIdonY&thatI11mup,17lqeta reallywackouh ,... hkeitll 
increase by too much w it'll be like going around 5 times- 

R: So do gou understand what the pi  disrided bg 8 is though? 

K: yuh. 

R: mat's that? 

K: Ok, well, the divided by 15 is to make nrre that I don't go all 3# degrees. 

R : So pi is how many degrees? 

K: Uh, pi? Pi is 3.1 4 (fiemous chuckle) Well, it's uh . . .that, just pi I think wauld be uh, would be 1 
degree.. . .b,no,no,sorry 360-ees. 

R : Vould be pi. 

K: Yeah. And so I divide it by 8 to get my . . . uh, actually, I haven't, . . . you know 1 did this owe and I 
fwget how I did it ( chuckles). 

R : Yell, because y w'w got 16 different directions, right? 

K: Yeah. 

R: And pi  divided by 8 would only Qive yw 8 directions. 

K: Yeah, w I guess it's . . . pi would haw to be 180 then. iv7 



6. Ceajeetmiaq 
R: Well, what I'm doing - I want you to cc#ne up with a conjecture. Do you know what a conjecture is? 
#: h.... 

R: If you can see if #ere is a connection between those two hi; somehow. 

K: Ok these, yeah these are parallel. 

R : Which are parallel? 

K: h two lines. viiiZ -- ------ 
R: Is there anything else you might he able to ray about those two his? 

K: Wellone'sgoingtobeacertain.. . . . . I f i (cnewthisangleand~lengthof#issi&m. ..!could 
figure out what the length of this side is . . . I  think. 

R : What would y w  say is the relationship is between the two lengths. 

K: Uh . . . . . . . . . .can I name this - I'm going to call this angle A. 
v i a  ------------------- 

R: Can I ask you this? Have you thouQht yet. . . have y w a y  idea or any guesses as to what the ratio 
of that thing would be to that? Which is the original problem. 

R: Yw think this is three quarters of that. 

K: Yeah. v i i i l2  

7. Error Recogaitiolll 
R: Yhat8sgoingoninyow.badright nowwhen youseethat*re,thatG-x2+x=dat, 
60? What are yw trying to do? 

K: Uh, I'm thinking how I can get rid of the exponents. (38 sec later scribbles earlier stuff wt) Wait a 
spcond, nr, that doeur't work. 

K: Uh, I have to divide ewrything by 5 ard divide everything by 2 and divide everything by 3 but 1 was 
mlg divivingoneofthemby 5andoneofttwmby 2andmoftttemby 3. 
(19- bier) Ican't get. .(inaudible) i10-11 ------------- 
K : Oh, you know I'm going to have a fumy hoking circle because it's going to k on 0 ,  riqht so it's just 
going to go [krwdrik-autmtic?l 

R: oh,&. 

K : So, I better change that. [types) . . . . . t i 1  8 



8. Swltka IrielslRealiutitmns 
R : Oh I see. But this thing hwe, isn't gx, isn't that the thing y w ' w  gat moving across the top of the 
screen, Goliath? 

S : It'll change loction x if I da that, so I better not, so 111 have ( I  donY think he was listening) gx = gx + 
. 1 and that we71 haw to (inaudible mumbling). .Oh, I m f s d  something up M e .  No use having Galiath if 

youcan'tsee whereheis. VS 

R : Ok, so how did you figure that out, were you just thinking abwt it one day or? 

K: Um, it just popped in lvty head just now. 

R : How did y w  know ta use the absolute value function in y aur program? Have y w  used it befare? 

K : Yeah, l've used it owe or twice before. 

K : Well no, to do something (inwdible), well actwily I think I have ( W i b l e )  befare. vii 2-3 ---------------- 
R: Well if that's A t  y w  want to pursuit, draw yourself an x and y axis. 

... K: Well I just got ahother idea right now. 

K: I don't know if this is going to help arry , it probabk~ won't. (Chudcles) 

R: What's the idea? 

R: Ok, you're drawing the perpendicular win.. ............................ .flipping back to a 
previous diagram ..... 

K : Ok um ................. I'm going in the same dkection again urn .... .vi i i l2 

..... K: tlomooh. ..... Ok, ak, I think I got samething now.. .that uh, that cliff thing, that that cliff um 
.... 

R: Oh, the cliff problem in class? 

K: That would be the lake them, and these wwld be the banks. 

R : Oh, I see, like the question on your test? 

