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Abstract

Presented here is a case for the development of an dternate certification program for
crossover teachers: mathematics teachers not specificdly trained in mathematics but who
teach mathematics. The problem is one of guaranteeing that crossover teachers are subject
meatter competent; a notion that has heretofore been defined as holding an undergraduate
degree in mathematics. But for various reasons, it is often impractica to require crossover
teachersto obtain a BA degree, or its equivaent, in mathematics. The problem of certifying
crossover teachers seemsto be an internationd one; the proposed program might help
dleviateit.

1. Background: Israd has a centraized educationd system with a Ministry of Education
that is charged with overseeing dl aspects of the K-12 system. But the certification of
teachers for K-12 isdone in universities and colleges, where in effect the Ministry has
entrusted them to develop programs that will produce competent teachers. For the most
part, the univerdties are given the right to develop programs for the certification of high
school teachers (grades 9-12), while the colleges are given the mandate to develop
programs for the certification of elementary school teachers (grades K-8).

Each universty develops its own certification program, but asit has turned out, there are
tremendous smilarities between the respective univeraty programs with respect to thelr
adminidrative structure, educationa requirements, and underlying philosophies. For
example, teacher education programs are usudly in the universty’ s department or school of
educetion; they are generdly staffed by part-time teachers who themselves are excdllent high
school teachers; they require their students to aready have (or soon to be awarded) an
academic degree in the discipline they will be teaching in the high school, and they are built
on amentor-gpprentice model. This model has been in use for years and it works wdll for
those students who come to us as freshman math mgors. However the program does not
work well for those who want to be certified mathematics teachers, but who do not have a
first degree in mathematics.

There are two types of undergraduate degreesin mathematics offered by Isradli universities.
The Humanities and Socid Science Faculty offersthe BA degree in mathematics, while the
Science Faculty offers the BSc degree in mathematics. The difference between the two
degreesisone of extent; roughly spesking the BA degree requires the student to take 56
points in mathematics, whereas the BSc degree requires the student to take 110 pointsin
mathematics. The coursesin the BA program are a subset of the required coursesin the
BSc program. BA degree students Sit in the same classes as BSc degree students, but they
do not take as many mathematics courses as the BSc sudents. (BA degree students have



two mgors, with the second mgor coming from the H& SS faculty; philosophy, economics,
linguistics, and geography are popular choices for the second mgjor.)

2.The Problem: Many high school mathematics teachersin the Isradli school system are
not certified to teach mathematics. In fact, they are not certified to teach any subject, but
they were hired by the local authorities to be teachers and many of them have been teaching
for years. The numbers on this vary widely and are a function of geographic locae and
socio-economic factors, but it has been estimated that as many as 30% of the full time
mathemetics teachers at the high school level are not certified. Generaly these individuals
work in the less desirable outlying areas where there is a shortage of teachers--and
principas have little choice but to hire uncertified ones. These uncertified teachers often have
aBSc degree in engineering, or in some sort of technica field, but they do not have a
bachdor’ s degree in mathematics. They have studied some mathematics, but the courses
they have taken did not have the orientation, depth, or breadth of the courses that are
required of mathematics mgjors.

From afinancid viewpoint done, it very much behooves these uncertified teachersto
become certified; security, prestige and self-image are of course other benefits of
certification, but the main motivating factor is money. However the universities have put a
stumbling block in their path to become certified. That sumbling block isthat adl sudentsin
the mathematics certification programs must have the equivaent of aBA in mathematics—
and dthough the word “equivaent” is often interpreted very liberdly—the bottom lineis that
it isnearly impossible for these practicing uncertified teachers, crossover teachers, to obtain
the equivalent of a BA in mathematics.

