L
% #& 4
L

SPRING 2008

ONo person
State of Connecticut
0 over the past thirty
years 0 has done
more for the im-
provement of math
and science instruc-
tion than Robert A.
Rosenbaum. [He] has
directly and indirectly
touched the lives of
thousands of K -12
teachers in Connecti-

cut . o
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BOB ROSENBAUM RECEIV ES DISTINGUISHED SERVICE AWARD

n t h e The Connecticut Association of Public
School Superintendents (CAPSS) has awarded D )
Robert A. Rosenbaum, P : ailr ,
its Distinguished Service Award in recognition of A
his exemplary career, with its many contributions
to math and science education.
During the award presentation on May 8
at CAPPS® annual banqu ed
the superintendents for their service to education,
extending to this company of dedicated men and
women Henr y -kdodreapherdm we | |
about teachers: Educators affect eternity; they carF’ )
never tell where their influence stops. B
ONo person in the J
& over the past thirty year® has done more for : .
the improvement of math and science instructon c al | ed Bob odan extraor :I i nar
than Robert A. Rosenbacompassionate gentl emaig, ar
President and CEO of the Connecticut Science Over the course of his S%ear Wesleyan
Center, former Comissioner of the State Depart- University career, Bob has been a professor, dean
ment of Education and a previous CAPSS Distin- provost, academic viepresident, acting president
gui shed Service Awar d andchancellor. In1985, he was named The Uni-i] -
rectly and indirectly touched the lives of thou-  versity Professor of Mathematics and the Scienceq,
sandsofKL2 t eacher s i n Colemeritus.
Michael A. Zebarth, director of PIMMS, ( ¢ o i paged)
SITEIFES
GENERATE ENERGY IN THE CLASSROOM!
Record numbers of teachers have regis- Ruopp, K12 science coordinator for the Dan-
tered for theee smarts 2008 Summer Energy bury schools, described a recea¢ smarts
Education Workshops offered by PIMMS. presentation. o1l will fJdefi
For almost two years now, PIMMS has as we move forward with science teaching in
been involved in offering these professionaldevel- t he el ement ary and mi ddl e
opment workshops, sponsored by The United OPI MMS is recogni 4ed a
llluminating Company (Ul) and The Connecticut supplier of professional development for teach-
Light and Power Company (CL&P), which help ers of math and sciende in
Connecticut teachers educate students frompre Ty f anni e eddmartk , progrand al-
kindergarten through ninth grade about energy ministrator.
and energyelated behaviors, using hands Added Mike Zebarth, director of
classroom activities, among other methods. Pl MMS: o0The program ig clo
0Outstandi ngd6 i s- h o thenew Connecticut State Framework for
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oOWhat |
about the coaching
experience is that it
gave me the
opportunity to
observe another
teacherds
as well as a whole
different science
curriculum and
grade level than the

one |

n\:k

OPhysics

da')ntpgl

Eesmartsicont 0d

science and is a good fit with our new work-

shops for the statefs
tasks. 6 Especially as
the Connecticut Master

oee smarts provides a very economical
means for districts to provide professional
devel opment in
The workshops for teachers of pre
k through 2 grade will be offered from July
22 to 24. Workshops for & through 5" grade
and @" through 9" grade teachers will be
offered from July 8 to 10. An advanced work-
shop for teachers of '8 through 3" grade who
have attended a previous PIMMS workshop is
planned for July 15 and 16. All will take place
at Wesleyan University in Middletown.

enjoye d A separate set of workshops for

science

teachers in the Hartford school system will be
offered at the Noah Webster Micro Society
School in Hartford. These are scheduled for t
June 18 for teachers of pdethrough 2° grade;
June 19 and 20 for teachers of ghrough 5"
grade, and for teachers of"@hrough 8" grade.

Over 180 teachers will receive sti-
pends, free classroom
are offered as part of all workshops. For more
information, visitwww.ee smarts _.comor
www.wesleyan.edu/pimms.

ee smarts is an energeefficiency
learning initiative funded through the Connecti-
cut Energy Efficiency Fund, which Ul and CL&P
administer.

