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Second Cér'tifiCate 1

Teachers Seeking a Second Certificate in Mathematics:

Affect Conceptions and %Inderttanding

Current shortages of qualified secondary mathematics

teachers have created a new pool from Which to drAW

qualified teachers--experienced teachers from other

disciplines and with little preparation in MatheMatict.

With feW teaching jobs in their own fields, teachers who

desire to remain in teaching are returning to SChOOl tO

Obtain sufficient coursework to become certified to teach

secondary mathematics; To meet the needs of both the

profession and these teachers, programs to certify

experienced teachers have blossomed across the country.

HOWeVer, these teachers present a dilemma for teacher

edUtattrt. Whil0 the teachers often bring to the programs

bountiful experience in the classroom, they also bring with

them a Weak Mathematics background; Often mathematics was

not their firtt, or even their second, choice of teaching

fields. Therefore, their previous study of mathematics hat

been minimal. To date, no research focusing on these

programs or their participants has been conducted; Little is

known about the effectS Of Such programs on the teachers

seeking a second certificate.

Purpose

Specifically, this study sought to describe and

identify trends in teachers' affect toward, conceptions of,
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ahd understanding o-F mathematics as they proceeded through

30 semester hou!'s of collegiate mathematics to receive a

second certificate to teach secondary mathematics; On a

more global level, this study provided an opportunity to

describe the effects of a traditional sequence of collegiate

mathematics courses on teachers' conceptions, affect and

understanding.

TheCer-tification Prooram

The study was conducted in the context of a program to

certify elementary, junior high and high school teachers of

other disciplines in secondary mathematics; A small Texas

university was awarded $140,000 to provide a program to

alleviate a shortage of qualified mathematics teachers in

the area. Teachers in the program were required to complete

30 semester hours (10 courses) of collegiate mathematics;

See Table i for a liSt and brief description of each course.

InSert Table 1 abbUt here

The program began in the summer of 1984 and was

scheduled to end in the summer of 1985. However, due to the

fast paced, highly concentrated nature of the program, manY

teachers finished the program at a later date. Of the 24

teachers who began the program, five finished in the summer

of 1985, two finished in the fall of 19859 three finithed in
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the spring of 1986, four finished in the summer of 1986; And

10 withdrew from the program.

Subject Selection

From the 24 teachers who began the program, 13 teachers

were selected because they were currently teaching

Mathematics at either the elementary, jUnior high; or

secondary level; Six of these 13 teachers WithdreW frdin the

prt.)gram; therefore; complete case studies wet.* COndUtted on

seven teachers. This paper presents three of the teven cate

studiet.

Conducting the Case Stu-dlts

The methodology of this study was the multicate StUCfr.

The teachers of the study were visited in their tehbol oh

three or four occasions over a twoyear period; During oath

visit; one of the investigators observed, audiorecorded and

tötik field notes for each mathematics class taught;

Additicinally0 the teachers completed several written

ihttruMents and were interviewed with respect to their

affett, cOnceptions and understanding. Although; the

interviewt Were structured; the investigators often deviated

from the script to pursue promising and revealing remarkt.

Eath teacher kept a weekly log of their thoughts and

feelings during the summer and fail of 1984. A schedUe Of

the Vititt and coursework of the three teachers can be found

in Table 2.
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Theoretical Bases for Affect-.--Conctpt-i-Ont and

UnderstandTno

Affect was defined as "a wide range Of ConceptS And

phenomena including feelings, emotions, moodt, Motivation

And certain drives and instincts" (Corsini, 1984, 0. 32).

For this study, affect toward mathematics focuted on tuch

feelings and emotions as enjoyment of mathematitt,

appreciation of mathematics, anxiety toward matheMaticSo and

cOnfidence and frustration in teaching and learning

mathematics. The first two wt*re measured through Aiken't

(1974) E=Sdale and V-Scale. Anxiety was measured by the

Mathernatidt AnXiety Rating Scale (MARS) (Richardson and

SUinn, 1972). Interview questions concentrated specifically

on thete and the other affective factors.

Conception of mathematics was based on a developmental

fraMeWork Of conceptions of knowledge developed by Peppy

(1970). He atSerted that beliefs about knowledge evolve

through four major stages: dualism--any proposition or act

must be right Or, wrong, multiplicity--a plurality of

viewpoints exitt, but no internal structure or external

relationShipS exist, relativism--a plurality of viewpoints

exist, cOntext it very important, and commitment--one

personally cOMMitt to a mode of action.. Teachers' positions

in Perry's framework were ascertained through responses on

investigator-designed written instrumwnts and in interviews.

6
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Skemp's (1978) concepts of relational and instrumental

understanding were used to analyze and describe the

mathematics understanding of the teachers. Skemp defined

relational understanding as knowing what to do and why you
:-

are doing it and instrumental understanding as knowing only

whal to do. Because the subjects of the study were, at the

same time, both learners and teachers, we sought to

investigate their understanding with respect to both

learning goals and teaching goals. Specifically, were theY

learning mathematics instrumentally or relationally ih the

certification program? Were they teaching mathematics

instrumentally or relationally in their classes? These

quettions were an.;wered through responses to written

instrumentt and interview questions and analysis of teaching

trantcriptt And field notes.