The mathematics courses at my university for the BA degree are asfollows:

Infinitesma Cdculus 1 6.0 points

Infinitesmal Cdculus 2 5.0
Logic and Set Theory 5.0
Discrete Math 5.0
Algebral 5.0
Algebra 2 5.0
ODE 4.5
Complex Functions 35
Fourier Analyss 4.0
Algebra3 4.0
Probability 4.5
Computer Science 5.0

Since many of the uncertified teachers have degreesin technica subjects, they have usudly
taken two coursesin caculus, a course in matrices, ODE, CS and probability. They receive
credit for these courses as being equivaent to the onesin the above ligt, even though in
redity they usualy are not equivaent (because of their depth, level, and orientation). But
this dill leaves them having to take about Sx coursesto fill out the equivdent of aBA
program—and upon hearing this they complain bitterly, thet it is not fair.



3. Their Argument: There are severd facets to their complaint.

a) They are practicing teachers and as such they are adults often with family
obligations--it isimpossible for them to take off from their classes twice aweek to
attend university lectures that are often given at the same hours that they themselves
are scheduled to teach.

b) Being required to take Six advanced level coursesis completdly ridiculous—
particularly in that the courses are at levels of abstraction that are meaninglessto
what they do day-in and day-out.

c) Universty courses are terribly expensve—the equivaent of thousands of dollars
must be spent before they can be certified to teach. But to be frank, they haven't the
background to succeed in the advanced-level courses being required of them, and
they know it. Algebralisa prerequiste for Algebra 2; dthough they receive an
exemption from Algebra 1 for the course in matrices, they do not have the
background to succeed in Algebra 2, which is a continuation of the linear spaces
course Algebral. And so it goes withthe other exemptions they receive. In short,
the exemptions become meaningless.

And why don't these individuds Smply start aBA program in mathematics itsdf? Well,
there are two reasons. 1) They are adults, oftenin their mid-30'sand 40's, and it isn’t
feasble a this sage of life to Sart their universty sudies over again, and 2) in dl likelihood,
they wouldn’t be accepted to the BA program because they wouldn't be able to meet the
entrance requirements. Many of the crossover teachers have BSc degrees from Technicd
Colleges that are notorious for low academic standards.

There are two other facets of their complaint that are harder to ignore. One istha most of
the crossover teachers belong to minority factions within Isragli society; often they are
Bedouin or Arab, and most Israeliswill agree that over the years, these factions have not
been treeted fairly by the government’ s policies in generd, and by its educationd policiesin
particular. The second factor thet is hard to ignoreis that teachers who often haveaBA in
mathematics were themsalves only margind students of mathematics. Perhaps 20 years ago
they squeaked through some high-level math courses, but whatever knowledge they had
then is not rlevant for what they are doing today. The crossover teachers believe that on a
day-to-day comparison, teacherswho have a BA degree in mathematics are for the most
part, doing no better of ajob in the classroom than they are doing, but those math teachers
are compensated at much higher level than they.

What the crossover teachers are asking for is an affirmative action program for themselves
with respect to certification.

4. The Research: The crux of their argument isthat it is not reasonable to require them to
have the equivadent of aBA in mathematics. Intuitively their argument seemsto beridiculous,
but with respect to the few studies that have been conducted in this area, research seemsto
be on their Sde!



The late Professor Edward Begle of the Stanford University was one of the architects of the
new math movement in the United States.  Towards the latter part of this movement he was
in charge of acenter at Stanford that researched various questions and issues about the
teaching and learning of mathematics. One of the Sudies he initiated investigated the
relationship between a teacher’ s knowledge of mathematics and student performance. He
tested teachers of 9" grade agebrain two aress: their knowledge of agebraic structures
and numeric concepts. He then built specific exams on these notions for their sudents, and
he administered these tests at the start of the school year and again at the end of it. Begle
took the mean score for each class on these notions at the start of the school year and
subtracted it from the mean score of the class at the end of the school year. He called this
difference the effect of that particular teacher on his class with respect to algebraic
concepts. He employed a smilar algorithm with respect to numeric concepts.