The Science of the LAMSS

The Leadership Academy for Middle
School Science (LAMSS) is an intensive, three
year program of graduate study for teachers
in the New Britain, Stratford, and Waterbury

S t pubdictseh@ls vehs want to become more
comfortable in their leadership role and help
their fellow educators learn new approaches
to teaching science.

Funded by a Mathematics and Sci-
ence Partnership Program Grant through the
Connecticut State Department of Education,
and managed by PIMMS, LAMSS uses work-

t e a ¢ Bhops and crosdistrict peercoaching to

devel op teachers?od
gogy, and leadership skills.

oWhat | enjoyed
experience is that it gave me the opportunity
to observe another
well as a whole different science curriculum
and grade | evel than
one of the programéds
flection on a recent classroom session.

Bob Borell o,
Director for Science,
in terms of the
and the feedback
terms of thethusefulness of the information
t yodr e

Over the course of the threeyear
program, teachers attend workshops address-
ing such wideanging topics as technology
and datadriven instruction; content knowl-
edge in the physical, earth, and life sciences;
and ocognitive coachi
building trust and rapport between a coach

Cc 0 n tneeet the reeds okvdll arrers, ,as welead meth-
a birdoustiende msructon;a ¢ h i
t e ateathimg abdsfor astessaneéneand data anaysis to

tstruetiom ne |
18

P 1 MM SripsoveAreisteaching t e

par t i cthepragnamsrid wereraconimended by an
we 0 r eadngirestratoi. Thgy receive stipehds ferraot-i n

get t i ng. oworkshops and coaching sessions; graduate

ng, 6 a

and the one he or she is mentoring so that both
grow in sefawareness and efficiency.

Teachers who complete the LAMSS
program:

* Will have a solid understanding of
the physical, earth, and life sciences, as related
to the CT Science Framework and National
Science Education Standards for middle school
learners;

* Can engage students in the inquiry
process in the science classroom;

* Will be skilled in the use of a variety
of researchbased instructional strategies to

ods to integrate language arts and mathematics

ng
* Can use technology to enhance

evaluate student learning and guide student in-
teach, 6 wrot g
p a*Will becskilledacnaches whamcaraas-r ¢
sist peer teachers in developing their skills and

s a i dTeacheis applied fa acceptancevneor Y
it

school activities; released time for schatdy

credit through Central Connecticut State Uni-
versity and Wesleyan University; and materials
and supplies. Also, teachers who successfully
complete the program are designated as PIMMS
Fellows.

of

unique met hod

of

mat e


http://www.eesmarts.com/

HELPING KIDS REACH FORTHE STARS

Astronomers will bring the universe into
Connecticut classrooms through an innovative,
handson astronomy progranii Project ASTRO
fi available to Connecticut teachers of grades 3
through 9.

Using childrends
astronomy to increase excitement about science,
Project ASTRO will bring a volunteer astronomer
into each participating
four times during the school year. The astronomer
and teacher will work as partners, presenting
handson activities that show how redife scien-
tists learn about the unknown and solve problems.

Project ASTRO was created by the As-
tronomical Society of the Pacific through funding
by the National Science Foundation and NASA. It

naitprogramds

Page 3

is being brought to Connecticut teachers by
two esteemed Wesleyan University pro-
gramsd the Department of Astronomy and
the Project to Increase Mastery of Mathe-
matics and Science (PIMMS).

Teacher training, a key to the
s uc c e dgay,
orientation workshop this summer, when
teachers and astronomers will meet one
another and plan their visits. Books and
other resources will be provided, and one
CEU will be granted to each participant
who completes the workshop.

For more information, please visit
www.wesleyan.edu/pimms. Questions may
be directed to coordinator Bob Borello at:
rborello@wesleyan.edu

i pt

Project ASTRO
Wesleyan

OAstronomejr

Teachers as Part-
ners in the Class-
roomo

RARAwardi con ot

Bob and Sheila Tobi as, W
wer e instrument al in establ
omat hemati cs c | i-phob stddents.dHeis ma

the author or caauthor of four mathematics texts and the
recipient of several honorary degrees.

He has directed a host of highly acclaimed National
Science Foundatiesupported institutes for teachers and stu-
dents.