Three Case Studies

Upon analysis of the written instruments, interview

transcripts, lesson transcripts and coding, and weekly logf,

we attempted to describe affect, conceptions and

understandin0 of the three teachers over the two years of

the program. Table 2 presents a summary of the coursework

taken by each teacher and our classification of her

orientation at each interview time. The case studies which

follcm are offei,ed to provide evidence and credence for our

classification. We have structured the case studies
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according to the constructs of affect, cOnteptiOnt and

understanding to highlight changes, or lack thereof.

PaJM

Pain Was teaching ninth-grade Algebra and tenth-grade

GeOmetrY at A local Catholic high school pritir to starting

the CertifiCation program. She had nine yeart of elementary

school teaching experience, six of those yeart in the first

grade, and WO Years experience as an elementarY Sthotil

librarian. She obtained an elementary teaching Certificate

in 1964 a d An all-level librarian certificate in 1980. Her

primary motivation for enrolling in the certification

program was to retain her present teaching positiOn. "If It

h-d been anY Other job, I would have chosen something Olte."

Luckily fdr PAM, however, mathematics was her favOrite

subject. "I've alWaYS liked mathematics. That Wat My bett

subject all thre,u0 elementary, junior high, high SchOOl,

and college. It'S the one that came the easiest;" The

timing of the program was good as Pam had already completed

three required courses: Trigonometry, Analytic Geometr>',

and the methods course.

Pam elected tit, retake College Algebra, Trigonometry and

Analytic Geometry during the first summer of the program;

In Fall 1984; she enrcilled !ei Calculus I, but eventually

withdrew with twelve other teachers because of heavy

t'aching responsibilitieS and problems with the instructor;

In the fall, her teaching responsibility changed. She moved

8
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from the private Catholic SthoOl to a public junior high

school where she taught seventh- and eighth-grade general

mathematics. She completed Calculus I the following spring

and completed four courses in SUMMer 1985. She finished the

program one semester late by cOmpleting Linear Algebra in

Fall 1985;

Affect. Prior to the certification program, Pam's

attitude toward mathematitt was generally positive. "I like

it. It's something fun tip do. 1t'S something that

stimulates something in me." However, some aspects of

mathematics made her uncomfortable. "The proofs I don't

enjoy that much. I don't like tO do word problems either."

Much of this distaste was the result of previous

instruction. "We didn't do many word problems. When we

did, there never seemed like there was a clear cut way to go

about it. Whoever discovered the way to do it didn't tell

US." As long as precise procedures 6*itted, she was

comfortable. When the mathematics was more open-ended, she

was uncomfortable. While s.he claimed no general anxiety

tOWard mathematics, she admitfed some anxiety prior to

teSts. Her responses to items referring to tetts on the

MARS supported her remarks. Her confidence with algorithms,

procedures and concepts was hight her confidence with

MatheMitics requiring hioh-level thinking wat l6W. This

lack Of confidence was best illustrated by her choice to

retake the courses during the first summer.

9
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In the spring of 1985, she was still fond of

mathematics; "Yeah, I still love it," However, several of

the COUPSOS had an impact on her attitude toward teaching.

"I've ctene across some instructors I decided I would not te

like; That hat changed MY way of adding more humor in the

math I teach and try to make it more exciting," Her math

anxiety incneased slightly) primarily due to the stress of

testing situations in her coursework, In her diary, she

expressed some fruttration in Probability and the first

Calculus I course. To her) the instructors spent far too

much time on theory and not enough time on applications.

She was frustrated that She coUld not grasp the theory.

In the fall of 1985, Pam't attitude toward mathematics

remained high; "I ttill enjOY it. I wish I understood

more, but I still like i . Math it challenging, stimulating

and, many times, lotS Of fUh. It't like a puzzle; when the

pieces fit, it provides great satisfaction. When they do

not, there is a challenge of turning and manipulating until

it does," Her math anxis.ty remained higher than it was at

the outset, due primarily to tht courttwOrk. "The harder

the mathematics, the more abstract) the more theoretical,

the anxiety increases."

Conception; Pam entered the program with

relativistic view of mathematics; She felt that the truth

of mathematical rules and facts were based oh conteXt and

that mathematics was subject to interpretation. She clearlY

10
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saw the dithotomy of college mathematics and school

Mathematics and recognized that most of the matheMatiCt

taught in schools were driven by single correct proceduret

and answers.

In the Spring 1985 interview, Pam's conception of

MatheMatict remained relativistic, and her view caUSed

problems in her teaching. "Sometimes I get a little

dittretted because I go in at a different method than t e

book does. Sometimes I get a little anxious about that

because I don't want them to learn the wrong method. EVen

thOUgh there's many ways to do it, I get a little anxiout

sometimes when I teach the wrong way." Her lack of

cOnfidente Surfaced again. She was not at all comfortable

in her relatiOittic world; her comfort lay in a dualistic

world. "I enjoy basic math because there is usually A

definite antWer for a specific question." She recognized

that MatheMatict is dependent on context and subject to

interpretation; however, she preferred a dualistic

matheMatiCt.