For each teacher Begle then built a vector listing that teechers persona score of their
knowledge of adgebraic concepts, their persond score of their knowledge of numeric
concepts, and their effect in the classroom for imparting to the students algebraic concepts
and numeric concepts. This vector was written as follows:

(x 1,x 2,y 1,y 2), where

X_1= the teacher’ s persona score on the algebraic concept test

X_2 = the teacher’ s persona score on the numeric concept test
y_1=theteacher’s mean effect score in the classroom on agebraic concepts
y_2 = the teacher’ s mean effect score in the classroom on numeric concepts.

Begle then built a correlation matrix in which he looked a the satidticd influence of X_1 on
y 1, x1lony 2, x 2ony 1,x 2ony 2,X 1&x 2ony 1, ec.

Begle found that ther e was no meaningfully significant correation between a
teacher’s knowledge of subject matter and the performance of their students!

Begle concluded that of course there must be a threshold of minima knowledge that a
teacher must possess, but wherever that threshold is, the teachersin his study were far
aboveit.

One of the problems with Begle' s study was that the teachers who participated in it were all
recent graduates of an NSF indtitute for teachers. They had been selected for thisinditute
through a competitive procedure, and as such they were not representative of the average
teacher inthefidd. So | decided to fix thisglitch in Begle's design by administering his
exams to everyday teachers from the field. | dso expanded the number of independent and
dependent variables being looked at by including teacher background variables such asthe
grades they received in specific undergraduate courses, the types of courses they took in
their undergraduate programs, the number of years of experience they had in the classroom,
and other smilar variables. | dso administered a questionnaire to the teachers assessing their
knowledge of basic logica syllogisms, (atopic that was very popular in those days.)
However, Begl€ s overdl design was maintained, where a vector was assigned to each



teacher in the study, in which the vector’ s dependent components were assessments of that
particular teacher’ s effect in the classroom. The only meaningfully significant correlation
obtained with respect to student achievement dedlt with the number of courses ateacher
had taken; not with the grades that teacher had earned in those courses! Begle' s conclusion
had repeated itsdlf; but thistime it had repeated itself on the hoi polloi of teachers. Although
there is obvioudy alower bound of knowledge teachers must know in order to teach, the
teachersin this study were far above thislower bound. The final conclusion wasthat
obvioudy something is causing the variance in students' scores, but that it would
behoove us (those involved with teacher education), to search for the roots of this
variancein variables other than teacher knowledge of subject matter.

This study generated quite a bit of discusson within the mathemeatics education community &
that time, with individuas who had participated in the origind Begle study writing to me
endorsing the pleathat we should start looking at affective variables in the classroom. But
with respect to guarding the gates as to who can become certified to teach mathematics,
nothing changed.

5. Two Models For Imparting Subject Matter Knowledgeto Teachers: When oneis
in aforest there are two ways to get the lay of the land. One way is to go from tree-to-tree,
taking one's time to serioudy investigate the nooks and crooks surrounding each tree; doing
thisin avery careful and serious way will make one an expert in knowing the ins and outs of
that forest. A second way is to climb the highest tree and look down. The topography of the
forest floor wil reved itsdf. These two methods of learning can be used by andogy to
describe the training of mathematics teechers.

One way to train mathematics teachersisto take them in avery systematic way through the
textbooks from which they are going to teach. By doing this very carefully and
systematicdly, they will become experts of those books—and since there is a tremendous
amount of overlap of the content in textbooks that students need to master, regardiess of the
programs presenting the content, the teachers will be well trained for the classroom. A
second method to train mathematics teachersis to take them through high-level coursesin
which they study the abstractions and generdizations of the topics they will teach on a day-
to-day basis. Most undergraduate programs in mathematics are built in this way—where the
knowledge one needs is presented in the abstract, and with the applications hopefully being
sorted out by the teachers themsdlves. E.g., the red numbers form afield; the notion of
addition can be considered as being awell-defined closed binary operation in which the redl
number fidd is mapped into itsdlf, (+:R>R).  The underlying assumption of this method of
teaching isthat bits of knowledge like this will make one more knowledgesable and effective
in the dlassroom, particularly when teaching addition to students and that this knowledge will
be drawn upon by the teacher in some meaningfully way. Begle put ahole into such
assumptions, but of course, no one has listened to him.