In the early 1980s, Bob formed an alliance with sev-
eral corporations to create the Project to Increase Mastery of
Mathematics (PIMM). In 1983, the project expanded its scope
to include science, and a group of 40 secondary teachers at-
tended the first summer of the first twyear PIMMS residential
Fellowship program.

Bob was Pl MMS3s Director
its Chairman since. The program works to meet the needs of
Connecticutdés | arge urban di
cationally depressed.

The hallmark of the PIMMS Fellowship program is the
cadre of leaders that has developed. Many have become de-
partment chairs, district coordinators, school administrators,
and statelevel supervisors. Over 70 percent of the Connecti-
cut Presidential Awards for Excellence in Mathematics and
Science Teaching have gone to PIMMS Fellows.

The influence of PIMMS has gone well beyond Con-
necticutds border s, with maj
sistance in replicating PIMMS in such states as New York, Flor
ida and Ohio.

Perhaps the capstone of the Rosenbaum legacy is the
Connecticut Academy for Education in Mathematics, Science
and Technologpt he operating arm of
Systemic Initiative (SSProject CONNSTRUET the reform of
mathematics and science education.

It is estimated that Bob has volunteered 50,0@0s t ,
hours to these and other mathelated pursuits. 6s f

Among Bobds other interg
been the National Age Group Champion four times. He
is such an accomplished and dedicated player that in
2005 Wesleyamamed its squash courts for him.

Bob lives with his wife Marjorie in Middletown.

Previous recipients of the CAPSS Distinguished
Service Award in addition to Dr. Sergi include civil rights
attorney Martha Stone, Founder and Executive Director
of the Center for Childrendstg
|l ead attorneys in the Sheff
case; Lawrence D. McHugh, Chairman of the Connecti-
cut State University Systemdg
President of the Middlesex County Chamber of Com- n
merce; and Dr. David G. Carter Sr., Chancellor of the
Connecticut State University System.
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Staff News:

Lorraine Karatkewicz , PIMMS Office Manager, was re-
WESLEYAN cently honored by Wesleyan University for her 32 years of
UNIVSERSITY dedicated service. President Michael Roth and the Human k

Resources staff hosted a Service Recognition Luncheani

honor of your dedi @@ dtemployees yé
PROJECT TO who have worked at Wesleyan for 20 or more years.
INCREASE _ '
MASTERY Congratulations, Lorraine!
OF MATHEMATICS
AND SCIENCE
178 Cross St. Middletown, PIMMS has nameédaria Johnson as its new Assistant Director for Grants, Programs and Market-
CT 06459 ing. Maria will be responsible for researching and securing grants, administering grants and pro-

grams such as the PIMMS CEU program, and working to promote PIMMS programs. Maria comd
: to PIMMS with a wealth of experience in both education and the media. She is currently completifg
Fax'\,\gg? gﬁi%t‘?l her tenure teaching freshman composition and creative writing at the University of Hartford. Mari

' / F;imms was a reporter for the Providence Jourrgiilletin for 15 years.

[2]

Phone: (860)6856454

Welcome, Maria

We love our consultants! O
A =
\
PIMMS expresses its appreciation to its dedicated consultants ||
who devote so much of their time to helping to improve the mathe- — L
PIMMS STAFF matics and science instruction in Connecticut schools. The follow-
ing PIMMS consultants have spent significant time during the
IRlEEE A, RO, 2007-2008 school year working with teachers: P
Chairman
Barbara Austin Waterbury, Trumbull, eeSmarts
Mike Zebarth,
Director Karen Bailey Monroe, eeSmarts i
Robert Borello, Dan Dolan New Haven, Thompson, Ridgefield
Assoc. Dir. Science
. . Eloise Farmer Stamford, New Haven, Hartford, Bridgeport
Lorraine Karatkewicz,
Office Mgr Don Hastings Bridgeport
Maria Johnson, Sandra Justin Enfield, Hartford, eeSmarts
Assdt Dir folr Grants,
Programs and Marketing Sue Mclnerney Summer institutes
Mari Muri East Lyme, RSD #2, Stamford, Windham
Marilyn Odell Hartford
Robert Segall Hartford
Ken Sherrick Hartford, Thompson

Dolores Vecchiarelli  Seymour, Stamford




Musings on Factoring of Polynomials
Bob Rosenbaum
The factoringdf polynomials 1) is a topic in algebra about which students have vastly different feelings:

e for some, factoring is a prime example of a t¢c
are we ever gonna ushi® 0

hni

o for some others, factoring provides an enjoyable puzzle, akin, perhaps, to diagramming sentences in afj Eng-

lish class.