Pam's conteption of mathematics remained relativistic

through the final interView, and her view was constantly

verified by the COUrsewOrk. "With each course I've taken,

I've seen fewer definite methods of solution and wire

interpretive MethOdt. It seems the higher the mathematics,

the more methodt for solution are available. I began to see

that there is So much I didn't really know was there; I

11
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thOUght it Was a smaller field." While her relativism was

supported, the remained more comfortable in a dualistic

environment. "What I like most about mathematics is that

you utually can get an exact answer or you can look in the

back Of the bOok And see if you got it right." Pam clearly

held a relativistic view of mathematics throughout the

program; however, evidence suggested she preferred dualism.

Undert-tand-i-n-q. Prior to the program, Pam admitted that

her learning of Mathematics h d been highly instrumental.

Past teachers had never "explained the process." She

believed that mathematics was best learned through

memorizatiOn and practice. Her explanations of finding the

area of a parallelogram, why division by zero is impossible,

and why the empty Set is a subset of all sets were based on

rigid rules OP accepted as fact. Her teaching matched her

belief and had a definite instrumental slant. In her

Algebra leSSOh After giving the rule for multiplying

fractions, she told the ClaSso 94 YOU would like to know

why, you can read the proof in the book. If you accept it

this, ikon tkai it aii ki ght." Explanations and

reasons why were not a high priority in her teaching;

In the spring of 1985, little evidence of changes in

understanding surfaced. Her e*Olanations of why zrro is

neither even nor odd, Of WhY tin 5c/cos x = tan x, and of

changing a decimal to a pertent Were highly instrumental,

i.e. sin x/cot x = tan X "because the textbook says so."

12
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She readily admitted that some persons just "never seem to

understand the why in math; FOr them, memorization and

practice is their only course." One entry in her diary

indicated that she may have been one of those persons and

was undergoing a change; "The ttPaight line and conic

sections were a review of previous work, but an interesting

thing occurred. Instead of memorizing formulas, I began to

understand the parts of the formulas and how those parts

affected the graphs." Her study strategy represented a

change in the previous study pattern, "through repeated

usage of a theorem or definition I begin to understand i ."

While her learning appeared to be moving in a relational

direction, no evidence of relational teaching was found.

She continued to emphasize procedures and avoid reasons--now

in seventh- and eighth-grade general mathematics classes.

During her final interview in the fall Of 19851 She

admitted that her progress through the coursework Of the

program had been "more of a memorization process than A

learning process." The primary reason was time. With the

pace of the coursework, she simply did not have time to

understand the material to her satisfaction. She expressed

a de-sire to learn relationally, but time would not permit

it. Pam's teaching, however, appeared more relational; She

was giving reasons for procedures and attempting to justify

them. Perhaps the move from a gebra and geometry to junior

high mathematics facilitated the change. After all, Pam wat

.1 3
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more comfortable in a dualistic world. Her comfort and a

better understanding of the subject manner may have allowed

her to teath in a manner in which she preferred. She never

did like, proofs and word probleAs and had difficulty

understanding them;

Tina

Tina graduated from a small university in 1973 with an

all-level certificate tO teach art. After an "eye-opening"

year teaching art and crafts in a school for emotionally and

physically handicapped, she decided to leave teaching. She

moved away from home and in five years had worked her way up

to management level in a printing company. She became

disillusioned, sought a teaching potitiOn and found one in

her hometown. All was well until the tehoOl district began

eliminating art from the secondary curriculum. She was

assigned two general math classes and "encouraged" tO obtain

a teaching certificate in mathematics. The timing of the

certification program was perfect for Tina. It represented

a means by which she could stay in teaching--she entered for

survival. She had just recently completed three

courses--College Algebra, Trigonometry, Analytic

Geometry--on her own. Her performance in the latter was SO

poor that she was required to repeat it.

During the first summer term, she completed Analytic

Gedmetry ind Probability with a B in each. In the fall, she

was one of only six students who remained in Calculus I.

14
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She received an A in the course; Also ih the fall, she was

assigned to teach Honors Algebra I in AdditiOn to t o

general math classes during the 1984-85 tthoOl year. In the

spring, she completed Calculus II With A 8 And the methods

course with an A. During the summer of 1985, the finished

the program by completing the final four CoUrses. Only five

teachers completed the program On time. Tina was one of

them, and she was quite pnoud of it.

Affect,. Tina's attitude toWArd Mathematies prior to

the program could be classified as neutral At best.