K: Yeah. .. .a, that's going ta make things easier now (chuckles) .. m w  that I've drawn that 90 
degrees down W e  .. .ok, becwse I h e w  I had to fit a W3 degree arrgk in Were m * r e  and I 



~0uMn't figure ovt how I w s  go@ to da it. ... Ok, .... the is what d0~5 z have to do with 
anything .... m ............................... problpm is i have everything upside L w n  
k e  so I can &e?y read it ...... Inrun ... i don't know if that's going to help m ..... .L2 ......... 
. .~ii i14-15 

- -- 

9. C a r t a i h t  of  Reasmting SQQ Mathematical Giftedness category 

10. P~ilkgtctrganiutiea 
On a second page, he writs m i 4  = side, seemingly losing track of which s i d ~  is which, but he h w s  
he has to substitute into the area equation. 

Next, he w r i t ~ s  side2 = 4 side1 , and then smatchs aut the 2, scratch~s out the 1 and replaces it with 
the 2. 
Next he substitutes (for side21 into the area equatian ad obtains (side * sidei41l2 = 4 
T b ,  S ~ Q S  to obtain skk = square root of 32. iii2 -- ---- ----------- 
R : Let's jwt SQQ - can y w  c k w  this and start - you'd want to fiddle with a piece paper first, &? 
Before you start programming anything? 

K: Sometimes I do a little o f  bath urn, sametimes I don't , I don't know ... Ok, urn, I'll probably keep 
m e  of this pragram seeing it'll help mo out (chuckles while saying this). A lat o f  times I don't make 
anr~thing up from scratch anymore. iv14 ....................... 
R: What is "keys". Oh, that tells you that you can use certain- 

K: Um, well that'll be the subroutine where I'm gaing to put in .. .& i t V  check for when you fire and 
stuff. 

R: So y w  have to make a separate subrwtine far that later. is that what you're doing M e ,  naming 
W e  things? 

K : Yeah, I'm just kind of lib, it's convenient in a wag, c a w  then you can just do a g ~ n w a l  thing of 
what yw're going to da. Like I h w  -I don't do this a lat - but I h w  my brothers uh, Jwry and KQR, 
beforethey doallthisthey?lgetapaperandthq drawlittlepktureswitha,7ikeaWanduh.. .it71 
just sart of say, "da this"- 

R: Flawchart. 

K: Yeah, a flaw chart. And it'll b~ very general. 

R : You dan't do those things? 

K: Uh, I do them once in a while whw Ult? pragrarn g ~ t s  very complicatd, so that I dan't l a s ~  . . 
.(Wb) 

R: Sight of what you're doing. But you don't think this is gaiclg to be that complicated. 

K : Uh, no. (chuckb) ... [enters more duff) iv20-21 - ---Ad --- 
R: Any time you wed b write stuff; if you mod to write anything, just kt me how hero because I'vo 
got apaper and pen. 



K: gx,gxminus 1 (inaudible). . . Idothingsinamish-mashsortofway. 

R : Yeah, you're going back and forth aren't you. v14 
--- 

R : k'bt abwt instrYctiow to the person using the program, that you'd have to put in there son-@*e 
too, Qh? 

K: Urn, yeah. Usual@ I ncrwr write instructions Ichuckkd m my programs. 

R : &cause you're tfw only one using them? 

R :  What are you looking for now? 

fmtinuw) . . . what I should have clone is listed these out as I went through #em. 

R: Those are your variables. 

K: Yeah. 

R : NOW you've got to go through a11 o f  it and look them up. 

K : Yeah, like uh, . . . what I'm working on now is I wanted to make sort of h ie  a l itt le make that ~ ~ l d  
crawl abng on the computer wrd you would rotate it and it would go in that direction and each little part 
of snake that was following abng would follow the snake but it wouldn't do exactly, it would of 
Weme because of momentum and stuff - i like doing that kind of thing - I've tried to  figure I'm 



ping to get that into the computer, how am I qoinq to get it - what are the calculations I'm going to be 
doing to make it do that and that sort of thing. 3-4 --- ------- ----- 
R : % you've dram it out in a different shape? 

K: <no response) ......... .this may be uh .. .makes me think of uh ... .that uh ........ maybe 
if I just assume that this is perpdicubr to that. 

K :  Even though it boesn't look like it. <chuckles) ......... .this makes me think of, what do you call i t .  
.... .that uh IBM (inaudible) 3--na1 graphics ... projecting things, because this is a lot like it .. I 
think. ........................................ (begins chucklhg) ... viiil4 
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