I should be explicit about the difference between factoring a polynomial, sugh&sx +6 =(xd 2)(x& 3) and

factoring an integer,sucha&&29 = 17 A 37. _
In the first example, the equals sign means that, for every x, the valug

of the polynomial,x*& 5x 8 6, for any numbe, equals the product

of the numbersxd 2 andx & 3, for that number x, and so there are
infinitely many numerical equalities contained in the single algebraic
equation; while, in the second example, we are told that the number,
629, equals (or can be expressed as, or can be factored into) the

product of the two numbers, 17 and 37.

Few students see argygnificande factoring, and many teach-
ers join students in disdain or distaste for factoring. Sandie

showed me a sheaf of questions and answers ainduta t 6 s | f
toring good farorwhy teach factorifigthe teacherdiscussants
were seriously trying to find justification for their teaching of a
topic that they feared has no significance. In that simedfone

Coel ho, Pl MMS6 f or mer Associlat e

person could provide a reason for learning how to factor polyrfomi-

ald Indeed, one frustrated respondent said t haxtdsxdied, afsk ed
he would answer, OFactor this expression or 16191 pul ] the
mean Dickensian teacher isn6t much worse than the sarfcast
student o0since he needs to have some reason to study.]|6

I f || am asked, O0Should students in a high school &l ge
al s?6, | r e scpuoNOdNdWES. hd a Lcelteame expl ai n:

I f the studentds experience wi-iinfimitehuwnber af prablengs like théfolldw- ¢ s n

ing: 0By factor il68g,15x81B8¥v0®k 60t he equati on
then the student has been cheated

It is desirable, of course, for the student to realize that

e 168 + 15x3 18X = 3(56 + 5x& 6X);

e 168 + 15x3 18¥ = 0 «» 56 + 5xd 6 =0; that is, the two quadratic equations have the same solutions afgd
therefore are equivalent;

e Forrealp,q, p-q=0cp =0, 0rq=0or both;

e If, for all real numbersg, 56 + 5x8 6x2 = (a + bx) (c + dx) for integers a,b,c,d
thenac =56 andbd =0 6; and

e There are only finitely many valuesayb,c,dhat need be tested to find the possible factors.

Many students do not appreciate any of the statements contained in the foregoing bullets. Consider the amusinj
blunder made by some students in applying bullet #3:

Asked to solve56 + 5x8 6x =0 , the student (correctly) rewrites the equation assx’ & 5x = 56,




permitting the factorization:x(6xd 5) = 56.

Now the student appliesahomgr own (and fal se) generalization of
clude that
x=560r 6x05 =56 ()
The student failed to recognize that the statement of bullet #3 is true if and only if the constant is zero.

the factorable quadratic expressions form so insignificant a subset of all quadratic expressions.

But, ocompleting the sqguarrfendwttiesomeihsag worthwhiled¢ | sayghisavidhr
enthusiasm because the process of completing the square leads to reducing the quadratic equation whose roots we sq
a couple of linear equations whose roots we already know how toffiirdanalogy with the sort of reduction used by Tart-
aglia and Ferrari to solve cubic and quartic equati@s@ften the solutions (answers) of a problem are almost unrelated t
the value of solving the problem. The important values of solving classroom problems are the procedures (patterns, or

guences of steps) that are recognized as useful also in solving numerous other problems.

I n response to the quer ythi® 6,Whtehne asrteu dween te vperro bgaobnlnya
practicalfrom his or her point of view, and solving an algebraic equation does not strike the averaggnaidén as a really
urgent matter. In calculus, factorifguseful to break a rational fraction expression irgartial fractionpermitting us to
integrate the original expression and to deal with some infinite series. But, for a high school teacher to appeal tp-thesdq
plications as reasons for | earning to factor forciéga {

pedagogically weak argumeBj.(

Thus, |1 saNO ! to spending lots of time in elementary and intermediate algebra classes on factoring quadratic
pressionsn order to solve quadratic equations.

get across the important concepts contained in the five bullehé&bexplains part of the reason for théES in my answer
to the factoring question.