Mathematics ranked a distant third behind art and history as

a love. "I'm not very emotional about Math. Art I get

excited about. Math is just kind of there." She was

confident in her mathematical ability--etpetiallY in

computing and estimating; She had done well in accelerated

mathematics classes in high school. HoWeVer, the Lacked

confidence in her mathematics teaching. II Being an ar,t

major, teaching math does not give M6 a feeling Of

security." While she was not particularly AnXiout abOUt

Mathematics, she was concerned about her AbilitY to tUctéed

in the program; Her recent difficulty in Analytic Geometry

had thaken her confidence;

The Fall 1984 interview revealed several changes in

Affect. High grades in the initial coursework caused Tina'S

confidente to rise. "I've been getting good grades in my

Work, and that's reassuring. It makes you feel good." Her
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confidence in teaching mathematics also rose. "I feel

knowing more math does help me teach math in a better way."

With success and confidence also came a more positive

attitude toward mathematics. "I like math. I really do.

More so in calculus. I can see the artittit angle-s in it,

and I enjoy that. It feels like a real accOMpliShMent.

It's fun." However, not all was positive. Math atiXietY

increased due to the intensity and pace Of the CoUrtet. "I

have to be good at it or I get frustrated. Thit SuMMer I

really got upset a couple of times. It WAt jutt a Lot Of

new knowledge real fast, and very frustrating being puShed."

Upcoming coursework remained a concern. "I'M ceinterhed how

I Will function Ein Calculus next semester betaute I

cOuld hiat work the problems Ein Calculus I] without the book

in mY hand."

Tina'S Attitude toward mathematics remained positioe in

the Spring interview. "It's more fun to be challenged like

thit inStead of fooling around with the same things YOU'VE'

dOhe ih the fifth orade." Her anxiety toward mathematics

was isolated to testing situations. "It doesn't scare me

much anymore. Mott of the time, when I'm working problems

at home, there's not so much anxiety because I've got the

book. But test time Was a time of high anxiety. I hit the

panic button." Her Confidence in teaching remained very

high. The coursework had given her 4a better idea of the

whole big picture of mathematics, a deeper understanding of

16
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Mathethatics, insight as to how to set up a lesson format,

and atSittance in responding to classroom questions."

In the final interview, Tina's attitude was at A high,

and her anXiety was at a low. "I feel much More COnfident

abOlit it. I'm not scared of anything anymore." The

prettUre Wat finally off. "I had a great detire to be an A

StUdent the entire time. By the end of 27 hoUrt (of

coUrteWork], I was not caring if it was an A 60 A C. What
_the had enjoyed most about mathematics was itt Challenge.

What the liked least about mathematics was its fruttration.

HOWeVerj through much frustration and work the had conquered

the program. But the conquest was not withOUt a CatualitY;

"Teaching fUll time and taking 27 hours of Math courSet at

night WOre me out; I'm kind of numb right now. I'm just

flat nuMb--about the world and everything."

COnteotion. Tina's conception of mathematics pri-or to

the program could best be classified as dualittic. She

viewed mathematics as a droll, stagnant activitY in0610ing

no creativitY. "When I think of mathematics, I think about

numbers. Jutt nUMbers." Her comparison of historY and

mathematicS WAS MOtt illuminating. "History can b-

interesting and creative. There is more creativity in

history than ih Math. It's just memorization to an extent.

There is not much ekpantion to it. There is no blossoming.

There is no movement to new ideas."

17
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In the Fall 1984 interview, her conception Of

mathematics remained dualistic. She viewed MatheMatitt as a

game. "Math is like a game, because in a game yOU have tO

knoW all the rules. You have to move a 1 the right pieces

at the right time. It's a little bit of luck tOMetimes.

Then yOU Pick right, you win. And if you piCk Wrong, you

have to redo." Her winlose concept of mathematiCt Wat

highly dualittic. Her reference to luck reflected her

belief that some entity outside her influenced the bUtCOMe.

Tinet Conception remained dualistic ih both the Spring

and Fall 1985 interviews. In the final interview, the

remarked, "Mathematics is not like a poem or a painting And

subject tO intorOretation. It is based on unchangelble

facts related to the real world. It's numbers and symbols.

That's all it comes down to." She also carried her game

analogy a step further. "Mathematics is like a game. TodaY

one may relate it tO the video games that go to levels of

complexity; LeVel One is the basic operations. Level two

introduces fractions, integers and their operations. Level

three introduces radicals and eXponents. bevel four is

algebra and problem solving. Trig and geometry are level

five. Calculus takes them All and draws the big picture."

The coursework had broadened her vieW Of mathematics and

shown her complexity; however, it did not alter her dualist

view of mathematics.

1 8
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Understanding. Tina's understanding of mathematics was

difficylt to ascertain. While she espoused the importance

of understanding in order to apply or do matheMatitt, little

evidence of a persona7 relational understanding Wat 00ident.

In fact, at the end of the program, he AdMitted, "When I

started taking this stuff, I didn't remember teh

terminologies referring to mathematits;" At the OUttet, she

could not explain why division by zePo it impottible And did

not know that a square is a rectangle. Her teaChing was

highly instrumental. The textbook was vieWed At the

absolute authority in her general math clattet. Her

eXplanations involved citing rules and procedureS.

Following the textbook's rules and procedures were important

in her teaching. Form and format in working exerciSet were

Alto high priorities.