Asan addeit isingructiveto recdl that this method of obtaining degper ingghts into content
meatter was one of the underlying tenets for having children caculate in different number
bases. But thistoo did not help students devel op a deegp understanding of base 10
cdculations.



6. Affirmative Action: A Proposed Framework: It ssems only proper that an dternative
to the standard requirement that all certified math teachers have a BA degree (or its
equivaent) in mathematics be available to crossover teachers, mathematics teachers who
were trained in some other discipline. The following is proposed as aframework for such a

program.

Alternative certification can be commenced in the second year of teaching. It
will only be open to teachers who have been teaching on afull time bassin the
same schooal for at least two years.

All teechersin the program must pass awritten content exam based on the
materid in the textbooks from which they teach. The exam will be constructed
and evaluated by those overseeing the university’ s mathemetics teacher
certification program. A teacher may take this examination only twicein a
cdendar year. If they fail the exam on the firg testing, they will have the option
to participate in ayear course that will take them systemeticdly through all
agpects the schoal curriculum; they will be expected to be able to solve dl of the
problems in each textbook used in the curriculum.

Each teacher in the program will be paired with a certified math teecher in a
different school who is teaching the same courses as the crossover teacher. E.Q.,
if the crossover teacher is teaching two classes of 9" grade algebra and two of
10™ grade geometry, then each class will be paired with those of a certified
teacher in adifferent school. Every effort will be made to match the classeson
S0cio-economic variables,

The students in both the crossover teacher’ s class and those in the classroom to
which it has been paired, will be tested at the start of the school year and dso at
the end of it. Thetest at the start of the year is to ensure that the background of
the two groups of sudentsisinitidly the same. Thetesting a the end of the
school year isto seeif the classes have remained equivaent to one another. A
minimum of 6 classes must compared; this might be done over one year or over
two years.

If the students of the crossover teacher have done as well as those of the
certified teacher in at least 4 of the 6 classes being compared, then the
crossover teacher will receive certification and be entitled to al benefits thereof.
Doing aswell as ... can be defined as having no datisticaly sgnificant
differences in the end of year mean scores on the exams.

If the students of the crossover teacher have not done as wdll as these of the
catified teacher in three or more of the classes being compared, then that
crossover teecher will not receive certification. Moreover, that teacher will not
be alowed to regpply for cetification for two caendar years—but when the
teacher does regpply, the aternative certification program must be started anew
from the beginning, with the teacher taking the subject matter test again.

7. Initial Reactions and Conclusion: It seems clear that something has to be done with
respect to certifying crossover teachers. It also seemsthat holding them to the rigorous
dandard of having a the very least the equivdent of aBA degree in mathematicsis not
practical. The above program presents an dternative method for certification, but it is not



recommended for everyone. The stlandard prerequisite of requiring an undergraduate degree
in mathematicsis preferred over the above route, which at this point is being suggested as an
dternative route only for crossover teachers dready in thefidd. Initid reactionsto the
rationale and to the underlying design of the program have been positive, but it has yet to be
implemented, and colleagues believe that getting gpprova for itsimplementation will not
come without magjor battles. | spoke about this problem at ICMI-10 in Copenhagen last
summer and many colleagues from other countries voiced amilar problems with their
crossover teachers. But they too had no solution to the problem. Most in the mathematics
community know the story surrounding the epiteph:  In mathematics there is no roya road;
everyone walks the same path. Perhaps with respect to the certification of crossover
teachers, it istime for usto implement an dterndive path.
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