Now let me strengthen myrES by outlining three problems, not involving the solution of equations, whose solu-
tions require that students have an understanding of factoring and some facility with the process. The first of thesespro
is appropriate for a first course in algebra, while the second and third may require more mathematical maturity than tyg

ninth-graders have.

Prob. 1
Observe that

b wWwNEF
Qr QO Q1 Q1 Qn
~N~No ok~ w
+ + + + +
Ll el
WN PP O~
o 01O

What pattern do you notice? Express your guess (conjecture) in words. How do you know whether
this pattern continues indefinitely?

The pattern might be described as follows: The product of two consecutive odd numbers, or of two consecutivd
bers, plus 1, equals a perfectsqtate e s quar e of the Oskippedd number.

A direct algebraic argument that this pattern is valid in general follows from letting the first number in the prodd
be called n. It doesndét matter whether it is even or
of the two numbers is n(n + 2); and the left hand side of the equations of the problems will be n(n + 2) + 1.

Butn(n+2)+1=A +2n+ 1, which equals (n +3)

To teach factoring as a method for solving quadratic equations may be considered an exercise in futility, becalfse

atic
ek to

N <

e_

On the other hand, | think that it imot only desirable but really pedagogically necessary to work through some factoring

blem
cal

even ni

ict
odd .




= n+2 = = LSy
T © © © o/0@ T o © o e This is clearly the square
N ©e ©¢ © © o N ¢ e o o between n'and (n +2). | | '
] © ©¢ © @ @ + The equality n(n + 2) + 1 = (n + 1)s anidentityyalid for
i e o e o all integers, n, and thus validates the guess expressed in
il N e o words above.
o
2
n(n+2)+1 = (n+1)

Prob. 2 (Given to a Middletown, CT sixtlgrade class by the cosmopolitan mathematician and educator, W. W.
Sawyer, over 50 years ago. The problem also appears as the second exefidigeTiheory of Numbeagext written by the

noted American mathematician, Robert D. Carmichael, about 100 years ago.)

Observe that

and

A WNPF
Q@ Qi Q
ahwN
Qi Qx
o U AW
O Qi Q
~NOo o1 b~
+ + + +
e
oo
COWErN
MO NG
PR

What pattern(s) do you notice? Express your guesses (conjectures) in words.

A class may propose a number of good conjectures
had little experience with guessing in mathematics, some students will come up with pretty wild guesses. | have found
for a sequence like 25, 121, 361, 841, students will, with minimal guidance, often calculate first differences, andrel/en s
and third difference® calculations frequently fruitful. Also, in searching for patterns in a sequence like this one, studentd

tend to fi xat @&nobabadtthing, eithen.i t 6s di gi t
Letds set aside some of the guesses, and turn to

whom oOoevery integer i s a per s odpsolthatfthe folewird) gugss ausfacdd aithauy
much prompting from the teacher:

25, 121, 361, 841 are all perfect squares.

Letds try two more examples for good measur e:
5.6-7-8+1=1681=(41f, and
6-7-8-9+1=3025=(55%.

This looks promising, so we formulate tfRolyasque Guess: The product of four consecutive whole numbers, p
always perfect square

This is a satisfying observation, but we must r em
proob). 6 (

Here is where algebra and factoring come into play. We formulate our conjecture as follows:
n(n + 1)(n + 2)(n + 3) +1 =*s?, 0]

the questioomar k signi fying that we dondt yet know whetH

of

(1ik
that,
eCo

a mo
ai d

us 1, is

e mb e




A straightforward approach to validating equation (i) might go as follows:
We multiply out the left side of (i), obtaining

nn+1)(n+2)(n+3)+1="+6r°+ 11+ 6n+1.
(Do this for practice)

We ask, OAre t her e nhwénmb Ers6n+al,=af+bn+e) (a-m+cjzh a t
Mentally multiplying out the right side, we see thanust be 1 andc must also be 1.