In the fall of 1984, her personal understanding of

mathethatics still appeared instrumental. Textbooks and

memorization played key roles in her learning of the content

Of the summer coursework. "I don't have the formulas

memorized. it'S definitely hunt and peck and searching

work. But I can get it done; it's just a matter of having

the book Open there." When asked why a number to the zero

power iS one, the replied, "It's just a learned rule." She

seemed to have learned mathematics instrumentally and

received good grades doing so. Furthermore, she seemed to

continue her inttrumental goal in the certification

19
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coursework. Her teaching also remained inttruMental.

Memorization of rules and procedures i-eMained prOMinent.

Her Honors Algebra students were required tO tblve equationS

using exactly the same procedures as outlined in the

textbook. When a student asked why division by Zero Wat

impossible, she replied, "You can't divide by Zero. It is

against all the rules in mathematics to d vide by Zerb."

Although Calculus I and II gave Tina "a better idea of

the Whole big picture of mathematics," her learning retained

instrumental as of the Spring 1985 interview. Ih disCUSting

her difficulty with tests, she remarked, "You have a lot to

remember for a test. I guess that's one of my weakest

points. I just can't seem to remember a l that stuff. YoU

ttart taking away my reference materials and I start gettihg

confused on what sine and cosine are." Obviously, Tina had

become heavily dependent upon memory and the textbooks to

get through h r courses. She had not yet developed even a

batic Underttanding of trigonometric concepts; Her goal WAS

to Obtain good grades, and it was really taxing her memory.
_ _ _

Although her explanations of mathematical laws and

procedures during interviews were more relational, her

teaching remained highly instrumental; Memorization of

rules and procedures and form continued to be important.

Tina's learning remained instrumental until the end.

When asked to explain whY tin X 4. Cos x = 1, she replied, "I

have never been one to question such material and have not
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had a professor that volunteered the information." She

Continued to espouse the need to develop understanding;

"Mathematics is a building process. If understanding it nOt

there; one is not able to think through problems." HoweVer

her own personal learning throughout the program was based

on memorization and highly dependent upon textbookS and

references. Although her teaching appeared to remain

predominantly instrumentalq evidence of relational teaching

did surface occasionally. For example; she explained an

example of the distributive property; 5(x+y) as x+y summed

five times. While it was far from relational; her teaching

included richer explanations and more deviations from the

i.eXtbook than prior to the certification program.

Ftsah

Fran; a mother of two in her late thirties; was

teaching mathematics and science in grades 4 and 5 in a

small rural elementary school when she decided to enroll in

the certifitation program. Her undergraduate education

provided her with secondary teaching certificates in home

economics and history. Her initial teaching experiences

included high Schiptil history; junior high language arts and

homemakino, and secondary special education. Her transfer

to an elementary school prompted het' to returr to school and

obtain a Masters ahd teaching certificate in elementary

education. She had been teaching at the rural elementary

school for the past seven years.

21
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Fran enrolled in and completed the full SthedUle of

three courses during the summer of 1904. In the falls the

waS tranSferred from the elementary school to a rutal junior

high schodl where she taught seventh and eighthgrade

mathematitt. She also withdrew from Calculus I With 15

tithe"' taathei"-t in the fall because of increasing teathing

demandS and pooe; instruction. The following spring she

teent011ed in Calculus I and took the methods course. She

succlessfullY CoMpleted her spring courseworki and enrolled

ih three i:OUrSet the following summer. She was enrolled ih

her final courSe Linear Algebra when the final interview was

condutted.

Affett. Fran enrolled in the certification program

because she enjoYed Mathematics. She had enjoyed it as a

student. "It'S ekciting to work with iti and I always get A

sense of accomplishment when I make it work right." She

enjoyed teaChing it. "I would like the children to enjoy it

as much as I do. It'S eXciting to find new and excitihg

ways to present Math and to watch the little light bulbs

going on. To watch them reallY get excited about math."

Fran was confident that the WOAld Succeed in the program.

"I don't give up; I sta>;, with it until I get it." While she

claimed to have little fear tot anxietY toWard mathematics

per sei she did express concern for "her oWn silly fear of

inadequacy." "I want to knoW what I'm doing. I don't want
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to feel stupid. I jUtt hope I mike it. I don't take being

a failure very Well."

Despite challenges in the tUmmer mathematics courses

and the setbatk in CaltOlus I, Fran't attitude toward

mathematict remained pOtitive in the Spring 1985 interview.

"I like it. I like the satisfaction I get when I complete a

problem. When I really understand something, I reallY feel

gOod." The coursework also helped build confidence in

teaching. "I feel like the courses he.ve helped me be more

cohfideht about what I know." However, with satisfaction

also came frustration When she did not understand. 11 I 'to

frustrated about the probability. If I learn nothing else9

I will at least be aware of how and why a student can just

quit because he/she sees no point in continuing." Fran also

had become concerned Okier her inadequate background and

understanding in mathematics, and this concern had caused

her level of math anXietY to increase.

In the fall of 19859 Fran's attitude toward mathematics

in general had improvedde-spite earlier frustration. "1

enjoy math more; I like it) Ahd POO always liked it. It's

a challenge and it's stimulating. I don't feel anY

differently than 1 did before." While She claimed no

anxiety in general) the ciatifettod to anxiety toward certain

courses and topics. "I have to get iht-o a course and be

taking it for a while, see what the inttructor is like

before I'm anxiout about i ." At a retult, some frustration
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"Mathematics becomes frustrating only

when I can't understand a concept because I lack the proper

foundation and can't find the information necessary to solve

my dilemma." The gOOd obviously outweighed the bad as Fran

continued to enjoy Mathematics.

The final interview in the spring of 1986 revealed no

new information with re-Sit/Oct to Fran's affect; She left the

program with a highlY pdtitive attitude toward

mathematicsjust at the had entered;

Con-c-eption. Fran't conteption of mathematics could

best be classified at Multiplittit upon entering the

progrm. While recOgniIing that mathematics problems have

multiple approaches and sOlUtionSi she viewed mathematics as

a precise subject ih Whith factt and rules are either true

or false; She saw little room for subjectivity or

creativity.

In the spring of 1985, her Condeption appeared

unchanged; She retained her mUltiplittic view that there

were many approaches in doing Mathematitt; yeti she still

viewed mathematics as a precise Set -of rUlet And facts.

"The more I learn about different types Of MatheMatical

tOntenti the more I become aware of varied and different

approaches that can be taken toward the tolutioh Of a

prOblem." The :oursework had reinforced her multiplittic

View.
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The final tWo interview4 revealed nothing new; Fran

was highly consistent in her responses on written

instrument% and interview quest!of%s with respect to he-r, view

of mathemjtitt. She entered the program multiplistiC and

left the prvgnam multip!istie. If anything, the courtework

merelY reinforced her beliefs;

Understandind. Fran's understanding of matheMatids

prior to the program represented an interesting diehdtOrny.

Her past learning of mathematics appeared to have been

highly instrumental; however, her teaching was relatiOnai.

The portion of !the interview requiring her to give

mathematical explanations clearly illustrated the

differences; Her explanations to help the interviewer

understand were clearly instrumental--multiply length times

width (sic) to find the Area Of a parallelogram and move the

decimal point to the right te change decimals to percent;

However, when asked hOw she would explain the same

procedures to studentt, her explanations were clearly

relational--place a grid -of SqUareS on a parallelogram to

find the area and consider perCerit as a fraction with

denominator of 100. She firmly believed that "if a child is

taught methods and not understanding, there will be little

if any transference or applicatiOn Of knowledge from lower

to higher levels of learning." Fran Was not comfortable

with her own personal underStanding Of mathematics; "My ACT

scores were not terrific which led me to believe that if I
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WAS making an A for that teacher, then he wasn't giving me

what I needed to know." She admitted that much of her

previouS learning in mathematics had been memorization. She

also referred to the difference in her learning And

teaching; "Taking a course and teaching a course is two

different things. You would have to have a year or tWO

experience before YOU could really do a good job of saying

most of what children need to have, one step after the other

or showing alternative Methods." In other words, merelY

learning the content ;ALS not sufficient to teach it

properly.

Fran's past inStrumental learning and poor background

in mathematics became exceedinglY apparent during the summer

and fall coursework. In her Weekly diary, she constantly

referred to difficultiet in learning the material because of

her background. She remarked often that she had no previous

knowledge on which to attach the new information. She often

relied on other textbookt tO Supplement the class text and

help her understand concepts and terminology. Fran

recognized the need to learn the COntent relationally;

however, her previous learning, the teXtbdoks0 lack of time

and sometimes the instructors preVented her from doing so to

her satisfaction. The f,,ustration Was etpecially high in

Trigonometry, Probability, and the first Calculus I. She

talked much about the instructors in her diary. Good

inttructors "presented the material in a clear manner, one
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Step leading to the next and explained any confuting

atpects." Poor instructors gave "bits and pieCOS With no

detailed directions as to how to fit them together)"

required MUCh "short-term memory work," and did hot foCUs on

"WhY Or hOW to." Basically, when Fran had a goOd inttrudtar

And text, she learned relationally. Otherwite, beCaUte her

baCkgrOUnd would not permit her to learn content pretented

poorly in a relational manner, she was fOrCed tia learn

enOugh to "get byi" She wanted to understand relationally,

b-t the COUld not. Her persistence and stubbOrriness would

nbt &HOW her to quit. Despite her problems and

frUttrationt in some of her coursework, Frah COntinUed tO

tea-eh MatheMatics relationally. "As a teacher, I tee tdo

rrialV Students who are interested in the correct antWer onlY.

Thete StUdents generally are not able to work SiMilar

problems becaute they didn't take time or weren't intetetted

ih why toMething worksi I would much rather emphasize

thinking skillt and make allowances for minor computational

errort."

Ih the Fall 1985 interview, Fran's understanding

remained the same. As much as possible, she tried to

understand relatibnally the mathematics presented to her.