So, we ask O bsuchthatere a number

n+6r+ 11+ 6n+1=(P+bn+1) B+ bn + 1) 2?26
A little experimentation shows that this last equation is valid

if and only ifb = 3; i.e.
n*+ 6+ 11+ 6n + 1 = (i1 + 3n + 17.

Hooray! The product of four consecutive whole numbers, plus 1, is always a perfect square! Factoring provided the key!
Comments and Queries on the Problems
(a) The factored form obtained above hel ps s t c hec

u 0
n(n + 1)(n + 2)(n + 3) +forn=1,2,3A A As 5, 1, 1, 1, 1, 5, A A A
What is the sequeénad3negldf unitds digits in
(b) Note that 2 A andA 4 1/ 25Pdteib2+ekfi)tioA? (Based on results we hav
found above, this one is easy.)
Indeed, if we observe that
nn+3)=RA+3n=(f+3n+1)81,
and that
(N+D(N+2)=A+3n+2=(F+3n+1)+1,
then we can conclude that
nin+1)(n +2)(n + 3) fr*+ 3n + 1)3 1][(*+ 3n + 1) + J= (P + 3n + 1¥ 8 (1 ,
so that
nn + 1)(n + 2)(n + 3) +% ("’ + 3n + 1¥.

Is this perhaps an easier way to verify our Paggue Guess?

(c) Here is an interesting o0closuredé pattern unitling
cal example:
From the result of Prob. 1, we know that
Fs1 = 2 A 4, and
431 = 3 A 5

From the result of Prob. 2, we know that

(3 dAra81 = 2 A 3 A 4 A 5

Try some other numerical cases, formulate the statement of a pattern, and show that the pattern is valid in geg-
eral.




(d) Can you generalize Prob. 2? (This query might be more appropriate for a second course in algebra than fq
an introductory course in the subject.)

e  What can you say aboyB ¥2)(4 ¥2)(5 ¥2)(6 ¥2) + P
o Instead of considering fowmonsecuthient eger s, how about integers
likel A 3,0A2 BA A8 ®If wA add 1 to either of these products, we dotobtain a perfect

square. Can you find a constartt,, that, added to either of these products, gives a perfect square?

o If kis a positive integer, can you find a positive intederthat makes
n(n + k)(n + 2k)(n + 3k) + | Zfor alln? Then, what is the value df in terms of nand k?

Prob. 3 Discuss the valuesof A+ 4, for n=1, 2, 3, A A A

A table of values starts like this:

nl 1]l 21 3] 4] 51| 6] 7 |A A A
"l 5 1 201 8 | 260 [ 6201 13001 24051 A A A

Here are some conjectures about the numbers in the sequefice4 for n=1,2,3A A A
(a) The numbers oscillate: odd, even, odd, evBn, A A
(b) The numbers are divisible by 5 if and onlyiis notdivisible by 5
(c) The numbers are composite (not prime) for 2, 3, 4A A A

It looksas though conjectured) is valid; and, if so, the
values oft* + 4 are divisible by 5 fon not divisible by 5.
Then these values are composite, fonot divisible by 5,

except forn = 1wheren*+ 4 =5,

Now, for n=5, n*+ 4 =629 = 17A3 ;

for n=10, n*+ 4 =10004 = 2 A2501 = 2 A41 A61 ;
and for n=15, i+ 4 = 50629 =197 A257.

Thus, we have some supporting evidence for conjecture
(c), but we have ngroofas yet.

Moreover, there seems to be an argument that suggests
that n*+ 4 maynotbe composite for all integens > 1:

If we considera® & b? anda® + b?, we recognize that the first of these expressions is factorable,

aZdh*=(adb)a+bh)
but we say that the second is not: Famndb arbitrary integers there are no integensands, both larger than

1 and expressible in terms afandb, such that?+ = & (6

Now n* = ()?and 4 = (2] sofora=rfandb =2 n*+4 =a+ b?.

So, although we seem to have here an argumentthat4 can not be broken up into the product of two fac-

tors, the argument is not valid n? and 2 arenotarbitrary integers. Indeed,

hat