However, her background, lack of time, and the mode Of

instruction often interferedalthough not as much the

previous semesters. Her coursework strongly reinforced her

desire to teach Students relationally. "It's very
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frustrating to go into a clastrdom and have someone put

something on the bOard ahd attUMe that you know where every

part of that particular Step ind procedure came from, and

You don't. But I alwa$,S gO batk in the beginning and try to

make sure that they (the ttUdehtt) have the definitions and

terms and relationshipS betWeeh the terms and what they

stand for, and put in all the tteptp 60en if they know how

to do it; At least they haVe teen where I'm getting what

I'm doing from."

In the final interview, Frah Wit asked if the program

had affected her teaching of MatheM*titt. She responded, "I

try to make sure that all my studehtt Uhderttand how to do

something and when they walk intd the clattroom from the

very beginning, we work with reMOVihg the fear of

mathematics." When asked what she learhed in the program,

she responded, "The more I took the more I khew I didn't

know. And I now know that there is A Lot I ttill doh't

k ow. I'm not real comfortable about it. I feel like I

know where to go to find the informatioh ;f I need it. I

know where to start anyway." Fran became a better teacher

as a result of the program, but not bet-au-Se she learned more

Mathematics--actually she learned that she d d hot know very

Muth. But her experiences helped her better underttand her

ttUdents' frustrations and what they needed from a teacher

to learn and enjoy mathematics. If the end justifiet the

means, the program was a success for Fran.
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Similarities an-dD-i-4+esiAthanalli--. Tina and Fran

Several noteable similarities and differences among the

three teachers with reSpect to their affect conceptions and

understanding require further mention.

Affect,. Pam and Fran entered the program with positive

attitudes toward mathematics; Tina'S attitude was neutral at

best. By the end of the program, attitudes remained or

became positive. However, anxiety toward

mathematicsespecially ih tetting situations-- increased as

a result of the program. The pace and intensity of the

program seemed to be a primary contributor. Tina and Fran

were driven especially by a personal desire to perform well

and prove themselves. They were determined to conquer

rather than be conquered; The teachers experienced much

frustration during the program. Pam and Fran were

frustrated because they could not understand the

mathematics; Tina was frustrated bY the pace and her test

performance. Finally, none of the teachers left the program

confident in their ability to do and understand college

mathematics; however, Tina and Fran became more confident in

their ability to teach mathematics;

Conception. Coincidently, each teacher entered the

program at a different stage of Perry's (1970) scheme with

respect to conceptions of mathematics. Tina was dualistic,

Fran was multiplistic, and Pam was reativistic.

Interestingly, each teacher remained at the same stage



Second Certificate 28

throughout the program; The thirty teMetter hours of

mathematics moved neither Of theM along Perry's scheme.

This result was quite surprising;

Understanding; Although all three teachers had

received good grades in their schOOl and Undergraduate

mathematics courses, their preViOUS learning of mathematics

had been highly instrumental; Their baCkground in

Mathematics had not adequately prepared theM for the

Coursework of the program. Unfortunately, the pace and

nature of the courseworK forced them tO COntinUe learning

MatheMatics instrumentally. Pam was wAare Of the prOblem

bUt c-oUld do nothing about it; Tina was frustrated by her

inability to memorize content and became heaVilY reliant on

teXtbOOkt. Fran learned relationally when she had the

OppOrtUnity, but could seldom do so. The teachert Simply

did nOt Understand and retain much of the content Of the

prograM.

Fran taught mathematics relationally from the Outset,

and the program provided her more incentive to cOntihUe the

practite. On the other hand, Pam and Tina were highl

intruMental in their teaching prior to the program;

However, soM;,- 00idence of relational teaching was found in

both bY the end Of the program; Whether the change ih

teaching was due to the program, experience, or change in

teaching assignments could not be ascertained;

lmolications for Further Research
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Before discussing imOlications for fUrther research, a

word of caution against overgeneraliZirig the results of

this study is in order. Each teacher entered the

certification program to retain a cUrrent teaching position.

Her goal upon entering the program Wat to finish it. She

was not necessarily driven by a lOVO and Appreciation of

mathematics; she was driven by a 10VO cif teathing and a

desire to retain her teaching positiOn. These goals are not

necessarily consistent with the goalt Of Mott persons

seeking a secondary certificate in MatheMatitt.

These case studies raise questions cohterning the study

of teachers' conceptions of mathematiCt. Perry's (1970)

scheme provided a clear means to classify And describe the

teachers' conceptions of mathematicS. Creating instruments

and interview questions concerning conceptiOnt was quite

easy. However; the scheme is unidiMenticihal. We fOund

other dimensions of conceptions of MatneMatitt pertaining to

complexity; utility, and origin which wore nbt encompassed

in Perry's scheme. Future research on teathert' conceptiont

Of Mathematics should focus on more than one diMention.

Perry scheme provided useful information; but the

infOrMAtion is quite incomplete;

This investigation illustrated a strong relationthip

betWeen affect; conceptions and understanding. The

toathert' affect concerning mathematics was heavilY

dependent upon their conception and understanding. For
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example, PaM's view of mathematics was relativistic;

however, she was much more comfortable in a dualistic

mathematical World. Fran was frustrated in trying to learn

relationally in an inStrumental environment. Future

research on teachert' affect must consider conceptinns,

belief sYstems, and understanding. Additionally, further

research on the relationships among these constructs is

desperately needed.

Finally, the success of the certification program with

respect to Pam, Tina and Fran WaS questionable at best. The

program seemed to have no effect On their conceptions of

mathematics. Attitudes remained or L)ecame positive, but

anxiety and frustration increased. Their learning was

highly instrumental, and Pam's and Tina's teaching became

slightly more relational. One would hOpe that a program of

collegiate mathematics to prepare secondary teachers would

heighten a-ffect, raise conceptions and in-crease

understanding; Why this program failed tO accompl;sh the

latter two goals is a question far fUrther research. The

coursework was relatively traditiOnalt And the instructors,

for the most part, were highly competent. Row should such

programs be changed to better inflUence COnCeptions and

understancang? Were the courses and teaching practices

appropriate for this group of teacher? If not, what

courses and practices would be tri-ol'e appropriate? Further

research to answer these questions iS needed.
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Closing_Remarks

ThiS Study provided detailed descriptions of the

affect; conCeptions and understanding of three teachers as

they proceeded through thirty semester hours of mathematicS

to gain a teaching certificate in secondary mathematics;

Several glaring similarit;es among the teachers indicated

that the program fell short of adequately preparing them fOr

mathematics teaching. Hopefully, this study will stimulate

furthe7 research and insights into programs designed to

prepare tecondarY SChool mathematics teachers.
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TABLE 1

Certification Program Course Descriptions

Plane Trigonometry: Trigometric functions, radian measure, variation and
graphs of the trigonometric functions, logarithms, solutions of right angles,
trigonometric identities, trigonometric equations and inverse functions,
solutions of the general triangle and complex numbers.

Analytic Geometry: A study of sets and numbers, relations and functions,
inequilities; exponential, logarithmic, circular, and trigonometric functions,
and elements of analytic geometry.

Calculus I: Differential and integral calculus including limits and con=
tinuity, differentiation, the mean-value theorem and applications, integration
and applications.

Calculus II: A study of the logarithmic, exponential, trigonometric, and
hyperbolic functions; the technique of integration; volume, work, and other
applications of the integral; polar coordinates and parametric equaLions.

Calculus III: A study of sequences, indeterminant forms, improper integrals,
infinite series, functions of several variables, double and triple integrals.

Probability: Laws of probability, random variables, mathematical expectation,
Bayes Theorum; binomial, Poisson and normal distributions; elementary explora=
tory data analysis.

Higher_Geometry: IntroduoLion to modern approaches of the development of
Euclidean geometry.

Linear_Algebra: Vector spilzes, linear transformation, representation of
linear transformations by matrices, matrix algebra, determinants, systems of
linear equations ana eigenvalue problems.

Abstmot_Algebra: Mappings, relations, logic, semigroups, groups, Boolean
algebras, directed and undirected graphs and applications.

Mavlematics ConceptsandMethods: Introduction to natures history, methods,
and applications of mathematics and to mathematics journals of relevance to
secondary teachers.



TABLE 2

Course Schedules and Orientations Of Pam, Tina and Fran

Spring

1981
Summer

1984

Fall

1984

Spring

1985

Summer

1985

Fall

1985

Spring

1986

3burses

(PreVioda)
College Alg.

rigonometry

'nalytic Geo;

Calculus I

f -thods

College Alg;

Trigonometry

Analytic Geo.

Probability

Calmilus I

(withdrew)

Calculus I Calculus II

Calculus III

Geometry

Abstract Alg.

Linear Alg.

fttitude

mxiety

:onception

Rarning

!eaching

baitiVe

' little

l'elatiViatic

IhatruMeOtal

Inatrutental

Positive

Increased

Relativistic

Instrumental

Instrumental

PoSitive

$ame

Relativisth

Instr/Rel

InStr/Rel

ourses

(Previous)

College Alg.

Trigonometry

Analytic Geo.

Analytic Geo

Probability
Calculus I CalcUlus II

Methóda

Calculus III

Geometry

Linear idgebra

Abstract Alg.

ttitude

nxiety_

onception

earning

eaching

eutral

. little

)ualistic

Instrumental

Instrumental

Positive

Increased

Dualistic

Instrumental

Instrumental

Positive_

Decreased

DUAliatit

Instrumental

Instrumental

Positive

Decreased

Dualistic

Instrumentat

Instr/Rel

puraea

(Previous)

College tag. Trigonometry

Analytic Geo.

Probability

Calculus I

(withdrew)

Calculus I

Methods

Calculus II

Calculus III

AbStract Alg.

Linear Alg.

:tituLe

ixiety_

)nception

!arning

!aching

Highly Positive

None

Multiplistic

Instrumental

Relational

Pbsitive

Increase

Multipliatic

Instr/Rel_

Relational

Positive

Same

MultipIisti

Iustr/Rel

Relational

Positive

Same

Multiplistic

Ir.tr/Rel

Relytional
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